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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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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,
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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
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of the article under the title “References”. All references cited in the text must be listed. The list of refer-
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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
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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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Abstract.

The article represents the data characterizing the use of
resveratrol in the treatment of various diseases, including
endocrinological and neurological. It was shown that resveratrol
is widely used in the treatment of various diseases due to its
ability to actively suppress the inflammatory process. At
the same time, in autoimmune diseases resveratrol inhibits
the function of the entire population of T-cells, but when it
comes to the neoplastic process, it only inhibits the activity
of a subpopulation of T-cells (Treg). Thus, resveratrol can be
recommended in the treatment of any diseases associated with
the activation of the T-cell immunity.

Key words. Resveratrol, T-lymphocytes, B-lymphocytes,
immunity, apoptosis, obesity, neurodegenerative diseases,
autoimmune diseases, tumors.

Molecular mechanisms of interaction between resveratrol
and T-lymphocytes.

The adaptive immune response is much more permanent
and depends on the responses of T- and B-lymphocytes
interacting with antigen-presenting cells (APC) in peripheral
lymphoid tissue over several days and weeks. But as soon as
adaptive immune responses arise, Thl and Th17, as well as
subpopulations of effector T-helper cells, migrate from the
lymphoid tissue into the bloodstream, infiltrate infected areas
and produce their own cytokines that increase the activity
of macrophages and neutrophils. Both innate and adaptive
immunity control inflammation and develop an identification
friend/foe system. During maturation, the immature populations
of T cells acquire the ability to express antigen-specific receptors
that recognize their own and foreign macromolecules. In the
thymus, developing T-lymphocytes with T-cell receptors (TCR)
are able to recognize high-affinity peptides, while the proteins
of major histocompatibility complex (MHC) undergo apoptosis
if the recognition is negative. As a protection from entry of
autoreactive T cells into peripheral lymphoid tissue, regulatory
T cells (Treg) are naturally secreted (nTregs). This occurs during
the central development of T cells in the thymus. In the phase
of active immune response, they transform into peripheral cells
(iTregs). Dysfunctions of immune tolerance are rare. But when
the processes of central and/or induced peripheral tolerance are
severely disrupted, autoimmune diseases can occur. Abnormal
T cell activation is involved in many autoimmune diseases such
as insulin-dependent diabetes, rheumatoid arthritis, systemic
lupus erythematosus, and multiple sclerosis. Taking into
consideration that resveratrol can suppress T-cell activation
and reduce cytokine production, it is likely that it could prevent
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the progression of the autoimmune disease. So, in a series of
experiments on mice treated with resveratrol, a significant
decrease in the percentage of autoimmune diseases occurrence
was registered. Histological analysis showed that the number
of infiltrated cells was reduced in mice treated with resveratrol
compared to control mice. This observation showed that
resveratrol can prevent development of autoimmune diseases
such as insulin-dependent diabetes and multiple sclerosis [1-5].

Th17 cellsare subpopulation of CD4+ T cells, their development
depends on signals mediated by IL-6, TGF-f, IL-21, and IL-23,
as well as induction of the lineage-determining transcription
factor, orphan retinoic acid-related nuclear receptor (RORyT).
Unlike Thl and Th2 cells, which become secretory cells after
differentiation, Th17 cells retain their stem cell-like properties,
allowing them to persist for a long time while maintaining
the ability to produce functionally divergent progeny when
reactivated by antigen. Moreover, Th17 cells are key initiators
of proinflammatory responses by recruiting neutrophils and
macrophages to damaged tissues, and through the production of
IL-17 play an important role in host protection from infection
by extracellular pathogens. An additional cytokine produced by
Th17 is IL-23, which controls the survival and maintenance of
the Th17 phenotype and is responsible for the crosstalk between
innate and adaptive immunity. Furthermore, Th17 cells produce
IL-22, which, just like IL-17, is beneficial in many infectious
and inflammatory diseases. However, synergistically with IL-
17, it may play an important role in the development of the
disease due to its pro-inflammatory properties. Th17 cells are
strong inducers of chronic inflammatory responses and play
an important role in autoimmune diseases. Resveratrol can
modulate the course of autoimmune diseases, significantly
reducing the activity of the progression of the process. The
protective effects of resveratrol in autoimmune diseases are also
associated with a decrease in the number of Th17 cells and the
production of IL-17 in the draining lymph node.

