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1. ABSTRACT

Chronic inflammation has long been associated
with the development of cancer, ever since Rudolf
Virchow's first observation that leukocytes were present in
neoplastic tissue more than 130 years ago. Recent
evidences have reignited the interest of cancer researchers
in the exciting concept of an association between chronic
inflammation and cancer. Tumor necrosis factor alpha
(TNF-alpha), initially discovered as a result of its antitumor
activity, has now been shown to be one of the major
mediators of inflammation. Induced by a wide range of
pathogenic stimuli, TNF-alpha induces other inflammatory
mediators and proteases that orchestrate inflammatory
responses. TNF-alpha is also produced by tumors and can
act as an endogenous tumor promoter. The role of TNF-
alpha has been linked to all steps involved in
tumorigenesis, including  cellular  transformation,
promotion, survival, proliferation, invasion, angiogenesis,
and metastasis. How TNF-alpha acts as a masterswitch in
establishing an intricate link between inflammation and
cancer is the focus of this review.
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2. INTRODUCTION

Tumor necrosis factor (TNF)-alpha and TNF-
beta, produced primarily by monocytes and lymphocytes,
respectively, were first isolated in 1984, as cytokines that
kill tumor cells in culture and induce tumor regression in
vivo (1). Intravenous administration of TNF to cancer
patients produced numerous toxic reactions including fever
(2). In animal studies, TNF has been shown to mediate
endotoxin-mediated septic shock (3). Other reports have
indicated that dysregulation of TNF synthesis mediates a
wide variety of diseases including cancers and various
inflammatory conditions such as rheumatoid arthritis,
inflammatory bowl disease (also called Crohn’s disease).

3. TNF-ALPHA CELL-SIGNALING

TNF-alpha is a transmembrane protein with a
molecular mass of 26 kDa that was originally found to be
expressed in macrophages and has now been found to be
expressed by a wide variety of cells. In response to various
stimuli, TNF-alpha is secreted by the cells as a 17 kDa
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Figure 1. TNF signaling pathway.

protein through a highly regulated process that involves an
enzyme TNF-alpha-activating converting enzyme (TACE)

4.

TNF-alpha mediates its effects through two
different receptors: TNF-alpha receptor I (also called p55
or p60) and TNF-alpha receptor II (also called p75 or p80).
While TNF-alpha receptor I is expressed on all cell types in
the body, TNF-alpha receptor II is expressed selectively on
endothelial cells and on cells of the immune system (4, 5).
TNF-alpha binds to two receptors with comparable affinity.
Why there are two different receptors for TNF-alpha is
incompletely understood. Evidence related to differential
signaling (5), ligand passing (6), binding to soluble TNF-
alpha vs transmembrane TNF-alpha  (7) has been
presented.

The cytoplasmic domain of the TNF-alpha
receptor I has a death domain, which has been shown to
sequentially recruit TNF-alpha receptor-associated death
domain (TRADD), Fas-associated death domain (FADD),
and FADD-like ICE (FLICE) (also called caspase-8),
leading to caspase-3 activation, which in turn induces
apoptosis by inducing degradation of multiple proteins (8).
TRADD also recruits TNF receptor-associated factor
(TRAF2), which through receptor-interacting protein (RIP)
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activates lkappaBalpha kinase (IKK) leading to
IkappaBalpha  phosphorylation,  ubiquitination, and
degradation, which finally leads to NF-kappaB activation.
NF-kappaB activation is followed by the expression of
various genes that can suppress the apoptosis induced by
TNF-alpha. Through recruitment of TRAF2, TNF-alpha
has also been shown to activate various mitogen-activated
protein kinases (MAPK) including the c-jun N-terminal
kinases (JNK) p38 MAPK and p42/p44 MAPK. TRAF2 is
also essential for the TNF-alpha-induced activation of
AKT, another cell-survival signaling pathway (Figure 1).
Thus TNFRI activates both apoptosis and cell survival
signaling pathways simultaneously (9-11).

