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Summary

in EPO effects upon thymic lymphocytes.

Materials and methods

» <«

Erythropoietin (EPO) is a physiological stimulator of
erythropoiesis. One of the main effects of EPO is to pre-
vent apoptosis of erythroid progenitor cells in the bone
marrow. These properties of EPO are widely used for
treatment of various hematopoietic disorders including
posttransplant conditions. Previously, it was found that
activating EPO-effect on T-lymphocytes (TLC) accom-
panied by an increase in the number of fluorescent mi-
tochondria (n_, ) and an increase in the total transmem-
brane potential on plasmatic (Agp) and mitochondrial
membranes (Apm). However, it remains unclear which
membrane potential is responsible for the EPO effect.
Hence, we used specific inhibitors of oxidative phospho-
rylation in the respiratory chain. The aim of the present
work was to assess the role of mitochondrial functions

We studied EPO (Eprex, Cilag) influence on fluorescence
of rat TLC after short-term incubation and treatment
with some inhibitors: dinitrophenol (DNP-uncoupler of
oxidative phosphorylation and inhibitor of respiratory
chain), pentachlorphenol (PCP- uncoupler of oxida-
tive phosphorylation), N,N -dicyclohexylcarbodiimide
(DCCD- inhibitor of Ca*- dependent mitochondria
ATP-ase). The cells were then tested by electrical field
gradient sensitive probe DSM [4-(p-dimethylaminosty-
ryl)-1-methylpyridinium]. Rat TLC were isolated ac-
cording to the standard method. The microfluorimetric
studies of DSM-stained TLC were performed by means
of fluorescent microscope “Lumam R-8”, “LOMO”, Rus-
sia) with thermostatic plate. Fifty to 70 single cells were

measured per each specimen the mean fluorescence in-
tensity of TLC was calculated (F), as well as nm/c values.
Statistical evaluation of the data was performed by the
Spearmen range correlation.

Results

In a series of experiments with TLC, we have registered
a decrease in F and n_ after incubation with all used
inhibitors. It was found that the difference in decrease of
nm/c rates and F values depends on the type of inhibitor
and on the duration of incubation. Maximal irreversible
reduction of the TLC energy potential (F and n_ ) af-
ter incubation was seen with DNP being not restored by
EPO. After incubation with PCP, EPO restores n_, and
F by ca. 20-23%. The reaction of TLC on the DCCD con-
firms the important role of the ATP-ase for maintenance
of mitochondrial membrane potential. After de-energi-
zation of TLC by DCCD, EPO has the maximum rescu-
ing effect, i.e. recovery by approx. 42% forn , and ~38%
for F values.

Conclusion

EPO is able to partially recover the damage and polariza-
tion of the mitochondria membranes in TLC disturbed
after exposure to specific ATP-ase inhibitor (DCCD).
This in vitro approach may be used for screening other
growth factors.

Keywords

Erythropoietin, T-lymphocytes, energy activity, in-
hibitors, electrical field gradient sensitive probe DSM
[4-(p-dimethylaminostyryl)-1-methylpyridinium].
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Introduction

Erythropoietin (EPO) was initially known as a physiological
growth factor which is produced, mainly, by renal glomeru-
li, macrophages and some other cell types. EPO is shown to
support survival and mitotic activity, as well as inhibit ap-
optosis of late erythroid precursor cells in bone marrow [1].
Therefore, recombinant erythropoietins-alpha (Eprex, Epo-
bioicrine, Epostim etc.) are widely used to correct anemias in
different diseases and posttransplant conditions [2].

However, biological mechanisms of EPO action upon im-
mune cells are still not clear. E.g., antioxidant in vivo effects of
EPO (reduced lipid peroxidation in blood lymphocytes) are
shown by Osikov et al. [3]. Immunotropic effects of EPO are
recently studied, due to its immunomodulatory effects un-
der clinical and experimental conditions [4-6]. Response of
lymphocytes and macrophages to EPO seems to be mediated
by the EPO receptors on their surface [7]. In vitro biologi-
cal effects of EPO towards T-lymphoid cells were previously
shown by Hisatomi et al. [8] who demonstrated suppression
of IL-2 gene expression in TLC cells after their short-term
(6 h) incubation with EPO. Hence, EPO is able to exert fast
immediate action upon T-lymphoid cells over short incuba-
tion terms. Indeed, we have also revealed modulatory effect
of EPO upon rat thymocytes using a specific potential-sen-
sitive chemical probe [9]. EPO was found to exert activat-
ing effect upon the TLC by changing total transmembrane
potential of plasmatic (Agp) and mitochondrial membranes
(Aem). This activation correlated with increased numbers of
the probe-labeled fluorescent mitochondria in exposed cells
[10]. To discern these mechanisms, we used specific inhibi-
tors of oxydative phosphorylation, in order to assess the type
of potential responsible for these EPO effects. Hence, the
aim of this work was to evaluate the role of mitochondrial
functions in EPO effects upon thymic lymphocytes in order
to specify this response to EPO, either Apm, or Agp. To ad-
dress this issue, we used specific inhbitors of phosphoryla-
tion in the respiratory chain which serve as important tools
for studying energy supply in the living cells.

