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POJIb TH1/TH2 BAJIAHCA B ®N3HOJIOTHYECKOH
PETYJIIUMNA UMM YHHBIX PEAKIIUH:
YOOEKTHI DIIMTEHETHUYECKUX BO3JIEMCTBUH

Kyoaeea O.T.
I'Y HUHN rknMHHYeCcKOH uMmyﬂo.ﬂorun CO PAMH, HoBocuOupck

B HacToslee BpeMs HE BbI3biBA€T COMHEHHMH, YTO BAXKHYIO POJib B JIETEP-
MUHALMH MHAMBUIYAJIbHBIX HMMYHHBIX PEaKUUHU UTrparoT dNMHIeHETHYCC-
KHE MEXaHH3MBbI, TO €CTb JOJFOCPOYHbLIE, HO OOpaTUMbIE H3MEHEHHS aKTHB-
HOCTY TF€HOB B MpPOLECCEe HHAWBUAYAIbLHOIO pa3BHUTHS OpPraHH3Ma, He
CBA3aHHbIE C U3MEHEHHEM HyKJeoTHuaHOH nocienoarensHoct JJHK. bia-
rogapsa 3MUreHETUYECKOW PEryIsiuUH OCYILECTBISIETCA HelleHanpaBJieHHOe
COMPSHKEHUE peakUMi UMMYHHOH CUCTEMbI C a/IalTAlMOHHBIMHM Mpouecca-
MH uenocTHoro opranusma [Vercelli D., 2004; Remer S.L., 2005; Wilson
C.B. et al., 20035].

HMHTeHcHBHOE HCCieOBaHUE OTKPLITHIX B 1986 rony cpeay MbILIHHBIX
CD4* T-kneTok, a 3ateM cpeau T-1uM¢OLUTOB UeOBEKA ABYX CyOnomnmyJis-
uuii T-xennepos, KOTOpbie NPOAYLMPYIOT Pa3Hble KOMILJIEKChI LUTOKHHOB U
OKa3bIBalOT ONIMO3HTHOE BIHSHHE HA OCHOBHLIE 3B€HbSI UMMYHHOTO OTBETA
[Mosmann T.R. et al., 1986, Del Prete G.F. et al., 1991 ], npuseno k popmu-
POBaHMIO KOHLIEMIIUU MONIAPU3aLIUU UIMMYHHOIO OTBETA, PaCCMaTpHBAIOLICH
6ananc Th1/Th2 B kauecTBe 6a3UCHOrO NapamMerpa peryiauud UMMYHHBIX
npoueccoB. [Mosmann T.R., Sad S., 1996; Allen J.E., Maizels R.M., 1997,
O'Gor D. etal., 2003]. YcranoneHo, 4to cyan0a paseusatoiyeiics Th-knert-
KH 3aBUCHUT OT JOMMHHUPOBAaHHUS crieqMPUUECKHUX TPAHCKPUIIUHOHHbBIX (ak-
topoB Thl- unu Th2-guddepeHUMPOBKH, YCTaHABIHUBAEMOI'0 KOMILIEKCOM
BHeLIHUX 3nureHeTnueckux daxkropos [Glimcher L.H., Murphy K.M., 2000;
Wilson C.B., Makarb K.W., 2002; Agnello D. et al., 2003]. B ¢cBsA3M ¢ 3TUM
BBIOOD HArpasjieHHs, MO KOTOPpOMY OyayT pa3BUBATLCA KOHKpPETHbIE Th-KiieT-
KW, HAXOAWUTCS 10/ BIHIHUEM MHOIOUYHUCIEHHbIX (PAKTOPOB, CBA3bIBAIOLUUX
peakliH B H(MMYHHOH CHCTEME C TEKYLLHM COCTOSHUEM LEJOCTHOIO Opra-
Husma. OoHUM W3 npolieccoB, B peanu3auuu kotopbix Thl/Th2-6anaHc
MrpaeT pelialolylO POk, ABISETCS PeaKLHs «TPAHCTUIAHTAT IIPOTHUB X035~
uHa» (PTITX) — nMmMyHHas peakuus KJ€TOYHOIO TUIMA, Pa3BHBAIOLLAACS TIPH
TPaHCIUIAHTALMH 3peabiX T-TuMPOLIMTOB HECOCOOHOMY K MX OTTOPXKEHHIO
XO3MHY B YCJIOBHAX TKAHEBOH HECOBMECTHUMOCTH JOHOPA H PELMITHEHTA
[IlIesenén A.C., 1976]. Jo nociaeaHero BpeMeHH ObLIO MPUHITO CHUTATD,
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uyto octpasa PTIIX aBngerca npeumyiluecteeHHo Thl-3aBMcuMbIM mpoLiec-
COM, TorAa kak npu xpouuueckoi PTTIX npoucxoauT akrueaums Th2-kne-
TOK AoHopa [Krenger W., Ferrara J.L., 1996; Abdallah A.N. et al., 1997;
Shustov A. et al., 2000].

