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Abstract. Cancer-associated systemic syndrome (CASS) 
is characterized by a constellation of symptoms, including 
progressive weight loss, anemia, endocrine disorders, gastro-
intestinal dysfunction, muscle and adipose atrophy, hepatic 
peliosis and kidney failure. The present study assesses the 
effects of endostatin on CASS and any possible underlying 
mechanism in tumor-bearing mice. The results showed that 
the inoculation of Lewis lung carcinoma cells into mice led 
to CASS that was characterized by a notable decrease in 
body weight, severe anemia phenotype, disordered biochem-
istry, hepatosplenomegaly, and a marked increase in serum 
vascular endothelial growth factor (VEGF), tumor necrosis 
factor α and interleukin-6 (IL-6). The continuous injection 
of 10 mg/kg/day endostatin suppressed tumor growth and 
alleviated CASS in the tumor-bearing mice, as shown by 
weight gain, improvement in biochemistry and anemia, and 
the preservation of organ function. The effects of endostatin 
on CASS in the tumor-bearing mice were accompanied by 
the downregulation of serum VEGF and IL-6. Collectively, 
these findings indicate that endostatin improves CASS in 
tumor-bearing mice by decreasing the serum levels of VEGF 
and IL-6.

Introduction

The majority of patients with an advanced malignancy develop 
a range of systemic disorders. Cancer-associated systemic 
syndrome (CASS) refers to the cluster of symptoms that 
typically includes fever, anemia, endocrine and neurological 
disorders, gastrointestinal dysfunction, adipose and muscle 
atrophy, hepatic peliosis, ascites and kidney failure (1,2). The 
syndrome can also manifest as cachexia and paraneoplastic 
syndrome in severe cases (1,3). CASS is the most common 
cause of cancer-related mortality, as it confers susceptibility to 
infections and other secondary pathologies on cancer patients 
and tumor-transplanted mice (4), in addition to reducing 
patient responsiveness to chemotherapy (5).

Angiogenic cytokines, including tumor necrosis factor α 
(TNF-α), interleukin (IL)-1 and IL-6, contribute to CASS and 
poor survival (6,7). Vascular endothelial growth factor (VEGF) 
is an angiogenic factor that has been characterized extensively 
and is expressed at high levels in the majority of tumors. In the 
local tumor environment, the protein modulates blood vessel 
growth, vascular permeability and vascular remodeling, while 
VEGF produced by tumors also accumulates in the circulation 
and induces CASS (2,8).

Angiogenesis is an important process required for the 
growth and metastasis of malignant tumors. Antiangiogenic 
drugs, including sunitinib, bevacizumab and sorafenib, cause 
the modulation of tumor growth via vascular remodeling and 
regression, which improves progression-free survival (9). 
These drugs may modulate off-target vasculature in a range 
of organs and tissues. As a consequence of these off-tumor 
target effects, improvements in CASS and alterations in 
chemotoxic tolerance may increase overall survival in patients 
with cancer (9).

Endostatin, an endogenous angiogenesis inhibitor, inhibits 
VEGF-stimulated proliferation, migration and tube formation 
by suppressing the VEGF-induced tyrosine phosphorylation 
of KDR/Flk-1 [also known as VEGF receptor 2 (VEGFR-2)], 
overall VEGFR-2 expression, and the activation of extracellular 
signal-regulated kinases, p38 mitogen-activated protein kinase 
and AKT (10-12). Furthermore, endostatin suppresses the 
expression of VEGF, fibroblast growth factor, TNF‑α, matrix 
metalloproteinases and vascular cell adhesion molecule-1 (13). 
Therefore, we hypothesized that endostatin, as a broad-spec-
trum antiangiogenic agent, would exhibit anti-CASS effects. 
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In the present study, an experiment was conducted in Lewis 
lung carcinoma (LLC) tumor-bearing mice to test this hypoth-
esis and investigate any possible mechanisms.

