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TPOMBOLMTbI MPU XPOHUYECKOMN PEAKLUW
«TPAHCIJTAHTAT NMPOTUB XO3AUHA»:
CBA3b C Th1/Th2-COOTHOLUEHUEM

Roaecuurkosa O.II, I'oiiman E.B., Opaosckas .A., lemuenko E.H.,
Boasckuit H.H,, I'aBpuaosa E.JI.

DI'BHY «Hayuno-uccredosamenscKuii UHCMUmym (QyHOaMeHmanbHol U KAUHUYECKOU UMMYHON02UU»,
2. Hoeocubupck, Poccus

Pesome. Kak 0OHapykeHO B KIMHWUYECKUX U JJAOOPATOPHBIX UCCIEIOBAHUSIX, TPOMOOILIMTHI HE TOJBKO
WUIPAIOT KJIIOUEBYIO POJIb B Mpolieccax KoaryJasiiuu U TPOMOOOOpa3oBaHUs, HO U CITOCOOHBI aKTUBHO y4ya-
CTBOBAaTh B JAPYTUX MaTO(GU3UOJOTMYECKUX MPOoIeccax, B TOM YWCIe U B Pa3BUTUM MMMYHHBIX PEaKIIUiA.
B yacTHOCTH, TTOKa3aHO, YTO U3MEHEHUSI B UMMYHHOU crUCTeMe, MPUBOASIIME K 3a00JI€eBAHUIO CUCTEMHOM
KpacHoi BoryaHkoi (CKB), Hepeako conpoBOXAAOTCS UBMEHEHUSIMU YKucia TPOMOOLIUTOB U UX aKTUB-
HOCTHU B nepudepudeckoit Kpou 60sibHbIX CKB, KoppenrpyommnmMu ¢ BBIPaXKeHHOCTbIO KITMHUYECKUX MTPO-
siBJIeHU# 6osie3HU. B mpenbiayiiue roabl HaMu Oblla J€TaIbHO MCCleoBaHa OJHA U3 CTAaHAAPTHBIX dKCIIe-
puMeHTaIbHbIX Moneneili CKB, ocHoBaHHasi Ha MHAYKIIUU XPOHUYECKON peaKIMM «TpaHCIJIaHTaT MPOTUB
xo3stuHa» (XPTIIX) B monyamnorenHoi cucteme DBA/2 — (C57B1/6 x DBA/2)F,. OnHako yyacTtue TpOM-
OOLIMTOB B TOM UMMYHOMNATOJOTMYECKOM IPOIIECCe UCCAESIOBAHO He ObLIO, U B IUTEpaType HET JaHHBIX O
noBeaecHUM TpoMOouToB TIpu XPTTIX mnu o cBs3u nx ¢ coctostHueM Thl/Th2-6anaHca, XOTS 10 aHAJIOTUH
c pazputueM CKB y yenoBeka MOXHO OXUIATh, YTO U B UCITOJIb30BAHHOW HAMU 2KCIIEPUMEHTAIbHOU Mofe-
JIM KOJIMYECTBO TPOMOOIIUTOB U3MeHseTcsl B cooTBeTcTBUU ¢ pa3dBuTheM XPTIIX. [ToaToMy 1enbio naHHOM
paboThI OBLIO ONpeaesieHre yrciaa TPOMOOIIMTOB B KpoBU y Mbllieit ¢ Th1- u Th2-3aBucuMbIMu BapuaHTaMu
xPTIIX.

B akcriepuMeHTax ObLIM MCITOIb30BaHbl caMKU Mbiiieil auHuit DBA/2 u rubpunos (C57B1/6 x DBA/2)
F,. Xponuueckyio PTIIX B monyanioreHHOM cCUCTeMe MHIYIMPOBAIN BBOIS CIUICHOIUTHI Mbiliieii DBA/2
mbltamM-rudpugam B6D2F,: mo 60-70 x 10° kjileToK B/B ABYKpaTHO ¢ MHTepBajaoM B 6 mHeil. MccnemyeMbie
napaMeTphl OLIEHUBAIY Yepe3 TPU Mecsilia Mocje Hayaia dKCIepuMeHTa U hopMUPOBAHUS JTIOITYC-MTOJO0HO-
ro rjiomepyaoHedpuTa y kuBoTHbIX ¢ Th2-3aBucumMbiM BapuaHToM XPTTTX.