In contrast to TNFR1, the cytoplasmic domain of
TNFR2 lacks the death domain and binds TRAFI1 and
TRAF2 directly. Through activation of JNK, TNF-alpha
activates AP-1, another redox-sensitive transcription factor.
Gene-deletion studies have shown that TNFR2 can also
activate NF-kappaB, JNK, p38 MAPK and p42/p44 MAPK
(12). TNFR2 can also mediate TNF-alpha-induced
apoptosis (13). Because TNFR2 cannot recruit TRADD-
FADD-FLICE, how TNFR2 mediates apoptosis is not
understood.  Various pieces of evidence suggest that
homotrimeric TNF-alpha binds to homotrimeric TNF-alpha



Role of TNF in carcinogenesis

Immunomodulation

Immune surveillance

Haematopoiesis

Innate immunity

Dendritic cell maturation

Protection from bacterial
infection

Tumor regression

Tumorigenesis

Cellula_r transfnrmat_inn

Tumor initiation

Tumor promotion

Tumor pl'lﬂilifEI‘ﬂﬁﬂﬂ

 Tumor invasion

.TITI mor angiuge nesis

Tumor metastasis

" Chemoresistance
& radioresistance

Figure 2. Dual role of TNF in immunomodulation and tumorigenesis.

receptor to mediate its signals (14). TNF-alpha receptor
deletion studies have provided evidence that this receptor
communicates with receptors for other ligands, including
receptor activator of NF-kappaB ligand (RANKL, a
member of the TNF superfamily), and endotoxin (15, 16).

4. ROLE OF TNF-ALPHA IN INFLAMMATION

Inflammation is the physiologic response to
injury caused by wounding, chemical irritation/damage, or
infection. Acute inflammation initiates a cascade of
cytokines and chemokines that attract immune and non-
immune cells, mainly neutrophils, to infiltrate disrupted
and damaged tissue. The process of acute inflammation is
usually self-limiting because the production of pro-
inflammatory cytokines is replaced by anti-inflammatory
cytokines as healing progresses. However, in chronic
inflammation other mononuclear cells, macrophages,
lymphocytes, and plasma cells are found in addition to
neutrophils, and active tissue destruction and repair proceed
simultaneously (17-19). Acute inflammation is therapeutic
in nature and counteracts cancer (20).

However, when inflammation becomes chronic
or lasts too long, it can prove harmful and may lead to
disease. How is inflammation diagnosed and its biomarkers
is not fully understood, however, the role of pro-
inflammatory cytokines, chemokines, adhesion molecules
and inflammatory enzymes have been linked with chronic
inflammation (21). Various clinical and epidemiologic
studies have suggested a strong association between
chronic inflammation, and cancer (21, 22). For example,
there are strong associations between alcohol abuse, which
leads to inflammation of the liver and pancreas, and cancers
of these organs. Cigarette smoking, asbestos exposure, and
silica exposure are each associated with inflammation of
the lung and lung carcinoma; inflammatory bowel disease
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(IBD) is associated with colon cancer; infection with
Helicobacter pylori is associated with gastric carcinoma;
chronic viral hepatitis is associated with liver cancer;
infection with Schistosoma spp. is associated with bladder
and colon carcinoma; infection with some strains of HPV is
associated with cervical cancer; and infection with EBV is
associated with Burkitt lymphoma and nasopharyngeal
carcinoma (18-21, 23). Chronic inflammation has been
linked to various steps involved in tumorigenesis, including
cellular transformation, promotion, survival, proliferation,
invasion, angiogenesis, and metastasis (Figure 2). Recent
data from mouse models of human cancer have established
that inflammation, which orchestrates the tumor
microenvironment, is a critical component of both tumor
promotion and tumor progression (24-26).

The pro-inflammatory effects of TNF-alpha are
primarily due to its ability to activate NF-kappaB. Almost
all cell types, when exposed to TNF-alpha, activate NF-
kappaB, leading to the expression of inflammatory genes.
Over 400 genes have been identified that are regulated by
NF-kappaB activation. These include cyclooxygenase-2
(COX-2), lipoxygenase-2  (LOX-2), cell-adhesion
molecules, antiapoptotic proteins, inflammatory cytokines,
chemokines, and inducible nitric oxide synthase (iNOS).
TNF-alpha produced by tumor cells or inflammatory cells
in the tumor microenvironment can promote tumor cell
survival through the induction of genes encoding NF-
kappaB-dependent antiapoptotic molecules (27-29). The
present review will discuss the role played by TNF-alpha in
steps leading to formation of tumors and their metastasis.

