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MPOLIECCHl TOMEOCTATHYECKOA NPONMOEPALUM

B MATOTEHE3E AYTOUMMYHHOTO TNOMEPYNIOHEDPUTA,
HHAYUHAPOBAHHOTO XPOHUYECKOM PEAKLMEW
“TIPAHCNAHTAT NPOTHB XO3AWHA"

E.B.I'viiman, O.T.Kynaesa, H.A.Wnsuna, B.W.Bopucos,
B.C.Koxepnukos, O.I1. Konecrugosa, B.A.Kozios

HUH kaununeckoli ummynonozuy CO PAMH, Hosocubupck

Jhmnaconerns, Boamu(momu HA PAHHEM ITale eCKOH peaKiTin

TIPOTHB XO3MWHA”, CONPOBOXIACTCA BOSPACTAHUEM yposx-m WI-7 B nepudepsueckoit Kpos
" TK CD4*- u CDS*-memx B CENICICHKE PELUHCH-
T0B. Yepea 3 Mec y yacTi T (fupus-
PCLMIMCHTEL), IIDH 3TOM Y HHX COXPAHAIOTCH IIOBBILEHHBIE ypoeuu MJI-7 u T-xnerok ¢
denormmom krerox mamsit (CD4*CD45RB u CDS*CD45RB™) 110 cpasreHmo ¢ nonlupus-
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AYTOMMMYHHOWU TIATOJOFHM B JAHHOHK MONEITH.

Ki CH0BR: B HI-7, CD4*- u CD§" ~cybnonyasyuu,
xp peaKuus npomue xosauna”
B mocnienHKe rogbl B Ka4ecTBe OIHOTO U3 ygacTue Tl s ayToum-

pPa3BUTHS Ay HATONOTHI
PACCMATPUBACTCS TOMEOCTATHYECKAT PO bepanus
Iy —
BEHHOTO JiehIITa THMGOLIMTOB ITyTeM BKIHOYSHHS
ux mponuepainn Ha nepudepun {9]. ITI npuso-
AMT K CHHXEHWIO DAa3HOOGPAasHsA Pacro3HAIOWMX

yer -

MYHHO# TIATONOTHH NPH XpoHuygeckoi PTILX, urmy-
uspyemolt B Moser DBA/2—(C57Bl/6XDBA/2)F,.

METOOMKA UCCREAOBAHUSA

B paore ucrons3oBaiy Mbiei JuHuE DBA/2 1

2HTHICHH PELENTOPOB H B
KOJIMYECTBE ayTOPEaKTUBHBIX 3(MeKTOPHEIX KIETOK
{1,5,6,11]. Mrnykunst XpoHHHecKoi peakuya “1'pa|1
IUIAHTAT [IPOTHB (PTIIX) B nc

HOH cucreme DBA/2—(C57BI/6XDBA/2)F, BE13b1-
BacT ¥ 4acTu TOB HMMYHO-

0 I (hpura ay 1

I (C57BI/6xDBA/2)F, (B6D2F1) — camox
B 2 mec, y BIX U3

HO-BHO/IOIMHECKOH KIMHNKU NaBOPATOPHBIX KHBOT-
Heix CO PAMH. JXuBOTHHIX cofiepXaqid B COOT-
BETCTBHM C NPaBUNIAMM, TIpHHsiTEIME ERponeitckoit
KOHBCHUMEH 10 32TUTE KHBOTHBIX, UCTIOMB3YEMBbIX
JIBHBIX Y MHBIX HaYYHBIX Lieneil

reMesa, KOTOpbifi IO Psfy NMPH3HAKOB AHATOTHUCH
HedpuTy TIpH aYTOMMMYHHOM 3a60JeBAHAHM YeNo-
BeKa — CHCTEMHO# KpacHOM BomiaHke [2,10,14].
TlocKONBKY pasHMe CTAIHH PA3BUTHA xponn'-lecxon
PTITX cc
Huei [4], HH b

st
{Crpacbypr, 1986 r.).
(po! yio PTIEX IyTeM Iie-
peHoca I BSD2F1 b KIIETOK
ponurensckoid anuuun DBA/2. Knerku nmumdbara-

YECKUX YATOB M BBOJIMNIH BHYT
TaM B pose 60-70x10° k1eToK ABYKpaTHO
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¢ muTeppanoM B 5 cyt [10]. Konrponem ciyxmma
MHTAKTHBE XHMBOTHBIE TOIO Xe TeHOTUNA, [oia,
BO3DACT2, 410 U B OIIbITE.



