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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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ANALYSIS OF IMMUNE CHANGES AND THEIR ROLE
IN THE DEVELOPMENT OF ORAL AND OROPHARYNGEAL CANCER

'Hirna H., 'Kostyshyn I., 2Rozhko M., ’Levandovskyi R., ¥**Nakashidze G.

Ivano-Frankivsk National Medical University, ' Department of Oncology, *Educational and Scientific Institute
of Postgraduate Education, Department of Dentistry; *Bukovinian State Medical University, Department of Orthopedic Dentistry,
*Uzhgorod National University, Ukraine

Cancer of the oral cavity and oropharynx is an immunosup-
pressive disorder. In its etiopathogenesis there is a fundamental
insufficiency of immune surveillance, that is, the ability to recog-
nize tumor cells as abnormal and destroy them before they build
an obvious malignant tumor [15]. Due to the suppression of the
immune system, tumor cells avoid recognition and lysis of tumor
antigen (TA) by cytotoxic T-lymphocytes (CTL) of adaptive immu-
nity [17]. In such patients there is a decrease in the absolute number
of lymphocytes, disturbance of natural killer cellular activity (NK)
[13], spontaneous apoptosis of cytotoxic T-lymphocytes [13], un-
satisfactory antigen-presenting function [14].

Tumor cells can initiate and develop various mechanisms to
avoid the body’s immune response. Typically, this is one of the
following mechanisms [10, 23]:

1. A resistance formation to apoptosis with variable expres-
sion of Fas-ligand (FasL), which leads to the death of tumor-
infiltrating lymphocytes (TILs).

2. Producing of immunosuppressive molecules such as the
transforming growth factor TGF-f, prostaglandin (PG) E2 and
adenosine.

3. Loss of expression of co-stimulating molecules or cyto-
kines, such as IL-6 and IL-10 interleukin.

4. A defect in the expression of antigens on the surface of the
tumor cell, because antigens remain unidentified.

5. A reduction or loss of the molecule expression of the main
complex of histocompatibility (MHC) class I and selective loss
of human leukocyte antigen (HLA) and histocompatibility mol-
ecules (MHC) required for the interaction between TA and TA-
specific CTLs, especially if there is low IFN-o regulation [14].

The violation of processes or insufficient recognition and TA
processing is performed in tumor cells and in dendritic cells. An
important role in these processes is played by the protein of the
STAT family (signal transducer and activator of transcription).
Reducing the amount of activated STAT1 contributes to lower-
ing the expression of human leukocyte antigen (HLA) and MHF
[16]. HLA are the proteins of the molecules of histocompatibil-
ity (MHC), which appear with antigen and are recognized by T-
lymphocytes. Antigen-presenting molecules (antigenic peptide
transporters — TAP1, TAP2; proteins — calnexin, calreticulin,
ERp57 and tapasin) play an important role in the ability of MHC
Class I molecules to migrate to the cell surface and to represent
peptides of CD8+ T-lymphocytes, that is, to carry out the presen-
tation of antigen [6, 13]. Reducing the regulation or loss of the
expression of HLA molecules I class or other components, rep-
resenting an antigen is one of the mechanisms for avoiding the
immune response of the tumor. Lowering the MHC level class [
is due to ganglioside, which is produced by cancer cells. So that,
the tumor uses various mechanisms to induce changes in the sys-
tem and to avoid an immune response to its development [25].

The role of dendritic cells in the development of oral and
oropharyngeal cancer:

Dendritic cells (DC) that are the guards of the immune system
are specialized, the strongest antigen-presenting cells (ARCs)
and tolerant mediators [18, 20]. It is known that dendritic cells
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are divided into myeloid (MDC) and plasmacytoid (PDC). The
first ones are the Langerhans cells contained in the epidermis
and the mucous membrane of the upper digestive organs and
breathing and thermal/interstitial MDCs that are in the dermis.
Plasmacytoid DC of lymphoid origin are found in the blood and
lymphoid organs.

DC mature in the presence of microbial products and inflam-
matory mediators such as TNF-a, IL-1 and IL-12. Mature DCs
increase the regulation of other co-stimulating molecules - CD86,
CD80 and CDA40, as well as cytokines such as TNF a, IL-1 and IL-
12. Subsequently, they pass through the bloodstream towards the
lymph nodes and represent antigens, which they captured in periph-
eral tissues, T-lymphocytes [20], stimulating their differentiation
into cytotoxic CDS§ + cells capable of killing tumor cells [13].

MDC force tumor cells in the oral cavity and oropharynx
to secrete immunosuppressive cytokines such as IL-1 and IL-
10 [10]. IL-10 and TGF-B transform immature DCs in mature
ones and at the same time tolerant to the antigen, which induces
antigen-specific T cells, by activating Tregs and differentiating
naive CD4+ T-cells in Tregs.

Langerhans cells bind antigens to the flat epithelium and mi-
grate back to the regional lymph nodes and/or other secondary
lymphoid organs where they stimulate naive T-lymphocytes.
They can also represent antigens of T-lymphocytes memory to
stimulate a secondary immune response [13]. A significant role
of dendritic cells, in particular, Langerhans cells in the immune
response to the development of oral cancer and oropharyngeal
cancer, is confirmed in studies.