To address this issue, we used specific inhibitors of oxydative
phosphorylation. In order to evaluate the role of mitochon-
drial functions for energy supply in thymic lymphocytes ex-
posed to EPO. Hence, the aim of this study was to assess a re-
storing EPO effect upon the in vitro response of thymocytes
after treatment with different specific inhibitors of oxidative
phosphorylation.

Materials and Methods

We have studied lymphoid cells isolated from thymuses of
white Wistar rats (200-300 g), after gentle mincing of thymus
glands [9]. The cells were resuspended in standard HanK’s
solution at 2 to 3x107 cells/mL. Percentage of viable (dye-ex-
cluding) cells was determined by routine Trypan Blue staining.

To determine possible points for EPO actions, we used dif-
ferent inhibitors of the oxidative phosphorylation, i.e., dini-
trophenol (DNP, Sigma, USA), an inhibitor of respiratory
chain and uncoupler of oxidative phosphorylation; penta-
chlorophenol (PCP, Sigma USA), an uncoupler of oxidative
phosphorylation; dicyclohexyl carbodiimide (DCCD, Sig-
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ma, USA), an inhibitor of mitochondrial membrane-bound
ATP-ase domain. Erythropoietin (EPO) was purchased
from Cilag (Eprex) was dissolved in HanK’s solution. A po-
tential-sensitive fluorescent probe [4-(p-dimethylaminosty-
ryl)-1-methylpyridinium] (DSM) was used to test the energy
potential of cells. DSM was produced and purchased from
the Latvian Institute of Organic Synthesis [9]. The thymocyte
suspensions in Eppendorf-type tubes were pre-incubated
with inhibitors for 10...20...40 min at 37°C, then EPO was
added at the final concentration of 2U/ml), followed by incu-
bation for 30 min, addition of the DSM probe (1.5 uM), and
post-incubated for 20 min. Final concentrations of inhibitors
were as follows: DNP, 0.1 mM; PCP, 1.5 uM; DCCD, 0.1 mM,
at a v/v ratio of <5% to the initial suspension volume. The
control samples of cells were supplied with equal volumes of
Hanks’ solution, and, after 10...30 min. at 37°C, were incu-
bated with DSM and EPO, as described above. Control and
experimental TLC samples were then studied at the lumi-
nescent microscope LUMAM - R8 (LOMO, St. Petersburg,
Russia) at a 900x magnification, using a temperature-con-
trolled stage for the count chamber. The fluorescence was ex-
cited by a mercury lamp (A= 405-436 nm). To measure light
emission, a FMEL-1 photometric device was used, with an
interference filter with a maximum transmission at 585 nm.
Fluorescence intensity was manually measured for single
cells localized in the vision field, then transformed to a dig-
ital signal. The numbers of DSM-stained bright mitochon-
dria, looking as intracellular yellow granules, were counted
per each single cell (the n__values) [9]. Fifty to seventy cells
were studied per sample, and the mean fluorescence intensi-
ty was calculated as conventional units (F, arbitrary units).
The fluorescent signal did not quench over the measurement
time. Photomicrographs of the DSM-stained cells were per-
formed with a TSA 5.0 camera mounted in the LOMO R8
microscope, and analyzed by a Microanalysis View software
(from the same manufacturer). Statistical evaluation of the
data was performed by the Spearmen range correlation cri-
terion. A total of 8,000 cells have been studied in 160 sam-
ples. Each independent experiment included 3 to 5 measure
points.

