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Abstract

The defense of the host from foreign pathogens is the commonly accepted function of the vertebrate immune system. A complex
system consisting of many differing cells and structures communicating by both soluble and cell bound ligands, serves to protect the
host from infection, and plays a role in preventing the development of certain types of tumours. Numerous signalling pathways are
involved in the coordination of the immune system, serving both to activate and attenuate its responses to attack. The ability of the
immune system, specifically those cells involved in acute inflammatory responses, to mediate the directed (and sometimes indirect)
killing of cells and pathogens, make it a potential threat to host survival. Furthermore, the production and release of various sur-
vival factors such as the pleiotropic cytokine IL-6, a major mediator of inflammation and activator of signal transducer and acti-
vator of transcription 3, serves to block apoptosis in cells during the inflammatory process, keeping them alive in very toxic
environments. Unfortunately, these same pathways serve also to maintain cells progressing towards neoplastic growth, protecting
them from cellular apoptotic deletion and chemotherapeutic drugs. Here, we discuss the relationships between cancer and inflam-
mation, and some of the molecular mechanisms involved in mediating the unintended consequences of host defense and tumour

survival.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Cornelius Celsus, a physician in first century Rome,
first described the four primary signs of inflammation
as heat (calor) pain, (dolor), redness (rubor), and swelling
(tumour). The use of the Latin derivation “tumour” to
describe swelling seems prescient given recent discover-
ies and developments in oncology. Inflammation follows
infection, and is most commonly observed as a part of
the defense mechanisms triggered to protect the host
from pathogens. However, recent evidence suggests that
the immune system more closely resembles a ““double
edged sword,” rather than a benign protector [1]. Tissue
damage can also be followed by inflammation, a neces-
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sary step to remove necrotic debris. In order to destroy
the incoming pathogens, a myriad of cellular and molec-
ular factors are unleashed against the invader, produc-
ing an attack that occurs on multiple levels [2-4]. The
recruitment of macrophages into the area of the infec-
tion represents a major phase of the inflammatory re-
sponse [5]. The production of reactive oxygen species
(ROS) by macrophages, along with highly efficient pro-
teases, degrade the pathogens down to mere fragments
of peptides, that are then presented to lymphocytes in-
volved in the second phase of the response [6].

This entire process is controlled by the synthesis and
release of various peptide mediators of the immune
response, consisting primarily of cytokines and chemo-
kines [7,8]. Typically, cytokines, also known as interleu-
kins, function through the binding and subsequent
stimulation of cellular receptors that are associated with
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a family of tyrosine kinases known as Janus kinases
(JAK) [9]. Chemokines on the other hand, function by
binding to heptahelical receptors, triggering the activa-
tion of heterotrimeric GTP-binding proteins [10]. Also
involved in this process are prostaglandins and leukotri-
enes [11], lipid second messengers that reinforce the
inflammatory response [12]. The overlapping functions
of these pathways are numerous, and redundant, for
without such a system death would be inevitable in
our microbe infested world. However, despite the lethal-
ity of the immune system, the host survives due to the
protective effects of various inflammatory mediators
[13,14]. Indeed, cells of the immune system, and those
they are protecting, would certainly perish in the very
toxic environment of the inflammatory response were
it not for the protective effects of cytokines and chemo-
kines. For example, it has been reported that one of the
most common inflammatory cytokines, Interleukin-6
(IL-6), is known to mediate many unwanted, detrimen-
tal effects such as resistance to chemotherapeutic drugs
[15,16]. It now seems apparent that in addition to driv-
ing inflammatory mechanisms, cytokines such as IL-6
have the ability to protect cells from the “byproducts”
of inflammation (such as ROS and free-radical damage),

and that this protective effect extends also to cells that
might have strayed somewhat from normal cell cycle
regulatory pathways [17]. A possible scenario depicting
the series of events leading to neoplastic growth is
shown in Fig. 1.

