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Az Immunológiai Szemle szer-
kesztôsége nevében köszöntöm
a Magyar Immunológiai Társa-
ság 47. kongresszusának részt-
vevôit. Szokás szerint e lapszá-
mot döntôen a konferencia elô-
adás- és poszterkivonatai teszik
ki. Örömteli, hogy ennyire megnö-
vekedett terjedelemmel „kény-
szerülünk” megjelentetni az idei
3. számot, ami a kongresszus
iránti nagy, aktív érdeklôdést

jelzi. Emellett Szamosi Szilvia és munkatársai (Debrecen) át-
tekintik az interleukin-6-receptor-gátló tocilizumabbal kap-

csolatos legfontosabb adatokat. Nemcsak a gyógyszermole-
kula lényeges, hanem az a tény, hogy a célzott terápia során
mennyi új mechanizmus felderítésére nyílik mód. Ugyancsak
érdekes lehet a MIT kongresszus szempontjából is Gergely
Péter professzor (Budapest) kritikus közleménye az „immun-
erôsítôkrôl”. Számos ilyen készítményt hirdetnek, a cikk segít
eligazodni és helyükre tenni ezeket.

Érezzék jól magukat a konferencián, de akik nem tudnak
személyesen részt venni, azoknak is jó böngészést kívánok! 

Szekanecz Zoltán
fôszerkesztô

3

Tisztelt Kolléganôk és Kollégák!
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KÖSZÖNTÔ / INTRODUCTION

The Hungarian Society of Immunology (MIT) welcomes all the
participants – speakers, sponsors and researchers from all
over Hungary to the 47th Annual Meeting of the Society, bet-
ween October 17-19 in Bük. We are very much honored to
invite you all to exchange and share your views and experi-
ence on basic and clinical immunology. 

This year's meeting is arranged by the topic 'Extracellular
vesicles and Immunology' and tumor immunology. Research
on extracellular vesicles is one of the most dynamically de-
veloping, exciting new science areas of the last decade. The
number of research teams involved in extracellular vesicle
research also grows continuously in Hungary, and speakers
from these groups will allow a wide-ranging insight into the
results achieved also in the border area of immunology and
extracellular vesicle research. The intention of the program
organizers with a series of focused lectures was to draw the
attention of our immunologist community to this new sci-
ence field that is inherently linked to immunological rese-
arch. In this regard MIT is privileged to have Professor Fran-
cisco Sánchez Madrid, this year’s recipient of EFIS-IL award, as
keynote speaker. Professor Sánchez Madrid’s research has
focused on the exosome-mediated communication between
dendritic cells and T cells, allowing seminal observations to
be made, thus promoting our understanding on immune sy-
napse formation and initiation of anti-pathogen immune res-
ponses. We are delighted to look forward to his presentation
entitled “Immune cell-cell communication: transfer of genetic
information through the immunological synapse”.

In addition to identifying novel communication mecha-
nisms and events contributing to normal immune responses,
the involvement of immune system in several metabolic
conditions is also widely acknowledged. An important field is
the vascular damages occurring in atherosclerosis, where both
innate and adaptive immune participants, including macro-
phages, complement and immunoglobulins, combined with
biochemical pathways leading to lipid oxidation, have im-
portant pathological roles. This topic will be addressed by our

special guest for this year’s MIT conference, Christoph J. Bin-
der, MD, PhD, Professor of Atherosclerosis Research from the
Department of Laboratory Medicine, at the Medical University
of Vienna, in his talk entitled “Role and function of microve-
sicles carrying oxidation-specific epitopes”.

The other topic in spotlight is the intertwining relation-
ship between chronic inflammation, autoimmunity and ma-
lignancies. This topic will be extensively covered from various
angles, including gene expression alterations of mucosal tis-
sue regeneration in inflammatory bowel diseases, effector lym-
phocyte functions and the experimental as well as therapeu-
tic modulation of their interactions, possible analytical and
diagnostic expansion approaches. This theme will be conclu-
ded with two in-depth updates on the yin-yang of rheuma-
tologic or oncological consequences of checkpoint-targeted
immunotherapies.

During the conference – aside from further invited and
sponsored lectures – the program is organized into oral and
poster presentations, with enough time allocated for discus-
sion of the new results and idea. The number of original
abstracts submitted to the Annual Meetings of our Society is
steadily at high level (87-92-80-79-85-98 between 2013 and
2018), thus marking the strength of this field in Hungary. The
meeting is prepared to provide a stimulating forum for sharing
experience, exchanging ideas, and establishing fruitful colla-
borations. We wish you an stimulating Conference experi-
ence and an unforgettable stay in Bük. Your presence and
presentation will be the key to the success of our Meeting.

ZOLTÁN PROHÁSZKA, President
PÉTER BALOGH, Secretary General

Hungarian Society for Immunology

EDIT BUZÁS

President of the Scientific Committee of the 47th Annual
Meeting of the Hungarian Society for Immunology

Welcome to the 47th Annual Meeting 
of the Hungarian Society for Immunology! 
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ORAL TOLERANCE AND REGULATORY T-CELL FUNCTION ARE 
IMPAIRED IN MADCAM-1–/– MICE BUT NOT IN NKX2.3–/– MICE
TAREQ ABU-DAKAH1, ZOLTÁN KELLERMAYER1, ANGELA SCHIPPERS2, 
NORBERT WAGNER2, PÉTER BALOGH1

1Department of Immunology and Biotechnology, 
University of Pécs
2University Hospital RWTH Aachen

Introduction: Endothelial MAdCAM-1 is the main addressin
recruiting regulatory T cells (Tregs) to the mucosa. As an im-
portant transcriptional regulator, Nkx2.3 promotes MAdCAM-
1 expression, its absence leads to the postnatal loss of
MAdCAM-1. Tregs are important in the development of oral
tolerance and their impaired function has been shown to play
a role in the pathogenesis of inflammatory bowel diseases,
where Nkx2-3 may also be involved. In our work we exa-
mined how the absence of MAdCAM-1 affects Treg homing
and function in murine models for oral tolerance and colitis. 

Materials and Methods: Adult BALB/c, Nkx2.3–/–,
C57BL/6 and MAdCAM-1–/– were used. Oral tolerance was
induced by giving mice 5mg/ml ovalbumin (OVA) in drinking
water for 7 days. Mice were then injected intraperitoneally
with OVA:complete Freund’s adjuvant on day 7 and OVA:
incomplete Freund’s adjuvant on day 14. On day 21 Treg
frequencies were measured with flow cytometry from mLN
and LP samples, while serum anti-OVA IgG levels were mea-
sured with ELISA. To induce colitis mice received 2.5% DSS in
drinking water for 7 days. Weights were measured daily.
Colonic Tregs were measured with flow cytometry. RNA was
isolated from colonic samples and qPCR was performed to
measure anti-inflammatory IL-10 and TGFβ mRNA levels at
various time points.

Results: Tolerization with OVA blocked anti-OVA antibody
production in Nkx2.3–/– mice. In contrast, feeding MAdCAM-
1–/– mice with OVA did not prevent anti-OVA antibody pro-
duction. Upon DSS treatment, Nkx2.3–/– mice lost less weight
and showed milder signs of colitis compared to controls, while
MAdCAM-1–/– mice developed more severe colitis. Colonic
Tregs were significantly increased at day 7 in the absence of
Nkx2.3 compared to BALB/c mice. mRNA for IL-10 was signi-
ficantly higher at D0 and D7 in Nkx2.3–/– mice, while TGFβ was
lower at D0 compared to BALB/c mice. We also found higher
Treg numbers in MAdCAM-1–/– mice at D7; however this was
not coupled with an increase in mRNA for IL-10 or TGFβ.

Conclusions: Our results indicate that in Nkx2.3–/– mice
the increased presence and function of colonic Tregs may
protect mice from colitis and induce oral tolerance inde-
pendent of endothelial MAdCAM-1, as MAdCAM-1–/– mice
showed severe signs of colitis and did not develop oral tole-
rance. As Nkx2.3 is not expressed in hematopoietic cells, we
hypothesize that these differences may be due to an altered
stromal microenvironment in mice lacking Nkx2.3.

Supported by OTKA grant K108429

EFFECT OF HLA PROMISCUITY ON ANTITUMOR IMMUNITY
GERGÔ MIHÁLY BALOGH1, BALÁZS KONCZ1, MÁTÉ MANCZINGER1, 2

1University of Szeged, Faculty of Medicine, Department 
of Dermatology and Allergology
2Hungarian Academy of Sciences, Biological Research Centre

Introduction: HLA class I molecules are encoded by the most
variable regions of the human genome. They present peptide
fragments of intracellular pathogens and own proteins to T
cells. Missense mutations in tumor cells cause amino acid
changes in peptides, which are presented to CD8+ T-cells by
HLA-I molecules leading to the destruction of the cell. This
process is fundamental in antitumor immunity. Different HLA
variants have different size of peptide repertoire. Some alle-
les tend to bind only a smaller subset of peptides, while
others can present a wide range of them. This feature of an
allele is called binding promiscuity. According to our hypo-
thesis, higher HLA promiscuity leads to the presentation of
more mutant peptides, and this might lead to a more effi-
cient antitumor immunity.

Methods: We examined the relationship between allele
promiscuity and peptide diversity presented by HLA-I mole-
cules on 91 tumor cell lines and samples. HLA allele promis-
cuity was determined by assessing general peptide-binding
characteristics of each allele. For this, we predicted the bin-
ding strength of allele-associated peptides collected from the
IEDB database with the NetMHCpan-4.0 software. To investi-
gate the effect of allele promiscuity on cancer immunothe-
rapy, we calculated HLA promiscuity levels in patients of a
cancer immunotherapy cohort (N = 370). We used Kaplan-
Meier analysis and Cox regression models. 

Results: We found that high promiscuity of HLA-A and
HLA-B leads to the presentation of a more diverse peptide set
on the cell surface, while alleles of locus HLA-C seem to have

KONGRESSZUSI ÖSSZEFOGLALÓK / CONGRESS ABSTRACTS

A MAGYAR IMMUNOLÓGIAI TÁRSASÁG 47. VÁNDORGYÛLÉSÉNEK
ÖSSZEFOGLALÓI

ORAL PRESENTATIONS
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cally, the efficiency of immunotherapy was lower in patients
with highly promiscuous alleles.

Conclusions: Promiscuity of HLA-A and HLA-B, but not
HLA-C alleles determine the breadth of peptides presented
on cancer cells. Surprisingly, high promiscuity was associated
with worse survival in cancer immunotherapy patients. Further
research is needed to explain this phenomenon.

CHEMOKINE-DRIVEN COMPARTMENTALIZATION 
OF LYMPHOCYTES AND HIGH-GRADE B-CELL LYMPHOMA 
SUBTYPES IN FOLIATE LYMPHOID AGGREGATES (FLAGS) 
OF THE SEROSA
PÉTER BALOGH1, GERGELY BERTA2, BÁLINT BOTZ3, JIA XINKAI1

1Department of Immunology and Biotechnology,
University of Pécs
2Department of Medical Biology, University of Pécs
3Department of Pharmacology and Pharmacotherapy,
University of Pécs

Introduction: In contrast to the lymph nodes and mucosal
lymphoid tissues with well-defined entry and exit routes, the
movement of leukocytes in the peritoneal cavity is largely
unknown. In addition to the omental milky spots (MS), we
found that several organized lymphoid aggregates on the
serosal surface of the adipose streaks around the mesenteric
vessels can also bind high-grade B-cell lymphoma (DLBCL)
including a new form of lymphoid organoids denoted as fo-
liate lymphoid aggregate (FLAg). In this work we studied
high-grade B-cell lymphoma subtypes colonize FLAgs, and
correlated their distribution pattern with the regional display
of homeostatic chemokine ligands CCL21 and CXCL13.

Materials and Methods: The distribution of lymphoid ag-
gregates was monitored by whole mount immunohistology
for B220, Thy-1/CD90 and LYVE-1 markers and CCL21 and
CXCL13 chemokines, combined with laser scanning confocal
microscopy. Tracing of A20 (germinal center DLBCL) and Bc-
DLFL.1 (extrafollicular DLBCL) cells was performed after la-
beling with Far Red Cell Tracing and CFSE or by X-gal staining
of A20 cells transduced with LacZ. The expression of CCR7 and
CXCR5 was determined by flow cytometry. The role of mac-
rophages in the early binding of ip. injected cells was inves-
tigated by clodronate liposome-mediated depletion followed
by XenoLight DiR near-infrared fluorescence-based detection
of lymphoma cells.

Results: We found that shortly (2-4 hours) after intra-
peritoneal injection both A20 and Bc-DLFL.1 cells efficiently
homed to the FLAgs. Here A20 cells gathered at the edge of
FLAgs, Bc-DLFL.1 cells entered the central part in a pattern
corresponding to the T:B clusters within the FLAgs of untrea-
ted mice. The segregation of lymphoma cells was coupled
with the upregulation of CCR7 and loss of CXCR5 on the Bc-
DLFL.1 cells and with the inverse receptor expression pattern

of A20 cells, respectively. The location of CXCL13 chemokine
production corresponded to the site of B cells’ and A20 lym-
phoma cells’ preferential accumulation at the LYVE-1+ peri-
pheral rim of FLAGs, whereas the CCL21 production seemed
less confined. In addition, the mesenteric lymphatic vessels
also contained focal CCL21+ segments. The elimination of
LYVE-1 macrophages by clodronate liposome treatment
significantly reduced the in vivo binding of Bc-DLFL.1 cells.

Conclusions: Partial compartmentalization of FLAgs
includes segregation of chemokine-producing regions with
LYVE-1+ macrophages exerting both adhesive and chemotac-
tic roles in the peritoneal B-cell placement.

Supported by OTKA K108429, GINOP-232-15-2016-00050
and EFOP-361-16-2016-00004.

TRANSGENIC EXOSOMES FOR THYMUS REGENERATION
KRISZTINA BANFAI1, 2, KITTI GARAI1, 2, DAVID ERNSZT2, 3, 
JUDIT E. PONGRACZ1, 2, KRISZTIAN KVELL1, 2*

1Department of Pharmaceutical Biotechnology, 
Faculty of Pharmacy, University of Pecs, Hungary
2Szentagothai Research Center, University of Pecs, Hungary
3Institute of Physiology, Faculty of Medicine, University 
of Pecs, Hungary

With senescence Wnt4 expression is down-regulated, while
PPARgamma expression increases in the thymus. Together
these changes allow for thymic degeneration to occur, obser-
ved as adipose involution. However, when restored, Wnt4
can efficiently counteract PPARgamma and prevent thymic
senescence from developing. In addition to Wnt4, miR27b
has also been reported to inhibit PPARgamma. Our goal was
to evaluate the Wnt4 and miR27b levels of transgenic thymic
epithelial cell (TEC) exosomes, show their regenerative po-
tential against age-related thymic degeneration and visualize
their binding and distribution both in vitro and in vivo.

First, transgenic exosomes were harvested from Wnt4
over-expressing TECs and analyzed by transmission electron
microscopy showing exosomes ranging 50-100 nm in size.
Exosomal Wnt4 protein content was assayed by ELISA, while
miR27b levels were measured by Taqman qPCR, both sho-
wing elevated levels in transgenic exosomes of Wnt4 over-
expressing TECs relative to their control counterparts. Then,
for functional studies steroid (Dexamethasone or DX)-indu-
ced TECs were used as cellular aging model in which DX-
triggered cellular aging was efficiently prevented by trans-
genic exosomes. Finally, DiI-labeled exosomes were applied
on mouse thymus sections and also iv-injected into mice, for
in vitro binding and in vivo tracking, respectively. We have
observed distinct staining patterns using DiI-labeled trans-
genic exosomes on sections of young and aged murine thy-
mus samples. Moreover, in vivo injected DiI-labeled trans-
genic exosomes showed detectable homing to the thymus.

In summary our findings prove that exosomal Wnt4 and

KONGRESSZUSI ÖSSZEFOGLALÓK / CONGRESS ABSTRACTS
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miR27b can efficiently prevent thymic adipose involution.
Our results appoint transgenic TEC exosomes as promising
tools of immune rejuvenation and contribute to the charac-
terization of the immune-modulatory effects of extracellular
vesicles in the context of regenerative medicine.

Keywords: aging, thymus, exosome, Wnt4, miR27b

HUMAN PLASMACYTOID AND MONOCYTE-DERIVED DENDRITIC 
CELLS DISPLAY DISTINCT METABOLIC PROFILE UPON RIG-I 
ACTIVATION
DÓRA BENCZE, TÜNDE FEKETE, KITTI PÁZMÁNDI

Department of Immunology, Faculty of Medicine, 
University of Debrecen

Introduction: Metabolic reprogramming is required for ade-
quate antiviral responses of dendritic cells (DCs) that possess
the capacity to initiate both innate and adaptive immune
responses. Several reports indicate that Toll-like receptor
(TLR) stimulation of DCs is accompanied by a rapid induction
of glycolysis; however, the metabolic requirements of reti-
noic-acid inducible gene I (RIG-I)-like receptor (RLR) activa-
tion have not defined either in conventional DCs or in plas-
macytoid DCs (pDCs) showing different RLR expression pro-
file. Therefore, in this study we aimed to compare the meta-
bolic requirements of RIG-I stimulated human pDCs and mo-
nocyte-derived DCs (moDCs) displaying distinct viral sensing
machinery.

Methods: Metabolic changes in human pDCs and moDCs
were monitored by extracellular flux analysis and the activa-
tion profile of TLR- or RIG-I-stimulated cells was analyzed by
Q-PCR, ELISA or western blot methods in response to meta-
bolic inhibitors.

Results: We found that TLR9-driven activation of human
pDCs leads to a metabolic transition to glycolysis supporting
the production of type I IFNs, whereas RIG-I-mediated res-
ponses of pDCs do not require glycolysis and rather rely on
oxidative phosphorylation activity. In particular, TLR9-activa-
ted pDCs show increased extracellular acidification rate (ECAR),
lactate production and upregulation of key glycolytic genes
indicating an elevation in glycolytic flux. Furthermore, admi-
nistration of 2-deoxy-D-glucose (2-DG), an inhibitor of glyco-
lysis, significantly impairs the TLR9-induced secretion of type
I IFNs by human pDCs. In contrast, RIG-I stimulation of pDCs
does not result in any alterations of ECAR, and type I IFN
production is not inhibited but rather promoted by 2-DG
treatment. Moreover, pDCs activated via TLR9 but not RIG-I in
the presence of 2-DG are impaired in their capacity to prime
naïve CD8+ T cell proliferation. Interestingly, human moDCs
triggered via RIG-I show a commitment to glycolysis to pro-
mote type I IFN production and T cell priming in contrast to
pDCs.

Conclusion: Our findings reveal for the first time, that
pDCs display a unique metabolic profile; TLR9-driven but not

RIG-I-mediated activation of pDCs requires glycolytic reprog-
ramming. Nevertheless, the metabolic signature of RIG-I-
stimulated moDCs is characterized by glycolysis suggesting
that RIG-I-induced metabolic alterations are rather cell type-
specific and not receptor-specific.

Support: This work was supported by NKFIH-PD 115776 and
PD_16 120887, EFOP-3.6.3-VEKOP-16-2017-00009 to KP and
GINOP-2.3.2-15-2016-00050 projects. The project is co-financed
by the European Union and the European Regional Develop-
ment Fund. KP was also supported by the János Bolyai Research
Scholarship from the Hungarian Academy of Sciences.

ROLE AND FUNCTION OF MICROVESICLES CARRYING
OXIDATION-SPECIFIC EPITOPES
CHRISTOPH J. BINDER

Medical University of Vienna, Vienna, Austria & CeMM
Research Center for Molecular Medicine of the Austrian
Academy of Sciences, Vienna, Austria

A major consequence of increased oxidative stress is lipid
peroxidation, which generates a number of breakdown pro-
ducts of membrane phospholipids that form proinflammatory
oxidation-specific epitopes (OSE) such as malondialdehyde
(MDA), phosphocholine of oxidized phospholipids, and 4-
hydroxynonenal. We previously found that a subset of cir-
culating microvesicles (MVs) of different cellular origin is cha-
racterized by the presence of OSE and MDA in particular. We
further showed that MDA+ MVs are induced during inflam-
mation and increased in blood obtained from patients with
atherosclerotic cardiovascular disease. We could further de-
monstrate that this subset of MVs is enriched in mitochond-
rial content and that mitochondrial activity of the parental
cells shedding MDA+ MVs is essential for their pro-inflam-
matory activities. Moreover, targeting MDA with specific anti-
bodies provides novel approaches to interfere with both the
pro-inflammatory as well as the pro-coagulatory properties of
MVs. Recent insights on these unique properties of OSE+ MVs
and their role in cardiovascular pathologies will be discussed.

RELATIONSHIP OF CONGENITAL HEART DISEASE WITH 
THE STRUCTURE OF HUMAN THYMUS
ILDIKO BODI1, KRISZTINA H.-MINKO1, BOTOND FERENCZY1, IVAN VARGA2, 
ZSOLT PRODAN3, NANDOR NAGY1, IMRE OLAH1

1Semmelweis University, Faculty of Medicine, Department 
of Anatomy, Histology and Embryology, Budapest, Hungary
2Comenius University of Bratislava, Institute of Histology 
and Emriology, Bratislava, Slovakia
3Gottsegen György Hungarian Institute of Cardiology, 
Budapest, Hungary

The epithelial network of thymus, responsible for the deve-
lopment of T cells has endodermal origin which requires the
presence of mesenchyme developing from the neural crest

KONGRESSZUSI ÖSSZEFOGLALÓK / CONGRESS ABSTRACTS



as it is demonstrated on animal models. Hematoxylin-eosin
staining shows the histological units of the human thymic
tissue as cortex and medulla but the anti-pancytokeratin im-
munostaining reveals two sub-compartments in the organ
described as keratin negative area (KNA) and keratin positive
network (KPN) of epithelial cells (Bódi et al., 2018). Accor-
ding to these results we conclude that the structure of the
human thymus is much more complex than previously des-
cribed. The Foxn1 transcription factor known to be specific to
the thymic epithelial cells is expressed during embryogenesis
by several other cell types in the liver, lung, kidney and uri-
nary tract [Itoi et al., 2007], and during the migration and
maturation of neural crest cells participating in thymus deve-
lopment [Nowell et al., 2007]. According to our present
knowledge, Foxn-1 also plays a role in the development of
thymus vascularization [Mori et al., 2010].

Human thymuses were obtained from children under 6
years of age from cardiac surgical intervention and from
children diagnosed with sudden infant disease syndrome
(SIDS) as a control group. The thymic lobes were analysed on
frozen sections by numerous monoclonal antibodies and his-
tological methods (light, fluorescence, confocal and transmis-
sion electron microscopy).

Based on our observations, we found evidence that Foxn1
is expressed in the nucleus of cytokeratin positive cells and
in the cytokeratin negative cells of the KNA. In children where
congenital heart disease was classified as septal defect we
could not observe cytokeratin and Foxn1 expression in the
cortex of the thymuses. Additionally, our electron microsco-
pical studies show that the blood vessels are obliterated in
the cortical area of these thymuses.

It is assumed that the abnormally developed thymus is a
parallel symptom to the septal defect and the real cause of
this phenomenon could be the defective regulation of signa-
ling processes in the neural crest cells.

UNRAVELLING THE HAZARDS OF METAL NANOMATERIALS: 
COMPARATIVE OBSERVATIONS ON INVERTEBRATE PHAGOCYTES
KORNÉLIA BODÓ1, GELLÉRT GERENCSÉR2, ALBERT KÉRI3, 
GÁBOR GALBÁCS3, ELEK TELEK4, MÁRIA MÉSZÁROS5, GRÉTA TOLNAI1, 
BOHDANA KOKHANYUK1, PÉTER NÉMETH1, PÉTER ENGELMANN1

1Dept. of Immunology and Biotechnology, University of Pécs
2Dept.of Public Health Medicine, University of Pécs
3Dept. of Inorganic and Analytical Chemistry, University 
of Szeged
4Dept.of Biophysics, University of Pécs
5Inst. of Biophysics, Biological Research Centre 
of the Hungarian Academy of Sciences, Szeged

Little is known about the immunological consequences of dif-
ferent metal nanoparticle (NP) exposure. We presumed that
earthworm’s immune cells as macrophage-like cells are highly
susceptible to the toxicity of NPs. 

We exposed Eisenia andrei and E. fetida coelomocytes to
10 nm silver (Ag) NP and gold (Au) NP with different con-
centrations (1.25 µg – 40 µg) and incubation intervals (4 and
24 hours). Our aim was to assess the effects of NPs at mole-
cular and cellular levels in earthworm coelomocytes.

After the psychical characterization of NPs, cellular effects
were ascertained by flow cytometry and TUNEL assay, while
DNA damage was determined with Comet assay. Q-PCR ana-
lyses were performed to measure the expression of pattern
recognition receptor (TLR), stress molecules (Cu/Zn SOD, me-
tallothionein) and antimicrobial factors (lysenin, lumbricin,
lumbricin-related peptide) at different time periods.

We observed concentration-dependent cell death in both
species (E. andrei LC10: 1.64 mg, LC50: 16.7 mg, and LC90:
27.53 mg; E. fetida LC10: 1.18 mg, LC50: 5.24 mg, and LC90:
23.25 mg) exposed to AgNP. AgNP raised the level of ROS,
therefore elevated the number of apoptotic cells as well as
induced mitochondrial and DNA damage. AuNP yielded no
notable alterations in the viability of coelomocytes in either
species. At the cellular level, E. fetida coelomocytes showed
higher sensitivity compared to E. andrei coelomocytes. Q-PCR
measurements revealed that both NPs treatment resulted in
changed mRNA expression patterns in studied genes, which
were rather similar in both species. AgNP exposure for 24
hours evoked significantly up-regulated mRNA expression level
of TLR, Cu/Zn-SOD, lumbricin, and lumbricin-related peptide
genes and reduced the lysenin mRNA expression. AuNP treat-
ment had no major influence on the investigated genes.

Comparison of different metal NPs unfolded some striking
contrasts in their mechanisms of action. Based on our results
AgNP is more toxic to coelomocytes, although E. fetida coelo-
mocytes are more sensitive to NPs treatments compared to
E. andrei coelomocytes.

This work was aided by the Bolyai János Research Scho-
larship of the Hungarian Academy of Sciences, Medical School
Foundation, University of Pécs (PTE-ÁOK-KA 2017/4) GINOP-
232-15-2016-00050 and EFOP-361-16-2016-00004.

CUTIBACTERIUM ACNES CONTRIBUTES TO THE MAINTENANCE 
OF SKIN BARRIER AND HOMEOSTASIS
BEÁTA SZILVIA BOLLA1, LILLA ERDEI1, GÁBOR TAX1, EDIT URBÁN2, 
LAJOS KEMÉNY1, 3, KORNÉLIA SZABÓ3

1Department of Dermatology and Allergology, 
University of Szeged, Hungary
2Institute of Clinical Microbiology, University of Szeged, 
Hungary
3MTA-SZTE Dermatological Research Group, Szeged, Hungary

The skin provides a physical barrier to separate our body from
the external environment and provides protection from harm-
ful invaders. Little is known how the cutaneous microbiota
may affect the barrier functions. Our aim was to investigate
the role of Cutinebacterium acnes (C. acnes), a member of the
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skin microflora in these events using an in vitro cultured hu-
man keratinocyte cell line (HPV-KER) and 3D organotypic skin
(OS) models.

We used confluent HPV-KER cultures kept in high (HPV-
KER-high) or low (HPV-KER-low) Ca2+ion-containing media
and treated them with C. acnes bacterium. Barrier changes
were followed by transepithelial electrical resistance (TEER)
measurement and xCELLIgence analysis. Lucifer yellow (LY)
penetration assays were used to monitor the integrity of the
used models and expression changes of tight junction (TJ)
proteins (CLDN1, 4, OCLN and ZO-1) were also analysed by
western blotting and immunohistochemical staining.

Following a high dose C. acnes treatment, the barrier pro-
perties of HPV-KER monolayer cultures changed. In the HPV-
KER-low cultures the measured TEER and cell index (Ci)
values transiently increased, followed by a rapid decrease. In
the HPV-KER-high cultures only decreasing TEER and Ci values
were detected, and parallel with these changes LY dye pe-
netration increased 72 hours after bacterial treatment. 

In the OS models, similar to the HPV-KER-high cultures, incre-
ased LY penetration was noted 72 hours after C. acnes treatment.

Western blot analysis of selected TJ proteins revealed
changes in their level and distribution: changes in the HPV-KER-
low cultures were comparable to what we observed in the less
differentiated layers of the OS models (increased CLDN4 levels).
In contrast to that, HPV-KER-high cultures exhibited similarities
to the granular layer of the OS cultures (increased OCLN and ZO-
1 and decreased CLDN1 levels) after C. acnes treatment. 

These suggests that HPV-KER monolayer cultures may serve
as a good model to study the properties of different epidermal
layers of the human skin. We also hypothesize that C. acnes
may actively modify the barrier properties of our epidermis. It
can change the expression and localization of certain TJ proteins
which may contribute to the alteration of the tightness of cell-
to-cell contacts. Overall the skin microbiome may play a role in
the maintenance of cutaneous homeostasis.

INTERDEPENDENT GENE- AND MICRORNA-EXPRESSION 
PATTERN CONTRIBUTES TO THE EPITHELIAL TO MESENCHYMAL 
TRANSITION IN INFLAMMATORY BOWEL DISEASE
ÉVA BOROS1, ZOLTÁN KELLERMAYER2, PÉTER BALOGH2, PATRÍCIA SARLÓS3, 
ÁRON VINCZE3, CSABA VARGA4 AND ISTVÁN NAGY1

1Institute of Biochemistry, Biological Research Centre of the 
Hungarian Academy of Sciences, Szeged, Hungary
2Department of Immunology and Biotechnology, 
University of Pécs, Pécs, Hungary
31st Department of Internal Medicine, University of Pécs, Pécs,
Hungary
4Deptartment of Physiology, Anatomy and Neuroscience, 
University of Szeged, Szeged, Hungary

Chronic inflammation along the gastrointestinal tract is the
main symptom of Inflammatory Bowel Diseases (IBD) that

highly reduces the quality of life and significantly increases
the risk of colorectal cancer. Since the incidence of IBD shows
a worldwide increase, it is of global importance to under-
stand the molecular mechanisms underlying the pathogene-
sis of the disease.

We sought to investigate the global transcriptional as
well as miRNA expression profile in a rat model of experi-
mental colitis. For this, inflammation in male Wistar rats was
induced with 2,4,6-trinitrobenzene sulphonic acid (TNBS) and
subsequent RNA-Seq and miRNA-Seq was performed from
the same input material. Validation was performed on both
rat as well as human samples.

The global expression analysis identified numerous genes
and microRNAs with altered expression in experimental
colitis. Among several inflammation-related signaling path-
ways, we observed the activation of epithelial to mesenchy-
mal transition (EMT) that may be a possible molecular link
between inflammation and tumorigenesis in IBD patients.
Upregulation in the gene expression profile of EMT inducers
was associated with the synchronised reduction of their in-
hibitory miRNAs (both precursor as well as mature mole-
cules). All members of the MIR-8 (miR-200a, -200b, -200c, -
141 and -429) and MIR-192 (miR-192 and -215) families
were downregulated; in contrast, their common mRNA target
ZEB2 showed upregulation in the inflamed colon regions.
Moreover, we detected the same reciprocal correlation in the
expression profile of inflammatory genes and their miRNA
regulators, such as MMP13 and miR-27b.

Our findings suggest that downregulation of inhibitory miRNAs
may promote the enhanced expression of inflammation and
EMT inducer genes in IBD and their further examination may
have the potential to develop novel therapeutic strategies.

FHR1 AND FHR5 COMPETE WITH FACTOR H FOR BINDING TO 
BACTERIAL PROTEINS AND ENHANCE COMPLEMENT ACTIVATION
BIANCA BRANDUS1, ALEXANDRA PAPP1, MARCELL CSERHALMI1, 
BARBARA UZONYI1, DAVID ERMERT2, ANGELA SILVA BARBOSA3, 
ANNA M. BLOM2, LOURDES ISAAC4, SEPPO MERI5, MIHÁLY JÓZSI1

1Department of Immunology, Eötvös Loránd University, 
Budapest, Hungary
2Division of Medical Protein Chemistry, Department 
of Translational Medicine, Lund University, Malmö, Sweden
3Laboratory of Bacteriology, Butantan Institute, São Paulo,
Brazil
4Department of Immunology, University of São Paulo, Brazil
5Department of Bacteriology and Immunology, Helsinki 
University, Finland

The complement system is a major humoral arm of the in-
nate immune response and serves as a first line of defense
against pathogens. However, many pathogens have develo-
ped different strategies to avoid the destructive effect of host
complement. A commonly used microbial strategy is the
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binding of complement inhibitors, such as factor H (FH), from
body fluids to escape from complement-mediated destruc-
tion. Several microbes have been shown to bind not only FH
but also FH-related proteins (FHRs). FHR1 and FHR5 belong to
the human FH protein family and are structurally related to
FH. The C-terminal complement control protein (CCP) do-
mains of FH (CCPs 19-20), which are responsible for binding
various ligands and surfaces, show strong sequence similarity
to homologous domains in FHR1/FHR5. Recent data suggest
that these FHRs, contrary to FH, are positive regulators of
complement activation. Our aim was to study the interaction
between FHR1/FHR5 and selected bacterial proteins and to
determine the influence of FHR1/FHR5 on the activity of FH
and on complement activation.

The microbial proteins leptospiral LcpA, Lig-A and Lig-B,
borrelial OspE and streptococcal GBS-enolase were recombi-
nantly expressed. Binding studies, competition assays, cofac-
tor- and complement activation assays were performed by
ELISA and Western blotting.

FHR1 and FHR5 bound to the studied bacterial ligands both
from serum and as recombinant proteins. FHR1 and FHR5,
bound via their C-termini, dose-dependently competed with
FH on OspE, caused reduced FH cofactor activity, and also
enhanced alternative pathway activation and C3 fragment
deposition on OspE when exposed to human serum. Simi-
larly, FHR5 bound via CCPs 3-7 to GBS-enolase and the tested
leptospiral proteins, competed with FH and increased alter-
native pathway activation in human serum, measured by
enhanced deposition of C3-fragments and Bb in wells coated
with the bacterial proteins.

Our results indicate that by competing with FH on micro-
bial proteins, FHR1 and FHR5 reduce the complement inhibi-
tory activity of FH and may also directly promote alternative
pathway activation and enhance the opsonization of microbes.

Supported by the National Research, Development and
Innovation Fund (grant K109055) and the Institutional Excel-
lence Program of the Ministry of Human Capacities of Hungary.

INTRODUCTION TO EXTRACELLULAR VESICLES
EDIT BUZAS1, ANITA VARGA2, ESZTER TÓTH1, ANDRÁS GÉZSI2, 
NIKOLETT LUPSA2, DÓRA MELICHER2, KRISZTINA PÁLÓCZI1, 
ÁDÁM OSZVALD1, ANDRÁS FÖRSÖNITS1, ÁRPÁD KOVÁCS1, 
TAMÁS VISNOVITZ1, NÓRA FEKETE1, EMILIA SIMÓ2, ANNA BALOGH1, 
ALICIA GALINSOGA1, DELARAM KHAMARI1, ESZTER BARICZA1, 
GYÖRGY NAGY1, 3, ÉVA PÁLLINGER1, ANDRÁS FALUS1

1Semmelweis University, Department of Genetics, Cell- and 
Immunobiology
2MTA-se Immune-Proteogenomics Extracellular Vesicle 
Research Group
3Semmelweis University, Department of Rheumatology

Extracellular vesicles are recently identified membrane-
enclosed structures secreted by all cellular life forms. Their

discovery has led to paradigm shifts in all fields of biomedi-
cine. Recent evidences show significant roles of extracellular
vesicles in immunity as well. The thematic session on extra-
cellular vesicles on the first day of the 47th Annual Meeting
of the Hungarian Society for Immunology was inspired by the
recent developments at the intersection of extracellular ve-
sicle biology and immunology. This brief introductory talk will
give an insight into some key aspects of extracellular vesicles
as complex conveyors of intercellular communication in the
immune system. 

Supported by STIA-M17 and NKFIH-OTKA 111958 and
120237 and H2020 MSCA ITN TRAIN-EV

CHARACTERIZATION OF THE HUMAN FACTOR H-RELATED 
PROTEIN FHR2 FOR LIGAND INTERACTIONS AND ROLE 
IN COMPLEMENT ACTIVATION
MARCELL CSERHALMI, DOMONKOS CZÁRÁN, BARBARA UZONYI, MIHÁLY JÓZSI

Complement Research Group, Department of Immunology, 
Eötvös Loránd University, Budapest, Hungary

Background: Complement is a major humoral effector sys-
tem of innate immunity. Its alternative activation pathway
also amplifies complement activation initiated by any path-
way. Therefore, the proper regulation of the alternative path-
way is particularly important to avoid complement-mediated
damage to the host. Factor H (FH) is the main alternative
pathway inhibitor in body fluids and also when bound to cell
surfaces; however, the physiological roles of the five human
FH-related (FHR) proteins are still poorly understood. Recent
studies on some of the FHRs strongly suggest a role for them
in enhancing complement activation via competing with FH
for binding to certain ligands and surfaces. The FHR proteins
consist of varying number of complement control protein
(CCP) domains that display various degrees of sequence iden-
tity to the respective domains of FH. The plasma glycoprotein
FHR2 consists of 4 CCP domains, and was described to bind
C3b. The aim of our current study was to further characterize
FHR2 for its ligand binding capacities and role in complement
activation/regulation.

Methods: To this end, recombinant FHR2 was expressed
in insect cells. Binding of C3 fragments, monomeric C-reactive
protein (mCRP) and pentraxin 3 (PTX3), as well as assembly
of the C3bBb convertase and complement activation were
measured by ELISA. Hemolysis assay was performed using
sheep erythrocytes.

Results: FHR2 bound C3b, iC3b and C3d, but not C3c. FHR2
supported the assembly of a functionally active C3bBb alter-
native pathway C3 convertase via its interaction with C3b.
The FHR2 bound convertase was active as shown by the con-
version of C3 to C3a. This was confirmed by demonstrating C3
deposition and factor B binding to immobilized FHR2 from
human serum. FHR2 also bound to the pentraxins PTX3 and
mCRP. FHR2 when bound to mCRP supported complement

10

KONGRESSZUSI ÖSSZEFOGLALÓK / CONGRESS ABSTRACTS

Im
m

un
ol

óg
ia

i 
Sz

em
le

/
Im

m
un

ol
og

y 
Q

ua
rt

er
ly

 •
20

18
. 

X.
 é

vf
ol

ya
m

, 
3.

 s
zá

m



activation. FHR2 bound PTX3 could bind C1q, the initiator of
classical pathway activation. However, FHR2 inhibited the ter-
minal pathway in a zymosan-induced complement activation
assay and in hemolysis assay.

Conclusions: These data show that on the one hand, FHR2
promotes complement activation at the C3 level by suppor-
ting the assembly of an active C3bBb alternative pathway C3
convertase and by interactions with the pentraxins PTX3 and
mCRP. On the other hand, FHR2 reduces activation of the
terminal pathway. Altogether, our results describe ligand in-
teractions and identify novel, dual roles of FHR2 in comple-
ment activation and regulation.

Support: These studies were supported by the National
Research, Development and Innovation Office (grant nr. K
125219) and the Institutional Excellence Program of the Mi-
nistry of Human Capacities of Hungary.

CONNECTION BETWEEN BARRIER ALTERATIONS AND ADAPTIVE 
IMMUNE ACTIVITIES IN TOPOGRAPHICALLY DIFFERENT SKIN 
AREAS 
ZSOLT DAJNOKI1, 2, BARBARA MEDGYESI1, 2, GABRIELLA BÉKE1, 2, 
KRISZTIÁN GÁSPÁR1, 2, IMRE LÔRINC SZABÓ1, 2, ESZTER ANNA JANKA2, 
SZILÁRD PÓLISKA3, ZOLTÁN HENDRIK4, DÁNIEL TÖRÔCSIK2, TAMÁS BÍRÓ5, 
ANIKÓ KAPITÁNY1, 2 ANDREA SZEGEDI1, 2

1Division of Dermatological Allergology
2Department of Dermatology
3Genomic Medicine and Bioinformatic Core Facility, 
Department of Biochemistry and Molecular Biology
4Department of Pathology, Faculty of Medicine, University 
of Debrecen, Debrecen, Hungary
5Department of Immunology, Faculty of Medicine, University 
of Debrecen, Debrecen, Hungary

Introduction: Investigations revealed that disturbances of
barriers (gut, skin) play an essential role in the initiation and
orientation of adaptive immune activities on these surfaces
resulting in well-known immune-mediated diseases (e.g. ato-
pic dermatitis [AD], Crohn’s disease) and the developed in-
flammation has a backward influence on barrier functions. In
this study, we asked the question whether a sebaceous gland
rich (SGR) skin region specific Th1/Th17 mediated disease
(rosacea) is accompanied by barrier alterations similar to or
distinct from the barrier damage reported in AD.

Methods: RNASeq has been performed on 8 SGR and 8
rosacea skin samples. Pathway analyses were performed by
Cytoscape software ClueGo application. Validations were per-
formed by RT-PCR and immunohistochemistry.

Results: By using RNASequencing technique, 5136 gene
showed significantly different expression; out of these, 3133
genes showed higher, whereas 2003 genes exhibited lower
expressions in rosacea samples (fold change ≥ 1,5). Pathway
analysis revealed multiple genes exhibiting roles in the for-
mation of skin barrier and cell junctions in rosacea samples.

In our further investigations, we focused on validating the
expression of these genes. In rosacea, markers having role in
proliferation (KRT6, 16, 17) showed significantly higher ex-
pression while molecules taking part in differentiation (FLG,
LCE1, LOR, KRT1, 10) and cell junction formation (CLDN1, 16,
23, CDH1, CDSN, DSC1, DSG1, PKP1) were significantly down-
regulated compared to SGR. The expression of antimicrobial
peptides (S100A7, 8, 9, hBD2, LCN2, LL37) was also signifi-
cantly higher in rosacea.

Conclusions: Our results indicate that barrier alterations
of different healthy skin regions may be adjuvants for the
development of distinct T helper type immune-mediated skin
diseases. Since we could detect unexpectedly similar barrier
alterations in rosacea to that found in AD, we hypothesize
that barrier damage has an initiating role in the manifesta-
tion of both diseases. In AD, it is well-known that barrier
damage of sebaceous gland poor skin leads to the appear-
ance of inflammatory TSLP resulting in a Th2/Th22 type in-
flammation. In contrast, our results suggest that a very simi-
lar barrier damage of SGR skin may decrease the level of ho-
meostatic TSLP leading to the Th1/Th17 type inflammation of
rosacea.

PRINS LONG NON-CODING RNA REGULATES INTERLEUKIN 
EXPRESSION IN KERATINOCYTES
JUDIT DANIS1, ANIKÓ GÖBLÖS1, 2, ZSUZSANNA BATA-CSÖRGÔ1, 2, 
LAJOS KEMÉNY1, 2, MÁRTA SZÉLL2, 3

1MTA-SZTE Dermatological Research Group, Szeged, Hungary 
2Department of Dermatology and Allergology, University 
of Szeged, Szeged, Hungary
3Department of Medical Genetics, University of Szeged, 
Szeged, Hungary

Background: We have previously identified a non-coding
RNA, PRINS, as a differentially expressed transcript in psoria-
tic uninvolved and healthy epidermis. Further studies high-
lighted its possible contribution to keratinocyte stress res-
ponses, as the expression of PRINS is altered after exposure
to various stressors and its forced downregulation decreased
cell viability during stress. Recently, we have demonstrated
that PRINS regulates the expression of interleukin (IL)-6 and
chemokine (C-C motif) ligand (CCL)-5 through sequence
specific binding to the mRNA of these inflammatory mole-
cules. The aim of our recent study was to identify additional
targets for PRINS-mediated regulation in psoriasis-associated
inflammatory reactions.

