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A number of novel polypeptides have been discov-
ered and isolated from the neurosecretory granules of
bovine and human neurohypophysis [7]. The distinc-
tive property of these 10-15 amino acid residues neu-
rohormones is their high content of proline residues,
thus they were called proline-rich polypeptides (PRPs)
The whole family of these peptides isderived from the
neurcphysin-vasopressin-associated glycoprotein pre-
cursor. Four of them were sequenced: PRP-1 Ala-
Gly-Ala-Pro-Glu-Pro-Ala-Glu-Pro-Ala-Gln-Pro-Gly-
Val-Tyr, PRP-2 Ala-Gly-Ala-Pro-Glu-Pro-Ala-Glu-
Pro-Ala-GIn-Pro-Gly-Val, PRP-3 Ala-Gly-Ala-Pro-
Glu-Pro-Ala-Glu-Pro-Ala-Gln-Pro-Gly, PRP-4 Ala-
Pro-Glu-Pro-Ala-Glu-Pro-Ala-Gln-Pro; PRP-1, which
was synthesized in Prof. Galoyan’s Moscow Labora-
tory by Dr. Jmak [3,8.9].

The most studied of PRPs is PRP-1, which has
different immune modulating, anti-neurodegenerative
and antimicrobial characteristics [1,2,10,12-16]. It has
been shown that PRP-1 protects cyclophosphamide-
treated mice against Pseudomonas aeruginosa in-
fection due to recovery of myelopoiesis and enhance-
ment of mature granulocyte function [11]. PRP dis-
plays properties of oxidative burst regulation as well
[4,5]. Recently, it has been reported that PRP reduces
both spontaneous and doxorubicin-induced apoptosis
of bone marrow (BM) monocytes and granulocytes,
which is time-dependent and is observed during short-
term (24 hrs.) but not long-term (after 24 hrs.) incu-
bation of BM cells [19].

Although the kinetics of PRP action on granulopoie-
sis is still unknown, Galoyan and Aprikyan have shown
that in cyclophosphamide-treated mice PRP-1 in-
creases mature granulocyte count in peripheral blood
(PB) beginning from the 7® day [11]. However, both
the mechanisms and time-course of PRP-1 action on
lymphopoiesis and myelopoiesis is still unknown. Hence,
for elucidation of the PRP-1 action on separate cel
populations’ redistribution here, its influence on granu-
locytes, monocytes and lymphocytes population dis-
placement in BM and PB was studied. We studied the
dynamics of PRP-1 influence on granulocyte, mono-
cyte and lymphocytes count, as well as CD3 and CD5
lymphocytes populations’ redistribution in BM and PB
in PRP-1-treated rats during 1-7 days.

Materials and Methods

Animals and cell preparation. All animal studies
were carried out in accordance with the Code of Prac-
tice for the Housing and Care of Animals used in Sci-
entific Procedures 1989. Wistar rats were obtained
from the Animal facilities of the Buniatian Institute of
Biochemistry. 12 rats were i.m. administrated with 10
ig of PRP-1 (synthesized) per 100g of animal weight
and 12 control rats were administrated with vehicle
only. BM and PB were harvested on days 1, 2, 4 and
7 from both control and PRP-1 single-dose adminis-
tered rats (N=3 in each group). BM was flushed from
rat femurs and red blood cells were lysed with ammo-

MemurmuacKkas Hayka Apmexnn Ne3 2007



nium chloride (0, 83% NH,CI in 0,017 M Tris-HCl
buffer for 5 min). Nucleated cells were washed with
cold RPMI-1640 containing 10% FCS, 2mM L-
glutamine, 1mM sodium pyruvate, 100 U of penicillin
and 100 ig of streptomycin per ml and total cell count
was determined. PB samples were taken in tubes con-
taining lithium-heparine (Vacuet, Greiner).

Lymphocytes, monocytes, granulocytes differential
cell count was determined using the haematological
analyser (Celly v 2.20, Hycel Diagnostics).