Increased concentration them in blood correlates with a posi-
tive prognosis and a greater survival of patients with oral and
oropharyngeal cancer, and a decrease in metastasis in the cervix
of the lymph nodes [13].

Cancer cells of the oral cavity and oropharynx with the help
of tumor-associated fibroblasts stimulate the development of
hepatocyte growth factor (HGF) [15], which inhibits the mat-
uration of dendritic cells [19] and, relatively, the reduction of
immune responses. Violations of monocyte chemotaxis and the
ability of DC to form a cell cluster also reduce the protective
response of the organism [25].

The role of cytokines in the development of oral and oropha-
ryngeal cancer.

Different cells of the immune system provide a complex de-
fense system with effective cytokine bindings. Cytokines are
interleukins, interferons, tumor necrosis factor, growth factors
and chemokines regulate cellular growth, proliferation, migra-
tion, signaling, both in tumor cells and in immune cells. In ad-
dition, the inflammatory component of the micro-environment
of the tumor in the oral cavity and oropharynx is important in
the immune surveillance and a response as its main component
is cytokines. The micro cavity of the tumor of the oral cavity
and the oropharynx is characterized by an unbalanced cytokine
profile, which is dominated by immunosuppressive cytokines.
It is also important to consider that the tumor cells of the oral
cavity and the oropharynx independently produce anti-inflam-
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matory cytokines that correlate with the survival of such patients
[2]. Cytokines particularly cause an increase in the transmission
signal and the activator of transcription of phosphorylation and
phosphorylated extracellular signal-regulated kinase in patients
with oral and oropharyngeal cancer [13].

Due to the secretion of chemokines and colony-stimulating
factor (CSF)-1, cancer cells accumulate tumor-associated macro-
phages (TAMs) in their microenvironment, which create a favor-
able environment for developing of the tumor and avoiding the
immune response by secreting TGF-B1, interleukin-6 (IL-6) and
prostaglandin-E2 among other immunosuppressive cytokines [25].

According to several studies, patients with oral and oropha-
ryngeal cancer have an imbalance of Th1/Th2 types of cytokines
and increased Tregs [8,18]. Among the Thl types of cytokines,
IFN-y, IL-12, TNF-a, whose levels are reduced, and Th2 cy-
tokines, IL-4, IL-10, are elevated, while in healthy people the
opposite result is observed [6].

It is investigated that the level of synthesis of soluble IL-2
receptor activated by T-cell antagonism of IL-2 is higher in pa-
tients with oral and oropharyngeal cancer, which is associated
with an increased probability of the metastasis development and
low overall survival [25]. IL-4 levels have also been significant-
ly elevated, however, they have not confirmed the association of
their overexpression with the tumor stage [22].

Elevated levels of IL-10 in serum of patients with oral and
oropharynx cancer are correlated with an unsatisfactory progno-
sis of the treatment and are independent indicators of low sur-
vival [8]. In addition, such inflammatory cytokines as IL-6, HGF
and VEGF are also determined in high serum concentrations and
correlate with the recurrence [1].

In diagnosed patients with oral and oropharyngeal cancer,
an increase in the level of IL-18 was observed. This cytokine is
mainly synthesized by macrophages. Its role for cancer-ill pa-
tients is to stimulate the production of IFN-y by NK cells and
T-cells, which provides the immune response of the body [25].

In the environment of cytokines there is a production viola-
tion of pro-proliferative, immunosuppressive cytokines with the
help of macrophage-associated tumors (TAM), unbalanced He-
patocyte Growth Factor (HGF) by fibroblast-associated tumor
(TAF) as well as unbalanced STAT1/STAT3 signaling within
tumor cells. The deficiency of tumor STAT1 signaling results in
low production of chemokines CCL5 and CXCL10, and those
chemokines that involve effector T-cells in the microenviron-
ment of the tumor [16]. Excessive signaling pSTAT3 increases
the production of cytokines that negatively regulate proinflam-
matory signals of danger, mature dendritic cells and cytolysis
with natural killers and CTLs, and more specifically IL-6, IL-10,
TGF-B1 and VEGF [15,16]. Compared to the control group, in
patients with oral and oropharyngeal cancer, a 5-fold increase in
TNF-a cytokine in blood [3].

The Tumor microenvironment.

The favorable conditions for the cancer growth of the mouth
and the oropharynx are the conditions of the tumor microenvi-
ronment, which contains immune and stromal cells.

Cytokines, chemokines, T-cells, macrophages, dendritic
cells, and natural killer cells (NK) are intracellular regulators of
the immune cells activation. All of them are important partici-
pants in the formation of the tumor microenvironment. Any of
their functional changes or their inhibition, affects the immune
system response. For example, when there is an imbalance in
the signal exchange system through cytokines, then tumor cells
develop mechanisms to avoid the inhibitors growth of cytokines
presented in the microenvironment of the tumor [13].
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An important key to the progression of cancer is the loss of
cellular connections and cellular polarity, called epithelial-mes-
enchymal transition (EMT). There are the factors that influence
the process of EMT. It is promoted by the hypoxic environment
and changes in the expression of the miRNA, which leads to
a decrease in the regulation of E-cadherins (membrane protein
CDH) [11]. Endothelial cells that secrete Bcl-2, an apoptotic
regulatory protein, increase EMT-related changes by secreting
IL-6, an important mediator of the acute phase of response.