Methods: Cytosolic DNA exposure was used to model
psoriasis associated inflammatory reactions in normal human
epidermal keratinocytes (NHEKs) with or without plasmid-
based overexpression of PRINS lncRNA. The expression of in-
flammatory cytokines was studied by real-time RT-PCR.

Results: While cytosolic DNA is a potent inducer of the
mRNA expression of several cytokines (IL-1α, IL-1β, IL-8,
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IL23, TNF-α) it results in decreased PRINS gene expression in
NHEKs. Overexpression of PRINS during the inflammation
induction resulted in decreased IL-8 and IL-23 expression,
similarly to IL-6 and CCL-5 expression, while the expression
of IL-1α, IL-1β and TNF-α was not affected. In silico analysis
was performed to reveal whether the mRNAs of IL-8 and IL-
23 harbor similar interaction sites to PRINS, as previously
found on the mRNAs of IL-6 and CCL-5. While no interaction
site could be found on the IL-8 mRNA, two potential interac-
tion sites were identified on the mRNA of IL-23. Previously
we demonstrated that destruction of the interaction site to
IL-6 mRNA on the PRINS construct (ΔPRINS) inhibited the
ability of PRINS to decrease IL-6 expression. One of the IL-23
interacting sites overlaps this region, thus we analyzed how
ΔPRINS affects IL-23 expression. While in certain donors PRINS
overexpression decreased IL-23 expression, ΔPRINS overex-
pression did not affect IL-23 expression. These observed high
intra–individual differences in IL-23 expression might be the
consequence of the genetic variant on the polymorphic IL-23
gene.

Conclusions: We propose that PRINS not only acts as a
regulator of IL-6 and CCL-5 but also IL-23 expression, through
different lncRNA–mRNA interaction sites. IL-23 polymorphisms
are risk–factors for psoriasis, and might also modify the
binding of IL-23 mRNA to PRINS lncRNA, thus inhibiting the
anti-inflammatory functions of PRINS in psoriatic keratino-
cytes.

A NEW LABEL-FREE METHOD REVEALS NOVEL MECHANISMS 
OF INNATE IMMUNITY
MÁRTA LÍDIA DEBRECZENI1, INNA SZÉKÁCS2, BOGLÁRKA KOVÁCS2, 
ANDRÁS SAFTICS2, BEATRIX PÉTER2, SÁNDOR KURUNCZI2, JÓZSEF DOBÓ3, 
RÓBERT HORVÁTH2, LÁSZLÓ CERVENAK1

13rd Department of Internal Medicine, Semmelweis 
University, Budapest, Hungary
2Nanobiosensorics Momentum Group, Institute of Technical 
Physics and Materials Science, Centre for Energy Research, 
Hungarian Academy of Sciences, Budapest, Hungary
3Institute of Enzymology, Research Centre for Natural 
Sciences, Hungarian Academy of Sciences, Budapest, 
Hungary

Introduction: As constituents of the inner lining of vessel
walls, endothelial cells (ECs) are among the first to come into
contact with blood components, e.g. plasma proteases im-
portant in innate immunity, most of which have not yet been
tested on ECs. Although there are several methods suitable
for studying EC functions, these usually rely on the detection
of labeled molecules, which can per se affect cellular func-
tions. Therefore, we aimed to develop a high-throughput, la-
bel-free optical biosensor assay suitable for the investigation
of EC responses to plasma enzymes.

Methods: We used the Epic BenchTop (Corning) platform,

which can monitor the changes in the refractive index in a
~200 nm thick layer over the sensor surface by the illumina-
tion of a 384 well plate. The response curve is an integrated
signal of dynamic mass redistribution coming from intracellu-
lar rearrangements and changes in cell-cell, or cell-substrate
adhesion. The plate was coated with gelatin and a confluent
monolayer of ECs was created on the surface. Changes in the
refractive index were monitored real-time.

Results: From the plasma proteases tested to date – beside
thrombin used as positive control – kallikrein and mannan-
binding lectin-associated serine protease-1 (MASP-1) dose-
dependently changed EC functions causing characteristic res-
ponse curves. Effects of these proteases on ECs were verified
in further functional assays; both proteases increased EC per-
meability by the disruption of VE-cadherin junctions, and
triggered Ca2+ mobilization. These effects were completely
blocked by C1-inhibitor.

Conclusions: We have successfully adapted a new, high-
throughput, label-free optical system for the real-time inves-
tigation of complex EC behavior. Our results indicate that the
new platform is suitable for the simple and sensitive scree-
ning of drug candidates and other agents, as both intracellu-
lar and extracellular rearrangements can affect the refractive
index. We are also the first to characterize the cellular effects
of kallikrein and MASP 1 in real time. The finding that plasma
serine proteases can affect EC behavior proposes yet unex-
plored mechanisms of innate immunity, as some of these
enzymes may have an additional function to induce ECs
actively facilitate the leakage of complement into the inter-
stitial space at the site of infection.

Supported by: NKFI K115623, EFOP 3.6.3-VEKOP-16-2017-
00009

THE ROLE OF TNFAIP3 IN THE REGULATION OF TLR SIGNALING 
EVENTS IN HUMAN EPIDERMAL KERATINOCYTES 
LILLA ERDEI1, BEÁTA SZILVIA BOLLA1, RENÁTA BOZÓ1, GÁBOR TAX1, 
EDIT URBÁN3, LAJOS KEMÉNY1, 2, KORNÉLIA SZABÓ2

1Department of Dermatology and Allergology, University 
of Szeged, Hungary
2MTA-SZTE Dermatological Research Group, Szeged, Hungary
3Institute of Clinical Microbiology, University of Szeged, 
Hungary

The human skin microbiome plays an important role in the
maintenance of epidermal homeostasis but also has a role in
the pathogenesis of skin diseases due to exaggerated induc-
tion of innate immune and inflammatory events mostly through
TLR activation, likewise Cutibacterium acnes (C. acnes) in the
pathogenesis of acne vulgaris. Little is known about the
negative regulation of these processes which can protect the
host from prolonged inflammation.

Our aim was to study the role of TNFAIP3, which is a ne-
gative regulator of NF-κB, in the regulation of TLR signaling
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and C. acnes-induced innate immune and inflammatory events
in human epidermal keratinocytes. For that, we used a human
immortalized keratinocyte cell line (HPV-KER) and analyzed
the expression of TNFAIP3 by real-time RT-PCR and western
blot analyzes in response to different TLR ligands and C. acnes
treatment. Next to this, we monitored the expression changes
of pro-inflammatory mediators upon TNFAIP3-silencing by RT-
PCR and ELISA after bacterial treat-ment.

Our results show that TNFAIP3 was expressed in keratino-
cytes and its mRNA and protein expression rapidly increased
in response to different TLR ligands and C. acnes treatment.
We found that basal and C. acnes-induced expression
changes of TNFAIP3 were dose-dependent and regulated by
NF-κB and JNK mediated pathways. TNFAIP3 attenuation by
siRNA mediated silencing increased the basal promoter acti-
vity of NF-κB transcription factor. Subsequently, the basal
and bacterium-induced mRNA expression of TNFα, IL-1α, IL-
6, CXCL8 and CCL5 also increased in TNFAIP3-silenced cells.
Parallel to that secreted IL-6, CXCL8 and CCL5 levels also in-
creased.

Based on our results, TNFAIP3 is one of the negative re-
gulators in keratinocytes, which through the modulation of
TLR signaling pathway, may regulates C. acnes-induced sig-
naling events and plays a role in the maintenance of epi-
dermal homeostasis.

MELANOMA ASSOCIATED FIBROBLAST DERIVED ARGINASE 
REGULATES CD8+ T CELL IMMUNE CHECKPOINT RECEPTOR 
EXPRESSION
BARBARA ÉRSEK1, 2, PÁLMA SILLÓ3, ANDRÁS BENCSIK1, EVA MEZEY4, 
SAROLTA KÁRPÁTI3, KRISZTIÁN NÉMETH3, ZOLTÁN PÓS1

1Experimental and Translational Immunomics Research 
Group, Dept. of Genetics, Cell- and Immunobiology, 
Semmelweis University, Budapest
2Office for Research Groups Attached to Universities and 
Other Institutions of the Hungarian Academy of Sciences, 
Budapest
3Semmelweis University, Dept. of Dermatology, Venereology 
and Dermatooncology, Budapest
4NIAID, NIH, Bethesda, MD, USA

Introduction: Melanoma associated fibroblasts (MAFs) repre-
sent a highly heterogeneous population of fibroblast-like cells
residing in the tumor stroma, the exact origin of which is a
matter of ongoing debate. MAFs have well-known immuno-
suppressive properties, display high proliferation rate,
release a skewed spectrum of extracellular matrix compo-
nents and actively secrete both inflammatory and immuno-
suppressive cytokines, such as TGFβ, VEGF, and IL-6. Immune
checkpoint receptors are known regulators of the T cell acti-
vation and involved in the antitumor immune response. No-
wadays, several therapeutic approaches are based on the
modification of these molecules, e.g. in malignant melanoma.

Methods: MAFs and normal fibroblasts (NFs) were isola-
ted from enzymatically disintegrated melanomas and healthy
skin, respectively. MAFs were identified as Melan-A-/gp100-
/α-SMA+ cells by flow cytometry. Untouched CD8+ cytotoxic
T cells were isolated from healthy donors by magnetic
sorting, and activated by anti-CD3/CD28 in the presence of
MAF- and NF-conditioned media (CM). In order to define the
impact of MAF-released soluble mediators on CD8+ T cells,
markers of activation, cytotoxic degranulation, cytokine produc-
tion, immune checkpoint regulators and killing activity were
analyzed, the latter by redirected killing assay.

Results: We found that upon cognate activation of MAF-
CM-treated CD8+ T cells, expression of the early activation
molecule CD69 and granzyme B production were suppressed
as compared to NF-CM-treated cells. Killing capacity of CD8+
T cells was markedly reduced by MAF-CM too. Besides, the
expression of the immune checkpoint inhibitors TIGIT and BTLA
expression was enhanced by the treatment with MAF-CM. To
reveal key mechanisms responsible for this phenomenon,
several soluble factors and immunomodulatory pathways
were measured in MAFs and their CMs by ELISA and flow
cytometry. According to our findings MAF cells produce much
less nitric oxide, but on the contrary, their arginase enzyme
activity is significantly elevated. Selective blockade of
arginase enzymes could partly restore the phenotype of the
CD8+ T cells, especially in the immune checkpoint receptor
expression.

Conclusion: Taken together, these data indicate that MAF
cells are involved in the regulation of the antitumor response
within the tumor microenvironment.

REGULATORY NLRS CONTROL THE RLR-MEDIATED TYPE I 
INTERFERON AND INFLAMMATORY RESPONSES IN HUMAN 
DENDRITIC CELLS
TÜNDE FEKETE, DÓRA BENCZE, KITTI PÁZMÁNDI

Department of Immunology, Faculty of Medicine, University 
of Debrecen

Introduction: Unique members of the nucleotide-binding
domain leucine-rich repeat (NLR) family have been found to
regulate intracellular signaling pathways initiated by retinoic-
acid inducible gene I (RIG-I)-like receptors (RLRs). Plasma-
cytoid dendritic cells (pDCs), the most powerful type I inter-
feron (IFN) producing cells, preferentially employ endosomal
Toll-like receptors (TLRs) to elicit antiviral IFN responses. By
contrast, conventional DCs predominantly use cytosolic RLRs,
which are constitutively expressed in them. Previously we
have reported that, though RIG-I is absent from resting pDCs,
it is inducible upon TLR stimulation. In the recent study we
investigated the regulatory ability of NLRs, namely NLRC5
and NLRX1 directly associated with the RLR-mediated signa-
ling pathway in DC subtypes showing different RLR expres-
sion, particularly in pDCs and monocyte-derived DCs (moDCs).
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Methods: The changes in RLR-mediated responses of
NLRC5- or NLRX1-depleted cells were monitored at the mRNA
level by Q-PCR and at the protein level by ELISA or western
blotting.

Results: We found that similarly to RLRs, NLRC5 is also
inducible upon TLR9 stimulation, whereas NLRX1 is constitu-
tively expressed in pDCs. Depletion of NLRC5 and NLRX1 in
pDCs augmented the RLR-stimulated expression of type I IFNs
but did not affect the pro-inflammatory cytokine production.
Further we showed that moDCs constantly express RLRs,
NLRX1 and NLRC5 that are gradually upregulated during their
differentiation. Similarly to pDCs, NLRX1 suppression increa-
sed the RLR-induced production of type I IFNs in moDCs.
Interestingly, RLR stimulation of NLRX1-silenced moDCs also
led to a significant increase in inflammatory cytokine produc-
tion and IκBα degradation, suggesting increased NF-κB acti-
vity. On the contrary, NLRC5 does not seem to have any ef-
fect on the RLR-mediated responses in moDCs.

Conclusion: In summary, our results indicate that NLRX1
negatively regulates the RLR-mediated type I IFN production
both in pDCs and moDCs. Furthermore, NLRX1 inhibits pro-
inflammatory cytokine secretion in moDCs but not in pDCs
following RLR stimulation. Interestingly, NLRC5 suppresses
the RLR-induced type I IFN secretion in pDCs but does not
have any regulatory function on the RLR pathway in moDCs.
Collectively, our work demonstrates that RLR-mediated
innate immune responses are primarily regulated by NLRX1
and partly controlled by NLRC5 in human DCs.

Support: This work was supported by NKFIH-PD 115776
and PD_16 120887, EFOP-3.6.3-VEKOP-16-2017-00009 to KP
and GINOP-2.3.2-15-2016-00050 projects. The project is co-
financed by the European Union and the European Regional
Development Fund. KP was also supported by the János
Bolyai Research Scholarship from the Hungarian Academy of
Sciences.

CARD14 GENE VARIANTS AND NUCLEAR FACTOR κB (NFκB) 
ACTIVATION IN PITYRIASIS RUBRA PILARIS
ANIKÓ GÖBLÖS1, 2, JUDIT DANIS1, BRIGITTA GÁL2, KATALIN FARKAS3, 
NIKOLETTA NAGY3, LAJOS KEMÉNY1, 2, ZSUZSANNA BATA-CSÖRGÔ1, 2, 
MÁRTA SZÉLL1, 3

1MTA-SZTE Dermatological Research Group, 
University of Szeged
2Department of Dermatology and Allergology, 
University of Szeged
3Department of Medical Genetics, University of Szeged

Background: Pityriasis rubra pilaris (PRP) is a rare, chronic
inflammatory papulosquamous skin disease with unknown
etiology. PRP is phenotypically related to psoriasis and other
skin diseases making the diagnosis often difficult. Based on
phenotypical features we distinguish certain subtypes (I-V) of
the disease. The rare familial cases show associations with

particular CARD14 gene mutations, while in the genetic back-
ground of the sporadic form of the disease CARD14 poly-
morphisms have been implicated. Data in the literature sug-
gest that the CARD14 variants alter the activation of NFκB
signal transduction thus contributes to disease pathogenesis.

Methods: The genetic screening of CARD14 gene was per-
formed in 19 PRP patients. Further in vitro and in situ functio-
nal analyses were carried out on samples (skin biopsies,
PBMC, keratinocytes) derived from type V PRP patient.

Results: Ten of 19 PRP patients carried different CARD14
variants alone or in combination. The genetic screening reve-
aled two mutations (rs114688446, rs117918077) and six
polymorphisms (rs28674001, rs2066964, rs34367357,
rs11653893, rs11652075, rs2289541).

The atypical juvenile (type V) PRP patient carries four
CARD14 variants, thus to examine the consequences of the
identified variants further in vitro and in situ functional stu-
dies were carried out. Immunofluorescent staining revealed
nuclear localization of the NFκB p65 subunit in PRP skin
specimen, indicating the activation of NFκB, in contrast in
healthy skin sections only cytoplasmic staining of inactivated
NFκB was detected. Moreover, p65 staining showed higher
p65 positivity in PBMC derived from PRP patient compared to
healthy samples. NFκB–luciferase reporter assay demonstra-
ted significantly increased NFκB activity in keratinocytes
from the PRP patient compared to healthy keratinocytes. In-
vestigation of the functional consequences of higher NFκB
activation in PRP cells revealed significantly higher inflam-
matory cytokine expression and secretion in both keratino-
cytes and PBMCs; moreover PRP samples demonstrated higher
cytokine responses to inflammatory stimuli compared to
healthy cells.

Conclusions: Half of the investigated PRP patients carried
rare or common CARD14 variants alone or in combination.
The higher inflammatory state established in the biological
samples of a type V PRP patient cannot be explained solely
by any of the carried variants but the cumulative effects of
the four variants may contribute to the increased NFκB acti-
vity. The multifactorial nature of the disease indicates the in-
volvement of additional genetic factors; therefore we pro-
pose further large scale genetic investigations for the better
understanding of the molecular mechanisms of the disease.
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MELANOMA EXOSOMES INDUCE PD-1 OVEREXPRESSION 
AND TUMOR PROGRESSION VIA MESENCHYMAL STEM CELL
ONCOGENIC REPROGRAMMING
EDINA GYUKITY-SEBESTYÉN1, MÁRIA HARMATI1, GABRIELLA DOBRA1, 
ISTVÁN BALÁZS NÉMETH2, JOHANNA MIHÁLY3, ÁGNES ZVARA1, 
ÉVA HUNYADI-GULYÁS1, RÓBERT KATONA1, ISTVÁN NAGY1, P. HORVÁTH1, 
ÁRPÁD BÁLIND1, ÁBEL SZKALISITY1, M. KOVÁCS1, TIBOR PANKOTAI22, 
BALÁZS BORSOS2, MIKLÓS ERDÉLYI2, ZSOLT SZEGLETES1, ATTILA FARKAS1, 
ZOLTÁN JÁNOS VERÉB2, EDIT IRÉN BUZÁS4, LAJOS KEMÉNY2, TAMÁS BÍRÓ3, 
KRISZTINA BUZÁS1, 2*

1Biological Research Centre of Hungarian Academy 
of Sciences
2University of Szeged
3University of Debrecen
4Semmelweis University

Introduction: Metastatic complications are responsible for
90% of cancer-related mortality and one of the most effec-
tive metastasis-immunotherapies today is based on the bloc-
kade of PD-1:PD-1L interaction. Recently, it has been descri-
bed that PD-1 overexpressing melanoma cells are highly aggres-
sive. However, until now it has not been defined which fac-
tors lead to the generation of PD-1 overexpressing subpopu-
lations.

In the current study, we aimed at specifically addressing
the following questions:

1. Can we define the cellular and molecular signs of
melanoma derived exosome-induced, intercellular
communication-mediated malignant transformation
of MSC cultures?

2. Can we detect the melanoma derived exosome-indu-
ced tumor progression in vivo?

Methods: We investigated the effect of exosomes on bio-
logical processes (e.g. proliferation, survival, malignant trans-
formation, etc.) of MSCs, which are generally considered as
proper in vitro models of tumor stroma. For these experi-
ments, MSC cultures were initiated from mouse abdominal
adipose tissue and were subjected to melanoma-derived
exosome treatment.

Results: We presented that melanoma-derived exoso-
mes, conveying oncogenic molecular reprogramming, induce
the formation of a melanoma-like, PD-1 overexpressing cell
population (mMSCPD–1+) from naïve mesenchymal stem cells.
Exosomes and mMSCPD–1+ cells induced tumor progression
and expression of oncogenic factors in vivo. Finally, we re-
vealed a characteristic, tumorigenic signaling network combi-
ning the upregulated molecules (e.g., PD-1, MET, RAF1, BCL2,
MTOR) and their upstream exosomal regulating proteins and
miRNAs. Our study highlights the complexity of exosomal
communication during tumor progression and contributes to
the detailed understanding of metastatic processes.

Discussion: We found that melanoma exosomes reedu-
cate naïve mesenchymal stem cells and generate a PD-1

overexpressing, melanoma-like subpopulation and induce tu-
mor progression. The identified associative network of upre-
gulated tumorigenic molecules and their upstream exosomal
regulating proteins and miRNAs may help to identify novel
therapeutic targets. Moreover, our data establish a novel
concept; i.e. besides the usual “one-molecule and one-path-
way-focused research”, the assessment of “molecular-signa-
ling-patterns” as complex information packages is justified
and requires extensive, system-level, multidisciplinary appro-
aches.

Grant support: GINOP-2.3.2-15-2016-00015 and 2.3.2-
15-2016-00036, KTIA_13_NAP-A-V/3 and and János Bolyai
Research Scholarship

PROTECTION FROM COLITIS IN MICE IN THE ABSENCE OF NKX2.3
TRANSCRIPTION FACTOR IS INDEPENDENT OF IL-22
ZOLTÁN KELLERMAYER1, DÓRA VOJKOVICS1, BÉLA KAJTÁR2, PÉTER BALOGH1

1Department of Immunology and Biotechnology, 
University of Pécs
2Department of Pathology, University of Pécs

Introduction: Single nucleotide polymorphisms (SNPs) in the
coding region of the Nkx2.3 homeodomain transcription fac-
tor have been reported to act as susceptibility factors for
Crohn’s disease (CD) and ulcerative colitis (UC). We have pre-
viously shown that mice lacking the transcription factor
Nkx2.3 are protected from dextran sodium sulfate (DSS)-in-
duced colitis. Protection was coupled with enhanced produc-
tion of the protective cytokine IL-22. In this work, we exami-
ned whether the increased IL-22 is responsible for the ab-
sence of colitis in Nkx2.3-/- mice.

Materials and Methods: Nkx2-3-/- mice received 2.5%
DSS in drinking water for 7 days. Mice were treated with 150
mg of anti-IL-22 monoclonal antibody (clone 8E11, Genen-
tech) or isotype control (clone GP120:9709, Genentech) intra-
peritoneally on days 2, 3, 4, 5, and 6. Weights were measu-
red daily. Mice were sacrificed on day 7 and colons were
isolated for histology, flow cytometry, and mRNA. 6 mice
were used per group and treatments were performed twice.
Prior to termination, 6-6 mice/group received 5’-ethynyl-2’-
deoxyuridin (EdU) ip. to determine epithelial cell proliferation
in combination with EpCAM-PE antibody. We examined the
stromal expression of Nkx2.3 using LacZ-Nkx2.3+/- reporter
mice.

Results: Survival, weights and other macroscopic charac-
teristics did not differ between Nkx2.3-/- mice treated with
anti-IL-22 antibody or control antibody. Histological scoring of
colons and analysis of solitary intestinal lymphoid tissues
(SILT) revealed no difference between the two groups. mRNA
for RegIIIβ and RegIIIγ, genes downstream of IL-22 signaling,
were decreased in mice treated with anti-IL-22, indicating an
effective blockade of IL-22. Proliferation of epithelial cells was
also significantly lower in anti-IL-22 treated mice compared
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to mice receiving control antibody. In LacZ-Nkx2.3+/- repor-
ter mice we observed Nkx2.3 expression restricted to cells
with a myofibroblast-like morphology. These cells were had
a pericryptal localization and expressed VAP-1.

Conclusions: Our results indicate that although the pro-
tective cytokine IL-22 is increased in the absence of Nkx2.3,
it is not the (sole) reason for protection from colitis in these
mice. Instead, the presence of Nkx2.3 in pericryptal cells in
the vicinity of epithelial stem cells indicate that Nkx2.3 might
have a role in the homeostasis of the epithelium, leading to
resistance to colitis via modulation of epithelial cell survival
and turnover.

Supported by OTKA grant K108429

THE NUMBER OF CIRCULATING IMMATURE TRANSITIONAL 
B CELLS CORRELATES WITH THE TYPE 3 INNATE LYMPHOID CELLS 
IN HEMATOPOIETIC STEM CELL-TRANSPLANTED PATIENTS WITH 
ACUTE GRAFT-VERSUS-HOST DISEASE
ZSOLT I. KOMLÓSI1, 2, NÓRA KOVÁCS3, ZOLTÁN PÓS1, NIKOLETT LUPSA1, 
GÁBOR BARNA4, PÉTER P. REMÉNYI5, GÁBOR TATAI5, GERGELY KRIVÁN5, 
TAMÁS MASSZI5, GYÖRGY LOSONCZY6, CEZMI A. AKDIS2

1Department of Genetics, Cell- and Immunobiology, 
Semmelweis University, Budapest, Hungary
2Swiss Institute of Allergy and Asthma Research (SIAF), 
University of Zurich; CK-CARE: Christine Kühne Center 
for Allergy Research and Education, Davos, Switzerland
3Lung Health Hospital, Törökbálint, Hungary
41st Department of Pathology and Experimental Cancer 
Research, Semmelweis University, Budapest, Hungary
5Department of Hematology and Stem Cell Transplantation, 
South Pest Centrum Hospital Budapest, Hungary 
6Department of Pulmonology, Semmelweis University, 
Budapest, Hungary

Activated type 3 innate lymphoid cell (ILC3) population is ex-
panded after hematopoietic stem cell-transplantation (HSCT),
and have a protective effect against graft-versus-host dise-
ase (GVHD). It has been demonstrated both in mouse models
and in human patients that GVHD is accompanied by IL-10-
producing B cell deficiency that probably contribute to the
development of the disease. We have recently shown that
activated ILC3s and B cells are in a mutually beneficial rela-
tionship. ILC3s strongly support survival and proliferation of B
cells and differentiation of IL-10-producing, PD-L1-expressing
immature transitional B cells with immune regulatory pro-
perties (itBreg cells) in a CD40L- and BAFF-dependent manner.
The impact of the activated ILC3 populations on B cells after
HSCT, and their role in the prevention of GVHD have not been
investigated thus far. Therefore, we aimed to examine the
interrelation of ILC3s and itB cells in acute GVHD. Sixteen
patients of less than 60 days post-HSCT were included in the
study, out of which eight were suffered from acute cuta-
neous GVHD. Their peripheral blood samples were analyzed

before initiation of the treatment. Peripheral blood Lineage–
CD127+CD161+c-Kit+ ILC3s, as well as CD19+IgD+CD24highCD38high

itB cells were measured by flow cytometry. The prevalence
of ILC3s was lower in acute GVHD patients compared to HSCT
patients without GVHD. Both the absolute numbers and the
percentages of ILC3s and itB cells correlated with each other,
and the correlation was particularly strong in acute GVHD
patients. Our results suggest that activated ILC3s may have a
favorable influence on the early post-HSCT period via its itB
cell-inducing capacity; and itB cells with regulatory properties
may have a protective role against acute GVHD. Considering
the relative T helper cell‐deficiency in early post‐HSCT period,
the ILC3s may play a critical role in the regulation of B cells
reconstitution.

Funded by Hungarian Paediatric Oncology Network.

IMMUNOMODULATORY EFFECTS OF BEWO TROPHOBLASTIC 
CELL-DERIVED EXTRACELLULAR VESICLES ON HUMAN
LYMPHOCYTES
ÁRPÁD FERENC KOVÁCS1, NÓRA FEKETE1, BÁLINT ALASZTICS2, 
JÁNOS RIGÓ JR2, EDIT IRÉN BUZÁS1, ÉVA PÁLLINGER1

1Department of Genetics, Cell- and Immunobiology, 
Semmelweis University, Budapest, Hungary
21st Department of Obstetrics and Gynaecology, Semmelweis 
University, Budapest, Hungary

Introduction: The success of pregnancy relays on a tightly
balanced immune milieu at the feto-maternal interface. One
of the key regulators of local immune homeostasis is the pla-
cental trophoblast cell population. These cells release an
increased amount of extracellular vesicles (EVs) which can be
detected also in the maternal circulation. These EVs operate
as an intercellular signalling pathway between the tropho-
blasts and the maternal immune cells. Our aim was to inves-
tigate the immunomodulatory proteins found in trophoblast-
derived EVs.

Methods: BeWo trophoblastic cell line and human lym-
phocyte co-culture in vitro system was used. Interaction of
Calcein-AM labelled BeWo-derived intermedier sized EVs
(iEVs) with lymphocytes was detected via fluorescent micros-
copy and flow cytometry. EV treated lymphocyte immunophe-
notyping, as well as iEVs and lymphocyte interactions were
analysed by flow cytometry. We carried out mass spectro-
metry-based protein analysis on BeWo-derived iEVs and per-
formed screening for immunomodulatory proteins. In silico
analysis of immunomodulatory proteins and IL-6 signalling
pathway interaction was evaluated.

Results: iEVs were taken up by lymphocytes and induced
a significant decrease of CD126 (interleukin-6 receptor) on
lymphocytes. Furthermore, mass spectrometry analysis yiel-
ded the HSPE1 protein as a potential immunomodulatory
protein found in BeWo-derived iEVs. In silico analysis of the
HSPE1 and IL-6 signalling pathways was also analysed. HSPE1
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showed an interaction with the following proteins of the IL-
6 pathway: AKT1, IL-6, IFNG, MYC, NFKB1, NFKBIA, TLR4,
MAPK1, MAPK8 and MAPK14.

Conclusion: Our preliminary data suggest that BeWo-
derived iEVs have an immunomodulatory protein cargo which
may have an impact on the success of pregnancy.

DISTINCT MOLECULAR PATHWAYS IN BIOGENESIS OF DIFFERENT 
TYPES OF EXTRACELLULAR VESICLES FROM NEUTROPHILIC 
GRANULOCYTES
ERZSÉBET LIGETI1, ÁKOS LÔRINCZ1, BALÁZS BARTOS1, DÁVID SZOMBATH1, 
ATTILA MÓCSAI1, DÁNIEL VERES1, LILLA TURIÁK2, LÁSZLÓ DRAHOS2, 
ÁGNES KITTEL3

1Semmelweis University
2MS Proteomic Research Group, HAS
3Experimental Medical Research Institute, HAS

Introduction: In previous works we characterized three phy-
siologically occurring types of EVs released from granulocytes
spontaneously (sEV), during apoptosis (apoEV) or upon acti-
vation with opsonized particles (aEV). The latter EVs are spe-
cifically enriched in granule proteins and possess antibacte-
rial effect. Our goal was to identify receptor(s) and signaling
pathway(s) responsible for specific aEV formation.

Methods: Medium-size EVs were obtained from isolated
neutrophils (PMN) by two-step centrifugation and characteri-
zed by dynamic light scattering and electron microscopy. EV
generation was assessed on the basis of protein content and
of EV count determined by flow cytometry. Protein identifica-
tion was carried out by mass spectrometry and proteomic
analysis. 

Results: Potential involvement of Ig-binding Fc receptors
(FcR), complement-binding CR3 (Mac-1 integrin) and pattern
recognition receptors (PRR) was investigated. Stimulation of
PRR affected minor increase in EV release whereas activation
of CR3/Mac-1 resulted in significant aEV generation. FcRs did
not seem to be involved in aEV production. Genetic deletion
of either chain of Mac-1 prevented aEV formation in murine
neutrophils whereas deletion of the common gamma chain
of FcRs had no effect. Activation of Mac-1/CR3 also resulted
in alteration of cargo in the resulting EVs. Specifically, prote-
ins originating from azurophilic and specific granules were
significantly enriched in aEVs. Both aEV formation and gra-
nule protein enrichment depended on tyrosine kinase acti-
vity, as indicated by sensitivity to dasatinib. Key role of Mac-
1/CR3 in aEV formation was substantiated also in an in vivo
inflammation model. In contrast, spontaneous formation of
EVs was fully independent both from Mac-1/CR3 and tyrosine
kinase inhibition.

Conclusion: At least two different molecular pathways are
involved in EV biogenesis in neutrophils resulting in vesicles
of different composition and different functional properties. 

Funding: NKFIH K119236, Hungary

CALCIUM SIGNALING IN THE BIOGENESIS OF NEUTROPHIL 
DERIVED EV
LÔRINCZ M. ÁKOS,1 BALÁZS BARTOS1, DÁVID SZOMBAT1, ÁGNES KITTEL2, 
DÁNIEL S. VERES1, ATTILA MÓCSAI1, ERZSÉBET LIGETI1

1Semmelweis University
2Medical Research Institute, HAS

Introduction: It is known in case of several cell types that
initiation of a calcium signal by application of artificial means
such as calcium ionophores induces secretion of extracellular
vesicles (EVs). However, the role and requirement of calcium
signals triggered by natural stimuli in production of different
types of EVs released from the same cell is largely unknown.
We used our previous described neutrophil EV secretion sys-
tem for examination of the role of biological calcium signal
on EV biogenesis.

Methods: Medium-sized EVs were obtained in two centri-
fugation and filtration steps from neutrophils (PMN) isolated
from human peripheral blood or murine (WT and phospholi-
paseC γ2 KO) bone marrow. Murine PMN-EVs were characteri-
zed in detail using dynamic light scattering and electron mic-
roscopy. EVs were enumerated by flow cytometry and pro-
tein measurements. Parallel to EV production phagocytosis
was measured to compare signaling pathways of the two
processes.

Results: EV production from human neutrophilic granulo-
cytes occurring spontaneously (sEV) and upon stimulation
with opsonized particles (aEV) was compared in the absence
and presence of extracellular calcium. Generation of aEV was
seriously impaired by calcium deficiency whereas release of
sEV was not affected. These results were supported in similar
experiments carried out on neutrophils isolated from murine
bone marrow. Murine neutrophils deficient in phospholipa-
seC γ2, the key enzyme for intracellular calcium signaling,
were also impeded in release of aEVs whereas sEV produc-
tion proceeded undisturbed. Similar to sEV production pha-
gocytosis was also unaffected by disturbed calcium signaling. 

Conclusion: Requirement for extracellular calcium supply
and intracellular calcium signaling strongly diverges in gene-
ration of different types of EVs or in phagocytosis. These fin-
dings supply molecular data on the existence of distingui-
shable cellular pathways of EV production. 

Funding: NKFIH K119236, Hungary



PATHOGEN DIVERSITY DRIVES THE EVOLUTION OF GENERALIST 
ANTIGEN PRESENTATION IN HUMAN POPULATIONS
MÁTÉ MANCZINGER1, 2, 3, GÁBOR BOROSS1, LAJOS KEMÉNY2, 3, 
VIKTOR MÜLLER4, TOBIAS L. LENZ5, BALÁZS PAPP1* & CSABA PÁL1*

1Synthetic and Systems Biology Unit, Institute 
of Biochemistry, Biological Research Centre, Hungarian 
Academy of Sciences, Szeged, Hungary
2Department of Dermatology and Allergology, University of 
Szeged, Szeged, Hungary
3MTA-SZTE Dermatological Research Group, University of 
Szeged, Szeged, Hungary
4Institute of Biology, Eötvös Loránd University, Budapest, 
Hungary
5Research Group for Evolutionary Immunogenomics, 
Max Planck Institute for Evolutionary Biology, Plön, Germany

Introduction: Central players of the adaptive immune system
are the groups of proteins encoded in the major histocom-
patibility complex (MHC), which shape the immune response
against pathogens and tolerance to self-peptides. The corres-
ponding genomic region is of particular interest, as it har-
bours more disease associations than any other region in the
human genome, including associations with infectious disea-
ses, autoimmune disorders, cancers and neuropsychiatric di-
seases. Certain MHC alleles are generalists: they present an
exceptionally large variety of antigenic peptides, while spe-
cialists initiate immune response against only a relatively
few antigens. However, the functional implications of such
elevated molecular promiscuity in the MHC molecules are lar-
gely unknown. According to what we term the pathogen-dri-
ven promiscuity hypothesis, generalists provide protection
against a broad range of pathogens, and therefore they are
favored in pathogen diverse areas.

Methods: We determined molecular promiscuity of pre-
valent HLA-DRB1 alleles using in vitro data and computational
prediction. We calculated mean allele promiscuity in indige-
nous populations and the number of intra- and extracellular
pathogens in corresponding geographical regions using pub-
lic databases.

Results: We found that in pathogen-rich geographical re-
gions, humans are more likely to carry generalist MHC alleles.

Discussion: Taken together, our work indicates that patho-
gen load maintains generalist adaptive immune recognition.
Our study also offers a conceptually novel mechanism to ex-
plain the global distribution of allelic variants of key human
immune genes. Finally, our work highlights the hitherto neg-
lected role of epitope binding repertoire in immune defense,
with implications for medical genetics and epidemiology.

A NEW ROLE FOR EXOSOMES IN CANCER: 
A RADICAL HYPOTHESIS
Viktor Müller1, 2, Péter Apari2, 1

1Institute of Biology, Eötvös Loránd University, Budapest, 
Hungary
2Evolutionary Systems Research Group, MTA Centre 
for Ecological Research, Tihany, Hungary

Background and Methods: The etiology of cancer involves
intricate cellular and molecular mechanisms that apparently
emerge on the short time scale of a single lifetime. Using
evolutionary reasoning, we demonstrate that some of these
traits are remarkable not only for their complexity, but also
because it is hard to conceive selection pressures that would
favor their evolution within the local competitive microenvi-
ronment of the tumor. Building on a broad survey of recent
empirical data we put forward alternative hypotheses that
might explain the origin of these ‘paradoxical tumor traits’.

Results and Conclusions: We discuss three possible sce-
narios for the origin of these characters: somatic selection
driven by specific selection regimes; non-adaptive emergence
due to inherent vulnerabilities in the organism; and manipu-
lation by putative transmissible agents that contribute to and
benefit from these traits. As most tumor types that display
‘paradoxical tumor traits’ are not associated with known on-
cogenic pathogens, the recurrent emergence of these traits
in cancer might hint at the existence of unknown transmis-
sible agents that either encode these traits or facilitate their
emergence. We hypothesize that a radically novel class of
agents exhibiting prion-like spread via exosomes might be
responsible for some of these cases, and offer testable
predictions that might guide further research to identify the
agents (or refute the hypothesis).

EXTRACELLULAR VESICLES IN RHEUMATOID ARTHRITIS
GYÖRGY NAGY1, 2, NIKOLETT MARTON1, ORSOLYA KOVÁCS1, EDIT BUZÁS1

1Department of Genetics, Cell and Immunobiology, 
Semmelweis University
2Department of Rheumatology, 3rd Department of Internal 
Medicine, Semmelweis University

Rheumatoid arthritis (RA) is a common chronic autoimmune
disease that is associated with systemic complications and
progressive disability. EVs are emerging biomarkers of RA
and have been implicated in several pathogenic events, such
as antigen presentation, fibroblast activation or induction of
proinflammatory cytokine production. Recent data support the
role of EVs in the development of cardiovascular comorbidi-
ties as well. On the other hand EVs may have anti-inflamma-
tory properties; our data suggest that blood-derived EVs re-
gulate the human osteoclastogenesis. In our presentation we
aim to provide an overview of the various aspects of EVs in RA.
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EXTRACELLULAR VESICLES IN PREGNANCY
ÉVA PÁLLINGER1, ÁRPÁD KOVÁCS1, NÓRA FEKETE1, BÁLINT ALASZTICS2, 
JÁNOS RIGÓ JR2, EDIT IRÉN BUZÁS1

1Dept. of Genetics, Cell- and Immunobiology, 
Semmelweis University, Budapest, Hungary
21st Department of Obstetrics and Gynaecology, 
Semmelweis University, Budapest, Hungary

The immunological balance between the feto–placental immune
system and the maternal immunity is manifested in local and
systemic mechanisms. It is mediated by direct cell-cell inter-
actions, soluble mediators and extracellular vesicles (EVs) as well.
Placenta-derived EVs may have crucial roles in regulating the
maternal immune response for successful preg-nancy outcome.

Objective: The aim of our study was to characterize the
cellular origin and the functional activity of circulating EVs of
healthy and preeclamptic pregnants. We also followed up the
immune regulatory effects of trophoblast-derived EVs. 

Methods: Circulating EVs were assessed by multicolor
immunophenotyping. BeWo choriocarcinoma cell line was
used as a model system for the investigations of the effects
of trophoblast-derived EVs including NK cell function and the
cytokine production of PBMC. 

Results: Distinct EV patterns were detected in healthy and
preeclamptic pregnants. We have shown that platelet- and tro-
phoblast-derived EVs bind to peripheral T lymphocytes, and
have an effect on T cell function. EV-binding inhibited the IL-2-
induced STAT3 and STAT6 phosphorylation in T lymphocytes and
the ConA-induced cell proliferation. We assumed that EV-lym-
phocyte interactions regulate T cell differentiation through mo-
dulation of the local cytokine production. A characteristic shift in
the cytokine production of CD4+ lymphocytes was observed:
binding of BeWo-derived EVs induced IL-10 production, but
neither IL-17 nor IFNg could be detected. EV-lymphocyte interac-
tion induced the decrease of IL6Ra ex-pression of Th cells. In-
creased level of apoptotic bodies in preeclamptic patients was as-
sociated with an altered exo-facial “eat me” signal expression.

Conclusion: Our results underlie the complex immunomo-
dulatory role of circulating EVs during pregnancy and verify
their associations with pregnancy complications.

HLA-II HOMOZYGOZITY PROTECTS FROM BRONCHIAL ASTHMA 
BENJAMIN TAMÁS PAPP1, 3, LAJOS KEMÉNY1, 2, MÁTÉ MANCZINGER1, 2, 3, 4

1Department of Dermatology and Allergology, University 
of Szeged, Hungary
2MTA‐SZTE Dermatological Research Group, University 
of Szeged, Hungary
3Szeged Scientists Academy, Hungary
4Biological Research Center of the Hungarian Academy 
of Sciences

Introduction: Bronchial asthma is an excessively common
obstructive pulmonary disease. In the majority of asthmatic

patients, the presence of certain antigens in the airways re-
sults in a bronchial hypersensitivity reaction. The antigen is
presented by the HLA-II molecules, which are the most va-
riable proteins in our body. Several HLA-II alleles have been
associated with bronchial asthma. The connection between
HLA-II homozygozity and asthma have not been studied yet.
In our study we assume that HLA-II homozygozity protects
from asthma, as homozygotes carry the same HLA-II alleles
resulting in a small epitope binding repertoire. 

Methods: We examined the number of HLA-II homo- and
heterozygotes in asthmatic and control groups. We carried
out HLA-DR and HLA-DQ genotyping of 190 severe asthmatic
patients of the NHLBI GO-ESP: Lung Cohorts Exome Sequen-
cing Project using HLA HD software. The results were compa-
red with a healthy control group. We also predicted the num-
ber of allergy-associated epitopes bound by the individuals’
HLA-II molecules using NetMHCIIpan-3.2 software. Epitope
sequences were downloaded from IEDB database

Results: The number of HLA-II homozygotes was signifi-
cantly higher in the control group. Homozygotes recognized
a significantly lower number of epitopes. We found many
asthma associated epitopes which were more likely to be
recognized by asthmatic patients.

Discussion: Our results suggest that HLA-II homozygozity
protects from the development of bronchial asthma, because
homozygous individuals recognise a significantly lower num-
ber of asthma-associated epitopes.

MICROSATELLITE INSTABILITY (MSI) – BIOMARKER FOR 
IMMUNOTHERAPY
SHAUN PETERSON

Clinical Diagnostics StrategicBusinessUnit, Promega Corporation,
Madison, Wisconsin, USA

Microsatellite instability has become an increasingly relevant
tool in genetic and immuno-oncology research. Deficiencies
in DNA mismatch-repair (dMMR) can be caused by heredi-
tary, germline mutations or hypermethylation. Either mecha-
nism disrupts expression of functional MMR proteins, allo-
wing replication errors to accumulate across the genome.
Global genomic mutations disrupt normal cellular function
and can lead to unchecked growth and cancers, but also pro-
duces novel proteins. These “foreign” proteins can be immu-
nogenic, recruiting immune effector cells to that tissue. Mo-
nonucleotide repeat microsatellite sequences are particularly
sensitive to replication errors (mutation) and can be the first
evidence of an MMR deficiency.