2. IL-6: a ruthless cytokine

Interleukin (IL)-6 is a potent, pleiotropic, inflamma-
tory cytokine that mediates a plethora of physiological
functions, including the developmental differentiation
of lymphocytes, cell proliferation, and cell survival and
amelioration of apoptotic signals [18-20]. Additionally,
IL-6 exerts effects on bone formation, general system
metabolism, endocrine functions, and can affect many
cells of other tissues and organ systems [21,22]. Depend-
ing upon the cell type, IL-6 is able to act through several
classic protein kinase cascades such as mitogen activated
protein kinase (MAPK), and phosphatidylinositol-tri-
phosphate kinase (PI-3 kinase) (Fig. 2) [23]. The ability
of IL-6 to directly activate the signal transducers and
activators of transcription (STAT) factors STAT1 and
STAT3, via the JAK produces serious unintended
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Fig. 1. Proposed model for progression to neoplastic growth starting from the dysregulation of the inflammatory response. Following stimulation of the
cells (macrophages, neutrophils, stromal, and others) to mediate an inflammatory response, cytokines such as IL-6 are released and activate the
requisite signaling pathways involved in host defense. The generation of free radicals, including reactive oxygen and nitrogen species (ROS and RNS,
respectively), begins accompanied by changes in REDOX conditions. While having specific purposes, these highly reactive compounds are capable of
covalently modifying proteins, nucleic acids, and lipids. Enzyme pathways that function to attenuate the excess free-radicals, i.e. superoxide
dismutases (MnSOD, Cu/ZnSOD), DNA repair enzyme systems, protein de-nitrosylation, have a limited input capacity and are probably
overwhelmed when inflammation is chronic in nature. Simply stated, the repair of DNA damage is really a function of enzyme rates, if the repairs can
be affected in the time available between cell cycles point mutations will not be passed on to daughter cells. However, in the event of repeated and
constant inflammation, the cytokine signals prevent apoptosis even in the face of DNA damage hence some point mutations are retained.
Furthermore, since increases in oxidative free radicals have been shown to drive proliferation by activating various kinases, increased ROS/RNS
levels would tend to favor proliferation, decreasing the time available to repair mutations. It is possible that enzymes involved in methylation may be
targets of inflammatory dysregulation, as genomic hypomethylation and promoter hypermethylation are commonly observed in many tumour types.
These multiple insults eventually lead to unregulated proliferation, and hypoxic conditions that accompany such growth are thought to trigger
vascularisation of solid tumours and metastasis.
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Fig. 2. IL-6: A pleiotropic cytokine affecting proliferative and anti-apoptotic pathways. 1L-6 is capable of activating three major proliferative pathways
as shown. The MAPK pathways and STAT transcription factor activation serves to drive proliferation, as does the PI3K pathways. Activation of
AKT inactivates many pro-apoptotic mediators. While this leads to cell survival in an immune related crisis, it can also lead to survival of DNA-
damaged cells, and potentially to neoplastic growth. The inhibitors of JAK-STAT (SOCS and PIAS) are shown and described in the text.

consequences when examined in the context of progres-
sion to neoplasia [24-28].

The receptor for IL-6 consists of a heterodimeric
complex made up of two Ig-like containing proteins,
the IL-6 specific chain gp80 (CDI126), and gpl30
(CD130) [29-31]. Other members of the IL-6 cytokine
group (including IL-11, CNTF, cardiotrophin-1 (CT-
1), LIF, OSM, and B cell-stimulating factor-3 (BSF3),
recognise the gp 130 chain in conjunction with their
own specific receptor chains [32].

Numerous cell types respond to I1L-6, including astro-
cytes, lung, ovary, endometrial stromal cells, heart, am-
nion-derived cells, macrophages, monocytes, microglia,
kupffer cells, osteoblasts, multiple myeloma, mast cells,
leydig cell precursors (testes), fibroblasts (dental pulp,
gingival, nasal turbinate, polyps, synovial), mesangial
cells (kidney), human endothelial cells, hepatocytes,
and prostatic intraepithelial neoplasia cells [33]. This is
significant because of the many different inducers of
IL-6 secretion, including IL-1B, tumour necrosis fac-
tor-a (TNF-a), prostaglandin E-2 (PGE-2), lipopolysa-
charide (LPS), and vascular endothelial growth factor
(VEGF) [33]. In addition, adjuvants, such as mineral
oil (pristane), enterotoxins, growth factors, (gonadotro-
phins), hypoxia, ionising radiation, and oxidative stress,
are able to induce IL-6. The presence of IL-6 in tissues is
not an abnormal occurrence, but its unchecked produc-
tion leading to subsequent chronic inflammation exhib-

