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Koppekuus PITT1X-MHAYUMpPOBaAHHBLIX COYETAHHbBIX
PacCTPOUCTB UMMYHO- U TFemornod3a

O.ll. KoaecnukoBa, O.T. Kyaaesa, T.I. Cyxenko, M.H. Ty3osa, U.B. Cacponosa

HCTUTYT KAmHnveckon nmmyHoaornn CO PAMH, Hosocnbupcek, Poccus

[Toka3aHa BO3MOXHOCTb MOAEJHPOBAHUS pa3Ind-
HBIX TI0 TTATOTeHe3y aHEMHUUYECKUX CHHIPOMOB, BO3HU-
KaIUX Ha (JOHEe BTOPHUYHOIO MMMYHOIEe(UIINTA, UH-
nyudporadHHoro PTIIX. B nmoayanafioreHHOW cucTeme
DBA/2 — B6D2F; y mummest B6D2F, ¢ ummyHoe-
(HUUMTOM DPA3BUBAKTCA PA3HBIC BAPUAHTHE COYETAH-
HBIX HAPYIIEHUH 3PUTPO- U UMMYHOII0334, KOIZla M-
MYHOZEMULMUT coyeTaeTcd JUO0 € TeMOJUTUYECKOU
aHeMHeHd, JHO0 ¢ reMOJUTHYECKON aHEMHEH U UMMY-
HOKOMILIEKCHbIM TyioMepyJoHedputom. Pa3Burue ay-
TOUMMYHHOH TTaTOJIOTHH B TIOJYAJJOTEHHOU CHCTEME
DBA/2 —» B6D2F, compoBoxkgaeTcs H3MeHEHHEM
NPOJH(MEPATUBHON AKTUBHOCTH CTBOJOBBIX KpOBE-
TBOPHBIX KJETOK U (DYHKIMOHAJBHOU AKTUBHOCTHU Te-
MOITO3THYECKUX IIPEAIIECTBEHHUKOB 3PUTPOHUAHOIO U
rPaHyJOLUMTAPDHOTO HaMNpaBJjJeHUH AudepeHIMPOBKH.
B ansorennoi cucteme y muiuesr BALB/c¢ ¢ ummy-
HOLe(HUUMUTOM pa3BUBAETCS THIIOILIACTHYECKAS aHe-
MHS C TIOJIaBJIeHHeM KOCTHOMO3IOBOIO 3PUTPOIIO33a.
Pasauunsi B IIaTOT€HE3e aHeMUYeCKUX CHUHAPOMOB
CBSI3aHBI ¢ (PYHKUAOHAJABHBIMH CBOHCTBAMU MaKpoda-
roB U NPOAYKLUMH HMH UUTOKHAHOB. [lonyueHHble Ha-
MH [JAHHBIE O COYETAHHBIX HapyUIEHUIX UMMYHO- H
aputpornoa3a npu PTIIX-nHAyUMPOBAHHBIX PACCTPOU-
CTBAX MMMVHHUTETA, a TakKxXKe (DaKThl, CBUAELTEILCTBY-
I0IIHE 00 HMMYHOCYIIPECCUBHOU POJM SAPOCOAepXKa-
HIUX IPUTPOMIHBIX IIPEeALIeCTBEHHUKOB, IIO3BOJISIIOT
[TOJJOHTU C HOBBIX IIO3ULMHA K KOPPEKIIUU UMMYHOIA-
TOJIOTHH, & UMEHHO 4Yepe3 BO3JEMCTBHUE Ha 3PUTPOIIO-
33. C 3TOM Ueablo TPOBOAUNHN Koppekuio PTIIX-uH-
AYLUMPOBAHHBIX HAPYUIEHUU HMMYHO- M 3PUTPOI0I3a
C TIOMOILBID 2PUTPOTPOITHOTO BO3AEUCTBHUSA - XPOHUUE-
CKOU THUMOKCHM M HOBbIX INMPOM3BOAHBIX aJKaHKapdo-
HOBBIX KHCJOT (coeguHeHHe BM-2-84 u TpekpesaH).
XpOoHHYECKasd THIIOKCHS Yy 0oabHbIX mbllied BOD2FI
obJsagaja moa0XKUTeNbHBIM 3 (eKTOM: MOBbIIIAAA TY-
MOpaJIbHBIM UMMYHHBIM OTBeT, KYIIMPOBAJA AHEMUIO U
