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Abstract

Inflammation is considered a general protective reaction of localized tissue against injury, irritation, or swelling. Inflammation may
be acute, which is part of the defensive response; or chronic, which may lead to the development of various diseases including cancer.
Several pro-inflammatory genes play important role in the various cellular processes like cell proliferation, angiogenesis, metastasis, and
suppression of apoptosis. These pro-inflammatory genes include TNF-a, interleukins, chemokines, MMPs, cyclooxygenase, lipoxygen-
ase, INOS, Jak/STAT pathway, etc. All these genes are mainly regulated by the transcription factor NF-kB, which is found active in many
types of neoplastic cells. Therefore, developing molecules that target pro-inflammatory genes or transcription factor is believed to be
one of the good strategies for development of anti-cancer agents. Literature data suggest that many anti-inflammatory agents, includ-
ing non-steroidal anti-inflammatory drugs, corticosteroids, statins, metformin, embelin, and some natural products, can interfere with
the tumor microenvironment by inhibiting pro-inflammatory genes or transcription factors and increasing cell apoptosis. This review
describes the link between inflammation and cancer, the role of pro-inflammatory genes and transcription factors in the development
of tumor cells, and the use of anti-inflammatory agents in cancer.
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INTRODUCTION

In 1863, the first clue between inflammation and cancer was
identified by Rudolf Ludwig Carl Virchow that the inflam-
matory process is one of the conditions for the development
of cancer cells.!!! Chronic inflammation triggers the growth
of the tumor cells by accelerating the production of growth
factors as well as reactive oxygen and nitrogen which in-
teract with DNA and produce mutations. There are differ-
ent inflammatory modulators like chemokines, cytokines,
growth factors, free radicals, prostaglandins, and proteo-
lytic enzymes that favor the development of the tumor
cells. These inflammatory modulators are synthesized from
different types of cells such as fibroblasts, adipocytes, den-
dritic cells, natural killer cells, lymphocytes, neutrophils,
macrophages, etc. Some of these modulators directly act on
tumor cells by supporting proliferation, oncogenic muta-
tion, and inhibiting cell death. Some of the modulators act
as prototumorogenic agents, which act on the components
of the tumor microenvironment. The inflammation may be
acute or chronic. The acute inflammation occurs for a short
period as a pyrogenic response which results in the devel-
opment of a fever for a short period. When inflammation
lasts too long, then it can be chronic inflammation, which
can be harmful and may lead to a disease.l?! Various epi-
demiological studies suggest that 20% of all cancers begin
as a direct consequence of a chronic inflammatory disease.
Inflammation is the common process of various cancer
risk factors, which include smoking, alcohol consumption,
obesity, several types of infection, etc. (Fig. 1). The goal of
primary, secondary, or tertiary cancer prevention is to re-
duce the exposure of risk factors of the cancers. Avoiding
exposure to primary carcinogenic factors has the potential
to reduce 30% of cancer deaths.’!

Prevention of cancer can be possible in two ways; the
first is primary prevention by reducing exposure of risk fac-
tors of cancer and the second is by immunoprevention and
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chemoprevention. Immunoprevention aims to control the
development (or initiation) of cancer cells by the immune
system while the chemopreventive effect focused on sup-
pressing or prevent the conversion of malignant to invasive
cancer types. In this review we had discussed, the role of
various inflammatory mediators involved in the promo-
tion of tumor which gives an idea about the link between
inflammation and cancer and the role of anti-inflammatory
agents in the treatment of cancer.*]

Various inflammatory mediators
involved in the promotion of tumor

There are mainly two pathways that link inflammation and
cancer: these are the intrinsic pathways and the extrinsic
pathways. The first type of pathway is activated by inflam-
matory stimuli which increase the risk of cancer, and the
second is due to genetic mutation which causes inflamma-
tion and cancer. This pathway is interconnected through
various inflammatory mediators, which include various
cytokines, growth factors, and metalloproteases (Table 1)
which helps in the development of the tumor microenvi-
ronment (Fig. 2).