[loxa3zaHo, 4to nepenoc numpouutos B cucteme DBA/2 — (C57BI/6xDBA/2)F
BbI3BIBACT Y caMOK XpoHHUYeckylo PTI1LX, conpoBoxaarouryocs ayrouMmMyH-
HbIM PaCCTPOMCTBOM - JIOMYC-MOAOOHBIM oMepysioHedpuToM. MHayum-
pys xpoHuueckyro PTIIX B nannoi cucteme, Mbl OOHApYXKUJIH, YTO peak-
LM MOXET UATH MO ABYM HanpapBJICHUAM, HECMOTPS Ha FeHETHUYECKYIO
HAEHTUYHOCTh )KUBOTHEIX (C57Bl/6XDBA/2)F. . XoTd y Bcex peLMNUEHTOB
pasBuBaeTcd TunUuHag xposndeckad PTIIX, o yém ceuaerenbCcTBYIOT Crifie-
HOMeTraJlus ¥ NMOJIMKJIOHAIbHAs akTueauys B-numMQpouUTOR NpH OTCYTCTBHH
aTpo(uy TUMYCa, ayTOUMMYHHBI# [NIOMePYIOHEDPUT HOPMUPYETCS JIHILLB
y 50-60% wMbiwieii (rpynna /upus), Torga Kak y OCTaJibHbIX MblilI€ii OTCYT-
CTBYIOT BbIpa)K€HHBIE MNopa)keHud nouex (rpynna nonlupus) [Kynaesa O.T.
C CoaBT., 1993]. [lanbHelniee u3yyeHUe BbISBUIIO INIABHOE Pa3/IHUHE MEXKAY
peLUNUEeHTaMu — pa3Hoe COoTHOLeHHE Thl /Th2-cy6n0nymumi‘i. O ToMm, uTO
peakuust y nonlupus- n lupys-mpitiet UAET ¢ JIOMHUHHPYIOUIMM YYaCTHEM,
COOTBETCTBEHHO, Th1- unu Th2-cybnonyngauuii, CBUAECTENLCTBYIOT ClIENY-
romue Ppakrel [Bnacos B.B. ¢ coast., 2002; Kosznos B.A. ¢ coast., 2002;
Kynaesa O.T. c coarr., 2005].

1. HopmanwHbiii yporeHs Thl-3aBucHMbIX npoLeccos y Mullueii nonlupus
H CHWXKEHHBIN — Y [upus, nOKa3aHHbIN B ONbITax in vivo u in vitro (Bbipa-
xeHHOCTh peakumu ['3T v nponudeparuBHbiil otBeT Ha T-KI€TOYHbBIE MU-
TOT€Hbl U aJJI0AHTUIeHbl B peakuyn MLC).