Cell population analysis. Cells were harvested
in cold PBS, washed, and stained with 0.5 g of phy-
coerythrin (PE)-conjugated anti-rat macrophage (clone
HIS36), 0.25 M g of fluorescein isothiocyanate (FITC)-
conjugated anti-rat granulocyte (clone HIS48),0.251 g
of FITC-conjugated anti-rat CD3 (clone eBi0G4.18)
and 0.25 pg of PE-conjugated anti-rat CD5 (clone
HIS47) per 10° cells in 100 B L of total staining vol-
ume for 15 min at room temperature in the dark,
washed with BPS, fixed in 0.1% paraformaldehyde
and subjected to flow cytometry analysis (10,000 events,
using FACSCalibur™ instrument CellQuesti software,
Becton Dickinson). Relative proportions of CD3, CDS5,
Gr and ED2-like antigen were expressed as a per-
centage of the total population of cells, gated accord-
ing to characteristic SSC/FSC profiles. All antibodies
were purchased from eBioscience, San Diego, USA.

Statistical analysis. Statistical analysis was per-
formed by the method of dispersion analysis with para-
metric and non-parametric procedures using the Graph
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Pad Prism v4.01 software. Results of independent
experiments were used to calculate mean values +
SEM, and differences were defined as statistically sig-
nificant by Student’s t-test, paired t-test, Wilcoxon-
Mann-Whitney, and Welch’s test at P <0.05.

Results and Discussion

In order to confirm the results obtained using the
animal model of monocytes and granulocytes recov-
ery under the influence of PRP-1 in the cyclophos-
phamide-induced leukopenia mice, in this work we stud-
ied the PRP-1 influence on the granulocytes, mono-
cytes and lymphocytes count. In the mentioned study,
the level of leukocytes in PB of PRP-1-treated mice
increased beginning from day 7, where the ratio of
neutrophils with segmented nuclei was higher than
monocytes [11]. Here, we studied the redistribution of
monocytes and granulocytes between BM and PB
during 1-7 days. Afler harvesting PB and BM from
PRP-1-treated and control rats on days 1,2, 4 and 7,
the hematological analysis was carried out. As it is
shown in Fig.1, there was an increase in monocytes
and granulocytes number in PRP-}-treated rat BM
and PB and a decre in lymphocytes level compared to
control. On day 4 in PB the decrease in lymphocytes

" count reached to significant (P=0.04) value (Fig.1).

At this term the increase in the monocytes but not

granulocytes count was also significant (P=0.04), while
granulocytes count increase was not significant.
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changes in time-course of BM and PB granulocytes, monocytes and lymphocytes counts. The rate

of cell count changes is expressed as a percentage of PRP/control ratio.
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Thus, the time-course of PRP-1-induced changes
in BM and PB granulocytes, monocytes and lympho-
cytes showed similar dynamics of increasing of granu-
locyte and monocyte counts and decreasing of lym-
phocyte count. In comparison with the study on cyclo-
- phosphamide-treated mice model, where the increase

in granulocytes content in PB began on day 7 [11],
' here we observed an increase on both granulocytes
and monocytes counts in PB on days 2 and 4, then a
decrease on day 7. In BM, a continuous increase in
granulocytes count till day 4 was observed, and then
. there was a decrease in granulocytes but not mono-
cytes on day 7.

Next, we carried out flow cytometry analysis to
determine the rate of different cell populations in BM
and PB of PRP-1-treated rats. For this purpose, the
surface expression of specific lineage markers such

PRP/Control ratio of celis (%)
8833888333

PRP/Control ratlo of cells (%)

as Gr (granulocytes), ED2-like antigen (macrophages)
[6], CD3 and CDS5 receptors (lymphocytes) was stud-
ied.

Subsequently, we analyzed Gr* and ED2-like* cells
as we did not observed any difference of Gr*ED2-
like*, Gr*ED2-like and GrED2-like* subpopulations be-
tween BM and PB samples under the influence of
PRP.

The number of Gr* increased in BM on day 2 and
day 7, whereas the number of ED2-like* increased
only by day 4. In PB, the number of Gr* increased on
day 2, dropped down on day 4 and was equalized with
control by day 7 (Fig.2). These results suggest that
PRP-1 stimulated Gr* count in BM at all terms of analy-
sis, whereas in PB the stimulating effect was observed
only on day 2.

Fig. 2. PRP-induced changes in time-course of BM and PB Gr* and ED2-like* cells count. The rate of cell count changes
is expressed as a percentage of PRP/control ratio.