TNF-alpha

TNF-alpha is a multicellular kinase that plays import-
ant role in various cellular events like cell differentiation,
survival, and death. There are two types of this receptor;
the first is TNFR1 that is expressed all over the cell and
the second is TNFR2, which is expressed mainly in the
immune cells. TNFR1 receptor contains the intracellular
domain, the transmembrane domain, an extracellular do-
main, and it is considered as one of the important mem-
bers of the death receptor family as it is mainly involved
in the cell death program. Due to this, it is also considered

Figure 1. Factors that increase the inflammation, types of inflammation and various receptors involved in inflammation, responsible

for activation of tumor cells.
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Table 1. Various inflammatory mediators involved in the promotion of different types of cancer!*3’!

Cancer type

Inflammatory receptor involved

Breast cancer
Cervical carcinoma
Ovarian tumors
Glioma

Prostate cancer

CXCR4, CCR7, COX-2, MMP1, MM9

IL-1a, TNE, COX-1

TNE IL-8, CXCR4/CXCL12, CXCR4, SDF1, COX-2, iNOS
TNE IL-8, COX-2

IL-8, CXCL14, COX-2

Melanoma IL-8, IL-18, CXCR4, CCR7, CCR10, COX-2
Oesophageal adenocarcinoma COX-2

Oesophageal SCC and AC COX-2

Urinary bladder COX-1, COX-2

Pancreatic carcinoma
Head and neck SCC COX-2

Lung carcinoma

Gastric carcinoma IL-8, COX-2
Colorectal cancer IL-6, COX-2
Brain tumors 5-LOX

Colon cancer

Skin cancer

Bladder cancer IL-6
Renal cell carcinoma IL-6, CCR3
Leukemia TNF

IL-1a, IL-1f3, MIP-3a, CCR6, COX-2

IL-1a, IL-1f, COX-2, CXC, CXCLS5, and CXCL8

IL-6 COX-2, 5LOX, MMP7
TNE, 5LOX, MMP9

Figure 2. Various inflammatory targets that provide link between inflammation and cancer by involving in various stages of cancer

cell development process.

a death domain (DD) receptor. TNFR2 does not contain
the DD domain - its action mediates through TNFRL.1%!
The biological function of TNF executes through activat-
ing several signaling pathways like NF-«xB and c-Jun N-ter-
minal kinase (JNK). NF-kB produces a cell survival signal
that produces an anti-apoptosis effect. There are various
approaches like transgenic models, gene deletion, and use

of antibodies that have been adopted to check the role of
TNF-alpha in cancer. Data suggest that this receptor has
an important role in the development of malignant cells. In
the skin cancer study, it was found that TNFR1 mediated
signaling activates NF-kB; which provides signals that help
tumor cells to escape from apoptosis.!®!
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Interleukins

Interleukins functioned like intercellular hormones that
can alter cellular functions. There are several types of inter-
leukins (IL) that include IL-1, IL-6, IL-8, and IL-18 which
play an important role in cancer development. IL-1a pro-
motes cervical carcinoma and also induces anchorage in-
dependence in embryo fibroblasts. IL-1f also increases the
cancer cell growth and is mainly associated with the de-
velopment of chemoresistance in pancreatic carcinoma.!”’
Production of IL-6 is linked with p53; upon mutation of
p53 produce a higher level of IL-6 and mainly involved in
the cancers like multiple myeloma, non-Hodgkins lym-
phoma, bladder cancer, colorectal cancer, and renal cell
carcinoma (RCC).I¥! Cytokine IL-8 has been reported to
promote growth and metastasis of a wide variety of tumors.
For tumor-associated inflammation, Ras-dependent IL-6
production is required. Expression of IL-8 by human mela-
noma cells and human ovarian cancer cells correlates with
their metastatic potential. IL-8 has been detected in astro-
cytoma, anaplastic astrocytoma, glioblastomas, and central
nervous system cervical carcinoma metastasis. )