Resveratrol protection from experimental autoimmune
encephalomyelitis (EAE) is not associated with a decrease in
IL-17+ T cells, but with an increase in IL-17+/IL-10+ T cells
and CD4-IFN-y+, as well as suppressed expression of IL-6
and IL-12/23 p40 by macrophages. Interestingly enough, the
function of resveratrol on Treg cells increases in response
to T cell activation. It was found that the number of CD4+,
CD25+ and Foxp3+ cells was significantly reduced in total
splenocytes as well as in tumor tissues of mice injected with
HS-1793, also the production of Treg inducing TGF- showed
a similar pattern. Resveratrol administration suppresses CD4+
and CD25+ populations among CD4+ cells, suppresses TGF-
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secretion, and enhances IFNy expression in CD8+ T cells both
ex vivo and in vivo, resulting in immune stimulation. Other
results have shown that resveratrol reduces the expression of
CD28 and CD80 and increases the production of IL-10, but does
not affect the percentage of CD4+, CD25+ and Treg cells [6-8].

It should be noted that studies describing the effects of
resveratrol on T cells and its specific molecular mechanisms
are inconsistent in some cases. Thus, Sirtl is involved in the
tolerance of peripheral T cells, deletion of Sirtl in T cells
can induce T cell hyperactivation and lead to spontaneous
autoimmune disease. In a series of experiments, resveratrol has
been shown to inhibit T-cell activation and the production of
antigen-specific antibodies in vivo. Inhibition of T cell activation
by resveratrol is mediated by Sirtl. This is demonstrated by the
observation that the inhibitory effect of resveratrol on T cell
activation disappears in T cells suppressed by Sirtl. Moreover,
Sirtl expression was heightened in activated T cells and was
higher in resveratrol-treated T cells than in naive T cells.
Other data have demonstrated that resveratrol maintains T cell
tolerance in mice by regulating the function of Sirtl, which
inhibits the activation of autoreactive T cells in the thymus
[1,9]. The mechanism by which resveratrol modulates T-cell
activation has been partially revealed. Resveratrol increased
Sirtl acetylase activity for c-Jun, but not for activated T cell
nuclear factor (NFAT) and NFxb in T cells. After T-cell
activation, c-Jun moves into the nucleus. However, the effect of
c-Jun was suppressed in T cells treated with resveratrol. Thus,
resveratrol can inhibit T cell activation by increasing Sirtl
expression and Sirt] deacetylase activity on c-Jun, what blocks
c-Jun translocation to the nucleus. In addition, resveratrol
inhibits protein kinase C0 in T-lymphocytes of peripheral blood
in a rat liver transplant model [7,10].

It has been proven that obesity adversely affects cellular
immunity and increases the risk of infectious diseases. In fact,
obesity dysregulates T cell generation and function as well as
the ability to stimulate a peripheral T cell-mediated protective
immune response and impairs wound healing. Several studies in
mice have showed how resveratrol can reverse pernicious effects
of T cells in diet-induced obesity. Interestingly, resveratrol
as a high fat dietary supplement (HFD) reduces oxidative
stress effects, supressing inflammatory genes expression and
increasing Treg levels via aryl hydrocarbon receptor activation
in mice with HFD induced obesity [1,2,11]. Besides, resveratrol
reduces both blood glucose and plasma insulin level and
increases the percentage of CD3+, CD4+/CD3+, CD8+ subsets
in the C57BL/6 mice model with obesity. The received data
suggest that resveratrol maintains glucose homeostasis through
activation of phosphatidylinositol 3'-kinase (PI3K) and SIRT1
signaling pathways.