CHMXXEHME KOJIMYECTBa PUTPOLIMTOB U FeMOII00MHA, YMEHbIIIEHHE MToKa3aTeeil reMaTOKpuUTa U nmapaji-
JIeJIbHOE YBEJIMYEHUE KOIUYECTBA PETUKYIOIUTOB B KpoBU Mbllieit ¢ XPTIIX xopoliio cornacyercs ¢ paHee
clleJJaHHBIM HaMU BBIBOJIOM O HAJIMYUU Y DTUX XKUBOTHBIX QyTOUMMYHHOU reMOJIMTUYECKON aHeMUU. bbLio
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OOHapyXeHO, YTO B OTJMYUE OT APYTUX (POPMEHHBIX 3JIEMEHTOB KPOBU TPOMOOLIUTHI CYIIIECTBEHHO BO3pac-
TatoT npu pazButuu XxPTIIX, HO 0 BropuyHOM TpoMbo1uTo3e B AaHHOI Moaes i CKB MOXHO rOBOPUTH TOJIb-
KO B oTHolleHnr Th2-3aBUCHUMOro BapraHTa 3TOro IMpoliecca, B TO BpeMs Kak B rpymmne ¢ Thl-3aBucumbimM
BapuanToMm XPTIIX cpenHee KoinuecTBO TPOMOOILIMTOB B KPOBU HE OTJIMYAETCS OT KOHTPOJIBHOM IPYIIIIbI.

Knrouesvie croea: xponuueckas peakyus mpaHcniaHmam nPOMmue X03aUuHa, CUCMEeMHAs KPACHAs 80AYAHKA, IKCNePUMEHMANbHAS
Mmodens, mpomboyumnt, Thl/ Th2-6aranc

BLOOD PLATELETS IN CHRONIC GRAFT-VERSUS-HOST
DISEASE: ASSOCIATION WITH Th1/Th2 RATIO

Kolesnikova O.P., Goiman E.V,, Orlovskaya I.A., Demchenko E.N.,
Volsky N.N., Gavrilova E.D.

Research Institute of Fundamental and Clinical Immunology, Novosibirsk, Russian Federation

Abstract. As found in clinical and laboratory studies, platelets not only play a key role in the processes of
coagulation and thrombosis, but are also able to actively participate in other pathophysiological processes,
including the development of immune reactions. It has been shown that changes in the immune system leading
to systemic lupus erythematosus (SLE) are often accompanied by changes in the number of platelets and their
activity in the peripheral blood of SLE patients, which correlate with the severity of the clinical manifestations
of the disease. Earlier we have studied the standard experimental model of SLE in detail, based on the induction
of chronic graft-versus-host disease (¢cGVHD) in the semi-allogeneic system DBA/2 — (C57Bl/6 x DBA/2)F,.
However, the participation of platelets in this immunopathological process has not been studied. There are no
data in the literature on the behavior of platelets in cGVHD or on their relationship with the state of Th1/Th2
balance. It can been expected that the platelet count changes according to the development of cGVHD in the
used experimental model by analogy with the development of SLE in humans.

In the experiments, we used female mice of the DBA/2 strain and (C57B1/6 x DBA/2)F, hybrids. Chronic
GVHD in a semi-allogeneic system was induced by injecting DBA/2 mouse splenocytes into B6D2F, hybrid
mice: 60-70 x 10 cells intravenously twice with an interval of 6 days. The studied parameters were evaluated
three months after the start of the experiment and the formation of lupus-like glomerulonephritis in animals
with Th2-dependent cGVHD variant.

A decrease in the number of erythrocytes and hemoglobin, a decrease in hematocrit and a parallel increase in
the number of reticulocytes in the blood of mice with cGVHD are in good agreement with our earlier conclusion
that these animals have autoimmune hemolytic anemia. It was found that, platelets increase significantly with
the development of cGVHD unlike other blood cells. Secondary thrombocytosis is observed in the case of the
Th2-dependent variant of cGVHD in this model of SLE, while in the group with the Th1-dependent variant of
c¢GVHD, the average number of platelets in the blood does not differ from the control group.

Keywords: chronic graft-versus-host disease, systemic lupus erythematosus, experimental model, platelets, Th1/Th2 balance

The investigation was financed from the federal cells that are well studied in relation to their direct

budget to fulfill the state assignment on the research
work “The study of the immunopathogenesis of
phenotypes of socially significant human diseases,
polymorbid diseases, the development of new methods
for their personalized diagnosis and treatment” (state
registration No. 122012000366-9).