5. ROLE OF TNF-ALPHA IN TUMORIGENESIS
TNF-alpha is a critical component of effective immune

surveillance and is required for proper proliferation and
function of NK cells, T cells, B cells, macrophages, and
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Figure 3. A scheme for inflammation induces cancer.

dendritic cells. However, when dysregulated TNF-alpha
has been linked to a wide variety of cancers (30-32). The
role of TNF-alpha has been linked to all steps involved in
tumorigenesis, including  cellular  transformation,
promotion, survival, proliferation, invasion, angiogenesis,
and metastasis, as shown in Figure 3 and outlined below.

5.1. TNF-alpha can induce tumor initiation
and promotion

A number of reports indicate that TNF-alpha
induces tumor initiation and tumor promotion (5, 21, 32).
Komori’s group reported that human TNF-alpha is 1000
times more effective than the chemical tumor promoters
okadaic acid and 12-O-tetradecanoylphorbol-13-acetate
in inducing cancer. Once initiated with these chemical
carcinogens and exposed for 2 weeks to TNF-alpha,
BALB/3T3 cells underwent transformation and yielded
tumors in nude mice (33). The essential role of TNF-
alpha in tumor promotion has also been demonstrated
using TNF-alpha-deficient mice. Specifically, okadaic
acid did not show any tumor-promoting activity in TNF-
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alpha " mice after up to 19 weeks of tumor promotion,
whereas okadaic acid induced strong tumor-promoting
activity in TNF-alpha ** mice. Tumor development in
TPA-treated TNF-alpha ** mice was delayed, and both
the average number of tumors per mouse and the tumor
size were dramatically reduced compared with results for
TNF-alpha """ CD-1 mice (34). Similarly, in a model of
chemically induced liver cancer, TNF-alpha production
by hepatocytes was implicated in tumor development
(35). All these reports establish that TNF-alpha plays a
critical role in tumor promotion.

5.2. Tumor cells produce TNF-alpha and
mediate proliferation

Although initially thought to be a product of
macrophages, TNF-alpha has now been shown to be
produced by a wide variety of tumor cells, including
those of B cell lymphoma (36, 37), cutaneous T cell
lymphoma (38), megakaryoblastic leukemia (39), adult T
cell leukemia (40), AML, CLL (41), ALL (42), breast
carcinoma (43), colon carcinoma, lung carcinoma,
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squamous cell carcinoma, pancreatic cancer (44, 45),
ovarian carcinoma (46-48), cervical epithelium (49),
glioblastoma (50), and neuroblastoma (38, 41, 42, 46, 50,
51). In most of these cells, TNF-alpha acts as an
autocrine growth factor (36-51); however, in some cell
types TNF-alpha induces the expression of other growth
factors, which mediate proliferation of tumors. For
instance, in cervical cells TNF-alpha induces
amphiregulin, which induces the proliferation of cells
(49), whereas in pancreatic cells TNF-alpha induces the
expression of epidermal growth factor receptor (EGFR)
and transforming growth factor (TGF-alpha), both of
which mediate proliferation (45).

TNF-alpha is expressed by human ovarian
carcinoma in vivo (47). Four of five ascites fluid
specimens and tissue sections of 16 of 20 patients were
shown to be positive for TNF-alpha. The gene for TNF-
alpha was expressed in 45 of 63 biopsies of human
epithelial ovarian cancer (48). In serous tumors, there
was a positive correlation between the level of TNF-a
expression and tumor grade. TNF-alpha mRNA was
found in epithelial tumor cells and infiltrating
macrophages, whereas TNF-alpha protein localized
primarily to a subpopulation of macrophages within and
in close proximity to tumor areas. mRNA and protein for
the p55 TNF-alpha receptor gene localized to the tumor
epithelium and tumor but not to stromal macrophages.
Cells expressing TNF mRNA were also found in ovarian
cancer ascites, and TNF-alpha protein was detected in
some ascetic fluids. In 2 of 12 biopsies of normal ovary,
TNF-alpha mRNA was detected in a minority of cells in
the thecal layer of the corpus luteum. The coexpression
of TNF-alpha and its receptor in ovarian cancer biopsies
suggests the capacity for autocrine/paracrine action.
TNF-alpha antagonists may have therapeutic potential in
this malignancy.