UMMYHOTOTUS Y MKPOSUONOT VST

Conepxanvie noryspi mmdormmos CD4-, CD8*
7 CDASRB ™/ oppeaesisim ¢ IOMOUIbIO IPOTOYHO-
o uurometpa “FACSCalibur” (“Becton Dickinson™)
mo nporpamme “CellQuest” (“Becton Dickinson”).

Koruenrpaunio UII-7 B niepudepusieckoil kpo-
BU OMPENEC/SIM TRCPAOGA3HBIM BAPMAHTOM MeTona
UDA (“R&D Systems™).

Kommuectso Genka B MOYe ONPEAESLIH KOJl0-
PUMETpHYecKH ¢ KpacureteM (Kumsai brillant blue,
Loba Feinchemie) npu 4=570 um [7]. Kam6posou-
HYIO KpUBYIO crpowiy o BCA (100-1000 mxr/aun),
PC3YABTATH BHIPAXATY B MI/MIL

CraTHCTnHecKyIo 00PaGOTKY Pe3yaLTATOB MPo-
BOIWIM METOAAMHM HCHIAPaMETPHUCCKON CTaTHCTH-
KM} Pasidus CYRTATM JOCTOBEPHBIMA npu p<0.05,

PE3YJIbTATbI UCCNEAOBAHUS

Octpast PTITX CONpOBOXIAETCS PE3KMM CHIDKEHHEM
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KIETOK M KIETOK NaMaTH cpean CD4*- u CD8*-
JIMMQOUNTOB CENE3CHKU B PA3HBIC TIEPHOABL XPO-
nuteckoit PTTTX,

Ha wayanbubix cranusx PTITX obHapyxeHo
BO3pacTaHue abcomorHoro Koaudectsa CD4'- u
CD§*-cyDnonmy/Iaimit B cene3eHKe, HPHUEM YBETH-
UMBACTCS YHCA0 KK HAMBHBIX KiTeTok CD4'CD45
RB"&* y CD8*CD45RBeh, Tak U KIeTOK Hamsi-
1n CD4*CD45SRB™ y CD8*CD435RB™ (puc. 1, a).
B nanpreiinrem conepxatve KreToxk namarn CD4
CD45RB" u CD8 CD45RB"™ ocTaercs T10BbI-
LWCHHBIM, TOFA KaK KOJH4ECTRO HAHBHBIX KJIETOK
CD4*CD45RB"" n CD8*CD45RB™" fiocsie nomabe-
M2 HAYWHAET CHUXAThCst (puc. 1, 6). YBennuenue
HACIEHHBOCTH CYBTIOTYAsIUMI B 9TOT MEPUOA MOXET
BeTh CBSI3AHO C TPAHCILIAHTALIMENH GONBLIOTO KO-
Jy4ecTBa KIETOK npu MHnyknmu PTIIX, a Takke
¢ npomrdepalivei AHTHICHPEAKTHBHBIX THMBOLIH-
TOB ICHOPA W TOMEOCTATHIECKO# nposmdepanueil

4Mea TMAGOUUTOB. Xpo! yio PTIIX

UMMYHOCTUMYIISITOPHOU, TTIOCKOJIbKY U1 HEe XapaK-
TepHa stmdonponubepatustas peaxuws {14]. Onma-
KO OLEHKa COAepKaHHs NuMMOLNTOB B nepubepn-
Yeckoi KpOBY PELIMTNINCHTOB B TWHAMMKE BRISIBUIA
PE3KOE CHIDKEHMC WX KONUYESCTBA Ha paHHEM 3rane
PpasuTHs xpormyeckoit PTITX. Do cHinkeHue aep-
KUTCST B TEUCHWE NEPBBIX 2 HEA U 3aTEM CMEHSMET-
ST IMMGOLTHTO30M C TOCASAYIOIEH ROpMATH3ATIFEl
“Mcaa TumGoLMToB B meprdepuueckoll Kposu 10
3HEYEHUIT WHTAKTHBIX XUBOTHBIX Ha d)OHe pasBHBa0-
leficst cienomeraniu [4]. TTockonsky mpoteccsl
I COTIPOBOXKIAIOTCS M3MEHEHHEM COOTHOILEHUS
CYBMOTYIALVET TUMGOLIITOR U B NIEPBYIO OYEPEs HE-
TPOTIOPLHOHAIIBHBIM YBE/IMYEHUEM KONUYECTBA KIIC-
TOK NaMSITH, MBI OUEHUBATH KOAUYECTBO HAWBHbBIX

Koinectso wietok, x10° Z'

KIIETOK [ Ta.

