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Catabolic mediators as targets for

cancer cachexia

Josep M. Argilés, Rodrigo Moore-Carrasco, Silvia Busquets and

Francisco J. Lopez-Soriano

The cachexia syndrome, characterized by a marked weight loss, anorexia,
asthenia and anaemia, is invariably associated with the growth of a tumour
and leads to a malnutrition status caused by the induction of anorexia or
decreased food intake. In addition, the competition for nutrients between
the tumour and the host results in an accelerated catabolism state, which
promotes severe metabolic disturbances in the patient. The search for
the cachectic factor(s) started a long time ago, and many scientific and
economic efforts have been devoted to its discovery, but we are still a
long way from a complete answer. The present review aims to evaluate
the different molecular mechanisms and catabolic mediators (both
humoural and tumoural) that are involved in cancer cachexia and to discuss
their potential as targets for future clinical investigations.

v The development of cancer cachexia is,
perhaps, the most common manifestation of
advanced malignant disease. Cachexia occurs
in the majority of terminally ill cancer pa-
tients and is responsible for 22% of deaths
from cancer [1]. The abnormalities associated
with the condition include anorexia, weight
loss, muscle loss and atrophy, anaemia and al-
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vival time of the patient and always implies a
poor prognosis. The aim of the present review
is to summarize and update the role of cata-
bolic mediators (cytokines and tumour-derived
factors) in cancer cachexia; research based on
these compounds might be significant in
future clinical investigations.

Cytokines

Cytokines have a key role as the main hu-
moural factors involved in cancer cachexia,
thus, many of them might be responsible for
the metabolic changes associated with cancer
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wasting. Figure 1 provides a clear overview
of the humoral factors involved in cancer
cachexia.

Interleukin-1 and anorexia

Anorexia accounts for the malnutrition that is
invariably associated with cancer cachexia, but
are cytokines involved in the induction of
anorexia? Cytokines such as interleukin-1 (IL-1)
and tumour necrosis factor-a (TNF) are thought
to be involved in cancer-related anorexia, pos-
sibly by increasing the levels of corticotrophin-
releasing hormone, a CNS neurotransmitter
that suppresses food intake and the function of
glucose-sensitive neurons, which also decreases
food intake. However, the involvement of
many other mediators has been proposed in
cancer-induced anorexia. Leptin — a member of
the cytokine family and a proposed adiposity
signal for the long-term regulation of body
weight by the brain — does not seem to have a
role, at least in experimental models [4,5]. In
human subjects, cancer anorexia does not seem
to be caused by a dysregulation of leptin pro-
duction [6] and, indeed, leptin concentrations
are not elevated in weight-losing cancer pa-
tients [7,8] and are inversely related to the in-
tensity of the inflammatory response [9] and
the levels of inflammatory cytokines [10,11].
However, leptin levels are unreliable if they are
not adjusted to body fat mass; concentrations
of the peptide seem to be dependent only on
the total amount of adipose tissue present in
the patient.

Cytokines could have a role in cancer-induced
anorexia because they modulate gastric motility
and emptying, either in the gastrointestinal sys-
tem itself or via the brain, by altering efferent
signals that regulate satiety. IL-1, in particular,
has been clearly associated with the induction
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of anorexia [12], by blocking neuropeptide Y (NPY)-induced
feeding. The levels of this molecule (a feeding-stimulating
peptide) are reduced in anorectic tumour-bearing rats and a
correlation between food intake and brain-IL-1 has been
found in anorectic rats with cancer [13]. The mechanism in-
volved in the attenuation of NPY activity by cytokines might
be related to an inhibition of cell firing rates, an inhibition of
NPY synthesis or an attenuation of its postsynaptic effects
[14]. Other mediators have been proposed, including changes
in the circulating levels of free tryptophan [15]; these could
induce changes in brain serotonin concentrations and, conse-
quently, cause changes in food intake. Bing et al. have also
suggested that some tumour-derived compounds might
mediate the anorexia associated with tumour burden [16].