While the number of PRP-1-treated rat lympho-
cytes according to the hematological analysis was
lower than control both in BM and PB, different fluc-
tuations of lymphocyte subpopulations were observed.
Interesting, there was a significant (P=0.02) decrease
in mature BM T cell population CD3*CD5* on day 2.
We suggested that PRP-1 delays T cell maturation in
BM in 2 days after PRP-1 injection. At the same time,
there was an increase (P=0.02) in CD3*CD5" popula-

tion of CD3-gated cells (Table 1). As CD3 along with
CD2 are the most specific markers for T cells, and
CD3 is normally present in resting and activated T
lymphocytes, we suggest that this CD3*CD5" popula-
tion is the T cell subpopulation as well. It was shown
by K Hozumi et al. that BM CD3* T cells are thymus-
dependent and composed of an ordinary population
which expresses TCR B-chain [18].
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PRP-induced changes in time-course of BM and PB T lymphocytes subsets count

BM Days Lymphocytes (%)
Group CD3-gated ted
CD3+ CD5+ | CD3+CD5 | CD3+CD5+ | CD3- CD5+
Control 1 40.7+54 51.0+£5.5 15.1%2.7 73+08
PRP 445+92 488+76 268+7.6 6.4+09
Control 2 64.9+6.9 244+44 423+8.1 8314
PRP 34.1 = 4.8% 419+ 13*% 183+54 94+13
Control 4 282+49 432+28 263+4.4 3.8+04
PRP 27.05 + 8.05 51.1+3.0 27.1+48 44+06
Control | . 7 38.0+7.07 42043 19.7+5.8 45=0.1
“PRP [ 43.6+10.7 38.1+79 242+82 3.9+ 0.2%
PB Days Lymphocytes (%)
Group CD3-gated CD5-gated
- CD3+ CD5+ | CD3+CD5- | CD3+CD5+ | CD3- CD5+
Control 1 96.2+0.2 2.6+ 0.09 97.3+0.4 2.7+04
PRP 924+25 44+12 938+2.7 6.0+26
A a2 96,6205 32£05 | 958+12 27208
PRP 97.5+0.4 23%04 97.9+0.2 1402
Control 4 99.8+0.03 0.4 0.04 98.6+0.4 1.4=04
PRP 965+29 0805 955+13 45+13
Control 7 98.9+0.9 1.1+09 98.9+0.6 1.0+05
PRP 99.7+0.1 02=0.1 99.6+ 0.05 0.4 % 0.05

*P=0.02 in PRP-treated rat in comparison with control

It was also observed that on day 4 CD3-CD5* popu-
lation increased in PB and on day 7 the same popula-
tion decreased in BM. Though the surface marker
CDS, strongly associated with T cells, is expressed
also on a small subset of normal B lymphocytes called
B-1 cells [19], we cannot insist upon the statement
that this subpopulation belongs to T cell solely, as we

Tablel

didn’t mark our BM and PB cells with other lineage
specific markers.
As a result, we have demonstrated that PRP-1

stimulates granulocyte and monocyte counts in BM,
which correlates with the previously demonstrated data
[11], in PB on day 4 the difference between PRP-1-
treated rat monocytes was significant. When we stud-
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jed specific populations as macrophages and granulo-
cytes, we found out that in BM, the granulocytes’ rate
was higher than control, but that of macrophages was
higher on day 4 only. At the same time, when studying
subpopulations in lymphocytes to determine different
. maturational stages of T cells, we found out that in
general the maturation of T cells was delayed in BM.

Hence, according to the data obtained, PRP-1 stimu-
Jates the proliferation of granulocytes and monocytes
in vivo as well as differently influences the kinetics of
lymphocytes subpopulations in BM and PB.

Recently it has been shown that granulocytes and

lymphocytes could occupy a common developmental
niche. Reciprocal control of granulo- and lymphopoie-
sis reflects competition between Gr-1+ and B220%
compartments. The decrease in one cell lineage causes
an increase in the other. TNF¢ and IL-1B reduce
BM lymphocyte count and expand granucolyte pro-
duction [20].

Thus, we suggest that PRP-1 could serve as an
endogenous GM-CSF-like cytokine, which upregulates
production of BM granulocytes and monocytes at the
same time inducing a decrease in BM lymphocytes.