2. XOTS NoAaBA€HHE rYMOpPaJbHOTO HMMYHHOro oTBeTa Ha T-3aBHUCH-
MBI aHTHUI€H HaAOJKOJAEeTCsA Y BCEX PEUUINMEHTOB, UHIMOMUMA B IpyIIIe
nonlupus 3HaunTENbLHO OONEe CHibHA, YeM B rpynne [upus.

3. BeipaxxeHHbIH caOBHUr B cTOpoHy npoaykuuu 1gG2a, Thl-zasucumoro
nonkyacca 1gG, B cinyuae nonlupus-peuunuenToB U B ctopony IgG1, Th2-
3aBUCHUMOrO NMoaKnacca, y /upus-moliiei.

4. IlpenmyiuecTBeHHOE pa3BuUTUE nonlupus- v lupus-sapyanra npu
CTUMYJIALMH, COOTBETCTBEHHO, Thi- unu Th2-cybnonynsuuit BoO BpeMs MH-
AYKUUH peaKLyu. '

Takum 006pa3oM, HECMOTpPS Ha IE€HETHUYECKYIO, MOJOBYHO, BO3PACTHYIO
UAECHTUYHOCTE PEUUNHEHTOB, OUHAKOBLIE YCIOBHUS COAEp)KaHUd U CTaH-
JApTHbIE YCIIOBHA TIEPEHOCA NOHOPCKUX KJIETOK, Pa3BUTHE XPOHHUECKOU
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PTIIX B cucreme DBA/2 — (C57Bl/6xDBA/2)F MoxxeT HATH NO KJ1accH4ec-
koMy Th2-3aBMCMMOMY WM MO paHee He onucanHoMy Thl-3aBucumomy myTw,
YTO B KOHEYHOM UTOre NMPUBOAUT K (POPMUPOBAHHIO IBYX Pa3sHbIX MMMYHOMNA-
TOJIOrHUECKHX COCTOSSHUM, COOTBETCTBEHHO, C UMMYHOKOMIJIEKCHBIM TJIOME-
DYOHE(PPUTOM WIH TyMOPATbHBIM HMMYHOAS(HUUMTOM HA NEPBOM IJIaHE.
HzeectHo, uto Thl- u Th2-knetku 0651aaa0T pa3HON YyBCTBUTEIBHOC-
TBEO KO MHOTHM perynsatopHbiM dakropam opranusma [Rook G.A.W., 1994;
Piccini M.-P. et al., 1995; Elenkov 1., 2000; 2004]. Pa3Hblii ypoBeHb OHOJIO-
FMYECKHM aKTUBHbBIX MOJIEKYJ1 B OPraHU3Me PELIMITHEHTOR MOXET MTPHUBOANTD
k npeuMywiecTBeHHON cTumyasuun Thl- wau Th2-cyOnonynsuuid M, Kak
cJIe[CTBUE, HANpaBisTh pa3BUTHe UMMYyHHoro npouecca npu XPTIIX no
Thl- unu Th2-3aBucuMOMY MyTH. XOTS (PAKTOPOB, BbI3bIBAIOLIUX TAKHE
ormnuug B 6anance Th1/Th2, moxkeT ObITh MHOXECTBO, Mbl OCTAHOBUJIUCH
HA CAMBIX, HA HAll B3IVISJ, OYEBUAHBIX B YCIIOBHUSX 1a0OpaTOPHOTO coaep-
KaHHsl JKUBOTHBIX: DHJOKPHHHOM CTaTyC€ W JABHUraTejibHOW aKTHBHOCTH
SKABOTHBIX. AHAJIN3 NaHHbIX, MOJYYECHHBIX MPU U3YUEHHH YPOBHS KOPTHKO-
CTEPOHA U TIOJ0BbLIX TOPMOHOB Y PELIMITUEHTOB M BIIMAHHS QU3NICCKUX Ha-
rpy30K Ha HMMYHHbI€ PEaKUMH OpPraHu3Ma, MOATBEPXKIAAET BO3ZMOKHOCTD
paccMaTpuBarh 3TH (HaKkTOpbl CPEAH MPUUHH, 00eCneurBaloHUX Pa3HOE CO-
ornoiiedue Th1/Th2 y reneTnyeCKrn HAEHTUUHBIX PELMITUEHTOB.
Hcrnonb30BaHHbIE B HALIMX ONbITaX 3KCMIEPUMEHTAJILHBIC )KHBOTHBIC
NpeacTaBsIy cOOOM FeHETHHECKH OTHOPOIHYHO IPYMiy; TPAaHCIIAHTHPYe-
Mbl€ KJIETKH ObIIM MACHTHYHBI B KaXX/IOM OIBLITE /11 BCEX PELIMITHEHTOB,
yCJIOBMs COAEPrKaHUs 10 MEPEHOCA KIETOK, NPOUEAypa TPaHCIIaHTalUH
KJIETOK M JajbHeliee CoaepyKaHue JKMBOTHBIX ObI/IH MOCTOAHHbI U OiMHA-
KOBbI. TeM He MeHee, B pe3yJIbTaTe ONbITOB MbI MONYYHJIH ABA Pa3HbIX BapH-
aHTa TeueHus peakuryu. HecoMHeHHO, BCeraa NnpH NPOBEACHHUM DKCIICPH-
MEHTOB, Aake paboTas C reHETHIECKH HACHTHYHBIMH )KUBOTHBIMH, HECMOTDS
Ha CTaHAAPTHLIE YC/AOBHA, Mbl M0Jy4aeM pasdpoC pe3ynbTaToB, KOTOPbIH
YACTO OTHOCST Ha CYET HECOBEPLISHCTBA METOAMK WIIH MX npoBeaeHu. I1o-
BHIMAMOMY, HA CAMOM Jie/ie Takas BapHabeIbHOCTb JaHHbIX HEPEIKO OTpa-
AeT peaslbHO CYUIeCTBYIOIIUI (QAKT: HECMOTPS HA UCXOIHYIO F€HETHYEC-
KYIO MAGHTHYHOCTb, )XMBOTHBIE B MPOLECCE OHTOTEHE3a MOJ JEHCTBHEM
pasiUuHbIX (GAKTOPOB BHELIHEH cpe/ibl NPHOGPETAIOT CTAOUIbHbIE OTIIHYA-