TNF-alpha is constitutively produced by B-cell
chronic lymphocytic leukemia (B-CLL) and hairy cell
leukemia (HCL) cells and may play a relevant role in
these diseases (52). These conclusions are based on the
presence of circulating levels of TNF-alpha in the serum
of 20 of the 24 patients tested, with undetectable values
found in normal sera. When primary B-CLL cells were
incubated in the presence of an anti-TNF-alpha antibody,
increased thymidine uptake was documented. Thus,
TNF-alpha plays a regulatory role in the progression of
the neoplastic clone in B-cell chronic
lymphoproliferative disorders.

TNF-alpha serves predominantly as a mitogen
for Mo7e cell proliferation and does not induce Mo7e
cell differentiation (39). Coincubation with both TNF-
alpha and anti-TNF-alpha neutralizing antibody
completely abolishes the TNF-alpha-induced
proliferation of Mo7¢ cells. We found that TNF-alpha is
an autocrine growth factor for human glioblastoma tumor
cells and that suppression of TNF-alpha secretion will
inhibit the growth of this tumor (50). TNF-alpha also
acts as an autocrine growth factor for neuroblastoma
(51). There is also an evidence of a crosstalk between
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inflammatory cytokines and growth factor pathways.
TNF-alpha decreased the expression of ERBB2 mRNA
by stimulating pS5 TNF-alpha receptors of pancreatic
tumor cells (44). This decrease contrasts with an increase
in epidermal growth factor receptor (EGFR) mRNA. This
decrease of ERBB2 is a singular example of a
modulation of this growth factor receptor by TNF-alpha.
Overexpression of ERBB2 has been reported to cause
resistance to TNF and other cytotoxic cytokines. TNF-
mediated downregulation of ERBB2 in pancreatic tumor
cells is accompanied by an increase in growth inhibition
at low doses of TNF-alpha. TNF-alpha has been shown
to induce the expression of TGF-alpha and EGFR in
human pancreatic cancer cells. The simultaneous
induction of a ligand/receptor system by TNF-alpha
suggests that this cytokine modulates autocrine growth-
regulatory pathways in pancreatic cancer cells (45).

The mechanism of TNF-alpha production by
tumor cells is not fully wunderstood. TNF-alpha
polymorphism is associated with increased susceptibility
to development of ATL/lymphoma in human T-
lymphotropic virus type 1 (HTLV-1) carriers (40). It has
been found that the frequency of the TNF-alpha-857T
allele, reported to be associated with high transcriptional
activity of the promoter/enhancer region of the TNF-
alpha gene, was enriched in individuals with ATL
compared with healthy carriers. Genetic polymorphism
leading to increased TNF-alpha production may enhance
susceptibility to ATL among HTLV-1 carriers.

5.3. TNF can induce invasion and angiogenesis
of tumor cells

Although loss of cell-cell adhesion and gain of
invasive properties play a crucial role in malignant
progression of epithelial tumors, the molecular signals
that trigger these processes have not been fully
elucidated. TNF-alpha has been shown to confer an
invasive, transformed phenotype on mammary epithelial
cells (43). This suggests that pro-inflammatory cytokines
disrupt epithelial-cell adhesion and promote cell
migration. This suggests an essential role for MMPs and
alpha2betal integrins in the invasive response of 31EG4-
2A4 cells to TNF-alpha. TNF-alpha induces angiogenic
factor upregulation in malignant glioma cells (53). This
upregulation in turn promotes angiogenesis and tumor
progression. There is a marked upregulation (RNA and
protein) of TNF-alpha, IL-8, and, to a lesser extent,
vascular endothelial growth factor (VEGF) in U251
glioma cells after stimulation with TNF-alpha.