its a strong association with many types of cancer [34—
38]. This aspect of IL-6 production illustrates the “ruth-
less” characteristics of the cytokine, which functions
without regard for later consequences.

Chronic inflammatory diseases such as those caused
by viral hepatitis, irritable bowel syndrome or colitis,
and pancreatitis, all represent a prodromal syndrome
that has a strong association with neoplastic disease.
One intriguing observation concerning IL-6 comes from
the analysis of the Kaposi’s Sarcoma-associated herpes
virus (KSHYV) [39]. It appears that a key mechanism uti-
lised by KSHYV to provoke unregulated cell growth and
escape from host anti-tumour defenses, is its encoding of
a viral version of IL-6, or “virokine” [40]. The KHSV
IL-6 virokine acts as normal host cytokines would,
bestowing upon the infected cell resistance to immune
mediated apoptotic stimuli, thus ensuring the survival
and propagation of the viral pathogen.

At the center of these disorders, one usually finds
chronic inflammation and IL-6. This phenomenon was
examined by several groups in the early to mid 1960s
by the use of various inflammation inducers such as pris-
tane (2,6,10,14-tetramethylpentadecane) [41], alum-pre-
cipitated tetanus toxoid or pertussis vaccine [42].
Implanting these substances intraperitoneally into
BALB/cAn mice lead to the induction of granulomas,
a tumour-like localisation of large numbers of macro-
phages, neutrophils, eosinophils, B and T-lymphocytes,



D.R. Hodge et al. | European Journal of Cancer 41 (2005) 2502-2512 2505

ultimately leading to the formation of murine plasma
cell tumours (PCT) [43]. The indictment of IL-6 as the
key mediator of PCT formation came with the produc-
tion of an IL-6 knockout mouse model. While an IL-6
transgenic mouse (i.e. levels of IL-6 above those of
wild-type animal) was observed to spontaneously form
PCTs, the knockout model was actually resistant to
PCT formation [44]. Furthermore, the use of steroidal
and non-steroidal anti-inflammatory agents in these ani-
mal models acted to ameliorate PCT formation [45].

3. Signal transducers and activators of transcription:
STATSs

Following the discovery of interferons, the signalling
pathways responsible for mediating the actions of these
cytokines were discovered. The pathways consist of a
family of tyrosine kinases, later designated Janus kinases
(JAK), bound to a group of receptor proteins that dem-
onstrated specificity for each respective cytokine ligand.
Janus, the two faced God who both laughed and cried
simultaneously as the guardian of gates and doors, aptly
describes these kinases, which act to produce both posi-
tive and negative effects on cell growth and proliferation
[46]. Cytokines function by specifically recognising their
receptors which, as a result of binding to their ligand,
undergo conformational changes resulting in the dis-
placement of the Janus kinases [9]. Subsequent to the
binding of cytokine, JAKs phosphorylate and activate
the signal transducers and activators of transcription
(STAT) factors at a single tyrosine residue [47]. This
tyrosine residue is strategically located in a domain of
the transcription factor that allows it to participate in
the formation of dimeric structures. Once phosphory-
lated, the tyrosine residue is recognised and bound by
an SH2 domain on the opposing face of the other STAT
protein involved in the dimerisation. This co-recognition
of phosphotyrosines by respective SH2 domains forms a
stable dimeric complex [48]. The activation and dimeri-
sation of the STAT protein also exposes its nuclear
localisation signal, allowing it to translocate to the nu-
cleus where it recognises specific enhancer elements in
the promoter and enhancer regions of target genes, serv-
ing to initiate transcription [48].