OLLMECS TIPH3HAKH NOCPEACTBOM SNTHICHETUYECKHX MEXaHN3MOB [J aenisch
R., Bird A., 2003; Anway M.D. et al., 2005; Horsthemke B., Ludwig M,
2005; Raem M. et al., 2005; Wong A.H.C. et al,, 2005}]. |
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CnenoBarenbHO, XapakTep HMMYHHBIX peaKuui U HX KOHEYHbI UCXOA
HE MOJIHOCTbIO NPENOTNIPEAELISIIOTCS T€HOTHITOM JKMBOTHOIO ¥ NapaMeTpaMHu
HEMOCPECACTBEHHOIO aHTUT€HHOTI'O BO3/ICHCTBHSA HA €r0 OPraHu3M, HO B 3Ha-
YHTEJIbHOH CTENEHH 3aBUCAT OT NPUCYLIEH KAXKAOMY HHAUBHUIY «3MHIEHE-
THYECKOH COCTaBIAOLLEH), CIIOKUBLIEHCH B TEUEHUE €ro NPEALLeCTBYIOLIEH
>ku3HU. Takum obpa30M, yCIIOBHS WHANWBHAYANbHOM )XH3HH 0CO0U (hopMHU-
PYIOT TeKyllee CTabUITbHOE COCTOSHHE HMMYHHOM CHCTEMBbI, BHOCS KOPPEK-
THBbI B €€ MHTErpajibHbl€ XapaKTEPUCTHKM, ONpeae/iieMble F€HOTHIIOM.
Hapsany ¢ reHeTMUeCKOH reTeporeHHOCTLIO €CTECTBEHHBIX NONYASLW 3Ta
OCHOBaHHas Ha 3MMI€HETUYECKUX MEXaHU3MaX U3MEHYHMBOCTHL HMMYHHBIX
rapameTpoB 0O0yCNOBIUBAET BUAHUMOE pa3HOoOOpa3zHe HHAUBUAYATIbHBIX Pe-
aKLMH Ha aHTUIEeHHbIE CTUMYJbl, CO3/laBas OIPEAEJIEHHYIO BOCIPHHUMYH-
BOCTb K MH(EKLUHOHHBIM areHTaM U MpeaApacnojioKeHHOCTb K Pa3BUTHIO
pa3jinuHbIX 3a00neBaHui, B NaroreHe3e KOTOPbIX 3HAYMMYIO POJIb Urpaer
(pyHKLHOHAJIbHAS AKTHBHOCTD KJIETOK HMMYHHOM CHCTEMBI.