Chemokines

The chemokines family has four different members, which,
based on the cysteine residues are classified as C, CC, CX3C,
and CXC. Chemokines play either beneficial or non-bene-
ficial role for cancer patients. Recruitment of mature den-
dritic and/or effectors cell provide beneficial effect while
chemokine mediated recruitment of immature dendritic
cell can increase tumor cell tolerance. In cancer cell devel-
opment, chemokines play important role in the process like
angiogenesis, inflammation, cell migration, etc.'%) The main
role of chemokines in inflammation is to traffic leucocytes
to the inflammation site. CC chemokines play an import-
ant role in the macrophage and lymphocyte infiltration in
melanoma and carcinoma associated with different cancers
such as ovary, breast, cervix, and glioma. The concentration
of chemokine receptor CXC4 and CCR7 was found higher
in breast cancers. CXC play important role in inflammation,
wound healing, cellular cycle regulation, angiogenesis, tum-
origenesis, etc. The presence of CXCR4 was found in ovar-
ian cancer while upregulation of CCR4 was found in renal
cell carcinoma. CXCR4 activates EGFR in ovarian cancer.!'!]

Matrix metalloproteinases (MMPs)

Matrix metalloproteins are involved in various biological
processes like inflammation, wound healing, cellular mi-
gration, skeletal formation, and cancer. MMP9 upregula-
tion is found in various stages of tumorigenesis. MMP9
transferred by bone marrow plays a crucial role in skin car-
cinogens; supported by the evidence that transgenic mice
lacking MMP9 have reduced hyperproliferation and inva-
siveness.['?l In a breast cancer patient, 70 genes are iden-
tified for their poor prognosis; out of those two genes are
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MMP-1 and MMP-9. In a recent study, it was found that
out of the 95 genes, MMP1 is the second most important
gene which has the potential of breast cancer to produce
lung metastases.>!

Cyclooxygenase (COX)

There are three isoforms of COX that have been identified:
A) COX-1 is mainly involved in tissue homeostasis, platelet
aggregation, renal blood flow, and maintenance of gastric
mucosa, B) COX-2 is found in inflamed and neoplastic tis-
sues, and C) COX-3 is mainly expressed in the brain and
spinal cord. The COX pathway by PGH2 synthetase pro-
duces PGG2, which is unstable, and PGH2 in the presence
of PGH2 synthase and peroxidase enzyme. This converts
into various PGs and TxA2. COX-2 level in cancer can be
elevated by cytokines, growth oncogene, and other factors.
COX-2 is responsible for the development and growth of a
variety of cancers.!'*] The expression of COX-2 is regulated
by NF-kB. In colon carcinoma, the COX enzyme induces
angiogenesis in two ways; the first way is modulation of an-
giogenic factors by COX-2 and COX-1 regulates angiogen-
esis in endothelial cells.'”) COX-2 was found at a higher
level in epithelial cells of invasive breast cancer. COX-2 also
plays an important role in the growth of human lung ade-
nocarcinoma. The physiological effect of PGs and TXA2 is
mediated through G protein-coupled proteinoid receptors
which are divided into nine different types. PGE2 gives bi-
ological response through four different receptors; EP1 to
EP4. EP4 modulate PGE2, which is involved in the prolif-
eration of colon cancer cells.l'®) Around 93% of melano-
mas are expressed with COX-2 with an expression ratio of
around 68%. This overexpression plays important role in
the development and growth of malignant epithelial cancer
cells. In the pathogenesis of oesophageal cancer, involve-
ment of both COX-1 and COX-2 have been detected due to
their link with VEGF-A and VEGF-C, which are important
modulators of angiogenesis.!!”]