Cellular motility is a critical function in
embryonic development, tissue repair, and tumor
invasion. TNF-alpha stimulates epithelial tumor cell
motility (54). TNF-alpha could enhance invasiveness of
some carcinomas or stimulate epithelial wound healing
in vivo. Whether TNF-alpha-induced angiogenesis is
mediated through TNF-alpha itself or indirectly through
other TNF-alpha induced angiogenesis-promoting factors
has been investigated (55). The involvement of IL-8,
VEGF, and betaFGF has been documented in TNF-
alpha-dependent angiogenesis. TNF-alpha-dependent
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tubular morphogenesis in vascular endothelial cells was
inhibited by the administration of anti-IL-8, anti-VEGF,
and anti-betaFGF antibodies, and co-administration of all
three antibodies almost completely abrogated tubular
formation. Administration of an anti-IL-8 or anti-VEGF
antibody also blocked TNF-alpha-induced
neovascularization in the rabbit cornea in vivo. Thus,
angiogenesis by TNF-alpha appears to be modulated
through various angiogenic factors, both in vitro and in
vivo, and this pathway is controlled through paracrine
and/or autocrine mechanisms.

Macrophages are important in the induction of
new blood vessel growth during wound repair,
inflammation, and tumor growth. It has been
demonstrated that macrophage-induced angiogenesis is
mediated by TNF-alpha (56). In vivo, TNF-alpha induces
capillary blood vessel formation in the rat cornea and the
developing chick chorioallantoic membrane at very low
doses. In vitro, TNF-alpha stimulates chemotaxis of
bovine adrenal capillary endothelial cells and induces
cultures of these cells grown on type-1 collagen gels to
form capillary tube-like structures. The angiogenic
activity produced by activated murine peritoneal
macrophages is completely neutralized by a polyclonal
antibody to TNF-alpha, suggesting that immunological
features are common to TNF-alpha and the protein
responsible for macrophage-derived angiogenic activity.
In inflammation and wound repair, TNF-alpha could
augment repair by stimulating new blood vessel growth;
TNF-alpha might stimulate tumor development by
promoting vessel growth in the tumor.

5.4. Role of TNF-alpha and its receptor in
cancer development

The role of both TNF-alpha and its receptors
has been examined in cancer development. Various
approaches, including genetic deletion, transgenic
models, antibodies and soluble receptors as decoys, have
been used to gain insight into the role of TNF-alpha in
tumor development. Studies have shown that tumor
necrotic factor receptor (TNFR-1)-mediated signaling is
required for skin cancer development induced by NF-
kappaB inhibition (57). This suggests a critical role of
local TNFR1-mediated signaling and associated
inflammatory response cooperating with repressed
keratinocyte NF-kappaB signaling in driving skin cancer
development. An essential role of TNFR p55 has been
determined in the liver metastasis of intrasplenic
administration of colon 26 cells (58). TNFR p55-
mediated signals can upregulate both VCAM-1
expression in the liver and subsequent liver metastasis
after  intrasplenic  tumor injection. Two-stage
carcinogenesis experiments on TNF”" mice have shown
that TNF-alpha is the key cytokine for tumor promotion
in mouse skin and, very possibly, for carcinogenesis in
humans as well (34).