THE ROLE OF TH1/TH2 BALANCE IN PHYSIOLOGICAL
REGULATION OF IMMUNE REACTIONS: EFFECTS OF
EPIGENETIC INFLUENCES

Kudaeva O.T.

State Research Institute of Clinical Immunology SB RAMS,
Novosibirsk, Russia

Now it i1sn't doubted that epigenetic mechanisms, which are long-term but
reversible changes of gene activity not connected with DNA nucleotide
sequence changes during ontogenesis play the important role in determination
ot individual immune reactions. A purposeful mating of immune reactions
with adaptive processes of whole organism is achieved by epigenetic regulation
[ Vercelli D., 2004; Reiner S.L., 2005; Wilson C.B. et al., 2005].

Intensive research of two Th-subpopulations producing different cytokine
sets and exerting opposing influence upon basic links of immune response
described among murine CD4*T-cells in 1986 and then among human T-
lymphocytes [Mosmann T.R. et al., 1986; Del Prete G.F. et al., 1991], gave
birth to conception of immune polarization reasoning that Th1/Th2 balance
1S the basic parameter of regulation of immune processes [Mosmann T.R.,
Sad S., 1996; Allen J.E., Maizels R.M., 1997; O'Gor D. et al., 2003]. It is
found that fortune of developing Th-cell depends on outperforming of specific

Th1 or Th2 factors of transcription that is determined by a set of external
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epigenetic factors [Glimcher L.H., Murphy K.M., 2000; Wilson C.B., Makarb
K.W.,2002; Agnello D. etal., 2003]. In this connection choosing of each Th-
cell differential way is subjected to influence of abundant factors connecting
immune reactions with the current condition of a whole organism. The graft-
versus-host disease (GVH disease) is among the processes in which Th1/Th2
balance plays the pivotal role. GvH disease is a cellular immune reaction
developed by transplanting mature T-lymphocytes to an immunocompromised
host under host-recipient tissue incompatibility [ Sheveljov A.S., 1976]. Until
recently it was customary to assume that acute GvH disease is Th1-dependent
process largely whereas chronic GvH disease is Th2-dependent process [ Krenger

W., Ferrara J.L., 1996; Abdallah A.N. et al, 1997; Shustov A. et al., 2000]}.
it has been shown that transfer of lymphocytes in system DBA/2 —

(C57Bl/6xDBA/2)F  leads to development of a chronic GvH disease in female
mice accompanied by an autoimmune disorder — /upus-like glomerulonephritis.
In the course of chronic GvH induction, according to the scheme outlined
above, we have discovered that reaction can proceed in two directions despite
genetic homogeny of (C57Bl/6xDBA/2)F . Although the typical chronic GvH
disease develops in all recipients, evidenced by increased spleen cell number
and polyclonal B-cell activation in the absence of pronounced thymus
destruction, the autoimmune glomerulonephritis develops in 50-60 % mice
(a lupus-group), as there is the absence of marked disorders of kidney, observed
in the rest ones (nonlupus-group) [Kudaeva O.T. et al., 1993]. The further
study has revealed that different Th1/Th2 ratio 1s the main distinction between
recipients. The following points indicate that Th1- or Th2-subpopulation is
predominant in nonlupus- or lupus-mice respectively [Vlasov V.V. et al., 2002;
Kozlov V.A. et al., 2002; Kudaeva O.T. et al., 2005].

