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ABSTRACT

Tumour necrosis factor-alpha (TNF-a, cachectin) is a member of the TNF superfamily. It was the first cytokine
(cell signalling protein) to be evaluated for cancer biotherapy and its development. It is a multifunctional cytokine
assuming a main job in apoptosis and cell survival justas in irritation and resistance. Still, the medical use of TNF-
a is strictly limited by its noxiousness. Now, TNF-a is administered merely by locoregional drug delivery systems
like isolated hepatic perfusion (IHP) and isolated limb perfusion (ILP). Meanwhile both of these processes are
strictly challenging which require surgical procedure, they are chiefly used for the treatment of locally advanced
sarcomas (solid tumours) like in-transit melanoma metastases, primary or metastatic unresectable liver carcinoma
and limb- threatening soft tissue sarcomas. To decrease the toxicity inbody of TNF-a,anumberofschemeshavebeen
exploredoverthepreviousnumerousdecades. It has been exhibited in the detached appendage perfusion sitting that
TNF-a acts synergistically with cytostatic drugs. The collaboration of TNF-a with TNF receptor 1 (TNFR-1) and
TNF receptor 2 (TNFR-2) actuates a few flag transduction pathways, prompting the assorted elements of TNF-a.
Tumour necrosis factor alpha produced mainly by activated macrophages, also it can be produced by many other
cell types like mast cells (basophils), NK cells (natural killer cell), eosinophils (acidophils), CD4+ lymphocytes,
neurons and neutrophils (polymorphs). It is involved in host defense and tissue homeostasis process. The biological
effect of tumour necrosis factor alpha may ultimately beneficial or injurious to the host, depending on its period of
tissue exposure, concentration and the existence of other mediators in the cellular environment. It shows antitumor
activity and causes carcinoma, chronic inflammation, pulmonary, metabolic, cardiovascular, autoimmune and
neurologic diseases.
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INTRODUCTION

Tumour necrosis factor superfamily and tumour necrosis
factor receptor superfamily forms the equivalent ligand
and receptor systems that are broadly spread in various
cells and tissues. The “tumour necrosis factor” referred
to a “factor” made by bacterial infections that produced
tumour regression in subjective cases. TNFSF play roles
in many aspects like adaptive and innate immunity,
embryonic development and the maintenance of cellular
homeostasis. TNF plays a main role in different events
like cell differentiation, cell proliferation and cell death.
Gale A. Granger informed a cytotoxic factor made by
lymphocytes and known as lymphotoxin (in 1968) and in
1975 Lloyd J. Old informed that another cytotoxic factor
produced by macrophages that named tumour necrosis
factor (TNF). It was discovered that bacterial endotoxin
produce and release the antitumor activity from host cells
(in 1975). Antony Cerami and Bruce A. Beutler
establish that cachectin (that is a hormone which initiate
the cachexia) was TNF. Cerami and Kevib J. Tracey
found the significant mediator role of in fatal septic
shock and familiar the therapeutic effects of monoclonal
anti-TNF antibodies. TNF-a (tumour necrosis factor

alpha), a cell signalling protein involved in pathogenesis
injury, infection and systemic inflammation, also known
as cachexin. It is one of the cytokine that make up the
acute phase reaction. It is consists of numerous
homologous domain and proteins.

Structure

Tumour necrosis factor superfamily (TNFSF) members
are usually homotrimers. They are type Il transmembrane
proteins, numerous of which can be shed from the
surface of cell to act as soluble signalling molecules. The
major feature of this superfamily of extracellular ligands
is the trimeric TNF homology domain (THD), consist of
three protomers. Every protomer is made by dual sheets
consists of chains. These domains are wholly situated at
the C-terminal area of the protein. On the basis of
sequence and structural features in THD the TNFSF can
be divided into three groups. TNFSF are 19 members
that bind to 29 members of TNF receptor superfamily.
These members include lymphotoxin alpha (LT-a),
tumour necrosis factor alpha (TNF-a), lymphotoxin beta
(LT-R),tumour necrosis factor beta (TNF-R), CD40 ligand
(CD40LG), 0OX40 ligand (TNFSF4), fas ligand
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(FASLG), CD27 ligand (CD70), CD30 ligand factor receptor superfamily member 1A (CD120a) and
(TNFSF8), CD137 ligand (TNFSF9), TNF-related TNFR2, tumour necrosis factor receptor superfamily