EMT process in a tumor acquires migratory and invasive
properties. In general, these changes can increase the metastatic
potential of oral cancer and oropharyngeal cancer [25].

A malignant tumor of the oral cavity or oropharynx directly
suppresses the immune response by developing mediators such
as vascular endothelial growth factor (VEGF), prostaglandin E2
(PGE2), TGFB, IL-6, and IL-10 [13]. Tumor cells also release
pro-inflammatory mediators, including such a receptor as the IL-
15 alpha subunit (IL15RA). In combination with IL-15, it pro-
vides enhanced synthesis of pro-inflammatory cytokines — IL-6,
TNF-a and IL-17, which affects the immune response and as a
result a low survival prognosis [10].

The role of T-cells in the antitumor immune response.

Stem cells in the bone marrow are the source of immature
T-lymphocytes, which mature then in the thymus and migrate
to the secondary lymphoid organs (lymph nodes, a spleen) as a
naive T-cell. ARCs represent antigens, by activating T-lympho-
cytes, after signaling of co-stimulatory molecules and binding
of MHF to ARCs and T-cell receptors (TSRs). They become ef-
fector cells (CD4+ helper T cells that promote the production of
antibodies B-lymphocytes and phagocytosis, or CD8+ cytotoxic
T cells that can lead to cell death) or memory cells [13]. Al-
though an effective antitumor immune response involves a lot
of components of the immune system, T-cells remain the most
important cells that take part in the antitumour immunity [13].
Therefore, T-cell defects reduce the effectiveness of the antitu-
mor immunity. These defects include: reducing of expression of
CD3 — zeta chain (CD3z), key signaling molecule in TCR path-
way [13], inability of T cells to destroy targets of tumor cells
[14], alack of IL-2 and / or IFN-y [13], slowing down prolifera-
tive responses to mitogen or IL-2 [13], as well as the presence
of pronounced apoptotic symptoms in a significant proportion of
TIL (lymphocytes that infiltrate the tumor) [13].

A number of defects in TIL that are isolated from the tumor,
have been identified in patients with oral cancer and oropharyn-
geal cancer. T-cell apoptosis was detected in a significant propor-
tion of TIL [13], and was associated with Fas / FasL signaling
[14]. The expression of FasL on the surface of tumor cells leads
to an apoptotic signal in lymphocytes, causing a spontaneous
loss of circulating Fas+ T-lymphocytes [8]. Other ways of TLI
damage are associated with TNF-associated apoptotic-induced
ligand (TRAIL), TNF-a antigen, FasL+, MHC Class I, and tu-
mor derived membrane vesicles, all of which induce apoptosis
in cells [8,13,25]

It is considered that the balance between subgroups of T-cells
in cancer patients modulates antitumor immunity [9].

The effector cell of adaptive antitumor immunity is acti-
vated by CD8+ cytotoxic T-lymphocytes (CTLs). An activa-
tion of antigen-limited CD8+ cytotoxic T-lymphocyte initially
requires binding of a T-cell receptor (TCR) to its corresponding
TA in a complex with HLA-I. But this is not enough to acti-
vate cytotoxic T-lymphocytes and cytolysis of the tumor. The
initial activation also depends on the balance of co-stimulating
or co-inhibitory signals of dendritic cells and CD4+ T-helper
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cells, as well as on avoiding CD4 suppression + regulatory T-
cells (Treg). Cancer tumors induce anergy of T-cells in both pe-
ripheral and tumor-infiltrating lymphocytes (TILs). Functional
defects in TIL affect the low productivity and response to 1L-2
[5,13] and the susceptibility to spontaneous apoptosis mediated
by the Fas / Fas-ligand by [8]. A low expression required for
signaling TCR, co-stimulating molecules: CD3-( (part of the T-
cell antigen receptor complex — TCR-CD3), OX40 (TNFRSF4
or CD134 — membrane protein, receptor from the superfamily
receptor of the tumor necrosis factor of the ligand OX40L) and
4-1BB (CD137, TNFRSF9, a member of tumor necrosis factor
superfamily 9) [18] and a high expression of co-inhibiting re-
ceptors — (CTLA-4) and a programmed protein cell death (PD-
1) [4] cause changes in the regulation of immune responses. We
should note that the PD-1, PD-L1 ligands are expressed in most
tumor tissues of the oral cavity and oropharynx [9].

Cytotoxic T-lymphocytes are also inhibited by the disproportion-
ate accumulation of Tregs (thymic regulatory T-lymphocytes) in the
micro cavity of the oral cavity and oropharynx. Tregs promote sig-
naling tolerance through an inhibitory CTLA-4 receptor [7]

CD4+ T-helper lymphocytes are the center of the antitumor
response. CD4+ CD25+ T cells play a central role in initiating
and maintaining antitumor immune response. Detecting of a
large number of CD4 + CD25+ T- lymphocytes is associated
with a good prognosis [17], although CD25+ is produced in
small quantities by tumor cells. Also, the presence of CD4+
CD69+ T cells is associated with a good prognosis in patients
with oral and oropharyngeal cancer [8].