Results

Initial amount of intact thymic lymphoid cells in cell suspen-
sions was 92 to 96%. Several control experiments with have
shown a decrease of n_, and F values for these cells after
incubation with either inhibitor. The degree of such decrease
depended on the type of inhibiting substance, and incuba-
tion terms (Table 1, Fig. 1 A, B, C). The most pronounced
and faster effect was observed with DNP, i.e., fluorescent mi-
tochondria became virtually absent in DNP-treated cells as
soon as after 10 min of exposure. F values were also decreased
by 20 min, with both n . and F reductign. Fluorescent mi-
tochondria disappeared by 40 min, with F at the background
levels. EPO addition did not restore F and n_ - parameters.
The dynamics of thymocytes with absent mitochondrial flu-
orescence after DNP exposure shown in Fig. 1A (NCEM,%),
like as absence of recovery after EPO addition. This effect
may be caused by classical protonophore properties of DNP
which irreversibly reduces both mentioned components of
electrochemical gradient, thus causing the mitochondrial
membrane depolarization.
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Table 1. Time-dependent changes of mean fluorescence (F, arb. units) and number of fluorescent mitochondria per

one cell (n_ ) upon short-term exposure of rat TLC to respiratory chain inhibitors followed by EPO treatment

Control +DNP +PCP +DCCD
t,min n . F n . F n m/c F n. F
10 10,8+0,8 27,6126 0,5£0,1* 5,7£06** 4,4+0,8* 9,6+0,8* 3,3+0,3* 9,2+0,6*
20 9,0£0,7 255425 0,4+0,1* 45+0,5* 2.8+0,3** 7,0£0,6* 19+0,3** 5,5+0,5*
40 8,80,6 23,0+25 0 23+0.3* 0 2.5+03* 0 2,8+0,4**
+ EPO
30 20,5410 483+4,7 0 23+0,3* 4,7+0,6* 9,7+0,7* 8,7+0,8** 18,4+0,8**

Note: * - P<0.01;** - P<0.025;n_ - mean number of fluorescent mitochondria per cell; F, arb. units - mean fluorescence levels
for all the cell measured at the given time points. Controls: TLC incubated without inhibitors at 37°C, with EPO supplied after
40 min. of incubation. Experimental samples: cells with addition of DNP, or PCP, or DCCD followed by incubation with EPO at
37°C. Mean values (M) and mean error (m) are shown for each time point

Similar, but less pronounced decrease was observed 10 min
after treatment with PCP, i.e., n m/c dropped by 37%, and F,
by ~ 35%. Following 20-min incubation, we observed only ~
26% and ~ 25% F of control values. At 40 min., no fluo-
rescent mitochondria are seen.

33% F). Only 18% n_ and ~ 20% F remain after 20 min.
with DCCD, a mitochondrial membrane-bound ATP-ase.
At 40 min. with DCDD, no fluorescence was observed in
the cells, with background F values. However, 30-min. in-
cubation with EPO has resulted into recovery of mitochon-
dria-associated fluorescence to 42% for n_, and 38% for F
levels, as compared with control samples. Fig. 1C illustrates
the dynamics (N, %) of de-energized thymocytes in-
duced by DCCD followed by restoration of potential-cou-
pled fluorescence after EPO treatment.

Meanwhile, Fig. 1B shows increase of non-fluorescent cell
numbers (N ., %) induced by PCP, followed by a recovery
induced by EPO supplement. The inhibitory effect of PCP
upon thymocytes proved to be partially reversible after addi-
tion of EPO (n, _recovery by ~23%, and F values by ~20%).
Typical patterns of DSM-stained cells before and after treat-

A 10-min. incubation of thymocytes with DCCD again ment with mitochondrial ATP-ase inhibitor (DCCD) are

retains only a part of fluorescent cells (n _, 30%, and ~ shown in Fig, 2 A-C.
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Figure 1. Changing amounts of rat thymic lymphocytes devoid of fluorescent mitochondria (N_.,, %) from initial
time points (0 min.), following incubation with different inhibitors, and after EPO addition. Incubation at 37°C with
DNP (Fig. 1A); PCP (Fig. 1B); DCCD (Fig. 1) was followed by uniform exposure to EP0. Abscissa: incubation terms (min);
ordinate, mean values of TLC without fluorescent mitochondria (N_,,, %) for each time point. Vertical bars show
appropriate confidence intervals for P<0.05 as compared to initial values
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2A 2B

2(C

Figure 2. Rat thymocytes stained with a fluorescent DSM probe. 2A, an original sample after incubation with EPO,
F=52,0 arb. units; 2B, cells after 40 min of incubation with DCCD, F=3,0 arb. units; 2C, thymocytes after exposure of

DCCD-treated cells to EPO, F=20,0 arb. units

Discussion

In our works, we have used inhibitor analysis, in order to as-
sess the mechanisms which regulate anti-apoptotic effects of
erythropoietin. The transmembrane potential of membranes
in thymocytes was determined as fluorescence intensity of
DSM probe. Total DSM fluorescence depends on a summary
potentials of plasmatic and mitochondrial membranes. Ear-
lier we have found that EPO acts upon thymic lymphoid cells
by changing electric charge of cellular membranes. The EPO
stimulatory effect is accompanied by increased n_,, due to
proton potential (Agm), and/or external membrane poten-
tial (Agp) [9].