Introduction

The results of numerous clinical and laboratory
studies convincingly indicate that platelets, blood

participation in the processes of coagulation and
thrombosis, can play a significant role in other
pathophysiological processes, including the deve-
lopment of immune reactions [4, 7]. In particular, it
has been found that changes in the immune system
leading to systemic lupus erythematosus (SLE) are
often accompanied by changes in the number of
platelets and their activity in the peripheral blood of
SLE patients, which correlate with the severity of the
clinical manifestations of the disease [1, 8, 12].
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In previous years, we have studied in detail one of
the standard experimental models of SLE, based on
the induction of chronic graft-versus-host disease
(cGVHD) in the semi-allogeneic system DBA/2 —
(C57Bl1/6 x DBA/2)F1 [3, 5]. It was found that the
immunopathological process caused by the transfer
of lymphocytes from one of the parental lines to
hybrid mice can proceed both according to the Th2-
dependent developmental variant with the formation
of lupus-like immunocomplex glomerulonephritis,
and according to the Thl-dependent developmental
variant — without nephritis, but with manifestations
of severe immunodeficiency. As we have described
earlier [5, 11], an essential pathological component of
c¢GVHD in this system is the presence of autoimmune
hemolytic anemia caused by the production of large
amounts of autoantibodies to own erythrocytes
by activated B cells. However, the participation of
platelets in this immunopathological process has
not been studied, and there are no literature data
on the behavior of platelets in cGVHD or on their
relationship with the state of Th1/Th2 balance.

Based on the above-mentioned data obtained in
clinical studies of patients with SLE, it can be expected
that in our experimental model the number of
platelets changes in accordance with the development
of cGVHD.

Therefore, the aim of present work was to deter-
mine the number of platelets in the blood of mice with
Thl- and Th2-dependent developmental variants of
the immunopathological process.

Materials and methods

In the experiments, we used female mice of the
DBA/2 strain and (C57Bl/6 x DBA/2)F1 hybrids
obtained from the SPF vivarium of the Institute of
cytology and genetics SB RAS (Novosibirsk). The
animals were kept under standard vivarium conditions
in accordance with the rules adopted by the European
Convention for the Protection of Animals Used for

Experimental Purposes (Strasbourg, 1986). The
study was approved by the RIFCI ethics committee
(protocol No. 92 dated November 10, 2015).

Chronic GVHD in the semi-allogenic system
was induced according to the standard regimen
by inoculating splenocytes from DBA/2 mice to
B6D2F1 hybrid mice: 60-70 x 10° cells intravenously
twice with an interval of 6 days [6]. The outcome
of the immunopathological process in individual
animals was determined 3 months after the induction
of cGVHD by measuring the level of protein in the
urine: with proteinuria of 3 mg/mL or more, mice
were classified asa Th2-dependent variant of cGVHD,
leading to the formation of glomerulonephritis, in the
presence of protein in urine less than 3 mg/mL — to a
Thl-dependent variant of the disease.

The cellular composition of peripheral blood,
hematocrit and the content of hemoglobin was
assessed using a PCE-90 hematological analyzer
(ERMA Inc., Japan). Statistical processing of the
results was carried out by nonparametric statistics
using the Mann-Whitney test.

Results and discussion

The results of determining the indicators
characterizing the state of blood cells in mice with
Th1- and Th2-dependent variants of the development
of cGVHD are presented in Table 1.

A decrease in the number of erythrocytes and
hemoglobin, a decrease in hematocrit and a parallel
increase in the number of reticulocytes in the blood
of mice with cGVHD is in good agreement with our
earlier conclusion thatthese animals have autoimmune
hemolytic anemia [5, 11]. In our previous studies, this
conclusion was also confirmed by high Coombs test
values, indicating the production of a large number of
anti-erythrocyte antibodies during the development
of ¢cGVHD, and an increase in the amounts of
erythroid precursors in the bone marrow, which

TABLE 1. PERIPHERAL BLOOD PARAMETERS IN MICE WITH TH1- AND TH2-DEPENDENT CGVHD VARIANTS 3 MONTHS

AFTER DONOR CELL TRANSFER

Leucocytes, Erythrocytes, Hemoglobin, oo Reticulocytes,

Group 108/mL 10%/mL 9/100 mL Hematocrit, % pro mille
Control
(intact BDF,) 111 713 17.9 49.5 10.2
(n=12)
Th1-dependent variant
of cGVHD 8.4* 7.04 16.6 46.4 15.9*
(n=11)
Th2-dependent variant
of cGVHD 13.8% 5.9*# 15.0%# 40.5%# 21.3%#
(n=13)