The percentage of CD8+ T cells increased with the growth of
the oral cavity and oropharynx, CD4+ T cells and Tregs in these
patients are increased as well. The proportion of B-lymphocytes
decreased in patients with local regional metastasis, while NK-
cells decrease compared with the control group [6].

In patients with oral and oropharyngeal cancer, the following
changes in the number of blood lymphocytes with markers of
early and late activation were found: an increase in the percent-
age of CD25+ and the absolute number of CD 71+ lymphocytes,
a slight increase in the number of CD16+ and a decrease in the
relative number of cells ready for apoptosis-CD95+. Thus, the
ratio of CD25 / CD95 and CD71 / CD95 cells is 2-2.5 times
higher than in the control group, which indicates the predomi-
nance of positive lymphocyte activation processes in tumor de-
velopment. It is also known that the percentage of CD3 is re-
duced, while CD8, CD22 increases without any changes in the
absolute number of lymphocytes. This phenomenon is due to the
migration and fixation of lymphocytes in the tumor [3].

Changes in the cellular composition of the immunity and ef-
fector line are observed in patients with cancer of the oral cavity
and oropharynx. The number of activated T-cells with the CD45+
CD3+ HLA-DR phenotype is 2 times higher than in the control
group, as well as the increased number of nonspecific effector cells
with the CD45+ CD3+ CD5+, CD45+ CD8+ CD16+ phenotype.

Studying the immune status of patients with oral cancer
and oropharyngeal cancer, a significant increase in the content
of CD3+ T-cells with simultaneous expression of NK markers
was found. The elevated blood levels of CD45+ CD3+ CD16+
CD56+ NK T-lymphocytes are determined 1.6 times, and
CD45+ CD16+ NK cells are significantly elevated. Statistically
significant increases in the overall level of CD45+ CD8+ lym-
phocytes with the expression of intracellular perforin (CD45+
CD8+ Perforint) and NK cells with the CD45+ CD16+ Per-
forint+ phenotype, which is the evidence of increased activity
of the effector immunity. Indicators of the latest increased due
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to the subpopulation of nonspecific effector cells with the phe-
notype CD45+ CD3- CD8+. And the number of CD45+ CD3+
CD4+ T-lymphocytes is reduced.

The study of CD45+ CD3- CD19+ B-lymphocytes in patients
with oral cancer and oropharyngeal cancer are not revealed a
statistical difference from the control group [3, 6].

In addition, tumor cells can avoid the recognition of T-
lymphocytes by reducing the transporter associated with the
heterodimer of antigen processing (TAP-1/2). This process is
controlled by IFN-y phosphorylated signals and transcription
activators of the mediated signaling path (pSTAT1) [16].

Tregs and their role in the immune response in patients with
oral and oropharyngeal cancer.

Tregs are tumorous regulatory T-lymphocytes, a subpopula-
tion of suppressor T-cells that respond to the inflammation. They
are involved in the construction of immune responses and ac-
cording to research data that revealed an excessive expression
of Tregs, they are inhibitors of antitumor immune responses [9],
that is, they contribute to the evasion of tumor cells from the
immune response and the progression of oral cancer and oropha-
ryngeal cancer [8, 17]. Tregs also play a major role in maintain-
ing the tolerance of T-cells to the antigens themselves [8]. The
antitumor immune response is suppressed by Tregs subtype Trl
in the microenvironment of the tumor.

Various factors can enhance the production of Tregs in the
microenvironment of the tumor. An overexpression of cyclooxy-
genase 2 (COX-2) and PGE2 synthesis in patients with oral can-
cer and oropharyngeal cells induce the generation of Tregs typel
in the microenvironment of the tumor, which enhance its carci-
nogenicity and progression of the disease [6, 8]. Particularly im-
portant are Tregs type 1 cells with a phenotype other than CD4+
CD25 (high) FoxP3+ Tregs. Trl produces IL-10 and TGF-B1.
They mediate IL-10-dependent immune oppression in cells by
contact-independent method [8]. IL-10 itself induces Tregs [21].

Another factor influencing the production of Tregs is
HMGB1-chemoattractant from a group of non-gistonal B1 pro-
teins, the levels of which in serum are significantly elevated in
patients with oral and oropharyngeal cancer. And a chemokine
like CCL22 is an intermediary in the migration of Tregs to the
tumor site. Its corresponding receptor, CCR4, is elevated in pa-
tients with oral and oropharyngeal cancer [17].

The enhanced Tregs tumor infiltration promotes the expres-
sion of HMGBI recognition receptor toll-like receptor 4 (TLR4)
[24]. Tregs produce a lot of TLRs, because they play an impor-
tant role in identifying molecules that are different from host
molecules. A high expression of these receptors - TLR4, TLR6,
TLR9 and TLR10 - was detected in patients with oral and oro-
pharyngeal. Linking TLR to Tregs increases their suppressive
activity, which promotes tumor-mediated immune suppression
[23]. It has been determined that Tregs suppressive function is
significantly higher with HSP60 or lipopolysaccharides.