Our data suggest that some metabolic effects of EPO are
exerted via mitochondrial respiratory pathways. EPO was
shown to reverse the de-energizing effects of DCCD, thus
presuming functional changes of FOF1 membrane ATP
which is specifically inhibited by the DCCD.

The mitochondrial FOF1-ATP-ase is a complex lipoprotein
containing of hydrophilic catalytic center (F1), and a mem-
brane domain (F0) [11]. DCDD used in this work is a specif-
ic proton translocation inhibitor in the FOF1 ATP-ase [12],
causing decrease in n_,_and general F shown in our experi-
ments, thus reflecting a critical role of ATP-ase for sustaining
the mitochondrial membrane potential. The reduced fluores-
cence of DSM-induced mitochondria could be considered as
mitochondrial de-energization, which proved to be reversi-
ble by EPO treatment. This finding may reflect ability of EPO
to restore functional integrity of mitochondrial membranes
as a component of their effects upon immune system. The
restored mitochondrial functions in the target cells for EPO
allow to perform regulatory signaling in lymphoid cells,
e.g., via phosphorylation of some transcription factors, e.g.,
STATS5 in lymphoid cells and tissues [13]. Further studies in
other lymphoid cell models could further elucidate the role
of EPO as a regulator of mitochondrial function.
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Conclusions

1. Thymocytes may represent a non-usual, but suitable mod-
el for evaluation of growth factor effects upon dividing, ap-
optosis-prone immune cells.

2. 'The in vitro testing of modifying EPO effects in thymo-
cytes exposed to inhibitors of mitochondrial functions has
revealed irreversible deletorious effect upon energetic poten-
tial of these cells. Erythropoietin (EPO) does not reverse the
DNP-induced damage, but partially restores mitochondrial
damage induced by DCDD, a specific inhibitor of the FOF1
mitochondrial membrane ATP-ase.

3. More extended studies are required, in order to screen
positive effects of EPO in other non-erythroid cell types.
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In vitro mognunumpyrowmin 3GPeKT 3puTponoITMHA
Ha NUMPOLUTLI TUMYCA: UHTMOMTOPHbIA aHanu3

Tarbsna B. Ilapxomenko, Bnagumup B. Tomcon, Oner B. lann6un

JTaboparopus maroMop¢onoruy HayuHO-UCCIe0BaTeNbCKOrO IeHTpa, [lepBriit CankT-IleTepOyprckmit rocyapcTBeHHbII
mepnuyHcKuit yausepcuteT uM. V. I1. ITaBnosa, Caukt-IletepOypr, Poccuiickas Oepepanns
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Pe3slome

Spurponoarur (SIIO) sBusieTcs (GUSMOTOTMIECKUM
CTUMYIIATOPOM 3pUTponossa. OFHUM 13 OCHOBHBIX
adpdexron IO sABIAETCS CHIDKEHNUE YaCTOTHI AIIOIITO-
33 9PUTPOUIHBIX KIeTOK-IIPeALIeCTBEeHHNI] B KOCTHOM
Mosre. Itu coiicTBa IO MmMUpPoKo NPUMEHAITCA IpU
JIe4eHU PA3/INIHbIX 3a00/IeBaHMil CUCTEMbI KPOBI, B
TOM YJICJIe — IIOC/Ie TPAHCIUIAHTALMY CTBOJIOBBIX KJIe-
ToK. Panee 6b110 ycraHoBieHo, uTo OIIO oOKasbBaeT
aKTUBUpYIOlee BodfeiicTBre Ha T-mumdoryrst (T/ILT),
COIIPOBOXKAAIOIEECs] yBeMIeHNeM KOMudecTBa (iry-
OpeCUMpYIMX MUTOXOHAPUIl B KieTke (n_ ) 1 yBe-
JIMYeHNeM CyMMapHOTO TPaHCMeMOPAaHHOTO MOTEHIN-
ajla Ha IUIa3MaTudeckoir (AQp) ¥ MUTOXOHIPMATbHBIX
MeM6OpaHax (Agm). OgHAKO OCTaeTCsi HesICHBIM, KaKOIx
VIMEHHO MeMOpaHHbIII MOTEHIMA/ PearnpyeT Ha BO3-
mervictBue OI10: Aem, nmu (1) A@p. I oTBeTa Ha 9TOT
BOIIPOC MBI VICIIOTIb30BA/IN CHEI(pUIeCKIie NHITIONTO-
pbl OKucanTensHoro ocpopunuposanns. Llenp Ha-
CTOSILETO MCCIeNOBAHNA — OLIEHKA PO/ MUTOXOHTPU-
a/IbHBIX QyHKIUIT B Bo3feitcTBiy 11O Ha muMdoLuTe!
TUMYCa.