Tumour necrosis factor-a

Various experimental approaches have demonstrated that
cytokines are able to induce weight loss. Nevertheless, the
results obtained have to be carefully interpreted. Episodic
TNF administration has proved unsuccessful at inducing
cachexia in experimental animals; repetitive TNF adminis-
trations initially induce a cachectic effect, but tolerance to
the cytokine soon develops and food intake and body
weight return to normal [17]. Other studies have shown
that escalating doses of TNF are necessary to maintain the
cachectic effects. However, the site of production and ac-
tion of the cytokine can modify its metabolic effects, as
demonstrated in an animal model [18].

Interleukin-6

Strassman and co-workers have shown that treatment with
an anti-mouse interleukin-6 (IL-6) antibody was successful
in reversing the key parameters of cachexia in colon ade-
nocarcinoma tumour-bearing mice [19]. These results indi-
cate that, at least in certain types of tumours, IL-6 could
have a more direct involvement than TNF in the cachectic
state. Similar results were obtained in a mouse model that
reproduced the cachexia associated with multiple myeloma
[20, 21] and in a murine model of intracerebral injection
of human tumours [22]. Conversely, other studies, using a
very similar mouse tumour model, have revealed that IL-6
is not involved in cachexia. Furthermore, studies using in-
cubated rat skeletal muscle have clearly shown that IL-6
had no direct effect on muscle proteolysis.

Interferon-y

Another interesting candidate for cachexia is interferon-y
(IFN-y), which is produced by activated T and NK cells and
displays biological activities that overlap with those of TNF.
Using a monoclonal antibody against IFN-y, Matthys et al.
were able to reverse the wasting syndrome associated with

therapeutic focus | reviews

Humoural Tumour-derived

Pro-cachectic

cytokines PIF
TNF IL-6 IL-1 LMFs
LIF IFN-y CNTF
Anti-cachectic AIS
cytokines
Toxohormone-L
sIL-6R  sTNFR IL-4

IL-10  IL-1ra  IL-15

.
|

| Cachexia |

|

Metabolic
alterations

Drug Discovery Today

Figure 1. Catabolic mediators in cancer. Both tumour-derived
and humoural factors (cytokines) are involved in mediating
anorexia and metabolic changes that are characteristic of the
cachectic state. Abbreviations: AlS, anaemia-inducing factor;
CNTF, ciliary neurotrophic factor; IL, interleukin; LIF, leukaemia
inhibitory factor; LMFs, lipid-metabolizing factors; PIF,
proteolysis-inducing factor; TNF, tumour necrosis factor.

the growth of the Lewis lung carcinoma in mice [23], thus
indicating that endogenous production of IFN-y occurs in
the tumour-bearing mice and is instrumental in bringing
about some of the metabolic changes that are characteristic
of cancer cachexia. The same group has also demonstrated
that severe cachexia develops rapidly in nude mice inocu-
lated with CHO cells constitutively producing IFN-y, as a
result of the transfection of the corresponding gene.

Other cytokines
Other cytokines, such as leukaemia inhibitory factor (LIF),
transforming growth factor-f or IL-1 have also been sug-
gested as mediators of cachexia. Thus, mice engrafted with
tumours secreting LIF develop severe cachexia. The anorec-
tic and pyrogenic effects of IL-1 are well-known, but ad-
ministration of IL-1 receptor-antagonist to tumour-bearing
rats did not result in any improvement in the degree of
cachexia, thus suggesting that the role of IL-1 in cancer
cachexia is secondary to the actions of other mediators
[24]. Interestingly, the levels of both IL-6 and LIF are raised
in patients with different types of malignancies.

Ciliary neurotrophic factor (CNTF) is a member of the
family of cytokines that includes IL-6 and LIF and is
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produced predominantly by the glial cells of the peripheral
nervous system; however, this cytokine also seems to be
expressed in skeletal muscle. Henderson et al. [25] have
demonstrated that CNTF induced potent cachectic effects
and acute-phase proteins (independent of the induction of
other cytokine family members) in mice that were im-
planted with C6 glioma cells, genetically modified to se-
crete this cytokine. However, the CNTF exerted divergent
direct effects on in vitro muscle preparations, which were
dependent on the dose and the time of exposure [26].