T'omeocTarnyeckas MposMdepatus ABISETC
obwum cpolictoM T-, B- u NK-xnerox 8 oTper
Ha CHIDKEHHUE VX YKCAa, npyt 31oM I'{1 pasHbix nomy-
nAUME TUMOBOUMTOR TPeBYeT HANM4MS PAINTUYHBIX
curHanos. Tak, HeobxoTuMbIM yeroBieM T'TT Hans-
b CD4™ T-K1eToK SRIACTCS BHICOKAS KOHUCHTPA-
1mst WII-7 u pacnosuasanue komrnekcos MHC ¢
COBCTBEHHBIMA TIENTHAAMM, TPV 3TOM UHTCHCHB-
HOCTb NPO/L(EPALIN HAXOAUTCS B IPIMON 3aBMCU-
MOCTH OT 3BHIIHOCTH B3aMMONEHCTRMUS. CuuraeTes,
yto I'TI T-kaevok namatn nomaepxusactcs WI-7,
WJI-15 n MeHee 3aBHCHT OT PAcnO3HABAHMS AyTO-
menTuaos [6,8,12,13,15].

Ouetika ypoBHS VJ1-7 BHIBIUIA €10 PE3KOE BO3-
PAacTaHnC B UEPUPEPUUCCKON KPOBY PELHUINEHTOR
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7 — CD4'CD45RB""; 2 — CDA"CD45RB™; 3 — CD8*CD45RB; 4 — CD8'CDA5RB™. CBeTNbIe CTONBIMKN — KOHT-

ponbHas rpyrna {7=16), TemMHsie — ONbITHAs rpynna (=

16). *0<0.05 N0 CPasHEHWIO C KOHTRONEM.
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XpoHuyeckoi PTMX.
7 — KouTpOAL (7=16); 2 — nMMq;oneum {r=16); 3 —

pn PTRX.
1= CDA*CD45RB‘W" 2 — CD4*CD45RB™; 3 — CD8*
CDA45RB"; 4 — CDB*CDA5SRBY*. Caevnuie cTonGMkM —

nonlupus-peuvnuenTs (7=8); 4
{r=8). p<0.05 no c
pegmnneHTamMn.

B PAHHME CPOKH,
uueit (puc. 2).

Da3BUTHE XD xoii PTIIX B
JAHHOM MOZeNM IPMBONMT K hopMuposanio yepes
3 MecC y 9acTH MBIMIEH ayTOMMMYHHOIO IIOMEPYC-
Hebpura (Iupus PELMNUEHTHY), O 4eM CYIIIH IO Mo~
P ypuu (Goee 3 Mr/wl)

iic HYECKH 110X

rpynna (n=8), TeMnue o~ /)onlupus peun-
nueHTbl {/7=8),
{n=8). p<0.05 no cpasHeHwo ¢ KOHTDOﬂbHCM rpynno#,
*nonlupus-pelunueHTaMu.

T0B I'T] numoLHTOB, KOTOpas, B CBOK OYepedb,

HApyLIAeT HPOLECCH NOMAEPKAHUS TONEPAHTHOCTH

KIETOK HCT WX ayTo-

arpeccrIo, IPMBOMA K PA3BHTHIO 8YyTOMMMYHHO#M ma-

TOJIOTHM B JAHHOH MOFEIH

TakiM o6pazoM, npoueccu TTI yuacTByioT B
ay ¥ TIATOIOTHH, HHAYIH-

HBIMH TTATONOT B
TKaHu [2,3]. ¥ TaKHX Jupus-peiluIMeHTOB COXpats-
eTCA TOBHINCHHOE cofepxanue MII-7 B mepude-
pugeckoit kpos 1 CD4*- n CD§*