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HOPMAJIHM30BaJa 3PUTPOII0I3 HA YPOBHE DAHHMX H II0-
30HUX IpeauecTBeHHUKOB. CoeguHeHne BM-2-84
00J1afan0 BeIpaXKeHHbIM 3P PEeKTOM HA 3PUTPOIOI3 Y
MBIHEH € UMMVHOAe(QUUMTOM, HAuMHad C pPaHHUX
TanoB AupdepeHIMPOBKHA 3IPUTPOHA: CHHUXKAJOCH
YUCJIO DAHHUX IPUTPOUIHBIX IIPeAlIeCTBEHHUKOB H
BO3pAaCTaJ0 KOJHYECTBO TIPEAIIECTBEHHUKOB TPAHYJIO-
HUIHO-MaKpodarajabHOro pspa. ¥ MeHblIeHHeM (Daro-
uTo3a U npoaykuun MJI-1 nop BangHuem npenapa-
Ta TPEAIOJOXKHTEJAbHO MOXHO OOBSCHHTHL IIOBBILIE-
HHe macchl Teja, CHUXKeHue COD U NPOTEUMHYPHU
OO0JNBHBIX MbllIeHd. [loppiieHHe CrioHTaHHOH W JITIC-
UHOYIMPOBAHHOU TpoAVKUMM [gG mojn aencTBuem
BM-2-84 y Mbliler ¢ TJAOMEPYJIOHEDPUTOM COTIACY-
eTCS C M3BECTHBIMU JIAHHBIMHA O BOCCTAHOBJIEHHU HM-
MyHokoMTieTeHTHOCTH Mulliel NZB/WFI1 ¢ rinomepy-
JOHE(PUTOM TI0CJe [PUMEHEeHHS UHKJIOCIIOpUHa A.
CoegnHenve BM-2-84, ycTpaHdas aHEMHYECKHH CHH-
ApoM v Mbiled B6ODZ2F] ¢ UMMYHOKOMITIEKCHBIM
TJA0OMEPYIOHEDPUTOM, CTOMKO ([0 ABYX MeCHdleB I10-
CJle OKOHYAHUSI BBeJEHHA) U JOCTOBEDPHO CHHXKAJO
IIPOTEUHYPHIO, U 110 AAHHBIM MOPQOMOTHUECKOTO HC-
CJeIOBAHUA TOPMO3HJIO TIPOJADEPAlHI0 Me3aHTHOLIH-
TOB ¥ XPOHHYECKOTO BOCITAJEHMS C UMMYHOJOTHYEC-
KHM KOMIIOHEHTOM. Tpekpe3aH TakxXe CTOHMKO MU [JIH-
TeJIbHO JAOCTOBEPHO COKpallaJj NpoTeHHYDPHIO. Tpekpe-
3aH, YCTpaH94d aHeMHI, CHHKaJl THUNepILIa3hio 3PH-
TPOHA y MBIIeH ¢ HMMYHOCYTIpeCCHeH, HayHHasg C
ypoBHS BOE-3. Takoe geucTBue Tpekpe3aHa Ha 3pH-
TPON033 MOTJIO OBITh CBSI3aHO KaK C IIPIMBIM BJIMSTHH-
eM IIpellapaTa Ha KJEeTOYHBIE 3JeMEeHThl 3PUTPOULHO-
ro POCTKa, TAK U C OMOCPENOBAHHBIM - 4ePe3 MOHOKH-
HEL. [lonyyeHHble B pabore (akthi 00 3PPeKTUBHOC-
TH COeAMHEHUH, 00J1afalolKX COYeTAHHBIMH 3PUTPO-
M HMMMYHOII033-MOAVAUDVIOLIMMHA CBOUCTBAMH, OT-
KPBIBAIOT HOBBIE TIYTH LeJeHallpaBJeHHON perysudu
PacCTPOMCTB UMMYHHUTETA.
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We have shown the possibility to modulate various anemic syndromes during acquired immunode-
ficiency differed in pathogenesis and induced by graft versus host reaction (GVHR). There are dif-
ferent variants of combined erythro- and immunopoiesis disorders in the semiallogeneic system

