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Pesrome: Bfedenue. Vindunyposanme nyromeranosupycom (LIMB), mpuHamytexanm K GeTa-repriecBupycam, IIMPOKO pac-
MPOCTPaHeHO B UeIoBedecKov IOMyJIsIiy 1 npubivpkaeTes: y Toxwibix s K 100 %. O6brano mHMeKIys mpoTekaeT B ja-
TeHTHOVI popMe, HO TIPV Pa3BUTVVI MMMYHOCYTIPeCCHV CTIOCOOHA K peaKTvBaIyy. MeXaHV3Mbl peaKTUBaIN [0 KOHIIa He
v3yueHsbl. et HacTosIeNT pabOTHI SIBUIOCH VICCIIeIOBaHMe POJIM pacTBOpuMbIX Mostekysr CD25, CD38, CD95 B dopmmpo-
BaHVIV MIMMYHOCYITPECCHY IIPY IIUTOMeTrajloBUpycHoON nHbexnym. Mamepuais. u menoos.. B paboTe MCII0/130BaIM 00pasIibl
CBIBOPOTKYM KPOBV OOJIBHEIX C ITMTOMETaIOBUPYCHOVI MHQEKIVEV B CTafyVl peaKTVBaIliV, TIO/ITBEPKIEHHOV C TTOMOIIIBIO
KIIMHWYECKNX 1 J1ab0paTOpHBIX JaHHBIX. bosibHBIe Ipoxomyuin jiedeHvie B VIHQEKIIMOHHON KiIMHIYecKor oobHuIe Neo 2
r. Hyoxnero Hosropopa. CeiBopoTouHOe cofiepkaHvie CyMMapHBIX U OJIMTOMEPHBIX pacTBOpMMBIX Mojiekysr CD25, CD38 n
CD95 omnpenensyii MMMYHOMEPMEHTHBIM METOIOM C TIOMOIIIBI0 MOHOKJIOHAJTBHBIX aHTUTENT ¥ TIOJIVKIIOHAJIBHBIX aHTUTE]T,
HaITpaBJIeHHBIX MPOTUB 0e/IKOB MOHOHYKJIeapHBIX KJIeTOK Iepudepudeckovi KpoBy deioBeka. PesybraTel permcTpupo-
BaJII CTIEKTPOPOTOMETPITIECKY 1 OII€HMBaJIV, TIePEeBOJIA eqVHVITHI ONITIYeCKOV IUIOTHOCTY B ycioBHBIe enyHEMITEI (U/ml).
Pesyavmamui. [lokaszano, uTo y 60JIBHBEIX C peaKTUBaLMell IIMTOMeraIoBUPYCHOV MHMEKIIMM IIPOUCXOAUT IOBbILIIeHNe ChIBO-
POTOUYHOTO CoflepKaHVsI CyMMapHOV 1 OJIMTOMePHO dppakiinii pacTBoprmMbix MosieKysr CD25, CD38 i CD95. Ecym ceiBopo-
TOUHOE cofieprKaHue CyMMapHOV 1 oyuromepHon dppakuui Monexkysa CD25 i CD38 nosbliiaeTcs B OGMHAKOBOW CTeIIeHM,
TO JIsi oyturoMepHon dppakumm Mosiekyn CD95 obHapyskeHo Gosliee BbIpa’keHHOE ITOBBIIIIEHVE B CPaBHEHUM C CyMMapHOW
dpaxmmert. [ToryueHHbIe TaHHBIE TIO3BOJISIOT MIPEITONIOXUTE Ha/TdVe TPV ITMTOMETaIOBUPYCHOV MHMEKINY MexaH3Ma
CyIpeccuv IMMYHHOTO OTBeTa, CBSI3aHHOTO C MHUITMAIIMer arrorTo3a 3¢ dekTopHbIX T-IMM@OINTOB ¢ yyacTieM ojmroMep-
Homt popmel MosteKys1 CD95. 3axatouene. VIsmeHeHNs B cOfepKaHWMM M CTPYKTY PHO-(YHKIIMOHAJIBHOM COCTOSTHUM PacTBOPU-
MBIX IndpepeHIpoBouHbIx MosteKys1 CD25, CD38 i1 CD95 cBuImeTeIbCcTBYIOT 00 MX yIacTuI B MeXaHM3MaX IMMYHOCYIIpec-
cvm y OOJIBHBIX € IIUTOMETaJIOBUPYCHOV MHQEKITVIEVL.
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The Role of Soluble Molecules CD25, CD38, and CD95 in the Development
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Summary. Introduction: Cytomegalovirus (CMV) infection is a common beta-herpesvirus infection widely spread in the human
population. The proportion of infected population increases with age and approaches 100 % in elderly people. The infection is
usually latent but is capable of reactivation when immunosuppression develops. The mechanisms of reactivation are not fully
understood. The objective of our study was to evaluate the role of soluble molecules CD25, CD38, CD95 in the development
of immunosuppression in CMV infection. Materials and methods: We used 18 serum samples from cases of CMV disease in the
stage of reactivation, all confirmed by clinical and laboratory data. The patients received treatment in Nizhny Novgorod In-
fectious Disease Hospital No. 2. The serum content of the total and oligomeric soluble molecules CD25, CD38, and CD95 was
identified by ELISA using monoclonal and polyclonal antibodies against human peripheral blood mononuclear cell proteins.