Materials and methods

Cell lines and reagents. LLC cell lines were obtained from 
the American Type Culture Collection (Manassas, VA, USA), 
cultured in Dulbecco's modified Eagle's medium (Gibco BRL, 
Life Technologies, Grand Island, NY, USA) supplemented 
with 10% fetal bovine serum, and kept in a humidified 5% 
CO2 atmosphere at 37˚C. Recombinant human endostatin was 
obtained from Shandong Simcere Medgenn Bio-Pharma-
ceutical Co., Ltd. (Yantai, Shandong, China). A monoclonal 
goat anti-mouse cluster of differentiation (CD) 31 antibody 
(cat. no. sc-1506) was purchased from Santa Cruz Biotech-
nology Inc. (Dallas, TX, USA). The TNF-α, VEGF and 
IL-6 concentrations were detected using an enzyme-linked 
immunosorbent assay (ELISA) kit (Neobioscience, Shenzhen, 
Guangdong, China). Tumor tissues from the animals were 
homogenized and solubilized in RIPA lysis buffer (Beyotime 
Institute of Biotechnology, Shanghai, China).

Tumor models and treatment protocol. Specific pathogen‑free, 
male, C57BL/6 mice (5-6 weeks old) were purchased from the 
Laboratory Animal Center of Sichuan University (Chengdu, 
Sichuan, China) and maintained in pathogen-free conditions. 
All experiments were carried out in accordance with the 
guidelines approved by the Animal Care and Use Committee 
of Sichuan University. The experimental procedures and the 
animal use and care protocols were approved by the Committee 
on Ethical Use of Animals of West China Hospital of Sichuan 
University (Chengdu, China).

C57BL/6 mice were randomly distributed into 3 groups 
(n=10/group); the control group (NS group) was subcutane-
ously inoculated with 1x106 LLC cells, the endostatin group 
(ES group) was subcutaneously inoculated with 1x106 LLC 
cells, and the normal group consisted of non-tumor-bearing 
mice. The NS and normal groups received normal saline 
(NS), but the ES group received 10 mg/kg endostatin at 8 days 
post-implantation. After day 8, 10 mg/kg endostatin or normal 
saline was intravenously administered daily (by caudal vein 
injection) for 12 days. Tumor volume was estimated every 3 days 
using the following formula: Tumor volume = a x b2 / 2, where 
a and b are the long and short tumor diameters, respectively. 
At 20 days post‑implantation, the animals were sacrificed by 
the cervical dislocation method in order to harvest tissues and 
blood samples for further analysis.

Changes in body and organ weights. Body weight was 
measured every 3 days after tumor implantation. Tumors were 
removed in order to calculate body weight as the whole body 
weight minus the tumor weight. Organs were dissected and 
weighed for comparison.

Blood sample analysis. Blood samples were collected from the 
orbital sinus. Whole blood and serum samples were prepared 
in the presence or absence of the ethylenediaminetetraacetic 
acid anticoagulant. Hematological parameters, including 
hemoglobin (HGB) level, hematocrit (HCT) and red blood cell 

count, were determined in whole blood using the MEK6318K 
automatic blood analyzer (Nihon Kohden, Tokyo, Japan). 
Biochemical indicators of liver function and metabolism, 
including serum alanine aminotransferase, aspartate amino-
transferase (AST), albumin (ALB), total protein (TP), glucose, 
triglycerides, cholesterol (CHO), high-density lipoprotein 
(HDL) and low-density lipoprotein (LDL), were determined 
using a Hitachi 7020 automatic biochemical analyzer (Hitachi 
High-Tech, Tokyo, Japan) according to the manufacturer's 
instructions.

Histological and immunohistochemical analysis. 
Tumor-bearing and control mice were sacrificed at 
day 20 post-implantation. Necropsies were performed, and 
various tissues and organs were removed, weighed and imme-
diately fixed overnight in 4% paraformaldehyde. Samples of 
the tissues and organs were embedded in paraffin. Malig-
nant and non-malignant paraffin-embedded tissues were 
sectioned to a 5-µm thickness and stained with hematoxylin 
and eosin (H&E). The microvessels were determined by 
CD31 immunostaining. Paraffin‑embedded tissues sections 
were deparaffinized, rehydrated, incubated in 3% H2O2 and 
blocked with 5% bovine serum albumin. The sections were 
then incubated with CD31 antibody (dilution, 1:400) at 4˚C 
overnight, followed by incubation with biotinylated polyclonal 
rabbit anti-goat antibody (dilution, 1:200; cat. no. ab124055; 
Beyotime Institute of Biotechnology). Peroxidase activity 
was visualized using a 3,3'-diaminobenzidine substrate kit 
(CellChip Biotechnology, Beijing, China). Sections were coun-
terstained with hematoxylin. The slides were examined using 
an Eclipse E600 microscope (Nikon, Tokyo, Japan).