In several studies of patients after the resection of the oral
cavity and oropharyngeal tumors, in which there was no pro-
gression or relapse over the years, an increased number of iden-
tified Tregs was detected and that was not associated with the
tumor stage. This shows that an oncotherapy contributes to the
growth and spread of Tregs [21].

The intranuclear regulatory factor — FoxP3 controls regu-
latory activity Tregs. Tumor cells synthesize it themselves, so
it is an independent prognostic indicator of the squamous cell
carcinoma of the tongue. Its expression is associated with the
differentiation and stage of cancer and is inversely proportional
to survival rates [13].
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An increased number of Tregs in the lymph nodes has already
been observed in the presence of a dysplastic state or early stage of
oral and oropharyngeal cancer. And their increase is accompanied
by the growth of different populations of immune cells that exhibit
a positive antitumor response. These cells include conventional T-
cells (Tconv) — CD4 T-lymphocytes, T-helper 1 (Th1) and CD8+
T lymphocyte [12]. The total number of lymphocytes in patients
with oral and oropharyngeal cancer is lower and on this background
there is a decrease in the proportion of CD4+ T cells, CD8+ T cells,
CD3- CD56+ CD16+ NK cells and CD3+ CD56+ NKT cells.
However, the proportion of CD4+ CD25+ FoxP3+ Tregs with
suppressor functions is still increasing [6].

The role of NK-cells in antitumor immunity in patients with
oral and oral cancer.

NK-cells are the major cells of innate immunity, large granu-
lar lymphocytes and play a decisive role in the antitumor activ-
ity. They are capable of recognizing and destroying transformed
malignant cells without a specialized MHC-antigen presenta-
tion. In particular, they carry out antibody-dependent cell-me-
diated cytotoxicity (ADCC). Their varieties - CD1d-restricted
NKT cells (iNKT) play an important role in the activation of im-
mune effector cells. It has been established that in patients with oral
and oral cancers their number is significantly reduced, respectively,
the low control of iNKT tumor cells in the regional collector, which
correlates with low survival rates of these patients [17]. Function-
ing of NK cells is important for the cytokine environment, since
activated NK cells secrete immunostimulating cytokines IFN-y and
TNF-a, which have their antitumor function.

Among the lymphocyte populations there is an increase in the
relative and absolute number of innate immune cells - NK cells.
NK cells occupy a central place in antitumor immunity and con-
trol the growth of the tumor at all stages (including metastasis)
[3]. However, in some other studies, depressed NK-cytotoxic
function is observed. It is believed to be associated with a de-
crease in the expression of cytotoxic molecules such as perforin,
granzyme B and FasL in mononuclear cells of peripheral blood
of these patients [6].

Tumor cells of the oral cavity and oropharynx produce a large
amount of TGF-B1 that reduces the expression of NK-cell recep-
tors (NKG2D is the primary cytotoxicity receptor), and CD16
(or Fey-receptor (Fcy-R) III), suppressing the biological func-
tions of NK cells [13]. The Fcy receptor (Fey-R) 111 is a mediator
of antibody-dependent cell-mediated cytotoxicity (ADCC).

Influence of macrophages on the development of oral and
oropharyngeal cancer.

Macrophages are involved in both natural and acquired re-
actions of the immune system. These include induction of im-
munity, antigen presentation, cell cytotoxicity, tissue remod-
eling, inflammation regulation, thrombosis and endocytosis
[10,13,25]. It has been established that macrophages contribute
to the neovascularization, which is a compulsory requirement
for the growth and spread of the tumor, that is, they have swollen
functions. It has been shown that VEGF, a specific endothelial
cell growth factor, is secreted by macrophages in patients with
different carcinomas [13]. Thus, in patients with oral and oro-
pharyngeal cancers, it has been proved that an increase in the
number of tumor associated macrophages (TAMs) is a sign of
tumor invasion, a greater intramatural density of micro vessels
in the tumor and expression of VEGF [15] in patients with oral
and oropharyngeal cancer, as well as more rapid tumor progres-
sion [13].TABs have been identified in fibrin deposition areas,
indicating that they play an important role in stabilizing intra-
matural fibrin, as well as in promoting tumor matrix generation
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[11]. Tumor cells of the oral cavity and oropharynx can involve
macrophages through secretion of monocytic chemotactic pro-
tein-1 (MCP-1) and TGF-B1. Then the macrophages secrete
VEGF and IL-8, TNF-a and IL-1, which stimulate the release of
tumor cells more than VEGF and IL-8 [13].

An interaction of systemic and local immunity in patients with
oral and oropharyngeal cancer.

The interaction of systemic and mucosal immunities is im-
portant in protecting the mucous membrane from the action of
the nonplastic process. There is a decrease in the total number of
segmental neutrophils, monocytes, platelets in the blood of pa-
tients with oral and oropharyngeal cancer. Apoptosis indicators
of lymphocytes are significantly lowered, which is considered a
sign of the immune response to the tumor development, aimed at
preserving and increasing the total number of lymphocytes [13].