apoptosis inducing ligand (TNFSF10), receptor activator
of nuclear factor kappa-B ligand (TNFSF11), TNF-
related weak inducer of apoptosis (TNFSF12),
proliferation inducing ligand (TNFSF13), R-cell
activating factor (TNFSF13R), LIGHT (TNFSF14),
vascular endothelial growth inhibitor (TNFSF15), TNF
superfamily member 18 (TNFSF18), ectodysplasin A
(ED- A). These members are well categorized
functionally and structurally. In these ligands entirely
have quite long loops linking the strands, resulting in a
typical pyramidal outline of the trimer. All ligands are
likely to bind to receptors in a similar way, the stretched
out receptors settledin the ligand protomer interfaces with
double significant interaction areas. The second TNFSF
member, the disulfide group, be made up of BAFF,
APRIL, EDA and TWEAK all of these keep distinctive
disulfide connecting chain. In addition, these ligands
have smaller loops, that lead to additional globular total
harmonic distortion (THD) in compare to the pyramidal
conventional ligands. Crystal arrangements are available
for EDA, BAFF and APRIL. Binding of receptor by
TNFSF group also varies from the conventional ligands.
APRIL, BAFF, and TWEAK ligands interact with short,
atypical TNFRSF members (TACI, BAFF-R, Fn-14 and
BCMA).The third “different” ligand group holds the left
behind members of the TNFSF (CD30L, GITRL,
CD27L,0X40L and 4-1BBL). These ligands are
categorized by very different orders, both from each
other and from either the disulfide groups. Crystal
arrangements have only been ascertained for the ligands
GITRL and OX40L, and for receptor ligand pair OX40,
OX40L.TNF-a (belongs to TNF superfamily) composed
of at least 20 members. TNF-a is primarily formed as a
233 amino acid transmembrane protein that forms stable
homotrimers. The soluble homotrimeric TNF-a (157
amino acid residues per monomer) can be released
through proteolytic cleavage by means of a
metalloprotease, the TNF-a converting enzyme. The C-
terminus of it is embedded in the base structure but the
N-terminus is relatively free. Therefore, the N-terminal
residues do not take part in the trimer interactions and
are not important for the biological activities of TNF-a.
Two receptors, TNFR1, also known as tumour necrosis

member 1B (CD120b) that binds to TNF-a. TNFRI
constitutively expressed in maximum tissues. It can be
activated by both membrane-bound and trimer forms of
soluble TNF-a. TNFR2, largely found in cells of the
immune system, reacts only to the membrane-bound
homotrimeric form of TNF-a. Increasingexperimental sign
has exposed that TNFR1 initiates the TNF-a’s biological
activities. On TNF-a binding, TNFRs form homotrimers
that cause conformational variations to the receptor. A
sequence of intracellular events then occur which can
lead to the initiation of three major signalling cascades:
nuclear factor kappa B (NK-kB) pathway, MAPK
(mitogen-activated protein  kinase) pathway and
induction of cell death signalling.

Figure 1: Structure of TNF-q.

Biological Activities of Transmembrane TNF-a
Transmembrane TNF-a. (as a ligand) on the surface of cell
of TNF-a producing cells binds to TNF receptors on the
target cells and applies numerous biological functions
that will contribute to the modulation of local
inflammation in a cell to cell contact mode as well asina
cell type specific way. Expression of transmembrane
TNF-a on seweral cell type would contribute to the
physiological and pathological response in health and
diseases.

Table 1: Biological activities of transmembrane TNF-a on various target cells/organs.

Target Cells/Organs Functions

Natural Killer cell (NK cell)

Enhancement of cytotoxic activity (cytolysis or apoptosis)

Thymus cell (T cell)

GM-CSF production, expression of CD25 and HLA-DR

Bone marrow cell (B cell)

Production Ag-specific immunoglobulin, proliferation

Endothelium cell

Pro-inflammatory cytokines, induction of pro- coagulant agent,

Monocyte Interleukin-10 (1L-10) production

Adipose tissue Local resistance of insulin, adipocyte differentiation inhibition
Liver Hepatitis

Heart Concentric cardiac hypertrophy

Lungs Interstitial inflammation
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Physiology

TNF-a has several type of activities on different organ

structures, usually organized with interleukin-1 (IL-1)

and interleukin-6 (IL-6) that are given below:

[l On the hypothalamus: Stimulating the
hypothalamic pituitary adrenal axis by motivating
the release of corticotropin releasing hormone
(CRH), appetite suppression and Fever.

