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Celecoxib attenuates cachectic events in mice by modulating
the expression of vascular endothelial growth factor
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Abstract. Chronic inflammation is one of the main symptoms
of cancer cachexia, and cyclooxygenase 2 inhibitors, such
as celecoxib, may be beneficial in counteracting the major
symptoms of this syndrome. In the current study, celecoxib
was orally administered to BALB/c male mice with colon 26
adenocarcinoma. Tumor growth, survival rate, body weight
and food intake of the mice with cancer cachexia were
recorded during the experiments. The host inflammatory
response was assessed by morphological observations and
hematoxylin-eosin staining. The serum levels of vascular
endothelial growth factor (VEGF), granulocyte-macrophage
colony-stimulating factor, interleukin-6 and tumor necrosis
factor-a in mice with cancer cachexia were measured by
ELISA. Celecoxib administration attenuated the decline in
body weight and food intake of mice with cancer cachexia,
and improved the survival rate of cachectic mice. Erythrocyte
counts and hemoglobin concentration significantly increased
in cachectic mice receiving celecoxib compared with control
cachectic mice. Notably, celecoxib administration signifi-
cantly reduced the serum level of VEGF in mice with colon 26
adenocarcinoma, and the cachectic events were also relieved
by treatment with a VEGF antibody. The cyclooxygenase 2
inhibitor celecoxib produced positive therapeutic effects in
mice with cancer cachexia. This function was regulated at
least partly by downregulation of serum levels of VEGF.

Introduction

Cachexia is a significant cause of morbidity and mortality
in patients with advanced cancer, occurring in up to 80%
of cases (1,2). Weight loss, anorexia, inflammation, insulin
resistance and increased muscle protein breakdown are
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frequently associated with cachexia (3). Although the precise
mechanism of cancer cachexia has not been fully elucidated,
it is now clear that the persistent inflammatory response of
the host, in conjunction with inappropriate production and
release of cytokines, such as tumor necrosis factor (TNF)-a,
interleukin (IL)-1 and IL-6, are central to the pathogenesis
of this disease (4,5). There is increasing evidence that eico-
sanoids, such as prostaglandins have an important function in
the development of cachexia (6,7). Non-steroidal anti-inflam-
matory drugs (NSAIDs) have been demonstrated to block the
protein-catabolizing effects that occur in cachectic mice and
prevent muscle protein breakdown in tumor-bearing rats (8,9).

Cyclooxygenases (COXs) are key rate-limiting enzymes in
the conversion of arachidonic acid to prostaglandins. There are
at least two isoforms of cyclooxygenase, including COX-1 and
COX-2 (10). COX-1 is constitutively expressed in numerous
types of cell and is important in homeostasis, whereas COX-2
is usually absent but inducible by various cytokines, growth
factors and mitogens. Overexpression of COX-2 has been
demonstrated in tissues from several types of tumor tissue and
in various cell lines (11,12). Selective COX-2 inhibitors exhibit
marked antineoplastic activity in a number of model tumor
systems (13-15). It has also been observed that acute treat-
ment of severely cachectic tumor-bearing animals with the
COX-2 inhibitor celecoxib maintained or reduced the serum
calcium level and produced a rapid and significant weight gain,
compared with tumor-matched vehicle-treated animals (16).
The studies suggested that COX-2 inhibitors may be a poten-
tial treatment approach to cachexia; however, little is known
about the underlying mechanisms.

In the present study, the colon 26 carcinoma mouse
model of cachexia, a well-studied model of cancer cachexia,
was used with the aim to investigate the possible effects of
celecoxib on cancer cachexia progression and to elucidate the
complex involvement of cytokines. The results demonstrated
that the reduction of serum vascular endothelial growth factor
(VEGF) concentration was associated with COX-2 inhibition.
These findings suggest a novel mechanism by which a COX-2
inhibitor ameliorates cancer cachexia.

Materials and methods

Cell culture. Colon 26 cells were maintained in Dulbecco's
modified Eagle's medium supplemented with 10% fetal bovine
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serum, sodium pyruvate, non-essential amino acids and
L-glutamine (Gibco-BRL, Paisley, UK) in a 37°C, 5% CO,
humidified incubator. Colon 26 cells were harvested from
subconfluent cultures with 0.25% trypsin (Hyclone, Logan,
UT, USA) and resuspended in phosphate-buffered saline
(PBS; Sigma, Santa Clara, CA, USA) at 107 cells/ml for injec-
tion, prior to use.