This talk focuses on microsatellite instability, and its func-
tional capability for detecting DNA mismatch-repair defici-
ency which has been described as a predictive biomarker in
an immuno-oncology research setting. The MSI biomarker
has risen in importance following the recent FDA drug appro-
val decision based in part on the use of laboratory developed
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MSI tests as an indicator of response to immunotherapeutic
drug treatment. The MSI-H/dMMR indication for an immune
checkpoint blockade drug marked the first time the FDA
approved a drug based on a molecular signature in cancers
found in different parts of the body, rather than in the organ
where the cancer originated.

www.promega.com

IMMUNE CELL-CELL COMMUNICATION: TRANSFER OF GENETIC 
INFORMATION THROUGH THE IMMUNOLOGICAL SYNAPSE 
FRANCISO SÁNCHEZ-MADRID

Centro Nacional Investigaciones Cardiovasculares (CNIC), 
Madrid, Servicio de Inmunología, Hospital Universitario de la 
Princesa, Instituto de Investigación Sanitaria La Princesa (IIS-
IP), Universidad Autónoma de Madrid, CIBER de 
Enfermedades Cardiovasculares, ISCIII (CIBERCV), Madrid, Spain

Activation of the adaptive immune response requires the
formation of intimate contacts between antigen-presenting
cells (e.g. dendritic cells, DC) and T lymphocytes. These con-
tacts (“immune synapses”) act as hubs to transmit activating
information from the DC to the T cell, to drive differentiation
and proliferation. However, information also travels in re-
verse, from the T cell to the DC. Reverse transmission de-
pends on receptor-dependent adhesive contacts, soluble fac-
tors (e.g. cytokines/chemokines) and vesicles (e.g. exoso-
mes). Exosomes are small extracellular nanovesicles formed
at multivesicular bodies (MVB) and released towards the DC
through MVB fusion with the plasma membrane. Exosomal
content is sorted through precise mechanisms and differs
from the global cell cytosolic content. I will discuss how the
information transferred from T cells towards DCs through
synaptic contacts induces an Alert State of Immune Cells
(ASIC): getting innate immune cells READY to fight future
infections. The regulation of anti-viral and anti-bacterial
genes determining the ability of DCs to respond to these
challenges will define their Alert State. I will also dissect the
role of exosomes during cognate immune interactions, and the
function of the transfer of exosomal miRNAS and mitochon-
drial DNA and as immune regulators and ASIC generators.

COMPLEX IMMUNOPHENOTYPING BY SINGLE CELL MASS CYTOMETRY
GÁBOR J. SZEBENI1, JÓZSEF ÁGOSTON BALOG1, ÁGNES ZVARA1, LÁSZLÓ KOVÁCS2,
KLÁRA SZALONTAI3, ISTVÁN ANDÓ1, ATTILA BALOG2, LÁSZLÓ G. PUSKÁS1

1Biological Research Centre, Hungarian Academy of Sciences, 
Szeged, Hungary
2Department of Rheumatology and Immunology, Faculty 
of Medicine, Albert Szent-Gyorgyi Health Centre, University 
of Szeged, Szeged, Hungary
3Csongrád County Hospital of Chest Diseases, Deszk, Hungary

High resolution measurement characterizing the large num-
ber of cellular features is in the focus of recent cell biological

research. To achieve these goals single cell mass cytometry
combines advantages of the single cell resolution of traditio-
nal fluorescence-based flow cytometry with the multiplexi-
city of inductively coupled plasma-mass spectrometry. In-
stead of fluorophores detection for mass cytometry is based
on stable heavy-metal isotope labeled antibodies. Thus, the
autofluorescence and spectral overlapping are eliminated.
This unique feature enables researchers to multiplex up to 45
different antibodies in one single tube. 

Extensive mapping of signaling networks in single cells,
surface receptor quantification has been also achieved by
single cell mass cytometry. Sample multiplexing is also pos-
sible by barcoding prior the antibody labeling which enables
the combination of 20 different samples in one single tube.
Cell types, cellular populations of interest can be visualized on
dot plots and the protein expression levels are demonstrated
by histograms. There are several novel algorithmic approaches
to process large datasets such as: SPADE, viSNE, Citrus.

The monitoring of the complex immunophenotype is
highly relevant in several human diseases which have been
previously restricted to limited number of markers with flow
cytometry compared to single cell mass cytometry. PBMCs of
human systemic autoimmune diseases and non-small cell
lung cancer patients are under investigation. The cellular
complexity and functional heterogeneity of solid tumors, in-
flammatory diseases and animal models will be also analy-
zed in our laboratory by single cell mass cytometry.

Funding: GINOP-2.3.2-15-2016-00030; János Bolyai Re-
search Scholarship (GJSz, BO/00139/17/8) Bolyai+ Research
Scholarship (GJSz, UNKP-18-4-SZTE-73)

AUTOIMMUNE PHENOMENA DUE TO CHECKPOINT INHIBITION 
IN ONCOLOGY
ÉVA SZEKANECZ, ZOLTÁN SZEKANECZ

University of Debrecen, Faculty of Oncology, Division 
of Reumatology, Debrecen

Costimulation and coinhibition are associated with the deve-
lopment of immune responses, antitumor immunity and auto-
immunity. B7-CTLA4-mediated coinhibition is involved in the
priming phase of immune responses in the lymph node. PD1 on
T-cells and PD-L1 on tumor cells drive coinhibition in the peri-
pheral tissues. Thus, tumor cells can escape from immune sur-
veillance. Based on these phenomena, CTLA4, PD1 and PD-L1
inhibitors have been developed and successfully used in cancer
immunotherapy. Logically, this “inhibition of coinhibition” may
aggravate autoimmune responses, as well as tu-mor immunity.

In animal models, checkpoint knockout lead to the deve-
lopment of various autoimmune diseases, such as diabetes
mellitus, autoimmune arthritis and encephalomyelitis. Admi-
nistration of PD1-Fc or PD-L1-Fc constructs prevented auto-
immunity.
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To date, thousands of cancer patients have been treated
by checkpoint inhibitors. Along with the growing number of
treated patients, numerous cases developed autoimmune
phenomena or even full-blown autoimmune disease. Muco-
sitis, arthralgia, sicca syndrome or myalgia/myositis are among
the most common manifestations. Here we will summarize
the current understanding of checkpoint inhibition-triggered
autoimmunity and present a recent case of Raynaud’s phe-
nomenon after nivolumab therapy.

DEVELOPMENT OF SECONDARY MALIGNANCIES 
IN AUTOIMMUNE-RHEUMATIC DISEASES AND AFTER TARGETED
IMMUNOTHERAPY OF ARTHRITIS
ZOLTÁN SZEKANECZ, ÉVA SZEKANECZ

University of Debrecen, Faculty of Medicine, Department 
of Internal Medicine
Division of Rheumatology

Sustained systemic inflammation may lead to increased risk
of malignancies. Chronic B-cell stimulation may lead to the
development of lymphomas in SLE, rheumatoid arthritis (RA)
or systemic sclerosis (SSc). Solid tumors may occur in tissues
mostly affected by the underlying disease. For example, lung
cancer is more common in SSc or RA, partly due to smoking.
We have been conducting numerous studies on patients with
autoimmune rheumatic conditions. We assessed the preva-
lence of secondary malignancies, the production of soluble
tumor antigens. We also reviewed current knowledge about
the possible carcinogenicity of antirheumatic therapies.

We found significantly higher prevalence of malignancies
among patients with RA, SSc and SLE. We will discuss the pos-
sible oncogenic effects of antirheumatic drugs. We detected
increased levels of soluble tumor antigens in RA, SSc and SLE.

There are numerous relationships between rheumatic
and malignant diseases. Our studies may draw attention to
the importance of collaboration between medical specialties
including rheumatology, immunology and oncology.

THE ROLE OF TRANSIENT RECEPTOR POTENTIAL VANILLOID 
4 ON MONOCYTE-DERIVED LANGERHANS CELLS
ATTILA GÁBOR SZÖLLÔSI1, 2, ÁGNES GYETVAI3, SHAHRZAD ALIMOHAMMADI1, 2,
ZSÓFIA PÉNZES1, 2, TAMÁS BÍRÓ1

1University of Debrecen, Faculty of Medicine, Department 
of Immunology
2University of Debrecen, Faculty of Medicine, Department
of Physiology
3Hungarian Academy of Sciences, University of Debrecen, 
Cell Biology and Signaling Research Group, Debrecen, 
Hungary

Background: Emerging evidence suggests that transient re-
ceptor potential (TRP) ion channels not only act as 'polymo-
dal cellular sensors' on sensory neurons but are also functio-

nally expressed by a multitude of non-neuronal cell types, in-
cluding immune cells. Our own workgroup has previously
shown that TRP channels influence a wide range of cellular
functions on dendritic cells, including maturation, phagocy-
tosis/endocytosis, and cytokine production among others. In
our current experiments we aimed at identifying and charac-
terizing the role of TRP channels on Langerhans cells (LCs). 

Methods: Since isolation of primary LCs is difficult and
often results in the unwanted activation of the cells, we dif-
ferentiated LCs from monocytes of healthy donors. mRNA
and protein expression of cells was determined with QPCR
and flow cytometry, respectively, while the function of TRP
channels was assessed with fluorimetric calcium measure-
ments.

Results: LCs were found to express TRPV1, 2 and 4. Fluori-
metric measurement of intracellular calcium concentration
revealed that the TRPV1 agonist capsaicin had no measurable
effect up to 10 mM. In contrast the specific TRPV4 agonist
GSK1016790A dose dependently increased the intracellular
calcium concentration (10-100 nM). This effect was comple-
tely blocked by the addition of the specific antagonist (1 mM
HC 067047). The TRPV4 agonist applied during the differentia-
tion process doubled the ratio of CD207/CD1a positive cells,
which effect was also blocked by specific antagonist. GSK
also decreased the endocytotic activity of monocyte-derived
LCs, while minimally increasing the maturation of the cells. 

Conclusions: TRPV4, which may be activated by many
epidermal compartment-specific factors such as hyperosmo-
larity, and UV radiation, may have an important role in both
the development and function of Langerhans cells. 

SURFACE CARGO OF BLOOD PLASMA EXTRACELLULAR VESICLES
IN INFLAMMATORY AND NON-INFLAMMATORY
MICROENVIRONMENTS
ESZTER ÁGNES TÓTH, ANITA VARGA, ANNA MAGDOLNA BALOGH, 
KATALIN ÉVA SZABÓ-TAYLOR, EDIT BUZÁS

Semmelweis University, Department of Genetics, 
Cell- and Immunobiology

Introduction: Nanoparticles, usually <100nm, utilized mostly
in targeted therapeutic approaches develop diverse protein
coronas once administered into biological media. This protein
corona was found to fundamentally affect the biodistribution
and bioavailability of nanoparticles. Extracellular vesicles (EVs)
are considered as endogenous nanoparticles of a living orga-
nism. Here we set the goal to study the surface cargo of EVs.
Also, we studied whether inflammation (e.g. rheumatoid
arthritis) influenced the formation of the EV protein corona.

Materials and Methods: Blood plasma samples of healthy
subjects (n=9) and rheumatoid arthritis patients (n=10) were
depleted both in platelets and EVs. Nascent EVs released by
THP1 cells were isolated with differential centrifugation and
were incubated for 30 min in the platelet- and EV-free blood
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plasma samples. Plasma without addition of THP1-EVs and
THP1-derived EVs incubated for 30 min in buffer, were used
as controls. After washing, we analysed the samples by mass
spectrometry, flow cytometry and immune electron micros-
copy. Data were further analysed using bioinformatic appro-
aches. For the investigation of individual proteins, fluorescent
proteins were utilized for further flow cytometric studies.

Results: A significant interaction between blood plasma
molecules and extracellular vesicles was suggested by the
difference between the number of proteins found by mass
spectrometry (MS/MS) in plasma+EV samples and the sum-
med number of proteins found in only plasma and only ve-
sicle samples (p<000.1). Subtracting the proteins that were
found in pure extracellular vesicle samples from the list of
proteins of extracellular vesicle samples incubated in plasma
for 30’ and washed 2x, 66 proteins were found, out of which
16 were more characteristic of rheumatoid arthritis samples
and only 2 were more prevalent in healthy samples. The in-
teraction between fibrinogen and EVs was also confirmed by
flow cytometry using fluorescent fibrinogen molecules. The
presence of the alpha chain of fibrinogen in the surface cargo
of EVs was also demonstrated by immune electron micros-
copy.

Discussion: Our data suggests the existence of a protein
corona of blood plasma EVs which may significantly modify
the biological fate of EVs. Differences found between pa-
tients with an inflammatory disease and healthy persons
may have pathophysiological role and diagnostic potential.

Support: STIA-M17, NKFIH-OTKA 111958

ELEVATED METASTATIC ACTIVITY, TAM RECEPTOR EXPRESSION
AND ERK ACTIVATION OF ORAL SQUAMOUS CELL CARCINOMA
CELL LINES UPON MICROBIAL EXPOSURE
MÁTÉ VADOVICS1, NÓRA IGAZ2, ÉVA VERES1, DÓRA ADAMECZ2, 
RENÁTA GÁSPÁR3, CSABA VÁGVÖLGYI1, MÓNIKA KIRICSI2, ATTILA GÁCSER1, 4

1Department of Microbiology, University of Szeged, Szeged, 
Hungary
2Department of Biochemistry and Molecular Biology, 
University of Szeged, Szeged, Hungary
3Department of Biochemistry, Faculty of Medicine, 
University of Szeged, Szeged, Hungary
4Hungarian Academy of Sciences, University of Szeged, 
Lendület „Mycobiome” Research Group

A large number of commensal microbial species reside in the
human body that have co-evolved with the human genome
and adopted to the host immune system. However, defects
in regulatory processes or alterations in the composition of
the microbiota can lead to various diseases, including cancer.
A previous study has shown that the colonisation of Candida
cells is significantly higher in patients with oral squamous cell
carcinoma (OSCC) compared to healthy individuals (Berkovits
et al. 2016). Our hypothesis is that the dysbiotic microbiota

has tumor promoting effects, and the microbes are able to
promote the metastatic activity of the cancerous cells.

In order to investigate the metastatic activity of the can-
cerous cells after microbial treatment we used a metastatic
(HO-1-N-1) and a non metastatic (HSC-2) OSCC cell line. Cell
migration, matrix metalloproteinase (MMP) and proliferation
activity of HSC-2 and HO-1-N-1 OSCC cells were investigated
after fungal and bacterial stimuli. The migration capacity of
HO-1-N-1 cells was significantly higher after the treatments
compared to the untreated samples. Prominent MMP activi-
ties were detected in case of HSC-2. Both cell lines showed
increased proliferation activity upon treatments, which clearly
indicates that fungal or bacterial infections can accelerate
cancer cell proliferation. To investigate the possible molecu-
lar mechanisms underlying the increased metastatic activity
of OSCC cells after fungal or bacterial exposure, we examined
the expression level and activation of ERK and AKT kinases
after microbial treatment because they are involved in meta-
static signaling pathways, furthermore we investigated the
expression level of various TAM receptors, since they play a
role in microbial recognition through inhibition of TLR signa-
ling and TLR-induced cytokine-receptor cascades. In addition
to their roles in limiting TLR and cytokine signaling they ad-
vance cancer cell migration by assisting the epithelial-me-
senchymal-transition (Rankin et al. 2016). Elevated expres-
sion of ERK, pERK and Axl in OSCC cells could be verified by
Western blot following microbial treatment.

These findings suggest that the presence of microbes in
the oral cavity can promote cell proliferation, increased moti-
lity and metastatic activity of oral squamous cell carcinoma
cells at least in part by the induction of TAM receptors and
activation of ERK kinase.

DIFFERENTIAL EFFECTS OF THE ABSENCE OF NKX2-3 AND 
MADCAM-1 ON THE DISTRIBUTION OF INTESTINAL ILC3 CELLS 
AND POSTNATAL SILT FORMATION IN MICE 
DÓRA VOJKOVICS1, 2, ZOLTÁN KELLERMAYER1, 2, ANGELA SCHIPPERS3, 
NORBERT WAGNER3, GERGELY BERTA4, PÉTER BALOGH1, 2

1Department of Immunology and Biotechnology, 
University of Pécs, Hungary
2Lymphoid Organogenesis Research Group, Szentágothai 
Research Center, University of Pécs, Hungary
3University Hospital RWTH, Aachen, Germany
4Department of Medical Biology, University of Pécs, Hungary

Leukocyte seeding to embryonic and early postnatal lym-
phoid tissues and to the mucosa throughout adulthood de-
pends on the interaction between endothelial MAdCAM-1
addressin and α4β7 integrin. Nkx2-3 as a transcriptional re-
gulator of MAdCAM-1 controls vascular patterning in visceral
lymphoid tissues in mice. However, the role of Nkx2-3 in the
organogenesis of the solitary intestinal lymphoid tissues
(SILTs) involving ILC3 cells is still unknown.
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In this work we studied the effect of Nkx2-3 on the post-
natal distribution of gut ILC3s and the development of SILTs,
comparing these events to mice lacking MAdCAM-1, but pre-
serving Nkx2-3.

Lamina propria lymphocytes of the small intestine (SI)
and colon of 1, 2 and 4 week old mice were isolated by colla-
genase digestion. Cells were labeled with mAbs against CD3,
CD19, CD90 and CD45 in conjunction with anti-RORγt, and
were analyzed with flow cytometry. For analyzing SILT ratio
multiple fluorescent labeling was performed on cryostat sec-
tions of SI and colonic Swiss rolls. Sections were viewed with
fluorescence microscope or laser scanning confocal micros-
cope.

We found that at 1 week of age SI contained significantly
higher number of ILC3s relative to the colon, with a signifi-
cant reduction in MAdCAM-1–/– mice compared to wild-type
animals. One week later SI ILC3 number decreased in all ge-
notypes, whereas the number of colonic ILC3 of wild-type
BALB/c and Nkx2-3-deficient mice significantly increased. On
the 4th postnatal week a further reduction of SI ILC3 cells was
observed in wild-type BALB/c and Nkx2-3-deficient mice,
whereas the colonic ILC3 number showed a significant reduc-
tion in all genotypes. 

At one week of age only sporadic SILT components were
present in all genotypes. By the second week in mice lacking
either Nkx2-3 or MAdCAM-1 SILT maturation was absent com-
pared to wild-type controls, causing a lack of mature isolated
lymphoid follicles (ILF). By the fourth week both Nkx2-3-
deficient and wild-type mice showed a similar distribution of
ILFs relative to cryptopatches (CP), whereas in MAdCAM-1–/–

mice only CPs and immature ILFs were present.
Our data demonstrate that the different forms of

MAdCAM-1-deficiency variably affect the regional distribu-
tion of intestinal ILC3 cells and the development of SILT.
Furthermore, the complete absence of MAdCAM-1 still per-
mits gut seeding of ILC3 cells and partial SILT maturation.

Supported by FIKP-20765-3/2018/FEKUTSTRAT and OTKA-
108429.

CHARACTERIZATION OF THE STROMAL COMPOSITION 
OF SEROSAL LYMPHOID ORGANOIDS IN MICE
JIA XINKAI, OLI JACOBSEN, GÁBOR BEDICS, PÉTER BALOGH

Department of Immunology and Biotechnology, 
University of Pécs

Introduction: Our previous work on the selective intraperito-
neal homing of B-cell lymphoma cell has led to the identifi-

cation of a cluster of mesenteric serosal lymphoid organoids,
in addition to the omental milky spots (MS). Of these orga-
noids a particular formation (foliate lymphoid aggregates –
FLAgs) with partial T:B segregation appear particularly effec-
tive to collect lymphocytes after their intraperitoneal admi-
nistration, and are absent in mice lacking T and B cells. The
similar appearance of FLAgs at different locations suggests
similar cellular composition of their mesenchymal scaffol-
ding. In the present work we studied the stromal organiza-
tion of serosal lymphoid territories using mAbs against stro-
mal markers, and compared wild-type and Rag–/– mice. 

Materials and Methods: Whole-mount immunohistoche-
mistry of microdissected mesenteric and omental tissue
samples using mAbs against MAdCAM-1, VCAM-1, ICAM-1 ad-
hesion molecules, LYVE-1 lymphatic endothelial antigen and
IBL-20 shared blood-and-lymphatic endothelial antigen was
used. For tissue transparency we performed benzyl-alcohol:
benzyl-benzoate (BABB) transparency treatment.

Results: We found that several markers displayed by the
stroma of mouse peripheral lymphoid organs were also ex-
pressed in the serosal lymphoid organoids. Their precise eva-
luation in the deeper parts of whole-mount samples was
greatly improved by BABB treatment. The omental MS struc-
tures were highly vascularized, whereas FLAgs typically con-
tained one or two vascular branches. Dilated LYVE-1+ lympha-
tic vessels were regularly present in the mesentery, while
such segments were much less prominent in the omentum.
In addition, LYVE-1+ macrophages outlined the area of both
omental and mesenteric MS, and were also detectable at the
edge of the leaf part of FLAgs. We could also identify a VCAM-
1+ region within the FLAgs, in addition to its expression on
the supplying vessels, which were also positive for MAdCAM-
1 and ICAM-1. However, these two latter adhesion proteins
were also expressed outside the endothelium by FLAg-asso-
ciated macrophages in wild-type mice. In samples from
Rag–/– mice lacking FLAg structures the basic vascular pattern
of omental and mesenteric MS structures was similar to
those of wild-type mice, although the stromal intensity of
VCAM-1 and ICAM-1 expression were weaker, and the
MAdCAM-1+ regions were significantly reduced.

Conclusions: Our findings demonstrate considerable
overlap between the display of several non-hematopoietic
markers in the vasculature of various forms of serosal lym-
phoid organoids. Their shared expression with leukocytes
may indicate their involvement both in the surface-mediated
colonization and homing for the blood-borne lymphocytes,
which substantially affects the stromal organization.
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LYMPHATICS MODULATE THE DEVELOPMENT OF CONTACT
HYPERSENSITIVITY
PETRA ARADI1, 2, ÉVA KEMECSEI1, 2, ZALÁN HORVÁTH1, 2, ZOLTÁN JAKUS1, 2

1Department of Physiology, Semmelweis University School
of Medicine, Budapest, Hungary
2MTA-SE „Lendület” Lymphatic Physiology Research Group 
of the Hungarian Academy of Sciences and the Semmelweis 
University, Budapest, Hungary

Background: Contact hypersensitivity reaction (CHS), the
mouse model of human allergic contact dermatitis, can be
induced by repeated exposure to contact allergens. The lym-
phatic system is a critical player for the regulation of the im-
mune response in infectious diseases in the skin but the pos-
sible role of lymphatics in the development of allergic con-
tact dermatitis remains unclear.

Methods: In this study Flt4kd/+ mice carrying a germline
point mutant kinase dead Vegfr3 allele were used. Our expe-
riments have revealed the complete lack of lymphatics in the
skin including the ear of Flt4kd/+ mice, while the lymphatic
structures were present in the lung and small intestine. CHS
was initiated by the exposure of the skin to TNCB (2,4,6-
trinitrochlorobenzene) followed by a second treatment. The
disease progression was monitored by ear thickness measu-
rement, H&E histology and immunostaining against lympha-
tic and immune cell markers.

Results: Detailed characterization of CHS development in
Flt4+/+ and Flt4kd/+ mice indicated reduced inflammation in
the ear of the Flt4kd/+ mice. CHS development induced dyna-
mic changes in lymphatic morphology and resulted in unex-
pected lymphatic growth with dilated lymphatic structures in
Flt4kd/+ ears.

Conclusions: Collectively, our results reveal that dynamic
changes of lymphatic morphology occur in CHS, and the in-
flammation is reduced in the Flt4kd/+ mice lacking ear lym-
phatics. Our findings also suggest that distinct mechanisms
regulate the developmental and inflammatory lymphangio-
genic program. Importantly, our results define novel aspects
of the interactions between the immune and lymphatic sys-
tem in allergic diseases.

ROLE OF EXOSOMES IN THYMIC REGENERATION
KRISZTINA BANFAI1, 2, KITTI GARAI1, 2, DAVID ERNSZT2, 3, 
JUDIT E. PONGRACZ1, 2, KRISZTIAN KVELL1, 2

1Department of Pharmaceutical Biotechnology, 
Faculty of Pharmacy, University of Pécs
2Szentagothai Research Center, University of Pécs
3Institute of Physiology, Faculty of Medicine, 
University of Pécs

Introduction: During the development of the thymus Wnt4
plays a crucial role by regulating thymopoiesis and maintai-
ning the cellular composition of TECs (thymic epithelial cells).
During thymic senescence Wnt4 is down-regulated, while
PPARγ is up-regulated and triggers adipose involution follo-
wing epithelial to mesenchymal transition. Along Wnt4 miR27b
was described to suppress PPARγ. Previous results show that
Wnts and several miRNA species are located in exosomes.
Our aim was to confirm the presence of Wnt4 and miR27b in
TEC exosomes, detect their effect and follow their way both
in vitro and in vivo. 

Methods: Exosomes were collected and isolated from
control and Wnt4 over-expressing TECs. Transmission electron
microscopy was used to visualize exosomes. Exosomal miR27b
levels were measured by TaqMan qPCR, while Wnt4 protein
content was determined by ELISA. DiI-labeled exosomes were
injected into mice intravenously to detect homing.

Results: Using transmission electron microscopy exosomes
were detected in the expected size range. TaqMan miRNA
assay measured elevated miR27b levels, while ELISA showed
high Wnt4-content in Wnt4- exosomes compared to control
exosomes. To create a cellular aging model, steroid (Dx)- in-
duced TECs were used. Dx accelerated aging, but Wnt4-con-
taining exosomes could efficiently prevent Dx-induced senes-
cence. Finally, in vivo injected DiI-labeled Wnt4- exosomes
showed detectable homing to the thymus. 

Summary/conclusion: According to our results Wnt4 and
miR27b are both present in TEC exosomes. Our results imply
that Wnt4 may act as an inhibitor of thymic involution through
miR27b. 

Funding: Scientific research support was provided by PTE
Virology Talent Center program and EFOP-3.6.1-16-2016-00004.
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EARLY RESPONSES OF LUNG-RESIDENT MEMORY T CELLS
AFTER INFLUENZA REINFECTION
ANDRÁS BENCSIK1, 2, BARBARA ÉRSEK1, 2, NIKOLETT LUPSA1, 2, 
ISTVÁN JANKOVICS3, JÁNOS MATKÓ4, EDIT IRÉN BUZÁS2, ZOLTÁN PÓS1, 2

1Semmelweis University, Department of Genetics, Cell- and 
Immunobiology, Experimental and Translational Immunomics 
Research Group, Budapest
2Semmelweis University, Department of Genetics, Cell- and
Immunobiology, Budapest
3National Center for Epidemiology, Division of Virology,
Budapest
4Eötvös Loránd University, Department of Immunology, 
Budapest

CD8+ resident memory T cells (Trm) are sentinel-like memory
cells maintaining an early warning system and also constitu-
ting the first line of defense against various recurring viral
infections in diverse tissues. Nonetheless, the exact contri-
bution of CD8+ Trm cells to recall antiviral immune responses
is still elusive, in part because it seems to be fine-tuned by
both the viral entity in question, and local tissue environs.

This study aims at a better understanding of the earliest
response mechanisms initiated by lung-resident murine CD8+
Trm cells activated by influenza reinfection in vivo.

Lung resident CD8+ Trm cells were generated in naïve
C57Bl/6J mice by intranasal infection using sublethal dose
(150 X TCID50) of mouse-adapted influenza A/PR/8/34
(H1N1), and subsequently activated by lethal dose viral
challenge (150.000 X TCID50) six weeks later. Successful viral
infection was confirmed by monitoring weight loss, perfor-
ming lung histology, and influenza-specific immunohistoche-
mistry.

Next, lungs were subjected to automated tissue dissocia-
tion using a GentleMACS Octo platform, and establishment of
virus-specific CD8+ resident memory was validated by enu-
merating nucleoprotein-specific Trm cells with MHC tetramer
staining.

Finally, live CD8b+CD69+CD103hi (Trm) cells were FACS-
sorted from dissociated lungs, harvested on days 0, 1, 2, and
3 after reinfection. Isolated CD8+ Trm cells were analyzed by
transcriptome profiling and flow cytometry. CD8+ Trm-speci-
fic changes were identified by using pulmonary non-resident
CD8+ T cells as reference.

Preliminary findings suggest that influenza-induced ex-
pression of several transcription factors, chemokine receptors
and metalloproteases is restricted to the CD8+ Trm subset
during influenza re-infection.

These data suggest that a systematic comparison of the
dynamics of CD8+ Trm and non-Trm responses may disclose
previously hidden aspects of the activity of tissue-resident
memory cells in recurrent viral infections.

SETTING UP A MURINE EXPERIMENTAL MODEL OF RIFT VALLEY 
FEVER VIRUS INFECTION 
ANDRÁS BENCSIK1, 3 AND MAYKE LEGGEWIE2, 4, ZOLTÁN PÓS3, 
ESTHER SCHNETTLER2, 4, CÉSAR MUÑOZ-FONTELA1, 4

1Bernhard Nocht Institute for Tropical Medicine, 
Virus Immunology Research Group, Hamburg
2Bernhnard Nocht Institute for Tropical Medicine, 
Molecular Entomology Research Group, Hamburg
3Semmelweis University, Department of Genetics, Cell- and 
Immunobiology, Experimental and Translational Immunomics 
Research Group, Budapest
4German Centre for Infection Research (DZIF), partner site 
Hamburg-Lübeck-Borstel-Riems, Hamburg 

Background: Rift Valley Fever Virus (RVFV) is a mosquito-
borne pathogen mostly endemic to South- and East-Africa,
actively spreading to the Arabian Peninsula and the Mediter-
ranean coast. In affected livestock, alarming rates of mass
abortions in pregnant animals, and high mortality have been
reported upon RVFV infection. In humans, RVFV infection has
mostly an indolent disease course, but is nevertheless ca-
pable of causing blindness, liver failure, meningoencephali-
tis, hemorrhagic fever, and fatalities. In addition to mosquito
bites, viral transfer can occur via aerosols, contact with infec-
ted blood, body fluids or tissue samples. 

Aim: Here we tested several routes of RVFV transmission
to study local CD8+ T cell responses and CD8+ T cell memory
developed against native RVFV in vivo in a murine host.  

Methods: C57Bl/6J mice were infected with RVFV
(Ar20364 isolate) by intranasal inhalation, intradermal injec-
tion, and mosquito bite. Control animals received PBS instead
of virus suspension or were exposed to uninfected mosqui-
toes. Analysis of morbidity was done following weight loss,
drop in body temperature, and limb paralysis. Serum, spleen,
liver and brain were harvested from moribund or from cont-
rol animals and the viral load was measured in these organs
via RVFV-specific qPCR. Presence of RVFV-specific IgG antibo-
dies in sera was checked by indirect immunofluorescence assay.

Results: Intranasal infection resulted in extremely rapid
disease progression and complete lethality within 4-10 days.
Hence, this route was deemed inadequate to study CD8+ T
cell responses and memory formation. Intradermal injection
induced mortality in one out of four mice. In line with this,
virus-specific qPCR disclosed the presence of the RVFV in the
brain and spleen of the deceased animal, and indirect immu-
nofluorescence confirmed seropositivity in all needle-infec-
ted mice. In contrast, mice exposed to infected mosquitoes,
did not succumb to the disease, develop any symptoms or
seropositivity.

Conclusions: Our data suggest that different routes of
RVFV infection have a major impact on the outcome of expe-
rimental disease in mice. Further studies are required to test
why mice show resistant to RVFV through mosquito bites,
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and how this system may be modified to allow studying local
CD8+ T cell responses and memory in mosquito-exposed live-
stock and humans. 

THE ANTIVIRAL CAPACITY OF HUMAN MONOCYTE-DERIVED 
DENDRITIC CELLS IS MODULATED BY BUTYRATE
KRISZTIÁN BENE, SZÁBIT AL-TAANI, MÁRTA TÓTH, ANETT MÁZLÓ, 
ÉVA RAJNAVÖLGYI

Department of Immunology, University of Debrecen, Hungary

Introduction: Dendritic cells (DCs) are essential part of the
innate immunity and play an essential role in mediating
adaptive immune responses against microbes. The resident
gut microbiota is able to modulate the outcome of antiviral
immune responses at mucosal surfaces by producing short-
chain fatty-acids such as butyrate. The butyrate has beneficial
effects on different physiological systems in the host inclu-
ding fluid balance, immunity, cell proliferation and differen-
tiation. These effects proceed through the activation of fatty
acid receptors that results in inhibition of histone deacety-
lases. We aimed to study the antiviral responses of mono-
cyte-derived DCs (moDCs) differentiated in the presence or
absence of butyrate followed by the activation with synthetic
viral RNA.

Methods: Human monocytes were isolated from leuko-
cyte-enriched buffy coats and differentiated to moDCs in
serum free AIM-V medium for three days in the presence of
GM-CSF, IL-4 and in the presence or absence of butyrate. We
activated the resting moDCs with 10 mg/ml poly(I:C) for 24
hours followed by the removal of supernatants and harves-
ting the cells for quantitative real time PCR analysis and flow
cytometry. The concentration of produced cytokines and che-
mokines was measured by ELISA. To examine the T cell acti-
vating capacity of the moDCs we used ELISPOT assay and flow
cytometry.

Results: CD14+ Monocytes express fatty acid receptors for
butyrate. The butyrate inhibited the cell surface expression
level of CD1a and CD1c glycolipid receptors while that of DC-
SIGN, CD14 and CD1d remained unaffected. We also found
that in the presence of butyrate the protein level of molecu-
les mediating type I interferon and pro-inflammatory cyto-
kine secretion was modified by SB. Furthermore, we establi-
shed that butyrate decreased the Th1 polarizing capacity of
poly(I:C)-stimulated moDCs while did not affect the priming
of cytotoxic T cells.

Summary: The short-chain fatty acid butyrate proves the
indirect effects of the gut microbiota on educating local innate
immune cells and affects the antiviral capacity of moDCs.

THE EFFECT OF SOLUBLE FACTORS PRODUCED BY TUMOR CELLS 
ON THE DIFFERENTIATION OF DENDRITIC CELLS
RAMÓNA BIRÓ-KOVÁCS, ANETT TÜRK-MÁZLÓ, ÉVA RAJNAVÖLGYI

Department of Immunology; University of Debrecen Faculty 
of Medicine, Hungary

Introduction: Dendritic cells functioning as professional anti-
gen presenting cells have potential to alter the developing
immune responses through the modulation of T cell polariza-
tion. In the last few years increasing number of studies have
published highlighting the regulatory effects of environmen-
tal factors including cytokines, chemokines and metabolits in
the differentiation of dendritic cells ensuring the immune
homeostasis. The balance between the immune reaction and
tolerance could be overwhelmed in case of tumors. Our goal
was the characterization of monocyte derived dendritic cells
(moDCs) differentiated in the presence of conditioned media
(CM) collected from different tumor cell lines.

Methods: To approach this purpose tumor cell lines (MDA,
CCRF, Raji, HT-29, MDA, HeLa, WM-35) were cultured in RPMI
media and after 48 hours the conditioned media (CM) was
collected. Freshly isolated CD14+ monocytes were cultured in
the presence of tumor derived factors containing media com-
pleted with interleukin (IL)-4 and granulocyte-monocyte co-
lony stimulating factor (GM-CSF). On the day fourth moDCs
were characterized by flow cytometry and their cytokine pro-
duction was measured by ELISA. Our aim was to compare the
ability of conditioned moDCs to drive the T cells polarization
performed by using flow cytometry.

Results: According to our results the CM collected from
different tumor cell lines able to modulate the differentiation
of moDCs resulting various changes in the phenotype and
function of dendritic cells. moDCs differentiated in WM35-CM
can be characterized with up-regulated expression of CD103,
co-inhibitory CTLA-4, PD-L1 and co-stimulatory molecule CD86.
Interestingly, the expression of CD1a molecule on moDCs
was inhibited in all cases but the appearance of CD1d mole-
cule was significantly enhanced by WM35 tumor cell line
released factors. moDCs generated in the presence of tumor-
derived CM expressed CD11b and CD11c molecules but at
lower levels. moDCs differentiated in HeLa-, WM35-, CCRF- or
HT29- derived CM, were able to induce the production of IL-
4 and IL-17 by allogenic T lymphocytes while the moDCs ge-
nerated in the presence of HeLa or MDA tumor cell line fac-
tors were able to increase the IFNγ production by T cells. 

Conclusion: According to our findings we can state that
different types of tumors could alter the differentiation of
moDCs leading to the generation of dendritic cells associated
with different phenotype and functions. Based on our results
we can confirm the importance of the personalized therapies
in case of different types of tumors. The characterization of
dendritic cells could provide useful information in the anti-
cancer cures resulting more effective anti-tumor responses.
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CORONIN-1A IN PSORIASIS
RENÁTA BOZÓ1, LILLA ERDEI1, JUDIT DANIS2, BEÁTA SZILVIA BOLLA1, 
ZSUZSANNA BATA-CSÖRGÔ1, 2, LAJOS KEMÉNY1, 2, GERGELY GROMA1, 2

1University of Szeged, Department of Dermatology and 
Allergology, Szeged, Hungary
2MTA-SZTE Dermatological Research Group

Introduction: Coronin-1A is an actin binding protein that re-
gulates different T-cell functions including activation, homeo-
stasis, survival and migration. We performed a large scale
proteomic analysis, where the psoriatic non-lesional (NL),
lesional (L) and the healthy (H) skin proteome were compa-
red. The protein expression of CORO1A was higher in the NL
and the highest in the L skin compared to H controls. CORO1A
is known to plays an important role in activated T-cell depen-
dent immune disorders. Thus, we aimed to investigate the
involvement of CORO1A in psoriasis.

Methods: Expressional differences of CORO1A were vali-
dated in three different skin samples (H, NL and L) by Wes-
tern blot analysis and cell types positive for CORO1A in skin
were determined by immunofluorescence staining. The ex-
pression of CORO1A was also examined in low and in high
Ca2+ cultured keratinocytes by RT-PCR and Western blot. The
role of CORO1A in keratinocytes was examined by siRNA me-
diated gene silencing.

Results: Western blot and immunofluorescence staining
analysis of CORO1A confirmed our proteomic results. CORO1A
expression was the highest in CD3+ cells, Langerhans cells
showed a lower intensity and the lowest staining was detec-
ted in keratinocytes in all investigated skin samples. Among
keratinocytes cells in the basal layers often showed a more
intense CORO1A staining than cells in the differentiated
layers. Similarly, in culture, Ca2+ induced differentiation of ke-
ratinocytes led to the decrease of CORO1A levels compared
to Ca2+ untreated cells. CORO1A gene silencing compromised
the motility of keratinocytes without any obvious influence
on morphology or proliferation rate.

Conclusion: Our results indicate that the expression of the
immune cell regulator CORO1A is elevated in both NL and L
skin similarly to other immune mediated diseases. In psoria-
sis the minor and a more extensive infiltration of immune
cells in the NL and L skin respectively, is likely to be the major
reason for the differential CORO1A expression detected by
our analysis. However, we also show that some non-profes-
sional immune cells like keratinocytes also express CORO1A,
similarly to professional immune cells, although at a lower
level. In contrast to T cells, silencing of CORO1A did not affect
the proliferation and cell survival of keratinocytes but their
cellular motility was compromised. Apart from the already
described role of CORO1A in the regulation of T cell functions,
an altered motility of keratinocytes may additionally contri-
bute to the characteristic epidermal changes in the psoriatic
plaques.

CHARACTERIZATION OF THE LYMPHATIC VASCULATURE 
IN ATHEROSCLEROSIS
CAROLIN CHRIST1, 2 AND ZOLTÁN JAKUS1, 2

1Department of Physiology, Semmelweis University School 
of Medicine, Budapest, Hungary
2MTA-SE „Lendület” Lymphatic Physiology Research Group 
of the Hungarian Academy of Sciences and the Semmelweis 
University, Budapest, Hungary

Introduction: Lymphatic vessels are present in the adventitia
of the arterial wall, including the aorta, but the physiological
and pathophysiological role of these vessels is not fully un-
derstood. Recently, it has been shown, that lymphatic ves-
sels play a role in reverse cholesterol transport, in which cho-
lesterol is removed from peripheral tissues and transported
to the liver for excretion. Therefore, reverse cholesterol trans-
port mediated by the lymphatic vessels might be an impor-
tant modulator of the development of atherosclerosis. In this
study we aimed to characterize the morphology and growth
of the lymphatic vasculature in atherosclerosis.

Methods: Prox1GFP and Flt4YFP lymphatic reporter mice were
used to monitor lymphatic growth in the wall of the great
vessels. In parallel, Ldlr–/– and ApoE–/– mice were used to cha-
racterize the lymphatic morphology and growth in athero-
sclerosis. For these experiments, age- and gender-matched
littermates were set on a high-fat or control diet and their
aortas were isolated after 18-22 weeks. To analyze the lym-
phatic vasculature and plaque formation in atherosclerosis,
paraffin-based histology was used followed by regular stai-
ning (e.g. H&E) and immunostaining of lymphatic and other
markers. Tissue clearing followed by immunostaining of lym-
phatic endothelial cell markers was also performed to visua-
lize the lymphatic vasculature. The lipid deposit in the aortic
wall was stained by an Oil-Red-O staining.

Results: In our experiments we demonstrated the pre-
sence of lymphatic vessels in the adventitia of the aorta. We
found several lymphatic vessels in connection to the thoracic
and lumbar aorta, but less lymphatic structures in the aortic
arch. Both knockout mouse models (Ldlr–/– and ApoE–/–) deve-
loped severe atherosclerosis after 18-22 weeks on a high-fat
diet, and our experiments indicated the presence of the lar-
gest atherosclerotic plaques in the aortic arch. The athero-
sclerotic mice on high-fat diet showed an increased number
of lymphatic vessels in the adventitia of the arterial wall in
comparison to the mice on control diet.

Conclusion: Our results suggest the possible role of the
lymphatic vasculature in the modulation of the development
of atherosclerosis. In our current experiments we are using
genetic loss of function and gain of function approaches to
block and stimulate lymphatic growth to define the role of
the lymphatics in the pathogenesis of atherosclerosis. Revea-
ling the role of lymphatic function in the pathogenesis of
atheosclerosis may lead to the development of novel thera-
peutic approaches in the future.
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A HIGHLY EFFICIENT IMMUNE RESPONSE IN THE INVASIVE
ZAPRIONUS INDIANUS
GYÖNGYI CINEGE1, ZITA LERNER1, BÁLINT SOÓS1, ILDIKÓ KRISTÓ2, 
ATTILA L. KOVÁCS3, RENÁTA TÓTH1, GÁBOR JUHÁSZ3, ZOLTÁN HEGEDűS4, 
ÉVA KURUCZ1, ISTVÁN ANDÓ1

1Immunology Unit, Institute of Genetics, Biological Research 
Centre of the Hungarian Academy of Sciences, Szeged, 
Hungary
2Developmental Genetics Unit, Institute of Genetics, 
Biological Research Centre, Hungarian Academy of Sciences, 
Szeged, Hungary
3Department of Anatomy, Cell and Developmental Biology, 
Eötvös Loránd University, Budapest, Hungary
4Laboratory of Bioinformatics, Biological Research Centre, 
Hungarian Academy of Sciences, Szeged, Hungary

Introduction: The cellular immunity of insects involves a
coordinated expression of effector functions as the phagocy-
tosis of microbes, and the encapsulation of bigger invaders.
Different hemocyte subpopulations are responsible to exert
these cellular immune functions. We characterize the blood
cell types of the invasive Zaprionus indianus species from Dro-
sophilidae and study their role in the cellular immune res-
ponses.

Methods: Maintenance of several parasitoid wasps and Z.
indianus; development of monoclonal antibodies to hemo-
cyte subsets; Western blot; immune induction and infection
assays of Z. indianus larvae; preparation of FITC labeled bac-
teria; phagocytosis assays; indirect immunofluorescence assays;
FACS analysis; electron microscopy.

Results: We characterized the blood cells of Z. indianus of
the vittiger subgroup of Drosophilidae. We observed that plas-
matocytes take up Gram-positive and -negative bacteria and
a novel hemocyte subset, the multinucleated giant hemo-
cytes (MGH), encapsulate parasitoid wasp eggs, but do not
take up bacteria by phagocytosis. The MGH fulfill the role of
the lamellocytes described in Drosophila melanogaster. MGH
are formed with cell fusion in the circulation and also in the
lymph gland. We carried out detailed cytological and deve-
lopmental studies and compared the development of these
cells with the encapsulating cells of D. melanogaster and Dro-
sophila ananassae. Moreover electron microscopic analysis of
the MGHs revealed a unique ultrastructure of this hemocyte
type.