DBA/2—B6D2F1: immunodeficiency plus hemolytic anemia and immunodeficiency plus hemolytic
anemia plus immunocomplex glomerulonephritis. In the allogeneic system C57BL/6—BALB/c there
is immunodeficiency plus hypoplastic anemia with reduced bone marrow erythropoiesis.
Ditferences in pathogenesis of anemic syndrome are connected with the functional properties of
macrophages and cytokine production by macrophages. There is some positive effect of chronic
hypoxia on GVHR-induced immunopathology in B6D2F1 mice: it increases humoral immune
response, has favorable effect on anemia and corrects early and late committed precursor number.
The absence of any influence of chronic hypoxia on the secreted activity of macrophages gives an
evidence to the direct influence of erythron on the humoral immune response. VM-2-84 has favor-
able effect on anemia (suppresses IL-1 production, reduces the number of early erythroid precursors
and stimulates the amount of the granulocyte and macrophage precursors) in B6D2F1 mice with
slomerulonephritis. The compound from alkancarboxylic acids - VM-2-84, up to two months
decreases proteinuria and reduces proliferation of mezangiocytes and chronic inflammation with the
restoration of immune system. Trecrezan, while having beneficial effect on anemia, reduces a hyper-
plasia of erythron in mice with immunodeficiency; it influences the production of monokines. The
obtained facts about effectiveness of preparation possessing combined erythro- and immunopoiesis-
modulating properties, open new ways of a target regulation of disorders of immunity.

INTRODUCTION

Intersystem approaches tor solution of the key
problems ol immunology and hematology are
based on the existence of a single progenitor -
stem cell and close interaction between immune
and hemopoietic systems [1, 2].

Key words: graft-versus-host reaction, hemopoiesis, anemia, immu-
nodeficiency, correction
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It has been shown that dysfunction of erythro-
poiesis is one of the pathogenetic links in the for-
mation of the immune pathology with various
experimental models: autoimmunity (NZB mice),
lymphoproliferative diseases (AKR mice), senile
(aged) immunodeliciency (mice with age 24-28
months) [3-6]. It has been determined that a
decrease in hemopoietic stem cell proliferative activ-
ity by natural hemopoietic inhibitors causes normal-
ization of the immune system with autoimmune,
immunodeticiency and other disturbances [7].

We have shown the possibility to modulate var-
ious anemic syndromes during acquired immunod-



eficiency differed in pathogenesis and induced by

oraft-versus-host reaction (GVHR). There are dit-

ferent variants of combined erythro- and immuno-
poiesis disorders in the semiallogeneic system
DBA/2-B6D2F1: immunodeficiency plus hemolytic
anemia and immunodeficiency plus hemolytic ane-
mia plus immunocomplex glomerulonephritis. The
formation of immunocomplex glomerulonephritis in
this semiallogeneic model is accompanied by alter-
ation of hemopoietic stem cell proliterative capaci-
ty and modification of functional activity ol ery-
throid and granuloid hemopoietic progenitors. In
the allogeneic system C57BL/6->BALB/ ¢ there is

immunodeficiency plus hypoplastic anemia with
reduced bone marrow erythropoiesis. Difterences in
pathogenesis of anemic syndrome are related to
the functional properties of macrophages and
cytokine production by macrophages |8, 9].

Our results concerning combined immuno- and
erythropoiesis  disorders in  GVHR-induced
immunopathology as well as the data on the im-
munosuppressive role of nuclear erythroid progen-
itors propose some new approaches to the correc-
tion of immunopathological states based on ery-
thropoiesis modulating intluences.

In the present study we have evaluated the pos-
sibility of the correction of immunopathology by
erythromodulating intluences.

MATERIALS AND METHODS

Animals

Mice (C57Bl/6xDBA/2)F1 (B6D2)F1, DBA/2,
8-12 weeks aged, female, were obtained from
Breeding Unit Stolbovaya of RAMS and Experim-
ental-Biological Animal Clinic of SB RAMS.

