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TNF-0, a good or bad factor in hematological diseases?
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Abstract: Tumor necrosis factor-alpha (TNF-a) is a highly pleiotropic cytokine involved in a spectrum

of physiological processes that control inflammation, anti-tumor responses and homeostasis through two

receptors, TNF-R1 and TNF-R2. In general, TNF-R1 mediates cytotoxicity, resistance to infection and

stimulation of NF-kB. By contrast, TNF-R2 has been implicated in proliferation of T-cell line, thymocytes

and human mononuclear cells. Hematological malignancies are the types of cancer that affect normal

hematopoiesis, have a speedy development, high lethal rate and until now still have no effective treatment.

Several studies have shown that inflammatory cytokines play an important role in the onset and progress of

these diseases. In this review, we summarize the recent studies and evaluate the positive or negative role of

TNF-a in some hematological malignancies or diseases with a malignant tendency.
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Introduction

Hematological malignancies are a group of diseases involved
with blood, bone marrow (BM) and lymph nodes, including
acute myeloid leukemia (AML), lymphoma, multiple
myeloma (MM), and so on. Accumulating evidences have
shown that inflammatory environment and cytokines play a
pathological role in the onset and progress of hematological
malignancies. Tumor necrosis factor-alpha (TNF-a), one of
the best characterized cytokines, was discovered in the mouse
serum during endotoxemia and recognized for its anti-tumor
activity (1). In the 1980s, TNF-a was also characterized as
cachectin (2) for its role in the wasting syndrome, and as
T-lymphocyte differentiation factor (3). Cloning of TNF
gene in 1984 (4) led to the era of clinical experimentation.
TNF gene is located on chromosome 6p21.3 and is
mainly expressed by activated macrophages, NK-cells and
T-lymphocytes, even other cell types (e.g., fibroblasts,
astrocytes, Kupffer cells, smooth-muscle cells, keratinocytes,
and tumor cells) have been shown to express it (5).
Regulation of TNF-a biosynthesis has been observed
mainly at the level of transcription, mRNA export, post-
transcription and translation. Induction of TNF-a gene
transcription is cell-type specific and stimulus specific,
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which involves the recruitment of distinct sets of
transcription factors to the promoter region, including
NF-«B, Spl, NF-AT, ATF-2, c-jun and CREB, among
others (6). Post-transcriptional regulation may influence
the level of mRNA translation and is mediated in part
by specific and conserved sequences within the mRNA.
Such sequences include the adenosyl-uridyl-rich elements
(AREs) and micro-RNA (miRNA) target sites present in
the 3’-untranslated region. ARE bind to specific proteins,
which regulate mRINA stability or translation in response
to both external and internal stimuli. miRNAs are small
noncoding RNA molecules that recruit a protein complex to
a complementary target mRNA, which results in translation
repression or degradation of mRNA (7).

TNF-a is a highly pleiotropic cytokine involved
in spectrum of physiological processes that control
inflammation, anti-tumor responses and homeostasis
through engagement of two cognate single-pass
transmembrane glycoprotein receptors: TNF-R1 and
TNF-R2. This cytokine can be either membrane-bound
or secreted by cells. TNF-a is first synthesized as a 26-kDa
(233 amino acids) precursor membrane-bound TNF-a

(tmTNF). And this pro-TNF-a is proteolytically processed
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by the TNF-converting enzyme (TACE) to release a
soluble 17-kDa TNF-a (sTNF) homotrimer. TACE, a
member of a-disintegrin-and-metalloproteinase (ADAM)
family, can also release TINF receptors from the cell surface:
these circulating cytokine-binding proteins represent an
important mechanism of regulation for the biological
activity of soluble TNF (8). Specifically, the soluble forms
of both receptors, s-TNF-R1 and -R2, bind TNF-a with
high affinity, which transduces or inhibits TNF-o biological
activity. At high concentrations, they inhibit TNF
bioactivity by competing with the membrane receptors. At
low concentrations, they could stabilize the trimeric TNF-a
structure increasing its half-life and acting as reservoir of
TNF-a (9).