Ilocmynuna 30.07.07

Zpynpwwihly wpnihGony hwpnium wajhybwwhnh wqpbgnmpynip nuhjpwonmdh L
whbphdphy wpjwG dhol dnGnghwbGbph, gpwlninghwbhph L (hi$nghwmbhph
Jbpwpwfudwl Ypwm

L.£. Bhighpqubywub

hwnpwiuihly wpnihGn] hwpnun wnghubug-
whnGtpp (M4MN) odnjwd GG wpmwhwmjwd
piniGwywpquynphs, hwjwlijwpquntqtib-
puwnpy b hwjwiwlptwiwl huwwnynipmibib-
poy: Udtih Jun gmyg t wpily, np ghindnudu-
dhn GEpupiywd dyGbph dmn whphdbphy wpjwi
kg MLM-1-h waqnbgmpjub Ghppn bwumb gpu-
GniinghwGbph pwGwlp wykywlnul t 7-pn ophg
uljuwd: _

Upfuwwmnwlph Gupunmwyl k tnky nuljpuonioh
L whphdtiphly wpjwé dhek gpubnynghwbhph,
dnGnghwnGbph L thibnghmbnh Jepwmpwfudwi
nuuniGwuppmpjoiGp MLM-1-h wqgbgmpjw
mwl;: UnGhnGhph dmn® MELM-1-h dhwljwg G-
pupynuihg htiinn nuypwonioh ot whphdtphy
wpjwl peowihl wnynijjughwlhph pwGulyp

ann2yml ktp hbdwwmnnghwliwl wGwihgh L
hnupwjhG ghunibwphwjh dbpnnGbpny” 1, 2, 4
L 7-pn optiphG: Mwpqyby £, np MEMN-1-p wyk-
[uglnl £ gpuGnynghnGph L dnGnghwnibph L
dhwdwiwfwly Gyuqtglnd t jhipnghnbhph
pwlwlp nujpworiond L whkphdtphy wpjwb
ub9: {nupujhl ghwmndtwphwjh dhpnnny hwu-
wmwnytg MLMN-1-h mwpptpwlyh; hwijwnupa
wqnbtgmpjniGp qpubnynghnnwntqh fupwGiwG
L T (hipnghwnbbph hwumGugiw6 qulngunbkg-
dwl Ypu:

Uyuujhuny, MLM-1-h wqnptignipjniGp nuljpw-
omomld qpuninghwnlbph b hidnghwmGlph
hwjwnupé qnyugiwi Jpw Gdwb E wj qurnot-
pugnjuglinng qnpdnGGbph L poppnpwjupwGhy
ghwmnyhGGEph wqnbgnipjwip:

BinsHHEE rHOOTAJAMHYECKOro NPOJHHOM GOraToro moJMNENTHAA HA mepepacupe/iesieHHE
MOHOIIATOB, FPAHYJIOWATOB M JAM(OLMTOB MeXAY KOCTHBIM MO3roM H mepudepHIeckoil KPoBbIO

K.B. BeauprausaH

T'unoTanamMuyeckue MpoOMHOM 60raThie NoMIIer-
Tyl (TIBIT) 06:mapatoT BRIpaXkeHHOM UMMYHOMO/Y-
JIMpPYIOLLEH, aHTHHCHPOAEreHepaTUBHOM M aHTHMHK-
POOHOM AKTUBHOCTBIO.

Panee 66UT0 OXA3aHO, YTO Y 0OpabOTAHHBIX LUK~
nodochamuaoM Menued, HaduHasg ¢ 7-ro OHd,

IIBII-1 BrI3pIBaET yBETHYEHNE KOJNMYIECTBA 3PEIbIX
IPaHyJIOLMTOB B NEpU(epuIeckoi KpOBH.

Ilemsro maHHOM paboThI ABAIIOCH M3Y4EHUE IEHCT-
Bud ITBII-1 Ha nepepacnpeAeneHie rPaHyIOLUTOB,
MOHOLMTOB ¥ JAMQPOLUTOB B KOCTHOM MO3re ¥
nepudepugeckoii kxpou. KpeicaM 0ZHOKpPaTHO
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geomuiH [TBI1-1 ¥ KOMYeCTBO KIIETOYHbBIX TIOMYJBILMHA
KOCTHOTO MO3ra ¥ nepyepuHeckoi KpOBH ONPEIEIIIA
METOJIaMH NeMATOSIOrMYECKOrO aHATIH3a K POTOYHOH
wuTo(moopuMeTpry Ha 1, 2, 4 u 7-# nHA. Brino
nokasaHo, uro IIBIIT-1 yBenuuuBaeT KOIMYECTBO
rpaHyJOLMTOB ¥ MOHOLUTOB B KOCTHOM MO3re H
nepudepuHecKoi KpOBH ¥ ONHOBPEMEHHO CHIDKAET
KonU4ecTBO TMMGoLMTOB. MeToA MPOTOYHOM LIATO-
(moopuMeTpHH NOATBEPAXN Iu(DepeHHanbHOE
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