There are seven known STAT proteins, STAT 1,
STAT 2, STAT 3, STAT 4, STAT 5a and 5b, and STAT
6 [49]. Although these factors mediate many important
cellular functions, they do not deviate from our current
understanding of how transcription factors function.
Structurally, STAT factors have DNA binding domains,
dimerisation domains, and activation domains. It is
known through various experiments, that each STAT
transcription factor shows a preference for a particular
DNA sequence motif. Generally, the STATSs recognise
a consensus sequence consisting of 5-TTMXXX-

DMA-3’, where D is A, G, or T and M is A or C, and
the number of Xs vary between 3 and 5 bases [50]. Inter-
estingly, STATs can form complexes with other tran-
scription factors and, in some cases, cause these
factors to drive their respective phenotype without the
presence of the requisite ligand [S1]. Furthermore, the
actions of STAT factors can be inhibited by the use of
drugs that target other transcription factors and nuclear
receptors [52]. The role of STAT transcription factors in
the development, proliferation, and survival of tumour
cells varies with each type of cancer examined, but the
strong association of STAT3 with many different types
of cancer is well known and summarised in Table 1.
Another member of the STAT family has been found
to have an association with cancer, albeit not as fre-
quently observed as STAT3. STATS was first identified
as a prolactin activated transcription factor in mam-
mary tissue. There are two isoforms of STATS, i.e. STA-
T5a and STATSDb, showing amino acid homology of
almost 95%. STATS5a and STATSb are also activated
by IL-2, IL-3, IL-5, IL-7, IL-9, IL-15, granulocyte mac-
rophage colony-stimulating factor (GMCSF), growth
hormone (GH), erythropoietin, and thrombopoietin
[53]. Probably as a result of the wide range of activating
ligands, STATS also appears to be active in some tu-
mour cells [54]. Tt is likely that the actions of the above
cytokines serve to constitutively activate the STATS
transcription factor in a similar manner to that observed
with STAT3. Indeed, we have shown that while both

Table 1
Activated STAT transcription factors in tumour types

Activated STAT factor

STATS3

STATI, STATS

STATI, STAT3

STATI, STAT3, STATS

Tumour type

Multiple myeloma

Acute lymphocytic leukemia (ALL)
Chronic lymphocytic leukemia (CLL)
Acute myelogenous leukemia (AML)

Large granular lymphocyte leukemia STATS3
(LGL)
Chronic myelogenous leukemia STATS
Lung cancer STATS3
Breast cancer STAT3
Renal cancer STAT3
Prostate cancer STAT3
Pancreatic carcinoma STAT3
Melanoma STAT3
Colon carcinoma STAT3
Gastric carcinoma STAT3
Cervical cancer STATS3
Ovarian cancer STAT3
Hepatocellular carcinoma STATS3
Head and neck cancers STAT3

The STATS3 transcription factor is the most commonly observed
member of the STAT family to be present in a constitutively activated
state in many tumours. STAT1 and STATS are also observed, but at a
much lower incidence when compared to STAT3. It should be noted
that STATS activation is possible following stimulation with other
cytokines such as IL-2, for example.



2506 D.R. Hodge et al. | European Journal of Cancer 41 (2005) 2502-2512

STAT3 and STATS can drive cell proliferation in hu-
man multiple myeloma cell lines, some upstream func-
tions mediated solely by the ligand activation of
signalling pathways, are still needed to fulfill the com-
plete range of anti-apoptotic characteristics and resis-
tance to chemotherapeutic drugs [15]. The repeated
association of STAT3 and STATS with various cancer
types strongly suggests that cytokines play an important
role in the development and growth of tumours. Inter-
estingly, although laboratory generated constitutively
active mutants have been created for STAT3 and
STATS, naturally occurring counterparts have not been
found [55,56].