Cytokines and uncoupling proteins

Anorexia is not the only factor involved in cancer cachexia
— it is clear that metabolic abnormalities leading to a
hypermetabolic state must have an important role.
Interestingly, low doses of TNF, injected peripherally or
into the brain of laboratory animals, elicits rapid increases
in metabolic rate that are not associated with increased
metabolic activity but, rather, with an increase in blood
flow and thermogenic activity — associated with uncoupling
protein (UCP1) —of brown adipose tissue (BAT). During
cachectic states, there is an increase in BAT thermogenesis,
both in humans and experimental animals.

Until recently, the UCP1 protein (present only in BAT)
was considered to be the only mitochondrial protein-
carrier that stimulated heat production by dissipating the
proton gradient that is generated during respiration across
the inner mitochondrial membrane, thereby, uncoupling
respiration from ATP synthesis. However, two additional
proteins sharing this same function, UCP2 and UCP3, have
been described. While UCP2 is expressed ubiquitously,
UCP3 is expressed specifically and abundantly in human
and rodent skeletal muscle and also in rodent BAT. Both
UCP2 and UCP3 mRNAs are elevated in skeletal muscle
during tumour growth and TNF is able to mimic the
increase in gene expression [27]. TNF is also able to induce
uncoupling of mitochondrial respiration, as shown recently
in isolated mitochondria [28].

Cytokines and metabolic abnormalities

Several cytokines have been shown to mimic many of the
metabolic abnormalities found in the cancer patient dur-
ing cachexia. Among these metabolic disturbances, changes
in lipid metabolism, skeletal muscle proteolysis and apop-
tosis and acute-phase protein synthesis have been de-
scribed — (reviewed in [29]). Administration of TNF to rats
results in an increased skeletal muscle proteolysis that is
associated with an increase in gene expression and higher
levels of free and conjugated ubiquitin, both in experi-
mental animals [30] and humans [31]. Also, the in vivo
action of TNF during cancer cachexia does not seem to be

840 www.drugdiscoverytoday.com

DDT Vol. 8, No. 18 September 2003

mediated by IL-1 or glucocorticoids. Other cytokines, such
as IL-1 or IFN-y, are also able to activate ubiquitin gene ex-
pression. Therefore, TNF alone or in combination with
other cytokines [32] seems to mediate most of the changes
concerning nitrogen metabolism that are associated with
cachectic states. In addition to the massive muscle-protein
loss, muscle DNA is also decreased during cancer cachexia
(similar to that observed in skeletal muscle of chronic heart
failure in patients suffering from cardiac cachexia [33])
leading to DNA fragmentation and apoptosis [34,35].
Interestingly, TNF can mimic the apoptotic response in
muscle of healthy animals [36].

Tumour-derived factors

Aside from humoural factors, tumour-derived molecules
have also been proposed as mediators of cancer cachexia;
tumour-produced cytokines might even have a more im-
portant role in the anorexia-cachexia syndrome than those
produced by the host [37]. First, cancer cells are capable of
producing cytokines constitutively. These cytokines might
act on the cancer cells in an autocrine manner or on the
supporting tissues, such as fibroblasts and blood vessels, to
produce an environment that is conducive to cancer
growth [38]. As well as tumour-produced cytokines, several
compounds have been reported to have an important role
in mimicking the metabolic changes associated with the
cachectic state. Figure 1 gives an overview of these tumour-
derived factors.

Perhaps the first evidence of tumour-derived catabolic
factors came from studies of Krebs-2 carcinoma cells in
mice; inactive extracts of these cells could induce cachexia
when injected in normal non-tumour-bearing mice [39].
Similarly, Kitada et al. purified a low-molecular-weight
proteinaceous material (<10 kD) from extract of thymic
lymphoma in AKR mice that showed lipolytic activity in
rat adipocyte suspensions. Thus, extracts of thymic lym-
phoma, conditioned medium from thymic lymphoma cell
lines, and serum from lymphoma-bearing mice, cause lipid
mobilization in experimental animals [40]. Toxohormone-
L, a polypeptide of ~75 kD was isolated from the ascites
fluid of patients with hepatoma and sarcoma-bearing mice
[41] and was found to induce lipid mobilization, immuno-
suppression and involution of the thymus.