Soluble TNF-a is best known for its role in leading
immune defenses to protect a localized area from invasion
or injury but it is also involved in controlling whether
target cells live or die. In general, TNF largely relies on
TNFRI for apoptosis and on TNFR2 for any function
related to T-cell survival. Various defects in the TNF
signaling pathway that act through TNFR2 and NF-«B,
in autoreactive T cells, have been found in both human
and in mouse models of autoimmune disorders, including
Crohn’s disease, Sjogren’s syndrome, multiple sclerosis,
systemic lupus erythematosus, ankylosing spondylitis and
type 1 diabetes (10-13). The role of TNF-o in cancer
therapy is debated. At one hand, a large body of evidence
supports TNF’s antineoplastic activity, such as direct
cytotoxic effects (14), dose-dependent reduction of tumor
blood flow (15) and enhancing antitumor cytolytic activity
and production of cytotoxicity-related proteins (e.g.,
IFN-y, TIA-1) by NK cells (16,17). On the other hand,
some pre-clinical findings suggest that TNF may promote
cancer development and progression. TNF may act as an
autocrine tumor growth factor by promoting cell survival
through the activation of the NF-«xB-, PI3K-PKB/AtK- and
MAPK-dependent anti-apoptotic pathways. The cytokine
upregulates the expression of positive cell-cycle regulators
(Ras, C-Myc) and decreases the level of Cdk-inhibitors (18).
What’s more, some investigators even showed that TNF is
crucial for promoting metastasis (19,20).

Transmembrane TINF-a exerts its biological function
in a cell-to-cell contact fashion, which is distinct from
the feature of soluble TNF-o. Transmembrane TNF-a
not only acts as a ligand by binding to TNF-a receptors,
but also functions as a receptor that transmits outside-
to-inside (reverse) signals back into the transmembrane
TNF-a-bearing cells (TNF-a-producing cells) (21). It is
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therefore considered that transmembrane TNF-o plays
a critical role in local inflammation (22). Specifically, as
a ligand, transmembrane TNF-a expressed on various
cell types would contribute to the physiological as well as
pathological response in health and diseases. As a receptor,
transmembrane TNF-a contributes to the pleiotropy of the
cytokine and its fine-tuning of immune response (21).

TNF-o signaling transduction

TNF-a transduces its signal through two distinct
receptors, referred to as TNF-RI (also called TNFRp55/
p60, 60 kDa) and TNF-R2 (also called TNFRp75/p80,
80 kDa) (23,24). The two cognate TNF-a receptors
are differentially expressed and controlled. TNF-R1
is constitutively expressed on most cell types, with the
exception of erythrocytes. Conversely, TNF-R2 expression
is induced upon inflammatory stimulation and is limited
to hematopoietic lineage cells. Due to the relatively
restricted expression of TNF-R2, it has been generally
considered that the majority of the biological effects
mediated by TNF-o are achieved through its interaction
with TNF-R1 (25). Initially, TNF-R1 binds the TNF
homotrimer to the extracellular domain of the receptor,
which induces TNF-RI1 trimerization and the release of
the inhibitory protein silencer of death domains (SODD)
from TNF-R1 intracellular death domain (DD). After
SODD release, TNF-R associated DD (TRADD) can bind
to the DD of TNF-R1 and then recruit additional adaptor
proteins, such as receptor-interacting protein (RIP), TNF-R
associated factor (TRAF)-2 and Fas-associated DD (FADD).
When caspase-8 is recruited by FADD to the death
inducing signaling complex (DISC), it becomes activated,
presumably by self-cleavage, and initiates a protease cascade
leading to death. While TRAF-2 recruits inhibitor-of-
apoptosis protein-1 (IAP-1) and IAP-2, it starts a pathway
resulting in the phosphorylation/activation of transcription
factors (c-Jun, c-Fos, ATF-2) via the activation of MAPK
(JNK, p38MAPK and ERK). TRAF-2 also activates the
protein kinase RIP, which is critical to the activation of
NF-«B (Figure 1) 26). Different from TNF-R1, TNF-R2
can also mediate these above pathways by directly binding
with TRAF2 along with TRAF1 to elicit intracellular
crosstalk between the receptors (27,28). What’s more,
even TNF-R2 lacks a DD, its effect on programmed-cell-
death (PCD) via NF-«B and JNK pathway activation (5) or
TRAF-2 inhibition (29) cannot be ruled out. Considering
another function of TNF-R2, accumulating evidence have
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Figure 1 Soluble and transmembrane TNF-a signaling through
TNF-R1 and TNF-R2, tmTNF-o forms a trimeric structure
and is proteolytically cleaved by TACE to release the soluble
homotrimeric TNF-a protein. Both tmTNF-a and sTNF-a bind
receptors of the TNF-receptor superfamily. A cytoplasmic death
domain of THF-R1 allows for the binding of TRADD and the
recruitment of FADD to induce apoptosis. TRAF2 of TNF-R1
or TNF-R2 leads to the downstream activation of NF-KB, JNK,
and p38 signaling pathways and elicits diverse TNF-mediated
biological responses. TNF-a, tumor necrosis factor-alpha; TACE,
TNF-converting enzyme; TRADD, TNF-R associated death
domain; FADD, fas-associated death domain.