Lipoxygenase

The metabolic process for conversion of arachidonic acid
to leukotrienes requires the presence of a 5-lipoxygenase
enzyme which is the key factor for this metabolic process.
Leukotrienes play important role in some allergic and in-
flammatory conditions. Apart from that, they are also in-
volved in the pathophysiological functions of the brain like
cerebral ischemia, brain edema, and increase the perme-
ability of the blood-brain barrier in brain tumors.!'® In
the nude mice xenograft model treated with colon cancer
with cigarette smoke extract, the inhibition of the enzymes
COX-2 and 5-LOX reduces the tumor size.!'! The evidence
is further confirmed by the experiment in which cigarettes
smoke without filter increases the expression of 5-LOX.
This overexpression stimulates MMP and VEGE, which are
key factors in the angiogenesis process. 5-LOX inhibitors
decrease the colon adenoma formation and also decrease
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the expression of VEGF and MMP in tumor cells, ultimate-
ly the angiogenesis rate will be decreased.?"!

NF-kB

Regulation of TNE, COX, LOX, and MMPs is done by the
transcription factor NF-kB which is normally present in an
inactivated state in most cells, but in cancer cells, NF-kB is
found as active. The activation of NF-«B induces inflam-
mation and tumorigenesis.[?!! The activation of the NF-xB
response is triggered in the presence of pro-inflammato-
ry cytokines and infectious agents. NF-kB heterodimer is
trapped in the cytoplasm when it is bound to IkB, which,
upon phosphorylation induces the cytokines, which results
in activation of NF-kB. It has been found that in inflam-
mation, the response of NF-«B is triggered through TNF-a
which produces anti-apoptosis signals. By enhancing the
signaling of NF-kB, cancer cells increase invasiveness.
Cancer-associated TNF-a overexpression; inhibition of
TNF-a suppresses the response of NF-kB and by this way
produces apoptosis process.??! In the last few decades,
extensive research has been going on NF-«B, and it was
found that over-production of this receptor increases the
resistance of chemotherapy as well as y-radiation thera-
py. Inhibition of NF-kB can sensitize the cancer cells and
therefore NF-«B is considered as one of the important tar-
gets for the development of chemotherapeutic agents.!*)

Hypoxia-inducible factor-1 (HIF-1)

Hypoxia-inducible factor contains two subunit alpha and
beta; receptor present in the heterodimeric complex. The
alpha subunit is less stable as compared to the beta sub-
unit. Recent literature data have shown that inflammation
(via inflammatory mediators) can also activate HIF-1 in
normoxic conditions.?* Various cytokines, hormones can
increase the expression of HIF-1. Cytokines such as IL-1B
and TNF-a were reported for stimulation of HIF-1a ex-
pression. HIF-1a can stimulate the expression of several
genes that includes, COX-2, iNOS, vascular endothelial
growth factor receptor (VEGF), glucose transporter, etc.”]
Overactivation of HIF-1a has been demonstrated in vari-
ous types of cancer as it provides favorable conditions for
the development and growth of tumor cells.?]

Inducible nitric oxide synthase (iNOS)

There are three different enzymes required for the syn-
thesis of nitric oxide and iNOS is one of them. Cytokines
like IL-1f, TNF-a, and IFN-y can stimulate this enzyme.
The expression of iNOS is regulated by transcription fac-
tors including NF-kB, activator protein 1, signal transduc-
er and activator of transcription, la interferon regulatory
protein 1, nuclear factor interleukin-6, and high motility
group I (y) protein.[?) iNOS mediated cellular changes can
produce malignancy, metastasis, angiogenesis of cancer
cells which is involved in a variety of cancer types such as

melanoma, prostate, bladder, and colorectal cancer.?’!

Jak/STAT pathway

STAT family includes seven members, which are involved
in different cellular processes like survival, cell prolifera-
tion, and angiogenesis. Out of the seven members, the im-
portant member involved in cancer is the STAT3 transcrip-
tion factor. The expression of STAT3 is stimulated mainly
by IL6, IL-11, and other members of the cytokine family as
well as growth factors. Upon activation, STAT3 phosphor-
ylation followed by homodimerization occurs. This dimer
shift into the nucleus binds with DNA and stimulates the
transcription of some genes involved in oncogenic activa-
tion such as Bcl-2, CDK1, VEGE, etc. Due to this STAT3 is
found highly expressed in several cancers like multiple my-
eloma, leukemia, prostate cancer, lymphoma, breast cancer,
squamous cell carcinoma of the head and neck.?®!