Induction of Chronic GVHR

Cell suspensions were prepared in Hanks' bal-
anced salt solution from DBA/2 lymphoid organs
(cells from spleen, thymus and lymph nodes in
ratio 6:3:1). The suspensions were liltered through
nylon mesh, adjusted to 100x10° cells/ml and
50x100 cells were injected into tail vein of B6D2F1
mice. Five days later mice received the same
repeated injection.

The formation of glomerulonephritis was tested
by urine protein (more than 3 mg/ml) [10]. The
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protein level was determined by calorimetric
method with Kumassi brilliant blue (Loba Fein-
chemie) at A=570 nm. The induction ol GVHR was
taken as the onset of a disease. The controls were
B6D2F1 mice matched tor age and sex.

Drugs

Compounds from alkancarboxylic acids (CAA)
have been produced at Irkutsk Institute ol Organic
Chemistry, SB RAS and kindly given by professor
AN. Mirskova. The chemical structure of com-
pounds is an object of the Copyrights. They are
named as VM-2-84, VM-38-80, VM-38-81. All
substances are non-toxic and hypotoxic as shown
previously. LDsq of these compounds is 1340-6000
mg/kg. Cyclosporin A (CsA, Sandimmune, San-
doz Pharmaceutical) and indomethacin (Sigma)
were also used.

Hematocrit and Hemoglobin Measurement

Hematocrit was determined by microcentrituge
MCH-8. The hemoglobin level was determined by
8-channel spectrophotometer Multiscan at 405 nm.

Reticulocyte Count and Myelogram

Two hundred microliters of the peripheral blood
was mixed with equal volume ot azur II, contain-
ing sodium citrate, then it was incubated at 37°C
for 60 min. The reticulocyte number was counted
per 1000 erythrocytes. Mice bone marrow smears
were stained with azur ILleosin by Papengeim-
Kryukov and percentage of nuclear erythroid pro-
genitors was determined.

IgM- and IgG-PFC in vivo

The conventional hemolytic plaque assay was
used for testing the number of IgM- and IgG-PFC
in spleen after i.v. immunization with 2x108 SRBC.
The primary and the secondary humoral immune
response was tested [11]. Mice were treated i.v. or
{.p. with various doses ot drugs in the inductive
phase of humoral immune response.

Phagocytosis Testing

The determination of macrophage Fc-mediated
phagocytosis of SRBC was made by spectrophoto-
metric method [12].
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Estimation of the Number Bone Marrow Progen-
itors of Erythropoiesis and Granulocyte-Macro-
phage Bone Marrow Precursors in vitro

The determination ot bone marrow progenitors
of erythropoiesis (BFU) and granulocyte-macro-
phage bone marrow precursors (CFU-GM) was
made by the conventional method with 0.9%
methylcellulose culture [13]. Drugs were added to
cultural medium.

Estimation of the Spontaneous and LPS-Induced
Ig(G Production in vitro

[gG production by spleen cell culture in vitro
was made by conventional method with LPS (E. coli
055:Bd). IgG concentration was determined by
ELISA. The results were presented in absolute val-
ues (ng/ml) and as an index of stimulation (IS):

IS = LPS-induced IgG/spontaneous IgG

IL-1 and TNFa Production

IL-1 activity was tested by a biological method:
the proliferation of thymocytes to suboptimal dose
of Con A [14]. TNFa activity in supernatants of
macrophage cultures was tested using TNFa-sen-
sitive cell line L-929 [15].

Radiation

Animals received sublethal and lethal doses of
radiation by RUM-150/30-101 at dose 0.5 Gr/min,
U 130 kV, I 10 Ma, filter A1-3.2.12.

Induction of Hypoxic State

Chronic hypoxia was induced by «climb» of
the height of 3000 m in pressure chamber. The
«climb» was carried out for 18 h, 6 times at 30 h
intervals.

Statistical Analysis

Statistical analyses were performed using the
non-parametric test U.

RESULTS

The Influence of O,5-Containing
Hypoxia on IgM Response in vivo

CAA and

Both screening results and study of the immu-
nopharmacological activity of some new CAA per-
mits to choose O,S-containing compounds - trecre-
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zan and VM-2-84 - to study erythro- and immuno-
tropic properties on experimental models.