4. STAT3 in multiple myeloma

Nearly 17 years ago, the role of IL-6 as a growth fac-
tor for human multiple myeloma was established. Since
that time our understanding of the importance of this
cytokine in both the growth and survival of multiple
myeloma and normal plasmacytic differentiation has
been considerable. Murine plasmacytomas remain the
first and most well studied model of inflammation-in-
duced neoplasia. As discussed previously, multiple mye-
loma, an analogous condition to plasmacytoma in mice,
is essentially a quintessential model for the study of
inflammation and its effects on tumour growth.

Both the IL-6 knockout mouse and the IL-6 trans-
genic mouse lead to our understanding of the impor-
tance of IL-6 in both the development of normal
plasma cells and the development of plasmacytosis,
respectively. The mechanism of how IL-6 induces the
development of normal plasma cells has been largely
elucidated in the past five years, and is now known to in-
volve two key factors, Blimp-1 and xbp-1 [57]. It is
through the coordinated expression of these two tran-
scription factors that the majority of the B cell program
is extinguished and mature immunoglobulin (Ig) secre-
tion is initiated. In the IL-6 knockout mouse, there is
a decrease in the production of high affinity antibodies
due to the inability to induce the plasmacytic phenotype
[44]. Early evidence indicating the importance of IL-6 in
multiple myeloma was elucidated by experiments using
transgenic animals. Mice with an IL-6 transgene driven
by an Ep promoter develop polyclonal plasmacytosis
[58]. The further crossing of these mice with BALB/c
mice, which spontaneously develop plasmacytomas after
pristane injection, leads to malignant plasma cells. Fur-
thermore, knocking out the IL-6 gene in Balb/c mice
leads to a block in pristane-induced plasmacytosis [44].
In multiple myeloma patients, serum IL-6 levels are ele-
vated and this is correlative with an unfavorable out-
come [59,60]. It has also been recently shown that
partial reduction of actions or levels of IL-6 can restore
sensitivity to chemotherapeutic drugs [61,62]. While the

plasma cells of patients with extramedullary disease of-
ten produce IL-6 themselves, in the majority of cases
IL-6 is produced by the bone marrow stroma and can
be further enhanced by the interaction of malignant
plasma cells with bone marrow stromal cells through
an NFkB-dependent mechanism [63,64].

IL-6 binding to its receptor induces the homodimer-
isation of the gpl130 IL-6 transducer leading to phos-
phorylation of JAKI. JAKI1 then induces STAT3
phosphorylation and subsequent translocation to the
nucleus. In a recent study employing DNA microarrays,
Croonquist et al. [65] determined the subset of genes
that are regulated in IL-6 treated versus IL-6 starved
myeloma cell lines. Of the 138 genes determined to be
regulated by IL-6, the majority of them (54%) were
found to be involved in cell cycle regulation. The large
number of genes induced by IL-6 that are involved in
cell cycle regulation underscores again the importance
of IL-6 in the growth of multiple myeloma cells, and
by extension to other models, foreshadows the impor-
tance of this cytokine in many other types of cancer.

There have been several reports that anti-apoptotic
genes are also regulated by IL-6 and STATS3, including
Bcl-2, Bel-xL, and Mcl-1 [66,67]. While these genes have
been shown to be induced by STAT3, it seems that the
most important anti-apoptotic gene is Mcl-1 [68,69].
Antisense inhibition of Bcl-xL was insufficient to inhibit
survival, while a knock-down of Mcl-1 inhibited survival
in several multiple myeloma cell lines. Overexpression of
Mcl-1 was able to promote proliferation of multiple
myeloma cells lines even in the absence of IL-6 [69]. It
has also been shown that knock-down of Bcl-2 with
an antisense oligonucleotide can lead to enhanced sensi-
tivity of the cells to dexamethasone-induced apoptosis
[70].