Other pathways

The other pathways which are directly or indirectly acti-
vated by inflammation or inflammatory receptors include
mitogen-activated protein kinase (MAPK), phosphoinos-
itide-3-kinase (PI3K), CREB signaling pathway, and Wnt/
beta-catenin pathway. MAPKs are involved in various
cellular processes like cell growth, differentiation, surviv-
al, and various immune and stress-related responses.?’!
It is mainly activated and regulated by various cytokines
through the phosphorylation process. PI3K is mainly in-
volved in the immune response of cancer cells and is found
highly expressed in pancreatic cancer due to mutation of
K-Ras in the patient with pancreatic cancer.[**) CREB plays
an important role in cell survival, differentiation of neu-
rons, and metabolism. The process like reverse phosphor-
ylation of serine by various kinase can increase the tran-
scription activity of CREB. The high expression of CREB
is found in various types of cancer which includes myeloid
leukaemia, non-small cell lung carcinoma, melanoma,
mammary carcinoma, etc.l>!) Wnt/beta-catenin pathway is
involved in various biological processes like cell polarity,
cell proliferation, and cell fate determination during em-
bryonic development and tissue homeostasis. Wnt pathway
can interact with many other pathways including HIF-1a,
NEF-kB, and Notch, stimulate the function of this pathway.
Mutation of the Wnt pathway can produce various types of
cancer which include cancers of the stomach, liver, intes-
tine, pancreas, and ovaries.3?!

Role of anti-inflammatory agents
in cancer

Targeting inflammatory pathways involved in tumor pro-
motion can be a good strategy for the prevention of cancer,
in this regard preventive and anti-cancer effects of anti-in-
flammatory drugs can be useful (Table 2).
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Table 2. Preventive and anti-cancer effects of anti-inflammatory drugs in various types of cancer!**46]

Drug Preventive effect on cancer Anti-cancer effect
Aspirin Bladder, breast, colorectal, oesophageal, and lung Gastric and colon cancer
Celecoxib Bladder, breast, cervix, colorectal, lung, prostate Prostate, liver and colon
Ibuprofen Colon adenoma Breast cancer

Sulindac Breast cancer Colon cancer

Piroxicam Colorectal cancer Colon cancer
Dexamethasone Breast and rectal Multiple myeloma

Non-steroidal anti-inflammatory drugs

The main role of NSAIDS as anticancer agents is due to
their role of inhibition of COX1/2 enzyme which is re-
quired for the biosynthesis of prostaglandins and leukot-
rienes. The level of PGE2 is elevated in different types of
cancer production. They increase cancer cell production by
favoring angiogenesis, tumor growth, metastasis, and in-
hibiting apoptosis. PGE2 can activate several cellular path-
ways like MAPK, PI3K/AKT, and NF-kB which further
activates VEGE, Bcl-2, EGFR, and MMPS and increase the
rate of tumorigenesis. The possible mechanism for rational
use of aspirin for cancer prevention involved inhibition of
various targets like inhibition of COX1/2, certain pro-in-
flammatory cytokines, modulation on immune response,
the effect on PI3K signaling, maintenance of cancer stem
cell homeostasis, and decreased glycolytic rate in cancer
cells.l**) The long-term use of NSAIDs may lead to the de-
velopment of several side effects such as renal failure, GI
problems such as acidity, ulcer, and intestinal inflammation
which cause perforation and strictures in small and large
intestines. This factor can also induce the risk of cancer. To
reduce the side effect of NSAIDs, they can combine with
5-LOX inhibitors so that the synthesis of prostaglandins
and leukotrienes are blocked.*”!