[l On the liver: Stimulation of the acute phase
response, leading to rise in C-reactive protein and
various other mediators. TNF-o also makes insulin
resistance by encouraging serine phosphorylation of
insulin receptor substrate-1 (IRS-1), which ruins
insulin signalling. It is a strong chemoattractant for
neutrocytes and stimulates the expression of
adhesion molecules on cells of endothelium.

[1 On macrophages: It stimulates the phagocytosis,
production of interleukin-1 oxidants and the
production of inflammatory lipid Prostaglandin E2
(PGE,).

[1 On food intake and metabolism: Controls bitter
taste observation. A low rise in concentration of
TNF will induce the cardinal signs of swelling to
occur: heat, redness, loss of function and pain.
While high rise in concentrations of TNF cause
shock like symptoms, the long contact to low
concentrations of TNF can outcomes in cachexia,

wasting syndrome.

On other tissues: Increasing the insulin resistance,
TNF phosphorylates insulin receptor serine residues,
obstructing signal transduction, TNF phosphorylates
the insulin receptor serine residue.

Effect of TNF-a In Treatment of Tumour

TNF-0 has been illustrated to exert cytostatic or
cytotoxic effects on certain animal and human cell lines.
The antitumor effects of TNF-a have been shown in
animal models and in human xenograft models. The
antitumor activity of TNF- o in human tumor xenograft
models is dependent on the method of administration of
drug, with high amount of continuous doses injected
directly into tumour. In breast cancer xenograft model,
TNF- o was locally injected, resulted in growth
inhibition of established tumours. Vascular effects are
critical for TNF- antitumor activity. The necrosis detected
following TNF-a remedy of isogenic mouse tumours and
human tumour xenografts is due to its effects on tumour
vascular endothelium like increased HLA (human
leukocyte antigen) expression, TNF-o on the
development of breast cancer cells might be correlated to
its interfering with signal transduction from growth
factor receptors. It destroys tumour blood vessels on high
dose with local administration and low chronic doses of
this cell signalling protein promote angiogenesis.

Table 1: Different molecular targets discovered for TNF-a founded cancer treatment.

Target

Targeting ligand

Human epidermal growth factor receptor- 2

Single chain variable fragment (scFv)

Melanoma gp240 antigen

Scfv, antibody

Transferrin receptor

Transferrin
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Figure 2: TNF-a in treatment of cancer.

Tumour Promoting Effects of TNF-a

TNF-a may also exert protumour effects. Some in vitro
and in vivo animal models of chemical carcinogenesis
recommended that TNF-o could favor cancer
development. Growth stimulating actions of TNF-a have

been studied in the model of skin tumour. In this study
the effects of TNF-o were studied in the dual stage.
Model of carcinogenesis where DMBA (9,10, dimethyl-
1,2-benzanthracene) was used as tumour initiator and TPA
(12-0-tetradecanoylphorbol-13-acetate) as a promotion.
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It was revealed that TNF-a had no effect on initiation of
tumour however influenced tumour promotion. Tumour
necrosis-alphacan be produced by breast tumour cells or
by cells that permeate the tumour. TAMs (Tumour
associated macrophages) are important components of
inflammatory permeates in neoplasm and these are
derived from monocytes that are recruited basically by
monocyte chemoattractant proteins (CCL2, CCLS,
CCL7). TAMs hawve a dual role in neoplasms: they may
destroy neoplastic cells following stimulation by
interleukin-2, interferon and interleukin-12, however
they also produce a various number of TNF-a mediators
that potentiate tumour dewvelopment (angiogenic and
lymphangiogenic growth factors, cytokines and
proteases). A main TAM derived inflammatory cytokine
shown to be greatly expressed in breast cancer is TNF-a.

A number of studies proposed that the prolonged
expression of TNFa in breast tumours essentially
supported tumour development. The numeral cells
expressing TNF-a in inflammatory breast tumour was
found to be linked with growing tumour grade and node
participation and TAM-derived TNF-o expression was
recommended to play a key role in the metastatic
behavior of breast cancer.