The importance of the JAK/STAT pathway in the
survival and proliferation of myeloma is also apparent
by the number of ways that this pathway is altered. It
has been shown that approximately 48% of multiple
myeloma patients have a constitutively active form of
STATS3 [71]. It has also been determined that SHP1, a
negative regulator of the JAK/STAT pathway, is hyper-
methylated in 79% (27 of 34) of multiple myeloma pa-
tients. The epigenetic silencing of SHP1 appears to be
partly responsible for constitutively active STAT3, at
least in the U266 multiple myeloma cell line, since treat-
ment of cells with 5-aza-cytidine resulted in demethyla-
tion and re-expression of SHP1 and diminished
STAT3 activation [72]. Another regulator of the JAK/
STAT pathway, suppressor of cytokine signalling 1
(SOCSI1), has also been shown to be methylated in
approximately 48% of cases [73]. However, the methyla-
tion of SOCS1 was found not to have a clinical correla-
tion to outcome [74]. It may be that the correlation of
SOCS1 methylation and clinical outcome was not
apparent because of the many other ways that the
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JAK/STAT pathway can be constitutively activated in
multiple myeloma.

Due to the importance of IL6 and the JAK/STAT
pathway in multiple myeloma, several therapeutic strat-
egies targeting these pathways have been devised. The
production of IL-6 is controlled mainly through the
interaction of the bone marrow stromal cells and malig-
nant plasma cells and is an NFkB dependent event [75].
Therefore, the proteasome inhibitor Bortezomib, was
tested for its ability to inhibit proliferation and survival
of multiple myeloma [76]. While the targets of Bortezo-
mib are now known to involve more than just the
NFkB-induced IL-6 production, it has proven to be
one of the most useful new therapies in the treatment
of multiple myeloma. Bcl-2 antisense therapy has also
been shown to have promise when used in combination
with other therapies [70]. However, there was minimal
reduction in Bcl-2 and response was not correlated with
Bcl-2 protein levels [77].

5. Negative regulation and pharmacological interventions
of STAT pathways

Blocking the proliferative, anti-apoptotic effects of
IL-6 and its downstream target, STAT3 is becoming a
very important endeavor in the treatment of cancer. A
brief examination of the number of tumours that exhibit
activated STAT3 proves the formidable nature of the
transcription factor’s ability to induce neoplastic growth
in the event of pathway dysregulation. Perhaps the

reason that no activating mutations of the STAT3 gene
have been detected in tumours is due to the ready avail-
ability of IL-6. Thus, targeting this pleiomorphic cyto-
kine may serve to reduce, or attenuate the effects of
downstream effectors of cell growth and apoptotic resis-
tance. Fig. 3 depicts the potential points in the IL-6-
STAT3 pathway in which circumventing the effects of
this aspect of inflammation may be possible.

The JAK-STAT system is negatively regulated by
several proteins including, the suppressor of cytokine
signalling (SOCS family.) The SOCS proteins, also re-
ferred to as cytokine-induced SH2 containing proteins
(CIS), or Janus kinase binding protein (JAB), function
by inhibiting the activity of the JAKs by direct binding
to the kinase [78,79]. By virtue of their SH2 domains,
these negative regulators of JAK are able to attenuate
the actions of the kinase following cytokine stimulation.
As mentioned earlier, in some tumour cells these nega-
tive effectors (specifically SOCS1) are inactivated by epi-
genetic silencing of their promoters [73,80]. Next in
progression, the protein inhibitors of activated STAT
(PIAS) act by interacting with the STAT dimer and
blocking transcription [78,81]. In addition to these pro-
teins, there are phosphatases that attenuate signals in
the classic sense of removing phopho-signals from acti-
vating sites of kinases [82-85].

Targeting the JAK-STAT pathway may be feasible
at several points in the cascade. The IL-6 receptor antag-
onist SANT-7 has shown some promise as an inhibitor
of IL-6 action [86]. SANT-7 is able to abrogate the for-
mation of the IL-6 Receptor/GP130/IL-6 complex, thus

