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The Signal Transducer and Activator
of Transcription 3, also known as STAT3,
is a transcription factor originally identi-
fied as downstream effector of IL6-,
IFNg- and IFNa-mediated inflammatory
pathways, and it is undesirably activated
in multiple types of cancer.1 STAT3 plays
a role in tumor cell proliferation, survival,
angiogenesis, metastasis and immune
responses. As a consequence, an active
research to inhibit STAT3 and generate
anti-tumor effects is underway. Unfortu-
nately, the high complexity of the signal-
ing cascades wherein STAT3 is
interdigitated hardens the possibility of
selectively inhibiting cancer growth with-
out deleterious side effects (i.e. immuno-
suppression). Upstream activators of
STAT3, as the Janus Tyrosine Kinase
(JAK), are therefore regarded as better
inhibitory targets also because STAT3
lacks its own enzimatic activity, a prefer-
ential pre-requisite for drug targets. Inter-
estingly, recent studies have recognized
Toll-like receptors (i.e. TLR4) as well as
G-protein-coupled receptors (i.e. S1PR1)
as additional activators of the JAK/
STAT3 pathway, thus pointing to new
directions for targeting STAT3 in cancer.

Systemic chronic inflammation not
only promotes and sustains cancer growth,
but also the deleterious wasting of multi-
ple tissues, including heart, bone, fat and
skeletal muscle (i.e., cancer cachexia) that
occurs in up to 80% of cancer patients in
their advanced stages. Cachexia arises also
during other cancer-free states, like
congestive obstructive pulmonary diseases
(COPD), diabetes, HIV infection, burns
or cardiac failure through similar

mechanisms (i.e. elevated plasma levels of
IL6 and muscle catabolysm).2 In particu-
lar, the rapid growth of cancerous lesions
seems to cause a systemic dysmetabolism
where the tumor requires more aminoa-
cids and sugars to survive (especially gluta-
mine and glucose, respectively) and the
body promptly adapts to this undergoing
wasting of multiple tissues. Since skeletal
muscle is mainly constituted of proteins,
it undergoes massively catabolic processes
to rapidly respond to stress (i.e. cancer).
During cancer cachexia, the liver under-
goes gluconeogenesis starting from the
aminoacids catabolized from skeletal
muscles and from the glycerol provided by
the fat tissue, which in turn releases non-
esterified fatty acids to the tumor,
responding as to a sort of undernourished
state. If not stopped, this deleterious and
unsustainable process can lead patients to
death through cardiac or respiratory fail-
ure or general body collapse.3

Finding novel drugs able to break this
dangerous circuitry between various
organs and the tumor itself may be of
great advantage extending the quality of
life of cancer patients and giving them
more chances to respond to long-term
therapies in good shape.2,3 Also unravel-
ing the abilities of “old” drugs (already on
the market) to break this vicious circle can
be advantageous and even faster for the
cure of cachectic patients because already
approved by regulatory agencies. An ideal
drug may be one that has suppressive
effect on tumor without affecting the mass
and function of muscles or alternatively,
one that even if it does not delay tumor
growth at least stops the systemic wasting.

This is particularly challenging since the
pathways governing cancer growth and
post-natal muscle mass are similar (i.e.
AKT-PI3K, p38-MAPK, etc.). For this
reason, fatigue, muscle weakness, muscle
pain or muscle atrophy are often observed
as side-effects of anti-cancer agents.

In clinical trials, anti-inflammatory
drugs, such as antibodies against IL6 or
TNFa, have proven not to inhibit muscle
wasting due to cancer growth, re-address-
ing the research toward more convergent
downstream effectors of pro-inflammatory
pathways as novel drug targets. In this
regard, JAK/STAT3 pathway activation
has been implied in atrophying skeletal
muscles downstream of IL6 and in experi-
mental models of cancer cachexia or renal
failure, thus proposing JAK and STAT3
as novel targets for preserving muscle mass
and function.4,5 Among the mechanisms,
STAT3 inhibitors seem to decrease circu-
lating levels of myostatin, a key catabolic
factor in muscle for which multiple clini-
cal trials are currenly testing inhibitors in
diverse settings of muscle wasting, includ-
ing cancer cachexia.2,5

We reported the unexpected ability of
sunitinib and sorafenib, two tyrosine
kinase inhibitors affecting angiogenesis, to
prevent systemic cancer cachexia both at
the level of muscle and adipose tissues
with a negligible effect on cancer growth
in unrelated mouse models of cachexia.6

Most relevant was the ability of sunitinib
to reverse the cachectic phenotype and res-
cue animals from the loss of fat tissue,
resulting in improved survival. Similarly,
also Toledo and coworkers have recently
showed that sorafenib is able to block
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wasting of muscles, fat and heart in colon
adenocarcinoma-bearing mice without
affecting tumor growth.7 Of note, both
studies showed that the STAT3-based sig-
naling hyperactivated in cachectic muscles
was repressed by treatment with sunitinib
or sorafenib, ultimately preventing the
induction of important players of acceler-
ated muscle catabolism, as MuRF1,6 an
ubiquin-ligase implicated in myofibril
breakdown and atrophy2 or atrogin-17.
Also both studies fail to support a direct
inhibitory effect of sunitinib and sorafenib

on circulating IL6. Although the target
upstream of STAT3 and the mechanism/s
(e.g. myostatin inhibition) responsible for
the anti-cachectic effects of sunitinib/sora-
fenib are far from being clear, these results
support the implication of STAT3 path-
ways in cachectic muscles, consistently
with the devolopment of STAT3 selective
inhibitors able to prevent muscle
wasting.4,5

In conclusion, targeting JAK/STAT3
offers a unique opportunity to prevent
muscle atrophy and fat tissue wasting.

Small molecules inhibiting STAT3 have
progressed over the past several years, yet a
STAT3 selective and potent drug is not
yet clinically available. The challenge here
is to develop inhibitors as therapeutic
option for cancer patients who develop
cachexia. Dual crucial targets of cancer
and cancer cachexia, as STAT3, need to
be identified and compounds against
them shall be rapidly tested in cancer
patients to provide them with multiple
beneficial effects.
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