it PTIIX B DBA/2—>

(CS7B[/6XDBA/2)F1, KOTOPAs MOXET CIYXUTh 3KC-
TIEPUMEHTANBHON MOMENBIO JA U3Y4CHUS 3AKOHO-
p I u U €6 pe-

¢ (PEHOTHTIOM KIETOK NAMATH B CENEIEHKE TIO CPaB-
HEHWIO C KOHTPOJILHBIMY XHUBOTHHMU U nonlupus»
Tamy Gea ma-
Tonoruu (puc. 2, 3). Y lupus- peunnneﬂmn TAKKE
yBenauBaeTes THe10 HausHEX CD4*- u CD8*-xie-
TOK B CE/Ie3eHKe, YTO MOXET GHITh BHIIBAHO AKTH-
Baumei PoLEccoB MUTPAIHH U3 mmyca KOTODBI
apu it popme, PTTIX
[1]. Hecmotpst Ha yBemmgenne obeux CD4*-cybmo-
Ty, COOTHOMEHNE CIBUHYTO B CTOPOHY KIETOK
MV (oTHOCHTENBHOE copepxarue CD4*CD4SRB™
y lupus-peunmnuenTos coctaniser 75.8% npu 62.1%
B KoHTpone, p<0.f 001) Ha sroit cTanuy XpOHINECKoH
PTIX T-x» y
Y 0l MOaEH BCEro 2% u
JIeH To9TH Mekimoaurensao CD4*-kierkamu [14], Ta-
KHM 00pazoM, CD4*CD45RB“"‘ 1 CD8"CD45RB™-
KJIETKH B ,
cobolt B I
My, TEMponeHus, xapampnau It paHHIX cTamui
TIX, ¥ 9acTH
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Processes of Homeostatic Proliferation in the Pathogenesis
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Lymphopenia developing at the early stage of chronic graft-versus-host reaction is associated
with increased content of IL-7 in the peripheral blood and leads to an increase of the CD4*
and CDS8" cell subpopulations in the spleen of the recipient. After 3 months, some animals
develop autoimmune glomerulonephritis (/upus recipients). High levels of IL-7 and T-cells
with the memory cell phenotype (CD4*CD45RB"" and CD8"CD45RB"¥) persist in these
animals, in contrast to nonlupus recipients without signs of autoimmune disease. This can
attest to the involvement of homeostatic proliferation processes in the formation of autoim-

mune disease in this model.

Key Words: homeostatic proliferation; IL-7; CD4* and CD8* subpopulations, chronic grafi-

versus-host reaction

Homeostatic proliferation (HP), compensatory re-
pair of quantitative deficit of lymphocytes by trig-
gering their proliferation at the periphery, is now
regarded as a possible mechanisms of the develop-
ment of autoimmune disease [9]. HP decreases the
variety of antigen recognizing receptors and leads to
the appearance of an appreciable amount of autore-
active effector cells [1,5,6,11]. Induction of chronic
graft-versus-host reaction (GVHR) in the semiallo-
genic DBA/2—(C57Bl/6xDBA/2)F, system causes
the formation of immunocomplex glomerulonephritis
of autoimmune nature in some recipients, similar by
some signs to nephritis in human autoimmune disease
(systemic lupus erythematosus) [2,10,14]. Since the
early stages of chronic GVHR development are associ-
ated with pronounced lymphopenia [4], it is essential
to study the involvement of HP processes in the de-
velopment of autoimmune disease in chronic GVHR
induced in the DBA/2—(C57Bl/6xDBA/2)F  model.

Institute of Clinical Immunology, Siberian Division of the Russian
Academy of Medical Sciences, Novosibirsk, Russia. Address for cor-
respondence: L.Goiman@mail.ru. E. V. Goiman

MATERIALS AND METHODS

The study was carried out on 2-month-old female
DBA/2 mice and (C57BlI/6xDBA/2)F, (B6D2F1) hy-
brids from experimental biological laboratory animal
clinic of Siberian Division of the Russian Academy
of Medical Sciences. The animals were kept in ac-
cordance with the regulations adopted by European
Convention for Protection of Animals Used for Ex-
perimental and Other Research Purposes (Strasbourg,
1986).

Chronic GVHR was induced by transplantation of
parental DBA/2 lymphoid cells to B6D2F1 hybrids.
The lymph node and splenic cells were injected to
recipients intravenously in a dose of 60-70x10° cells,
2 injections at 5-day interval [10]. Intact sex- and age-
matched animals of the same genotype served as the
control.

The counts of CD4*, CD8", and CD45RB'o%hieh
lymphocyte subpopulations were evaluated by FACS-
Calibur flow cytometer (Becton Dickinson) using the
CellQuest software (Becton Dickinson).

0007-4888/10/1491-0054 © 2010 Springer Science + Business Media, Inc.
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Fig. 1. Subpopulations of splenic cells at the early stages of chronic GVHR development. a) 1 week after GVHR induction; b) 1 month
after GVHR induction. 7) CD4*CD45RB"s"; 2) CD4*CD45RB""; 3) CD8+*CD45RB""; 4) CD8*CD45RB"". Light bars: control group (n=16);
dark bars: experimental group (n=16). *p<0.05 compared to the control.

The concentration of IL-7 in the peripheral blood
was measured by ELISA (R&D Systems).