Animals. Seven-week-old male BALB/c mice were purchased
from the Center for New Drug Evaluation (Shandong
University, Jinan, China) and housed in a barrier system with
controlled light (12/12-h light/dark cycle) and temperature
(21-22°C). All animal experiments were conducted in accor-
dance with the guidelines for animal experimentation of the
Shandong Provincial Animal Board (Jinan, China).

Mouse model of cancer cachexia. Tumor cells were subcuta-
neously implanted at a density of ~1x10° subcutaneously in the
backs of the BALB/c mice following anesthesia, which was
induced and maintained by inhalation of halothane (Sigma).
All experimental animals were observed to have a palpable
tumor within five days of the start of the experiment. Treatment
was initiated when tumors reached a mean volume of 0.1 ml,
according to a previous study (; the selective COX-2 inhibitor
celecoxib (250 mg/kg/day; Pfixer, New York, NY, USA) was
administered in the diet. This treatment was maintained for
the duration of the experiment. The VEGF-neutralizing
antibody bevacizumab (5 mg/kg; Roche Diagnostics, Basel,
Switzerland) was intraperitoneally injected twice per week,
with a total of three injections administered to each mouse.
Body weight was measured three times a week. Each animal
group was administered 150 g food, the following day the
remaining food was weighed and the reduction in weight
was divided by the number of mice to determine the average
food intake per animal. Tumor growth was measured every
three days and tumor volume was calculated as follows: Tumor
volume = length x (width)* x 0.52.

Tissue and organ collection. Tumor-bearing and control mice
were sacrificed at different time points. At the time of sacrifice,
animals were anesthesized with halothane and exsanguinated
via closed cardiac puncture, blood was allowed to clot for 2 h
at room temperature then centrifuged for 20 min at 2,000 x g.
Serum was removed and stored at -80°C until required. Whole
blood (100 ul) was prepared with EDTA (Sigma) as an anticoag-
ulant to determine hematological parameters. Primary tumors
were excised, the liver, kidneys and spleen were resected and
weighed, and were then immediately fixed with 10% parafor-
maldehyde overnight, followed by washing with PBS. A fraction
of the tissues and organs was embedded with paraffin.

Determination of circulating cytokines. Cytokine levels in
serum samples were assessed using the Quantikine ELISA
kits (R&D Systems, Inc., Minneapolis, MN, USA).

Histological studies. Malignant and non-malignant
paraffin-embedded tissues were cut to a thickness of 4 ym
for hematoxylin-eosin (H&E) staining. Slides were exam-
ined under a light microscope (DM500; Leica, Mannheim,
Germany) and images were captured at a magnification x200.
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Figure 1. (A) Tumor volume and (B) survival rate of mice following injection
of colon 26 cells. Celecoxib delayed tumor growth and increased the survival
rate. Colon 26, control mice injected with colon 26 cancer cells; cele, mice
injected with colon 26 cancer cells and treated with celecoxib.

Statistical analysis. Results are expressed as the mean =+ stan-
dard deviation. Analyses of different treatment groups were
conducted using Student's t-test in the SPSS statistical software
package, version 16.0 (SPSS, Inc., Chicago, IL, USA). P<0.05
was considered to indicate a statistically significant difference.
A Kaplan-Meier survival curve was generated using Statistica,
version 5.0 (Statsoft, Inc., Tulsa, OK, USA).