Michael Tisdale’s group at the University of Aston, Uk
(http://www.aston.ac.uk) have described and characterized
a lipid-metabolizing factor (LMF) that is able to induce
lipolysis in adipose tissue - this is associated with stimula-
tion of adenylate cyclase activity [42]. This factor was origi-
nally purified from the cachexia-inducing mouse colon ade-
nocarcinoma, MAC16, but has also been found in the urine
of cancer patients, suggesting that it is able to induce lipid
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mobilization and catabolism in cachec-
tic cancer patients [43]. LMF is homol-
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Anaemia-inducing factor (AIS) is a
protein of ~50 kDa that is secreted by
malignant tumour tissue, thus depress-

Figure 2. Interactions between pro-inflammatory cytokines and PIF (proteolysis-inducing
factor) after binding with receptors in the cell mebrane. Both humoural [tumour necrosis
factor (TNF) and interleukin-6 (IL-6)] and tumoural (PIF) factors are able to activate
intracellular muscle proteolysis by different mechanisms, possibly sharing common
pathways. Abbreviations: 15-HETE, 15-hydroxyeicosatetraenoic acid; AP1, MyoD and
NFkB, transcription factors.
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ing erythrocyte and immunocompe-
tent cell functions. This protein is able
to reduce food intake, body weight and body fat in rabbits.
In addition, it shows an important lipolytic activity [45].

Todorov et al. [46] have purified and characterized a
24 kDa proteoglycan, present both in experimental ani-
mals [47] and in the urine of cachectic patients [48] that
seems to account for increased muscle-protein degradation
and decreased protein synthesis [47]. This compound,
known as PIF (proteolysis-inducing factor), is able to acti-
vate protein degradation specifically, although it also stim-
ulates the ATP-proteasome-dependent pathway [49]. The
compound, when injected into healthy animals, is able to
mimic the muscle-wastage associated with experimental
cancer cachexia. In vitro studies on C2C12 myoblasts have
shown that eicosapentaenoic acid is able to block PIF ac-
tion on proteolysis and have suggested that PIF acts intra-
cellularly, via the araquidonate metabolite 15-hydroxy-
eicosatetraenoic acid (15-HETE) [50]. PIF is also able to
increase NFkB expression in cultured cells [51] (Figure 2).
In conclusion, PIF might have a constitutive function in
normal states and become altered or overproduced during
cancer cachexia, therefore, inducing significant effects in
both muscle protein catabolism and acute phase protein
(APP) synthesis in this pathological state.

Transcription factors

There are currently few studies describing the involvement
of transcription factors in muscle wasting. Penner et al. have
reported an increase in both NFkB and AP-1 transcription
factors during sepsis in experimental animals [52]. However,
recent data do not support an involvement of NFkB in
skeletal muscle during cancer cachexia (unpublished data).
Tumour burden does result in a significant increase in the
binding activity of AP-1. Interestingly, inhibition of NFkB is
not able to revert muscle wasting in cachectic tumour-bear-
ing animals [53], although inhibition of AP-1 results in a
partial reversal of protein degradation in skeletal muscle
associated with tumour growth (unpublished data). The
increase in NFKB that is observed in skeletal muscle during
sepsis can be mimicked by TNF; addition of TNF to C2C12
muscle cultures results in a short-term increase in NFkB
[54,55]. Whether or not this TNF-promoted increase in NFkB
is associated with increased proteolysis and/or increased
apoptosis in skeletal muscle, remains to be established.