shown that signaling through the TINF-R2 influences a
number of pro-inflammatory responses, including the
activation of T cells (30), myofibroblasts (31), inhibition of
angiogenesis and tumor suppression (32).

TNF-a in regulation of hematopoiesis

A complex interplay of various cytokines has been implied
in maintaining normal hematopoiesis. Growth factors
such as erythropoietin (EPO), granulocyte macrophage
colony stimulating factor (GM-CSF), granulocyte
colony stimulating factor (G-CSF) and interleukin-3
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(IL-3) promotes the differentiation of erythroid and
myeloid progenitors (33). On the other hand, interferons,
interleukins and TGF-beta have inhibitory actions on
hematopoietic stem cells. It is conceivable that an
imbalance between the action of inhibitory and stimulatory
cytokines can lead to increased myelo-suppression and BM
failure (34). TNF-a has been shown to be a bifunctional
regulator of the growth of hematopoietic stem and
progenitor cells, depending on the growth factors used as
supplements (35). Researchers have reported that mouse
TNF-a inhibits the growth of high proliferative potential
colony-forming cells (HPPCs) from primitive Lin Sca-1"
hematopoietic progenitor cells (HPCs) regardless of the
growth factors used for the experiments (36). Additionally,
in vitro experiments have demonstrated detrimental effects
of TNF-a on hematopoietic cell function (23). However,
some studies have shown that TNF-a can stimulate the
secretion of IL-3 and GM-CSF in supplemented cultures
of human CD34" HPCs during short-term culture (37).
Another study reported that TNF-a can mediate up-
regulation of GM-CSF receptors on DC precursors (38).
Moreover, TNF-a has been demonstrated to stimulate
IL-3 to mediate DC development from human cord
blood (39). Mizrahi et 4/. demonstrated that TNF-a is a
modulator of hematopoietic activity in fresh umbilical
cord blood and cryopreserved mobilized peripheral blood
samples, with significant tropic activity mediated by
TNF-R1 and transduced through caspase-8 (40). Pearl-
Yafe et al. showed that TNF-a plays a tropic role early after
transplantation, which is essential to successful progenitor
engraftment. Transplantation of lineage-negative BM
cells from TNF receptor-defective mice into wild-type
recipients showed defective early engraftment and loss
of durable hematopoietic contribution upon recovery of
host hematopoiesis (41). All of these results imply that
TNF-a can act as inducers of hematopoiesis in the BM
microenvironment.

TNF-0 in hematological diseases in human and
animal models

Acute myeloid leukemia (AML)

AML represents a group of clonal hematopoietic stem
cell malignant diseases which are characterized by three
different features. The first feature is that hematopoietic
cells arrest at a certain level of differentiation. Secondly,
progenitor cells continue to proliferate thereby displacing
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normal hematopoiesis. The third feature is that immature
cells prematurely leave the BM and infiltrate peripheral
tissues (42).