The results were recorded sEectrophotometrically and evaluated by converting optical density units to conventional units
(U/mL). Results: We established an increase in the serum content of total and oligomeric fractions of soluble molecules CD25,
CD38, and CDY5 in the cases of CMV disease. While the serum content of the total and oligomeric fractions of molecules CD25
and CD38 increased equally, the oligomeric fraction of molecules CD95 demonstrated a more pronounced increase compared
to the total fraction of these molecules. Our findings suggest the immune response suppression mechanism associated with
initiation of apoptosis of effector T lymphocytes involving oligomeric form of molecules CD95. Conclusion: Changes in the
content, structural and functional state of soluble differentiating molecules CD25, CD38, and CD95 indicate their involvement
in immunosuppression mechanisms in patients with CMV infection.
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Cytomegalovirus (CMYV) infection is a common
beta-herpesvirus infection widely spread in the
human population. CMYV is usually acquired in
childhood through body fluids, such as saliva,
tears, urine, breast milk, and other secretions from
infected individuals, and can be also transmitted
through organ and tissue transplants. The proportion
of infected population increases with age and
approaches 100 % in elderly people [1]. Pathogenic
properties of CMYV were first discovered in 1965,
when it was shown to be associated with a disease
similar to infectious mononucleosis [2]. At present,
it is well known that CMYV causes a wide range of
clinical syndromes based on immunosuppression.
Primary CMYV infection is usually asymptomatic,
although it can manifest itself as a nonspecific febrile
illness or infectious mononucleosis-like syndrome
characterized by fever and lymphadenopathy.
The result is a latent infection of many cells,
including endothelial, epithelial, smooth muscle
cells and fibroblasts, where the virus can replicate
and then be spread by peripheral monocytes and
circulating endothelial cells throughout the body [3].
Primary CMYV infection leads to the production
of CMV-specific IgM and later IgG antibodies,
which persist throughout life and act as markers
of infection [4]. Reactivation of CMYV infection is
observed in immunocompromised persons, such as
AIDS patients, recipients of solid organ transplants
and hematopoietic stem cells, cancer patients on
the background of immunosuppressive therapy,
and newborns with intrauterine infection. CMV
infection during pregnancy can lead to intrauterine
infection of the fetus and congenital CMYV disease.
Reactivation of CMYV infection is accompanied by
certain changes in cellular immunity, particularly
CD4+ lymphopenia, induced by the increased
production of such cytokines as IL-1, gamma
interferon, IL-21, and IL-17A, but a reduced
production of IL-2 [5—9]. The reduced IL-2 level,
the production by the virus itself of an IL-10-like
protein causing immunosuppression, and an increase
in the level of TGF-beta production hamper adequate
immune response. One of the important signs of
CMY infection is the presence of the population
of CMV-specific CD8+ memory T cells, leading
to a phenomenon called memory inflation, and
indicating immunodeficiency. Molecular mechanisms
of developing immunosuppression are still far from
being fully understood [10].