In relation to AP-1 activation, TNF has been shown to in-
crease c-jun expression in C2C12 cells [56]. Notably, overex-
pression of c-jun mimics the observed effect of TNF upon dif-
ferentiation, resulting in decreased myoblast differentiation
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[57]. Tumour mediators, PIF in particular, also seem able to
increase NFkB expression in cultured muscle cells, which has
a possible link with increased proteolysis [51] (Figure. 2).
Other transcription factors that have been reported to be in-
volved in the muscle changes associated with catabolic con-
ditions include ¢/EBPB and & (which are increased in skeletal
muscle during sepsis [58]), PW-1 and PGC-1. Here, TNF de-
creases MyoD content in cultured myoblasts [59] and blocks
diferentiation via a mechanism that seems to be independent
of NFKB and involves PW-1, a transcriptional factor related to
p53-induced apoptosis [60]. The action of the cytokines on
muscle cells, therefore, is ‘most likely’ to be based on satellite
cells blocking muscle differentiation or, in other words,
blocking regeneration.

Finally, the transcription factor, PGC-1, is associated
with the activation of UCP-2 and UCP-3 and increased
oxygen consumption by cytokines in cultured myotubes
[61]. This transcription factor is involved as an activator of
PPAR-y in the expression of uncoupling proteins.

Strategies to fight cachexia

Both anorexia and metabolic disturbances are involved in
cancer cachexia, and therefore, the development of differ-
ent therapeutic strategies has focused on these two factors.
Unfortunately, counteracting anorexia, either pharmaco-
logically or nutritionally, has led to rather disappointing
results in the treatment of cancer cachexia. For this reason,
among others, the strategies that follow rely on neutraliz-
ing the metabolic changes induced by the tumour, which
are ultimately responsible for the weight loss. Therefore,
taking into account the involvement of cytokines in cachexia,
different therapeutic strategies are currently based on
blocking their synthesis or mechanism of action.

TNF synthesis inhibitors

Different TNF synthesis inhibitors have been used with a
therapeutic aim. Pentoxifylline, a methylxantine derivative,
is able to decrease the cytokine-induced toxicity of antineo-
plasic agents, while preserving the efficacy of antitumour
treatment in several animal models; however, the drug failed
to improve the appetite or to increase the weight of cachec-
tic patients in clinical studies. In addition, pentoxifylline
was not able to reduce TNF levels in patients with idiopathic
dilated cardiomyopathy [62]. Rolipram is a type-1V phos-
phodiesterase inhibitor that has been shown to decrease
TNF production by lipopolysaccharide (LPS)-stimulated
human monocytes via a mechanism analogous to that
of pentoxifylline. Rolipram could provide therapeutic activ-
ity in disease states where TNF seems to be involved in
the pathogenesis, such as endotoxic shock. Thalidomide
(a-N-phthalimidoglutaramide) is another compound that
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suppresses TNF production in monocytes in vitro and nor-
malizes elevated TNF levels in vivo. Its use in cancer cachexia
remains to be established but it could potentially function
in counteracting TNF-mediated metabolic changes [63].

Anti-cytokine antibodies
The use of anti-cytokine antibodies (either mono- or poly-
clonal) and cytokine receptor antagonists, or soluble recep-
tors, has led to interesting results. In rats bearing the
Yoshida AH-130 ascites hepatoma (a highly cachectic
tumour), anti-TNF therapy resulted in a partial reversal of
the abnormalities associated with both lipid and protein
metabolism [64]. In humans, however, clinical trials using
anti-TNF treatment have produced poor results in reverting
the protein waste associated with sepsis [65]. Concerning
IL-6, experimental models have proved that the use of anti-
bodies is highly effective in preventing tumour-induced
waste. Strassman and co-workers have demonstrated that
the experimental drug suramine, which prevents the bind-
ing of IL-6 to its cell surface receptor as demonstrated by
radioreceptor binding assay and affinity-binding experi-
ments, partially blocks the catabolic effects associated with
the growth of the colon-26 adenocarcinoma in mice, such
as body, heart and epididymal fat weight-loss and hypo-
glycemia [19]. In humans, administration of an anti-IL-6
monoclonal antibody to patients with AIDS who are suffer-
ing from an immunoblastic or a polymorphic large-cell cell
lymphoma, had a positive effect on fever and cachexia.
Anti-IFN-y therapy has also been effective in reverting
cachexia in mice bearing the Lewis lung carcinoma [23]
but there is a lack of clinical data. It must be noted that the
routine use of anti-cytokine antibodies is, at present, too
expensive because this type of therapy requires many anti-
body molecules to block cytokine action completely.