TNF-0 may force tumor progression and development by
various routes. It may produce expression of matrix
metalloproteinases (MMP), endothelial adhesion
molecules, promalignant chemokines and several
angiogenic mediators. TNF-a cause DNA destruction
reactive oxygen intermediates, whose complete effects
donate totumorigenesis.

Cytokines, inflammatory cells and chemokines are
essential reasons in tumour microenvironment and their
connections form a difficult web that might crucially
affecttumour progress. Tumour cells express chemokines
(CCL2 and CCL5). These chemoattractant proteins
produce monocyte movement to tumour sites. The

resulting TAMSs express numerous protumour
intermediaries like TNF-a. The expression of chemokine
ligand 5 (RANTES) was shown to be raised by TNF-a
single-handedly or in synergism with IFN-8 (interferon-
8) in diverse cells of breast cancer. Also macrophages,
TNF-a could be articulated by breast cancer cells and
stromal cellsaswell. Monocytes and additional peripheral
bloodleukocytes need the manufacture of MMP to travel
through basement layers. Gelatinases MMP-2 (matrix
metallopeptidase-2) and  MMP- 9 (matrix
metallopeptidase-9) are specially essential in this
procedure, as they are skilled of demeaning basement
membrane proteins. The production of these proteases is
important for tumour invasion as well. It is effective
stimulator of MMP-9 production in monocytes. TNF-a
contains the ability to stimulate the expression of
endothelial adhesion molecules. In breast carcinoma it
might control thymidine phosphorylase that is a
significant angiogenic enzyme intumour epithelial layer.
TNF-a might contribute to tumour dewvelopment by
improving the manufacture of reactive oxygen species
(ROS) by cancerous cells. Reactive oxygen species
induce mutagenic variations that could outcome in
improved DNA destruction and they prevent DNA repair
enzymes. As a final point, TNF-o stimulates
transcription factor NF-kB.

This cytokine is one of the intermediaries of breast
tumour that is related to bone metastasis activity. TNF-a
considered amajor mediator of cancer anorexia-cachexia
syndrome. Higher concentration of TNF-a in patients
with stage IV breast cancer who have developed weight
loss compared to patients with the same stage who had
not developed weight loss. Tumour necrosis alpha is also
a good regulator of oestrogen production in bordering
tissues together with usual and cancerous breast cells. It
raises the actions of enzymes that are involved in
oestrogen production: estradiol-17R3- hydroxysteroid
dehydrogenase, estrone sulphate and aromatase.
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TNF-q Inhibitor

A TNF-a inhibitor is a pharmaceutical medicine that
suppresses the body natural reaction of TNF-a, that is
fragment of the inflammatory response. TNF-a is
involved in immune-mediated and autoimmune disorders
like inflammatory bowel disease, rheumatoid arthritis,
refractory asthma and psoriasis. Therefore TNF-a
inhibitors may be used in treatment of above diseases.
The significant side effects of TNF-a inhibitors include
systemic side effects, lymphomas, demyelinating
disease, infections, congestive heart failure, induction of
auto-antibodies, a lupus-like syndrome, and injection site
reactions. Examples: infliximab (Remicade), golimumab
(Simponi), adalimumab (Humira), infliximab
(Remicade), certolizumab pegol (Cimzia), etanercept
(Enbrel), Thalidomide (Immunoprin) and its products,
pomalidomide (Imnovid), lenalidomide (Rewvlimid).
pentoxifylline) and bupropion.

Anti-TNF-a treatment has shown only special effects in
cancer treatment. Therapy renal cell carcinoma with
infliximab resulted in elongated disease stabilization in
some patients. Etanercept was tested for giving patients
with ovarian carcinoma and breast carcinoma displaying
elongated disease stabilization in some patients by down
regulation of CCL-2 and IL-6.

CONCLUSION

TNF-a are part of the complex contacts between tumour
and its microenvironment that can intensely affect
tumour actions. On low doses TNF-o stimulate
biological functions, medium doses cause stronger
stimulation, high doses inhibit the stimulation, and very
high doses lead to paralysis of biological functions and
structures.

TNF-a is a type of cytokine that contains protumor and
antitumor actions. The TNF-a inhibitor (medicines that
supress the physiological responses to TNF) like
Ingliximab (remicade) and gemcitabine (gemzar) used
for the treament of patient with advanced pancreatic
carcinoma. The multifunctional activities of TNF-a may
result in an progressively changed the use of this
cytokine.