Conclusion: Z. indianus uses MGH for the encapsulation of
large foreign particles. These cells are extremely efficient in
the elimination of parasites and have unique developmental
and ultrastructural features, not observed so far in any other
organism.

Acknowledgements: This research was supported by grants
from the Hungarian National Science Foundation, NKFI
K128762, NKFI K120142, NKFI K120140, GINOP-2.3.2-15-
2016-00001 and GINOP-2.3.2-15-2016-00035.

POSSIBLE MECHANISMS REDUCING SYMPTOMES OF ARTHRITIS 
IN ARHGAP25 KNOCKOUT MICE
ROLAND CSÉPÁNYI-KÖMI, DOMONKOS CZÁRÁN, RÉKA PUSZTAI, 
PÉTER SASVÁRI, ANA REDRADO OSTA, TIM SVANYA, PETRA LÉVAY, 
ÉVA WISNIEWSKI, KRISZTINA ELLA, ÁGNES SÛDY, ERZSÉBET LIGETI

Semmelweis University, Department of Physiology, 
Budapest, Hungary

Introduction: ARHGAP25 is a leukocyte specific GTP-ase acti-
vating protein (GAP) characterized by our research group.
Due to its reduction of Rac activity it has a central role in
regulating different neutrophilic functions including phagocy-
tosis, superoxide production and transendothelial migration
as we showed in earlier studies. Moreover, lack of ARHGAP25
caused a remarkable decrease in the signs of inflammation
(e.g. ankle thickness, clinical score and function of the limbs)
in mice that suffered in rheumatoid arthritis. In arthritic,
ARHGAP25 knockout mice, we observed reduced neutrophil
infiltration into ankle joints and in these neutrophils, filamen-
tary actin level was decreased. In this study, we investigated
the possible reasons which may lead to reduced arthritic
symptoms in ARHGAP25 knockout mice.

Methods: In our experiments we used the K/BxN serum
transfer arthritis mouse model. Bone marrow chimeras were
generated with lethal irradiation (11.5 Gy) of recipient ani-
mals (CD45.1+, CD45.2–) followed by i.v. injection of
Arhgap25–/– (KO) or Arhgap25+/+ (WT) bone marrow cell
suspensions (CD45.1–, CD45.2+), or the 1:1 mixture of KO and
WT cells (in case of mixed bone marrow chimeras). This ge-
nerates wild type mice containing only transgenic hemato-
poietic cells. Efficiency of repopulation of hematopoietic com-
partment was determined by FACSCalibur flow cytometer
analyzing the expression of CD45.1 and CD45.2. Bone mar-
row chimeras were used 4–8 weeks after transplantation.
Measurement of superoxide production was carried out using
the Cytochrome C reduction assay.

Results: After arthritic serum treatment, bone marrow
chimeras carrying KO hematopoietic cells showed decreased
signs of arthritis (ankle thickness, clinical score and function
of the limbs) compared to those, which carry WT hemato-
poietic cells. Using mixed bone marrow chimeras, we revea-
led, that cell-autonomous migration of KO neutrophils was
increased compared to WT, however, in full knockout ani-
mals, we observed decreased infiltration of KO neutrophils
into ankle joints. Investigating the superoxide production on
immune-complex surface, we did not find any significant dif-
ferences between KO and WT bone marrow derived neutro-
phils.

Conclusion: Our previous observation that ARHGAP25 de-
letion mitigates the symptoms of rheumatoid arthritis, can-
not be explained by the altered migration, or superoxide pro-
duction of ARHGAP25 knockout neutrophils. In further experi-
ments, we turn to the examination of possibly changed cyto-
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kine environment or altered macrophage functions in the KO
animals to reveal the role of ARHGAP25 in rheumatoid arthritis.

Funding: NKFIH K108382119236, Hungary

FUNCTIONAL CHARACTERIZATION OF DISEASE ASSOCIATED 
VARIANTS OF HUMAN COMPLEMENT FACTOR H-RELATED 
PROTEIN 5
MARCELL CSERHALMI1, BARBARA UZONYI1, DOROTTYA CSUKA2, 
KATALIN URAY3, ATTILA ILIÁS1, ZOLTÁN PROHÁSZKA2, MIHÁLY JÓZSI1

1Department of Immunology, Eötvös Loránd University,
Budapest, Hungary
23rd Department of Internal Medicine, 
Semmelweis University, Budapest, Hungary
3MTA-ELTE Research Group of Peptide Chemistry, Hungarian 
Academy of Sciences, Eötvös Loránd University, Budapest, 
Hungary

Background: Complement is a major humoral arm of innate
immunity that plays important roles in the protection against
infections, regulation of inflammation and disposal of im-
mune complexes and cellular waste. Dysregulation of the
complement alternative pathway is involved in the patho-
genesis of several diseases, including the kidney diseases
atypical hemolytic uremic syndrome (aHUS) and C3 glomeru-
lopathy (C3G). Factor H is a main inhibitor of the alternative
pathway; however, the role of the factor H-related FHR pro-
teins is less characterized. FHR5 consists of 9 complement
control protein (CCP) domains that are homologous to CCPs 6-
7, 10-14 and 19-20 of FH. FHR5 was described to bind C-
reactive protein, pentraxin 3 and C3b. Our aim was to map
the ligand binding sites in FHR5 and functionally characterize
two known FHR5 mutations, FHR5 G278S and R356H.

Methods: Wild type and mutant FHR5 were expressed in
insect cells. Recombinant FHR5 mutants were analyzed and
compared with the wild type protein for C3b binding by sur-
face plasmon resonance assay. Binding studies were also
performed by ELISA. Fifteen amino acid long, overlapping
peptides of FHR5 CCPs 3-9 and mutant peptides were syn-
thesized in duplicates on Mimotopes NCP gears and analyzed
for ligand binding in pin ELISA.

Results: Surface plasmon resonance experiments showed
that FHR5 G278S and R356H association (ka) to C3b was
decreased, but FHR5 R356H dissociation (kd) from C3b was
slower, while that of G278S was faster than the wild type
FHR5. Similar results were obtained by ELISA, indicating
weaker C3b binding by FHR5 G278S. Epitope mapping revea-
led that C3b binding to FHR5 peptides with K144N, V170M,
N178S was increased and binding of monomeric C-reactive
protein (mCRP) to the R356H and M514R mutant peptides
was decreased compared to wild type peptides.

Conclusion: Altogether, our results identified amino acid
residues in FHR5 that are involved in C3b and mCRP binding.
We identified altered interaction with C3b for two FHR5

mutant proteins by surface plasmon resonance and reduced
mCRP binding to several mutant FHR5 peptides. The data
suggest a possible role of FHR5 and these ligand interactions
in the pathogenesis of aHUS and C3G.

Supported by the Kidneeds Foundation (Iowa, US), the
Hungarian Academy of Sciences (Lendület program, grant nr.
LP-2012/43), the Institutional Excellence Program of the Mi-
nistry of Human Capacities of Hungary, KMOP-4.2.1/B-10-
2011, and (to D.Cs.) NKFIH grant PD116119.

ASSESSMENT OF THE C3b- AND iC3b-BINDING ABILITY 
OF CFHR5 VARIANTS
DOROTTYA CSUKA1, NÓRA GARAM1, NÓRA VESZELI1, MIHÁLY JÓZSI2, 
MARCELL CSERHALMI2, BARBARA UZONYI2, MICHAEL RUDNICKI3, 
GERE SUNDER-PLASSMANN4, ALICE SCHMIDT4, GEORGE S REUSZ5, 
ZOLTÁN PROHÁSZKA1

13rd Department of Internal Medicine, 
Semmelweis University, Budapest
2Complement Research Group, Department of Immunology, 
Eötvös Loránd University, Budapest, Hungary
3Department of Internal Medicine IV - Nephrology and 
Hypertension, Medical University Innsbruck, Innsbruck
4Medical University of Vienna, Department of Medicine III, 
Division of Nephrology and Dialysis, Vienna
51st Department of Pediatrics, Semmelweis University, 
Budapest

Introduction: Atypical hemolytic uremic syndrome (aHUS)
and C3-glomerulopathies (C3G) are related to the dysregula-
tion of the alternative complement pathway in the majority
of cases, which might result from mutations of certain
(complement) genes. Having a weak complement regulatory
activity, CFHR5 competes for C3b binding with factor H, but
scarce data is available on its physiological functions. Thus,
we intended to study the C3b- and iC3b-binding ability of
CFHR5 variants identified in patients with aHUS or C3G.

Methods: Altogether 89 C3G patients and 108 aHUS pa-
tients were screened for mutations in CFHR5 by Sanger-se-
quencing. After measuring the CFHR5 levels in the patients’
sera, an in-house ELISA was developed for quantifying the
C3b- and iC3b-binding ability of the different CFHR5 variants.
In brief, plates were coated with purified human C3b or iC3b
fragments. Thereafter, serum samples of subjects with or
without CFHR5 mutations were added (1 h, 37 ºC) and the
CFHR5 bound to C3b or iC3b was detected using monoclonal
mouse anti-human CFHR5 antibody.

Results: Altogether 17 different CFHR5 variations were
identified in 22 aHUS and in 23 C3G patients and of them,
several patients carried the P46S (n=7), V110A (n=7), K144N
(n=4), G278S (n=4) and R356H (n=14) variations. A weaker
binding of the R356H variant (median: 45.2%) compared to
the wild-type CFHR5 protein was detected, and an even
weaker binding was observed for the G278S mutant (24.5%).



Two patients carried a hypothesized CFHR2-CFHR5 hybrid pro-
tein that exhibited an increased binding to the C3b fragments.
When coating the plates with iC3b, similar results were obtai-
ned.

Conclusions: Our study showed that serum level of CFHR5
strongly influences its binding capacity to C3b or iC3b, and
the binding ability is further altered in case of specific CFHR5
mutations that may have a functional role for the initiation of
renal injury in aHUS or in C3G, especially in those cases, where
no additional mutation was identified in the other disease-
associated genes. 

Support: National Research Fund of Hungary (OTKA PD116119)
and Bolyai János Research Fellowship (2015-2018).

INVESTIGATION OF PROTEIN BIOMARKERS FOR HUMAN 
GLIOBLASTOMA MULTIFORME
GABRIELLA DOBRA1, MATYAS BUKVA1, ALMOS KLEKNER2, ZOLTAN SZABO3, 
BELLA BRUSZEL3, KRISZTINA BUZAS1, 4

1Laboratory of Microscopic Image Analysis and Machine 
Learning, Institute of Biochemistry, Biological Research 
Centre of Hungarian Academy of Sciences, Szeged, Hungary
2Department of Neurosurgery, Clinical Centre, 
University of Debrecen, Debrecen, Hungary
3Department of Medical Chemistry, University of Szeged, 
Hungary.
4Department of Oral Biology and Experimental Dental
Research, Faculty of Dentistry, University of Szeged, Szeged,
Hungary

Introduction: Glioblastoma multiforme (GBM) is the most
common malignant disease of the central nervous system. Its
prognosis is unfavorable, and the median overall survival of
patients is 16 to 24 months. One of the important goals of
oncology is to develop biomarkers that can be identified
through simple noninvasive or less invasive methods with
the potential to identify cancer risk, possibility to diagnose
early and utility in accurate grading and treatment monito-
ring. Serum is a rich source of biomarkers, and it can be
obtained by a less invasive procedure. The aim of this study
was to identify protein molecules that can serve as potential
serum biomarker for the clinical management of glioma pa-
tients. 

Methods: Based on the literature, we created a list of
feasible GBM and invasion related protein biomarkers. Preli-
minary tests on GBM tissue samples were performed using
mass spectrometry to identify the selected proteins. Six GBM
and five control serum samples were pooled and depleted
from the top 12 abundant protein. Expression levels were
measured by mass spectrometry to pre-select the 20 investi-
gated molecules. To determine the differences in the levels
of the selected proteins, the GBM and the normal control se-
rum samples were individually analyzed by Western blot
analysis.

Results: In this research, 20 molecules were selected for
the analysis including proteolytic enzymes, extracellular mat-
rix proteins, cell adhesion molecules, cytoskeletal components
and glia specific elements. We found considerable difference
between the analyzed samples for some of the 20 proteins.
We identified three cancer-related molecules as upregulated
proteins in GBM serum samples compared to the healthy
controls.

Discussion: During the last decade large number of serum
biomarkers has been identified. However, their individual
usage is limited, their reproducibility between studies is un-
clear, and none have been validated for clinical use. The sys-
tematic use of biomarkers could be used to form a frame-
work for better prediction, prognosis and treatment selec-
tion. Our results bring some protein molecules into focus that
can be used for the noninvasive diagnosis of GBM.

TYROSINE KINASE PATHWAYS IN MONOSODIUM-URATE 
CRYSTAL-INDUCED INFLAMMATORY RESPONSES
KRISZTINA FUTOSI, TAMÁS NÉMETH, ATTILA MÓCSAI

Department of Physiology, Semmelweis University School 
of Medicine, Budapest, Hungary and MTA-SE “Lendület” 
Inflammation Physiology Research Group of the Hungarian 
Academy of Sciences and Semmelweis University, Budapest, 
Hungary

Background: Deposition of monosodium urate (MSU) crystals
in the joints or other tissues is a hallmark in the pathogenesis
of gout. The urate crystal-induced inflammation is known to
be mediated mainly by neutrophils besides monocytes and
macrophages. Although MSU crystal-mediated signal trans-
duction is in the focus of recent investigations, the molecular
mechanism is only partially characterized.

Objectives: In this study, we investigated the role of Src
family kinases in MSU crystal-induced in vitro activation of
primary murine and human neutrophils and their in vivo sig-
nificance in experimental model of gout.

Methods: Bone marrow isolated neutrophils from wild
type and triple Src family kinases-deficient (Hck–/–Fgr–/–Lyn–/–)
mice or vehicle and Src-inhibitor treated human neutrophils
were stimulated with different concentration of MSU crystals.
The superoxide production of the cells was measured by a
luminometric assay, while the supernatants of MSU crystal
activated cells were analyzed by using various enzyme-lin-
ked immunosorbent assay (ELISA) kits. The phagocytosis of
the urate crystals by neutrophils was followed by videomic-
roscopy and flow cytometry. Gouty arthritis was induced by
injection of MSU crystals into the hind paws of the experi-
mental mice and was assessed by ankle thickness measure-
ments and detection of the synovial cytokine levels by ELISA.

Results: The MSU crystal-induced superoxide release, cyto-
kine production and the crystal-phagocytosis were abrogated
in Src family kinases-deficient murine or in Src-inhibitor trea-

30

KONGRESSZUSI ÖSSZEFOGLALÓK / CONGRESS ABSTRACTS

Im
m

un
ol

óg
ia

i 
Sz

em
le

/
Im

m
un

ol
og

y 
Q

ua
rt

er
ly

 •
20

18
. 

X.
 é

vf
ol

ya
m

, 
3.

 s
zá

m



ted human neutrophils. In contrast to wild type animals, Src
family kinases-deficient mice showed significantly decreased
paw swelling and neutrophil accumulation at the site of in-
flammation. In line with this, the synovial levels of interleu-
kin-1β and CXCL2 were also strongly reduced in Src family
kinases-deficient mice compared to wild type animals.

Conclusions: Src family kinases play an indispensable role
in MSU crystal-induced superoxide and cytokine production
as well as crystal-phagocytosis of neutrophils. The fact, that
Src family kinases-deficient mice are partially protected from
crystal-induced inflammatory reactions indicate the impor-
tant role of these kinases in in vivo gouty arthritis. Identifica-
tion of these key players in urate crystal-induced intracellular
signaling pathways in neutrophils leads to a better under-
standing of the pathogenesis of gout.

Support: This project is supported by the János Bolyai
Research Scholarship of the Hungarian Academy of Sciences
and K.F. is a recipient of the Bolyai+ Fellowship (ÚNKP-18-4).

MONOCLONAL ANTIBODIES FOR THE CHARACTERIZATION 
OF HEMOCYTE SUBPOPULATIONS IN THE HONEY BEE, 
APIS MELLIFERA
ERIKA GÁBOR1, GYÖNGYI CINEGE1, GÁBOR CSORDÁS1, TIBOR TÖRÖK2, 
KATALIN FOLKL-MEDZIHRADSZKY1, ZSUZSANNA DARULA1, ÉVA KURUCZ1, 
ISTVÁN ANDÓ1

1Biological Research Centre of the Hungarian Academy 
of Sciences, Szeged
2Department of Genetics, University of Szeged, Szeged

Introduction: The honey bee, Apis mellifera, is a social insect
which lives in highly structured colonies. In a colony there are
three casts: the worker, the drone and the queen. Nowadays,
the bee specific parasites and pathogens and the pesticides
used in the agriculture are endangering beekeeping and ma-
king great ecological and economical losses worldwide. As a
social insect honey bee has communal and individual de-
fense against these negative effects. The individual defense
is the immune system, which involves the humoral and the
cell-mediated responses. In insects the blood cells, so called
hemocytes, are responsible for the cell mediated immune
reactions, by phagocytosis, encapsulation and producing an-
timicrobial peptides. Until now the hemocytes of the honey
bee were described only by morphological and lectin binding
characteristics, the mechanisms of cellular immunity are not
yet understood in details due to limited information about the
hemocyte subtypes, their functions and differentiation. The aim
of our research is to develop a toolkit to identify immunological
markers by monoclonal antibodies for developmental, cast spe-
cific and functional subsets of the hemocytes.

Methods: ‘In vivo’ and ‘in vitro’ immunological and mole-
cular technics were used, such as: hybridoma production, im-
munofluorescence and immunohistochemical staining, Western-
blot, LC-MS/MS analysis, RNA interference and FACS.

Results: We developed monoclonal antibodies against
honey bee hemocytes which distinguished three main hemo-
cyte types. The oenocytes are responsible for the melaniza-
tion, the granulocytes are able to phagocytose microorga-
nisms and the plasmatocytes can form cell-aggregates around
particles which are too large to be taken up by phagocytosis.
The expression of the molecular markers is changing through
developmental changes, but it is the same between the
three casts. We have identified the honey bee hemolectin
produced by the plasmatocytes.

Conclusion: The hemocyte marker panel allows to study
the cell-mediated immunity of the honey bee and could be
used also for the identification and characterization of hemo-
cyte lineages and hematopoietic tissues.

Support comes from NKFI K 120140, GINOP-2.3.2-15-
2016-00001 and GINOP-2.3.2-15-2016-00035.

MADCAM-1 ADDRESSIN IS DISPENSABLE FOR PERIPHERAL 
LYMPH NODE ACTIVITY IN MICE.
FANNI GÁBRIS1, ZOLTÁN KELLERMAYER1, ANGELA SCHIPPERS2, 
NORBERT WAGNER2, PÉTER BALOGH1

1Department of Immunology and Biotechnology,
University of Pécs; 
2University Hospital RWTH Aachen

Introduction: The development of peripheral lymph nodes is
dependent on recruitment of α4β7-expressing lymphoid tissue
inducer (LTi) cells to MAdCAM-1+ stromal anlagen. MAdCAM-
1 is also expressed in follicular dendritic cells (FDCs) during
germinal center (GC) reaction. We have previously shown
that peripheral lymphoid tissues develop with a normal
structure in MAdCAM-1–/– mice. In this work we investigated
the function of peripheral lymph nodes upon subcutaneous
immunization. We also analyzed the number of RORγt+ LTi
cells in different secondary lymphoid tissues at various post-
natal ages and examined their addressin expression pattern.

Materials and methods: We used C57BL/6 and MAdCAM-
1-deficient mice throughout our work. Adult mice received
ovalbumin (OVA) with CFA in their left footpads on day 0 and
day 14 and were sacrificed on day 21. Anti-OVA IgG was
measured from serum with ELISA. The GC response was
analyzed in popliteal lymph nodes with immunofluorescence
using antibodies against CD21 to identify FDCs and lectin-
histochemistry against Peanut agglutinin to identify GCs.
Numbers of ILC3 (CD45+ CD3- RORγt+ Thy1+) and LTi cells
(CD45+ CD3– RORγt+ Thy1+ CD4+) were determined from
inguinal, brachial, axillary, popliteal, and mesenteric lymph no-
des from 1 week old, 2 week old, 4 week old and adult mice. 

Results: Upon immunization with ovalbumin we obser-
ved that anti-OVA IgG levels did not differ between MAdCAM-
1–/– and C57Bl/6 control sera. In both genotypes the ratio of
CD21+PNA+ GCs increased in popliteal lymph nodes compa-
red to contralateral and untreated popliteal lymph nodes and
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did not differ significantly between the two mouse strains. In
the early postnatal period, number of ILC3 and LTi cells was
generally higher in all examined peripheral lymphoid tissues
in the absence of MAdCAM-1.

Conclusions: In MAdCAM-1–/– mice peripheral lymph nodes
developed and functioned similarly to normal, raising the
possibility that ILC3/LTi cells utilize other addressins to home to
developing lymph node anlagen in the absence of MAdCAM-1.
However, the increased number of these cells might be a result
of an imperfect switch to other homing mechanisms. Further
research into MAdCAM-1-independent lymphoid tissue forma-
tion may be relevant to understanding ectopic lymphoid tissue
development in chronic inflamma-tory conditions.

CIRCULATING EXOSOMAL MIRNA PROFILE OF LIFESTYLE 
INTERVENTION
KITTI GARAI1, 2, KRISZTINA BANFAI1, 2, ZOLTAN ADAM3, 
ADAM GYEBROVSZKI3, EMESE KATAI4, TAMAS NAGY2, 4, 
JUDIT E. PONGRACZ1, 2, MARTA WILHELM3, KRISZTIAN KVELL1, 2

1Department of Pharmaceutical Biotechnology, 
Faculty of Pharmacy, University of Pecs
2Szentagothai Research Center, University of Pecs
3Department of Sport Sciences and Physical Education,
Faculty of Science, University of Pecs
4Department of Laboratory Medicine, University of Pecs

Introduction: Regular physical activity is known to delay
senescence-related decline, but lifestyle-related immune
and molecular alterations due to physical inactivity in youn-
ger population are not well described yet. Previous results
suggest that exosomes and small vesicles are released into
circulation with exercise and may be involved in exercise-
mediated adaptation processes. However, the long-term im-
pacts of regular physical activity on exosome miRNA in young
and healthy, but previously inactive individuals have not
been addressed thoroughly.

Methods: Our study aimed to examine the effects of a 6-
month long lifestyle intervention program on physiological pa-
rameters, exosomal miRNA and cytokine profile. Physically in-
active, but otherwise healthy young individuals were subjec-
ted to 1h training three times a week. Exosomal miRNA was
isolated from serum samples before lifestyle intervention, after
3 months and 6 months of regular physical activity. Exosome
miRNA samples were evaluated with NanoString miRNA platform.

Results: Six month-long training improved the aerobic
capacity of each participating individual. Moreover, we could
detect significant changes in several blood parameters inclu-
ding glucose, insuline, cholesterol and cortisol levels. Impro-
vement in the health status of individuals was also supported
by the decrease of C reactive protein (CRP) levels and inflam-
matory cytokines. Exosome miRNA profiling showed a signifi-
cant number of microRNAs being altered in response to 6
months of regular physical activity. 

Summary/Conclusion: A profuse number of exosomes
are present in human serum that show significant change in
response to long-term regular physical activity. Our exosomal
miRNA analysis revealed a chronic disease-preventing mole-
cular pattern with unique epidemiological and global health
significance.

Funding: Research was funded by ÚNKP 2018/2019 to KG
and Bolyai+ 2018/2019 to KK.

VALIDATION OF PATHOGENIC PATTERNS IN A NOVEL COHORT 
OF PATIENTS WITH MEMBRANOPROLIFERATIVE 
GLOMERULONPEHRITIS (MPGN) BY A CLUSTER ANALYSIS 
NÓRA GARAM1, ZOLTÁN PROHÁSZKA1, MICHAEL RUDNICKI2, 
CHRISTOF AIGNER3, ADRIAN CATALIN LUNGU4, JANA REITEROVA5, 
TANJA KERSNIK LEVART6, ÁGNES HARIS7, ÁGNES HARTMANN8, 
GYÖRGY REUSZ9, KATA KELEN9, CSABA BERECZKI10, DOROTTYA CSUKA1

1Research Laboratory, IIIrd Department of Internal Medicine, 
and MTA-SE Research Group of Immunology and Hematology, 
Hungarian Academy of Sciences and Semmelweis University, 
Budapest, Hungary
2Dept. of Internal Medicine IV – Nephrology and Hypertension,
Medical University Innsbruck, Innsbruck, Austria
3Division of Nephrology and Dialysis, Department of 
Medicine III, Medical University of Vienna, Vienna, Austria
4Fundeni Clinical Institute, Pediatric Nephrology Department, 
Bucharest, Romania
5Department of Nephrology, First Faculty of Medicine, 
Charles University and General Teaching Hospital, Prague, 
Czech Republic
6University Medical Centre Ljubljana, Division of Pediatrics, 
Department of Pediatric Nephrology
7Department of Nerhrology, Szent Margit Hospital, Budapest, 
Hungary
8Department of Pediatrics, University of Pécs, Pécs, Hungary
91st Department of Pediatrics  Semmelweis University, 
Budapest, Hungary
10Department of Pediatrics, University of Szeged, Szeged, 
Hungary

Introduction: Membranoproliferative glomerulonephritis
(MPGN) includes – beside of immuncomplex glomerulone-
phritis (ICGN) – and C3 glomerulopathy (C3GP). The immun-
fluorescence microscopy shows two magnitude stronger C3
staining than any other immunoreactant. At the background
of the disease acquired and genetic factors could be identi-
fied but in most of the cases none of them could be found.
Our aim was to identify new pathogenic factor and with the
analysis of the patients clinical and histological data get new
insights in this pathology.   

Methods: 92 patients with MPGN were included in the
study. We collected the patients’ clinical and histological data
and we performed the complement testes such as activation,
regulators level, antibodies and genetic results. We perfor-
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med new methods for the detection of C4 nephritic factor
(C4NeF). We performed cluster analysis to confirm results of
an Italian study. 

Results: 4 clusters were generated with Ward method.
High level of sC5-b9, low C3 levels, few crescent formation
and young age at onset (15.6±7.9 years) was characteristic
for cluster 1, whereas for cluster 2 strong IgG staining, low C3
levels and high prevalence of nephritic syndrome at disease
onset was observed. Low plasma sC5-b9 level and high pre-
valence of likely pathogenic variants (LPV) was present in
cluster 3, and patients with late onset of the disease
(47.24±12.6 years), near-normal C3 level and low prevalence
of LPV and/or C3Nef were in cluster 4. 9 C4NeF positive
patients were included in the study from whom 7 were
classified into cluster 1.

Conclusion: Our results confirm the main findings of the
original cluster analysis and indicate that the observed dis-
tinct pathogenic patterns replicate in our cohort. Further in-
vestigations are necessary to analyze the distinct biological
and pathogenic processes in these groups of patients. 

Support: This work was supported by the Hungarian
Scientific Research Fund (116119).

IMMUNE MEDIATED SKIN INFLAMMATION IS SIMILAR IN SCALP 
AND SKIN PSORIASIS
KRISZTIÁN GÁSPÁR1, 2, ADRIENN JENEI1, 2, AHMED KHASAWNEH1, 2,
ZSOLT DAJNOKI1, 2, BARBARA MEDGYESI1, 2, ZOLTÁN HENDRIK3, 
GÁBOR MÉHES3, ANDREA SZEGEDI1, 2, ANIKÓ KAPITÁNY1, 22
1Division of Dermatological Allergology
2Department of Dermatology
3Department of Pathology, Faculty of Medicine, 
University of Debrecen, Debrecen, Hungary

Introduction: Scalp psoriasis shows variable clinical features,
moreover its treatment often possesses great challenge. It is
unknown whether the immune mechanisms of scalp pso-
riasis, localized on oily-sebaceous gland rich (SGR) area, are
different from that of psoriasis in other skin area. Since ear-
lier we have found distinct immune and barrier features on
healthy SGR skin compared to sebaceous gland poor (SGP)
regions, we aimed to compare, whether scalp psoriasis, de-
veloping on SGR skin, shares similar immunological me-
chanisms as psoriasis in other (on SGP) skin regions or they
also differ depending on their localization.

Methods: Skin samples from psoriatic scalp and from
other skin regions were obtained and the number of immune
cells and the expression of different Th17 related chemokines
(CCL2, CCL20), antimicrobial peptides (AMPs, S100A7/8/9,
LCN2) and barrier molecules (AHR, FLG, LOR, KRT17) were
investigated by immunohistochemistry or qPCR. 

Results: We have found no significant differences in the
amount of CD4+ T cells and CD11c+ mDC, while significantly
elevated CD1a+ Langerhans cell count were detected in scalp

psoriasis compared to psoriasis in other skin area. Regarding
the expression of Th17 related AMPs, chemokines and also
barrier molecules no significant differences were found bet-
ween the investigated two groups, except for 2 molecules
(CCL20 and LCN2), which showed significantly elevated levels
in scalp samples.

Conclusion: According to our results the immune charac-
teristics of psoriasis are identical on the different skin areas
and independent from the initial immune characteristics of
the disease affected region. Although the formulation of the
local therapy can be different on scalp and other skin areas,
but the active ingredients of both local and systemic treat-
ment are suggested to be similar. 

Supports: NKFIH K-128250, GINOP-2.3.2-15-2016-00050
and EFOP-3.6.1-16-2016-00022 projects. The project is co-
financed by the European Union and the European Regional
Development Fund and the European Social Fund. AK is reci-
pient of the János Bolyai research scholarship of the Hunga-
rian Academy of Sciences.

ABNORMAL TYPE VII COLLAGEN PROTEIN EXPRESSION
IN NON-LESIONAL PSORIATIC SKIN
BARBARA GUBÁN1, RENÁTA BOZÓ1, JUDIT DANIS1, NIKOLETT MIKLOVICS1, 
BALÁZS KONCZ1, RÓBERT KUI1, ISTVÁN NÉMETH1, ATTILA BEBES1, 
MÁRTA SZÉLL2, 3, LAJOS KEMÉNY1, 2, ZSUZSANNA BATA-CSÖRGÔ1, 2

1University of Szeged, Department of Dermatology 
and Allergology, Szeged, Hungary
2MTA-SZTE Dermatological Research Group, Szeged, Hungary
3University of Szeged, Department of Medical Genetics, 
Szeged, Hungary

Introduction: The healthy looking non-lesional (NL) skin al-
ready carries alterations that can contribute to the manifes-
tation of psoriasis. These include extracellular matrix defects
that have been observed in psoriatic NL skin, such as the
disruption of laminin networks leading to impaired keratino-
cyte adhesion to the basement membrane. We aimed to
further examine basement membrane alterations by focu-
sing on the type VII collagen in NL skin of psoriatic patients.

Methods: Samples were collected from 12 patients, from
lesional skin and from non-lesional skin from the edge of the
lesion (non-lesional near) and from at least 6 cm far from the
lesion (non-lesional far) and from 6 healthy volunteers for
the experiments. Healthy, NL psoriatic and lesional psoriatic
skin were immunostained for type VII collagen and STAT3.
The expression of the type VII collagen mRNA and protein was
examined in fibroblasts and keratinocytes by RT-qPCR and
western blot, respectively. Type VII collagen pathway was
investigated in cultured fibroblasts – derived from NL and
healthy skin – by inhibiting STAT3 signaling.

Results: Type VII collagen is uniformly expressed in pso-
riatic lesional and in healthy skin, but not in NL skin. High
PASI score patients were characterized by intensive type VII



collagen staining in the lesional and NL skin. In contrast, low
PASI score patients showed nearly non-detectable type VII
collagen in NL skin. The decrease of type VII collagen expres-
sion in NL skin corresponds to the distance from the lesion.
Next, we determined type VII collagen mRNA expression in
two major characteristic cell types of healthy and NL skin.
Cultured fibroblast from NL skin showed reduced type VII
collagen expression compared to the healthy fibroblast while
there was no change observed in keratinocytes. The expres-
sion of type VII collagen was negatively regulated by activa-
ted STAT3 in healthy fibroblast, while upregulated in fibro-
blast derived from NL psoriatic skin. We demonstrated a high
degree of STAT3 activation both in NL and lesional psoriatic
skin but not in the healthy skin.

Conclusions: In the psoriatic NL skin, changes in basal
membrane protein expressions could create a damaged, un-
stable dermal-epidermal junction zone that may manifest in
a chronic inflammatory phenotype. 

A NEW THEORY OF THE THYMIC STRUCTURE
KRISZTINA H.-MINKÓ1, ILDIKÓ BÓDI1, EMESE HUSZÁR1, NÁNDOR NAGY1, 
SOPHIE CREUZET2 AND IMRE OLÁH1

1Semmelweis University, Faculty of Medicine, Department 
of Anatomy, Histology and Embryology, Budapest, Hungary
2Paris-Saclay Institute of Neuroscience, Paris, France

The thymus gland develops from three different sources. The
thymic epithelial anlage is a derivative of the foregut endo-
derm. The branching epithelial cords of thymic primordium
grows into the surrounding mesenchyme of neural crest (NC)
origin. This epithelial-mesenchyme primordium is colonized
by hemopoietic cells. The blood vessels reach the thymic
tissue from the capsule and interlobular trabecules, the latter
developing from the NC cells. The epithelial framework of
thymus consists of reticular epithelial cells (RECs). The anti-
cytokeratin immunostaining identifies two sub-compartments
in the medulla. One is continuous with the cortical epithelial
cells, which expresses keratin (keratin positive network-KPN)
and the other does not show keratin staining (keratin ne-
gative area-KNA) and is devoid of RECs. The connective tissue
space of interlobular septae is continuous with KNA, that is “a
dilation” of the septae and the supporting tissue of the KNA
is identical with the septae, which may indicate the common
NC origin of KNA and septae. 

The immunologically competent T cells from the KPN
have to enter to the KNA, where the blood vessels and thy-
mic dendritic cells are localized. The hemopoietic cells (T-
cells, B-cells, dendritic cells) show a topographical arrange-
ment in medulla, which indicates some cell-sorting mecha-
nism at the KNA and KPN border.

According to our hypothesis, NC cells invade not only the
capsule and septae of the thymus, but make up the KNA in
the medulla. The precise origin of the KNA is unknown, so our

aim is to show its NC origin and characterize the changes in
thymic development of cranial NC ablated and transplanted
chicken embryos and to obtain deeper knowledge about the
exact structure of the functional cortico-medullary border,
which selects the T-cells.

EXAMINATION OF THE EFFECT OF IMMUNOTHERAPY TO SKIN 
SENSITIZATION WITH ATOPY PATCH TEST
KRISZTINA HAJDU1, 2, 3, KRISZTIÁN GÁSPÁR1, 2, 3, ZSOLT DAJNOKI1, 2, 
ANIKÓ KAPITÁNY1, 2, ANDREA SZEGEDI1, 2

1Division of Dermatological Allergology
2Department of Dermatology, Faculty of Medicine, 
University of Debrecen, Debrecen, Hungary
3these two authors are equally contributed to the work

Introduction & Objectives: Atopic dermatitis (AD) is one of
the most common inflammatory skin diseases. To prove skin
sensitization in AD atopy patch test (APT) is a suitable test.
The effect of allergen specific immunotherapy (ASIT) in AD is
still controversial and there is no data whether ASIT can
change skin sensitization. The aim of this study was to exa-
mine the clinical and histological alteration of APT reaction in
AD patients sensitized only with house dust mite (HDM) after
6 months of ASIT.

Materials & Methods: 14 mild and moderate AD patients
were selected into the study who were only mono-sensitized
to HDM and had allergic rhinitis with perennial clinical symp-
toms. All patients received local therapy for AD (moisturizer,
low-medium potency local steroids). 7 patients were also
treated with ASIT (sublingual immunotherapy to HDM). At
the start of the study and in 6 months APT was evaluated.
Scoring Atopic Dermatitis (SCORAD) of every patient was also
measured. Biopsies were taken from APT at baseline (n=7),
in 6 months of ASIT (n=4), besides biopsies from chronic
lesional AD skin (n=6), chronic non-lesional AD skin (n=6),
and healthy dry skin (n=6) were also harvested. Immunohis-
tochemical (IHC) stainings of the skin samples were made.
Measurement of filaggrin, thymus stromal lymphopoietin
(TSLP), CD4, interferon-gamma (IFN-G), interleukin (IL)-13,
IL-10, CD11c, CD83, CCL-17, IgE expression were evaluated
and compared in skin.

Results: After 6 months APTs became negative of each
patient received ASIT (Treated group), in contrast to patients
who received only local therapy (Control group) of whom APT
remained positive in all occasions. Objective SCORAD values
reduced significantly in the Treated group compared to the
Control group. With IHC the post-ASIT negative APTs showed
similar FLG expression levels as healthy dry skin. Expressions
of TSLP, CD4, IFN-G, IL-13, IL-10, CD11c, CD83, CCL-17, IgE
were decreased in the negative APT compared to the positive
APT and chronic lesional skin. 

Conclusions: Skin sensitization could be the first step in
the development of allergic rhinitis and bronchial asthma in
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AD. Negative APT reaction after ASIT could indicate that the
sensitization to the allergen may no longer exist.

Supports: NKFIH K-128250, GINOP-2.3.2-15-2016-00050
and EFOP-3.6.1-16-2016-00022 projects. The project is co-
financed by the European Union and the European Regional
Development Fund and the European Social Fund. AK is reci-
pient of the János Bolyai research scholarship of the Hunga-
rian Academy of Sciences.

HISTONE ACETYLATION AFFECTS MONOCYTE-DERIVED DENDRITIC
CELLS PROPERTIES
HAJNALKA EMESE HALÁSZ, ERZSÉBET NAGYNÉ KOVÁCS, PÉTER GOGOLÁK

Department of Immunology, Faculty of Medicine, 
University of Debrecen

Human dendritic cells (DCs) are professional antigen-presen-
ting cells with varied roles in immune responses. Previous
studies have shown that monoctyes can differentiate in vitro
to CD1a– and CD1a+ DCs in different ratio. This two population
of DCs has diverse cytokine secretion and distinct functions in
T-cell activation. The expression of CD1a molecule is influen-
ced by many environmental factors which presumably in-
volve epigenetic regulations. Generally, the acetylation of
histones results an open and transcriptionally accessible chro-
matin structure which is regulated by histone acetyltrans-
ferase (HAT) and histone deacetylase (HDAC) enzymes. In
this study our aim is to observe and understand the effects of
histone acetylation on the properties of monocyte-derived
DCs (moDCs). 

Freshly isolated CD14+ monocytes were cultured and
differentiated to DCs in AIMV medium. During the differen-
tiation the cells were treated with HAT activator, HAT inhibi-
tor and HDAC inhibitor. Immature DCs were activated at day
3 of culture. Phenotyping of resting and activated moDCs was
performed by flow cytometry, the concentration of secreted
cytokines was measured by ELISA. 

Our results show that the activation of HAT increases
CD1a+/CD1a– moDC ratio while HAT inhibitor obstructed the
expression of CD1a molecule. This kind of inhibition has a
disadvantageous effect on DC’s viability too. In contrary to
our expectations the treatment with HDAC inhibitor results
CD1a- DC population in higher proportion. The acetylation
modifying agents have effects on activated moDCs too. In
case of HAT activator treatment, we noticed changes in CD83,
CD86 expression. Interestingly, HDAC inhibitor-treated DCs
produced TNF in higher concentration after LPS activation. 

Epigenetic modifications, involving the modification of
histone acetylation could provide additional useful tools for
influencing the immune response and for shaping dendritic
cell based therapies in the future. A notably observation of
our research is that HAT activator can increase the CD1a+

moDCs ratio, although other investigated environmental fac-
tors are more likely to induce the appearance of CD1a– phe-

notype. Inhibiting HDAC resulted the development of CD1a–

moDCs which suggests that some genomic region needs
down-regulation by deacetylation for a normal CD1a expres-
sion. Our results confirm the observation of other studies that
HDAC inhibitors cannot be always useful as anti-inflamma-
tory drugs because in some circumstances they can favor the
inflammation.

INTEGRITY AND FUNCTION OF THE SESSILE TISSUE 
IN DROSOPHILA MELANOGASTER
VIKTOR HONTI1, GERGELY ISTVÁN VARGA1, GÁBOR CSORDÁS1, 
SZILÁRD SZIKORA2, FERENC JANKOVICS2, ÉVA KURUCZ1, ISTVÁN ANDÓ1

1HAS BRC, Institute of Genetics, Immunology Unit
2HAS BRC, Institute of Genetics, Developmental Genetics Unit

Introduction: Similarly to their vertebrate counterparts, he-
mocytes, the blood cells of Drosophila melanogaster, differen-
tiate in multiple waves and are located in separate compart-
ments. Besides the long-studied lymph gland and the circula-
tion, the sessile tissue plays an important role in the larval
hematopoiesis. Although genetic studies elucidated a com-
plex regulatory network within the lymph gland, less data
are available on factors that maintain the integrity and en-
sure the function of the sessile tissue. Besides the isolation of
these factors, our goal is to understand the regulatory me-
chanisms underlying sessile tissue function.

Methods: We used high resolution in vivo confocal video-
microscopy and a special transgenic system that enables tracing
and cell fate transformation of entire hemocyte lineages
(Honti et al., 2010). Hemocytes were characterized by the
expression patterns of our specific immunological markers
and transgenic reporters (Kurucz et al., 2003, 2007; Honti et
al., 2009). Larvae were analyzed with in vivo confocal video-
microscopy and immunofluorescence (Csordás et al., 2014).
Hemocyte dynamics was analyzed with imaging softwares.

Results: We observed that circulating hemocytes conti-
nuously enter and quit the sessile tissue. We identified the
phagocytosis receptor Eater as a major mediator in the at-
tachment of hemocytes to the wall of the hemocoel (Bretscher
et al., 2015). We could not detect dynamic changes or disin-
tegration of the sessile tissue upon lamellocyte differen-
tiation following immune induction or in tumorous mutants.

Conclusions: Unlike the lymph gland, the sessile tissue is
in dynamic steady state with the circulation. The integrity of
the sessile tissue and the differentiation of lamellocytes are
regulated independently. Our results indicate that hemato-
poietic compartments interact with each other during the
regulatory events of effector hemocyte differentiation.

Acknowledgement: This research was supported by
grants from the Hungarian Science Foundation, OTKA grants
NN 118207 (IA), PD 115534 (HV), and GINOP-2.3.2-15-2016-
00001 (IA). This research was supported by the European
Union and the State of Hungary, co-financed by the European
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Social Fund in the framework of TÁMOP 4.2.4.A/2-11-1-2012-
0001 ‘National Excellence Program’ (for VH and GIV).

SIMULTANEOUS DETERMINATION OF HUMAN PLASMA SERINE
PROTEASES COMPLEXED WITH C1-INHIBITOR
ERIKA KAJDÁCSI1, ANNA KONCZ1, NÓRA VESZELI2, 4, DOMINIK GULYÁS1, 
VERONIKA MAKÓ4, LÁSZLÓ CERVENAK1, PÉTER GÁL2, JÓZSEF DOBÓ2, 
HENRIETTE FARKAS1, 2, LILIAN VARGA1, 2

13rd Department of Internal Medicine, 
Semmelweis University, Budapest, Hungary
2Hungarian Angioedema Reference Center, 3rd Department 
of Internal Medicine, Semmelweis University, Budapest,
Hungary
3Institute of Enzymology, Research Centre for Natural 
Sciences, Hungarian Academy of Sciences, Budapest,
Hungary
4MTA-SE Research Group of Immunology and Hematology,
Hungarian Academy of Sciences and Semmelweis University, 
Budapest, Hungary

The C1-inhibitor (C1-INH) is an important regulator of com-
plement, coagulation, fibrinolytic and contact systems. The
quantity of enzyme/C1-INH complexes in the blood is pro-
portional to the level of the in vivo activation of various cas-
cade-like plasma enzyme systems. Parallel determination of
C1-INH-containing activation complexes would be important
to understand the regulation of plasma enzyme cascades in
hereditary angioedema with C1-INH deficiency. We aimed to
develop a set of sensitive, quantitative, sandwich ELISA assays
for the determination of FXI/C1-INH, FXII/C1-INH, C1s/C1-
INH, C1r/C1-INH, MASP-1/C1-INH, MASP-2/C1-INH and
thrombin/C1-INH complexes.