TNF-o is a major effector and regulatory cytokine with
a pleiotropic role in the pathogenesis of several immune-
regulated diseases and hematologic malignancies, including
AML (43). TNF-o stimulates the proliferation of dividing
cells causing hypercellularity, or induces apoptosis in their
maturing progeny which results in pancytopenia (44). It
can be produced not only by macrophages but also by
activated NK cells, neutrophils, CD4" T helper 1 (Th1)
cells, CD8" T cells and even AML blasts (45-47). TNF-a
has conflicting roles in cancer. TNF-a can act directly
or indirectly as an autocrine tumor growth factor, while
many studies also showed that TNF-o induces apoptosis of
tumor cells (48,49). About the specific function of TNF-a
in AML pathogenesis, onset or progress, beneficial or
negative, there are discrepancies observed in the different
studies. Study has found that mean level of TNF-o was
significantly higher in AML patients than in the healthy
volunteers (50). And high serum TNF-a level is an adverse
prognostic factor for survival and event-free survival in
patients with AML (51). On the contrary, in other study,
the analysis of AML patients at diagnosis or during relapsed
disease showed that TINF-a was significantly elevated in
chronic leukemia and acute lymphoblastic leukemia but not
in AML (52). The discrepancies observed are probably due
to the existence of high inter-individual variations. For the
hematopoiesis, study showed that TNF-o may act indirectly
by rendering leukemic cell cytotoxic toward residual
normal hematopoietic cells, and that mechanism may at
least contribute to hematopoiesis insufficiency (53). Ismair
et al. presented the existence of an autocrine TNF-a-loop
in the APL (AML-M3) cell line NB4, which selectively
upregulated matrix metalloproteinase-9 (MMP-9)
expression via the TNF-R1/NF-«xB pathway, however
has no influence on the expression of tissue inhibitor of
metalloproteinased-1 (TIMP-1) (54). Considering TNF-a
levels are significantly increased in the serum of AML
patients (55) and that TNF-a is constitutively expressed
in myeloid leukemia (56), the TNF-o-induced MMP-9
expression may be important in the pathophysiology of the
premature egress of leukemic cells from the BM and their
dissemination into peripheral tissues (54). Additionally,
Reuter ez al. showed that with TNF-a concentration rising,
AML patients experienced increased fatigue, whereas
improving fatigue over time was associated with reductions
in TNF-a level (48). All these studies imply that TNF-a
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may play a negative role in the AML pathophysiology,
disease metastasis and progress. Further researches may
be needed to reveal the specific role of TNF-o and critical
signaling pathway in AML. And due to the strong side
effects of chemotherapeutics, TNF-a and the signaling
pathway may be as a target to solve this problem.

Mpyelodysplastic syndromes (MDS)

MBDS represent a heterogeneous group of clonal myelopoietic
stem cell disorders characterized by persistent peripheral
cytopenia with morphological and functional abnormalities
of hematopoietic cells, often contrasted by BM
hypercellularity, with an increased risk of transformation
into AML (44). Based on the degree of cytopenia and
malignant potential, MDS can be classified into low or high
grade subtypes, using the international prognostic scoring
system (57). In low grade MDS, marrow hypercellularity
and peripheral cytopenia are commonly seen due to
upregulated apoptosis in the progenitor stem cells.
However, decreased apoptosis is seen during transformation
to high risk MDS, which often manifests with an increase in
myeloblasts (58).