Pretreatment with the four cancer-preventive
agents -- sarcophytol A, canventol, (-)-epigallo-catechin
gallate, and tamoxifen -- inhibited TNF-alpha mRNA
expression and TNF-alpha release in BALB/3T3 cells
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induced by the tumor promoter okadaic acid while
enhancing the expression of early response genes (c-jun,
junB, c-fos, and fosB), thus suggesting that inhibition of
TNF-alpha mRNA expression and its release is a new
process of cancer prevention (59). It has been further
shown that a pro-inflammatory cytokine is required for
de novo carcinogenesis and that TNF-alpha is important
to the early stages of tumor promotion (60). TNF-alpha™
mice were resistant to the development of benign and
malignant skin tumors, whether induced by initiation
with DMBA and promotion with TPA or by repeated
dosing with DMBA. TNF-alpha” mice developed 5-10%
the number of tumors developed by wild-type mice
during initiation/promotion and 25% of those in wild-
type mice after repeated carcinogen treatment. TNF-
alpha could influence tumor and stromal cells during
tumor development. The early stages of TPA promotion
are characterized by keratinocyte hyperproliferation and
inflammation. These were diminished in TNF—alpha'/'
mice. Deletion of a TNF-alpha-inducible chemokine also
conferred some resistance to skin tumor development.
TNF-alpha had little influence on later stages of
carcinogenesis, as tumors in wild-type and TNF-alpha™
mice had similar rates of malignant progression.
Strategies that neutralize TNF-alpha production may be
useful in cancer treatment and prevention.

Hepatic stem cells (oval cells) proliferate
within the liver after exposure to a variety of hepatic
carcinogens and can generate both hepatocytes and bile
duct cells. Oval cell proliferation is commonly seen in
the preneoplastic stages of liver carcinogenesis, often
accompanied by an inflammatory response. TNF-alpha is
also important in liver regeneration and hepatocellular
growth. It has been demonstrated that TNF-alpha is
upregulated during oval cell proliferation induced by a
choline-deficient, ethionine-supplemented diet and that it
is expressed by oval cells (35). In TNFR1-knockout
mice, oval cell proliferation is substantially impaired and
tumorigenesis is reduced. Oval cell proliferation is
unchanged in TNFR2-knockout mice. These findings
demonstrate that TNF-alpha signaling participates in the
proliferation of oval cells during the preneoplastic phase
of liver carcinogenesis and that loss of signaling through
the TNFR1 reduces the incidence of tumor formation.
Thus the TNF-alpha inflammatory pathway may be a
target for therapeutic intervention during the early stages
of liver carcinogenesis.

Endogenous and exogenous TNF-alpha showed
enhancement of metastasis in an experimental
fibrosarcoma metastasis model (61). A single
intraperitoneal injection of recombinant human (rh)
TNF-alpha or recombinant mouse (rm) TNF-alpha into
mice S5 h before intravenous inoculation of
methylcholanthrene-induced fibrosarcoma cells (CFS1)
significantly enhanced the number of metastases in the
lung. Neutralization of endogenous tumor-induced TNF-
alpha led to a significant decrease of the number of
pulmonary metastases. The expression of TNF-alpha by
different tumor cell lines results either in tumor
suppression or augmented metastasis (62). TNF-alpha
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expression can also induce resistance to TNF-alpha in
human breast tumor cell lines (63).

6. INHIBITORS OF TNF-ALPHA

On the basis of the above descriptions, TNF blockers have
tremendous potential for the treatment of various types of
cancers. Several classes of TNF-alpha inhibitors are
available, and these are discussed below.

6.1. TNF-alpha antibodies

The best studied of the monoclonal TNF-alpha
antibodies is infliximab (Remicade), originally referred
to as cA2. Infliximab binds with high specificity and
affinity to free and membrane-bound TNF-alpha, which
is expressed at the cell surface by activated T cells and
macrophages (64). Adalimumab (Humira) is a human
monoclonal IgG, antibody containing only human
peptide sequences. It binds with high specificity and
affinity to soluble and membrane-bound TNF-alpha and
blocks its interaction with the p55 and p75 cell surface
TNF receptors, thereby neutralizing the biological
activities of this cytokine (65). However, these
antibodies have demonstrated several potentially serious
adverse effects that include greater predisposition
towards infection, congestive heart failure, neurologic
changes (e.g., demyelination), lymphomas, re-
exacerbation of latent tuberculosis and problems related
to autoimmunity, for example lupus-like syndrome (66).