For developing ELISA assays, commercially available plasma-
derived C1-INH, active FXI, thrombin (TR) and FXII, as well as
active recombinant C1s, C1r, MASP-1 and MASP-2 were used to
generate the complexes required for the standards. The ELISA
assays were tested of blood samples from healthy volunteers.

All enzymes formed complexes with C1-INH in vitro. In
each developed sandwich-ELISA assay, the detection thres-
hold was less than 0.01% of the normal plasma concentra-
tion of the enzyme. Intra- and inter-assay variations were
less than 20%. Based on the concentrations of C1-INH com-
plexes with FXI-, FXII , C1s-, C1r-, MASP-1-, MASP-2- and TR
measured in four healthy volunteers, the medians of in vivo
generated enzyme/inhibitor complex concentrations were
0.070, 0.005, 2.821, 1.861, 0.026, 0.007 and 0.054% of that
of the mean C1-INH concentration, respectively.

We successfully developed a set of ELISAs for the sensi-
tive determination of various enzyme/C1-INH complexes,
which makes the simultaneous investigation of C1-INH-regu-
lated activation systems possible. Based on our measu-
rements in healthy subjects, C1-INH dominantly forms com-
plexes with C1s and C1r in vivo.

These ELISA methods might prove suitable for studying
the pathomechanism of hereditary angioedema with C1-INH
deficiency.

Supported by OTKA 112110

COMPLEMENT FACTOR H FAMILY PROTEINS INFLUENCE 
MONOCYTE AND NEUTROPHIL CELL FUNCTIONS
ÉVA KÁRPÁTI, ANDREA E. SCHNEIDER, NOÉMI SÁNDOR, DÁVID HAJNAL, 
MIHÁLY JÓZSI

Complement Research Group, Department of Immunology, 
Eötvös Loránd University, Budapest, Hungary

Factor H (FH) is the major inhibitor of the alternative comple-
ment activation pathway in body fluids and when bound to
cells through acceptor molecules (e.g. sialic acids) or soluble
host ligands (e.g. pentraxins). In addition, FH can bind to dif-
ferent cell types via receptors (such as the complement re-
ceptors CR3 and CR4), and affect various functions of neutro-
phil granulocytes and monocytes, innate immune cells that
are important players in inflammation. The human FH protein
family also includes factor H-like protein-1 (FHL-1), a splice
variant derived from the CFH gene, and five FH-related (FHR)
proteins, which are composed of varying numbers of comple-
ment control protein domains homologous to those of FH,
but are functionally less characterized. Recent data indicate
that, in contrast to the inhibitor FH, FHR proteins promote
complement activation. Our aim was to study whether simi-
lar to FH other FH family members and a recombinant mini-
FH construct influence various functions of human monocytes
and neutrophil granulocytes.

Monocytes were isolated by magnetic cell separation and
neutrophil granulocytes by dextran sedimentation. Binding of
the proteins to the cell surface was detected by flow cyto-
metry and Western blot. Neutrophil extracellular traps (NETs)
were induced by PMA treatment and extracellular DNA was
labeled with nucleic acid dye and quantified with a fluores-
cent microplate reader. Visualization of NETs and determina-
tion of cell spreading was carried out using confocal laser
scanning microscopy. The amount of the cytokines produced
in response to stimulation with the different proteins was
measured by ELISA.

Similar to FH, FHR-1, FHR-5, mini-FH and FHL-1 bound to
neutrophils and monocytes. Significantly increased spreading
was observed on immobilized FHR-1, FHL-1 and mini-FH in
the case of neutrophils, and on FHR-1 and mini-FH in the case
of monocytes compared to BSA control. FHR-5 and FHL-1 had
an inhibitory effect on the generation of NETs compared to
the PMA-treated samples. As previously described, immobili-
zed FH is able to induce IL-8 production by neutrophils; we
found that also immobilized mini-FH enhanced IL-8 and IL-1β

production.
These data support an additional role of FH family pro-

teins, beyond their canonical role in complement, as modu-
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lators of cellular functions. Furthermore, the artificial comple-
ment inhibitor mini-FH also affects cell activation that should
be taken into account when considering its potential thera-
peutical application.

Supported by the Hungarian Academy of Sciences (grant
nr. LP2012-43), the National Research, Development and
Innovation Fund (grants K 109055 and K 125219), and the
Kidneeds Foundation (Iowa, US).

REAL-TIME MONITORING OF INTEGRATED CELLULAR RESPONSES 
OF PRIMARY B CELLS UPON SIMULTANEOUS RECEPTOR
ENGAGEMENT
KRISTÓF KLIMENT1, BERNADETT MÁCSIK-VALENT1, 3, BEATRIX PÉTER2, 
ENIKÔ FARKAS2, INNA SZÉKÁCS2, RÓBERT HORVÁTH2, ANNA ERDEI1, 3, 
ISTVÁN KURUCZ1

1MTA-ELTE Immunology Research Group, Eotvos University, 
Budapest, Hungary
2Hungarian Academy of Sciences, Centre for Energy 
Research, Institute for Technical Physics and Materials 
Science, Nanobiosensors Group, Budapest, Hungary
3Department of Immunology, Eotvos University, Budapest, 
Hungary

Introduction: Our group previously applied a resonant wave-
guide grating (RWG) based optical biosensor to measure the
integrated cellular responses in primary human tonsil B cells
by monitoring the dynamic mass redistribution (DMR) of cel-
lular contents triggered by different external stimuli. Dose-
dependent, specific DMR responses triggered by BCR induced
B cell activation were successfully measured; and based on
these results our aim was to apply this technique for the
tracking of DMR responses upon simultaneous receptor enga-
gement of primary B cells.

Methods: Epic BenchTop (EPIC BT) system was employed.
Human B cells were isolated from tonsils the day before the
experiment, the cells were seeded on 384 well biosensor
microplates. The B cell receptor was ligated with anti-human
IgG/A/M preparations. Simultaneous receptor engagement
(BCR+FcgRIIb and BCR+CR1) was also attempted (using anti-
human IgM + heat aggr. human IgG or heat aggr. human C3).
The specificity of the response was verified with the applica-
tion of irrelevant immunoglobulins and downstream inhibi-
tors of the BCR activation pathway, as well as high concent-
rations of inert protein HSA. The shift of reflected (resonant)
wavelength relative to the baseline value was recorded in
picometres (Δ pm) and was used for the calculations.

Results: EPIC BT biosensor was successfully applied to
monitor integrated cellular response of human primary B
cells upon simultaneous receptor engagement. BCR-induced
B cell activation was not changed by the presence of indiffe-
rent protein (HSA), but attenuated – dose-dependently – in
the presence of FcγRIIb ligands and (although in a highly
donor-dependent way) CR1 ligands as well.

Conclusion: In vivo cellular response is an integrated pro-
cess balanced by simultaneous activator and inhibitor stimuli.
Conventional cell based assays usually focus on the measu-
rement of certain selected components of the cellular res-
ponse, label-free methods enable non-invasive real time
detection of complex cellular changes. EPIC BT optical biosen-
sor was applied to examine the effect of simultaneous sti-
mulation of BCR+FcgRIIb or BCR+CR1. Here we demonstrated
that FcγRIIb- and CR1-regulated, dose-dependent attenuation
of the BCR-dependent DMR responses can be detected. While
the inhibitory pathway – by which FcγRIIb interrupts BCR-indu-
ced B cell activation – is mostly deciphered, the exact mecha-
nisms of CR1-mediated inhibition are not yet understood.

NEUTROPHILIC GRANULOCYTES RELEASE FUNCTIONALLY 
DIFFERENT SUBSETS OF EXTRACELLULAR VESICLES
FERENC KOLONICS1, ÁKOS LORINCZ1, VERONIKA FARKAS2, ÁDÁM FARKAS2, 
ERZSÉBET LIGETI1

1Department of Physiology, Semmelweis University
2Department of Medical Biochemistry, 
emmelweis University

Background: Extracellular vesicles (EVs) are known for their
capability of transferring biologically active molecules from
their cell of origin. Our previous results show that, depending
on their activation state, neutrophilic granulocytes (PMN) can
release EVs with or without antibacterial properties. Several
groups reported both pro- and anti-inflammatory effects of
PMN derived EVs produced upon different stimuli. In this
study we investigated under comparative conditions the
thrombo- and immunomodulatory effects of three different
well-characterized PMN derived EV populations.

Methods: Human PMN were incubated in unstimulated
conditions for 24 h. Other PMN were stimulated with opso-
nized particles or left non-activated for 20 min. Cells were
eliminated and medium-size EVs were obtained by two-step
centrifugation and filtration. EVs derived from these three dif-
ferent conditions (from activated cells – aEV, spontaneously
produced – sEV, from apoptotic cells – apoEV) were co-
incubated with PMN, monocytes, lymphocytes or pooled
human plasma. We evaluated the uptake of the vesicles and
their effect on phagocytosis, cell migration, superoxide pro-
duction and coagulation.

Results: Both sEVs and aEVs were taken up by the inves-
tigated cell types. Neither the kinetics nor the maximal
capacity of PMN phagocytosis was affected by the EVs. aEVs
seem to slightly enhance the migratory potential of PMN as
opposed to sEVs. Superoxide production of PMN was enhan-
ced by aEVs, diminished by sEVs and right-shifted by apoEVs.
apoEVs showed a strong procoagulant effect in recalcified
plasma both in the presence and absence of thromboplastin
(TP), while sEVs only enhanced coagulation in the absence of
TP and aEVs did not have any effect on coagulation.
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Summary/Conclusion: Our data show that human PMN
release different EV populations, which can have different
and specific effects on various physiological processes de-
pending on the conditions during their release from the cells.

Funding: NKFIH K119236, Hungary

HLA PROMISCUITY AND PEPTIDE PRESENTATION OF CANCER 
CELLS
BALÁZS KONCZ1, GERGÔ MIHÁLY BALOGH1, LEÓ ASZTALOS1, LAJOS KEMÉNY1, 2,
BALÁZS PAPP3, CSABA PÁL3, MÁTÉ MANCZINGER1, 2, 3

1SZTE ÁOK Bôrgyógyászati és Allergológiai Klinika, Szeged
2MTA-SZTE Dermatológiai Kutatócsoport, Szeged
3Szegedi Biológiai Kutatóközpont, Biokémiai Intézet, 
Szintetikus és Rendszerbiológiai Egység, Szeged

Introduction: Human leukocyte antigen (HLA) molecules are
essential for the immune recognition and subsequent killing
of neoplastic cells by the immune system., Tumor antigens
must be presented in an HLA-restricted manner to be recog-
nized by T-cell receptors. HLA molecules are highly polymor-
phic. Different variants (alleles) have different peptide-bin-
ding promiscuity, which is the number of different peptide
sequences bound by a given allele.

We hypothesized that allele promiscuity has an important
role in the presentation of mutant tumor peptides and, thus,
in antitumor immunity.

Methods: We collected immunopeptidomics data of 91
tumor cell lines and tumor samples with known HLA geno-
type. We determined promiscuity of HLA alleles using bioin-
formatic tools. We calculated the sequence diversity of pep-
tides eluted from HLA molecules of each cell line.

Results: Promiscuous HLA-A and B, but not HLA-C alleles
were associated with the presentation of more diverse pep-
tide sequences.

Conclusion: Promiscuity of HLA molecules has a signifi-
cant effect on the diversity of peptides presented on the sur-
face of cancer cells. Consequently, HLA promiscuity may play
an important role in antitumor immunity.

EFFECT OF BGP-15 ON THE INFLAMMATORY RESPONSES 
OF LPS-INDUCED HUMAN MACROPHAGES 
GERGÔ E. KOVÁCS, ELEK KOCSIS, AHMAD ALATHSAN, SZILVIA BENKÔ

Department of Physiology, Faculty of Medicine, 
University of Debrecen, Debrecen, Hungary

Introduction: BGP-15 is a chemical compound with a ring
structure containing two heterocyclic rings which are con-
nected through a hydroxylamine, and this molecule does not
have toxic effect on the human body. This structure ensures
the effect of BGP-15 thus it changes the fluidity of the memb-
rane. BGP-15 has many therapeutic uses, like in diabetes
mellitus or in cardiovascular diseases. It induces the expres-
sion of heat shock protein 70 (HSP70), also it has cytopro-

tective effects. Earlier study showed that oxidative stress ele-
vates the calcium level in mitochondria and it leads to mito-
chondrial damage. But the BGP-15 is able to protect the
membrane against oxidative damage. However, the role of
this compound in inflammatory responses has not been in-
vestigated yet.

Aims: Our aim was to study the effect of BGP15 on LPS-
induced human monocyte-derived macrophages from the
perspective of HSP70 induction, cytokine production and other
cellular changes.

Methods: We used monocyte-derived human macropha-
ges and measured cytokine production by ELISA method. The
expression level of specific mRNA was determined by qPCR.
The HSP70 protein presence and induction was measured by
western blot.

Results: Our results suggest that BGP-15 has effect on the
inflammatory responses of human macrophages like chang-
ing the cytokine production and signaling pathways. In our
future plan we would like to investigate how the molecular
mechanism of BGP-15 effect cellular and immunological func-
tions.

Support: The work was supported in part by OTKA-
K109429 (to S.B.)

PREDICTING THE ONSET OF RHEUMATOID ARTHRITIS 
VIA ANTIBODY REPERTOIRE SEQUENCING
KRISTÓF GYÖRGY KOVÁCS1, BENCE SZIKORA1, ANITA MARX1, 
ORSOLYA PIPEK2, ISTVÁN CSABAI2, IMRE KACSKOVICS1

1Department of Immunology, Eötvös Loránd University, 
Budapest, Hungary
2Department of Physics of Complex Systems, Eötvös Loránd 
University, Budapest, Hungary

Introduction: Rheumatoid Arthritis (RA) is a progressive,
chronic, inflammatory autoimmune disease. It results not
only in severe articular, but also in systemic manifestations,
and is prevalent in around 0.8% of adults worldwide. An
individual, who is likely to develop RA, is referred to as a so-
called at-risk RA-patient, in case of suffering from arthralgia
and having elevated serum ACPA and/or RF titres. Never-
theless, some at-risk patients will remain healthy. Therefore,
there is an urgent need to identify an accurate and sensitive
molecular biomarker, capable of predicting the onset of RA.
Several research groups approach this subject by analysing
the B-cell diversity via Next-Generation Sequencing (NGS).
According to a recent research result (Tak et al., 2017.), the
onset of RA is highly likely in those, having several, clonally
related sequence bearing B-cells in their peripheral blood.
Our goal is to validate the protocol and implement a refined
analysis workflow.

Materials and Methods: Our validation experiments
require only 3 ml peripheral blood of a patient, collected into
special tubes, preserving the nucleic acids of the samples.
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After RNA isolation and cDNA synthesis, an IgG heavy chain
cDNA library is generated. Then, after adapter ligation and
quality control, the samples get sequenced via Illumina MiSeq
NGS platform. Raw reads are processed by MIGEC software,
and the reads are uploaded to the IMGT database. Then,
using the IMGT/HighV-QUEST tool, productive antibody se-
quences are identified. The resulted lists are analysed bioin-
formatically, in order to determine certain characteristics of
the repertoires, such as the number of dominant clones (i.e.
particular antibody sequences, which are expanded beyond
0.5% of the total repertoire).

Results and Discussion: So far, we have analysed the
antibody repertoire of 14 RA-patients and 16 healthy volun-
teers. We have identified antibody repertoires, consisting of
several dominant clones in case of both RA-patients and
healthy volunteers. Furthermore, we have also found reper-
toires in both cases, which contained zero dominant clones.
We are planning to analyse the repertoires of further indivi-
duals, and even of at-risk RA-patients. We are going to fine-
tune the applied methods, in order to establish a robust mo-
lecular biomarker research (based on the protocol above),
with which the early diagnosis and prognosis of RA become
considerably more accurate and reliable.

Acknowledgements: Project no. FIEK_16-1-2016-0005
has been implemented with the support provided from the
National Research, Development and Innovation Fund of
Hungary, financed under the FIEK_16 funding scheme.

A NEW APPROACH OF TREATMENT DURING ERYTHEMA 
MARGINATUM IN HEREDITARY ANGIOEDEMA
KINGA VIKTÓRIA KÔHALMI, GYÖRGY LEDNICZKY, GYÖRGY TEMESSZENTANDRÁSI,
NÓRA VESZELI, LILIAN VARGA, HENRIETTE FARKAS

Hungarian Angioedema Reference Center, 3rd Department 
of Internal Medicine, Semmelweis University, Budapest, 
Hungary

Introduction: Hereditary angioedema (HAE) attacks in pa-
tients with HAE with C1-inhibitor deficiency (C1-INH-HAE)
may be preceded by erythema marginatum (EM). According
to the data of the Erythema Marginatum Questionnaire (EMQ),
65/165 Hungarian C1-INH-HAE patients (39.4%) from 43 fa-
milies had EM in their life. Moreover, HAE attack can be pre-
vented by the proper prophylactic treatment administered
during EM.

Methods: Our aim is to introduce safe and effective novel
prophylactic treatments during EM to prevent the formation
of HAE attacks.

Results: According to the data of EMQ, we selected eight
patients who frequently had EM. We instructed these pa-
tients to administer plasma-derived C1-inhibitor concentrate
(pdC1-INH) [Patient #1 127 vials on 127 occasions, Patient #2
17 vials on 17 occasions, Patient #3 127 vials on 127 occa-
sions, Patient #4 135 vials on 45 occasions, Patient #5 78

vials on 39 occasions], or recombinant C1-inhibitor concent-
rate (rhC1-INH) [Patient #1 2 vials on 2 occasions, Patient #2
12 vials on 12 occasions, Patient #3 11 vials on 11 occasions,
Patient #6 1 vial on 1 occasion], or icatibant [Patient #1 2
syringes on 2 occasions; Patient #6 1 syringe on 1 occasion],
or to increase the dose of danazol (in case of two patients),
as soon as possible after the onset of EM, in order to prevent
the development of HAE attack. Surprisingly, no HAE attacks
developed in any patients when these medicinal products
were administered during EM.

Conclusions: As novel prophylactic treatments in C1-INH-
HAE, pdC1-INH, rhC1-INH, icatibant and danazol administered
during EM may be effective, individual therapeutic options in
those patients whose HAE attacks are often preceded by EM.
These therapeutic strategies, involving drug administration in
the lowest effective doses, administered only when EM oc-
curred is supposed to be the most cost-effective therapeutic
option to improve the quality of life of these patients.

Disclosure of potential conflict of interest: This study
was supported by ÚNKP-17-3-III-SE-13 New National Excell-
ence Program of the Ministry of Human Capacities, National
Scientific Research Fund (OTKA) 124557, and the Pharming
Group NV.

ANALYSIS OF INTRAPERITONEAL HOMING OF THYMOCYTES
IN IMMUNODEFICIENT MICE
REKA KUGYELKA, LILLA PRENEK, KATALIN OLASZ, TIMEA BERKI, 
PETER BALOGH, FERENC BOLDIZSAR

The zeta chain-associated protein of 70 kDa (ZAP-70) plays a
key role in T cell differentiation and signalling, in its absence
the development of thymocytes is blocked in the double po-
sitive stage. Thus, ZAP-70 homozygous knockout (ZAP-70–/–)
mice have no mature T cells in their peripheral lymphoid or-
gans and blood. Previously we have shown that the adoptive
transfer of wild-type thymocytes reconstitutes this immuno-
deficiency. Donor-originated thymocytes appeared and the
thymus of ZAP-70–/– mice and gave rise to mature T cells in
the periphery. We have found the intraperitoneal (i.p.) route
of administration to be the most efficient, so we investigated
the mechanism of lymphocyte trafficking after i.p. injections. 

We used a single i.p. injection to deliver CFSE-labeled
donor thymocytes to ZAP-70–/– recipients and to wild-type
(BALB/c) mice to compare the effect of immundeficiency on
the homing of thymocytes. We sacrificed animals after various
time points and investigated the cellular composition of
omentum, peripheral and mesenteric lymph nodes, thymus
and spleen. In the mesentery and omentum we analysed the
localization of CFSE+ donor cells; we also investigated 

We have found that after i.p. injection donor thymocytes
leave the peritoneum and form aggregates already after 24
hours in the mesentery along lymphoid vessels and in the
omentum, however no donor-originated cells were visible in
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peripheral and mesenteric lymph nodes. No CFSE+ cells were
found in the thymus 3 days after transfer, which is in line
with our previous findings, where donor-cells appeared only
7-10 days after the transfer. The aggregates found in the
omentum are most likeley located in milky spots, and based
on their surface markers they were mostly composed of
double negative thymocytes. Our results suggest that the
omentum is an important location for thymocyte entry from
the peritoneum in both wild-type and immunocompromised
mice, as well.

To gain further insight into the peritoneal trafficking we
plan to investigate the possible alterations in trafficking after
i.p. injection under different contitions (inflammation, stro-
mal deficiency). 

Funding: OTKA K101493; EFOP-3.6.1.-16-2016-00004;
GINOP 2.3.2-15-2016-00050; KA-2015-23; BO/00086/12/5;
716/180/2014/KIF; KA-POSTDOK-12-05

COMPARATIVE ANALYSIS OF THE MULTINUCLEATED GIANT 
HEMOCYTES IN TWO DROSOPHILA SPECIES
ZITA LERNER1, GYÖNGYI CINEGE1, ATTILA L. KOVÁCS2, GÁBOR JUHÁSZ1, 2, 
ÉVA KURUCZ1, ISTVÁN ANDÓ1

1Immunology Unit, Institute of Genetics BRC HAS, Szeged
2Department of Anatomy, Cell and Developmental Biology, 
Eötvös Lóránd University, Budapest

Introduction: Insects developed an effective innate immune
response–consisting of cellular and humoral elements-to suc-
cessfully combat infections. In various Drosophila species,
special immune cells, the hemocytes eliminate microbes and
parasites. In the melanogaster subgroup, three functionally
different subsets, the phagocytic plasmatocytes, the melani-
zing crystal cells and the encapsulating lamellocytes were
identified as the effectors of cellular immunity. In a compre-
hensive analysis, we identified a novel blood cell type in the
species of the ananassae subgroup and also in its distant
relatives, in the species of Zaprionus genus, which we named
Multinucleated Giant Hemocytes (MGH). In the present study
we analyzed the function, the formation and the structure of
the MGHs in two representative species, the Drosophila anan-
assae and Zaprionus indianus.

Methods: We developed D. ananassae and Z. indianus cell-
specific monoclonal antibodies to define differentiation of
the MGHs, upon immune induction with parasitic wasp. To
study the formation and the movement of the giant cells we
carried out time lapse video analysis. We also investigated
the cytoplasmic structure of MGHs with electron microscopy.

Results: We observed that MGHs of D. ananassae appear
in the circulation of the larvae after infestation with parasi-
toid wasps, and differentiate from phagocytic plasmatocytes
to capsule forming terminally differentiated cells. MGHs of Z.
indianus are present in the circulation and also in the central
hematopoietic organ, the lymph gland. We monitored the

differentiation of these cells and revealed substantial diffe-
rences among the studied species. Time lapse video revealed
that, MGHs of both species are motile cells and are able to
project filopodia. According to the electron microscopic ana-
lysis, the MGHs are multinuclear cells and have a special
ultrastructure with so far undetected compartmentalization.
The organization of the subcellular components suggest active
metabolism, secration and vesicular transport. 

Conclusions: The MGHs are important effector cells of the
cell-mediated immune response of different Drosophila spe-
cies. They have a unique structure, which could provide a
basis for the very effective immune response and isolation of
the intruders. Their formation and differentiation show subs-
tantial differences in the studied two species. On the basis of
our studies we suggest that multinucleation is a more com-
mon phenomenon in the anti-parasitic immune responses
than it was assumed before. As MGHs are similar to mam-
malian multinuclear giant cells, we believe that they can
provide a powerful model to understand the process of gra-
nuloma formation in vertebrates.

Acknowledgements: This research was supported by
grants from the Hungarian National Science Foundation, NKFI
K128762, NKFI K120142, NKFI K120140, GINOP-2.3.2-15-
2016-00001 and GINOP-2.3.2-15-2016-00035.

THE ROLE OF CR3 (CD11B/CD18) AND CR4 (CD11C/CD18) 
IN ADHERENCE UNDER PHYSIOLOGICAL AND INFLAMMATORY 
CONDITIONS
SZILVIA LUKÁCSI1, 2, TAMÁS GERECSEI3, 4, BARBARA FRANCZ5, 
BÁLINT SZABÓ3, RÓBERT HORVÁTH4, ANNA ERDEI1, 2, ZSUZSA BAJTAY1, 2

1Department of Immunology, Eötvös Loránd University, 
Budapest, Hungary
2MTA-ELTE Immunology Research Group, Eötvös Loránd 
University, Budapest, Hungary
3Department of Biological Physics, Eötvös University, 
Budapest, Hungary
4Nanobiosensorics “Lendület” Group, Institute of Technical 
Physics and Material Sciences, 
Centre for Energy Research, Hungarian Academy of Sciences, 
Budapest, Hungary
5CellSorter Company for Innovations, Budapest, Hungary

CR3 and CR4 belong to the family of β2-integrins and play an
important role in phagocytosis, cellular adherence and mig-
ration. CR3 and CR4 are generally expected to mediate simi-
lar functions due to their structural homology and overlapp-
ing ligand specificity. Previously we proved that CR4 is domi-
nant in the adhesion of monocytes, monocyte derived macro-
phages (MDMs) and monocyte derived dendritic cells (MDDCs)
to fibrinogen under physiological conditions. Here we studied
the expression of CR3 and CR4 and their participation in ad-
herence to fibrinogen in inflammatory conditions induced by
LPS. 
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The expression of CR3 and CR4 was monitored by flow cy-
tometry at different time points during the LPS induced cell
activation. Cell adhesion to fibrinogen was evaluated using a
state-of-the-art biophysical method, namely the force of cell
attachment was measured with a computer controlled
micropipette using vacuum assisted fluid flow. 

Comparing the amount of CR3 and CR4 on the cell surface
we found that LPS treatment alters their expression differ-
ently on MDMs and MDDCs. Whereas on MDMs the expres-
sion of both CR3 and CR4 decreases (44%±4 and 64%±17,
respectively compared to non-treated control cells), on
MDDCs CR4 shows a significantly elevated level (up to
147%±34), in contrast to the diminished expression of CR3
(73%±10). Applying the micropipette, we observed a re-
duced adhesion force in the case of the LPS treated cells that
was more pronounced in MDDCs than in MDMs. Using block-
ing antibodies we proved that adherence to fibrinogen is do-
minated by CD11c in both physiological and inflammatory
conditions. 

EFFECT OF COMPLEMENT RECEPTOR TYPE 1 (CD35) ON TLR 
AND TLR+BCR DEPENDENT FUNCTIONS OF HUMAN B CELLS
BERNADETT MÁCSIK-VALENT1, 2, MARIANN KREMLITZKA3, LÁSZLÓ FAZEKAS1, 
ANNA ERDEI1, 2

1Department of Immunology, Eötvös Loránd University, 
Budapest, Hungary
2MTA-ELTE Immunology Research Group, Department 
of Immunology, Eötvös Loránd University, Budapest, Hungary
3Present address: Division of Medical Protein Chemistry, 
Department of Translational Medicine, Lund University, 
Malmö, Sweden

Although it is well accepted that separate activation of the
complement system and Toll-like receptors (TLRs) is involved
in the initiation and regulation of the adaptive immune res-
ponse, much less is known about the modulation of various
B cell functions by the simultaneous activation of these two
systems. Therefore we investigated how engagement of
complement receptor type 1 (CR1) influences the activation
of human B cells, induced by TLR7 and TLR9 with or without
a BCR stimulus. 

Resting tonsillar B cells were activated via BCR by a sub-
optimal dose of F(ab’)2 anti-human IgG/M/A and via TLR7
and TLR9 by synthetic activators. The stimuli were applied
either separately or simultaneously in the presence or abs-
ence of the natural ligand of CR1, a multimeric “C3b-like C3”.
The effect of CR1 clustering was assessed on the expression
of activation markers (flow cytometry), cytokine secretion
(ELISA), proliferation (3H-thymidine incorporation) and anti-
body production (ELISPOT). 

We show that CR1 clustering significantly and dose dep-
endently reduces the TLR9-induced activation of tonsillar B
cells, but has no effect on the TLR7-induced functions. The

enhanced response to the simultaneous engagement of TLR7
or TLR9 and BCR was also significantly inhibited by CR1 clust-
ering. 

Our data demonstrate that engagement of CR1 downre-
gulates the TLR9-induced B cell functions but does not influ-
ence the TLR7 mediated processes. Interestingly however,
when B cells are simultaneously triggered via BCR+TLR7 or
BCR+TLR9, clustering of CR1inhibits the B cell response. We
assume that CR1 exerts its inhibitory effect by acting on sig-
nalling molecules linked to both BCR and TLR9 in human B
cells.

MONITORING MULTIPLE MYELOMA USING NEXT-GENERATION 
SEQUENCING OF THE V(D)J GENES FROM CIRCULATING
MYELOMA CELLS AND DERIVED DNA
ANITA MARX1, BENCE SZIKORA1, ORSOLYA PIPEK2, ISTVÁN CSABAI2,
FERENC UHER3, GÁBOR MIKALA3, ISTVÁN VÁLYI-NAGY3, IMRE KACSKOVICS1

1Department of Immunology, Eötvös Loránd University, 
Budapest
2Department of Physics of Complex Systems, Eötvös Loránd 
University, Budapest
3South-Pest Hospital Centre – National Institute for Infectology 
and Haematology

Multiple myeloma is one of the many hematological malig-
nancies and is caused by malignant antibody secreting plas-
ma cells in the bone marrow, where they proliferate uncont-
rollably. Patients who received chemotherapy are monitored
constantly after their treatment to discover if they develop
minimal residual disease (MRD). That is, the treatment did
not eradicate all cancer cells from the body and patients still
have low levels of myeloma cells. It is therefore crucial to
detect these survival tumor cells in time, which means we
need methods with high sensitivity. Recently, in addition to
multiparametric flow cytometry and allele-specific oligonuc-
leotide qPCR, next-generation sequencing (NGS) offers an
even more sensitive method to detect MRD.

Next-generation sequencing is a high throughput method,
capable of analyzing millions of sequences in a massively
parallel manner. Immunoglobulin DNA sequences identify
individual B cells like a fingerprint because each B cell ex-
presses unique rearranged gene segments, the V(D)J region.
These numerous B cells give rise to different B cell clones
constituting the B cell repertoire, whose composition change
in time and during immune challenges and malignancies.
Thus, we can analyze the B cell repertoire (IgSeq) of mye-
loma patients and monitor their plasma cell statuses by NGS
technology and bioinformatical data evaluation first from
their bone marrow, and after identifying the tumor clone
(‘fingerprint’) we can track their statuses from their blood,
supporting therapy decisions – hence the need for the high
sensitivity of NGS.

We isolated genomic DNA from bone marrow and blood
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mononuclear cells and cell-free DNA from plasma samples of
myeloma patients. Then we prepared DNA libraries and se-
quenced on Illumina MiSeq platform. We processed the error-
corrected sequences using the IMGT and then we done the
bioinformatical analysis of the resulting clones and sequ-
ences. We determined the sequence of the myeloma clone in
the bone marrow sample and we also found that sequence
(‘fingerprint’) in the blood samples. In collaboration with the
South-Pest Hospital Centre, we plan to set up our method by
analyzing 30 patients’ samples.

Project no. FIEK_16-1-2016-0005 has been implemented
with the support provided from the National Research, Deve-
lopment and Innovation Fund of Hungary, financed under the
FIEK_16 funding scheme.

FACTOR H-RELATED PROTEIN 3 (FHR3) DEREGULATES 
COMPLEMENT ON PENTRAXINS, DNA AND MALONDIALDEHYDE 
EPITOPES
ALEXANDRA TÜNDE MATOLA1, ÁDÁM ISTVÁN CSINCSI1, BARBARA UZONYI1, 
MARCELL CSERHALMI1, RICHARD POUW2, AGUSTÍN TORTAJADA33, 
SANTIAGO RODRÍGUEZ DE CÓRDOBA3, DIANA WOUTERS2, MIHÁLY JÓZSI1

1Department of Immunology, Eötvös Loránd University, 
Budapest, Hungary
2Department of Immunopathology, Sanquin Research and 
Landsteiner laboratory of the Academic Medical Center, 
University of Amsterdam, the Netherlands
3Department of Cellular and Molecular Medicine, Centro de 
Investigaciones Biológicas and Ciber de Enfermedades Raras, 
Madrid, Spain

As a humoral effector arm of innate immunity, the comple-
ment system can effectively protect the body against patho-
gens and altered self structures. Inadequate regulation of
complement activation can cause inflammation and several
diseases. One of the complement regulatory proteins is factor
H (FH), which inhibits the alternative complement pathway
at the level of the central component C3. In addition to FH,
the human FH protein family includes FH-like protein 1
(FHL1), which is an alternative splice product of the CFH
gene, and five FH-related (FHR) proteins. FHL1 is also an
inhibitor of the alternative pathway, but FHRs lack the com-
plement regulatory domains of FH. In contrast to FH, their
function is poorly characterized. In this study, we investi-
gated the potential interaction of FHR3 with disease-relevant
ligands, such as pentraxins, DNA and malondialdehyde
(MDA) epitopes, and the role of the previously described C3b
binding by FHR3.

Recombinant FHR3 and FHL1 were expressed in insect
cells. Binding of FHR3 to pentraxins, DNA and MDA-BSA was
analyzed in ELISA. Complement activation was measured by
deposition of C3 fragments from human serum. Convertase
activity was measured by cleavage of C3 and release of C3a.

We found that FHR3, similar to FHR1, FHR4 and FHR5, sup-

ported the assembly of an active C3 convertase enzyme of
the alternative pathway. FHR3 interacted with the acute
phase proteins C-reactive protein (CRP) and pentraxin 3
(PTX3) and, when bound to these pentraxins, enhanced
complement activation. FHR3 also bound to ligands exposed
by dying cells, such as DNA and MDA epitopes, and competed
for binding with the complement regulators FHL1 and FH.
DNA-bound FHR3 caused alternative pathway activation.

In summary, we identify novel ligands, such as pentra-
xins, DNA and MDA epitopes for FHR3 that are present under
inflammatory conditions. Our results support a role for FHR3
as an enhancer of complement activation by acting as a
complement deregulator via competition with the inhibitory
proteins FH and FHL1, as well as by directly enhancing com-
plement activation on these newly identified ligands. These
data may provide an explanation for the protective role of
FHR3 deficiency in age-related macular degeneration.

Supported by the National Research, Development and
Innovation Fund (grant K 109055).

SEPTIC INJURY TRIGGERS IMMUNE RESPONSE IN DROSOPHILA 
MELANOGASTER AGAINST FUNGAL PATHOGENS
NAVODITA MAURICE1, TAMÁS PAPP2, GÁBOR NAGY2, ISTVÁN ANDÓ1, 
ÉVA KURUCZ1

1Biological Research Centre, Hungarian Academy of Sciences, 
Szeged
2MTA-SZTE “Momentum” Fungal Pathogenecity Mechanisms 
Research Group, Szeged, Hungary

Introduction: Drosophila melanogaster relies on multiple in-
nate defense reactions against bacterial and fungal infec-
tions, involving the production of the highly efficient antimic-
robial peptides. The production of the antimicrobial peptides
(AMPs) is regulated by two signaling pathways namely, the
Toll pathway activated by fungi and Gram-positive bacteria
and the Imd pathway activated by Gram-negative bacteria. In
addition, JAK/STAT and JNK pathways are also involved. The
virulence of the intruders is a major factor in the final
outcome of the infection. Since, the virulence of bacterial and
fungal pathogens is governed by many factors, including the
structure of their complex cell walls, our major interest
underlies in studying the cell wall-host interaction along with
different fungal pathogens that evoke an immune response.
The population of immunocompromised individuals is incre-
asing at an alarming rate, therefore, we have focused our
study on analyzing Drosophila immune response against dif-
ferent Mucor fungi, responsible for causing Mucormycosis
(zygomycosis) in the immunocompromised hosts.

Methods: We have induced ‘septic injury’ in flies having
mutations in components of the different immune pathways
(Toll and Imd) (Kari et al., 2013). We by cutting the tarsi of
their fore-legs (this method was generated and has already
been tested in our lab). These flies were introduced on the
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vials with Mucor spore infected yeast extract media. Non-in-
jured flies were introduced in the same way on the vials with
Mucor spore infected yeast extract media and were used as
control. Survival of the flies was traced for 5, 29, 53 and 77
hours.

Results: Our results show that Mucor spores can penet-
rate the body cavity of the fly through the site of the septic
injury induced by cutting the tarsi of the forelegs and there-
fore, can initiate an immune response. We have found mar-
ked differences in the sensitivity and resistance of the mutant
flies of the Toll and Imd pathways induced with septic injury
when compared with the non-injured flies taken as control.

Conclusion: This ‘septic injury’ approach (Kari et al., 2013)
appears as an efficient tool for the induction of infection in
Drosophila melanogaster and is capable of monitoring the
efficiency of an immune response. Our studies have shown
that Mucor spores can enter the gut of the Toll and Imd path-
way mutant flies with septic injury and can trigger immune
response. Imd and Toll pathway mutant flies show differen-
ces in the levels of sensitivity and resistance.

Reference: Kari B, Zsámboki J, Honti V, Csordás G, Márkus
R, Andó I, Kurucz É. A novel method for the identification of
factors involved in host pathogen interactions in Drosophila
melanogaster. J Immunol Methods 2013; 76–82.

This work was supported by grants from the Hungarian
Science Foundation:GINOP-2.3.2-15-2016-00035.

THE POSSIBLE ROLE OF PD-1/PD-L1 COINHIBITORY PATHWAY 
IN THE MATERNO-FETAL INTERFACE 
MÁTYÁS MEGGYES1, 2, BRIGITTA SZIGETI1, ÉVA MIKÓ1, 2 LÁSZLÓ SZEREDAY1, 2

1University of Pécs, Medical School, Department of Medical 
Microbiology and Immunology
2University of Pécs Szentágothai Research Centre 

Introduction: Numerous study examined the PD-1/PD-L1 in-
teraction and their critical role in maintaining peripheral im-
mune tolerance. Nevertheless much less study has been
published in the context of this checkpoint inhibition during
pregnancy. The aim of this present study was to examine the
contribution of PD-1/PD-L1 immune-checkpoint pathway to
maternal immunotolerance mechanisms.

Method of study: 13 healthy pregnant women and 10
non-pregnant controls were involved in this study. Peripheral
blood mononuclear cells and decidual immune cells were iso-
lated from peripheral blood and from decidual tissues. After
the characterization of different immune cell subsets, fluoro-
chrome-conjugated monoclonal antibodies were used to
measure the expression level of PD-1, PD-L1, NKG2D and
CD107a molecules by flow cytometry.

Results: Significant alternations in the percentage of deci-
dual immune cell subsets were revealed compared to the
periphery. Elevated PD-1 expression by decidual CD8+ T,
CD4+ T, and NKT-like cells were also detected accompanied

by the increased PD-L1 expression by decidual CD4+ T, Treg,
NKT-like and NKdim cell subset compared to the peripheral
blood. Cytotoxic potential by the PD-1 negative decidual im-
mune cells was significantly higher compared to the peri-
phery. At the same time cytotoxicity by the decidual PD-1+
CD8+ T cells was significantly lower compared with the peri-
pheral counterpart. An activation receptor NKG2D expression
was decreased by the PD-1+ CD8+ T subset in the first tri-
mester compared to the non-pregnant condition, but the
expression level of the decidual counterpart was significantly
elevated compared to the periphery. The cytotoxic potential
of decidual PD-1/NKG2D++ CD8+ T cells was significantly
decreased compared to the peripheral subsets. 

Conclusions: Our findings demonstrate the complexity of
the activating and inhibitory immunological mechanisms at
the materno-fetal interface. Based on our results we assume,
that the PD-1/PD-L1 pathway might have a novel role in the
maintenance of immunological environment at the materno-
fetal interface.  

This work was supported by grants from the National Re-
search, Development and Innovation Office (NKFIH K119529),
PTE ÁOK-KA-2018/07.

COMPLEMENT CLASSICAL PATHWAY MONITORING IN BLOOD
AND URINE FOR THE DETECTION OF ANTIBODY MEDIATED 
REJECTION IN KIDNEY TRANSPLANT RECIPIENTS 
BLANKA MEZÔ1, ANDREAS HEILOS2, GEORG BÖHMIG3, 
FARSAD ESKANDARY3, MARKUS WAHRMANN3, GREGOR BOND3, 
PHILIP F. HALLORAN4, KRISZTINA RUSAI2** AND ZOLTÁN PROHÁSZKA1**
1Research Laboratory, IIIrd Department of Internal Medicine, 
and MTA-SE Research Group of Immunology and Hematology, 
Hungarian Academy of Sciences and Semmelweis University,
Budapest, Hungary
2Department of Pediatrics and Adolescent Medicine, 
Medical University Vienna, Vienna, Austria
3Division of Nephrology and Dialysis, Department 
of Medicine III, Medical University Vienna, Vienna, Austria
4Alberta Transplant Applied Genomics Centre, ATAGC, 
University of Alberta, Edmonton, AB, Canada

Introduction: Antibody mediated rejection (ABMR) is a severe
clinical problem, which is the major immunological cause of
kidney transplant failure. According to current knowledge,
late ABMR is classically caused by the development of donor
specific antibodies (DSA) and the classical pathway (CP) of
the complement system believed to contribute to tissue da-
mage. The aim of study was to determine whether moni-
toring the CP allows for improved prediction of ABMR in kid-
ney transplant recipients. 

Methods: In the present study, 741 long-term transplant
patients (>6 months post-transplantation; Vienna transplant
unit) were subjected to cross sectional ABMR screening in the
context of a prospective international trial (BORTEJECT). Our
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analysis was focused on 83 DSA-positive recipients subjected
to protocol biopsy, who had available data for IgG mean fluor-
escence intensity (MFI) and complement fixation and adequate
material for complement screening. The activity of CP and
levels of complement proteins (C1q, C3a, SC5b-9, C4d and
C5a) were measured by enzyme-linked immunosorbent assay
(ELISA) using EDTA plasma and/or urine samples. 

Results: Among 83 DSA-positive patients, 47 (56.6%)
ABMR+ and 21 (25.3%) C4d+ recipients were identified.
Although no significance difference in plasma and urine para-
meters were observed between AMBR+ or C4d+ and nonre-
jecting or C4d-negative patients (p>0.05), we found a highly
significant (p<0.0001) positive correlation between the pro-
tein/creatinin ratio and the urinary levels of complement
activation products (C4d, r=0.48; C3a, r=0.45; C5a, r=0.66;
SC5b-9, r=0.45). 

Conclusion: Monitoring the complement classical path-
way in blood and urine failed to have an independent diag-
nostic advantage and did not improve the prediction of ABMR
either alone or combined with antibody characteristics.
Never-theless, detection of increscent complement activation
products in urine associated with higher protein/creatinin
ratio and worse renal function. 

This work was supported by the National Research Fund
of Hungary (NN110909).

DIVERSE FUNCTIONS OF CR3 (CD11B/CD18) AND 
CR4 (CD11C/CD18) β2-INTEGRINS EXPRESSED BY HUMAN B 
LYMPHOCYTES
ZSUZSA NAGY-BALÓ1, SZILVIA LUKÁCSI1, 2, BERNADETT MÁCSIK-VALENT1, 2,

ZSUZSA BAJTAY1, 2, ANNA ERDEI1, 2

1Department of Immunology, Eötvös Loránd University,
Budapest, Hungary
2MTA-ELTE Immunology Research Group, Eötvös Loránd
University, Budapest, Hungary

Introduction: CR3 and CR4 are known for long to participate
in adhesion and migration of myeloid cells, while the ex-
pression and function of these β2-integrins on human B lym-
phocytes has not been extensively studied yet. CR3 and CR4
are not widely expressed on normal human B cells, however
they can be detected on particular subpopulations and after
activation. CR3 and CR4 are also known to be expressed in
various B cell malignancies, including B cell chronic lympho-
cytic leukaemia (CLL), but their function and their possible
contribution to the pathomechanism is unexplained so far.
The aim of the present study is to investigate the expression
and role of CR3 and CR4 on human B lymphocytes. We also
intend to clear up the function of these two receptors on B
cells of CLL patients.