It is particularly remarkable that decrease in the ratio of CD3+,
CD4+/CD3+, CD8+ is usually associated with malignancy or
virus attack, such as HIV infection. A similar phenomenon
was observed in a series of experiments with mice model with
systemic lupus erythematosus. This suggested that resveratrol
acts in these terms by inducing CD3+, CD4+/CD3+, CD&+.
Additionally, resveratrol activates antioxidant enzyme
expression mediated by the nuclear factor erythroid-2-related
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factor 2 (Nrf2) signaling pathway and reduces inflammation by
protecting from oxidative damage and T-lymphocyte-associated
chronic inflammatory response in the development of HFD-
induced obesity [2,6].

Molecular effects of resveratrol and natural Kkiller cells (NK
cells) interaction.

It is known that NK cells make up about 15% of all circulating
lymphocytes and are capable to lyse cancer cells in vitro without
prior immune sensitization. Their main significance lies in the
early defense of the host from both allogeneic and autologous
cells after viral, bacterial, or parasitic infections, or against tumor
cells. NK cells express various biologically active components:
PRRs such as TLRs, NLRs (nucleotide oligomerization
domain) and RLRs (retinoic acid gene I (RIG-I) RIG-I-like
receptors). They respond to PAMPs (conservative pathogen-
associated molecular structures) in a suitable environment in
the presence of cytokines such as IL-2, IL-12, IL-15, or IL-
18. Therefore, activated NK cells release IFN-y, GM-CSF,
TNF-a or cytotoxic granules directed to the target cell. NKs kill
target cells through a variety of mechanisms. Firstly, NK cells
form immune synapses. Right after they release cytoplasmic
granules, organelles containing perforin (Prfl), a member of
saposin-like protein family granulysin, and serine proteases
such as granzyme B (GzmB) to lyse several procaspases that
trigger apoptosis in the target cell. Additionally, expression
of tumor necrosis factor (TNF) family members such as FAS
ligand (FASL), TNF and TNF-associated apoptosis inducing
ligand (TRAIL) induces tumor cell apoptosis upon formation
of immune synapses. Another mechanism of killing target cells
is the secretion of effector cytokines such as IFN-y, IL-5, IL-
10, IL-13, and GM-CSF after reaching certain stages of NK
cell differentiation. NK cells also secrete diverse chemokines
including CC motif chemokine ligand (CCL) and its varieties
such as CCL2, CCL3, CCL4, CCLS5, monocyte chemoattractant
protein (MCP-1), macrophage inflammatory protein (MIP-
la) and (MIP- 1B), RANTES, XC chemokine motif ligand 1
(XCL1, lymphotactin), and IL-8. NK that interacts with other
immune cells such as dendritic cells in areas of inflammation
modulate the innate and adaptive immune response and promote
T-cell response against tumors. Their ability to kill malignant
cells depends on stimulation of two major structural classes
of receptors on the surface of NK cells, such as C-type lectin-
like family receptors and killer cell immunoglobulin-like
receptors (KIRs), which inhibit and/or activate signaling. Some
human activating receptors, such as various KIRs or natural
cytotoxicity receptors (NCRs) such as NKp30, NKp44, NKp46,
and NKp80, activate the signal transmission through protein
tyrosine kinase dependent pathways. To prevent the activation
of NK cells, receptors are located on the surface of the inhibitor,
similar to various KIRs, which act through protein tyrosine
phosphatase-dependent pathways. Resveratrol has a direct
effect on the killing ability of NK cells and also affects other
immune cells such as CD8+ and CD4+ T cells. Resveratrol
has therapeutic potential in increasing NK activity against
aggressive cellular leukemias and lymphomas by inhibiting
constitutively active signaling transducers and activators of



transcriptional signaling 3 (STAT3). The ability of NK cells
to kill was discovered in immortalized human myelogenous
leukemia K562 cells. The cytotoxic activity of NK cells was
enhanced by low concentrations of resveratrol, while high
resveratrol concentrations supressed it [2,9,12].