6.2. Soluble TNF-alpha receptors

In the second approach to TNF-alpha
inhibition, soluble TNF receptors have been engineered
as fusion proteins in which the extracellular ligand-
binding portion of TNFRI or TNFR2 is coupled to a
human immunoglobulin-like molecule. Etanercept
(Enbrel) is a recombinant human fusion protein that
consists of two soluble p75 TNF receptors and the F,
portion of human IgG; (67). Etanercept possesses a
dimeric structure with high affinity to TNF-alpha, and
the linkage to the F. portion of human IgG produces a
longer half-life. Etanercept is better at neutralizing TNF-
alpha than is the monomeric soluble p75 receptor. The
various side effects observed include lymphomas, re-
exacerbation of latent tuberculosis, and problems related
to autoimmunity (66). Recent studies indicate that
administration of TNF-alpha inhibitors can even lead to
psoriasis (68) and contribute to the severity of the
disease in paracoccidioidomycosis (69).

Besides p75, TNF-alpha has been shown to
bind to p55 receptor with an affinity either equal or even
greater than p75 (70). Although soluble p75 receptors
clearly can sequester TNF-alpha, very little is known
about the ability of the soluble form of the p55 receptor
to sequester TNF-alpha in vivo.

6.3. Inhibitors of TNF-alpha expression

Several compounds that can inhibit both TNF-
alpha expression and synthesis are also available. These
include thalidomide ([+]-alpha-phthalimidoglutarimide),
which is currently being used for treatment of multiple
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myeloma (71, 72), and pentoxifylline, used to treat leg pain
caused by poor blood circulation (73). Thus these agents
may be useful for the treatment of various cancers and
autoimmune diseases mediated by TNF-alpha.

6.4. Inhibitors of TNF-alpha oligomerization

Some inhibitors that can suppress
oligomerization of TNF-alpha are also known. Steed and
coworkers (74) designed a novel dominant-negative
variant TNF-alpha protein that rapidly forms
heterotrimers with native TNF-alpha to give complexes
that neither bind to nor stimulate signaling through TNF-
a receptors and thus inactivate TNF-alpha by
sequestration. He et al. (75) identified another small-
molecule inhibitor that promotes subunit disassembly of
trimeric TNF-alpha. This compound inhibited TNF-alpha
activity in biochemical and cell-based assays, with
median inhibitory concentrations of 22 and 4.6
micromolar, respectively. Formation of an intermediate
complex between the compound and the intact trimer
resulted in a 600-fold accelerated subunit dissociation
rate that led to trimer dissociation.

6.5. Inhibitors
pathways
TNF-alpha activates cell survival signaling
pathways, i.e., NF-kappaB, Akt, and MAPK pathways, as
well as apoptotic pathways such as JNK, p38, and AP-1.
Hence, inhibitors that target these pathways also have
potential against various proinflammatory conditions
mediated by TNF-alpha. For example, TNF-alpha activates
NF-kappaB, which in turn regulates TNF-alpha production
(32). Hence various NF-kappaB blockers (both synthetic
and natural) are currently available on the market and
effective against a wide variety of inflammatory conditions.

of TNF-alpha-induced signaling

7. NATURAL PRODUCTS AS INHIBITORS OF TNF-
ALPHA

Numerous plant-derived products have been
identified that can suppress TNF-alpha expression from
macrophages activated by numerous inflammatory
stimuli (76-114, see Table 1). These include curcumin,
resveratrol, emodin, silymarin, and others. Thus these
products are likely to be useful for the treatment of
cancer and autoimmune diseases mediated by TNF-
alpha.

8. CONCLUSION

TNF-alpha clearly plays a major role in
establishing a link between inflammation and cancer.
Because TNF-alpha is also needed for the proper
functioning of the immune system, complete suppression of
TNF-alpha over a long period is likely to prove harmful.
Any chronic inflammatory condition, linked to majority of
the inflammatory diseases, could be a potential target for
anti-TNF-alpha therapy. Thus the development of
inhibitors that are orally active, safe, and inexpensive
would have major potential. Because of long-term safety
and cost, nutraceuticals derived from fruits and vegetables,
that can suppress TNF-alpha expression and TNF-alpha
signaling, should be explored clinically for efficacy.
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Table 1. A list of natural products that inhibit tumor necrosis factor expression