The investigation of the link between NSAIDs and can-
cer was done by Kune et al. The report suggests that pa-
tients taking NSAIDs had a significantly lower incidence
of cancer. The positive results of NSAIDs in cancer preven-
tion open a new direction in cancer research. The study was
done on >1 million subjects with over 30 epidemiological
studies; results suggest that NSAIDs can be prototypical
agents in the prevention of cancer.3*3¢! Aspirin is a widely
used drug in the world whose major role is in cardiovascu-
lar diseases. Multiple trials using aspirin for evaluation of
anticancer properties have been done; data suggest that as-
pirin has approximately 20% to 25% ability to reduce inci-
dence and mortality of several types of cancers. The major
beneficial effects were found in the stomach, oesophageal
and colorectal cancer. Other NSAIDs such as ibuprofen
and piroxicam are able to reduce breast and colorectal can-
cer risk by showing a significant correlation between an-
ti-inflammatory agent use and decreased cancer incidence.
The other specific COX-II inhibitors drugs like rofecoxib
and valdecoxib are under clinical investigation, but at the

moment, these drugs are used as an adjuvant drugs because
of their side effects.[37-3%

Corticosteroids

Corticosteroids are used as anti-emetic agents to prevent
nausea and vomiting driven by cancer chemotherapeutic
agents. They are also effective as anti-inflammatory agents
in various chronic inflammatory diseases. In the xenograft
or experimental model of the breast, colorectal, glioma,
and lung cancer. It was observed that pre-treatment with
dexamethasone increases the effectiveness of chemother-
apy. Dexamethasone was also found to decrease the inci-
dence of lung tumors. The combination of dexamethasone
with carfilzomib and lenalidomide had an advantageous
effect in multiple myeloma patients.[4>41]

Statins, metformin, and embelin

Statins are used as anti-hyperlipidemic agents, which are
also reported for their anti-inflammatory properties. The
mechanism involved in the anti-inflammatory activity is
due to the reduction of the pro-inflammatory cytokine,
macrophage infiltration, and C-reactive protein. Due to
additional anti-inflammatory properties, statins can reduce
the risk of several cancers which include colorectal cancer,
HCC, and breast cancer.[*>*3] Metformin, a drug used as
an oral hypoglycaemic agent, is also reported as reducing
the risk for several cancers, including colon, breast, lung,
prostate, ovarian, and pancreatic cancers. Its antineoplastic
effect is mediated through activation of the AMPK pathway,
which counteracts the protumorigenic effect of hyperinsu-
linemia, the reduction of systemic glucose concentration,
which counteracts the Warburg effect and through its an-
ti-inflammatory properties.[ Embelin is an isoquinoline
derivative reported for its anti-inflammatory properties
due to its interference in the arachidonic acid metabolic
pathway and can block 5-LOX and PGEs.[*”]

Natural products

Some natural products and foods have anti-inflammatory
effects - these include grapes (resveratrol), garlic, and cur-
ry powder (curcumin). These compounds have also shown
anti-cancer properties due to the induction of apoptosis.
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These compounds have anti-inflammatory action due to
inhibition of the target NF-xB, MAPK, JNK, VEGE and
COX and due to this, they have a role in the anticancer
activity.*’) Literature data also suggest that the combina-
tion of natural products with chemotherapeutic agents
shows beneficial effects. For example, the combination
of curcumin with 5-fluorouracil gives synergistic effect
while in another study, ginseng saponins were reported to
increase the response of cancer cells to chemotherapeutic
agents and reduce hematological toxicity after radiation
therapy. 8] Berberine act as an anti-inflammatory agent
and also has anti-cancer activity. Activity is due to the
inhibition of NF-kB and COX-2 with IC50 value around
0.3 uM.1#)