REFERENCES

1. Vandenabeele P, Declercq W, Beyaert R, Fiers W.
Two tumour necrosis factor receptors: structure and
function. Trends Cell Biol, 1995; 5: 392-9.

2. Spriggs D, Imamura K, Rodrigues C, Horiguchi J,
Kufe E. W. Induction of tumor necrosis factor
expression and resistance in a human breast tumor
cell line. Proc Natl Acad Sci USA mgr na, 1987; 84:
6563-6566.

3. Coussens L. M, Werb Z. Inflammation and cancer.
Nature, 2000; 420: 860-867.

4. Tang P, Hung M-C, Klostergaard J. Human pro-
tumor necrosis factor is ahomotrimer. Biochemistry,
1996; 35: 8216-25.

5. Grell ME, Douni E, Wajant H, et al. The

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

transmembrane form of tumour necrosis factor is the
prime activating ligand of the 80 kDa tumour
necrosis factor receptor. Cell, 1995; 83: 793-802.
Utsumi T, Takeshige T, Tanaka K, et al.
Transmembrane TNF (pro-TNF) is palmitoylated.
FEBS Lett., 2001;500: 1- 6.

Pocsik E, Duda E, Wallach D. Phosphorylation g the
26 kDa TNF precursor in monocytic cells and in
transfected HeLacell. J Inflamm, 1995; 45: 152-60.
Shirai T, Yamaguchi H, Ito H, Todd C. W, Wallace
R. B. Cloning and expression in Escherichia coli of
the gene for human tumour necrosis factor. Nature,
1985; 313: 803-806.

Pennca D, Nedwin G. E, Hayflick J. S, Seeburg P.H,
Derynck R, Palladino M. A, Kohr W.J, Aggarwal B.
B, Goeddel D. V Human tumour necrosis factor:
precursor, structure, expression and homology to
lymphotoxin. Nature, 1984; 312; 724-729.

Beutler B, Greenwald D, Hulmes J. D, Chang M,
Pan Y. C, Mathison J, Ulevitch R, Cerami A
Identity of tumour necrosis factor and the
macrophage-secreted factor cachectin. Nature, 1985;
316:552-554.

Chen G, Goeddel D. V. TNF-R1 signaling: a
beautiful pathway. Science, 2002; 296:1634-1635.
Schneider-Brachert W, Tchikov V, Neumewer J,
Kob M, Winoto-Morbach S, Held-Feindt J, Heinrich
H, Merkel O, Ehrenschwender M, Adam D, Mentlein
R, Kabelitz D, Schutze S. Compartmentalization of
TNF receptor 1 signaling: internalized TNF
receptosomes as death signaling vesicles. Immunity,
2004; 21: 415-428.

Lin A, Karin M. NF-kappaB in cancer: a marked
target. Semin Cancer Biol, 2003; 13: 107-114.
Kucharczak J, Simmons M. J, Fan Y, Gelinas C. To
be, or not to be: NF-kappaB is the answer—role of
Rel/NF-kappaB in the regulation of apoptosis.
Oncogene, 2003; 22: 8961-8982.

Miles D. W, Happerfield L. C, Naylor M. S, Borrow
L. G, Rubens R. D, Balkwill F. R. Expression of
tumour necrosis factor (TNF alpha) and its receptors
in benign and malignant breast tissue. Int J Cancer,
1994;56:777-782.

De Kossodo S, Moore R, Gschmeissner S, East N,
Upton C, Balkwill F. R. Changes in endogenous
cytokines, adhesion molecules and platelets during
cytokine-induced tumour necrosis. Br J Cancer,
1995;72:1165-1172.

Shen W. H, Zhou J. H, Broussard S. R, Freund G. G,
Dantzer R, Kelley K. W. Proinflammatory cytokines
block growth of breast cancer cells by impairing
signals from a growth factor receptor. Cancer Res.,
2002;62:4746-4756.

Henderson H. S, Ross R. K, Bernstein L. Estrogens
as a cause of human cancer: The Richard and Hinda
Rosenthal Foundation Award Lecture. Cancer Res.,
1988;48: 246-53.