1. Receptor-ligand antagonist/antibodies
2. Tyrosine or serine kinase inhibitors

1. Physiological protein modulators of
STAT activation (SOCS, PIAS, StiP1)
2. Disrupters of STAT dimerization

/— 1. Inhibitors of STAT translocation

1. Transcription factor decoy, SIRNA

Target gene transcription

Fig. 3. Potential therapeutic targets of the IL-6/STAT3 pathway. Currently available and future drugs or biologicals may serve to block or attenuate
the inflammatory signalling and detrimental, constitutive STAT3 activation that favors tumour growth and survival.
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blocking the activation of STAT3 among other down-
stream targets. The effects of blocking an anti-apoptotic
cytokine such as IL-6 can be exploited by utilising such
inhibitors in parallel with standard chemotherapy drugs,
taking advantage of the reduced resistance from the IL-6
inhibition. Furthermore, specific antibodies to the com-
ponents of the IL-6 receptor complex and the ligand it-
self may also prove useful in such treatment [87,88]. A
“humanised” monoclonal antibody has shown the abil-
ity to inhibit IL-6 activity, however, this data was col-
lected in a trial observing the effects of the antibody
on rheumatoid arthritis patients, therefore, its efficacy
in the treatment of cancer has not yet been established
[89].

Small molecule inhibitors of JAK such as AG-490
(Tyrphostin), have shown some usefulness, but their
use is limited because of the cross-specificity of the drug,
and the interference with other JAK pathways [90]. Tyr-
phostin is active against the JAK, but shows some selec-
tivity for JAK?2 [90]. In IL-6 signalling, JAK1 is thought
to be the primary kinase, with JAK?2 and TYK?2 playing
subroles. Another recently identified tyrosine kinase
inhibitor is cucurbitacin I (JSI-124) [91]. JSI-124 showed
specificity for the JAK/STAT3 pathway, and also
showed a reduction in Akt mediated tumour survival
pathways in lung and breast cancer cell lines [91]. A
JAK3 specific inhibitor, WHI-P131, was able to block
thrombin induced platelet aggregation and degranula-
tion [92]. WHI-P131 was also able to induce apoptosis
in anaplastic large cell lymphomas (ALCL) [93]. Due
to the specificity of these drugs, they may be useful
individually or in combination with other compounds
targeting different points in the signalling cascade.

The use of peptide aptamers to block Stat3 signalling
has shown some success in reducing the dimerisation,
and thus the transactivation and DNA binding activity,
of the factor in vivo [94,95]. These decoys present small
regions of peptides that mimic the activation domains
of the actual transcription factor, hence the term pepti-
domimetic is used to describe them. Such decoy pepti-
domimetics could conceivably be used to study the
various functional domains on the protein. The use of
peptidomimetic decoys resembling the tyrosine activa-
tion residue on STATS3 has also shown promise by inter-
fering with the JAK activation step. The peptidomimetic
Tkip, which binds to the autophosphorylation site of the
JAK2 kinase, was shown to inhibit the phosphorylation
of STAT]I, a potential binding partner of STATS3, in the
human prostate cancer cell lines DU145 and LNCaP
[96]. Again these types of approaches would be applica-
ble when the inhibition of anti-apoptotic proteins were
desired, thus sensitising an otherwise resistant tumour
cell to other chemotherapeutic drugs.

STAT transcription factors remain in the cytoplasmic
compartment until they are activated by JAK (or other)
kinases, which mediate their translocation to the nu-

cleus. Blocking this translocation step would serve to
prevent the activation of STAT target genes. In a model
consistent with the production of ROS during inflam-
matory conditions and its subsequent dismutation into
hydrogen peroxide by the superoxide dismutases, the
nuclear translocation and formation of sequence-specific
DNA-bound complexes of STAT3 was enhanced by an
increase in hydrogen peroxide levels [97]. Therefore, the
generation of specific peptidomimetics targeting the
STAT nuclear localisation motifs, or specific drugs that
inhibit the transport of the activated transcription factor
across the nuclear membrane may prove useful as an ad-
junct to classic chemotherapy.

A similar strategy to the use of peptidomimetics in-
volves the application of retro-inverso peptides. The
somewhat paradoxical retro-inverso (RI) peptides, are
created by reversing the sequence of the region of the
protein to be targeted (ie. ABCDEF would become
FEDCBA) using the dextro or p-amino acids instead
of the physiological active levo or L-form. The fusing
of part of the HIV TAT protein sequence to the RI pep-
tides has proven useful, as it facilitates transport of the
peptide into cells [98]. The use of RI peptides has been
shown to reduce the activity of enzymes such as protein
kinase C (PKC), and inhibited the metastasis of mela-
noma cells injected into the lungs of mice by targeting
the B1 chain of laminin [99,100]. Therefore, this method
may hold promise as a highly specific, yet non-toxic ap-
proach in the pursuit of chemo-adjuvants.