B6D2F] mice with immunodeficiency demon-
strate a dramatically reduced IgM response, treat-
ment with trecrezan causes a significant IgM-PFC
increase in spleen (2.4 times). Chronic hypoxia
greatly increases the number of IgM-PFC (2.1
times) in spleen of immunodeficient animals. No
signiticant influence of VM-2-84 on IgM response
was revealed.

The Influence of O,5-Containing CAA - VM-2-84
on IgG Production in vitro

VM-2-84 significantly increases the reduced

spontaneous and LPS-induced IgG production but
its level remains signilicantly lower than in controls.

The Influence of O,S5-Containing CAA and
Hypoxia on Hemoglobin Level, Hematocrit,

Reticulocyte and Late BFU Number

There is a signiticant decrease of hemoglobin
concentration in peripheral blood of B6D2F1 mice
with immunodetficiency (Figure 1A). There is also
a significant decrease of hematocrit that serves as
a sign of the development of anemia. These mice
have the increased number of reticulocytes (Figure
1B), the number of bone marrow nuclear erythroid
progenitors is also increased. Treatment of B6D2F1
mice with immunodeficiency plus anemia with
trecrezan has tavorable effect on anemia and
increases hematocrit and hemoglobin level signifi-
cantly (Fig. 1A). Treatment with VM-2-84 also
causes the normalization of hematocrit and hemo-
globin parameters of B6D2F1 mice with immu-
nodeticiency and B6D2F] mice with immunocom-
plex glomerulonephritis (Fig. 1A and 2A). Hypo-
xia has the same eitect (Fig. 1A). Trecrezan and
VM-2-84 greatly reduce the increased number of
reticulocytes ot B6D2F1 mice with immunodefi-
ciency (Fig. 1B). VM-2-84 normalizes reticulocyto-
sis of B6D2F1 mice with immunocomplex glomeru-
lonephritis (Figure 2A). The normalization of retic-
ulocyte number of peripheral blood after hypoxia was
shown in both groups. Hypoxia decreases the retic-
ulocyte number in B6D2F1 mice with immunodefi-
ciency up to 51.4% (Fig. 1B) and B6D2F1 mice with
immunocomplex glomerulonephritis up to 37.5%.
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Figure 1. The influence of hypoxia and CCA on the immuno- and hemopoiesis in B6D2F2 mice with immunodeficien-
cy. [A] - the level of hemoglobin; [B] - the number of reticulocytes; [C] - the number ot BFU-e; [D] - spontaneous iL-1
production. (1} - control; (2) - immunodeficiency; (3) - immunodeficiency + hypoxia; (4) - immunodeficiency + VM-2-
84; (5) - immunodeficiency + trecrezan. (#) - significant differences compared with control groups (#p<0.05; ##p<0.01);
(*) - significant differences compared with immunodeficiency groups (*p<0.05; **p<0.01).

Hypoxia decreases the number of bone marrow ery-
throkaryocytes from 36.3x1.5% to 27.7+2.8%
(p<0.05), trecrezan also signiticantly decreases the

bone marrow nuclear erythroid progenitors from
34.4+1.5% to 27.8+2.3% (p<0.05).

The Influence of O,S-Containing CAA and Hyp-
oxia on the Farly BFU

Anemic syndrome of B6D2F1 mice with immun-
odeficiency and immunocomplex glomerulonephritis
is accompanied by reticulocytosis in peripheral
blood and significant increase of late and early BFU

(Figure 1C) that is the evidence ot the erythro-
poiesis stimulation. In this case the changes of bone
marrow hemopoietic progenitor colony forming
activity of B6D2F1 mice with immunodeficiency
and immunocomplex glomerulonephritis are in
accordance with signiticant increase of early ery-
throid progenitors and signiticant decrease of GM
progenitors. Anemia of B6D2F1 mice with immun-
odeficiency and immunocomplex glomerulonephritis
is accompanied by reticulocytosis and hyperplastic
bone marrow erythropoiesis and is characterized by
Coombs positive reaction. B6D2F1 mice with im-
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Figure 2. The influence of VM-2-84 on the immuno- and hemopoiesis in B6D2F2 mice with glomerulonephritis. [A] -
the level of hemoglobin, hematocrit and reticulocyte number; [B] - the number of erythrokaryocytes and BFU-e; [C] -
the number of CFUs; [D] - spontaneous and LPS-stimulated IL-1 production. (C3) - control: (E2) - glomerulonephri-

