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AbstrAct

We investigated the effect of thalidomide on cachexia and TNF-α serum levels during experimental skin carcinogenesis 
in mice. Female mice were divided into four groups: 1) DMBA (dissolved in acetone) induced tumorigenesis; 2) 
DMBA and Thalidomide (dissolved in DMSO); 3) DMBA and DMSO; and 4) Acetone. Body weight was measured 
once a week. Euthanasia was performed 14 weeks later, when blood was collected for the dosage of TNF-α serum 
levels. Mice with DMBA induced tumorigenesis had a significant loss of body weight when compared to acetone 
treated animals, starting at the third week and lasting the whole experiment. But there was no difference among 
Thalidomide treated and the others DMBA control animals, regarding body weight. High TNF-α serum levels 
were associated with the development of cachexia in mice during the process of experimental skin tumorigenesis. 
However, there was not a significant difference in the TNF-α serum levels when compared control mice and 
thalidomide treated mice. These results suggest that thalidomide does not interfere with skin tumorigenesis, cachexia 
and serum TNF-α levels in Balb/C mice. In addition, high TNF-α serum levels are associated to weight loss during 
experimental carcinogenesis.
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 1 INTRODUCTION

The word “cachexia” is derived from the Greek “katos”, meaning 
“bad”, and “hexis”, meaning “condition” (TISDALE, 1997). The 
cachexia syndrome is characterized by weight loss, anorexia, anemia, 
and depletion of lean body weight and has been recognized as a 
poor prognostic sign during the development of several diseases. It 

occurs in a number of disease states, including cancer, acquired 
immunodeficiency syndrome (AIDS), major trauma, surgery, 
malabsorption, and severe sepsis (TRACEY et al., 1988; TISDALE, 
1997; SHARMA; ANKER, 2002). Progressive wasting is common in 
many types of cancer and is one of the most important factors leading 
to the early death of cancer patients. Although anorexia frequently 
accompanies cachexia, it has been difficult to establish a simple cause-
and-effect relationship, and nutritional supplementation is not able to 
reverse effectively the process of cachexia. Historical explanations for 
the causes of cancer induced wasting have been varied. Some experts 
have claimed that the dominant cause of weight loss is heightened 
energy demands, attributable to both the needs for tumour growth 
and tumour triggered changes in metabolism of tissues distant to the 
malignant process (STROUD, 2005). There is increasing evidence 
that the immune system (in particular inflammatory cytokines) plays 
an important role in the development of cachexia. Cancer patients 
have been shown to have elevated production of proinflammatory 
cytokines, either produced by the tumour itself or released as part of a 
host response. These cytokines influence appetite, metabolic demands, 
and relative substrate utilization. The cytokine considered to be the 
most relevant to this process is tumor necrosis factor alpha (TNF-α) 
or cachectin, although other mediators such as interleukin 1 (IL-1), 
IL-6 and interferon gamma have also been implicated (TRACEY et al., 
1988; YONEDA et al., 1991; STRASSMAN et al., 1992; SHARMA; 
ANKER, 2002; TISDALE, 2004; STROUD, 2005).
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TNF-α is a pleiotropic cytokine, produced primarily by monocytes 
and macrophages, which plays an important role in host immune 
responses. It acts on many cell types including endothelial cells, 
leukocytes, and fibroblast. Dysregulation of TNF-α may contribute 
to the pathogenesis of various diseases, such as acute inflammation 
in erythema nodosum leprosum, and tuberculosis meningitis, tissue 
destruction in rheumatoid arthritis, cachexia in AIDS and cancer 
patients, and septic shock (DENG et al., 2003). It enhances neo-
angiogenesis, interacts with other proliferative cytokines such as IL-
6, and contributes to many of the systemic symptoms of advanced 
malignancy. TNF-α was originally considered to have activity against 
malignant disease. However, recent studies suggest that TNF-α may 
also act as an endogenous tumor promoter, as TNF-knockout mice are 
resistant to skin carcinogenesis chemically induced (MOORE et al., 
1999; SUGANUMA et al., 1999; THOMAS; KANTARJIAN et al., 
2000; SCOTT et al., 2003).