It is interesting to note that in MDS patients serum
TNF-a levels (59), as well as the expression of TNF-o in
the BM, are elevated (60). And Sawanobori et 4/. observed
increased TRADD/FADD expression and decreased
expression of TRAF-2 (61). Indeed, a molecular study
on frozen tissue (61) convincingly showed increased
expression of TNF-R1, which is involved in pro-apoptotic
signaling (62), on myeloid and erythroid progenitor cells
and T-lymphocytes in refractory anemia at the RNA as
well as protein level, but a predominance of TNF-R2 in
MDS with higher proliferative activity and AML. Even
more, the authors demonstrated potentially functioning
pro-apoptotic TNF-associated down-stream pathways in
refractory anemia, contrasted by lacking pro-apoptotic
cascade members in AML (61). Studies also showed that
the progression of MDS to acute leukemia has been
correlated with upregulation of NF-«B, altered expression
of adaptor molecules such as flice inhibitory protein
(FLIP), and enhanced activity of anti-apoptotic members
of the Bcl-2 and the inhibitors of apoptosis protein (IAP)
families. However, considering that TNF-a levels are more
commonly elevated in early stage disease, where NF-«B
activity may be low, suggesting that TNF-a do not strictly
correlated with NF-xB activity. Therefore, autocrine
TNF-a stimulation is probably not the sole mechanism
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involved in the constitutive NF-«B activation (63).

Moreover, other studies have also demonstrated that TNF-a
may play a role in the pathogenesis of MDS. Researcheres
showed that polymorphism associated with increased
expression of the cytokine TNF-a is overrepresented in the
MDS population suggesting that increased TNF-a activity
may contribute to the susceptibility and/or pathogenesis
of MDS. Results indicated that high-expressing TNF-308
and TNF-238 genotypes were independently associated
with neutropenia and severity of anemia, respectively, in a
large cohort of treatment naive, de novo MDS patients (64).
It has been increasingly recognized that cancer initiation
and progression is not solely a cancer cell autonomous
process, but tumor progression microenvironment may
significantly contribute to define tumor characteristics.
Ishibashi et a/. has provided a disease-progression model in
which overproduction of TNF-o in the microenvironment
is the primary event. TNF-a activates NF-«xB that in
turn induces B7-H1 molecule expression on MDS blasts,
which generates a bifunctional signal inducing T-cell
apoptosis and enhancing blast proliferation. And the latter
may provide more opportunity for developing secondary
genetic changes (65). Meanwhile, TNF-a-induced gene
expression in human marrow stroma may provide clues to
the pathophysiology of MDS. Stirewalt ez 4/. suggested that
TNF induced a complex set of proinflammatory and pro-
apoptotic signals in stroma cells that promote apoptosis
in malignant myeloid clones, which exhibited as increased
mRNA expression of proinflammatory cytokines (e.g.,
IL-6, IL-8 and IL-32) and pro-apoptotic genes (e.g., BID)
but decreased mRNA expression of anti-apoptotic genes
(e.g., BCL2L1) (66).

Significant progress has been made in understanding the
role of TNF-a in MDS. However, the clinical application of
TNF-o0 antagonist showed gloomy results. For etanercept, a
TNF-o inhibitor was first tested in a phase II study by Deeg
et al. and interestingly there was no correlation observed
between the pretreatment TNF-a levels and hematologic
response (67). Similar to etanercept, the therapeutic efficacy
of infliximab was evaluated. A low response rate was noted
with both the doses which imply that TNF-a blockade
alone might be an insufficient therapeutic strategy in
MDS (68,69). And the drug combination therapy may be
a good choice. In a phase II trial, Scott er a/. showed that
for patients with low grade MDS, a combination of anti-
thymocyte globulin (AT'G) and etanercept results in higher
response rate than observed with ATG alone (69). The
specific function of TNF-o, its action mechanism and the
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downstream pathways are needed to be elucidated, which
can provide new insight to the treatment.

Fanconi anemia (FA)

FA is an autosomal recessive disorder characterized
by multiple congenital abnormalities, BM failure, and
susceptibility to cancer (70). Ninety percent of all deaths
result from complications of a progressive BM failure or a
generally late malignant myeloid transformation, especially
AML (71). To date, 13 complementation groups (FANC
A,B,C,.D1,D2,E,FG,IJ,L,M,N) have been identified and
the cDNAs of 9 of these genes that collectively account for
over 95% of all FA patients have been cloned (72-74). FA
cells are known to have an increased propensity to undergo
apoptosis in response to both DNA-damaging agents and
inhibitory cytokines (75). Cytokine hypersensitivity of FA
hematopoietic cells to apoptotic cues has been proposed as
a major factor in the pathogenesis of BM failure in three FA
mouse models (Fanca-/-, Fancc-/-, and Fancg-/-) (76,77).