The objective of our study was to evaluate the
role of soluble molecules CD25, CD38, and CD95
in the formation of immunosuppression related to
CMYV infection.
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Materials and methods. We used 18 serum
samples from cases of CMYV infection in the stage of
reactivation, all confirmed by clinical and laboratory
data. The patients received treatment in Nizhny
Novgorod Infectious Disease Hospital No. 2.
Healthy volunteers’ serum samples were kindly
provided by the Nizhny Novgorod Regional Blood
Transfusion Center. The serum content of total and
oligomeric soluble molecules CD25, CD38, and
CD95 was determined using mouse monoclonal
antibodies (M CA) of the ICO series (MCA ICO-
105, ICO-20, and ICO-160, respectively) and goat
polyclonal antibodies against human peripheral
blood mononuclear cell proteins [11].

To determine the level of total fractions of
soluble molecules, polyclonal antibodies were diluted
with 0.85 % NacCl solution in the ratio of 1 : 700,
1:500, and 1 : 1,000 respectively. To determine the
level of oligomeric fractions of soluble molecules
CD25, CD38, and CD95, monoclonal antibodies
ICO-105, ICO-20, and ICO-160, respectively, were
used in dilution of 1: 500, 1:700, and 1 : 1200. The
antibodies were adsorbed to plates in a volume of
100 pg/mL. The plates were incubated for 2 hours
at 42 °C and the unbound antibodies were then
washed four times with phosphate saline buffer
(pH 7.4) with 0.1 % Tween-20 (PSB-T). In the
first well row of the adsorbed material, 100 uL of
positive control serum was added in the following
dilutions: whole serum, 1:2, 1:4,1:8, 1:64, etc.
Serum was diluted with PSB-T, 100 uLL of PSB-T
was added to 2 to 3 wells to control background
reactions. The rest of the wells were filled with
100 pL of the studied serum samples. The tablets
were incubated for 24 hours at room temperature
and washed as described above. Then, 100 pL of a
solution of monoclonal antibodies conjugated with
horseradish peroxidase was added to all wells in
the working concentration (ICO-105, ICO-20, and
ICO-160 in dilution for the total forms of 1:500,
1:700, and 1 : 1,200, respectively, for oligomeric
forms — 1:1,000). The plates were incubated during
one hour at 42 °C and then washed 5 to 6 times
with PSB -T. To manifest the reaction, 100 pL of
the freshly prepared substrate solution was added to
all the wells. The enzymatic reaction was stopped
after 20 minutes by adding 50 puL of the stop reagent,
and the microplates were immediately placed in a
Multiskan® EX microplate photometer (Finland)
for measurement at a wavelength of 450 nm. The
instrument readings were then converted from
optical density units to conventional units (U/mL).

The calibration curve was constructed on the basis
of the positive control titration. The optical density
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value corresponding to the working dilution of the
studied serum samples was taken as 1,000 U/mL.

Statistical data processing was performed using
the Mann-Whitney test. The results were calculated
using the Biostatistics software.

Results. The serum level of the total fraction
of soluble molecules CD25 was 193.2 £ 9.0 U/mL,
which was statistically significant (p = 0.004) and
1.9 times higher than the norm (98.4 = 9.0 U/mL).
An even more pronounced 2.2-fold excess (P =0.001)
was observed for the oligomeric form of soluble
molecules CD25 (Fig. 1).

The increased level of soluble molecules CD25
(soluble interleukin-2 receptor, sIL-2R) reflects
activation of T cells and appears in the blood due
to proteolytic shedding from activated cells on the
feedback principle, inhibiting the immune response
[12]. One of the sources of soluble molecules
CD25 is regulatory T cells characterized by a high
density of expression of CD25 molecules [13]. By
releasing large amounts of soluble CD25 molecules
into the intercellular space, regulatory T cells can
further control T cell proliferation, enhancing their
inhibitory effect [14]. An increase in the serum
level of the soluble interleukin-2 receptor was
reported in patients with acute CMV mononucleosis
syndrome and in women of childbearing age with
CMYV infection [15, 16]. An increase in the serum
level of soluble molecules CD25 was shown during
CMYV reactivation after liver transplantation [17].
Recently, an increase in the serum content of
the total fraction of soluble CD25 molecules in
the blood of patients with CMYV hepatitis was
demonstrated [18]. However, the total fraction
of these proteins is represented in the blood by
both monomeric and oligomeric (dimeric) forms.
The function of the latter remains unclear, but
it is assumed to be involved in the development
of immunosuppression [11]. Our findings show
similar changes in the level of the oligomeric and
total fraction of soluble molecules CD25, which
indicates their joint participation in the inhibition
of the immune response during CMYV infection.