Urinary protein was measured by colorimetry
with Kumsai Brilliant Blue stain (Loba Feinchemie)
at A=570 nm [7]. The calibration curve was plotted
by BSA (100-1000 pg/ml), the results were expressed
in mg/ml.

The results were statistically processed by non-
parametric methods. The differences were considered
significant at p<0.05.

RESULTS

Acute GVHR is associated with a drop of lymphocyte
count. Chronic GVHR is called immunostimulatory,
because of lymphoproliferative reaction characteris-
tic of it [14]. However, measurements of lymphocyte

IL-7 concentration, pg/ml

30

*

0

/ 2 3 4

Fig. 2. Concentration of IL-7 in the peripheral blood of experimental
animals after induction of chronic GVHR. 1) control (n=16); 2) lym-
phopenia (n=16); 3) nonlupus recipients (n=8); 4) lupus recipients
(n=8). p<0.05 compared to: *control, *nonlupus recipients.

counts in the recipient peripheral blood over the course
of experiment revealed its drastic decrease at the early
stage of chronic GVHR development. This decrease
persists throughout the first two weeks and then is
replaced by lymphocytosis followed by normalization
of lymphocyte count in the peripheral blood against
the background developing splenomegalia [4]. Since
HP is associated with changes in the proportion of
lymphocyte subpopulations, primarily disproportion-
al increase in memory cell count, we evaluated the
counts of naive cells and memory cells among splenic
CD4" and CD8" lymphocytes during different periods
of chronic GVHR.

An increase in the absolute counts of CD4" and
CD8 subpopulations in the spleen was detected at
the initial stages of GVHR. This increase involved
CD4"CD45RB"¢" and CD8"CD45RB"¢" naive cells and
CD4"CD45RB"* and CD8*CD45RB"" memory cells
(Fig. 1, a). Then, the counts of CD4*CD45RB" and
CD8'CD45RB" memory cells remained high, while
the counts of CD4*CD45RB"¢" and CD8"CD45RBP"e"
naive cells started to decrease after their elevation
(Fig. 1, b). The increase in the subpopulation counts
during this period can be caused by transplantation of
many cells (GVHR induction) and by proliferation of
donor antigen-reactive lymphocytes and HP of recipi-
ent cells.

HP is a common property of T-, B-, and NK cells
in response to reduction of their counts; HP of diffe-
rent lymphocyte populations requires different signals.
An obligatory condition for HP of naive CD4" T-cell
is high concentration of IL-7 and recognition of MNC
complexes with autopeptides, the intensity of prolif-
eration directly depends on avidity of this interaction.
It is assumed that memory T-cell HP is supported by
IL-7 and IL-15 and less depends on recognition of
autopeptides [6,8,12,13,15].
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The content of IL-7 in the peripheral blood of
recipients sharply increased during the early period,
paralleled by lymphopenia (Fig. 2).

The progress of chronic GVHR in this model
leads to the formation (after 3 months) of autoimmune
glomerulonephritis in some animals (/upus recipients);
this was seen from the development of stable protein-
uria (more than 3 mg/ml) correlating with morphologi-
cally verified pathological changes in the renal tissue
[2,3]. These lupus recipients retain high levels of IL-7
in the peripheral blood and high counts of CD4" and
CD8" subpopulations in the spleen in comparison with
control animals and nonlupus recipients without signs
of autoimmune disease (Figs. 2 and 3). In addition, the
counts of naive CD4" and CDS8" cells in the spleen are
elevated in /upus recipients, presumably due to stimu-
lation of migration from the thymus, which remains in-
tact in chronic GVHR [1]. Despite the increase in both
CD4* subpopulations, the proportion is shifted towards
memory cells (CD4*CD45RB" in [upus recipients
is 75.8% constitute 62.1% in the control, p<0.001).
The T-cell chimerism at this stage of chronic GVHR
in recipients in the studied model is just 2% and is
presented almost exclusively by CD4" cells [14], and
hence, the CD4"CD45RB"" and CD8*CD45RB"" cells
in the spleens of /upus mice are mainly recipient cells.
It seems that lymphopenia characteristic of the early
stages of chronic GVHR causes lymphocyte HP in
some recipients, which, in turn, disturbs the mainte-
nance of immune cell tolerance and stimulates their
autoaggression, thus leading to the development of
autoimmune disease in this model.

Hence, HP processes are involved in the forma-
tion of autoimmune disease induced by chronic GVHR
in the DBA/2—(C57Bl/6xDBA/2)F, system, which
can serve as an experimental model for studies of the
regularities of HP development and possibility of its
regulation.
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