Name of natural products and their inhibitory mechanism Ref
ACA and AEA inhibits LPS, cytokine, and amyloid Abeta peptide-induced TNF-alpha expression in THP-1 cell line | 76, 77
and antigen-IgE antibody induced TNFo in RBL-2H3 cells in mice

Allium sativum inhibits LPS-stimulated TNF-alpha expression in human placental explants 78
Aloe vera inhibits burn induced TNF-alpha expression in rats 79
Aloe barbadensis inhibits UVB irradiation-induced TNF-alpha expression in KB cells 80
Asparagus cochinchinensis inhibits LPS induced TNF-alpha expression in primary cultures of mouse astrocytes 81
Bisdemethoxycurcumin inhibits antigen-IgE induced TNF-alpha expression in RBL-2H3 cells 82
Butein inhibits LPS induced TNF-alpha expression in RAW 264.7 cells 83
Cardamomin inhibits LPS induced TNF-alpha expression in RAW 264.7 cells 84
Curcumin inhibits LPS induced TNF-alpha expression in Mono Mac 6 cells and in MCL cells 85, 86
Diphenyl dimethyl bicarboxylate inhibits concanavalin A induced TNF-alpha expression in mice 87
Emodin inhibits IL-1beta and IL-6 induced TNF-alpha expression in human mesangial cells 88
Epigallocatechin gallate inhibits bacterial infection induced TNF-alpha expression in MH-S cells 89
F022 inhibits LPS induced TNF-alpha in murine peritoneal macrophages 90
Ginkgolide B inhibits LPS induced TNF-alpha production in mouse peritoneal macrophages and in RAW 264.7 cells | 91, 92
2'-hydroxychalcone inhibits LPS induced TNF-alpha expression in RAW 264.7 cells 93, 94
Hypoestoxide inhibits LPS induced TNF-alpha expression in normal human peripheral blood mononuclear cells 95
Inula britannica inhibits LPS induced TNF-alpha expression in RAW 264.7 cells 96
Lonicera japonica inhibits trypsin induced TNF-alpha expression HMC-1 97
Neolignans and lignans inhibits LPS induced TNF-alpha expression in RAW 264.7 cells 98
Patridoids I, IT and ITA inhibits LPS induced TNF-alpha expression in RAW 264.7 cells 99
Phthalide lactone inhibits LPS induced TNF-alpha expression in monocytes 100
Phloroglucinol derivatives inhibits LPS induced TNF-alpha expression in RAW 264.7 cells 101
Platycodin D and D3 inhibits LPS and rIFN-gamma induced TNF-alpha expression in RAW 264.7 cells 102
Phlebodium decumanum inhibits LPS and IFN-gamma induced TNF-alpha expression in peripheral blood [ 103
mononuclear cells

Phyllanthus amarus inhibits LPS induced TNF-alpha expression in RAW 264.7 cells '™

Polygala tenuifolia inhibits LPS induced TNF-alpha expression in primary cultures of mouse astrocytes 105
Resveratrol inhibits LPS induced TNF-alpha expression in microglia 106
14,15-secopregnane derivatives, argelosides K-O (1-5), inhibits LPS induced TNF-alpha expression in RAW 264.7 | 107
cells

Tanacetum microphyllum in LPS induced TNF-alpha expression mouse peritoneal macrophages 108
Taraxacum officinale inhibits LPS induced TNF-alpha expression in rat astrocytes 109
Delta(9)-tetrahydrocanabinoid acid inhibits LPS induced TNF-alpha expression in U937 macrophages and | 110
peripheral blood macrophages

Theobroma cacao inhibits LPS and IFN-gamma induced TNFo expression in RAW 264.7 and NR8383 cells 111
Uncaria guianensis inhibits LPS induced TNF-alpha expression in RAW 264.7 cells 112
Yakuchinone A and B inhibits 12-O-tetradecanoylphorbol-13-acetate induced TNF-alpha expression in mouse skin 113
Zingiber officinale inhibits LPS, cytokine, and amyloid Abeta peptide-induced TNF-alpha expression in THP-1 cells | 79
Zostera japonica inhibits LPS induced TNF-alpha expression in J774A.1 murine macrophages 114
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