tis; (S

munodeficiency plus anemia and B6D2F1 mice with
immunodeticiency plus anemia plus immunocom-
plex glomerulonephritis are Coombs positive.
Chronic hypoxia, trecrezan and VM-2-84 treat-
ment signiticantly decreases the early BFU number
in B6D2F] mice with immunodeficiency (Fig. 1C).
BO6D2F1l mice with immunocomplex glomeru-
lonephritis have decreased number of early and late
erythropoietic progenitors after VM-2-84 treat-
ment (Figure 2B). VM-2-84 has influence on bone
marrow hemopoietic progenitor colony forming
activity of intact mice in culture in vitro: the num-

) - glomerulonephritis + VM-2-84. (#) - significant differences compared with control groups (#p<0.05;
##p<0.01); (*) - significant differences compared with glomerulonephritis groups (*p<0.05; **p<0.01)

-

ber of CFU-GM significantly increases and the
number of BFU decreases.

The influence of O,5-Containing CAA and
Hypoxia on the CFUs-5 and CFUs-8 Numbers

B6D2F] mice with immunodeficiency have signif-
icant increase ot CFUs-5 number which reflect the
intensity of erythropoiesis potential and in this case
chronic hypoxia and trecrezan have no effect on
CFUs-5 number, but VM-2-84 significantly decreas-
es CEUs. B6D2FI mice with immunocomplex glome-
rulonephritis have reduced CFUs-5 number in com-
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Table 1. The influence of VM-2-84, trecrezan, GR-1, cobasol treatment on urine protein concentration of B6D2F1

mice with immunocomplex glomerulonephritis

Urine protein concentration (mg/ml)

After treatment 2 months after treatment

Drugs
Before treatment

VM-2-84 (5mg/kg) 7.3%£0.9
f n=14

Trecrezan (5mg/kg) 9.8x1.7
n=10

Gr-1 (5mg/kg) 7.8+1.8
n=11

Cobasol (15 mg/kg) 10.8+1.5
n=9

5.6+0.9 2.5%0.4**
n=14 =12
5.9+1.4 4.7%1.4*
n=10 n=10
4.2+0.9 6.3+1.8
n=11 n=10
7.9+1.5 5.6%+1.2*
n=9 n=

Significant differences compared with groups before treatment (*p<0.05, **p<0.01).

parison with intact animals and VM-2-84 intluences
the CFUs-5 number by the same manner (Figure
2C). In this case the increased CFUs-8 number of
B6D2F1 mice with immunodeticiency and the nor-
mal CFUs-8 number ot B6D2F1 mice with immuno-

complex glomerulonephritis were in 2.6 and 7.7
times reduced after VM-2-84 treatment (Fig. 2C).

The Influence of O,5-Containing CAA and Hyp-
oxia on the IL-1 lLevel

B6D2F1 mice with immunodeliciency and immu-
nocomplex glomerulonephritis have signiticant
increase of both spontaneously and LPS-induced
IL-1 production (Figure 1D and 2D). Trecrezan
treatment reduces signiticantly both spontaneous (to
38.1%) and LPS-induced (to 54.2%) IL-1 production
in B6D2F1 mice with immunodeticiency (Fig. 1D).
Both spontaneous and LPS-induced IL-1 produc-
tion by peritoneal macrophages is decreased atter
VM-2-84 treatment of B6D2F1 mice with immun-
odeliciency and immunocomplex glomerulonephri-
tis (Fig. 1D and 2D). Chronic hypoxia practically
doesn’t influence both spontaneous and LPS-induced
IL-1 production in intact animals. Hypoxia does not
reduce significantly the spontaneous and LPS-
induced IL-1 production by macrophages of B6D2F1
mice with immunodeliciency (Fig. 1D).