Russo j, Russo IH. Cellular basis of breast cancer
susceptibility. Oncol Res., 1999; 11(4): 169-78.
Bocchinfuso W. P, Korach K. S. Mammary gland

WWW.ejpmr.com

324



https://en.wikipedia.org/wiki/Inflammation
https://en.wikipedia.org/wiki/Rheumatoid_arthritis
https://en.wikipedia.org/wiki/Rheumatoid_arthritis
https://en.wikipedia.org/wiki/Psoriasis
https://en.wikipedia.org/wiki/Infliximab
https://en.wikipedia.org/wiki/Adalimumab
https://en.wikipedia.org/wiki/Certolizumab_pegol
https://en.wikipedia.org/wiki/Etanercept
https://en.wikipedia.org/wiki/Etanercept
https://en.wikipedia.org/wiki/Thalidomide
https://en.wikipedia.org/wiki/Lenalidomide
https://en.wikipedia.org/wiki/Pentoxifylline
https://en.wikipedia.org/wiki/Bupropion
https://en.wikipedia.org/wiki/Etanercept

Taniya etal.

European Journal of Pharmaceutical and Medical Research

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

development and tumorigenesis in estrogen receptor
knockout mice. J Mammary Gland Biol Neoplasia,
1997; 2: 323-334.

Cavalieri E. L, Stack D. E, Devanesan P. D,
Todorovic R, Dwivedy I, Higginbotham S,
Johansson S. L, Patil K. D, Gross.

M. L, Gooden J. K, Ramanathan R, Cerny R. L,
Rogan E. G. Molecular origin of cancer: catechol
estrogen- 3,4- quinones as endogenous tumor
initiators. Proc Natl Acad Sci USA, 1997; 94(20):
10937-42.

Bradlow H. L, Hershcopf R, Martucci C, Fishman J.
16 alpha-hydroxylation of estradiol: a possible risk
marker for breast cancer. Ann NY Acad Sci., 1986;
464: 138-151.

Mooberry S. L. Mechanism of action of 2-
methoxyestradiol: new developments. Drug Resist
Update, 2003; 6: 355— 361.

Cavalieri E. L, Rogan E. G. Unbalanced metabolism
of endogenous estrogens in the etiology and
prevention of human cancer. J Steroid Biochem Mol
Biol., 2011;125(3-5): 169-80.

Straub R. H. The complex role of estrogens in
inflammation. Endocr Rev., 2007;28: 521-574.
Coussens L. M, Werb Z. Inflammation and cancer.
Nature, 2002;420: 860-867.

Cole S. W. Chronic inflammation and breast cancer
recurrence. J Clin Oncol, 2009;27(21): 3418-9.
Beutler, B; Milsark, IW; Cerami, A. C. Passive
immunization against cachectin/tumor necrosis
factor protects mice from lethal effect of endotoxin.
Science,1985;229(4716): 869-871. Classical article.
Journal of Immunology, 2008; 181(1): 7-9.

Pierce B. L, Ballard-Barbash R, Bernstein L,
Baumgartner R. N, Neuhouser M. L, Wener M. H,
Baumgartner K. B, Gilliland F. D, Sorensen B. E,
McTiernan A, Ulrich C. M. Elevated biomarkers of
inflammation are associated with reduced survival
among breast cancer patients. J Clin Oncol, 2009;
27(21): 3437-44.

Rao V. P, Poutahidis T, Ge Z, Nambiar P. R,
Boussahmain C, Wang Y. Y, Horwitz B. H, Fox J.
G, Erdman S. E. Innate immune inflammatory
response against enteric bacteria Helicobacter
hepaticus induces mammary adenocarcinoma in
mice. Cancer Res., 2006; 66(15): 7395-400.
Connelly L, Barham W, Onishko H. M, Sherrill T,
Chodosh L. A, Blackwell T. S, Yull F. E. Inhibition
of NF-xB activity in mammary epithelium increases
tumor latency and decreases tumor burden.
Oncogene, 2011; 30(12): 1402-12.

Balkwill F. Tumor necrosis factor and cancer. Nat
Rev Cancer, 2009; 9(5): 361-71.

Leek R. D, Landers R, Fox S. B, Ng F, Harris A. L,
Lewis C. E. Association of tumor necrosis factor
alpha and its receptors with thymidine
phosphorylase expression in invasive breast
carcinoma. Br J Cancer, 1988; 77: 2246-2251.
Miles D. W, Happerfield L. C, Naylor M. S, Bobrow
L. G, Rubens R. D, Balkwill F. R. Expression of

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

tumor necrosis factor (TNF-a) and its receptors in
benign and malignant breast tissue. IntJ Cancer,1994;
56:777-782.