In a human squamous cell carcinoma of the maxilla grown as a 
xerograft in nude mice, anti-TNF-α antibodies reversed partially, 
but did not normalize completely the body weight. A similar result 
has been obtained in a single study using pentoxifylline, which has 
been reported to decrease TNF-α mRNA levels in cancer patients 
(GOLDBERG et al., 1995; TISDALE, 1997). It was also demonstrated 
that TNF-α antibodies attenuate the development of cachexia in mice 
tumor models (SHERRY et al., 1989).

Improved understanding of the triggers and responses underlying 
cancer cachexia offers new targets for potential therapeutic intervention 
(STROUD, 2005). Thalidomide is an important TNF-α inhibitor 
(BAUDITZ et al., 2002). It inhibits tumour necrosis factor production 
in stimulated human peripheral monocytes (SAMPAIO et al., 1991), 
and this inhibitory action was thought to be due to enhancement of 
TNF-α mRNA degradation (MOREIRA et al., 1993). Thalidomide 
shows strong potential as an anticancer agent, which has a grat number 
of actions, including inhibition of angiogenesis, modulation of adhesion 
molecules, inhibition of cyclooxygenase 2, and stimulation of immune 
responses (KUMAR et al., 2002; LIN et al., 2003; ELEUTHERAKIS-
PAPAIAKOVOU et al., 2004; STROUD, 2005). Owing to these 
unique mechanisms of action and favorable side effect profile relative 
to chemotherapy, the study of thalidomide as a potential anti-tumor 
agent has intensified (AARESTRUP et al., 1995; CALABRESE; 
FLEISCHER, 2000; RICHARDSON et al., 2002; FRANKS et al., 
2004; SLEIJFER et al., 2004).

Some studies showed that thalidomide is well tolerated and effective 
at attenuating loss of weight and lean body mass in patients with 
cachexia due to terminal cancer (BRUERA et al., 1999). Recently, it was 
demonstrated that thalidomide is safe and may be effective in attenuating 
severe weight loss in patients with advanced pancreatic cancer. This may 
also grant benefit in terms of improved physical function (STROUD, 

2005; GORDON et al., 2005). However the mechanism of action of 
thalidomide on cachexia is not completely understood.

One of the best animal models characterized for chemical 
carcinogenesis studies is the mouse skin (STOLER et al., 1993; 
YUSPA, 1998; BALMAIN, 2000; HIRST; BALMAIN, 2004). 
Epidermal neoplasia can be induced in this model by two different 
protocols, complete carcinogenesis and two-stage carcinogenesis. 
In the first protocol, a large single dose or, more commonly, 
multiple low-dose application of a genotoxic carcinogen e.g., 7,12-
dimethylbenz[a]nthracene (DMBA) is used to induce tumors on the 
backs of susceptible mice. According to Park and Kim (1989), DMBA 
is very potent and can be considered a complete carcinogen, as it 
possesses properties of initiating, promoting and progressor agents 
(PITOT; DRAGAN, 1991), and it is more effective than the two 
stage protocols (PARK; KIM, 1989). This treatment usually results 
in the development of numerous benign papillomas, some of which 
progress to malignant squamous cell carcinomas (OWENS et al., 
1999; ZOUMPOURLIS et al., 2003).

Skin tumorigenesis DMBA-induced in mice is a classical model 
used to test therapeutical procedures against cancer (OWENS et al., 
1999; ZOUMPOURLIS et al., 2003). In the present study we used 
this model to investigate the effect of thalidomide on cachexia and on 
TNF-α serum levels.

2 MATERIAL AND METHODS

2.1 ANIMALS

All procedures were performed according to the regulations of the 
institutional ethical committee. Forty female Balb/c mice, 6-8 weeks 
old, weighting approximately 19g, were obtained from the animal 
quarters of CBR (Centro de Biologia da Reprodução – Universidade 
Federal de Juiz de Fora, Brasil). Animals were maintained in a controlled 
environment under conditions of constant temperature and humidity 
with an alternating 12-h light/dark cycle, housed individually and 
were fed on rat chow pellets and water ad libitum. 

The mice were randomly divided into four groups of ten animals 
each:

- Group 1: DMBA (control group)
- Group 2: DMBA + Thalidomide
- Group 3: DMBA + DMSO (control group)
- Group 4: Acetone (control group)

2.2 DMBA INDUCED SKIN TUMORIGENESIS
 
The dorsal skin of each mouse was shaved one day before the 

initiation and promotion with 7,12-dimethylbenz[a]nthracene 
(DMBA, Sigma Chemical Co.).  Tumorigenesis was induced by twice-
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weekly topical applications, in the back skin of mice, of 100µL of 
0.5% DMBA in acetone solution, during 14 weeks consecutively. In 
group 4, only acetone (100 µL) was applied to the back skin of mice 
following the same protocol of group 1.