Results

Celecoxib reduces tumor growth and increases survival
rate in mice with cancer cachexia. Tumor appearances were
observed on day five, and the volumes of the tumors increased
until the day on which the mice were sacrificed. Fig. 1A shows
a representative tumor growth curve of the colon 26 tumor
group compared with the celecoxib treatment group. The cele-
coxib-treated group presented delayed tumor growth compared
with the control group. There was a significant reduction in
tumor volume between the treated and non-treated groupon
day 21 (Fig. 1A, P<0.05). Mortality occurred in mice injected
with colon 26 tumors ~21 days following tumor injection, and
the survival rate reduced to O on day 32. Between days 23 and 32
post-tumor inoculation, treatment of tumor bearing mice with
celecoxib led to a significant increase in survival rate compared
with that of the control tumor-bearing mice (Fig. 1B).
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Celecoxib reduces weight loss and increases food intake in
mice with cancer cachexia. Body weight and food intake
are considered to be indicators of cancer cachexia in animal
models. No significant difference was identified among groups
in initial body weight and food intake. The body weight of
mice carrying colon 26 tumors started to reduce around day
nine post-inoculation. From day 12 to 21 post-inoculation,
prior to the occurrence of cachexia-mediated mortality of
tumor-bearing mice, the body weights of mice receiving cele-
coxib treatment were identified to be significantly greater than
those of tumor-bearing control mice (Fig. 2A). The average
body weight of mice at the time of tumor inoculation was
18.7 g, this then reduced to 14.6 g in tumor-bearing control
mice on day 21, while it reduced to 17.8 g in the mice receiving
daily celecoxib treatment. Food intake was similar in the two
groups prior to day seven (Fig. 2B). However, a significant
reduction in food intake was observed from day eight in the
control group, which was significantly ameliorated by cele-
coxib treatment.

Celecoxib ameliorates anemia in mice with cancer cachexia.
Hematological analysis of peripheral blood indicated a signifi-
cant reduction in hematocrit at day 21 post colon 26 tumor
implantation. The level of hemoglobin and the number of
erythrocytes in peripheral blood were significantly reduced.
These results demonstrate that colon 26 tumor-bearing mice
suffered from severe anemia. Erythrocyte count and hemo-
globin concentration in the celecoxib-treated group were
significantly higher than those of the tumor-bearing control
mice on day 21 post-inoculation (Table I).

Celecoxib reduces host inflammatory response in mice with
cancer cachexia. The injection of colon 26 cells into mice
resulted in increases in the volumes of liver, lung and spleen.
These increases were reduced by oral administration of
celecoxib. Histological examination demonstrated inflamma-
tory changes in the organs of colon 26 tumor-bearing mice.
Following treatment with celecoxib, H&E staining indicated a
marked reduction in inflammatory cell infiltration in the lung,
liver and spleen (Fig. 3).

Celecoxib alters the expression of inflammatory cytokines
in mice with cancer cachexia. Serum concentrations of
VEGF, granulocyte-macrophage colony-stimulating factor
(GM-CSF), IL-6 and TNF-a were measured by ELISA in
the sera of the controls and celecoxib-treated tumor mice. As
presented in Fig. 4, the levels of IL-6 and VEGF were reduced
significantly by oral administration of celecoxib, while levels
of TNF-a and GM-CSF were not affected by the administra-
tion of celecoxib.

Anti-VEGF ameliorates cachexia events in mice with cancer
cachexia. In order to investigate whether an anti-VEGF agent
has the ability to reverse cachexia in mice injected by colon 26
tumor cells, a neutralizing anti-mouse VEGF antibody (beva-
cizumab) was administered to the tumor-bearing mice for
10 days. The tumor induced an anemic phenotype, including
paleness of the paws, which was reverted by anti-VEGF
treatment (Fig. 5A). The erythrocyte count and hemoglobin
concentration in the bevacizumab group were significantly
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Table I. Effect of celecoxib on hemograms of colon 26-adeno-
carcinoma model mice.

Control Celecoxib
Group mice treated mice
Erythrocyte (x10'%/1) 5.4+0.7 7.6+0.4°
Hemoglobin (g/1) 11.4+1.6 13.7+2.1*
Platelets (x10%/1) 727+23.1 769.5+£37.2
White blood cells (x10%/1) 5.7+0.4 5.9+0.7

Data are expressed as the mean + standard deviation; n=7 in each
group. “P<0.05 vs. the control group; °P<0.01 vs. the control group.
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Figure 2. Time-course alterations in (A) body weight and (B) food intake
of tumor-bearing control and celecoxib-treated mice, measured every
three days. The body weights of mice receiving celecoxib were significantly
heavier than those of the colon 26 tumor group (P<0.05). The food intake of
mice receiving celecoxib was significantly greater than those of the colon 26
tumor group (P<0.05). Animal weight is inclusive of tumor weight. Cele,
celecoxib.