Lactoferrin is involved in the antitumor protection of patients
with oral and oropharynx cancer, but its amount in the peripheral
blood does not change, which is the result of a decrease in the circu-
lation of the producing cells of this protein (segmental proteins) [3].

The immunodeficiency of patients with oral and oropharyngeal
cancer is shown by elevated indicators of circulating immune com-
plexes (CICs). Also, it was retrospectively found that in patients
with a favorable prognosis of the treatment is 2 times lower com-
pared with patients who subsequently had a relapse [3].

In the medical literature there is an evidence that epithelial
cells of the tumor of the oral cavity and the oropharynx are capa-
ble of producing nitric oxide and its derivatives. Analyzing the
nitroxydergic regulatory system of blood in these patients, there
was detected an increase in the index of end metabolites of NO
-NO3 in 1.4 times. It somewhat affects the [FN-y and antibodies
to it, however, the way of its affecting is still being investigated.

Changes in TNF-a and IFN-y on the salivatory level are also
not detected, but the antibody level decreases to IFF-a in several
times the, which has a negative effect on the local antitumor
protection [3].

When comparing the state of systemic and mucosal immunity
in patients with oral and oropharyngeal cancer before and after
chemoradiotherapy, it has been found that after the treatment
there is an enhanced synthesis of such cytokines as TNF-a in
blood, TNF-a and INF-y in saliva, and an excessive synthesis
of terminal stable metabolites NO. The chemoradiotherapy has
a negative effect on the systemic immunity. It causes the devel-
opment of leukopenia, lymphopenia, a decrease in the number
of major populations of lymphocytes - NK, CD3, CD4, CDS,
CD22, and the number of cells with positive activation markers
— CD25+, CD71+, HLA-DR+ [3].

Mucosal (local) immunity of patients with oral and oropha-
ryngeal cancer.

An increase in the indicator of the state of innate immunity -
mucin - is shown in the saliva, because it is further synthesized
directly by epithelial malignant cells. Mucin has an immunosup-
pressive effect, that is, it promotes the anergy of T-lymphocytes,
the induction of tolerance of cytotoxic lymphocytes, it also helps
the antigen to avoid the immune response and reduces the syn-
thesis of some cytokines [3].

An increased activity of the end component of complement
CS in saliva is determined due to the absence of its fixation in
the membrane-attacking complex in the target cells, which is
a cancerous cell. This can affect the formation of the immune
response, the processes of the migration of macrophages and
leukocytes at the site of development of the tumor.

In patients with oral and oropharynx due to the fixation of
some subclasses of immunoglobulins on the surface of the tu-
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mor, as well as a decrease in their synthesis by mucosal-associ-
ated lymphoid tissue in saliva, the reduction of the subclass of
IgG4 is shown without altering the general population [3].

sIgA is an indicator of a local immunological response. IgA
is synthesized locally by plasmatic cells in the interstitial tissue
between the acinus of the salivary glands and in the subepithelial
layer of the mucous membrane of the mouth. Then the IgA mol-
ecule forms a complex with a secretory component in the glan-
dular epithelium — sIgA. In healthy people, the concentration
of sIgA in saliva is 0.03-0.26 g/l. These numbers are lower in
chronic smokers — 0,01-0,05 g/1, and in patients with carcinoma
of the oral cavity and oropharynx, it is reduced by 45% [13].

Other salivary components of patients with oral cancer and
oropharyngeal were evaluated: Amylase is 25% lower, 1gG is
125%, albumin is higher than 108%, lactate dehydrogenase —
88%, insulin growth factor — 117%. Also, MMP-2 and MMP-9
are higher respectively by 75% and 35%. The indicator of the
epidermal growth factor remains unchanged. There are also
some changes in the electrolyte balance of saliva: K rates de-
crease by 155, Na — by 14%, Ca by 59%, P by 39%, Mg by 28%.

The mucous membrane of the oral cavity and oropharynx
by enzymatic cleavage of the damaging agent, phagocytic reac-
tion, the synthesis of antimicrobial substances fulfills its barrier
function and provides natural immunity. APK (macrophages,
dendritic cells, intergranular cells), some subpopulations of T
lymphocytes, and polymorph nuclear neutrophils are cellular el-
ements of nonspecific oral and oral defense that are responsible
for the condition of local immunity. A study of functional activ-
ity of cells of granulocyte-macrophage (non-specific) links of
immunity of patients with oral and oropharyngeal cancer was
conducted. The bactericidal and fungicidal function of mono-
cytes are significantly lowered. The relative number of poly-
morph nuclear leukocytes with phagocytic activity is lower
compared with healthy ones, and the number of phagocytic
monocytes does not change [3].