2.3 THALIDOMIDE ADMINISTRATION

Animals from the group 2 (DMBA + Thalidomide) received daily 
subcutaneous injections of 0,1 mL of thalidomide (kindly provided 
by Dr. Elizabeth Sampaio – Fundação Oswaldo Cruz, Rio de Janeiro, 
Brasil) at a dose of 30 mg/Kg body weight, since the first day of the 
experiment. Thalidomide was dissolved in dimethyl sulfoxide (DMSO, 
Fluka Chemika) and further dilutions were made in sterile acidified 
saline. The final concentration of DMSO was 2% (AARESTRUP 
et al., 1995). The group 3 (DMBA + DMSO) received saline and 
identical concentrations of DMSO daily. 

2.4 ASSESSMENT OF BODY WEIGHT AND 
HISTOPATHOLOGICAL STUDY

Body weight was measured once a week during the whole 
experiment. Animals were treated during 14 weeks. At the last week, 
after anesthesia (Ketamine 100mg/Kg and Xylazine 10 mg/Kg via 
intraperitonial injection), it was performed cardiac puncture, the 
blood sample was centrifuged and the serum was frozen for dosage of 
TNF-α by ELISA. Mice were euthanized through excessive anesthesia 
or exsanguination. 

The tumors were excised, fixed in 10% neutral-buffered formalin, 
processed routinely, and embedded in paraffin. Paraffin sections 
(5µm thick) were stained with hematoxylin and eosin for histological 
examination.

2.5 SERUM TNF-α MEASUREMENT

Blood samples for TNF-α determination were obtained as described 
above. Mice were anesthetized and bled by cardiac puncture. Blood was 
allowed to clot at room temperature and then was centrifuged and the 
serum was aliquoted and stored at -70ºC until use. The TNF-α serum 
levels were determined by ELISA according to the manufacturer’s 
(Pharmingen) instructions. Samples were plated in duplicate. 

2.6 STATISTICAL ANALYSIS

The statistical significance of the experimental results was 
determined by one-way analysis of variances (ANOVA) followed 
by LSD test. For all analyses, p<0.05 was accepted as a significant 
probability level.

 3 RESULTS

All the animals presented skin tumors, usually with multiple 
lesions. The histopathological analysis showed that 100% of the 
DMBA treated animals had tumoral lesions, including group 2 
(DMBA + Thalidomide).

As shown in Fig 1, mice with DMBA induced tumorigenesis had 
a significant loss of body weight when compared to acetone treated 
animals, starting at the third week and lasting the whole experiment. 
But there was no difference among Thalidomide treated and the others 
DMBA control animals, regarding body weight.

Figure 1: Body weight (g) of the animals. Group 1 (DMBA), group 
2 (DMBA + Thalidomide), group 3 (DMBA + DMSO), and group 
4 (Acetone). Values are expressed as mean ± standard error. *p < 0.05 
versus all DMBA treated groups (analysis of variance with LSD test).

Figure 2: TNF-α serum levels. Group 1 (∇), group 2 (o), and group 
3 (). The results are expressed as a mean of two different experi-
ments, with four mice in each group.

Searching to examine the effects of thalidomide on TNF-α 
production and the effects of this cytokine on cachexia, TNF-α serum 
levels were determined (Figure 2). The serum from the control mice 
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did not contain detectable TNF-α as determined by ELISA, in which 
the lower limit of detection was 10 pg/ml. High TNF-α serum levels 
were associated with the development of cachexia in mice during the 
process of experimental skin tumorigenesis. However, there was not 
a significant difference in the TNF-α serum levels when compared 
control mice and thalidomide treated mice. 