Studies have shown that patients with FA have
abnormally high levels of proinflammatory TNF-o, low
levels of natural killer cell activity and reduced lymphocyte
counts, and are highly susceptible to bacterial infection
(78-80). However, no anomalies were detected at the
gene and mRNA levels for TNF-a (80). Studies also
demonstrated that many of the cellular characteristics
of FA match with the detrimental effects ascribed to the
overexpression of TNF-a. It has already been mentioned
that DNA strand breakage activity (81,82) may contribute
to the hypersensitivity to DNA damage of FA cells; the
partial correlation of this FA feature by treatment with
antibodies against the TINF-a supports this view. Moreover,
the spontaneous chromosomal fragility, the G2 phase
delay typical of FA cells (83), and the general poor growth
if FA cell in culture (84) may be, at least partially, related
to TNF-a overexpression. In view of overexpression
deleterious in vivo activities observed not only in vitro (85)
but also, as recently shown, in patients (86), TNF-o may
play a role in FA BM failure and in the subsequent onset of
pancytopenia.

Recently, Sejas er al. showed that TNF-a is responsible
in part for LPS-induced hematopoietic suppression and
subsequent septic shock. The iz vivo finding presented
here clearly demonstrated that deletion of TNF-a gene or
neutralization of TNF-o in LPS-treated Fancc-/- mice
effectively rescued progenitor growth and hematopoietic
reconstitution (87). This finding underscored pathogenic
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roles of TNF-a in clinical manifestations in BM failure-
related diseases including FA. The study also demonstrated
that the production of intracellular reactive oxygen species
(ROS) by TNF-a at inflammatory sites caused DNA
damage (23), contributed to the progression of cancer-related
BM failure diseases like FA, caused carcinogenic mutations
which may promote clonal evolution in MDS and leukemic
transformation (87). Additionally, studies showed that
TNF-a exposure initially inhibited profoundly the expansion
of Fance-/- stem progeny. However, longer-term exposure
of these cells promoted the outgrowth of TNF-o-resistant,
cytogenetically abnormal clones, which can lead to AML
after being transplanted into syngeneic W'T mice (88).

All these results may imply that TNF-a plays a
negative role in the pathogenesis of FA. For the clinical
application, some report concluded that Etanercept is well
tolerated and can be safely administrated to FA patients.
However, there was no evidence of an effect of Etanercept
on hematopoiesis (89). Further exploration of TNF-a
functional pathway, correlation with other pathogenic factor
and anti-inflammatory therapies in FA are needed.

Multiple myeloma (MM)

MM is an incurable B-cell neoplasm characterized by an
uncontrolled expansion of neoplastic plasma cells, called
myeloma cells, in the BM. Disease course is often divided
into three stages. Firstly, a plasma cell clone acquires
abnormally low apoptosis rate and accumulates, which
were clinically recognized either as MM or monoclonal
gammopathy of unknown significance. Secondly, clonal
expansion occurs in close proximity to BM stroma cells that
provide multiple growth (increased mitosis) and survival
(decreased apoptosis) signals, among which prominently are
TNF and IL-6. In the terminal phase the malignant clone
acquires marrow independence and consequent metastasis
to extra-medullary sites (90,91).