Conclusions.
1. There is an imbalance in the immune system in patients with oral
and oropharyngeal cancer, but more specifically its role in initiating
and progressing cancer of the oral cavity and oropharynx is only
now, after a modern research becomes more understandable.
2. Mutated, atypical cells are eliminated by the immune system
rather than they form a tumor as it is immune control, and the
violation in it contributes to the immune avoidance of atypical
cells, which can lead to cancer.
3. Tumor cells use the immune system in several ways to stimu-
late angiogenesis, proliferative signals and, in general, tumor
progression. It can mask itself from the immune system by self-
modification and immunosuppression of the patient’s body.
4. Tumor synthesizes: cytokines, (TGF-p), interleukins (IL-6,
IL-10), inflammatory factors of transcription (NF-kB), STAT3,
suppressing cellular antitumor immunity.
5. A deep understanding of antitumor immune effects in cancer
patients and their associated mechanisms for avoiding an im-
mune response by a tumor cell prompts the search and usage of
more targeted cancer therapy - immunotherapy in combination
with standard methods.
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SUMMARY

ANALYSIS OF IMMUNE CHANGES AND THEIR ROLE
IN THE DEVELOPMENT OF ORAL AND OROPHARYN-
GEAL CANCER

'Hirna H., 'Kostyshyn I., Rozhko M., *Levandovskyi R.,
34Nakashidze G.

Ivano-Frankivsk National Medical University, 'Department of

Oncology, Educational and Scientific Institute of Postgraduate
Education, Department of Dentistry, *Bukovinian State Medical
University, Department of Orthopedic Dentistry, *Uzhgorod Na-
tional University, Ukraine

Numerous studies of the immune system in cancer patients at
the cellular and molecular levels indicate a persistent violation
of natural and acquired mechanisms of immune defense.

This article reveals changes in the immune system of patients
with cancer of the oral cavity and oropharynx. It was deter-
mined that the levels of cytokines IL-6, IL-10, HGF and VEGF
in high concentrations in the serum of patients correlate with an
unsatisfactory prognosis and are independent indicators of low
survival and correlate with relapse. Different immune cells pro-
vide a complex defense system with effective communication
through cytokines. The inflammatory component of the micro-
environment of the tumor of the oral cavity and oropharynx is
important in the immune response, because its main component
is immunosuppressive cytokines. There is an imbalance of Thl
/ Th2 cytokine types and increased levels of Tregs. Among Thl
types of cytokines - IFN-y, IL-12, TNF-q, the levels of which are
reduced, and Th2-cytokines - IL-4, IL-10 - are increased, while
the norm is the opposite.
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The tumor uses various mechanisms to induce changes in the
system to avoid an immune response to its development. In fact,
a malignant cell of the mouth or oropharynx suppresses the im-
mune response by producing vascular endothelial growth factor
(VEGF), prostaglandin E2 (PGE2), TGFp, IL-6 and IL-10. The
tumor environment also releases pro-inflammatory mediators,
including a receptor such as IL-15 alpha subunit (IL15RA). It in
combination with IL-15 carries out the strengthened synthesis of
proinflammatory cytokines - IL-6, TNF-o and IL-17 that influ-
ences insufficiency of the immune response and accordingly low
prognosis of survival.

It was found that the number of NK cells is reduced in pa-
tients with oral and oropharyngeal cancer, respectively, there is a
low control of iNKT tumor cells in the regional collector, which
correlates with low survival rates.

Increased concentration of dendritic cells in the blood cor-
relates with a positive prognosis and greater survival of patients
with cancer of the oral cavity and oropharynx, reduced metasta-
sis to the cervical lymph nodes.

An effective antitumor immune response involves many com-
ponents of the immune system, but T-cells remain the most im-
portant cells involved in antitumor immunity. Therefore, T-cell
defects reduce the effectiveness of antitumor immunity. CD4 +
CD25 + T-cells play a central role in initiating and maintaining
the antitumor immune response. Detection of them and CD4 +
CD69 +, CD3 + T cells in large numbers is associated with a
good prognosis. More detailed changes in the cellular composi-
tion of immunity and the effector link are presented in the article.

Keywords: cancer, oral cavity, oropharynx, antitumor immunity.

PE3IOME

AHAJIN3 UMMYHOJIOTHYECKAX W3MEHEHUIA 1
HUX POJIb B PABBUTUUN PAKA ITOJIOCTHU PTA U PO-
TOIUIOTKH (OB30P)

Tupua IA., 'Kocteimmn U.11., *Poxko M. M.,
3JleBannosckuii PA., **Haxammnse I.H.

Hsano-Opankosckuil  HAYUOHATBHBIIL MEOUYUHCKULL  YHUBED-
cumem, 'kagpedpa omnxonozuu, >Yuebno-nayumviii uncmumym
nocieouniomno2o 06pazosanus, Kageopa cmomamonrocuu;
SByKkoguHCKUll 20Cy0apcmeentblil. MeOUYUHCKUL YHUGECPCUME,
rkagheopa opmoneduueckoi cmomamonozuu, *I'BY3 « Yarceopoo-
CKULL HAYUOHATbHBLU YHUGepcumem, Ykpauna

MHOro4nCIIeHHBIE HCCIICOBAHUS COCTOSHUS UMMYHHOMU CHCTe-
MBI Y OHKOCTOMATOJIOTMYECKHX OOJIBHBIX Ha KIIETOYHOM 1 MOJICKY-
JSIPHOM YPOBHSIX CBHIETENBCTBYIOT O CTOMKOM HapylICHUH NpH-
POIHBIX ¥ IPUOOPETEHHBIX MEXaHM3MOB UMMYHHOH 3aILIUTHI.