Another differentiating molecule that takes
part in the activation of T cells in the membrane

form and is capable of inhibiting immune reactions
in a soluble form is the molecule CD38 [19,
20]. Changes in the serum content of its known
dimeric (oligomeric) form in immunodeficiency
states differ from the changes in the content of the
total fraction of soluble molecules CD38 [21]. In
our patients infected with CMV, the serum level
of the total fraction of soluble molecules CD38
averaged 356.0 £ 61.7 U/mL, which was 1.8 times
higher than the normal level (200.3 £ 16.5 U/mL,
p = 0.006). The content of the oligomeric fraction
changed similarly (Fig. 2).

The membrane form of molecules CD38 has
several functions. Along with the transmission
of a signal within the cell during activation of
lymphocytes, it is able to act as an adhesion
protein involved in intercellular interactions and
cell migration. Soluble CD38 molecules in this
situation can act as blockers of these processes
causing immunosuppression typical of CMV infection
in the activation stage.

The molecule that serves, on the one hand,
as an activation antigen of lymphocytes, and, on
the other hand, is a receptor initiating one of the
pathways of external apoptosis (Fas-mediated
apoptosis), is the CD95 molecule. In its soluble
form, it has either pro-apoptotic or anti-apoptotic
properties, depending on its structural state. It has
been demonstrated that the oligomeric form of the
soluble molecule CD95, interacting with the Fas
ligand on the membrane of effector T lymphocytes,
causes their apoptosis by reverse signaling. The
monomeric form inhibits the apoptotic processes
of target cells [22—24].

In our studies, the content of the total form
of soluble molecules CD95 increased in the blood
serum of patients with CMYV infection by 1.4
times (p = 0.036) from 374.5 £ 23.0 U/mL in
healthy volunteers to 533.0 = 56.7 U/mL in the
infected patients. For the oligomeric form of this
protein molecule, more pronounced changes in
its content were recorded. The serum level of the
oligomeric form of CD95 increased in patients
with CMYV infection by 2.2 times (p = 0.001)
(Fig. 3). An increase in the serum content of the
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B KPOBU 3I0POBBIX JIUIL U OOJBHBIX C IIMTOMETAUTOBUPYCHOW MHMEKIINEeH
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Fig. 1. . The serum level of the total and oligomeric fractions of soluble molecules CD25 in the blood of healthy persons and
cases of CMYV disease
* — statistically significant differences with healthy blood donors (P < 0.05)
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total fraction of soluble molecules CD95 in the
blood of patients with acute CMYV infection after
liver transplantation was reported previously [25].
A more pronounced increase in the oligomeric
fraction of soluble molecules CD95 in comparison
with their total fraction observed in our study
suggests the presence of a CMYV infection-related
mechanism for suppressing the immune response
associated with the initiation of apoptosis of effector
T lymphocytes. The apoptosis in this situation will
be triggered by the interaction of oligomeric forms
of soluble molecules CD95 with their membrane
ligand on the cell surface (Fas ligand), followed
by transmission of the death signal to the cells.
Thus, with the reactivation of CMV infection,
pronounced disorders occur not only in the state of
the cytokine network which controls the immune
response, but also in the structural and functional
state of the pool of soluble differentiating molecules

400

such as CD25, CD38, and CD95. At the same
time, not only the content of these proteins in the
biological fluids of the body changes, but there occur
shifts in their nanostructural state, e.g., the relative
content of the oligomeric form of molecules CD95
increases in relation to the total fraction of these
proteins. The detected shifts in the state of the
pool of soluble differentiating molecules in patients
with reactivated CMYV infection contribute to the
development of immunosuppression, inhibiting
various mechanisms of T cell immunity.

Conclusions

1. An increase in the serum content of total and
oligomeric fractions of soluble molecules CD?25,
CD38 and CD95 occurs in patients with reactivated
CMYV infection.

2. While the serum content of the total and
oligomeric fractions of molecules CD25 and
CD38 increased equally, the oligomeric fraction of
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Fig. 2. The serum level of the total and oligomeric fractions of soluble molecules CD38 in the blood of healthy persons and
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* — statistically significant differences with healthy blood donors (P < 0.05)
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Fig. 3. The serum level of the total and oligomeric fractions of soluble molecules CD95 in the blood of healthy persons and

cases of CMYV disease.
* — statistically significant differences with healthy blood donors (P < 0.05)
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molecules CD95 demonstrated a more pronounced
increase in comparison with the total fraction of
these molecules.

3. Changes in the content, structural and fun-
ctional state of soluble differentiating molecules
CD25, CD38, and CD95 indicate their involvement
in immunosuppression mechanisms in patients with
CMYV infection.
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