Other results [6,13] demonstrated suppression of viability
and increased apoptosis of NK cells upon incubation with high
concentrations of resveratrol, while low concentrations induced
upregulation of NKG2D and IFN-y and increased killing of NK
cells against K562 leukemia target cells. These data suggest that
resveratrol has a dose-dependent biphasic effect, which is caused
by stimulation of cell apoptosis through caspase signaling
pathways in high concentration ranges. This was confirmed by
a significant decrease in the number of apoptotic/necrotic cells
after pretreatment with the caspase inhibitor z-VAD-FMK. In
addition, this study showed a higher cytotoxic sensitivity of
Jurkat cells, a human lymphoblastoid T cell line, to resveratrol.
A similar dose-dependent increase in cytotoxic NK cell killing
activity was also observed in tumor cell lines derived from solid
tumors such as HepG2 and A549 cells after prior stimulation of
immortalized NK cells (NK-92 cells) with low concentrations of
resveratrol. There is also evidence that in NK-92 cells resveratrol
treatment induces ERK-1/2 and JNK phosphorylation and dose-
dependent activation of perforin expression. An increase in NK
cell activity with a subsequent anti-cancer effect was observed
in a study evaluating anti-infective properties of resveratrol in a
mouse model of acute pneumonia. The resveratrol group showed
increased alveolar macrophage infiltration, increased NK cell
activity, decreased bacterial load in the lungs, and decreased
mortality. Notably, isolated rat spleen NK cells pretreated with
resveratrol showed increased killing efficiency against YAC-
1 target cells. Resveratrol treatment has been shown to render
promyeloblastic leukemia KG-1a cells susceptible to cytokine-
induced killer-mediated cytolysis by increasing cell surface
expression of natural killer group 2, member D (NKG2D)
ligands, DR4 receptor and downregulation of cell surface
expression of DcR1 in KG-1la cells and activation of TNF-
related apoptosis-inducing ligand (TRAIL) [7,14-17].

Similar results were obtained with LNCaP human prostate
adenocarcinoma cells and TRAIL-resistant PC-3 prostate
cancer cells, which, after treatment with resveratrol, increased
surface expression of DR4 and DRS. Also, there were observed
dose-dependent activation of caspase-3 in response to treatment
with resveratrol and activation of caspase-8 in response to
combination of resveratrol and TRAIL [9,11,12]. Human 1205
LU metastatic melanoma cells show resveratrol-dependent
hypersensitivity to TRAIL by downregulating anti-apoptotic
proteins of cellular FLICE-like inhibitory protein (cFLIP)
and Bcl-xL. Additionally, resveratrol sensitizes other types of
cancer cells such as pancreatic, breast, colon, T-cell leukemia,
neuroblastoma, melanoma, medulloblastoma and glioblastoma
to TRAIL-induced apoptotic cell death. Resveratrol is also
able to increase expression of CD95L on HL60 human
leukemia cells and T47D breast carcinoma cells, promoting the
triggering of signal-dependent apoptosis by NK cells. Due to
aggregation of tumor cells and platelets, circulating tumor cells
coated with aggregated platelets can escape immune response,
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promoting the occurrence of metastases. Cancer cells can
activate platelets and their aggregation, which correlates with
their metastatic potential. There is evidence of an association
between platelet aggregation and cancer cell susceptibility to
NK-mediated lysis. Remarkably, resveratrol inhibits platelet
aggregation by reducing the gplIb/Illa integrin on the platelet
membrane, which acts as a fibrinogen receptor involved in clot
formation and creates "bridges" between platelets. Resveratrol
reduces the production of TxA2, which activates platelets and
thereby exacerbates aggregation by inhibiting COX1-dependent
pathways [6,18-20].

Conclusion.

Thus, the represented data indicate that resveratrol can be used
in the treatment of inflammation, caused by T-cell activation,
and other diseases associated with T-cells. It has been proven
that resveratrol regulates T-cell activation in a bidirectional
way: in autoimmune disease model, it performs an inhibitory
function, while in the tumor model, it reduces the inhibitory
function of Treg, reducing tumor growth.
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