B crarbe packpbIThl U3MEHEHHUS] B IMMYHHOH cuctemMe 00ib-
HBIX PaKOM HOJIOCTH PTa U POTOIIOTKH. ONpeeneHo, YTo ypoBHH
uuroknHoB IL-6, IL-10, HGF u VEGF B BbicOKol KOHLIEHTpaIiu
B CbIBOPOTKE KPOBH OOJIbHBIX YKa3bIBaIOT Ha HEYIOBICTBOPHTEIb-
HBI IIPOTHO3 JICUECHUS, SIBJIAIOTCS IIOKA3aTesIMU HU3KOM BBDKH-
BAaEMOCTH U KOPPEIMPYIOT ¢ peluauBoM. KieTku mMMyHHTETa
00€CreunBalOT CIOKHYIO CHCTEMY 3allUThl 4epe3 LUTOKHHBI.
BocnanurenbHplli KOMIOHEHT MHUKPOCPEAbI OIYXOJIH TOJIOCTH
pTa U POTOIIOTKH UIPaeT 3HAYMMYIO POJib B UMMYHHOM OTBETE,
IIOCKOJIBKY OCHOBHBIM €I0 KOMIIOHEHTOM SIBJISIFOTCSI UMMYHOJE-
npeccuBHble UTOKUHBL. YpoBHH Thl mmrokuHoB - [FN-y, IL-12,
TNF-a nonmxensl, a Th2-nurokunsl - 1L-4, 1L-10 - HOBBIILIEHDI,
TOIZIa KaK B HOPME [OKa3aTesH IIPOTHBOIIOIOKHBI.
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OmnyXoib UCIHOJB3YeT pa3iNYHble MEXaHU3MBbI JUIS MHIYK-
MM M3MEHEHHUil B cHCTeMe BO M30e)KaHue MMMYHHOTO OTBETa
Ha €€ pa3BUTHE, B YaCTHOCTH 3JI0KAYECTBEHHAs KJIETKA MOJIOCTH
pTa WM POTOIVIOTKHM ITyTE€M BBIPAOOTKH (hakTopa pocTa dHIO-
tenust cocynoB (VEGF), npocrarmannuna E2 (PGE2), TGFB,
IL-6 u IL-10 nonaBnser MMyHHBIN oTBeT. OmmyxoieBas cpena
BBICBOOOXK/IACT MPOBOCHAIUTEIbHBIC MEMATOPbI, B TOM YHCIIE
Takoii perentop kak IL-15 alpha subunit (IL15RA), xotopsrii B
coyeranuu ¢ IL-15 ocymiecTBiseT yCUICHHBIH CHHTE3 IPOBOC-
MaJINTENbHBIX HUTOKHUHOB - IL-6, TNF-o u IL-17, Bauser Ha He-
JOCTaTOYHOCTh HUMMYHHOTO OTBETa M COOTBETCTBEHHO HU3KHI
HPOTHO3 BBKUBAEMOCTH.

YcTaHOBIIEHO, YTO Y OOJIBHBIX PAKOM IIOJIOCTH PTa U POTO-
DIOTKU KonndecTBO NK-KIETOK MOHMKEHO, COOTBETCTBEHHO
BO3HMKaeT HU3KUil koHTposb INKT ormyxosieBbIX KIETOK B pe-
TMOHAPHOM KOJUIGKTOpE, YTO KOPPEIHPYET ¢ HU3KUMH ITOKa3a-
TEJISIMHA BBDKHBACMOCTH.

[ToBbllIeHHAsT KOHIIEHTPALHUS ISHAPUTHBIX KICTOK B KPO-
BU KOPPEJIUPYET C MO3UTUBHBIM IPOTHO30M U OOJIBIION BbI-
JKMBAEMOCTbIO OOJIbHBIX PAKOM IOJIOCTH PTa U POTOINIOTKH,
YMEHBIICHHEM METAcTa3upOBaHUs B ILIeHHBIC IUMpaTHUe-
CKHE Y3JIBL.

D¢ QeKkTHBHBII  TPOTHBOOIYXONEBbIH MMMYHHBIH ~ OTBET
BKJIIOYAET MHOXKECTBO KOMIIOHEHTOB MMMYHHOI CHCTEMBI, OJI-
Hako T-KJIETKH OCTAIOTCs CaMbIMH 3HAYMMbBIMHU KJICTKAMH, yda-
CTBYIOIIMMH B TIPOTHBOOITYXOJIEBOM HMMyHHTeTe. [loaToMy
T-knerounble 1e(eKTbl CHIKAIOT 3 (GEKTUBHOCTD TPOTHBOOILY-
xoneBoro uMmynurera. CD4 + CD25 + T-kieTku urparor LeH-
TPaJBbHYIO POJb B MHHULMHPOBAHHU U IOJIEPIKKE HMMYHHOIO
orBera. Hannune B OOJBLIOM KOJNHYECTBE BBIILICYKA3aHHBIX M
CD4 + CD69 +, CD3 + T-KJIEeTOK CBS3aHO ¢ XOPOUIMM HpOr-
HO30M.
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