CONCLUSIONS

Inflammation and inflammatory pathways play import-
ant roles in the development and progression of cancer.
Inflammation provides the soil for the development of can-
cer seeds. Targeting inflammation is one of the good strate-
gies for the prevention of cancer. Anti-inflammatory agents
have been shown in experimental, clinical, and epidemio-
logical studies. Currently, FDA-approved anti-inflammato-
ry agents have limited use due to a lack of target specificity
and toxicity. Changes in dose regimen or combination of
an anti-inflammatory agent with other chemotherapeutic
agents or development of new anti-inflammatory agents
with target specificity and low side effects may provide the
solution. The idea of targeting anti-inflammatory pathways
to treat cancer is innovative, but at the same time, a better
understanding of biochemical pathways and the develop-
ment of anti-inflammatory agents with more target spec-
ificity with fewer side effects need to be more focused on
new effective therapeutic strategies.
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Pe3tome

Bocmanenue cunraeTcs o6Leil 3alIUTHOI peaKlyell TOKaIM30BaHHON TKaHM IIPOTUB MOBPEXKIEHNA, pasipakeHNs WM oTeka. Boc-
IajIeHNe MOXKET OBITh OCTPBIM, YTO SABJIAETCA YaCTBIO 3aIUTHON PeaKIM; VIM XPOHIYECKUM, YTO MOXKET IPUBECTH K Pa3BUTHUIO
Pa3NMMYHBIX 3a60JIEBAHMIA, B TOM 4MCIe paka. HecKobko IpOBOCIIaINTE/TbHBIX T€HOB UTPAIOT BAXKHYIO POJIb B PA3INYHBIX KJIETOUHBIX
IIpolieccax, TAaKUX Kak Ipomdepanusa KIeToK, aHTMOreHes, MeTacTasipoBaHye 1 HoJaB/IeH)e aloNTo3a. TV MPOBOCIaINTeTbHbIE
reHbl BKM04aoT TNF-o, MHTep/IeIKIMHbI, XeMOKVHBI, MaTPYKCHBIE MeTautonpoTenHasbl (MMII), IUKI00KCUTeHasy, TUIIOKCUTEHA3Y,
iNOS, curnanpubit myTh JAK/STAT u T. 1. Bce 3TV TeHBI B OCHOBHOM perymmpyrorcs ¢axkropom TpaHckpunym NF-kB, koTopsiit
aKTMBEH BO MHOTYIX THIIaX OITyXOJEBBIX KIeTOK. II0aToMy cunTaercs, 4To paspaboTka MONIEKY/I, HalleJIeHHbIX Ha IIPOBOCIA/TUTENbHbIE
TeHBl WU GaKTOP TPAHCKPUIILUM, ABIAETCA OFHON U3 XOPOUIMX CTPATeInii pa3paboTKM NIPOTUBOPAKOBBIX areHToB. JIuTeparypHbIe
JaHHbIE CBUJIETENLCTBYIOT O TOM, YTO MHOTME ITPOTMBOBOCIIA/NUTENIbHbIE CPEJiCTBA, B TOM 4YNC/le HeCTePOMIHbIE IIPOTUBOBOCIIATIN-
TeJIbHBIE IIpeIapaThl, KOPTUKOCTEPOU/bI, CTATUHBI, MeTGOPMIH, SMOEIMH ¥ HeKOTOpble HaTypalbHble HPOLYKTBI, MOIYT BMEIIN-
BaTbCA B MUKPOOKPY>KEHNE OIYXOJIV, MHIUOVPYs IIPOBOCIAMNTENbHbIE TeHbI MM GAKTOPBI TPAHCKPUIILIMM ¥ HOBBIIIAsA KJIETOUHYIO
aKTMBHOCTD aNloNTo3. B 3TOM 0630pe ONMChIBaeTCA CBA3b MEX/Y BOCIIAJIeHNEM ¥ PaKOM, POJIb IIPOBOCIIA/TNTENbHBIX TeHOB I HaKTo-
POB TPAaHCKPUIILIMY B Pa3BUTIM OITYXO/NEBBIX KETOK U IPMMEHEeHNe TPOTUBOBOCIIAMNTEIbHBIX CPEICTB IIPK PaKe.
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