In early and middle stages of MM, accretion is more
by abnormally low apoptosis rate than high mitotic rate
(90-92). Lower apoptosis rate is mediated in part by TNF
(91-93). TNF does so by several pathways, one of which
is activation of NF-«kB (94). In MM, there is evidence that
NF-«B activity promotes growth, immortalization and
survival of tumor cells as well as angiogenesis (95). TNF
is a strong activator of the classical NF-«kB pathway and is
itself regulated by this pathway (96). Stimulating autocrine
production of IL-6, TNF-a also induces myeloma cell cycle
and promotes the long-term growth of malignant plasma
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cell lines (97,98). Study also observed reduction of TNF-a
could lead to down-regulation of IL-6 production, which is
the main growth factor for myeloma cells (98). Moreover,
TNF-a participated in the migration of MM. Study
showed that TNF-o-induced up-regulation of monocyte
chemoattractant protein (MCP)-1 in myeloma cells
correlated with migration, and blocking MCP-1 abrogated
the enhanced migration induced by TNF-a stimulation (93).

Considering a certain degree of familial aggregation
has been observed, genetic factors can be involved in the
pathogenesis and the evolution of MM (99). Studies showed
that the presence of TNF-a rs1800629_A allele, associated
to increased level of TNF-a (100), could contribute to
accentuate inflammatory status associated to ageing and
age-related morbidity and mortality. And reports also
showed that this SNP correlated with a shorter progression
free survival (PFS) of patients over 60s (101).

In view of the negative role of TNF-a in MM pathogenesis,
clinical application of chemotherapeutics that target the
TNF-a and related cytokines was observed. Thalidomide
(THAL) is a drug that was used in the early 1960s as
a sedative, but it was quickly withdrawn because of its
teratogenic effects. However recently, a growing number
of autoimmune, inflammatory and cancer diseases have
also been reported to respond to THAL treatment
including MM (102-104). Dmoszynska ez /. showed that
some of antimyeloma effects of THAL were related
to a decreased production of TNF-a and IL-6 (98).
However, the application of Etanercept showed a poor
outcome that shortened survival (105). Kast’s research
results demonstrated that etanercept resulted in increased
levels of TNF-a and possibly aggravated the condition.
The explanation is that since TNF-R2 signaling tends to
be more anti-apoptotic and activating of NF-«B, than is
TNF-R1, and TNF-R1 tends to be more pro-apoptotic
than is TNF-R2, by inactivating soluble TNF while leaving
transmembrane TNF signaling relatively unchanged,
Etanercept changed the balance in TNF signaling from
TNF-R1 towards TNF-R2 weighting. Anti-apoptosis and
TNF synthesis would have been up-regulated by that
shift (105). Additionally, recently a report showed
a case of a 53-year-old patient who had pyoderma
gangrenosum (PG) and monoclonal gammopathy of
uncertain significance (MGUS). After treatment with
infliximab for the PG, he developed myeloma. The course
of events in this case suggested that infliximab facilitated
the progression from MGUS to myeloma (106). Further
researches were needed to explore the specific role of
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TNF-0, whether physiological or pathological, and come
up with an effective regime to solve the disease.

Lymphoma

Hodgkin lymphoma (HL) is a peculiar form of malignancy
in which the clonal B-cell population, the so-called
mononuclear Hodgkin and multinuclear Reed-Sternberg
(HRS) cells as well as their variants, are responsible for less
than 1% of tumor bulk (107). Most of the cells are reactive
elements, such as lymphocytes, plasma cells, eosinophils,
histiocytes, and fibroblasts. It seems probably that the
major clinical and histopathological features of HD reflect
the production of cytokines by either the neoplastic or the
reactive cell populations.