Finally, the decoying of transcription factors by the
use of stabilised oligonucleotide complexes resembling
the binding site of a particular transcription factor
has shown some usefulness. The STAT6 transcription
factor mediates the transition of THO lymphocytes into
TH2-lymphocytes by mediating the responsiveness of
cells to interleukin-4 (IL-4). Using STATG6 oligonucleo-
tides that mimicked the specific binding domain of the
factor, thus blocking the activity of STAT®6, the disrup-
tion of IL-4 induced cell proliferation of murine TH2
cells and primary human CD4(+) T lymphocytes was
observed [101]. In similar experiments, a phosphorothi-
olate cis-element decoy against the estrogen response
element (ERE decoy) blocked the binding of the estro-
gen receptor and abrogated the 17B-estrogen-inducible
cell proliferation and induced apoptosis of human
breast carcinoma cells by functionally affecting expres-
sion of the c-fos gene and reducing AP-1 luciferase
gene reporter activity [102]. In both applications of this
method, no cross-inhibition was observed with up-
stream signalling pathways. However, the use of this
strategy in humans does present some drawbacks, as
the synthesis of sufficient amounts of pharmaceutical
grade oligonucleotides for the creation of cis-element
decoys will be many-fold higher than those levels re-
quired for mice and may prove to be prohibitively
expensive.
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6. Concluding comments

Only recently have we fully realised the importance of
inflammatory cytokines such as I1L-6 and their down-
stream targets e.g. STAT3, with respect to their poten-
tial roles in the causation of neoplastic disease. The
German physician Rudolf Virchow (1821-1902), and
others described tumours as wounds that never heal,
yet they did not have at their disposal the information
regarding the molecular nature of the causative path-
ways of inflammation in order to pursue their hypothe-
sis. Interestingly, Virchow studied vascular disorders
such as inflammation of blood vessels and phlebitis.
Remarkably, current evidence is pointing towards a
strong connection between inflammation and athero-
sclerotic plaque formation.

Thousands of years prior to Virchow’s observations,
the ancient Egyptians used teas brewed from the Willow
tree (Salix babylonica) for medicinal purposes, and be-
cause they believed (correctly of course) it extended life.
Images of leaves from the willow and other similar trees
appeared in hieroglyphs, signifying the importance of
these plants even in the afterlife. Furthermore, as far
back as 1650 B.C., hieroglyphs depicting the ancient
Egyptian medical literature describe inflammation as
heat or warmth. We now know that the salicylic acid
(2-hydroxybenzoic acid) in the leaves and bark of this
plant inhibit the activity of the cyclooxegenases (COX)
enzymes, and that the COX2 form of the enzyme pro-
duces inflammatory prostaglandins such a PGE2.
PGE2 is a well-characterised and potent inducer of IL-
6. The reduction in the incidence of tumour formation
has been observed in consumers of tea (Camellia sinen-
sis). The medicinal and life extension qualities of this
plant were so well established thousands of years ago,
that it was used as currency in some cultures. We now
know that the polyphenolic compounds, chief among
them, epigallocatechin gallate (EGCG), acts to attenu-
ate free-radical species (ROS) and reduce DNA damage
[103]. EGCG also inhibits the activity of the human
DNA methyltransferase-1 enzyme (DNMT-1), the
maintenance enzyme implicated in the epigenetic altera-
tions leading to promoter hypermethylation in tumour
cells [104]. In addition, many of these same compounds
have shown protection against another serious disorder,
atherosclerotic plaque formation, and heart disease.
When we consider the current state of modern medical
knowledge, perhaps a review of what was known thou-
sands of years ago might be useful in solving some of to-
day’s problems.
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