higher than in untreated tumor-bearing mice on day 21
post-inoculation (Fig. 5B and C). The food intake and body
weight of the mice receiving bevacizumab were significantly
increased compared with the untreated tumor-bearing mice
(Fig. 5D and E).
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Figure 3. Celecoxib treatment exhibited effects on the inflammatory response in multiple organs. Images were captured and hematoxylin and eosin staining
and evaluation conducted in lung, liver and spleen tissues. Magnification, x200.
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Figure 4. ELISA to determine the levels of inflammatory cytokines in the serum. Cele, celecoxib; TNF, tumor necrosis factor; IL, interleukin, VEGF, vascular
endothelial growth factor; GM-CSF, granulocyte macrophage colony-stimulating factor.
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Figure 5. Anti-VEGF anitbody treatment (bevacizumab) for 10 days was able to reverse cachexia events. (A) Images of the paws from a representative mouse
of each group were captured. Levels of (B) hemoglobin and (C) erythrocytes were determined. (D) Body weight of mice was measured every 3 days. (E) Food

intake of mice was measured. Beva, bevacizumab.

Discussion

Cancer cachexia occurs in a large percentage of cases of
advanced cancer, and reduces the strength of the patient,
the effectiveness of cancer treatments and the quality of
life (1,2). In the current study, treatment with a selective
COX-2 inhibitor, celecoxib, was demonstrated to attenuate
symptoms of cachexia induced by colon 26 tumor injection,
including severe anemia, loss of body weight and a reduction
in food intake. Increasing evidence denotes that eicosanoids,
such as prostaglandins are involved in the development of
cachexia (3,15,16,18), and other studies have suggested that
the selective COX-2 inhibitor celecoxib is able to rapidly
reverse this action (19-21). The observations of the present
study, that celecoxib ameliorates cancer cachexia in colon 26
tumor model mice, is consistent with the results of the
previous studies.

Although the precise mechanism underlying cancer
cachexia remains to be fully elucidated, a current emerging
hypothesis is that cachexia is caused predominantly by cyto-
kines, either produced by cancer cells or released by the immune
system in response to the presence of the cancer (22,23). High
serum levels of TNF-a, IL-1 and IL-6 have been observed in
cancer patients, and the levels of these cytokines appear to
correlate with the incidence of cancer cachexia (24,25). Of
these cytokines, IL-6 has been demonstrated to enhance the
reduction in fat and muscle tissue of cachectic animals (26).
In the current study, administration of a COX-2 inhibitor
significantly reduced the serum concentration of IL-6 in
tumor-bearing mice. Therefore, the COX-2 inhibitor exerts an

anticachectic effect, potentially through the inhibition of IL-6
production in colon 26 tumor-bearing mice.

In the present study, administration of celecoxib also
significantly reduced the serum concentration of VEGF
in tumor-bearing mice. In order to further investigate the
mechanisms underlying the anticachectic effect of the COX-2
inhibitor, bevacizumab, a VEGF antibody was used to treat
the cachexia in mice, and the results indicated that anti-VEGF
treatment was able to improve anemia, and increase food intake
and body weight. VEGF is one of the most potent angiogenic
factors (27) and it has been implicated in pathological angio-
genesis associated with tumors and intraocular neovascular
disorders (28). Another study suggested that tumor-derived
VEGEF is able to induce symptoms that resemble cancer
cachexia and paraneoplastic syndromes (29). Kemik et al (30)
demonstrated that tumor-derived VEGF induces cancer-asso-
ciated systemic syndrome (CASS), a cancer-associated
systemic syndrome with features similar to cachexia, by
damaging the structure and function of multiple tissues and
organs, and an anti-VEGF antibody reversed VEGF-induced
CASS in tumor-bearing mice. COX-2 expression in cancer
cells stimulates the production of VEGF, and the expression of
VEGEF by cancer cells can be inhibited using NSAIDs (31,32).
In the present study, it was demonstrated that COX-2 inhibitor
treatment reduces the level of VEGF in serum, and anti-VEGF
treatment attenuates cachectic events in tumor-bearing mice.
These results provide a novel mechanistic insight into the role
of the COX-2 inhibitor in the treatment of cachexia.

In conclusion, the present study demonstrated that the
COX-2 inhibitor celecoxib exerts an anticachectic effect in
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colon 26 tumor-bearing mice through downregulation of
VEGEF. The present findings may provide an alternative mech-
anism by which COX-2 inhibitors can enhance the quality of
life for patients suffering from cancer cachexia.
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