The Influence of O,5-Containing CAA on
Proteinuria and Kidney Pathology of Mice with
Immunocomplex Glomerulonephritis

B6D2F1 mice with immunocomplex glomeru-
lonephritis at the 5-6th month of a disease have

been treated with drug dose 5 mg/kg for 40 days
at daily intervals (15 injections). The dynamics of
the change of urine protein concentration was
observed (Table 1).

All B6D2F1 mice with immunocomplex
glomerulonephritis have urine protein with average
concentration is 7.3+0.9 mg/ml before VM-2-84
treatment (mice with more than 3 mg/ml urine
protein were used). Immediately after the treat-
ment urine protein concentration in 78% of mice
was reduced and its average level becomes
5.6+0.9 mg/ml, at 2 month interval after treat-
ment urine protein concentration in 86% of mice is
signiticantly reduced in comparison with the initial
level and its average content is 2.5+0.4 mg/ml
(p<0.01). Immediately after trecrezan a reduced
urine protein concentration is observed and it
remains during 2 months atter the treatment. After
comparison of the effects of CAA (VM-2-84 and
trecrezan) with new immunoactive organic com-
pounds of germanium (GR-1), as well as with new
erythrotropic substance (cobasol), VM-2-84 pre-
tends to be the most effective substance because
VM-2-84 treatment maximally reduces urine pro-
tein concentration. Morphological study shows sup-
pression of mesangial proliteration, immune complex
tixation in kidney and formation of lymphoid infil-
trates in marrow and cortical tissue which are the
morphological characteristics ot chronic inflamma-
tion with immune component after VM-2-84 treat-
ment of mice with experimental mesangial glomeru-
lonephritis. Thus, VM-2-84 has a favorable thera-
peutic etfect on inflammatory course in kidney.
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DISCUSSION

The development of an acquired immunodeti-
ciency - GVHR-induced suppression of humoral
immunity is known, but the mechanism is not
exactly clear. Recently it has been shown that dis-
balance of the Th and their cytokines may cause
decrease of IgM response [16]. Apparently, hemo-
poiesis plays a crucial role in pathogenesis of the
wide range of disturbances in the immune system:
immunodeticiency, autoimmune and lymphoprolii-
erative disorders. The modification of proliferation
activity ot stem cell and early hemopoietic com-
mitted precursors has been found to play a crucial
role in immunopathological disturbances including
immunodeficiency [6, 7]. Now it is evident that
early erythroid precursors - erythrokaryocytes pos-
sess immunosuppressive property and produce sol-
uble low molecular weight tactor (1-10 kD) [17].
The increased number of erythrokaryocytes, that
possess immunosuppressive property, may be not
only the universal reaction in limiting of B cell
clone ability to antibody production but also one ot
the mechanism abilities to shape GVHP-induced
immunosuppression. From our investigation in
B6D2F1 mice with GVHR-induced immunopathol-
ogy it is clear that anemia occurs in peripheral
blood with an increased number of erythrokary-
ocytes and BFU in the bone marrow. Anemia is
accompanied by reticulocytosis which has a direct
relation to the expression of anemic syndrome and
gives an evidence in favor of bone marrow regen-
eration. While comparing our results with literature
data, it can be concluded that anemia develops as
a result of increased hemolysis and has auto-
immune mechanism. This is confirmed by presence
of auto-Ab to erythrocytes (Coombs+) and an
increased number of IgG in blood in B6D2F1 mice
with GVHR-induced immunopathology by our and
literature data [9, 10, 18]. In the development of
anemic syndrome in mtice, a dystunction of macro-
phages and their increased IL-1 and TNFa produc-
tion play a certain role. These cytokines while reg-
ulating erythropoiesis, participate in pathogenesis
of autoimmune hemolytic anemia [19].

