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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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, Th1 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 

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 cells are subpopulation of CD4+ T cells, their development 
depends on signals mediated by IL-6, TGF-β, IL-21, and IL-23, 
as well as induction of the lineage-determining transcription 
factor, orphan retinoic acid-related nuclear receptor (RORγT). 
Unlike Th1 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-γ+, 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-β showed 
a similar pattern. Resveratrol administration suppresses CD4+ 
and CD25+ populations among CD4+ cells, suppresses TGF-β 
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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 killer 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-γ, GM-CSF, 
TNF-α 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 (Prf1), 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-γ, 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, CCL5, monocyte chemoattractant 
protein (MCP-1), macrophage inflammatory protein (MIP-
1α) and (MIP- 1β), 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 

secretion, and enhances IFNγ 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, Sirt1 is involved in the 
tolerance of peripheral T cells, deletion of Sirt1 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 Sirt1. This is demonstrated by the 
observation that the inhibitory effect of resveratrol on T cell 
activation disappears in T cells suppressed by Sirt1. Moreover, 
Sirt1 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 Sirt1, 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 
Sirt1 acetylase activity for c-Jun, but not for activated T cell 
nuclear factor (NFAT) and NFκb 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 Sirt1 
expression and Sirt1 deacetylase activity on c-Jun, what blocks 
c-Jun translocation to the nucleus. In addition, resveratrol 
inhibits protein kinase Cθ 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+, CD8+. 
Additionally, resveratrol activates antioxidant enzyme 
expression mediated by the nuclear factor erythroid-2-related 
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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-γ 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-1a 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 DR5. 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, 

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 gpIIb/IIIa 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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