Methods: B cells were isolated from the blood of 3
patients with CLL by negative selection. CLL B cells were then
cultured in the presence of IL-2 and the (ab’)2 fragment of

goat anti-human IgG+A+M antibody, which provide survival
signal to the cells. CR3 and CR4 expression was detected by
flow cytometry. Adhesion of the BJAB B cell line and CLL B
cells was measured by confocal microscopy. Migration of
Daudi cells and CLL B cells towards the chemoattractant SDF-
1 was measured by transwell assay. Proliferation of CLL B
cells on PLL-PEG blocked as well as on fibrinogen coated (and
PLL-PEG blocked) surfaces was assessed by measuring 3H-
thymidine incorporation.

Results: Our results obtained with human B cell lines
demonstrate that both CR3 and CR4 play a role in migration,
however CR4 dominates adhesion to fibrinogen over CR3.
Investigating these receptors on the B cells of CLL patients
we confirmed that they can be expressed on CLL B cells and
showed that CR4 plays important role in adhesion to fibrino-
gen and migration towards SDF-1. Measuring the prolifera-
tion of CLL B cells cultured on different surfaces we found that
blocking with PLL-PEG rather lowered proliferation, while fibri-
nogen-coated surfaces increased the proliferation of CLL B
cells of one patient.

Conclusion: Adhesion and migration are important func-
tions of these malignant cells to reach the protective niches
of the bone marrow, where they get survival signals, prolife-
ration stimuli and resistance to drugs. Because CR4 partici-
pates in the adhesion to fibrinogen and migration of CLL B
cells towards SDF-1, it might be an important contributor of
disease progression in CLL patients. This assumption is further
strengthened by our finding that adhesion of the activated
CLL B cells enhances proliferation.

MASP-1 POTENTIATES THE BRADYKININ MEDIATED
PERMEABILITY OF THE ENDOTHELIAL CELLS
ZSUZSANNA NÉMETH1, MÁRTA LÍDIA DEBRECZENI1, ERIKA KAJDÁCSI1, 
ZOLTÁN DOLESCHALL22, JÓZSEF DOBÓ3, PÉTER GÁL3, LÁSZLÓ CERVENAK1

13rd Department of Internal Medicine, 
Semmelweis University, Budapest
2Department of Pathogenetics, National Institute 
of Oncology, Budapest
3Institute of Enzymology, Research Centre for Natural 
Sciences, Hungarian Academy of Sciences, Budapest

Increased vascular permeability and uncontrolled complement
activation plays and important role in the pathomechanism
of many life-threatening diseases such as hereditary an-
gioedema (HAE). The main reason of the HAE attacks is the
extreme production of bradykinin in the lack of C1-inhibitor
function (which normally regulates the activation of early
complement components). We have previously shown that
during these attacks, endothelial cells become activated. The
mannan-binding lectin-associated serine protease-1 (MASP-
1) is the most abundant enzyme of the lectin pathway of
complement activation and able to activate endothelial cells.
MASP-1 is naturally inhibited by C1-inhibitor, so we wanted
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to further investigate the impact of MASP-1 on endothelial
permeability. 

We used confluent layer of human umbilical vein endo-
thelial cells (HUVECs). The cells were treated with 0.6 mM
MASP-1 for 2 hours and mRNA was isolated from MASP-1
treated and untreated HUVECs. Agilent Microarray was utili-
zed to assess gene expression and quantitative real time PCR
to validate the results. Intracellular Ca2+ mobilization assay
were performed with fluorescence microscopy after 0,6 mM
MASP-1 pretreatment for 24 hours.

We have previously demonstrated that MASP-1 can
directly increase endothelial permeability. The whole trans-
criptome microarray analysis showed that MASP-1 signifi-
cantly changed the expression of 25 permeability-related genes.
From these, 16 genes were up- and 9 down-regulated. Most
importantly, MASP-1 up-regulated the expression of the
bradykinin B2 receptor. Using RT-PCR we validated this result.
By treating the HUVECs with bradykinin, we detected the
intracellular Ca2+ increase, one of the first signaling steps of
GPRCs. In concert with the findings at mRNA level, we de-
monstrated that MASP-1 pretreatment of the HUVECs resul-
ted an increased Ca2+ mobilization to bradykinin. 

Taken together these new results and our previous knowl-
edge, we can hypothesize that complement MASP-1 can play
a role in the pathogenesis of HAE attacks. On one hand
MASP-1 can directly increase the permeability of endothelial
cells and is able to cleave high-molecular weight kininogen
to bradykinin. On the other hand, MASP-1 up-regulates the
expression of bradykinin B2 receptor and therefore poten-
tiates the permeability response to bradykinin. These present
results propose MASP-1 as a potential target in HAE therapy.

CHARACTERIZATION OF NEUTROPHILS GENERATED IN VITRO
FROM HOXB8-TRANSDUCED MYELOID PROGENITOR CELLS
ANITA OROSZ, ATTILA MÓCSAI

Department of Physiology, Semmelweis University School 
of Medicine and SE-MTA „Lendület” Inflammation Physiology 
Research Group, Budapest, Hungary

Background: Acute inflammation and neutrophil granulocy-
tes have long been mentioned together, however the mole-
cular background of the neutrophils function is still mostly
unknown. Therefore we are hoping to uncover these mole-
cular mechanisms using ex vivo generated neutrophil cells
from the so called SCF ER-Hoxb8 progenitors. These bone
marrow-derived progenitors are retrovirally transduced to
express the Hoxb8 transcription factor in the presence of β-
estrogen, in order to keep them in progenitor state for long
periods of time. From them, unlimited amounts of neutro-
phils can be differentiated using certain cytokines. 

Materials and methods: Neutrophils were generated via
growing progenitors in β-estrogen free medium supplemen-
ted with G-CSF. Cell surface markers were detected using

flow cytometry. ROS production was measured according to
cytochrome-c reduction. Adhesion and migration capabilities
were tested using different stimulating agents. Fagocyting
properties were measured using fluorescent Staphylococcus
aureus and Candida albicans.

Results: CD45+ progenitor cell line can be cultured for
long time. Ly6G+ neutrophils start to differentiate in 4 days.
5-6 days old neutrophils show strong adhesion upon PMA
and IC stimulation. Hoxb8 neutrophils can also produce ROS
upon various stimuli in vitro. Neutrophils appear in the cir-
culation after adoptive transfer of progenitors into lethally
irradiated recipient mice. In vivo generated neutrophils can
migrate and carry out phagocytosis in inflammatory condi-
tions.  

Conclusions: The SCF ER-Hoxb8 cell line can be a great
alternative to the common- genetically modified mice-based
methods in use to discover the molecular basis of the role of the
neutrophils in inflammatory diseases both in vitro and in vivo. 

ANALYSIS OF GLUCOCORTICOID-INDUCED APOPTOSIS 
IN THYMOCYTES AND MATURE T CELLS
LILLA PRENEK, RÉKA KUGYELKA, FERENC BOLDIZSÁR, PÉTER NÉMETH,
TÍMEA BERKI

Department of Immunology and Biotechnology, 
University of Pécs Clinical Center, Pécs, Hungary

Non-genomic effects of glucocorticoids (GC), especially the
translocation of the activated GC receptor (GR) to the mito-
chondria, correlates the GC-induced apoptosis sensitivity of a
certain cell type. In our previous work we have found that in
double positive (DP) thymocytes, which are very sensitive to
GC-induced apoptosis, the activated GR translocated to the
mitochondria upon short term, high dose, in vitro dexame-
thasone (DX) treatment. This phenomenon was accompanied
by the decrease of the mitochondrial membrane potential, as
an early sign of apoptosis. After this observation we analysed
the association of GR with members of the Bcl-2 protein
family and we have found that the GR associated with certain
members of the Bcl-2 family, which supposedly played im-
portant role in the induction of apoptosis. In our other work
we have analysed the effect of in vivo DX treatment on the
cellular composition of lymphoid organs. We have described
that thymic regulatory T cells (tTregs) showed resistance to
DX-induced apoptosis compared to CD4+ thymocytes, but pe-
ripheral regulatory T cells (pTregs) appeared to have similar
sensitivity to DX-induced apoptosis as splenic CD4+ T cells.
Based on these previous results we wanted to further ana-
lyse the apoptosis of regulatory T cells and CD4+ T cells whe-
ther the DX-induced apoptotic sensitivity or the induced
apoptotic pathways are different in them. 

In our work we analysed the differences and similarities
between the DX-induced apoptosis of thymocytes and ma-
ture T cells, especially that of Tregs.
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Splenocytes and thymocytes were isolated from 4–6-
week-old BALB/c mice. The cells were treated with 10–6 M
DX in vitro for different intervals. After DX treatments Anne-
xin V labelling, kinetics of caspases’ activation and mitochond-
rial membrane potential were analysed with flow cytometry. 

DX-induced apoptotic process was different in mature T
cells, particularly in Tregs, than in thymocytes. tTregs seemed
to be the least sensitive to DX-induced apoptosis. The apop-
tosis sensitivity of pTregs were similar to CD4+ splenocytes.
CD4+ thymocytes were the most sensitive to DX-induced apop-
tosis. These results can be the consequences of the different
non-genomic effects in T cell subpopulations.

Funding: OTKA K105962, K101493, EFOP-3.6.1.-16-2016-
00004; GINOP 2.3.2-15-2016-00050.

INHIBITORY POTENTIAL OF ANTI-ADAMTS13 ANTIBODIES 
IN ACQUIRED THROMBOTIC THROMBOCYTOPENIC PURPURA
GYÖRGY SINKOVITS1, MARIENN RÉTI2, ZOLTÁN PROHÁSZKA1

1Research Laboratory, 3rd Department of Internal Medicine 
and MTA-SE Research Group of Immunology and Hematology, 
Hungarian Academy of Sciences and Semmelweis University, 
Budapest, Hungary 
2Department of Hematology and Stem Cell Transplantation, 
Szent László Hospital Campus, Central Hospital of Southern 
Pest, National Institute of Hematology and Infectious 
Diseases, Budapest, Hungary

Introduction: The acquired form of thrombotic thrombocyto-
penic purpura (TTP) is an autoimmune disease, in which the
underlying ADAMTS13 deficiency is caused by autoantibodies
against the protease. Some of the anti-ADAMTS13 antibodies
inhibit the activity of the enzyme directly, whereas others
facilitate its clearance from the circulation. Most anti-
ADAMTS13 autoantibodies belong to the IgG1 and IgG4 sub-
classes; IgG4 was found to be dominant during and following
a relapse of TTP. 

The aim of our present study was to investigate the asso-
ciation between the inhibitory potential and IgG subclass of
anti-ADAMTS13 autoantibodies.

Patients and methods: We previously determined the
relative and absolute amount of anti-ADAMTS13 IgG subclas-
ses with an in-house ELISA method based on a commercial
ELISA kit in 101 samples of 81 TTP patients. The inhibitory
capacity of 97 of these samples were determined by mixing
and incubating the samples with equal amounts of pooled
normal human samples, and measuring the ADAMTS13 acti-
vity of the mixture by a FRET assay. A low ADAMTS13 activity
of the mixed sample indicated a high inhibitory potential of
the autoantibodies, and vice versa. The specific inhibitory po-
tentials of anti-ADAMTS13 IgG antibodies were determined in
all acute samples with IgG4 proportions below 30% or over
70% (35 samples) and all available remission samples (14
samples). Samples were diluted with PBS to reach an equi-

valent (25 U/mL) final concentration of anti-ADAMTS13 IgG,
and then the mixing activity assay was performed as descri-
bed above.

Results: We found that the ADAMTS13 activity of the mi-
xed samples indicating the inhibitory capacity was associated
with anti-ADAMTS13 IgG4 (r = –0.473, p < 0.0001) but not
with IgG1 (r = –0.134, p = 0.191) concentrations. The specific
inhibitory potentials of IgG4-dominant anti-ADAMTS13 anti-
bodies were higher compared to IgG1-dominant autoantibo-
dies (p = 0.0012). There was no difference in the inhibitory
potentials of IgG4-dominant samples from different disease
stages.

Conclusions: Our results indicate that anti-ADAMTS13 au-
toantibodies of the IgG4 subclass have higher specific inhibi-
tory potentials compared to those of the IgG1 subclass, irres-
pective of disease stages. Whether higher inhibitory poten-
tials of IgG4 autoantibodies are attributable to the different
properties of the Fc region, to affinity maturation parallel to
isotype switching, or to other mechanisms, cannot be clearly
determined from these data; additional studies are needed
to answer these questions.

Support: Our work was supported by the National Re-
search Fund of Hungary (OTKA K100687). 

COMPLEMENT TERMINAL PATHWAY DEFICIENCY IN A PATIENT 
WITH RECURRENT MENINGITIS
EDINA ERZSÉBET SZABÓ, BEÁTA TAKÁCS, DOROTTYA CSUKA, 
ZOLTÁN PROHÁSZKA

Semmelweis University, 3rd Department of Internal 
Medicine, Budapest

The complement system is a key part of innate immunity.
The deficiency of terminal pathway components increases
susceptibility to infections and their recurrence. 

Medical history: A 22 years old female was hospitalized
due to two episodes of meningococcal infection (at age of 15
meningitis, at age of 22 sepsis with serogroup C). Workup for
complement identified deficiency of classical and alternative
pathways, whereas complement factors and regulators were
in the reference range. Anti-FH and anti-C1q autoantibodies
were negative, raising the possibility of terminal complement
pathway deficiency.

Level of complement component 8 (C8) in serum was
repeatedly very low (16,5% and 18%, ref: 70-130%). Ana-
lysis was extended to family members (parents and 3 bro-
thers) which excluded terminal pathway deficiency. These
results raised the suspicion for a complex (including possibly
also de novo variation) genetic trait behind the deficiency of
our patient. We sent the patient's sample for next-generation
sequencing (NGS), and the patient was found to carry two
heterozygous mutations in exon 3 and 9 of the C8B gene,
both causing the generation of a premature stop codon of the
complement C8 protein β-chain, and 3 additional rare, and
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multiple common variations. Detailed complement functional
analysis and mutational screening of family members was
very helpful to make conclusion on functionality of the iden-
tified variations. 

The complex problem of identifying causative variations
after NGS is increasing, and the history of our case highlights
the necessity of detailed functional analysis and family scre-
ening for patients with rare diseases.

THE EFFECT OF INFLAMMATORY CYTOKINE TNF-α
ON NEUTROPHILIC GRANULOCYTE’S EXTRACELLULAR VESICLE 
PRODUCTION
VIKTÓRIA SZEIFERT1, ÁKOS M. LÔRINCZ1, ANDRÁS ÁCS2, LÁSZLÓ DRAHOS2, 
ERZSÉBET LIGETI1

1Department of Physiology, Semmelweis University
2MS Proteomic Research Group, Hungarian Academy 
of Sciences

Introduction: Previously, our group characterized three dis-
tinct extracellular vesicle (EV) populations released from hu-
man neutrophilic granulocytes (PMN): EVs formed sponta-
neously (sEVs), upon activation with opsonized particles
(aEVs) and during apoptosis (apoEVs). Our primary aim was
to examine the effect of TNF-α pre-treatment on production
of different types of EVs from the PMNs. Our secondary aim
was to examine the effect of the conditions of preparation on
the neutrophilic granulocyte’s EV formation.

Methods: Medium-size EVs were separated by a two-step
centrifugation from PMNs isolated from the peripheral blood of
healthy volunteers under different conditions (sterile/non-sterile)
and at different time-points (immediately/delayed). We evalu-
ated the EV release based on their count determined by flow
cytometry, their protein amount determined by Bradford assay
and their protein cargo determined by proteomic analysis.

Results: TNF-α pre-treatment resulted in an increase in
sEV release and a decrease in protein-content. This effect was
more pronounced on PMNs prepared under sterile conditions,
and even higher on older PMNs. TNF-α did not increase the
aEV release, the aEV/sEV ratio decreased. TNF-α was not able
to substitute the opsonization in case of the non-opsonized
particles. The TNF-α pre-treatment slightly increased the ratio
of the granule proteins in sEVs, and increased the granule pro-
tein content even more in aEVs. Sterile PMN preparation con-
dition could not potentiate further the TNF-αincreased aEV rele-
ase. The older PMNs could release less EVs, with significantly
higher protein-content vesicles and the TNF-α had greater im-
pact on these cells’ EV release. However, the ratio of the granule
proteins was lower in these vesicles produced by older PMNs.

Conclusions: The effect of TNF-α seems to be highly
dependent on the conditions of preparation, state of the cells
(sterile or normal preparation; immediate or delayed stimu-
lation), and on the secondary activator such as opsonins.

Funding: NKFIH K119236, Hungary

THE DIVERSITY OF THE HUMORAL IMMUNE RESPONSE OF BFCRN 
TRANSGENIC MICE
SZIKORA BENCE1, ANITA MARX1, PÉTER KÁROLY JANI2, ORSOLYA PIPEK3, 
ISTVÁN CSABAI3, IMRE KACSKOVICS1, 2

1Department of Immunology, Eötvös Loránd University, 
Budapest, Hungary
2ImmunoGenes Ltd, Budakeszi, Hungary
3Department of Physics of Complex Systems, Eötvös Lóránd 
University, Budapest, Hungary

Introduction: The neonatal Fc receptor (FcRn) plays key roles
in IgG and albumin homeostasis, maternal IgG transport, and
antigen presentation of IgG-opsonized antigens. Previously,
we reported that transgenic (Tg) mice that overexpress
bovine FcRn (bFcRn) have augmented T-dependent humoral
immune response with increased IgG protection, higher level
of antigen-specific antibodies, greater number of antigen-
specific B cells, and effective immune response even against
weakly immunogenic epitopes. In addition, our research group
demonstrated in a microarray-based oligopeptide scanning
study that ovalbumin immunization results in greater diver-
sity of immune response at IgM level in bFcRn Tg mice as
compared with wt controls. As a next step, we analyzed the
diversity of the humoral immune response of bFcRn Tg mice
at greater details, using CDR3 spectratyping and Next Gene-
ration Sequencing (NGS) analysis. 

Materials and Methods: bFcRn transgenic and wild type
(wt; BALB/c) mice were immunized with different antigens
(ovalbumin, and transfected cells expressing human cell sur-
face molecules), using standard immunization protocols. Three
days after the booster injection the animals were sacrificed
and the antibody secreting plasma cells (CD138+) or the
CD19 and antigen double positive cells in case of OVA were
sorted out from the spleen by FACS. RNA was extracted from
the cells and cDNA library was made from them. Thereafter,
diversity of the heavy chain variable region of IgM and IgG
antibodies were analyzed by either CDR3 spectratyping or
NGS and evaluated by bioinformatics analysis.

Results and Discussion: We analyzed the diversity of the
BCR repertoire of bFcRn Tg and wt mice with different im-
munization protocols, antigens, cell types and Ig isotypes.
Our CDR3 spectratyping and NGS analysis show, that the BCR
repertoire of bFcRn Tg animals is significantly more diverse
compared to the wild type ones, which supports our previous
observations indicating that the FcRn augments the humoral
immune response and suggests, that the Tg mice are better
choice for monoclonal antibody production.
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INVESTIGATING THE ROLE OF PLCγ2 IN AUTOIMMUNE 
SKIN INFLAMMATION
KATA SZILVESZTER1, TAMÁS NÉMETH1, KITTI AJTAY1, 2, ZOLTÁN JAKUS1, 2, 
ATTILA MÓCSAI1

1Department of Physiology, Semmelweis University School 
of Medicine, Budapest, Hungary
2MTA-SE „Lendület” Lymphatic Physiology Research Group of 
the Hungarian Academy of Sciences and the Semmelweis 
University, Budapest, Hungary

Background: Investigating the pathogenesis of autoimmune
diseases is important due to their severity and the lack of
proper therapies. Epidermolysis bullosa acquisita (EBA) is a
human autoimmune skin inflammation caused by autoanti-
bodies against type-VII collagen (C7) which is an essential
component of the dermal-epidermal junction. Phospholipase
Cγ2 is an important member of immunoreceptor signaling
pathways leading to intracellular Ca2+ signal causing immune
cell activation. Our aim was to study the role of PLγ2 in the
effector phase of autoimmune skin inflammation using the
mouse model of EBA.

Materials and methods: Rabbits were immunized by a
GST fusion protein of the autoantigenic fragment of C7. Total
IgG was purified by proteinG affinity chromatography. Purity
was checked by SDS-PAGE. In the EBA model wild type and
PLCγ2 deficient mice were injected subcutaneously five times
with the total amount of 60 mg rabbit IgG. PBS was used as
control. The development of the disease was followed for
two weeks by measuring and scoring the affected skin area.
Histology samples were prepared from ears followed by H&E
staining and immunostaining against anti-rabbit IgG. Anti-C7
antibody levels in blood was tested by ELISA.

Results: Wild type mice developed a severe disease after
antibody-treatment compared to control-treated animals. We
observed alopecia, blisters and ulceration mostly on ears,
cheeks and limbs. In contrast, PLCγ2 deficient mice appeared
to be protected from the disease even though the amount of
circulating anti-C7 antibody was similar to the wild type.
Anti-C7 deposition at the dermal-epidermal junction in ear
sections were present but dermal immune cell infiltration
was strongly reduced in PLCγ2 deficient mice contrary to the
wild type.

Conclusions: PLCγ2 deficient mice failed to develop rele-
vant skin inflammation upon anti-C7 treatment compared to
wild type animals. However, anti-C7 IgG was present in the
circulation during the experiment and according to immuno-
staining it successfully deposited along the basement memb-
rane in the skin. These results indicate that PLCγ2 have a role
in the effector phase of autoimmune skin inflammation. 

ORAL TOLERANCE AND REGULATORY T CELL FUNCTION IS 
IMPAIRED IN INNATE IMMUNE ACTIVATION OF B CELLS IN EARLY
DIFFUSE CUTANEOUS SYSTEMIC SCLEROSIS
VIVIEN TELEK1, JUDIT RAPP1, ANDRÁS BOGNÁR1, GABRIELLA NAGY2, 
TÜNDE MINIER2, LÁSZLÓ CZIRJÁK2, TIMEA BERKI1, DIÁNA SIMON1

1University of Pécs, Clinical Center, Department 
of Immunology and Biotechnology
2University of Pécs, Clinical Center, Department 
of Immunology and Rheumatology

Objective: Immunological abnormalities including B cell acti-
vation with autoantibody and cytokine production is associa-
ted with systemic sclerosis (SSc). The underlying processes
remain elusive so far, but B cell activation is an early event
in the development of SSc. Classical activation downstream
of BcR and CD19 co-receptor engagement involves phospha-
tidylinositol-3 kinases (PI3K) signaling pathway and it also
integrates the effects of multiple other co-stimulatory recep-
tors. 

Methods: Peripheral blood CD19+ B cells were purified
from dcSSc patients and healthy controls. mRNA expression
of 92 phosphatidylinositol-3 kinases (PI3K) pathway related
genes was measured using a Taqman qPCR array and were
validated by individual qPCR. Isolated B cells were activated
by crosslinking the BCR in the presence or absence of IL-4. B
cells were also stimulated with TLR4 ligands and anti-human
CD180.

Results: Our analysis of PI3K pathway in CD19+ peripheral
blood B cells from early diffuse cutaneous SSc (dcSSc) pati-
ents showed an overexpression of molecules playing part in
alternate activation of B cells. Our finding that the expression
of both IL-4 receptor and osteopontin (SPP1) are upregulated
in B cells of untreated early dcSSc patients support the role of
alternate B-cell activation in the pathogenesis of SSc, but
they are downregulated upon immunosuppressive therapy.
Remarkably, upregulation of TLR4 and complement compo-
nent 3 and the downregulation of CD180 was not influenced
by immunosuppressive treatment suggesting that innate im-
mune molecules may have a role in preserving the activated
state of B cells in early dcSSc. Our results also suggest that
innate immune activation of B cells show differences in early
dcSSc compared to healthy controls. 

Conclusion: Analysis of purified B cells from early dcSSc
patients revealed that B cells possess molecular changes in
PI3K pathway that include innate immune signals. Under-
standing the involvement of alternate B-cell activation me-
chanisms in SSc could be essential for finding a clinically
useful therapeutic target.
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PHYLOGENESIS OF β-CATENIN: IDENTIFICATION AND 
CHARACTERIZATION IN ADULT, DEVELOPING AND 
REGENERATING EARTWORMS
GRÉTA TOLNAI1, PÉTER ENGELMANN1, ÁKOS BOROS2, ÉVA RUMPLER3, 
BOHDANA KOKHANYUK1, LÁSZLÓ MOLNÁR3, PÉTER NÉMETH1, 
KORNÉLIA BODÓ1

1Department of Immunology and Biotechnology, 
Clinical Center, University of Pécs, Pécs, Hungary
2Regional Laboratory of Virology, ANTSZ, Baranya County, 
Institute of State Public Health Service, Pécs, Hungary
3Department of Comparative Anatomy and Developmental 
Biology, Faculty of Sciences, University of Pécs, Hungary

Wnt/β-catenin signaling is a highly conserved pathway throu-
ghout evolution. β-catenin (β-cat) plays an essential role in
cell proliferation, differentiation, apoptosis, stem cell rene-
wal and immune cell functions. We aimed to isolate and cha-
racterize the potential homologue of β-cat in Eisenia andrei
earthworms. 

We hypothesized the presence of a β-cat homologue in E.
andrei due to its evolutionary conserved nature and central
function in the cellular homeostasis. Based on the available
annelid β-cat sequences conventional RT-PCR was executed
to identify a β-cat candidate. The resulted PCR products were
sequenced and analyzed. Then, qPCR analyses were perfor-
med to measure β-cat levels in adult tissues, embryos and
regenerating blastema. 

We identified the partial mRNA sequence for β-cat in E.
andrei (Ea-β-cat). The cloned cDNA of Ea-β-cat consisted of
518 bp in the coding region. The deduced amino acid sequ-
ence comprised of 172 amino acids that fits to the first
armadillo repeat. Phylogenetic analyses of Ea-β-cat showed
strong similarity among Lophotrochozoan β-cat sequences.
Ea-β-cat evidenced ubiquitous, but variable expression in the
different Eisenia tissues: high (metanephridia), moderate
(ventral nerve cord, ovary) or low (foregut, body wall, vesi-
cular seminalis, coelomocytes). During embryogenesis we
observed gradually elevation of Ea-β-cat up to the E4 stage.
During anterior and posterior regeneration the patterning
mechanisms was rather different. 

Wnt-signaling proteins are highly conserved in a variety
of organisms, but earthworms provided limited information
in this extent. We identified the partial coding sequence of
Ea-β-cat mRNA from E. andrei earthworms. Kinetic analysis of
Ea-β-cat expression upon pathogen exposure is in progress.
Based on our preliminary results Ea-β-cat plays indispensable
role in the regular physiological conditions but in tissue
renewal and blastema formation. 

This work was supported by the Bolyai János Research
Scholarship of the Hungarian Academy of Sciences and
MedicalSchool Research Foundation, University of Pécs (PTE-
ÁOK-KA 2017/04) to EP, GINOP-232-15-2016-00050 and
EFOP-361-16-2016-00004.

BIOMARKERS FOR THE EARLY DIAGNOSIS OF LUNG CANCER:  
C9 EPITOPE VARIABILITY
ILONA TORNYI1, 2, ANNAMÁRIA FERENCZI2, JÓZSEF LÁZÁR2, 
LÁSZLÓ TAKÁCS1, 2

1University of Debrecen, Department of Human Genetics
2Biosystems International Ltd.

Incidence of lung cancer (LC) is among the three leading
cancer types and takes the first place of cancer caused death.
Average survival rate at five years is only 16%, and this
depends on LC stage at diagnosis. Despite of novel therapies
(targeted, immune and biological therapies) survival did not
improve significantly since the early 1970-ies. With the help
of early discovery of asymptomatic LC via novel biomarkers
the survival rate is expected to improve. 

A major system of innate immunity is the complement
cascade (C), which also works in concert with adaptive im-
munity. The complement system includes a variety of pro-
teins that circulate in blood in inactive forms. Previously, we
identified the soluble form of plasma C9 as a member of a LC
specific biomarker panel. We showed that C9 levels (quan-
tity) in blood were significantly higher in LC compared to ap-
parently healthy controls, but we detected this phenomenon
exclusively via specific mAb-s reacting with particular epi-
topes of C9. With the aid of QuantiPlasmaTM monoclonal anti-
body library and the Randox Evidence Investigator System,
multiple C9 epitopes were profiled in LC patients and cont-
rols. Three epitopes of C9, which are detected by indepen-
dent C9 specific mAbs behave in different ways in LC. Rep-
resentation of C9 epitope-1, detected by BSI0581 increases,
epitope-2 (BSI0639) decreases, while C epitope-3 (BSI0449)
shows no-change.  

There are numerous causes of protein variability (alterna-
tive promoters, alternative splicing, etc.). The observed phe-
nomenon provides us with an experimental model to study
the mechanisms of biomarker protein variability in lung can-
cer and provides an important application for epitope mapp-
ing in early LC diagnosis. Initial experiments addressing C9
protein variability will be presented. 

MSCS HAVE THE POTENTIAL TO INDUCE THE GENERATION 
OF CTLA-4+ HUMAN MODCS 
ANETT TÜRK-MÁZLÓ1, MÁRTA TÓTH1, RAMÓNA KOVÁCS1, ÁGOTA APÁTI2, 
TAMÁS BÍRÓ1, KRISZTIÁN BENE1, ATTILA BÁCSI1, ÉVA RAJNAVÖLGYI1

1Department of Immunology; University of Debrecen Faculty 
of Medicine, Hungary
2Research Group of Membrane Biology; Hungarian Academy 
of Sciences and Semmelweis University, Hungary

Introduction: Professional antigen presenting dendritic cells
(DCs) are essential players in maintaining and restoring the
sensitive balance between tolerance and immunity. The
outcome of the communication between the highly plastic
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DCs and their cellular interaction partners is determined by
the developmental status and the functional activities of DCs
as well as the available combination of immunomodulatory
cytokines and lipid mediators. Mesenchymal stem cell like
(MSCl) cells are a relevant cell population having potent
ability to regulate the immune responses through the modu-
lation of DC differentiation. 

Methods: Wee co-cultured moDCs with MSCI cells for
three days at a ratio of 5:1. After 4 days the moDCs were se-
parated from the MSCl cells by the lectin receptor CD209. The
separated moDCs were characterized by the expression of
phenotypic and activation markers by using flow cytometry
and cytokine production measured by ELISA. The polarisation
of T cell response was monitored by ELISPOT and flow cyto-
metry. 

Results: In this study we revealed a mechanism by which
MSCs contribute to the generation of co-inhibitory Cytotoxic
T-Lymphocyte-Associated protein-4 (CTLA-4) and Program-
med Death-Ligand 1 (PD-L1) expressing DCs derived from
monocytes (moDCs) associated with inhibited expression of
group I CD1 molecules and with up-regulated appearance of
co-stimulatory and MHCII molecules. moDCs can be re-prog-
rammed by MSCs and are able to enhance the number of IL-
10 and IL-17 producing T cells on a CTLA-4 dependent man-
ner. We also identified the molecular mediators produced by
MSCs which can modify the differentiation of moDC. The de-
velopment and functions of moDCs are regulated by master
transcription factors including PPARγ and RARα which re-
ceptors can be ligated by MSC-derived lipids such as all-trans
retinoic acid (ATRA). We found that the selective blockade of
ATRA production in MSCs as well as the inhibition of PPARγ

and RARα activity in moDCs could restore the differentiation
program of moDCs. 

Conclusion: Collectively, we demonstrated that the cell
surface expression level of CTLA-4 on moDCs could be indu-
ced by a changed lipid microenvironment by MSCls on a
PPARγ and RARα dependent manner and the modulation of
moDC development by MSCl polarizes IL-10 and IL-17 pro-
ducing T cells on a CTLA-4 dependent manner. These results
can be associated with clinical benefits in case of pathogenic
conditions such as autoimmunity and cancer.

Support: The Project is Supported by the ÚNKP-18-3 New
National Excellence Program of the Ministry of Human Capa-
cities.

CHARACTERIZATION OF COMPLEMENT FACTOR H 
AUTOANTIBODIES IN NEUROMYELITIS OPTICA
BARBARA UZONYI1, ZSÓKA SZABÓ1, ESZTER TROJNÁR2, SATU HYVÄRINEN3,
HELLE H. NIELSEN4, KATALIN URAY5, ANNA ERDEI1, T. SAKARI JOKIRANTA3, 
ZOLTÁN PROHÁSZKA2, ZSOLT ILLES4, 6, MIHÁLY JÓZSI1

1Department of Immunology, Eötvös Loránd University, 
Budapest
2Research Laboratory, 3rd Department of Internal Medicine, 
Semmelweis University, Budapest
3Department of Bacteriology and Immunology, University 
of Helsinki
4Department of Neurology, University of Southern Denmark, 
Odense
5MTA-ELTE Research Group of Peptide Chemistry, 
Eötvös L. University, Budapest
6Division of Clinical and Experimental Neuroimmunology, 
University of Pécs

Neuromyelitis optica spectrum disorder (NMO-SD) is an auto-
immune inflammatory disease of the central nervous system
(CNS). NMO-SD is characterized by pathogenic, complement-
activating autoantibodies against aquaporin 4 (AQP4), the
main water channel in the CNS, and by lesions in the CNS
containing complement activation products. Additional auto-
antibodies are frequently associated with NMO-SD. Since
complement is implicated in the pathogenesis of NMO-SD,
our aim was to evaluate the presence of autoantibodies
against the complement regulator factor H (FH) in the serum
of NMO patients.

Serum samples of 45 NMO-SD patients, all seropositive
for AQP4 autoantibodies, were screened by ELISA. FH-specific
mAbs, recombinant FH fragments, FH-related protein 1 (FHR-
1) and synthetic peptides were used in ELISA to map auto-
antibody binding sites. Serum FHR-1 was analyzed by
Western blot. FH–autoantibody complexes in sera were
analyzed after IgG precipitation and Western blott. Avidity of
the antibodies was measured in ELISA using NaSCN as a
chaotropic salt. Inhibition of C3b binding to FH domains 19-
20 was measured by ELISA.

4 out of 45 patients (~9%) had FH autoantibodies of IgG
isotype. IgA was detected in one sample, also containing IgG
FH autoantibody, and all samples were negative for IgM. FH
autoantibody titres were low in three and high in one of the
positive sera. The avidity indexes calculated for the FH auto-
antibodies were low. FH–IgG complexes formed in vivo were
detected in the IgG fractions. The autoantibodies bound to FH
domains 19-20, and also recognized FHR-1. Two autoantibo-
dies bound within domain 19, one in domain 20 and one in
both domains. In line with that the epitope within domain 19
is exposed under reducing conditions, autoantibody binding
to reduced FH was stronger in those samples. FH autoanti-
bodies inhibited binding of C3b to FH, similar to pathogenic
FH autoantibodies associated with atypical hemolytic uremic
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syndrome (aHUS). In contrast to the majority of FH autoanti-
body-positive aHUS patients, these NMO-SD patients did not
lack FHR-1.

Our results identify FH autoantibodies in NMO-SD and
suggest that generation of antibodies against complement
components among other autoantibodies may contribute to
the complement-mediated damage in NMO-SD.

HEADCASE, A NOVEL REGULATOR OF HEMOCYTE 
DIFFERENTIATION IN DROSOPHILA MELANOGASTER
GERGELY I. B. VARGA1, GÁBOR CSORDÁS1, FERENC JANKOVICS1, 
TAMÁS LUKÁCSOVICH2, GYÖNGYI CINEGE1, RITA SINKA3, ÉVA KURUCZ1, 
ISTVÁN ANDÓ1* AND VIKTOR HONTI1*
1Institute of Genetics, Biological Research Centre of the
Hungarian Academy of Sciences, Szeged, Hungary
2University of Zurich, Zürich
3Department of Genetics, Faculty of Science and Informatics,
University of Szeged, Hungary
*Joint corresponding authors

Introduction: One of the main criteria of the effective immune
system is the precise regulation of blood cell development.
In the fruit fly, Drosophila melanogaster, the differentiation of
the immune cells, the hemocytes – the phagocytic plasma-
tocytes, the melanizing crystal cells and the encapsulating
lamellocytes – is controlled by a complex network of signal-
ing pathways. We isolated the ortholog of the human tumor
suppressor HECA, headcase (hdc), which is expressed in one
of the immune compartments of the larva, the lymph gland.
Headcase is downregulated in hemocytes that leave the or-
gan upon immune induction, suggesting that it may act as a
regulator of hemocyte differentiation.

Methods: P-element conversion and remobilization screens
were carried out to generate a hdc-Gal4 driver and an amor-
phic hdc allele. Gal4-UAS system was applied to study the ex-
pression pattern of the factor throughout the development of
the larva and to silence hdc by RNA interference. A candidate
misexpression – and silencing screen was performed to iden-
tify the potential interaction partners of Hdc. The hemato-
poietic compartments were analyzed with fluorescent and in
vivo confocal microscopy.

Results: In the lymph gland of the second instar larva, hdc
expression was detected in the blood cell progenitors (MZ),
in the differentiated hemocytes (CZ) and in the hematopoie-
tic niche (PSC), however the frequency of the cells expressing
hdc dramatically reduced by the end of the larval develop-
ment. In hdc mutant larvae, spontaneous lamellocyte diffe-
rentiation was observed. By silencing hdc with various he-
mocyte specific drivers, we mapped the focus of the muta-
tion to the PSC and the MZ of the lymph gland. In a PSC-spe-
cific misexpression screen, we identified the JAK/STAT, the
Decaplentaplegic (Dpp) and the Hedgehog (Hh) pathways as
potential interacting partners of Hdc.

Conclusions: Our results show that Hdc is a key regulator
of lamellocyte differentiation via its interaction with the JAK/
STAT, the Dpp and the Hh pathways.

Acknowledgement: Our work is supported by OTKA NK-
101730 (IA), PD-115534 (VH) and GINOP-2.3.2-15-2016-
00001 grants. The research of V. Honti and G. I. Varga was
supported by the European Union and the State of Hungary,
co-financed by the European Social Fund in the framework of
TÁMOP-4.2.4.A/ 2-11/1-2012-0001 ‘National Excellence
Program’.

NOVEL IMIDAZO[1,2-B]PYRAZOLE-7-CARBOXAMIDES INDUCE 
APOPTOSIS IN HUMAN LEUKEMIA CELLS AT NANOMOLAR 
CONCENTRATIONS 
VANESSZA LAURA VÉGI1, 3, JÓZSEF Á. BALOG1, ANDRÁS DEMJÉN3, 
LÁSZLÓ JR. HACKLER3, IVÁN KANIZSAI3, LÁSZLÓ G. PUSKÁS1, 3, 
GÁBOR J. SZEBENI1, 2

1Laboratory of Functional Genomics, Institute of Genetics, 
Biological Research Centre, Hungarian Academy of Sciences, 
Szeged, Hungary
2Department of Physiology, Anatomy and Neuroscience, 
Faculty of Science and Informatics, University of Szeged,
Szeged, Hungary 
3Avidin Ltd., Szeged, Hungary

Leukemia, the malignancy of the haematopoietic system ac-
counts for 10 % of cancer cases with poor overall survival
rate in adults warning high unmet medical need for the de-
velopment of novel therapeutics. The library of 78 novel imi-
dazo[1,2-b]pyrazole-7-carboxamides has been recently
synthetized and published by Avidin Ltd. for anti-tumor acti-
vity. Further development resulted in more active compounds
against leukemia cells reported herein.

Eight original imidazo[1,2-b]pyrazole-7-carboxamides has
been tested for cytotoxic activity against five leukemia cell
lines: acute promyelocytic leukemia (HL-60), acute monocy-
tic leukemia (THP-1), acute T-lymphoblastic leukemia (MOLT-
4), biphenotypic B myelomonocytic leukemia (MV-4-11) and
chronic myelogenous leukemia (K562), and human primary
fibroblasts as healthy control cells in vitro. Inhibitory concent-
ration 50 (IC50) has been determined for each cell type by the
resazurin viability assay upon 72h treatment. Apoptosis has
been studied by flow cytometry by Annexin V and propidium
iodide staining after 24h of treatment. The expression of
genes associated with drug induced cytotoxicity has been
studied by quantitative real-time PCR after treatment with 40
nM and 200 nM compounds for 6, 12 and 24 hours.

Seven compounds of eight hampered the viability of all
five leukemia cell lines with different potential. Optimization
of structure activity relationship resulted in the following IC50

values for the most effective lead compound DU385: 16.54
nM, 27.24 nM and 32.25 nM on HL-60, MOLT-4, MV-4-11,
respectively. Human primary fibroblasts were resistant in the
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applied concentration range (12.3 nM – 3 mM). Four com-
pounds under 100 nM IC50 value have been selected for
apoptotic studies on the most sensitive three cell lines (HL-
60, MOLT-4, Mv-4-11). Flow cytometry confirmed the abs-
ence of necrosis and revealed 60% late apoptotic population
for MV-4-11 and 60% early apoptotic population for HL-60
suggesting that MV-4-11 cells are most sensitive to drug
candidates. MOLT-4 cells showed only about 20% of total
apoptotic population indicating that lymphoid leukemias are
less sensitive than myeloid leukemia cells. Toxicogenomic
study of the most active DU385 on the most sensitive Mv-4-
11 cells dissected an early and a late response upon treat-
ment. Genes were significantly downregulated as an early (6h)
or midterm response (12h): EGR1, ATF3, FGF21, SLC21A3,
LGALS1, LBR, ALOX5AP, TXN, ANXA2, GADD153, SOD1, UBC,
BCL2A1, HSPA1A, CALR. Genes were significantly upregulated
after 24h treatment: GDF15, ATF3, FGF21, SLC21A3, LBR,
ALOX5AP, BCL2A1. 

Novel imidazo[1,2-b]pyrazole-7-carboxamides induced
apoptosis in human leukemia cells at nanomolar concentra-
tions. 

Funding: GJSz was supported by János Bolyai Research
Scholarship (BO/00139/17/8) and Bolyai+ Research Scholar-
ship (UNKP-18-4-SZTE-73).

IDENTIFICATION OF A FHR3 HYBRID PROTEIN IN A PATIENT WITH 
FAMILIAL FORM OF C3-GLOMERULONEPHRITIS 
NORA VESZELI1, BARBARA UZONYI2, NORA GARAM1, SIMONA STANCU3, 
ADRIAN CATALIN LUNGU4, MIHÁLY JÓZSI2, ZOLTÁN PROHÁSZKA1, 
DOROTTYA CSUKA1

1Research Laboratory, IIIrd Department of Internal Medicine, 
and MTA-SE Research Group of Immunology and Hematology, 
Hungarian Academy of Sciences and Semmelweis University, 
Budapest, Hungary
2Complement Research Group, Department of Immunology, 
ELTE Eötvös Loránd University, Budapest, Hungary
3Carol Davila University of Medicine, Bucharest, Romania
4Fundeni Clinical Institute, Pediatric Nephrology Department, 
Bucharest, Romania 

Introduction: C3 glomerulopathy (C3G) is an ultra-rare
complement-mediated renal disease characterized histologi-
cally by the predominance of C3 deposition within the glo-
meruli. Familial cases of C3G are uncommon and offer excep-
tional insight into the genetic drivers of complement dysre-
gulation. As part of the genetic diagnostic workup of a C3-
glomerulonephritis (C3GN) patient, multiplex ligation-depend-
ent probe amplification (MLPA) assay covering the comp-
lement factor H-related (CFHR) region was performed, and a
genomic rearrangement was identified. The deletion in the
CFHR3-1 region raised the possibility that an unusual hybrid
protein may exist in the patient.