So, GVHR-induced models of immunopathology
in B6D2F1 mice present different variants of com-
bined disturbances of erythro- and immunopoiesis:
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immunodeticiency combined with hemolytic anemia
and immunodeficiency combined with hemolytic
anemia and immunocomplex glomerulonephritis.
It is known, that hypoxia as erythrotropic factor
stimulates the production oi erythropoietin by kid-
ney and it is used for treatment anemia with a
decrease of erythropoiesis [20]. But in literature
there are no available data on the use of chronic
hypoxia for treatment of moderate hemolytic ane-
mia with an increase of bone marrow erythro-
poiesis combined with immunodetficiency. There is
some positive ettect of chronic hypoxia on GVHR-
induced immunopathology in B6D2F1 mice: it
increases humoral immune response, abolishes ane-
mia and corrects early and late committed precur-
sor number. Probably, the initial increase of syn-
thesis ot the erythropoietin leads to the growth of
hemoglobin level in blood. Simultaneously, a secre-
tion of IgG with iraction that contains the autoan-
tibodies to erythrocytes is reduced, providing the
beneficial effect on anemia. When a level of hemo-
globin in blood was restored, the hyperplasia of
erythron was stopped at the level of bone marrow
cells, i.e. the decreased production of Er-suppressor
tactor resulted in an increase of IgM response. The
absence of any intluence of chronic hypoxia on the
macrophage secretory activity coincides with data
of the literature [21] and evidences the direct influ-
ence ot erythron on the humoral immune response.
The compound VM-2-84 has a profound effect
on erythropoiesis in ill animals from the early
stages of erythron differentiation. A drop in IL-1
production probably results in a decrease of syn-
thesis of Th2 cytokines (IL-4, -5 and -6) that stim-
ulate synthesis of autoantibodies to erythrocytes
by B cells. As a result, hemolysis of erythrocytes
is reduced and the parameters of erythropoiesis are
normalized. It is possible, that the effect of a prepa-
ration on the number of PFU in spleen is mediated
through the action of IL-1. It is known that IL-1
stimulates activity of Th2 [22], and VM-2-84
administration reduces cytokine secretion. The
reduction of IL-1 production results in the sup-
pression of the number of Th2 and their functions,
that is probably one ot the reasons of a failure of a
preparation the effect on the amount of PFC in
sick mice. The increase ot spontaneous and LPS-
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induced IgG production under VM-2-84 action in
mice with glomerulonephritis is in accordance with
data of Bowles et al. [23] about restoration of im-
munocompetence in NZB/WFI mice with glome-
rulonephritis after application of CsA.

VM-2-84 compound has curative effect on ane-
mia (suppresses IL-1 production, reduces the num-
ber of early erythroid precursors and stimulates the
amount of the granulocyte and macrophage pre-
cursors) in B6D2FI mice with immunocomplex
glomerulonephritis. The VM-2-84 up to two months
decreases proteinuria and reduces proliferation of
mezangiocytes and chronic inflammation with the
restoration of immune system. Trecrezan also

reduces a proteinuria for a long time. It is inter-
esting to compare the effect of a VM-2-84 with the
effect of a known immunodepressant CsA. It is
shown, that if CsA was injected to NZB/W mice
before the beginning of a proteinuria (antinuclear
antibodies occur in female mice at the age of 2-3
months, and at the age of 5-6 months systemic
immunocomplex disease develops with nephritis
and proteinuria). Proteinuria was only prevented
until the drug was applied [24].

Trecrezan, while being beneficial in anemia,
reduces a hyperplasia of erythron in mice with
immunodeficiency. Such an eftect of trecrezan on
erythropoiesis may be related to direct intluence
of the drug on erythropoiesis through monokines.
The correction of immunodeticiency in B6D2F]
mice by trecrezan maybe due to both normaliza-
tion of functions of Thl and Th2, and correction
of suppressive influence of erythroid cells mediat-
ed via erythron hyperplasia.

Thus, the GVHR-induced disorders of 1mmun1ty
immunodeficiency and autoimmune disturbance
are accompanied by changes not only in the
immune, but also in the hemopoietic system, which
appeared to modify proliferation of hematopoietic
stemn cells, activity of CFUs, colony-forming activ-
ity of the erythroid and granulocyte-macrophage
hemopoietic precursors. The immunodeficiencies
may be combined with different variants of distur-
bance of erythropoiesis that requires the ditterenti-
ated approaches to correction. The obtained facts
about effectiveness ot preparation possessing cori-
bined erythro- and immunopoiesis-modulating

The immuno- and hem0p0|e5|s correction

properties, open new ways of a target regulation of
immunity disorders.
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