Anti-inflammatory cytokines

The appearance of the cachexia syndrome is dependent
not only on the production of the afore-mentioned cyto-
kines, known as catabolic pro-inflammatory cytokines, but
also on the so-called anti-inflammatory cytokines, such as
IL-4 or IL-10. Mori et al. [66] have demonstrated that the
administration of IL-12 to mice bearing the colon-26 carci-
noma alleviates the body weight loss and other abnormali-
ties associated with cachexia, such as adipose tissue wast-
ing and hypoglycaemia. The anticachectic properties are
seen at low doses of IL-12, insufficient to inhibit tumour
growth. The effects of IL-12 seem to be dependent on an
important decrease of IL-6, a cytokine that has been shown
to be responsible for the cachexia associated with this tu-
mour model. A similar action has been described for INF-a.
Administration of this cytokine promoted a decrease in
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both IL-6 mMRNA expression in the tumour and serum IL-6
levels, resulting in an amelioration of the cachexia in a
murine model of malignant mesothelioma. IL-15 has been
reported to be an anabolic factor for skeletal muscle [67],
and recent experiments demonstrate that the cytokine is
able to reverse most of the abnormalities associated with
cancer cachexia in a rat tumour model [68].

Additional anti-inflammatory strategies to influence
cytokine levels during cachexia include the use of cyclo-
oxygenase-2 inhibitors [69,70]. These compunds, in addi-
tion to decreasing cytokine levels in cancer, result in an
improvement of weight loss and cachexia.

Strategies based on trancription factors

Transcription factors are another potential target to be con-
sidered in the fight against cancer cachexia [71]. On exami-
nation of therapeutic strategies based on trancription fac-
tor-events in muscle wasting, several points emerge. First,
Kawamura et al. [72,73] reported that the use of an oligonu-
cleotide that competes with the NFkB-binding site can
revert cachexia in a mouse experimental model without af-
fecting the growth of the primary tumour. This treatment,
however, reduces the methastasic capacity in the colon-26
adenocarcinoma model. However, administration of cur-
cumine to tumour-bearing rats was unable to halt muscle
wasting, therefore the involvement of NFkB in the cachec-
tic response in this tumour model can be discarded [53].

As discussed previously, AP-1 is clearly involved in mus-
cle wasting during sepsis [52] and also in cancer. Interest-
ingly, administration of an inhibitor of both NFkB and
AP-1 results in a partial blockade of muscle wasting in rats
bearing the AH-130 Yoshida ascites hepatoma - a highly
cachectic rat tumour (unpublished data).

Conclusion

Metabolic alterations often appear soon after the onset of
tumour growth, therefore, the treatment for such alter-
ations could influence the patient’s clinical state, despite
the fact that this treatment is not aimed at immediate erad-
ication of the tumour mass. It could contribute to the im-
provement in quality of life and, possibly, prolong survival.
Although exploration of the role of cytokines in the host
response to invasive stimuli has been underway for many
years, there is still considerable controversy over the
mechanisms of lean tissue and body fat dissolution that
occur in the patient with either cancer or inflammation and
whether humoural factors regulate this process. A better
understanding of the role of cytokines — both host and tu-
mour-derived [37] — in the molecular mechanisms of pro-
tein wasting in skeletal muscle is essential for the design
of therapeutic strategies. Understanding the humoural
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response to cancer and modifying cytokine actions pharma-
cologically could prove to be beneficial and future research
will inevitably concentrate on this interesting field. Finally,
understanding the intracellular signalling mechanisms, par-
ticulary transcription factors, might be crucial for the design
of effective therapeutic approaches in the near future.
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