Methods: We obtained blood samples from 13 individuals

from the patient’s family. MLPA assay were performed with
SALSA MLPA probemix P236-A3 kit (MRC-Holland, the Nether-
lands), designed to detect deletions or duplications in  CFH,
CFHR1, CFHR2, CFHR3 and CFHR5. We performed Western blot
(WB) analyses with the serum of the patient as well as the
involved family members using a panel of antibodies against
FHR proteins. We designed a genomic PCR to verify the
presence of the CFHR3-1 hybrid gene.

Results: WB analyses using monoclonal anti-FHR3, mono-
clonal anti-FH and monoclonal anti-FHR1 antibodies verified
that the patient has no normal FHR3 protein but has a hybrid
protein at 44-46 kDa consisting of FHR3 SCRs 1-2 and pro-
bably all five SCR domains of FHR1. The mother of the patient
and her first degree cousin, both of them having end-stage
renal disease, showed an identical FHR3 hybrid protein on
WB. Three children in the family also showed the FHR3 hybrid
protein on WB. We confirmed the presence of the CFHR3-1
hybrid gene in the family members who express the FHR3
hybrid, whereas no amplicon was generated in individuals
with either two copy of the CFHR3 and CFHR1 genes or with
homozygous CFHR3-CFHR1 deletion. 

Conclusion: Based on our results the presence of the
CFHR3-1 hybrid gene in all affected family members can be a
unique cause of the disease in this family. We could not de-
monstrate complete segregation with the disease because
three children carry the CFHR3-1 hybrid gene, however fol-
low-up of them is ongoing because of their young age.

Support: National Research Fund of Hungary (OTKA
PD116119).

SYK/CARD9 DEPENDENT IMMUNITY TO CANDIDA PARAPSILOSIS
ERIK ZAJTA1, KATALIN CSONKA1, ADÉL TÓTH1, JANKA ZSÓFIA CSEPREGI2, 
ANITA OROSZ2, TAMÁS NÉMETH2, CSABA VÁGVÖLGYI1, ATTILA MÓCSAI2, 
ATTILA GÁCSER1, 3

1Department of Microbiology, University of Szeged, Szeged, 
Hungary
2MTA-SE 'Lendület' Inflammation Research Group, 
Department of Physiology, Faculty of Medicine, Semmelweis 
University, Budapest, Hungary
3MTA-SZTE ‘Lendület’ „Mycobiome” Research Group

C-type lectin receptors signal through Syk and CARD9. Several
major fungal pathogens activate this route in innate immune
cells. Candida parapsilosis is a regular cause of candidaemia
and threatens especially neonates. Nevertheless, little is
known about the immunological pathways triggered by C.
parapsilosis infections. We aimed to examine the role of Syk
and CARD9 in experimental C. parapsilosis infections. 

We generated bone marrow chimeras with wild type
(WT), Syk- or CARD9-deficient hematopoietic systems. Perito-
neal macrophages and bone marrow derived macrophages
were cultured and infected with C. parapsilosis or C. albicans.
Supernatants were analysed for cytokine content. Phagocy-
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tosis of C. parapsilosis and subsequent phagosomal acidifica-
tion in macrophages were assessed by FACS. Mice were in-
fected intravenously with C. parapsilosis or C. albicans and
fungal burden was determined from organs and blood. PAS
and HE stained histological sections from kidneys were pre-
pared and examined for fungal presence and signs of in-
flammation. IL-1β was measured from kidney homogenates.

The absence of Syk or CARD9 in macrophages led to redu-
ced proinflammatory cytokine secretion upon both C. albicans
and C. parapsilosis infections. There was no difference in pha-
gocytic activity between WT and CARD9 KO macrophages. Syk
KO macrophages phagocytosed both yeast species less effici-
ently than WT cells. Ongoing experiments also seem to sug-
gest impaired phagosomal acidification in Syk KO macropha-
ges. Both Syk- and CARD9-deficient mice were highly suscep-
tible to C. albicans. Syk- and CARD9-deficient mice were only
slightly more sensitive to systemic C. parapsilosis infection
than WT mice. Abundant C. albicans hyphae and leukocyte in-
filtrates were detected in the kidneys of C. albicans infected
Syk- and CARD9-deficient mice. Fungal presence was scarce
and strong inflammation was not seen in sections made from
kidneys with all other experimental conditions. High produc-
tion of IL-1β was measured in the kidneys of C. albicans in-
fected Syk- and CARD9-deficient animals in contrast to C. pa-
rapsilosis infected ones.

Our data revealed that both Syk and CARD9 influence CC.
parapsilosis induced host responses in vitro. However, unlike
in the case of C. albicans, these signalling molecules are not
as crucial players in the control of systemic C. parapsilosis
infection as seen in C. albicans infection. This project was
funded by NKFIH K123952 and GINOP-2.3.2- 15-2016- 00015.

INTERACTION OF KERATINOCYTES WITH THE SKIN 
COMMENSALIST CANDIDA PARAPSILOSIS AND PATHOGENIC 
CANDIDA ALBICANS
ERIK ZAJTA1, EMESE HALMOS1, MÁTÉ CSIKÓS1, LILLA ERDEI2, 
KORNÉLIA SZABÓ3, CSABA VÁGVÖLGYI1, LAJOS KEMÉNY2, 3, ATTILA GÁCSER1, 4

1Department of Microbiology, University of Szeged, Szeged, 
Hungary
2Department of Dermatology and Allergology, 
University of Szeged, Szeged, Hungary
3MTA-SZTE Dermatological Research Group, Szeged, Hungary
4MTA-SZTE ‘Lendület’ „Mycobiome” Research Group

Candida infections are globally prevalent and are a threat to
e.g. low weight neonates and immunocompromised patients.
Besides severe deep-seated infections, Candida species can
also lead to cutaneous infections. Candida parapsilosis is a
commensalist on the human skin and rarely leads to disease
there. In contrast, Candida albicans is not an element of the
normal flora of the human skin, yet is the most predominant
etiological agent of cutaneous candidiasis. We aimed to exa-
mine the interaction of the more pathogenic Candida albi-
cans and the less harmful Candida parapsilosis with human
keratinocytes.

We infected HaCaT and HPK-KER cell lines with Candida
albicans (WO1 and SC5314 strains) and Candida parapsilosis
(Clib214 and GA1 strains). We determined LDH activity from
supernatants of infected keratinocytes and measured cyto-
kine production from supernatants with ELISA. We used fluo-
rescently stained yeast cells to investigate the attachment
and phagocytic activity of keratinocytes against the two spe-
cies with imaging flow cytometry.

Candida albicans damaged keratinocytes to a higher
extent than Candida parapsilosis. Both Candida species indu-
ced the production of IL-6, IL-8 and CCL5 cytokines in a cell
line and strain dependent manner. No detectable IL-1β, TNF-
α and IL-10 was produced by Candida infected keratinocytes.
Cells of both Candida species were able to adhere to kerati-
nocytes and we observed occasional phagocytosis of both
yeasts by skin cells. However, yeast-keratinocyte association
was very sparse in both cases.

This project may help to better understand skin immunity
to pathogenic and commensalist microbes. This project was
funded by GINOP-2.3.2- 15-2016- 00015.
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Tocilizum
ab újdonságok

Bevezetés

A célzott terápia nagy áttörést jelentett az arthritises és au-
toimmun betegek kezelésében [1, 2]. Az EULAR legfrissebb,
2016-os, rheumatoid arthritisre (RA) [3], illetve korai arthri-

tisre [4] vonatkozó ajánlásai pontosan meghatározzák a cél-
zott terápia bevezetésének feltételeit és a kezelés folyama-
tát.

Az interleukin-6 (IL-6) proinflammatorikus citokin, mely
központi szerepet játszik az arthritist kísérô gyulladásos fo-

Tocilizumab: mi az új a Nap alatt?

Az elmúlt két évben nagy mennyiségû új adat jelent meg az IL-6-receptor-gátló tocilizumab (TCZ) hatásairól rheumatoid
arthritisben (RA), juvenilis idiopathiás arthritisben (JIA) és óriássejtes arteritisben (GCA), azaz a TCZ-kezelés indikációit ké-
pezô betegségekben. Több klinikai vizsgálatban nyert megerôsítést a TCZ hatékonysága és biztonságossága intravénás vagy
subcutan, methotrexattal (MTX) kombinációban vagy monoterápiában alkalmazva. RA-ban igen hatékony a korai beteg-
ségben. Számos adat szerint a TCZ kedvezôen befolyásolja a betegek által jelentett mutatókat, a munkaképességet és az
életminôséget. Lassítja a radiológiai progressziót, és, MRI-vizsgálatok alapján, csökkenti a synovitist. JIA-ban javíthatja a
növekedést. Igen jó a TCZ-hez való adherencia. GCA-ban kiemelkedô hatékonyságú. A klinikai remisszióban levôknél is
fennmaradhat szubklinikus gyulladás, ezért a TCZ-kezelést tartósan folytatni kell. A TCZ-kezelés mellett sok információt
kapunk az IL-6 patogenetikai szerepérôl, hiszen a TCZ befolyásolja az adipokineket, az extracelluláris mátrix molekulákat,
csökkenti a gyulladásos angiogenesist és csontvesztést. A terápiás hatást több biomarker (pl. IL-6, sIL-6R, mátrixmole-
kulák) jelezheti. A TCZ immunogenitása nagyon alacsony. A társbetegségek tekintetében az ENTRACTE és más vizsgálatok
alapján a TCZ valószínûleg nem növeli a cardiovascularis rizikót. Kedvezôen befolyásolja a szénhidrát-anyagcserét, a fá-
radtságot, a szekunder osteoporosist és ritkán okoz súlyos májfunkciós eltéréseket. Összességében a TCZ mindegyik indi-
kációjában igen hatékony. 

Kulcsszavak: rheumatoid arthritis, juvenilis idiopathiás arthritis, óriássejtes arteritis, interleukin-6, tocilizumab,
kortikoszteroid, cardiovascularis, immunogenitás

TOCILIZUMAB: WHAT IS NEW UNDER THE SUN?

During the last two years, a great amount of new data has been published with respect to the effects of the IL-6 receptor
inhibitor tocilizumab (TCZ) in rheumatoid arthritis (RA), juvenile idiopathic arthritis (JIA) and giant-cell arteritis (GCA). These
are the approved indications for TCZ. Numerous clinical trials supported the efficacy and safety of TCZ both in intravenous
or subcutaneous forms, both in combination with methotrexate (MTX) or in monotherapy. In RA, it is highly effective in
early disease. TCZ favourably influences patient-reported outcomes, work productivity and quality of life. TCZ slows radio-
graphic progression and, due to MRI studies, suppresses synovitis. In JIA, TCZ may stimulate growth. There is good ad-
herence to TCZ. In GCA, TCZ exerts extraordinary efficacy. However, in clinical remission, subclinical inflammation may per-
sist, therefore, sustained TCZ therapy is needed. TCZ treatment enlightens numerous aspects of the action of IL-6. TCZ in-
terferes with adipokine release and extracellular matrix molecules, inhibits inflammatory angiogenesis and bone dest-
ruction. There are some biomarkers of therapeutic efficacy (e.g. IL-6, sIL-6R, matrix molecules). TCZ has very low immu-
nogenicity. With respect to comorbidities, ENTRACTE and other studies suggest that TCZ does not increase cardiovascular
risk. TCZ favourably affects carbohydrate metabolism, osteoporosis, fatigue and only very rarely causes severe liver to-
xicity. In summary, TCZ is efficacious in all indications.  

Keywords: rheumatoid arthritis, juvenile idiopathic arthritis, giant-cell arteritis, interleukin 6, tocilizumab, corticosteroid,
cardiovascular, immunogenicity

SZAMOSI SZILVIA, SZÛCS GABRIELLA, SZEKANECZ ZOLTÁN

Debreceni Egyetem Általános Orvostudományi Kar, Belgyógyászati Intézet, Reumatológiai Tanszék, Debrecen



lyamatokban, de részt vesz a szisztémás tünetek kialakulá-
sában is [5]. Az IL-6 központi szerepét korábban e lap ha-
sábjain már áttekintettük [6]. Jelenleg egy IL-6–receptor- (IL-
6R-) gátló, a tocilizumab (TCZ), törzskönyvezett és hazánkban
támogatott is az RA kezelésére. A TCZ-t korábban törzsköny-
vezték a polyarticularis (pJIA) [7] és szisztémás (sJIA) juve-
nilis idiopathiás arthritis kezelésére is [8]. Legutóbb 2016-
ban foglaltuk össze az Immunológiai Szemle hasábjain a TCZ-
vel kapcsolatos friss adatokat [9].

A reumatológiában és immunológiában a kutatás és fej-
lesztés rohamléptekkel halad. Ez vonatkozik a TCZ-re is,
amellyel kapcsolatban évente száznyi új közlemény jelenik
meg. A legfontosabb a már említett, 2016-2017-ben publi-
kált friss RA [3] és korai RA ajánlás [4]. Emellett idôközben,

miután egyértelmûen igazolódott a TCZ hatékonysága és
biztonságossága óriássejtes arteritisben (giant cell arteritis,
GCA) [10, 11], a szert 2017-ben Európában, így hazánkban is
törzskönyvezték a GCA kezelésére [12]. Ezért úgy gondoltuk,
áttekintjük a TCZ-vel kapcsolatban az elmúlt két évben meg-
jelent érdekesebb és fontosabb információkat (1. táblázat).

A tocilizumabterápia 
a nemzetközi ajánlásokban

Az EULAR 2016-ban újította meg az RA hagyományos és cél-
zott betegségmódosító szerekkel való kezelésére vonatkozó
ajánlásait. Az ajánlás megerôsítette, hogy a TCZ alkalmazható
methotrexat- (MTX-) hatástalanság után elsô vonalban köz-
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1. táb lá zat. Fôbb új adatok a tocilizumabkezelés hatásairól*

Kategória Betegség Hatás

Klinikai hatékonyság RA – hatékonyság korai RA-ban (U-Act-Early)
– kombináció utáni MTX-elhagyás után a hatékonyság fennmarad
– javulnak a PRO-k
– javul az életminôség
– javul a munkahelyi produktivitás

pJIA, sJIA – a növekedési retardáció ellen hat (pJIA)
– fokozott perzisztencia (sJIA)

GCA – kiemelkedô hatékonyság, klinikai remisszió közel 100%-ban

Képalkotás RA – röntgenen a radiológiai progresszió lassul
– MRI-n a synovitis gyulladásos foka csökken

GCA – klinikai remisszió esetén szubklinikus gyulladás maradhat fent az érfalban
(MRA, PET-CT)

Patogenezis megismerése RA – adipokinek: chemerin csökken, adiponektin nô
– sejtadhézió, mátrixmolekulákra hat
– csökken a gyulladásos angiogenesis
– csökken a gyulladásos csontvesztés
– helyreállítja a B-sejt citokinegyensúlyt 
– csökkenti a C3, C4 komplementfaktorokat

Biomarkerek RA – ACPA-státusztól függetlenül hatékony
(hatékonyság) – kiinduláskor magas IL-6 és alacsony sIL-6R esetén jobb hatékonyság

– hatás összefügg bizonyos mátrixkomponensekkel

Immunogenitás RA – gyógyszerellenes antitest nagyon ritka

Társbetegségek RA – nem fokozza a CV kockázatot (ENTRACTE, más vizsgálatok)
– csökkenti az NT-proBNP-szintet
– csökkenti a proatherothromboticus profilt
– hiperkatabolizmus miatt emeli a lipidszinteket (lipidparadoxon)
– csökkenti a HgbA1c-t
– csökkenti a fáradtságot
– lassítja/megállítja a csontvesztést
– ritkán okoz súlyos májfunkciós eltérést
– ritkán okoz súlyos infekciót
– hepatitis B-n átesetteknek is adható
– valószínûleg nem fokozza a daganatok kockázatát

*A rövidítések magyarázatát lásd a szövegben



vetlenül, vagy más hatásmechanizmusú biológiai terápia után
másod- és harmadvonalban is. Ami újdonság, hogy az ajánlás
9. pontja kiemeli, hogy bár a biologikumokat MTX-szel kom-
binálva javasolt adni, azon betegekben, akikben MTX nem ad-
ható, a TCZ és a szintetikus célzott szerek (JAK-gátlók) elônyt
élveznek más biologikumokkal szemben, azonban jelenleg a
legtöbb klinikai bizonyíték a TCZ-vel van [3]. Az új korai RA
ajánlás hasonló elveket követ, a TCZ-re vonatkozó egyéb meg-
fontolásokra nem tér ki [4].

Bár GCA-ra vonatkozóan hivatalos terápiás ajánlás nem
jelent meg, meg kell említenünk, hogy az EULAR munkacso-
port, Dejaco és mtsai [13] 2018-ban közölte a GCA képalkotó
diagnosztikájára vonatkozó ajánlását, amelynek fontos rele-
vanciája van a TCZ kezelésre nézve. Összesen 12 pontban fo-
galmazták meg ajánlásaikat. GCA-ban az ultrahangot java-
solják elsô lépésben, a koponya ereinek arteritise esetén az
MRI nem ajánlott. A PET-CT alternatív lehetôség. A képalkotás
segíthet a gyulladásos aktivitás monitorozásában, a terápia
követésében [13].

Klinikai vizsgálatok: közelebb 
az IL-6-gátlás hatásmechanizmusához

Rheumatoid arthritis

A legtöbb adat a 2016-ban folytatott U-Act-Early klinikai vizs-
gálat kapcsán jelent meg. Mint két éve már beszámoltunk
róla [9], a holland munkacsoport, jelesül Bijlsma és mtsai
[14] végezték ezt a korai terápiás ablak elvének megfelelô
multicentrikus, randomizált, kontrollált, kettôs vak (RCT) vizs-
gálatot. Ebben korai RA-ban szenvedô betegeket kezeltek a
napi gyakorlatnak megfelelôen TCZ + MTX kombinációval, il-
letve TCZ- vagy MTX-monoterápiával. A betegek valóban na-
gyon korai fázisban voltak, az átlagos betegségtartam 25–27
nap (!) volt. Az elsôdleges végpont a remisszió (DAS28 <2,6)
volt, amely legalább 24 hétig tartott (tartós remisszió). Ami-
kor ezt a tartós remissziót elérték, a TCZ-t, illetve MTX-et le-
építették, majd elhagyták. A betegeket 60, sôt 120 hétig után-
követve, a TCZ + MTX kombinációt kapók 85%-a, a TCZ-mo-
noterápián lévôk 80%-a, az MTX-monoterápiával kezeltek
40%-a volt remissszióban [14]. Ezt követôen további elemzé-
sek történtek a U-Act-Early tanulmányban. Teitsma és mtsai
[15] a beteg által jelentett kimeneteli mutatók (patient re-
ported outcome; PRO) vonatkozásában azt találták, hogy az
életminôségi indexek (SF-36 fizikai komponens, EQ-5D) szig-
nifikánsan jobban javultak bármely TCZ-stratégia (TCZ + MTX
vagy TCZ-monoterápia) mellett, mint MTX esetén [15]. 

A U-Act-Early vizsgálatot is végzô munkacsoport, Teitsma
és mtsai [16] elvégezték a TCZ mono- és kombinációs terápia
metaanalízisét is. Összesen 13 RCT-t választottak be, a meta-
analízist 6679 kezelt betegen végezték. Amikor a kombinált
TCZ- és a TCZ-monoterápiát vetették össz, kismértékben több

beteg került remisszióba (DAS28 <2,6) (RR 1,21; 95% CI: 1,09–
1,36), illetve többen teljesítették az ACR50 választ (RR 1,14;
1,03–1,26) a kombinációs kezelés mellett. Ezzel együtt azon-
ban a súlyos mellékhatások (SAE) aránya is szignifikánsan
magasabb volt (RR 1,40; 1,03–1,92) a kombináció mellett.
Emellett azt is igazolták, hogy szintetikus DMARD (csDMARD-)
kezelés mellett, amennyiben a célt nem érik el, mindenkép-
pen statisztikailag hatékonyabb bármelyik TCZ-stratégiára
(monoterápia vagy kombináció) váltani, mint a csDMARD-ke-
zelésen maradni [16]. Ami a radiológiai progressziót illeti, az
erosiók tekintetében két év után a progresszió lassabb volt a
TCZ + MTX és a TCZ-karokon a MTX-karhoz képest. Az ízületi
rés szûkület tekintetében nem volt különbség a három kar kö-
zött. A progressziólassítás elsôsorban a lábakon volt kifeje-
zett. A progressziót nem mutató betegek aránya is szignifi-
kánsan magasabb volt TCZ-kezelés mellett az MTX-karhoz ké-
pest mind 52, mind 104 hét után [17]. A U-Act-Early vizsgá-
latban elemezték a hatékonysággal összefüggô fehérjebio-
markereket is, amiket késôbb mutatunk be [18].

Ishiguro és mtsai [19] Japánban végezték a FIRST Bio vizs-
gálatot. Ebben a biológiai terápia naiv betegek TCZ-kezelését
elemezték a mindennapi gyakorlatban. Összesen 839 TCZ-vel
elsô vonalban kezelt beteg adatait elemezték. A CDAI remisz-
sziós arány 37% volt. A remissziót elérôk fiatalabbak voltak,
rövidebb betegségtartammal és társbetegségek nélkül. A
HAQ-DI legalább 0,5 pontos csökkenése a betegek kétharma-
dában jelentkezett. Az eleinte kombinációban adott MTX és
kortikoszteroid (KS) elhagyása a betegek 19, illetve 34%-ában
volt lehetséges a TCZ-kezelés során. A SAE incidenciája 18 ese-
mény/100 betegév volt, a leggyakoribb detektált mellékha-
tás az infekció [19]. 

Szólnunk kell a 22 országban lefolytatott TOZURA vizsgá-
latról is. Choy és mtsai [20] számoltak be e IV. fázisú program
eredményeirôl. Ebben a nyílt vizsgálatban 1804 RA-s beteg
24 hétig kapott sc. TCZ-t monoterápiában (19,6%) vagy kom-
binációban (80,4%). A DAS28-We szignifikánsan csökkent. A
remissziót vagy ACR20, ACR50, ACR70 választ elérôk aránya
azonos volt mono- és kombinációs terápia mellett. SAE a be-
tegek 5,8%-ában lépett fel. Ez a tanulmány is igazolta a sc.
TCZ hatékonyságát mind MTX-szel kombinálva, mind mono-
terápiában [20]. 

A strukturális károsodást vizsgálták Bird és mtsai [21] az
AC-CUTE nyílt ausztrál vizsgálatban. Összesen 52 közepesen
súlyos vagy súlyos RA-s beteget vontak be és a kezek és lá-
bak röntgen-, valamint a kezek MRI-vizsgálatát végezték el
sc. TCZ-kezelés mellett. MRI-n a synovitis szignifikánsan csök-
kent. A radiológiai progresszió tekintetében nem volt szigni-
fikáns változás. Mindezt klinikai javulás kísérte: 24 hét után a
betegek 78%-a ért el DAS28 remissziót [21].

Ebina és mtsai [22] az ANSWER kohorszban hét biologi-
kum retencióját és a kezelés félbeszakításának okait hason-
lította össze. Összesen 1037 kezelési eseményt dolgoztak fel.
Ennek 44%-ában (455 esemény) kellett az adott szert leál-
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lítani. A leállítások hátterében hatástalanság/hatásvesztés
(21%), káros mellékhatások (8%), a remisszió elérése (4%)
és egyéb okok (11%) álltak. Összességében a retenciós ráta
legmagasabb a TCZ és az abatacept esetén volt. A TCZ ese-
tében a hatástalanság miatt ritkábban kellett a kezelést leál-
lítani, mint az infliximab esetében [22].

Fontos kérdés lehet, hogy azoknál, akik TCZ és MTX kom-
binációt kapnak, az MTX elhagyása után, TCZ-monoterápia ese-
tén fennmarad-e a hatékonyság. Kremer és mtsai [23] vizs-
gálatában MTX-re nem reagáló RA-s betegek TCZ + MTX kom-
binációt kaptak. Ezután 24 heti kezelést követôen a legalább
LDA-t elérôk az 52. hétig vagy folytatták a kombinációt, vagy
az MTX-et elhagyva TCZ-monoterápiát kaptak. A kezdeti 718
betegbôl 24 hét után 296-ot tudtak tovább követni. Az MTX
abbahagyása nem hozott rosszabb eredményt a betegség-
aktivitás vonatkozásában (noninferioritás) a kombinációt foly-
tatókhoz képest. A mellékhatások aránya is hasonló volt a
két csoportban. A TCZ + MTX kezelés során legalább LDA-t el-
érôknél tehát az MTX elhagyható [23].

Strand és mtsai [24] TCZ-monoterápia mellett követték a
PRO-k alakulását. Két III. fázisú vizsgálat (AMBITION, ADACTA)
adatait elemezték. Az AMBITION vizsgálatban a TCZ-monote-
rápiával kezelt betegekben kifejezettebben javult a funkció
(HAQ), fáradtság (FACIT-Fatigue), az életminôség-skála fizikai
komponensei (SF-36 PCS) az MTX-szel szemben. Az ADACTA
vizsgálatban jobban javult a betegek megítélése, a fájdalom
és az SF-36 skála mentális komponensei a TCZ-kezelés mel-
lett adalimumabbal szemben [24]. Ugyanez a munkacsoport
TCZ-vel iv. és sc. kezeltekben is összevetette a PRO-kra gya-
korolt hatást. Az OPTION, SUMMACTA és BREVACTA vizsgála-
tok alapján az iv. és sc. beviteli mód szempontjából nincs kü-
lönbség. A TCZ mindkét esetben szignifikánsan javította a
PRO-kat a placebóhoz képest [25].

Tanaka és mtsai [26] a FIRST ACT-SC vizsgálatban a TCZ és
a munkaképesség összefüggéseit kutatták. A sc. TCZ hatásait
a mindennapi életben vizsgálták japán dolgozók, illetve ház-
tartásbeliek körében. A vizsgálatban 377 RA-s beteget sc.
TCZ-vel, 347-et csDMARD-okkal kezeltek. Egyéves kezelés után
elemezték az általános munkaképességet. Amíg a teljes mun-
kaképtelenség (OWI) szempontjából nem volt különbség a
két csoport között, a munkahelyi produktivitási és aktivitási
index (WPAI), valamint az életminôség vonatkozásában a
TCZ-vel kezelt betegek jobban teljesítettek [26].

A humán klinikai vizsgálatok alkalmasak arra is, hogy az
IL-6 útvonal gátlása révén megértsünk bizonyos patogene-
tikai, sejtes és molekuláris kérdéseket. Az adipokinek fontos
szerepet játszanak az RA kialakulásában [27]. Fioravanti és
mtsai [28] 44 beteget kezelt négyhetente 8 mg/kg TCZ-mo-
noterápiával vagy TCZ + MTX kombinációval. Amellett, hogy
kiváló klinikai választ észleltek, az egyértelmûen proinflam-
matorikus chemerin szintje csökkent, az antiinflammatorikus
adiponektiné nôtt mindkét TCZ-vel kezelt csoportban. A leptin
és a rezisztin szintje nem változott [28].

A IV. típusú kollagén a basalis membrán alkotórésze, mely-
nek komoly szerepe van a gyulladást kísérô adhezív folya-
matokban [29]. Gudmann és mtsai [30] a TCZ-vel végzett
RADIATE és LITHE vizsgálat összesen 900 betegének szérum-
mintáiban a IV. típusú kollagén metabolizmusának markerét
(C4M) vizsgálta. A TCZ dózisfüggô módon, 11–40%-kal csök-
kentette a C4M szérumszintjét. Az ACR20 szerinti válasz esé-
lye összefüggött a C4M-szuppresszió mértékével [30].

A TCZ-terápia az RA-ban megváltozott B-sejt-egyensúlyt
is helyreállíthatja. Fleischer és mtsai [31] a TCZ-kezelés B-sejt
citokinprofilra gyakorolt hatását elemezték aktív RA-ban. Ak-
tív RA-ban a B-sejtek fokozottan termelik az IL-8 és groα ke-
mokineket. Ezzel együtt számos olyan citokin termelése csök-
kent, ami a B-sejt receptor (BCR) aktiváció révén termelôdik.
Így a protektív TRAIL termelôdése is csökkent RA-ban. Ezek a
patológiás eltérések helyreálltak TCZ-kezelés mellett [31].

RA-ban fokozott angiogenesis figyelhetô meg, amely a
gyulladásos leukocyták synoviumba való fokozott áramlásá-
ban nyilvánul meg [32]. A célzott terápiák csökkenthetik a
gyulladásos angiogenesist [33]. Hirohata és mtsai [34] a TCZ
és a TNF-gátlók angiogenesisre gyakorolt hatásait vetették
össze RA-s betegek synovialis szövetében. Összesen 13 TCZ-,
13 TNF-gátló- és 10 csDMARD-kezelésben részesülô RA-s be-
teg synoviumát gyûjtötték össze mûtétek során. A mikroerek
sûrûségét a TCZ-kezelés jobban csökkentette, mint az anti-
TNF- vagy csDMARD-kezelés. A TCZ kedvezô hatása érvénye-
sült elsô vonalbeli kezelés, illetve TNF-gátló utáni terápia ese-
tén is [34]. 

A komplementrendszer az RA patogenezisében is szere-
pet játszik [35]. Romano és mtsai [36] a betegségben foko-
zottan termelôdô komplementfaktorok és a TCZ-kezelés össze-
függéseit vizsgálta. A TCZ-kezelés a C3 és a C4 komplement-
fehérjék vérszintjét is csökkentette [36].

Juvenilis idiopathiás arthritis

A pJIA növekedési retardációval járhat. Bharucha és mtsai
[37] a TCZ növekedésre gyakorolt hatását vizsgálták kétéves
kezelés után. Ebbe a III. fázisú vizsgálatba 187 pJIA-s beteget
vontak be, akik TCZ-t vagy placebót kaptak. Összességében a
magasság növekedett. A betegek 72%-ában volt a magasság
nagyobb, mint kiinduláskor. A növekedési ráta is gyorsabb
volt TCZ mellett [37].

Bielak és mtsai [38] a német regiszterben (AID-Registry)
elemezték a TCZ hatásait sJIA-ban. 2009–2014 között 200
sJIA-s beteget dokumentáltak, akik közül 46 kapott TCZ-ke-
zelést. A klinikai válaszkészséget (nincs klinikai tünet, nincs
gyulladásos laboratóriumi eltérés) a betegek 35%-ában ész-
lelték az elsô 12 hétben. Inaktív betegséget és/vagy remisz-
sziót egyéves kezeléssel a betegek 75%-ában sikerült elérni.
Mellékhatás 24%-ban, SAE 4%-ban lépett fel [38]. 

Kearsley-Fleet és mtsai [39] a TCZ és anakinra rövid távú
hatásait vetették össze sJIA-ban az angol regiszter adatai
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alapján. Összesen 76 sJIA-s beteget kezeltek, 54-et TCZ-vel és
22-t anakinrával. A hatékonyság tekintetében (ACRPedi90,
minimális betegségaktivitás)n nem volt jelentôs különbség a
két szer között. Egy év után a TCZ-n több beteg maradt (89%),
mint anakinrán (59%). A TCZ-perzisztencia tehát jobbnak bi-
zonyult [39].

A biologikumok mellett változó gyakorisággal hypersen-
sitivitasi reakció jelentkezhet. Yasuoka és mtsai [40] az al-
lergiás reakciók elôfordulását elemezték 40 sJIA-s betegen.
Közülük ötben jelentkezett hypersensitivitasi reakció az elsô
és harmadik TCZ-dózis között. Összességében fiatalabb, ala-
csonyabb és kisebb testsúlyú betegek és kifejezettebb be-
tegségaktivitás esetén gyakoribb az allergiás reakció esélye
[40].

Óriássejtes arteritis

Az óriássejtes arteritis (GCA) a leggyakoribb vasculitis, mely
50 évnél idôsebbekben jelentkezik. Korábban a kezelést a KS
és az MTX jelentették. Kiderült, hogy az IL-6 fontos szerepet
játszik a GCA patogenezisében [41]. A közelmúltban klinikai
vizsgálatok is igazolták a TCZ hatékonyságát ebben a beteg-
ségben [10, 11, 41].

Villiger és mtsai [10] a 2016-ban lezárt II. fázisú vizsgálat
eredményeit ismertették, amely GCA-ban a remisszió induk-
ciójára és fenntartására irányult. Ez egy egycentrumos klini-
kai vizsgálat volt, melyet Bernben végeztek. Összesen 20 be-
teget választottak be, akik 2 : 1 arányban 8 mg/kg TCZ-t vagy
placebót kaptak (13 infúzió 4 hetente 52 hétig). Mindkét cso-
port kezdetben 1 mg/kg prednisolont kapott, amit egy meg-
határozott protokoll szerint csökkentettek 0 mg-ig. Az elsôd-
leges végpont a 12. héten remissziót elérôk aránya volt. A
TCZ-vel kezeltek 85%-a, a placebokaron a betegek 40%-a ér-
te el a remissziót 3 hónap után. Egy éven át tartó relapsus-
mentességet a betegek 85, illetve 20%-a ért el. SAE a TCZ-
karon a betegek 35%-ában, a placebót kapók 50%-ában je-
lentkezett [10].

Stone és mtsai [11] a III. fázisú GiACTA vizsgálat eredmé-
nyeit közölték. Ebbe az egyéves vizsgálatba 251 GCA-s bete-
get vontak be, akik subcutan TCZ-t kaptak 162 mg dózisban
hetente vagy kéthetente, illetve placebót. A betegek pred-
nisolont is kaptak, melyet 26 vagy 52 hét alatt leépítettek. Itt
az elsôdleges végpont az 52 hétig tartó, KS-mentes tartós re-
misszió volt. A hetente, kéthetente TCZ-t kapó, 26 hetes KS-
leépítés, illetve 52 hetes KS-leépítés mellett placebót kapó
négy csoportban az egy évig fennmaradó KS-mentes remisz-
sziót elérôk aránya sorrendben 56%, 53%, 14% és 18% volt.
A TCZ csoportokban szignifikánsan alacsonyabb volt a kumu-
latív KS-dózis. A fenti négy vizsgálati csoportban a SAE gyako-
risága sorrendben 15%, 14%, 22% és 25% volt [11].

Samson és mtsai [42] a KS-hez hozzáadott (add-on) TCZ
hatásait vizsgálták GCA-ban, prospektív tanulmányban. KS-
sel kezelt GCA-s betegekben a KS-t leépítették, majd négy

TCZ-infúziót adtak. Összesen 20 beteget vizsgáltak. Minden be-
tegben remissziót értek el a 26. hétig. A betegeket 52 hétig
követték, tíz betegben következett be relapsus. Fôleg azok-
ban, akiknél kiinduláskor aortitis, igen magas CRP vagy jelen-
tôsebb anaemia volt. Ezek azok a betegek tehát, akiket szo-
rosabban kell követni [42].

Ami a diagnosztikát illeti, Reichenbach és mtsai [43] az
MR-angiográfia (MRA) értékét vizsgálták GCA-ban. GCA-s be-
tegek vagy TCZ-t vagy placebót kaptak KS mellett egy évig.
Annak ellenére, hogy a betegek többsége klinikailag jól rea-
gált a TCZ-kezelésre, az artériák falában észlelhetô, gyulla-
dást jelzô MR-jel a TCZ-csoportban levô betegek 33%-ában
tûnt el teljesen [43]. A szubklinikus gyulladás tehát továbbra
is fennmaradhat a GCA kezelése után, ezért klinikai remisszió
esetén is folytatni kell a TCZ-kezelést.

Ugyancsak a szubklinikus aktivitás fennmaradására és ezért
a TCZ-terápia tartós fenntartására hívja fel a figyelmet az im-
munfunkciók monitorozására irányuló vizsgálat. Gloor és
mtsai [44] GCA-ban TCZ-vel végzett RCT-ben vizsgált számos
immuno-inflammatorikus markert, amit egészséges kontrol-
lokkal vetettek össze. A biomarkerek közül az MMP-3, pent-
raxin-3 és a szolúbilis TNF-receptor-2 a kezelés kezdetén még
klinikai remisszió esetén is magasabb vérszintet mutatott. A
kezelés vége felé (52. hét) ezek a markerek is nagyrészt
eltûntek a vérbôl. Ezek a vizsgálatok is arra utalnak, hogy a
TCZ-kezelést GCA-ban legalább 52 hétig, és azon túl is érde-
mes folytatni [44].

Az utóbbi vizsgálatok tehát mind arra utalnak, hogy GCA-
ban TCZ-vel csaknem minden esetben klinikai remisszió érhe-
tô el, de a háttérben megmaradó szubklinikus gyulladás mi-
att relapsus lehet. A TCZ tartós alkalmazása és a gyulladás
szoros monitorozása javasolt. 

Laboratóriumi biomarkerprediktorok 
és immunogenitás

Több biologikum esetében felmerült, hogy az ACPA- (anti-
CCP-) vagy reumafaktor- (RF-) státusz (szeropozitivitás vs. -ne-
gativitás) összefügg-e a gyógyszer hatékonyságával. Cappel-
li és mtsai [45] a CORRONA regiszter elemzése során azt
találták, hogy a klinikai hatékonyság egyformán mutatkozott
az ACPA-szeropozitív és -szeronegatív betegekben [45].

Felmerül, hogy maga az IL-6 lehet-e biomarker. Diaz-Tor-
ne és mtsai [46] a szérum IL-6- és szolúbilis IL-6–receptor-
(sIL-6R-) szintjét mérték TCZ-vel kezelt RA-s betegekben. Kide-
rült, hogy a kezelés elôtt magasabb keringô IL-6- és alacsony
sIL-6R-szint mellett várható a legjobb hatékonyság [46].

A U-Act-Early vizsgálat adatelemzése során Teitsma és
mtsai [18] olyan fehérje biomarkereket kerestek, amelyek
összefüggnek a késôbbi gyógyszermentes remisszió elérésé-
vel. A TCZ + MTX, TCZ- és MTX-karon összesen 9, 14, illetve 13
releváns fehérjét találtak. Ezek jelentôs része a leukocyta-
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aktivációval, a JAK-STAT útvonalakkal függött össze [18]. Ezek
a biomarkerek használhatók lehetnek a korai szakban a TCZ-
terápia eredményességének elôzetes megítélésére. 

RA-ban gyulladásos aktivitás mellett megnô a szívelégte-
lenség aránya [47]. Az RA kezelésével, akár csDMARD, akár
biologikumok alkalmazásával, csökkenthetô ennek kockázata
[47]. Az NT-proBNP a szívelégtelenség ismert laboratóriumi
markere, mely emelkedett RA-ban és összefügg a halálo-
zással [48]. Yokoe és mtsai [49] 70, cardiovascularis beteg-
ségen át nem esett RA-s beteget kezelt TCZ-vel 24 héten át.
Kiinduláskor RA-s betegekben valóban magasabb volt az NT-
proBNP–szint az egészséges kontrollokhoz képest. A 24 hetes
TCZ-kezelést követôen az NT-proBNP szintje 63%-kal csök-
kent. Az NT-proBNP-csökkenés korrelált a betegségaktivitás
csökkenésével [49].

Bay-Jensen és mtsai [50] a LITHE vizsgálat alapján a csont-
ízületi biomarkerek és a TCZ-kezelés összefüggéseit vizsgál-
ták. Különbözô típusú kollagénmetabolitokat (C1M, C2M, C3M),
CRP-degradátumot, vimentinmetabolitot (VICM), valamint
csontmarkereket (oszteokalcin, OC és CTX) vizsgáltak 740 RA-s
betegben. A 16 héten belüli korai klinikai választ legjobban a
kiindulási CTX/OC arány (a csontreszorpció és -képzôdés ará-
nya), valamint a C1M, C2M és C3M kollagénmetabolitok szint-
jének csökkenése jelezte. Összességében a magas csontturn-
overû (CTX/OX) és alacsony C2M-szintû betegeknél volt leg-
kifejezettebb a korai terápiás válasz [50]. Korábban említet-
tük, hogy Gudmann és mtsai [30] vizsgálatában a TCZ-re adott
terápiás válasz összefüggött a C4M-csökkenés mértékével. Így
a kollagénmetabolitok is hasznos biomarkerek lehetnek [30]. 

Végül, az immunogenitás, azaz a gyógyszerellenes anti-
testek (anti-drug antibody; ADAb) megjelenése fontos lehet
a biologikumok hatásvesztése szempontjából. A legtöbb TNF-
gátló esetében jelentôs az immunogenitás [51]. Benucci és
mtsai [52] a TCZ immunogenitását vizsgálták a mindennapi
gyakorlatban. Összesen 126 TCZ-vel kezelt betegben mérték
kiinduláskor és 6 hónapos kezelés után a TCZ és az anti-TCZ
vérszintjét LISA-TRACKER Duo-val. A fél év után mindössze
egyetlen betegben találtak anti-TCZ antitestet [52]. 

Az immunogenitást Burmester és mtsai [53] is elemez-
ték. Összesen 13 III. fázisú sc. vagy iv. TCZ-vizsgálatban csak-
nem 9000 beteg több mint 50 ezer mintáját tekintették át. A
sc., illetve iv. TCZ-kezelés mellett a betegek 1,5, illetve 1,2%-
ában észleltek ADAb-t TCZ ellen. Az immunogenitás mértéke
hasonló volt TCZ–monoterápia, illetve TCZ + MTX kombináció
mellett. Azon kevés betegben, akikben ADAb termelôdött, ez
nem mutatott összefüggést mellékhatásokkal, és az ADAb
senkiben sem váltott ki TCZ-hatásvesztést [53].

Társbetegségek, biztonságosság

Ismeretes, hogy gyulladásos reumatológiai kórképekben, így
RA-ban megnövekedett cardiovascularis (CV) morbiditás és
mortalitás észlelhetô [54–56]. Mivel a szisztémás gyulladás a

fô rizikófaktor, az EULAR CV ajánlása szerint legfontosabb a
gyulladás és a mediátorok visszaszorítása [54]. Az IL-6 és más
proinflammatorikus citokinek kiemelt szerepet játszanak a
gyulladásos, RA-hoz társuló atherosclerosisban [57], Ezért el-
vileg várható, hogy IL-6-receptor-gátlás mellett nem fokozó-
dik az RA-hoz kapcsolódó CV betegség gyakorisága, súlyossága. 

Az elmúlt évek legfontosabb RA-CV jellegû tanulmánya az
ENTRACTE. Ennek a tanulmánynak az eredményeit közle-
ményben még nem publikálták, hanem a 2016. évi ACR kong-
resszuson prezentálták [58]. Giles és mtsai [58] prezentációja
alapján ez az elsô olyan vizsgálat, amelyben RA-s betegek-
ben két biologikum CV rizikóra gyakorolt hatását head-to-
head összehasonlításban vizsgálták. A vizsgálat apropóját a
korábban említett „lipidparadoxon” adta és az a tény, hogy
több biologikum, így a TCZ is emeli a lipidszinteket. Emiatt
felmerült, vajon a TCZ fokozza-e a CV rizikót? Olyan aktív RA-s
betegeket vizsgáltak, akik legalább egy csDMARD-ra nem rea-
gáltak. Ôk havonta 8 mg/kg TCZ-t vagy heti 50 mg etaner-
ceptet kaptak nyílt formában. Összesen több mint 3080 be-
teget vontak be és 2957 be is fejezte a vizsgálatot. Az átlagos
követési idô 3,2 év volt. Korai terápia-félbeszakítás az etaner-
cept, illetve TCZ-csoportban 23, illetve 26%-ban következett
be. Összesen 161 súlyos CV esemény (MACE) történt, ebbôl
83 a TCZ- és 78 az etanerceptkaron. A TCZ így azonos kocká-
zatot hordozott az etanercepttel. A lipidszintek emelkedése,
a vártnak megfelelôen, kifejezettebb volt a TCZ-vel kezeltek-
nél, de ez nem nyilvánult meg a CV rizikó fokozódásában [58].