MaTtepuansl u MeToAbI

Vccneposanoce Bmmsaaue 9110 (“Eprex’, Cilag) na dy-
opecnennio TJII KpeIc in vitro mocie KpaTKOCPOIHOIT
VHKYOAnuy 1 BO3JEVICTBIUS HECKOTIbKMMY MHITONTO-
pamu: gunnurpodenonom (IHD) — uHrn6uropom mbi-
XaTelbHOM IIelM U Pas3oOIInTesieM OKUCIATEIHHOTO
dochopunuposanns; nenraxaopdenonom (IIXD) -
pasoOLMTeNIeM OKMUCIUTeIbHOrO  (ocdopunmmposa-
Hust; punukaorekcuakapbomymmupom (JIUIK) — un-
mMOUTOpOM MeMOpaHcBsA3aHHON vactn AT®-aspl Mu-
TOXOHJIPMa/IbHOI MeMOpaHbl C IOMOIIBI0 30HAa DSM
[4-(p-muMeTHIAMWHOCTUPUINT)-1-MeTUT ~ TUPUAK-
HUII|, ONpEMEAIONEr0 TPAHCMEMOPAHHBIN TPAIEHT
anekTpudeckoro mondA. TJII Bwimenamu u3 TUMYCOB
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1o cTa"gapTHoil Metofuke. OkpamieHHble [JCM kmet-
KII MCCTIElOBa/l Ha JIIOMMHECLEHTHOM MMKPOCKOIIe
(«JIromam — P 8», IOMO, Poccus) ¢ UCIOnb30BaHUEM
TEpMOCTaTMPOBAHHOIO CTOMMKA. B KaXk/joM Ipenapare
usMepsu GrryopeceHnnio 50-70 KIETOK M pacCUMTBHI-
BaJIV CPEHIOI MHTEHCUBHOCTD (yopecreruny TIII]
(F). B xax10it rryopeciupyromeit K1eTke HOfCYNTHI-
Bamu n_ . CTaTUCTUYECKYI0 00PabOTKY HaHHbIX SKCIIe-
PUMMEHTOB IIPOBOAVIN IO KO3 PUIVEHTY KOPP e
panros CrmpmeHa.

Pe3ynbTatbl u 0bcyxaeHune

B cepun sxcmepmmenTtos ¢ TJILI 3apermctpupoBaHO
CHIDKEHME N U F mocre muKy6ammm co BceMu WC-
MTO/Ib30BAHHBIMYU MHIMOUTOPAMY, NPUYEM CTENEHb U
CKOPOCTb CHIDKEHMS 3TUX IapaMeTpPOB 3aBlCeNa OT
TUIIA MHTMOUTOPA M UINTEIbHOCTY MHKybauuu. Mak-
cuManibHOe CHIDKeHMe sHepretuky TJIL mocturamoch
npu naKy6anum ¢ JJH®, mocne xoToporo SI1O we Boc-
cranapmBaet F u n_ . Iocne I/IHKy~6aIH/II/I ¢ [IX® 3110
BoccTaHaBnmuBaeT ~20-23% n_ u F. Peakumsa TJIII Ha
JUK]I moxgTBep)kaaeT BaXHy0 ponb AT®-aspl B mox-
Iep)XKaHUM MEMOPAaHHOTO MUTOXOHIPHUATBHOTO TOTEH-
nmana. Ilocme pesueprusanum TJIII mop meiicTBuEM

OUKII, 9110 BoccranapnuBaer ~42% n, | n ~38% F.
3aKnyeHune

91O cnocobeH 4acTMYHO BOCCTAHABIMBATDL MOJISAPU-
3anuio MemOpaH mutoxonapuit B TJILI, HapyiienHyto
B pesynbTate BO3peiicTBusA uHruburopa ATd-aser

(DLKID).

Kniouesble c10Ba

Opurponostus, T-mMMEGOLUTHI, SHepreTMyecKas ax-
TYBHOCTDb, MHIMOWTOPBI, IOTEHIMATIyBCTBUTEIbHbI
BUTAJIbHBI (IIyOpeCLieHTHBII 30HA-KaTuoH 4-(Im-mu-
MeTUIaMUHOCTUPM)-1-Metunnupyguays (JCM).
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