Sheen-Chen S. M, Chen W. J, Eng H. L, Chou F. F.
Serum concentration of tumor necrosis factor in
patients with breast cancer. Breast Cancer Res
Treat., 1997; 43: 211-215.

Balkwill F. Tumor necrosis factor or tumor
promoting factor?. Cytokine Growth Factor, 2002;
13:135-141.

Terry M. B, Gammon M. D, Zhang F. F, Tawfik H,
Teitelbaum S. L, Britton J. A, Subbaramaiah K,
Dannenberg A. J, Neugut A. I. Association of
frequency and duration of aspirin use and hormone
receptor status with breast cancer risk. JAMA, 2004;
291: 2433-2440.

Baumgarten S. C, Frasor J. Inflammation: an
instigator of more aggressive estrogen receptor ER-
positive breast cancers. Mol Endocrinol, 2012;
26(30): 360-71.

Goldberg J. E, Schwertfeger K. L. Proinflammatory
cytokines in breast cancer: mechanisms of action and
potential targets for therapeutics. Curr Drug Targets,
2010;11(9): 1133-46.

Purohit A, Newman S. P, Reed M. The role of
cytokines in regulating estrogen synthesis:
implications for the etiology of breast cancer. Breast
Cancer Res., 2002; 4(2): 65-9.

Herrmann M, Scholmerich J, Straub R. H. Influence
of cytokines and growth factors on distinct
steroidogenic enzymes in vitro: a short tabular data
collection. Ann NY Acad Sci., 2002;966: 166—186.
Tragiannidis A, Kyriakidis I, Zindorf I, Groll A. H.
Invasive fungal infections in pediatric patients
treated with tumor necrosis alpha (TNF-a)
inhibitors. Mycoses, 2016; 60(4): 222—-229.
Siddiqui A. M, Cui X, Wu R, Dong W, Zhou M, Hu
M, Simms H. H, Wang P. The anti-inflammatory
effect of curcumin in an experimental model of
sepsis is mediated by up-regulation of peroxisome
proliferator-activated receptor- gamma. Critical Care
Medicine, 2006; 34(7): 1874-82.

Okunieff P, Xu J, Hu D, Liu W, Zhang L, Morrow G,
Pentland A, Ryan J. L, Ding I. Curcumin protects
against radiation- induced acute and chronic
cutaneous toxicity in mice and decreases mRNA
expression of inflammatory and fibrogenic
cytokines. Int. J. Radiat. Oncol. Biol. Phys., 2006;
65(3): 890-8.

Gulcubuk A, Altunatmaz K, Sonmez K, Haktanir-
Yatkin D, Uzun H, Gurel A, Aydin S. Effects of
curcumin on tumour necrosis factor-alpha and
interleukin-6 in the late phase of experimental acute
pancreatitis. J Vet Med a Physiol Pathol Clin Med.,
2006; 53(1): 49-54.

Lantz R. C, Chen G. J, Solyom A. M, Jolad S. D,
Timmermann B. N. The effect of turmeric extracts
on inflammatory mediator production.
Phytomedicine, 2005; 12(6-7): 445-52.
Mechoulam, R; Peters, M; Murillo-Rodriguez, E;

WWW.ejpmr.com

325




Taniya etal.

European Journal of Pharmaceutical and Medical Research

49.

50.

51.

Hanus, L. O. Cannabidiol-recent advances.
Chemistry & Biodiversity, 2007; 4(8): 1678-1692.
Raduner S, Majewska A, Chen J. Z, Xie X. Q, Hamon
J, Faller B, Altmann K. H, Gertsch J. Alkylamides
from Echinacea are a new class of
cannabinomimetics. Cannabinoid type 2 receptor-
dependent and -independent immunomodulatory
effects. J. Biol. Chem., 2006; 281(20): 14192-206.
Vilcek, J. First demonstration of the role of TNFin
the pathogenesis of disease. Journal of Immunology,
2008; 181(1): 5-6.

Keffer J, Probert L, Cazlaris H, Georgopoulos S,
Kaslaris E, Kioussis D, Kollias G. Transgenic mice
expressing human tumour factor: a predictive
genetic model of arthritis. EMBO J., 1991; 10(13):
4025-31.

WWW.ejpmr.com

326