1. There is a normal level of Th1-dependent processes in nonlupus-mice
and a reduced level of ones in lupus-mice, demonstrated by in vivo and in
vitro experiments (delayed type hypersensitivity and the proliferative response
to T-cell mitogens and alloantigens in MLC reaction).

2. There is a reduced humoral immune response to T-dependent antigen in
all recipients however nonlupus-group is characterized by considerably more
strong inhibition of antibody productlon compared with the lupus-like ones.

3. The serum IgG1/IgG2a ratio is offset to the Thl-dependent IgG2a in
nonlupus-recipients and to Th2-dependent IgG 1 in /upus-recipients.

4. The stimulation of Th1- or Th2-subpopulation by specific agents early
in the GvH reaction initiates predommantly the development of nonlupus- or
lupus-variant respectively.

Thus, in spite of the genetic, sexual and age uniformity of recipients, the
same living conditions and the standard transfer procedure, the trend of the
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chronic GVH disease can proceed in the classical Th2- or early not described
Thi-dependent pathway in the DBA/2(C57Bl/6xDBA/2)F, system that
eventually causes the development of two variants of immunopathology with
the main characteristic of immunocomplex glomerulonephritis or humoral
immunodeficiency respectively.

Th1 and Th2 activation has been shown to be affected in antagonist manner
by numerous regulatory factors [Rook G.A.W., 1994; Piccini M.-P. et al,
1995: Elenkov ., 2000; 2004]. The dissimilar level of biologically active
molecules in recipient's organism may cause predominantly stimulation of
Th1i- or Th2-cells and as a consequence direct the GvH disease development
for Th1- or Th2-dependent way. Although there are abundant factors of
influence on the Th1/Th2 balance, we have studied the most obvious ones for
animals living in laboratory conditions: endocrine status and moving activity.
Analysis of data concerning the corticosteron and sex hormones level and
influence of physical training on immune reactions is evidence in favor of the
possibility that these factors are among reasons for different Th1/ThZ2 ratio in
recipients with identical genotypes.

Experimental animals were a genetic homogenic group; transplanted cells
were identical for all recipients; the animal keeping conditions and transplanting
procedure were constant and the same for all mice in our work. Nonetheless
there are two different variants of GvH disease in our experiments. It is
undoubtedly that even when experimental animals have identical genotype,
there is always the dispersion of results that is considered as methodic
imperfection. It seems likely that such dispersion is rather common
representative in fact of the really existing situation: in spite of initial genetic
identity animals are taking some stable distinctive properties in response to
environmental influences by epigenetic mechanisms during ontogenesis
[JaenischR., Bird A., 2003; Anway M.D. et al., 2005; Horsthemke B., Ludwig
M., 2005; Raem M. et al., 2005; Wong A.H.C. et al., 2005].

Consequently, the character of immune reactions and their final etfects
are not defined by the animal genotype and parameters of antigenic action on
an organism only but are determined by its «epigenetic component» taking
during ontogenesis. In such a manner individual living conditions form the
current stable state of immune system modifying immune characteristics of
individual determined by genotype. Accompanied by genetic heterogeneity of
natural populations these variations of immune parameters, based on epigenetic
mechanisms, provide the observed diversity of individual responses to antigenic
stimuli and form the perceptivity to infections and different diseases in developing
of which functional activity of immune cells plays an appreciable role.
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