Kim és mtsai [59] a TCZ és a TNF-gátlók CV biztonságos-
ságát vetették össze. Különbözô biztosítói adatbázisokban
vizsgálták azon RA-s betegeket, akik újonnan kezdtek TNF-
gátlót vagy TCZ-t kapni. Összesen 9218 TCZ-vel és 18 810 an-
ti-TNF-fel kezelt beteg adatait elemezték. Kiinduláskor a TCZ-t,
illetve TNF-gátlót kezdôk 14,3, illetve 13,5%-ának volt már
CV betegsége. A követés alatt 125 CV eseményt regisztráltak.
A CV rizikó azonos volt a két csoportban [59]. 

Generali és mtsai [60] az RA-s betegek CV esemény mi-
atti hospitalizálásának körülményeit vizsgálták a TCZ-vel és
etanercepttel összefüggésben. Egy olasz egészségbiztosítási
adatbázis retrospektív elemzése során az akut CV esemé-
nyeket (infarktus, stroke) vették figyelembe a zárójelentések
alapján. Összesen 1752 RA-s beteg adatait tekintették át,
akik közül 1086 etanercept-, míg 666 TCZ-kezelést kapott. A
TCZ nem fokozta a CV rizikót az etanercepttel kezeltekhez ké-
pest [60].

Fent már említettük, hogy a TCZ csökkenti az NT-proBNP
cardialis biomarker szintjét [49], ami, mivel az NT-proBNP
összefügg az RA-s halálozással [48], szintén kedvezô a CV
társbetegség szempontjából.

Mivel a CV betegségek hátterében proatherothromboticus
események állnak, fontos kiemelni, hogy RA-ban megnô a
thromboticus kockázat [61]. Ruiz-Limón és mtsai [62] a TCZ
prothromboticus profilra gyakorolt hatását kutatták. Összesen
20 beteget kezeltek TCZ-vel 6 hónapig. Az endotheldiszfunk-
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ciót lézer-Dopplerrel mérték. TCZ hatására javult az endothel-
funkció, csökkent az oxidatív stressz. A TCZ csökkentette a
monocyták proatherogen és prothromboticus profilját is [62].

Az RA gyakran társul metabolikus szindrómával, ezen be-
lül diabetes mellitusszal [27]. Otsuka és mtsai [63] a TCZ és a
TNF-gátlók glikozilált hemoglobinra (HgbA1c) gyakorolt hatá-
sát vizsgálták. Összesen 154 anti-TNF- és 67 TCZ-kezelésben
részesülô betegnél állt rendelkezésre kiindulási és 3 hónap
utáni HgbA1c-szint. Kezdetben a két csoportban hasonló volt
a glikozilált hemoglobin szintje. Három hónap után a TCZ-cso-
portban alacsonyabb volt a HgbA1c-szint, és ennek csökke-
nése is nagyobb mértékû volt [63].

Már említettük a lipidparadoxont, amely miatt biológiai
terápia mellett emelkedhet az összkoleszterin- és az LDL-C-
szint [27]. Ugyancsak ismeretes, hogy az RA hiperkatabolikus
állapotot jelent, és aktív RA-ban rheumatoid cachexia alakul-
hat ki [27]. Robertson és mtsai [64] a TCZ-kezelés melletti
LDL-emelkedés hátterét vizsgálták 11 betegen a KALIBRA vizs-
gálatban. Három iv. TCZ-infúzió adása után emelkedett az
összkoleszterin-, LDL-C- és HDL-C-szint is. Mindezt katabolikus
állapot kísérte, amely a funkcionális katabolikus ráta (FCR)
fokozódásában nyilvánult meg. Összefüggést találtak az FCR
és a lipidemelkedés között, ami azt jelzi, hogy a TCZ-kezelés
mellett jelentkezô hyperlipidaemia is a hiperkatabolizmus, és
nem de novo LDL-szintézis következménye [64].

A CV és metabolikus betegségek mellett fontosak a fá-
radtság és az osteoporosis is. Az RA-hoz mind jelentôs fá-
radtság [65], mind szekunder osteoporosis társul [66], ame-
lyet az RA kezelése javíthat. Az IL-6 szerepe mindkét társ-
betegség kialakulásában jelentôs [65, 66]. Abu-Shakra és
mtsai [67] a TCZ obesitasra és csontvesztésre gyakorolt hatá-
sát vizsgálták RA-ban. Ebbe a nyílt vizsgálatba 145 beteget
választottak be, akik két évig kaptak iv. TCZ-t. Vizsgálták a
FACIT fáradtságmérô skálát és a BMD-t. A kezelés hatására a
fáradtság fokozatosan csökkent, míg a csigolya- és a comb-
nyak-BMD stabil maradt, holott kezelés nélkül romlott volna.
Mindezt kísérte a betegségaktivitás javulása és a hemoglo-
binszint emelkedése [67].

A gyulladásos csontvesztéssel kapcsolatban Chen és
mtsai [68] is végeztek vizsgálatot. Összesen 76 RA-s beteget
kezeltek TCZ-vel. Kiinduláskor a DAS28 fordított összefüggést
mutatott a lumbalis gerinc és a kétoldali csombnyak T-score-
értékeivel. A kétéves TCZ-kezelés hatására a csontreszorpciót
jelzô CTX marker szintje csökkent, a combnyak-BMD szignifi-
kánsan nôtt [68].

Genovese és mtsai [69] a TCZ-kezelés melletti májfunk-
ciós eltéréseket és hepaticus mellékhatásokat elemezték.
Több II., IV. fázisú és nyílt kiterjesztéses TCZ-vizsgálat ered-
ményeit tekintették át. Összesen több mint 4000 RA-s beteg
(16 ezer betegévnyi kezelés) került az elemzésbe. A normál-
tartomány felsô határát meghaladó GPT-, illetve GOT-eltérés
a betegek 71, illetve 59%-ában mutatkozott. Legalább 3-szo-
ros emelkedés 9, illetve 3%-ban, legalább ötszörös emelke-

dés 3, illetve 1%-ban alakult ki. A májfunkciós értékek leg-
többször a kezelés elsô évében emelkedtek. A 3-szorosnál
magasabb GOT/GPT emelkedések az esetek 80%-ában nor-
malizálódtak, átlagosan 5,6 hét alatt. A betegek 2,5%-ában
kellett a TCZ-kezelést leállítani GOT/GPT emelkedés miatt.
Mindösszesen 7 hepaticus SAE történt. Rendszeres májfunk-
ció-ellenôrzés ajánlott [69].

A TCZ és az infekciós kockázat összefüggéseit Morel és mtsai
[70] elemezték a francia REGATE regiszter adatai alapján. A
csaknem 1500 TCZ-vel kezelt beteg a legnagyobb európai TCZ-
regisztert jelenti. A súlyos infekció kockázatát meghatározó té-
nyezôk a betegségaktivitás, az együtt szedett leflunomid és a
kiindulási abszolút neutrophil granulocyta szám [70].

Tágabb értelemben az is idetartozik, hogy a korábbi in-
fekciók hogyan befolyásolják a TCZ alkalmazhatóságát. Ahn
és mtsai [71] korábban hepatitis B-vírus (HBV-) fertôzésen
átesett, gyógyult RA-s betegeken vizsgálták a TCZ-kezelés
hatásait, különös tekintettel a vírusreaktivációra. A betegeket
anti-HBc-státuszuk alapján két csoportra osztották. A 39 be-
teg kb. egyharmada volt anti-HBc-pozitív. Végeredményben
a TCZ-kezelés alatt egyetlen betegben sem észlelték a HBV
reaktivációját. Emellett nem volt változás a betegek HBsAg-,
anti-HBc- és anti-HBs-státuszában, -titerében sem. A TCZ te-
hát biztonságosan alkalmazható HBV-fertôzésen átesett RA-s
betegekben [71].

Korábban felmerült, hogy a biologikumok fokozzák-e a
daganatok rizikóját. Amíg a 2000-es évek elején valóban
megjelentek erre vonatkozó adatok, amelyek inkább az alap-
betegség aktivitásának hatását emelték ki [72], 2017-ben
nagy vizsgálatok alapján is elmondhattuk, hogy a biologiku-
mok általánosságban nem fokozzák a tumorhajlamot. Ez
vonatkozik a TNF-gátlókra és más támadáspontú szerekre is
[73]. Wadström és mtsai [73] a svéd RA-regiszter 2006–2015
közötti adatait elemezték. Ebben 1798 TCZ-vel kezelt beteg is
volt. Összesen 25 féle összehasonlításban elemezve, egyet-
len kivétellel (abatacept és nem melanoma bôrrák) sem-
milyen jelét nem találták, hogy a TNF-gátlók, TCZ, abatacept,
rituximab bármelyik daganatféleség kockázatát emelnék [73].
Egy másik friss vizsgálatban Mercer és mtsai [74] külön, 11
európai regiszterben elemezték az invazív melanoma gyako-
riságát. A TCZ, a többi biologikumhoz hasonlóan, szignifikán-
san nem emelte e daganattípus kockázatát [74].

Összegzés 

Az elmúlt két év közleményei alapján a TCZ-kezelés fôbb elô-
nyei:

– Igen hatékony korai RA-ban.
– Kedvezôen befolyásolja a PRO-kat, a munkaképessé-

get és az életminôséget. 
– Lassítja a radiológiai progressziót és, MRI vizsgálatok

alapján, csökkenti a synovitist. 
– JIA-ban javíthatja a növekedést. 
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– GCA-ban klinikai remisszió esetén is fennmaradhat szub-
klinikus gyulladás, ezért tartós TCZ-kezelés javasolt.

– A TCZ immunogenitása nagyon alacsony. 
– A TCZ valószínûleg nem növeli a cardiovascularis koc-

kázatot. 
– Kedvezôen befolyásolja a szénhidrát-anyagcserét, a

fáradtságot, a szekunder osteoporosist és ritkán okoz
súlyos májfunkciós eltéréseket.

Összességében a TZC igen hatékony RA-ban, pJIA-ban,
sJIA-ban és GCA-ban intravénás vagy subcutan adagolással,
MTX-szel kombinációban vagy monoterápiában alkalmazva is.
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Immunológiai szótár

GALT (gut associated lymphoid tissue; bélrendszerrel asszo-
ciált lymphoid szövet)  Lymphoid szövet, amely szoros kap-
csolatban áll a tápcsatornával, emberben pl. a mandulák, a
Peyer-plakkok és a vakbél, nyúlban a sacculus rotundus, tyúk-
ban a bursa Fabricii stb.

gamma-globulin (γ-globulin)  A szérum globulinfrakciója,
amelynek az anódmobilitása neutrális pH-n, elektroforézis so-
rán a legkisebb. Fôleg immunglobulinok tartoznak ide.

γδT-sejtek γδ típusú T-sejt receptorral (TCR) rendelkezô T-
lymphocyták. Az egyedfejlôdés során korán, a thymus fejlô-
dése alatt jelennek meg. A perifériás nyirokszervekben az
érett lymphocyták kb. 5%-át teszik ki. Bizonyos fajokban a γδ

T-sejtek a domináns T-lymphocyták az epithelialis felszíne-
ken, pl. a bôrben, az emésztô- és a nemi szervekben. Ezek-
nek a γδ T-sejteknek nagy része thymuson kívüli eredetû. A
γδ T-sejtek többségén sem CD4-, sem CD8-molekulák nem

találhatók, specificitásuk és funkciójuk ismeretlen. A γδ T-sej-
tek sohasem expresszálnak αβ TCR-t, és a T-sejtek egy külön
vonalát képezik.

γ-lánc-betegség Ritka paraproteinaemia emberben, lympho-
mával kapcsolatos, amelyben abnormális monoklonális γ-
láncok (pl. IgG-nehéz-láncok) találhatók a plazmában és a
vizeletben, míg a könnyû láncok hiányzanak. A γ-láncokon
deléció van, amely miatt a variábilis régió nagy része és a
CH1-régió egésze hiányzik, habár az N-terminális aminosavak
egy része még megtalálható. Bizonyos esetekben a kapocs-
régió is hiányozhat.

γm Az IgG γ-láncának (nehéz lánc) membránhoz kötött for-
mája.

γs Az IgG γ-láncának (nehéz lánc) a szekretált formája.
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Mindenki szeretne egészséges lenni vagy annak maradni, el-
kerülni a betegségeket. Egészségünk egyrészt rajtunk is mú-
lik. De mennyit teszünk meg érte? A piac felismeri ezt az igényt
és elég agresszíven megpróbálja kielégíteni. 

Egészséges emberek számára hihetetlenül sok készítmény
– részben táplálékkiegészítô, részben gyógyhatású készít-
mény – van forgalomban, amelyek alapvetôen a légúti fertô-
zések megelôzésére szolgálnak – mármint a promóciók sze-
rint. Látván-hallván ezt a zavarba ejtô bôséget, két kérdés me-
rül fel bennünk:

– Kell-e egészséges embernek erôsítenie az immunrend-
szerét (helyesebben fogalmazva: a ellenálló képessé-
gét)?

– Lehet-e erôsíteni egyáltalán?

Mielôtt azonban a kérdésekre megkísérelnénk választ ad-
ni, tekintsük át ezeket a készítményeket.

Immunstimuláció, immunmoduláció

Ezt a két fogalmat gyakran használjuk szinonimaként. Valójá-
ban pedig az immunmoduláció használata a helyesebb, hi-
szen figyelembe veszi immunrendszerünk sokrétûségét, a po-
zitív és negatív hatások összefüggéseit. Igazi immunstimu-
lációról csak a vakcináció esetében beszélhetünk, hiszen ott
mind a szándék, mind az eredmény bizonyos irányú „stimu-
láció”, vagyis egy (esetleg több) konkrét kórokozóval szem-
beni védettség elérése.

Elsôsorban a daganatos betegségek gyógyításában szám-
talan olyan készítményt próbáltak ki, melyek – legalábbis fel-

Immunstimuláció. 
Mennyire hatásosak az „immunerôsítôk”?

Számtalan, jórészt gyógyhatásúnak vagy táplálékkiegészítônek árusított immunerôsítô készítmény van forgalomban: nö-
vényi kivonatok (pl. Echinacea), gombaeredetû immunstimulánsok (pl. béta-glükánok), baktériumeredetûek (pl. Broncho-
Vaxom), szintetikus vegyületek (pl. inoziplex), nyomelemek (pl. cinksók), valamint többféle vitamin (pl. C-vitamin). A kli-
nikai vizsgálatok eredményeit alapul véve, valamennyi készítmény rendelkezik valamilyen hatással a felsô légúti gyulla-
dásos betegségek megelôzésében, esetleg a hurutos tünetek javításában, bár ezek a hatások elég szerények. A legtöbb
készítmény biztonságosan szedhetô. A kérdés csak az, hogy érdemes-e tartósan, megelôzô célzattal ilyen szereket szedni.
Lehet-e ellenálló képességünket fokozni? A civilizált életmód valóban rontja ellenálló képességünket. Ezért egészséges
életmóddal, pl. mozgással, egészséges táplálkozással, testsúlykontrollal, a dohányzás abbahagyásával stb. sokat javítha-
tunk rajta. Az egészséges életmódot azonban sokkal nehezebb betartani, mint naponta két tablettát bevenni. Ez az emberi
tulajdonság élteti a „immunerôsítôk” (és egyéb csodaszerek) piacát.

Kulcsszavak: immunstimuláció, Echinacea, Broncho-Vaxom, Inosiplex, cink, probiotikum

IMMUNOSTIMULANTS. HOW EFFECTIVE ARE THEY?

There are a lot of products available on the market, promoted as immunostimulants of herbal (e.g., Echinacea), fungal
(e.g., beta-glucans), bacterial (e.g., Broncho-Vaxom), or synthetic (e.g., inosipex) origin or trace-elements, such as zinc
and various vitamins, such as vitamin C, named as food additives or nutraceuticals. Based on clinical studies, all products
have some efficacy in prevention of common cold, or in reducing its symptoms, though these effects are usually minor.
The majority of products are safe. The question arises whether do people require such products for a long time? Is it
possible to increase our resistance to infections? It is well known that urban lifestyle decreases our resistance to infections.
Therefore a healthy lifestyle, e.g., exercise, healthy food, weight control, stopping of smoking, etc., is advisable for all
people. However, following of healthy lifestyle is more stressful compared to take one or two tablets a day. The market
of these products, and other panaceas, is based on this human behaviour.

Keywords: immunostimulants, Echinacea, Broncho-Vaxom, Inosiplex, zinc, probiotics
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tételezetten – az immunrendszer befolyásolásán keresztül gá-
tolták a daganatok növekedését. Ezen anyagok egy része in
vitro vagy állatkísérletekben valóban immunstimuláns hatá-
sú, mások azonban daganatellenes hatásukat sokkal komp-
lexebb módon váltják ki. Ezek egy részét szokás immunmo-
duláns vagy biológiai választ módosító (biological response
modifier, BRM) anyagoknak is nevezni, beleértve elsôsorban
a citokineket, interferonokat, illetve hasonló készítményeket
(pl. rintatolimod, linomid, bestatin stb.) is.

Ugyancsak ebbe a kategóriába sorolhatók az adjuvánsok.
Adjuvánsoknak nevezzük az immunreakciókat fokozó anyago-
kat. Az aktív immunizációra szolgáló antigének, kivált a tisz-
tított vagy szintetikusan elôállított peptidek, igen kevéssé im-
munogének, csak adjuvánsokkal együtt adva hoznak létre kel-
lô immunválaszt. Az adjuvánsok általában a monocyta-mac-
rophag rendszert aktiválják.

A mindennapi gyakorlatban használt, immunstimuláns-
nak tartott készítmények csoportjait az 1. táblázat mutatja be.

Mit mondanak a klinikai vizsgálatok?

Bár valamennyi fentebb felsorolt (és fel nem sorolt) készít-
ményt preklinikai (in vitro és in vivo) kísérletekben vizsgálták,
ezeket az – egyébként ígéretes – eredményeket csak akkor
terjeszthetjük ki emberekre, ha a készítmények hatásosságát
megfelelô klinikai vizsgálatokban is igazolták. Ilyen vizsgála-
tok a kettôs vak, randomizált (placebo-) kontrollos vizsgála-
tok (RCT-k). Ha sok ilyen vizsgálat történt, azokat metaana-

lízisek elemzik, ezeknek az elemzéseknek a legnagyobb a bi-
zonyító (evidencia) értéke.

Bár többféle lehetôség is van, leggyakrabban a vírusos
felsô légúti hurut („megfázás, „common cold”) kezelésében
(a tünetek javulásában, a betegségtartam rövidítésében), il-
letve a betegség megelôzésében vizsgálták ezeket a készít-
ményeket. 

Növényi eredetû anyagok

a) Echinacea (kasvirág) különféle kivonatai: Habár gyak-
ran Echinacea purpurea néven aposztrofálják, valójá-
ban az Echinacea génusz 9 fajából és azok különféle
részébôl készült kivonat van forgalomban. Ezek fô ha-
tónyagai polifenolok, poliszacharidok és alkamidok.
Ezek immunológiai, valamint egyéb élettani hatásait
preklinikai vizsgálatokból elég jól ismerjük.
Egy Cochrane metaanalízis 24 RCT-t vizsgált, melyek-
ben felsô légúti vírusinfekciókban adták [1]. A vizsgá-
latok zöme a betegség elsô tüneteitôl kezdve adta a
szert, és a tünetek javulását mérte. Valamelyes hatás
mutatkozott a placebóhoz viszonyítva, de ez klinikai-
lag kevéssé jelentôs. A vizsgálatok másik része pre-
ventív célzattal adta, így nem volt szignifikáns válto-
zás a megbetegedettek számában, viszont sokan abba-
hagyták a mellékhatások (gyomorpanaszok, arthral-
gia-myalgia, allergia) miatt.

b) Flavonoidok: A flavonoidok (rutin, kvercetin, polifeno-
lok stb.) élettani – immunológiai, gyökfogó, érrend-
szerre gyakorolt stb. – hatásai jól ismertek, könyv-
tárnyi irodalom áll rendelkezésünkre. A növények, ill.
növényi eredetû élelmiszerek mind tartalmaznak kü-
lönféle flavonoidokat, tehát ezeket akarva-akaratla-
nul is bevisszük szervezetünkbe. Klinikai vizsgálat is
nagyon sok van (a PubMed több mint 2000 klinikai
vizsgálatot mutat a „flavonoids” keresô kifejezéssel).
A sokféle adatból csak mutatóba néhány:
– Zöld tea, katechinek és theanin. Egy RCT-ben egész-

ségügyi dolgozókban szignifikánsan csökkentette
(4,1% vs. 13,1%) a léguti infekciók elôfordulását
[2].

– Polifenolok (pl. vörös szôlô, cékla). Egy RCT szerint
a polifenolok szignifikánsan csökkentették a meg-
fázásos tüneteket – szubjektív score alapján mérve
[3].

– Egy COCHRANE metaanalízis szerint a Pelargoni-
um-kivonat csökkentette a megfázás tüneteit (el-
sôsorban a bronchitises tüneteket), de a bizonyí-
ték (evidencia) gyenge [4].

– Kvercetin adása nem csökkentette a légúti infek-
ciók elôfordulását [5].

– A troxerutin 11%-kal csökkentette a megfázásos
tüneteket [6].
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1. táb lá zat. A mindennapi gyakorlatban használt, 
immunstimulánsnak tartott készítmények 
csoportjai 

1. Növényi eredetû immunstimulánsok
– Echinacea purpurea és más Echinacea fajok 
– flavonoidok
– egyéb növényei anyagok

2. Gombaeredetû immunstimulánsok
– Béta-glükánok, pl. lentinan

3. Baktériumeredetû immunstimulánsok
– OM-85 (Broncho-Vaxom), Ribomunyl stb.

4. Szintetikus vegyületek
– levamizol
– inoziplex
– pidotimod

5. Nyomelemek
– cink
– szelén
– réz stb.

6. Vitaminok
– D-vitamin
– C-vitamin
– A-vitamin és β-karotin
– E-vitamin
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– Egy újabb metaanalízis 14 RCT-t analizált. A kü-
lönféle flavonoidok adása (0,2–1,2 g napi adag-
ban) 33%-kal csökkentette a légúti infekciók elô-
fordulását és 40%-kal csökkentette a betegség tar-
tamát [7].

Összességében tehát megállapítható, hogy a flavo-
noidok valamennyire hatásosak mind a légúti fertôzé-
sek megelôzésében, mind a tünetek javításában.

c) Egyéb növényi anyagok: Számtalan növényi eredetû
„immunerôsítô” kivonat/ôrlemény stb. van forgalom-
ban. Ezek egy része viszonylag jobban ismert, mint pl.
a ginzeng (Panax quinquefolius és P. ginseng és más
fajok), fokhagyma, mások kevésbé, mint pl. a goji,
bodza, gyömbér, oregánó, mirha stb.
– A ginzeng hatását vizsgálták (Seida és mtsai,

2011): nem befolyásolta a légúti infekciók elôfor-
dulását, de rövidítette a betegség lefolyását [8].

– Egy metaanalízis szerint – egyetlen RCT alapján – a
legalább 3 hónapon át tartó napi fokhagymakivo-
nat (180 mg allicin tartalommal) csökkentette a
légúti infekciók számát és rövidítette azok lefo-
lyását, az evidencia azonban gyenge (a korábbi
metaanalízisek adataiból nem volt hatékonyság
leszûrhetô) [9].

– A kínai népi gyógyászat számos szert és azok ke-
verékét alkalmazza a meghûléses panaszok keze-
lésére. Egy metaanalízis 17 klinikai vizsgálatot
elemzett (3212 beteg), de a heterogenitás miatt
nem lehetett megállapítani, hogy a kezelés hatá-
sos volt-e [10].

Béta-glükánok

Egyik legtöbbet vizsgált ilyen készítmény a Lentinus edodes
gombából készült lentinán, melynek tumorellenes/immun-
moduláns hatásai jól ismertek. Egy metaanalízis szerint a kli-
nikai vizsgálatokban kemoterápia mellett megnövelte a be-
tegek túlélését és javult a terápiára adott válasz [11].

Krónikus légúti betegségben szenvedô gyermekekben az
élesztôeredetû glükán (glucan #300) fokozta a mucosalis im-
munitást és javította az általános állapotot – sajnos ez utóbbi
paraméter pontos definíciója hiányzik [12].

A glükánok légúti infekciót megelôzô hatását nem vizs-
gálták.

Baktériumeredetû immunstimulánsok
(kivonatok)

Többféle készítmény is van forgalomban, ezek légúti pato-
gén baktériumok (pl. Haemophilus influenzae, Streptococcus pneu-
moniae, Klebsiella pneumoniae stb.) különféle módon nyert
lizátumai vagy kivonatai. Immunológiai hatásaik részben ál-
talánosak, adjuváns típusúak, részben antigénspecifikusak.

a) Egy metaanalízis (15 RTC, 2557 beteg) különféle poli-
valens baktériumlizátumok hatékonyságát vizsgálta
gyermekekben és felnôttekben [13]. Mindkét korcso-
portban csökkentette a légúti infekciók számát. COPD-
ben is hatásos volt, de a kis esetszám miatt az ered-
mény nem volt szignifikáns. 

b) OM-85 (Broncho-Vaxom). Egy metaanalízis (9 RCT) sze-
rint a kezelés szignifikánsan csökkentette gyermekek-
ben a visszatérô légúti infekciók számát (32% vs.
58,2%) [14]. 

c) Ribomunyl (bakteriális riboszóma kivonat): Egy meta-
analízis 9 RCT alapján szignifikáns csökkenést (2,39 vs.
3,35) észlelt a visszatérô fertôzések számában 6 hó-
nap alatt [15].

Összességében tehát megállapítható, hogy a polivalens
baktériumkivonatok hatásosak a légúti fertôzések megelôzé-
sében.

Szintetikus vegyületek

A preklinikai vizsgálatok egyértelmû immunstimuláns aktivi-
tást mutattak mindhárom készítménnyel. 

a) Levamizol: A levamizol a visszatérô légúti infekciók
számát szignifikánsan csökkentette [16]. Sajnos sú-
lyos mellékhatások jelentkeztek (súlyos neutropenia,
agranulocytosis), ezért ma már erre a célra nem al-
kalmazzák.

b) Inosiplex (inozin pranobex, Isoprinosine): Egykor szá-
mos vírisinfekcióban (vírushepatitisek, vírusencepha-
litisek stb.) adták, ezekben egyrészt nem volt elég ha-
tásos, másrészt új, ma már hatékony gyógyszerek áll-
nak rendelkezésünkre. Egy RCT nem találta hatásos-
nak gyermekek visszatérô légúti infekcióinak preven-
ciójában [17]. Egy újabb RCT, más végpontokat vizs-
gálva, azonban hatásosnak és biztonságosnak találta
[18]. Az infekció elsô tüneteitôl kezdôdôen adva gyor-
sabb javulást ereményezett, és az 50 év alatti korcso-
portban a teljes remisszió is hamarabb következett be.

c) Pidotimod (Axil): A pidotimod egy karboxilsav-szár-
mazék. Egészséges gyermekekben nem volt hatásos a
légúti infekciók prevenciójában [19], visszatérô légúti
infekciókban szenvedô gyermekekben viszont hatéko-
nyan csökkentette az infekciók számát [20].

Nyomelemek

A nyomelemek élettani – ezen belül immunológiai – hatásai
elég jól ismertek. A legtöbb adat a hiányukban jelentkezô
tünetekbôl, illetve az ilyen esetekben adott pótló kezelésbôl
származik. Általános alultápláltság mellett (elsősorban a fej-
lôdô országokban) nyomelemek hiánya is kialakulhat. A fo-
kozott hajlam légúti, enteralis, malária stb. infekciókra és az



infekciók súlyosabb kimenetele a nyomelemek hiányának
egyik következménye.

a) Cink (Zn): A cink immunológiai hatásai preklinikai vizs-
gálatokból jól ismertek.
– Egy metaanalízis 13 RCT alapján azt a következ-

tetést vonta le, hogy (1) a légúti infekció elsô 24
órájában adva megrövidíti a betegség lefolyását
és csökkenti a tüneteket – a nagyfokú heterogeni-
tás miatt azonban az eredményeket óvatosan kell
kezelni, (2) 5 hónapon át adva gyermekekben pe-
dig csökkenti a légúti infekciós esetek számát
[21]. Ezt a Cochrane-analízist késôbb visszavonták.

– Egy nemrégi metaanalízis cink-glükonát szopoga-
tására (75–100 mg – lassú és tökéletesebb felszí-
vódás) a megfázásos tünetek csökkentek és 33%-
kal csökkent átlagban a betegség tartama [22]. 

– Cink adása fokozta a koleravakcina hatékonyságát
[23].

– Verruca vulgaris kezelésében önmagában is [24],
ill. lokális kezeléssel kombinálva [25] hatásosnak
bizonyult.

– Vassal kombinálva 40%-kal csökkentette (vélhe-
tôen alultáplált) csecsemôk légúti és emésztô-
rendszeri infekcióit [26].

– Rézzel és szelénnel kombinálva csökkentette a
nosocomialis pneumoniák elôfordulását égés után
(80% vs. 33%) [27].

– Szelénnel és vitaminokkal (C-, E-vitaminnal és bé-
ta-karotinnal) kombinálva csökkentette idôsott-
honban lakók légúti infekcióinak számát, és javí-
totta a vakcinára adott immunválaszt, de nem be-
folyásolta az urogenitalis infekciókat [28].

b) Réz (Cu): A réz elsôsorban a phagocyták mûködéséhez
szükséges. Önmagában a réz adását légúti infekciókban
nem vizsgálták. Más nyomelemekkel – és vitaminok-
kal – együtt adva csökkentette a nosocomialis infekciók
elôfordulását [27], illetve idôsekben rövidítette a légúti
infekciók lefolyását [29]. Ezen utóbbi eredményeket, más
hasonló vizsgálatokéval együtt, azonban kétségbevon-
ták [30] – ezért a közleményt késôbb visszavonták.

c) Szelén (Se): Immunológiai, antioxidáns és daganat-
gátló hatása mellett hiánya az immunfunkciók rom-
lásához vezet. Különféle gyulladásos betegségekben
szérumszintjét csökkentnek találták. HIV-fertôzöttek-
nek adva, a szövôdmények száma csökkent. Szepszis-
ben adva – egy metaanalízis szerint – a mortalitást
csökkentette [31]. C-vitaminnal, cinkkel és telítetlen
zsírsavakkal együtt adva csökkentette a légúti infek-
ciók számát [32]. Légúti infekciókban egyetlen – kínai
nyelvû – közlemény van [32], amelyben a szelénadás
rövidítette az RSV-infekció lefolyását.

d) Többi nyomelem (molibdén, kobalt, vanádium stb.):
Immunológiai hatásaik alig ismertek, hiányuk azon-

ban csökkent immunfunkciókhoz is vezet(het). Ezek-
kel a nyomelemekkel – beleértve azok kombinált ké-
szítményeit – klinikai vizsgálatok nem történtek.

Probiotikumok

A probiotikumok szó görög eredetû, és jelentése „életért”.
Élô mikroorganizmusok (pl. Lactobacillus rhamnosus, L casei,
Bifidobacterium lactis) orális bevitelét jelenti megfelelô meny-
nyiségben. A probiotikumok elsôsorban a veleszületett im-
munrendszert befolyásolják (pl. fagocitózist), javítják a bélfal
barrierfunkcióit és a lokális (mucosalis) immunitást, de még
számos más hatással is rendelkeznek.

Egy metaanalízis (12 RCT, 3720 egyén) szerint a probioti-
kumok adása – a placebóhoz viszonyítva – csökkentette a lég-
úti infekciók elôfordulását és rövidítette azok lefolyását [34].

Vitaminok

A vitaminok esetében is elsôsorban a hiányuk okozta immu-
nológiai rendellenességeket ismerjük.

a) C-vitamin: Egy metaanalízis szerint a napi >200 mg C-
vitamin bevitele nem csökkentette a légúti infekciók
elôfordulását (megelôzô kezelés során), de rövidítette
a betegség idôtartamát, kivált gyermekekben [35].

b) D-vitamin: Egy másodlagos analízis szerint a szérum
25(OH)D-vitamin-szintje negatív korrelációt mutat a
heveny légúti infekciók számával [36]. Hasonlót talál-
tak közösségben szerzett pneumoniában is [37].
Egy vizsgálat (VIDARIS) szerint nagy adagú (100 000 E/
nap) D3-vitamin adása nem csökkentette sem a légúti
infekciók gyakoriságát, sem azok súlyosságát [38].
Egy metaanalízis (11 RCT, 5660 egyén) szerint a napi
D-vitamin-bevitel csökkenti a légúti infekciók gyakori-
ságát, de a vizsgálati eredmények heterogenitása mi-
att ezt óvatosan kell értékelni [39].
A legújabb metaanalízis szerint (25 RCT, 11 321 egyén)
a napi D-vitamin-pótlás csökkenti a heveny légúti in-
fekciók elôfordulását, legerôsebb a hatás a D-vitamin-
hiányos egyénekben [40].
Mind ez idáig 5 metaanalízis született e témában, eb-
bôl 2 pozitív, 3 negatív eredménnyel zárult, azaz a D-
vitaminnak vélhetôen nincs megelôzô hatása.

c) A-vitamin: A retinoidok immunológiai hatásai régóta
ismertek. Különösen fontos az A-vitamin a mucosalis
immunitás fenntartásában. Ugyancsak jól ismert, hogy
A-vitamin-hiányban a hasmenéses, légúti infekciós
betegségek gyakoribbak [41], az A-vitamin-hiány kü-
lönösen komoly probléma a fejlôdô országokban. 
A magasabb plazma-béta-karotin-koncentrációjú egyé-
nek között kevésbé gyakoriak a heveny légúti infek-
ciók [42].
Egy meta-analízis szerint az A-vitamin adása csak az
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akut hasmenéses esetek számát csökkentette, a lég-
úti infekciókét nem [43]. A szerzôk szerint csak azok-
nak a gyermekeknek érdemes A-vitamin-pótlást adni,
akik alultápláltak és A–vitamin-hiányban szenvednek.
Egy újabb metaanalízis megerôsíti, hogy A-vitamin-
hiányos gyermekeknek (5 éves kor alatt) érdemes és
kell A-vitamin-pótlást adni, mert ezzel mind a morbi-
ditást, mind a mortalitást jelentôsen csökkenteni le-
het [44].

d) E-vitamin: Az Alpha-Tocopherol, Beta-Carotene Cancer
Prevention Study in Finland, 1985–1993 másodlagos
analízise megvizsgálta, hogy a dohányos (≥20 ciga-
retta/nap) idôs (50–69) férfiak pneumoniakockázata
csökken-e E-vitamin adására [45]. Bár a kezelés hatá-
sára 73%-os csökkenést tapasztaltak, az adatok óva-
tosan kezelendôk, ill. további vizsgálatokat javasol a
szerzô – elsôsorban a jelentôs heterogenitás (I2-sta-
tisztikával mérve) miatt.

Összegezve, a vitaminok pótlása csak vitaminhiány ese-
tén fejt ki meghûlés elleni védôhatást.

Összesítés

Habár mind szerkezetüket, mind hatásaikat tekintve a fenti
készítmények igen sokfélék, készült egy metaanalízis, mely
összesítve analizálja az „immunstimuláns” készítmények ha-
tásosságát gyermekek visszatérô légúti fertôzésében [46].
Összesen 35 RCT adatait elemezték (4060 egyén), a kezelés
átlagosan 41%-kal csökkentette a fertôzések számát – az evi-
dencia mértékét (grade) mérsékeltnek minôsítették. 

Az immunstimuláció biztonságossága

A biológiai választ módosító szerek (biológiai terápia) kap-
csán számos – korábban nem észlelt – nemkívánatos hatást
észleltek:
– tumorlízis szindrómát,
– kapillárisszivárgás (capillary leak) szindrómát,
– citokinvihart – pl. a szuperagonista anti-CD28 antitest

esetén („londoni katasztrófa”),
– autoimmun reakciókat.

Ugyancsak jól ismert az adjuvánsok okozta betegség, az
ASIA-szindróma (Autoimmune/inflammatory Syndrome Indu-
ced by Adjuvants).

Ugyanakkor a fentebb tárgyalt „immunerôsítôk” eseté-
ben ezek a súlyos nemkivánatos hatások nem észlelhetôk.
– Növényi eredetû anyagok esetén a gyomor-bél pana-

szok a leggyakoribbak, legkomolyabb probléma az al-
lergia, amit Echinacea készítmények esetében néhány
alkalommal, újabban más készítményeknél is észleltek.

– A baktériumkivonatok ritkán gyomor-bél panaszokat
és nagyon ritkán allergiás tüneteket okozhatnak.

– A levamizolt ma már erre a célra nem alkalmazzuk; az
inoziplex hosszabb idôn át adva emeli a húgysav-
szintet, bár köszvényt kiváltó hatását nem észlelték –
egyébként hosszú idôn át, preventív célzattal, nem
érdemes adni.

– Jól ismertek (habár elhanyagolhatók) a vitaminok túl-
adagolásával kapcsolatos mellékhatások.

– A nyomelemek (Zn, Cu) csak a bevittnél sokszorta na-
gyobb adagokban okozhatnak toxikus tüneteket. A ké-
szítmények igen kis adagban tartalmazzák a nyom-
elemeket, toxikus mellékhatásokról nem számoltak be.

Összefoglaló megjegyzések és javaslatok

Láthatjuk, hogy valamennyi készítménycsoport rendelkezik
valamilyen hatással a vírusok által okozott felsô légúti gyulla-
dásos betegségek megelôzésében, esetleg a hurutos tünetek
javításában, bár ezek a hatások elég szerények. A legtöbb
készítmény biztonságosan szedhetô. A kérdés csak az, hogy
egészséges egyénnek érdemes-e tartósan, megelôzô célzat-
tal ilyen szereket szedni. Lehet-e más módon ellenálló ké-
pességünket fokozni (szándékosan nem azt írom, hogy im-
munrendszerünket erôsíteni)?

Az nem kétséges hogy a civilizált életmód valóban rontja
ellenálló képességünket. Ennek egyrészt az ülô életmód, a
kevés mozgás, a bezártság, a tömegközlekedés és még szám-
talan más – de jól ismert, és itt nem részletezett – oka van.
Ezért egészséges életmóddal sokat javíthatunk rajta. Bizo-
nyosan sokkal többet, mint különféle pasztillák, cseppek be-
vételével.

Javaslatok az egészséges életmódra:
– a dohányzás kerülése (abbahagyása),
– mértékletes alkoholfogyasztás (pontosabban a mér-

téktelen fogyasztás kerülése),
– rendszeres, aktív testmozgás,
– egészséges, változatos táplálkozás (esetleg probioti-

kumok fogyasztásával kiegészítve),
– testsúlykontroll,
– a stressz kerülése (ill. megfelelô kezelése, pl. agy-

kontrollal, NEM gyógyszerekkel!),
– elegendô, pihentetô alvás,
– az infekciók kerülése kivált „megfázásos” idôszak-

ban”.

Az egyetlen probléma ezekkel a jó tanácsokkal, hogy sok-
kal egyszerûbb reggel vagy este egy-két kapszulát vagy tab-
lettát bevenni, mint a fentieket megfogadni. Még akkor is,
ha tudjuk, hogy a fenti tanácsok sokkal többet használnak. Ez
az emberi tulajdonság élteti az „immunerôsítôk” (és egyéb
csodaszerek, ránctalanítók stb.) piacát.
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gátlási teszt (1) Vizsgálati módszer, amelyben valamely ak-
tivitást, pl. vírusét, a titrálandó antitestet tartalmazó szérum
hígítási sorával gátolnak. (2) Standard agglutinációs, precipi-
tációs stb. teszt gátlása a megfelelô – a specificitás biztosítása
érdekében tisztított – antigén adásával.

génknockout egér Olyan egér, amelyben egy kiválasztott
gént inaktív mutánssal helyettesítenek, így az illetô gén által
kódolt protein hiányzik. A mutáns gént in vitro egy vektorral
viszik be az embrionális ôssejtbe, majd in vivo implantációt
követôen normál magzati fejlôdés játszódik le. Az utódok kö-
zül a géndefektusra homozigóta egyedeket tenyésztik to-
vább. A génknockout egereket az immunológiában és egyéb
területeken használják meghatározott fehérjék funkciójának
tanulmányozására, a hiányzó mûködés segítségével. Elneve-
zésükre a hiányzó funkció jellemzô, pl. „perforin-knockout
egér”. 

germinális centrum (csíraközpont)  B-lymphocyták szférikus
aggregációja, amely a lymphoid szöveteken belül az elsôdle-
ges folliculusokban, thymusdependens antigénekkel való sti-
muláció eredményeként alakul ki. A T-sejt-területen való an-
tigénfelismerést követôen a B-sejtek az elsôdleges folliculu-

sokba vándorolnak, ahol masszív proliferációt követôen lét-
rejön a germinális centrum, s ennek révén a kisebb, recirku-
láló B-sejtek a köpenyzónába kerülnek (follicularis köpeny).
Néhány nap elteltével a centrumra egy sötét zóna – amely-
ben néhány follicularis dendritikus sejt (FDC) található és cent-
roblastokban gazdag –, valamint egy világos zóna jellemzô,
ez utóbbi antigént hordozó FDC-k hálózatát és centrocytákat
tartalmaz, melyek az FDC-k felszínén az antigénnel kapcso-
latba lépnek. A germinális centrum a B-sejtek izotípusváltá-
sának és az affinitásmaturációnak a helye. Azok a sejtek,
amelyek az antigénre nagy affinitással reagálnak, pozitív sze-
lekción mennek keresztül és életben maradnak. A többi sejt
apoptózissal elpusztul, s maradványaikat macrophagok tá-
volítják el. A germinális centrumokban levô B-sejtek oligo-
klonálisak, amely egy bizonyos antigénre való válaszra en-
ged következtetni. A szelekciót követôen a sejtek plazmasej-
tekként elhagyhatják a germinális centrumot, a kérgi köte-
gekbe vagy a csontvelôbe vándorolhatnak, vagy memória B-
sejtekként a marginális zónába kerülnek. Megjegyzendô, hogy
a germinális centrumokban elegendô T-sejt van ahhoz, hogy
a T- és a B-sejtek között interakció jöhessen létre (pl. a CD40L
és a CD40 között).
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Sziszeg a fagy, a tél hava lejárt, 
az új idô egy kicsit most megállt:
Nincs hó, nincs dér, csak játékos fény,
cikázik a szellô, s könnybe lábad a jég.
Gyerekek futnak, jár a hinta már, 
a fûben hever ezernyi kis bogár.
Ugrál a tücsök, vékony hangon zenél,
rigópár tipeg a kertben, kukacot remél.

Gyerekeim némán ámulnak nagyon, 
amint cica söpör végig a füves udvaron.
Kergetik egymást a szalmabálán már, 
kétségbe ejtve egy ártatlan egérpárt.
Jól járt a kandúr, lesz megint bújócska, 
egéranyó a családot ismét jól eldugta.
Ugrál a béka a hínár tetején,
halacskák úszkálnak a vízben még.

Ám a teknôs a tóba egy nagyot csobbant,
És kutatva a vizet, egy halacskára pottyant.
Vízipók résen volt, elszaladt onnan,
Egy tavirózsa szirmán megpihenve gyorsan.
Ôzike a tóhoz inni ballagott, de
Meglátta a békát és ugrott egy nagyot!
Megijedt ô nagyon, de mégsem lépte agyon,
Mert a béka már fürge volt nagyon!

Brummog a medve, dübörög a rét,
A nagyvad immár csatára kész!
Félhetnek a méhek, a méznek már lôttek, 
Nem maradt semmi az okos méhésznek.
Vöröslik a fû, zörög a bozót, 
Üdvözlik a ravaszt, a libát megfogót, 
Lopakodik lassan a tyúkok óljához, 
de kiabál a kakas a védô kutyához.

A Labrador lelkesen ugatja az eget,
majd gyors iramban a kiskertbe üget,
Megérzi a rókát a közelgô bokorban, 
S nem téveszti össze az egyik rokonnal!
Elijeszti mára a négylábú ravaszt, 
S megvédi a kertben élô picike kakast!
Zajos nap után már mindenki fáradt,
A gyerekek álmuk mélyén nevetnek párat!

2013. március 3.
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Gyerekeimmel együtt verselve
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