4 DISCUSSION

All DMBA-treated mice developed skin tumors, including 
group 2 (DMBA + thalidomide), what suggests that thalidomide 
was not effective in preventing or treating skin tumors in Balb/c 
mice. Acetone treated group did not present tumor lesions. All mice 
developed multiple skin lesions recognized as squamous papillomas 
which progressed to squamous cell carcinomas. Malignant conversion 
was characterized by invasion through the basement membrane and 
migration into the underling stroma and involved changes in cell-cell 
and cell-matrix interactions. These results are according to previous 
works (DUBOWSKI et al., 1998; YUSPA, 1998; WOODWORTH 
et al., 2004; GLICK; YUSPA, 2005).

Thalidomide is a glutamic acid derivative initially introduced as a 
sedative hypnotic nearly forty years ago. It was withdrawn following 
numerous reports linking it to a characteristic pattern of congenital 
abnormalities in babies born to mothers who used the drug for mourning 
sickness. It has gradually been re-introduced into clinical practice over 
the past two decades, under strict regulation, since it was found to be 
useful in the management of erythema nodosum leprosum and HIV 
wasting syndrome. Thalidomide is a putative anti-angiogenesis and 
immunomodulatory agent that has demonstrated activity in various 
dermatologic and rheumatologic conditions in addition to Crohn’s 
disease, and is being investigated extensively in the management of 
advanced cancer (THOMAS; KANTARJIAN, 2000; GERSON-
CWILICH et al., 2001; KUMAR et al., 2002; RICHARDSON et al., 
2002; WINES et al., 2002; ELEUTHERAKIS-PAPAIAKOVOU et 
al., 2004). The mechanisms of its antineoplastic effects continue to be 
the focus of ongoing research. It possesses anti-TNF-α activity, which 
has led to its evaluation in several inflammatory and cachetic states 
(AARESTRUP et al., 1995; BRUERA et al., 1999; BAUDITZ et al., 
2002; KUMAR et al., 2002; LIN et al., 2003; GORDON et al., 2005; 
STROUD, 2005).  

All DMBA treated mice lost weight (cachexia) when compared to 
acetone group. But when we compared groups 1, 2 and 3, there were 
no significant differences. The later groups also had high TNF-α serum 
levels, suggesting that TNF-α is associated to weight loss in cancer 
cachexia, and confirming results from previous works (TRACEY et 
al., 1988; SHERRY et al., 1989; YONEDA et al., 1991). Opposing 
to the hypothesis that thalidomide inhibits TNF-α production, in the 

present work, we observed that thalidomide did not influence TNF-α 
serum levels during the process of tumorigenesis, as all DMBA treated 
mice had detectable levels of this cytokine in serum, with no significant 
difference among them. 

Thalidomide is capable of reducing TNF-α both in vivo and in 
vitro and also has anti-angiogenic effects (SAMPAIO et al., 1991; 
TRAMONTANA et al., 1995). TNF-α is one of the likely mediators 
of cachexia. Because of its property to reduce the TNF-α synthesis, 
thalidomide is also used in patients with pulmonary tuberculosis 
and in AIDS patients whose condition is similar to cancer associated 
cachexia (TRAMONTANA et al., 1995; HASLETT et al., 1997). 
Bruera et al. (1999) demonstrated that low-dose thalidomide is 
capable of improving the subjective symptoms of cachexia in patients 
with terminal cancer, particularly improving patient’s appetite, and 
their overall sensation of well being.  In another experiment, Boasberg 
et al. (2000) reported that thalidomide induced cessation of weight 
loss and decreased nocturnal awakenings in advanced cancer patients 
with cachexia. It is also known that thalidomide is well tolerated and 
effective at attenuating loss of weight and lean body mass in patients 
with cachexia due to advanced pancreatic cancer (GORDON et 
al., 2005; STROUD, 2005). However the mechanism of action of 
thalidomide on cachexia was not completely elucidated. 

We used the classical model of skin carcinogenesis to study the 
effect of thalidomide on cancer cachexia and its possible mechanism 
of action by inhibition of TNF-α production. Our data demonstrated 
that thalidomide did not seem to straight interfere with cachexia 
and TNF-α serum levels in mice with squamous cells carcinoma. In 
humans, it was observed that thalidomide is capable of improving 
the subjective symptoms of cachexia, particularly by enhancement of 
the appetite and the sensation of well being (BRUERA et al., 1999). 
However, there was not evidence of the correlation between inhibition 
of TNF-α by thalidomide and cachexia. Finally, to our knowledge 
this is the first experimental study designed to investigate the role of 
thalidomide on cancer cachexia.
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