TNF-o is a central mediator of inflammatory processes,
generating a cytokine cascade (108). In addition, TNF-a has
been recently identified to participate in the development
and function of normal lymphoid tissues (109). Two
receptors, TNF-R1 and TNF-R2 mediate the effects of
TNF-o on target cells through several pathways leading to
cell activation, proliferation or apoptotic death. Warzocha
et al. demonstrated plasma levels of TNE, TNF-R1 and
TNF-R2 were higher in HD patients than in healthy
controls. Plasma levels of TNF, TNF-R1 and TNF-R2
were associated with several prognostic factors for HD,
including those related to the host (age, performance
status) and to the tumor (disease stage, extranodal site
involvement, bulky tumor, serum levels of LDH and B2-
microglobulin, histology). Elevated plasma levels of TNE,
TNF-R1 and TNF-R2 were also associated with several
parameters reflecting an immune activation, including the
presence of B symptoms, elevated serum levels of gamma
globulins, alkaline phosphatase and fibrinogen, as well as
peripheral monocytosis, anemia and low serum albumin
levels. Additionally, elevated levels strongly predicted
shorter free-from-progression survival and overall survival
of the patients (110). Another study showed that TNF-a
was involved in the pathogenesis of radiotherapy and
chemotherapy-induced fibrosis and lung toxicity in HD
which stimulate an inflammatory response and participate
in the acute phase side effects by acting on mononuclear
cells, neutrophils and endothelial cells (111). These results
suggest the possible use of TNF and its soluble receptors as
serum markers for risk assignment in HD.

A case was reported of minimal-change nephrotic syndrome
associated with HD in which Hodgkin-R-S cells were
immunostained for TNF-a. The case clearly demonstrated
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that Hodgkin-R-S produced TNF-o and in which the plasma
level of TNF-o normalized after improvement of HD by
chemotherapy. The production of TNF-o by Hodgkin-R-S
cells might play a key role as a potential mediator of minimal
change nephrotic syndrome (112).

Non-Hodgkin lymphoma (NHL) is a kind of malignant
diseases of lymphoma system. Each type of NHL is
closely related, involved in the malignant transformation
of lymphoid cells, but with distinctive morphological,
immunophenotypic, genetic, and clinical features (113). B-cell
lymphomas make up the majority of cases and, of these,
diffuse large B-cell lymphoma and follicular lymphomas are
the two major subtypes (114). TNF-o is thought to influence
lymphoma genesis through up-regulation of inflammatory
and anti-apoptotic signals, possibly via the nuclear NF-kB
pathway (115). In addition, TNF-a, TNF-R1 and TNF-R2
were also found to be elevated in patients with NHL and
that TNE TNF-R1 and TNF-R2 plasma levels represented
valuable prognostic markers in those individuals (116,117).
Studies also showed that TNF-a may cooperate with other
cytokines, such as IL-6, IL-10 and IL-2 iz vive to increase
NHL cell proliferation (118).

However, inhibiting TNF-a in therapy must be paid
some especial attentions. Lymphoproliferative disorders
have been reported in association with immunosuppression.
Different types of lymphoma have been reported in patients
with rheumatoid arthritis treated with anti-TNF-a, mainly
large B and HD (119-121). Adams ez 4/. reported two cases of
aggressive cutaneous lymphomas after anti-TNF-o therapy
with rapid onset and a fulminant clinical course. Both cases
were T-cell lymphomas: Sezary syndrome and system
anaplastic large cell lymphoma (AITL) with subcutaneous
involvement (122). Vieites ez al. presented a case of a male with
chronic ulcerative colitis who secondarily developed into a
cutaneous Hodgkin-type lymphoproliferative lesion associated
with immunodeficiency after 6 months of treatment with ant-
TNF-a (123). All these imply that further understanding of
the complex mechanism in the lymphoma will be needed and
can help clinicians determine in which patients these agents
have a favorable risk-benefit ratio.

Conclusions

TNF-o was involved in a spectrum of physiological processes
that control inflammation, anti-tumor responses and
homeostasis through two receptors, TNF-R1 and TNF-R2.
The role of TNF-a in cancer therapy is debated. A large body

of evidence supports TNF’s antineoplastic activity while some
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pre-clinical findings suggest that TNF may promote cancer
development and progression. In hematological diseases,
TNF-a has been shown to be a bifunctional regulator of the
growth of hematopoietic stem and progenitor cells. Even
though some anti- TNF-a drugs have been used in clinical
therapy, serious side effects have been reported, such as
lymphoproliferative disorders. Therefore, inhibiting TNF-a
in therapy must be paid some especial attentions. Effective
targeted drugs may be expected to solve this problem. What's
more, the specific function and mechanism of TNF-a are
needed to be elucidated.
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