Note. *, significant difference from the control group (p < 0.01); #, significant difference from Th1-dependent variant of cGVHD

(p <0.02).
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Figure 1. Number of platelets in the blood of mice with
c¢GVHD

Note. 1, control (intact BDF,) (n=12); 2, Th1-dependent variant

of cGVHD (n = 11); 3, Th2-dependent variant of cGVHD (n = 13). ¥,
statistically significant difference from the control group (p < 0.001); #,
statistically significant difference from Th1-dependent variant of cGVHD
(p<0.02).

directly indicates the stimulation of erythropoiesis in
these animals [5].

The data in Table 1 also shows that the mani-
festations of autoimmune hemolytic anemia are
noticeably more pronounced in the group of mice
with Th2-dependent variant of the development of
c¢GVHD, compared with animals in which a relatively
greater Thl lymphocytes influence was observed on
the development of the immunopathological process.
This was to be expected, since it is Th2 cells that have
a stimulating effect on the polyclonal activation of B
lymphocytes and, accordingly, on the mass production
of anti-erythrocyte autoantibodies.

Platelets increase significantly with the deve-
lopment of cGVHD unlike other blood cells. The
data obtained in our experiments on the increased
amount of platelets in the blood of experimental mice
are shown in Figurel.

It can be seen that the presence of secondary
thrombocytosis in cGVHD can be said only in relation
to the Th2-dependent variant of this process, while in
the group with Thl-dependent variant of cGVHD,
the average number of platelets in the blood does not
differ from the control group.

In a literature review based mainly on data from
clinical studies [9], among the common causes
leading to the occurrence of secondary thro-
mbocytosis, autoimmune hemolytic anemia and
chronic inflammation are indicated. It is precisely
these manifestations of the pathological process that
are characteristic signs of cGVHD in the case studied
by us, which allows us to assume their pathogenetic
role in the formation of thrombocytosis in this
experimental model of SLE. As mentioned above,
the anemia severity is significantly higher in the group

with Th2-dependent variant of the development of
cGVHD, which may be the cause of thrombocytosis
in these mice.

In addition, the same group is characterized by
the development of an active inflammatory process,
lupus-like glomerulonephritis, which does not occur
in mice with Th1-dependent cGVHD. Previously, we
found that in the serum of mice with Th2-dependent
variant of cGVHD, the concentration of IL-6 was
doubled (compared to control), while in animals with
Thl-dependent variant, this figure was even lower
than in controls [6]. Since this cytokine is one of the
main stimulators of platelet formation in the bone
marrow [9], it may be the most important factor in
the onset of thrombocytosis in our model.

It is assumed that an increase in the number
of platelets in the blood of animals in our
experimental model is a by-product of the main
immunopathological processes that determine the
development of cGVHD. However, it cannot be ruled
out that changes in the number of these cells and
their activity may also play a certain pathogenetic
role in the formation of an SLE-like syndrome in this
model. Many researchers point to the participation of
platelets in immunopathological processes. Thus, in
their work [2], performed on a large group of patients
with SLE, the authors, on the basis of statistical
processing of the obtained results, argue that the
amount of platelet microparticles present in the blood
of patients, which form immune complexes with
IgG, correlates with the clinical manifestations of the
disease and can be used to prediction of its course.
A review of the literature on the role of platelets in
the development of immune-mediated inflammatory
diseases such as SLE or rheumatoid arthritis describes
a variety of pathophysiological mechanisms that link
platelet activity with cells of the immune system and
with immune reactions [10].

Another recent work [8] describes the release by
platelets from patients with SLE of microparticles
containing extracellular mitochondrial DNA, which,
according to the authors of the article, can play the
role of an autoantigen in the development of this
disease. Similar phenomena can be expected in the
SLE model we studied, since, as we showed earlier,
the concentration of extracellular DNA in the blood
of mice with Th2-dependent variant of chronic
GVHD noticeably increases [3].

Conclusion

Thus, the observed increase in the number of
platelets in the blood of mice with cGVHD can be a
starting point for a deeper study of the pathogenesis
of immune system dysfunctions in this experimental
model of SLE.
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