ELISA. Blood samples were collected from all mice after treat-
ment using non-anticoagulation infertile tubes. Samples were 
centrifuged at 2,800 x g for 10 min at 4˚C, and separated serum 
samples were stored at ‑80˚C until use. The tumor tissues from 
the animals were homogenized and solubilized in lysis buffer 
using a commercial kit. Samples were centrifuged at 11,000 x g 
for 30 min at 4˚C, and the separated supernatants were stored 
at ‑80˚C until use. TNF‑α, VEGF and IL-6 (serum and tumor 
samples) were assessed using commercial mouse ELISA kits 
according to the manufacturer's instructions. The colorimetric 
reaction was monitored at 450 nm using a Benchmark micro-
plate reader (Benchmark Electronics, Angleton, TX, USA).

Statistical analysis. Data are expressed as the mean ± stan-
dard deviation. Statistical analyses were performed using 
SPSS software (version 16.0; SPSS, Inc., Chicago, IL, USA). 
Between‑group statistical significance was determined using a 
one‑way analysis of variance, and a least significant difference 
test was applied for multiple comparisons. P<0.05 was used to 
indicate a statistically significant difference.

Results

Anticancer effects of endostatin. The in vivo results indicated 
that the tumors initially became palpable around 7 days 
after inoculation. The long and short tumor diameters were 
estimated after 8 days (Fig. 1A). From day 14 onwards, the 
tumor volume of the ES group was significantly lower than 
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the NS group (P<0.05). Once the mice had been sacrificed 
on day 20, the tumors were removed and accurately weighed 
(Fig. 1B). The tumor weight of the ES group was significantly 
lower than the NS group (P<0.05). Immunohistochemical 
analysis of the tumor xenografts using the anti-CD31 antibody 
showed that the blood vessels appeared as primitive and 
dilated sinusoidal vascular structures that consisted of disor-
ganized and tortuous vascular plexuses (Fig. 1C). The tumor 
xenografts of the ES group demonstrated clear blood vessels 
in comparison with the NS group, without expanded vascular 
plexuses, indicating that endostatin inhibits tumor angiogen-
esis. In addition, H&E revealed the prominent visibility of 
cell necrosis in the tumors of the ES group (Fig. 1C), which 
is a common feature that can be observed in tumors following 
endostatin administration (14,15).

Effect of endostatin on body weight loss. Body weight was 
measured every 3 days once the tumors became palpable 
(Fig. 2A). The tumor-bearing mice gained weight early, but 
their weight significantly declined after day 14 (P<0.05). 
However, weight loss in the endostatin-treated mice was 
substantially lower than that in the NS mice (P<0.05). The NS 
mice weighed significantly less than the mice in the ES and 
normal groups (P<0.05). There was no significant difference 
in body weight between the endostatin-treated and normal 
mice. The tumors were removed, and the final body weights 
were measured after sacrifice (Fig. 2B).

Effect of endostatin on preventing anemia. Gross examina-
tion of the tumor-bearing mice revealed severe anemia, which 
manifested as noticeable paleness on the hairless regions 

Figure 1. Effects of endostatin on tumor burden in Lewis lung carcinoma tumor-bearing mice. (A) Tumor lengths and widths on days 8-20. On day 14, the tumor 
weights of the ES group were significantly lower than the NS group. (B) Final tumor weights were calculated and compared using the independent sample 
test. (C) Tumors were stained with hematoxylin and eosin, and the vascular networks are shown using cluster of differentiation (CD)31 antibody staining 
(magnification, x200). Consistent with the increase in regional necrosis, vessel density significantly decreased following endostatin administration. The data 
are shown as the mean ± standard deviation. *P<0.05 vs. NS group. ES, endostatin group; NS, normal saline control group.
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of the paws, mouth, nose and genitals (Fig. 3A). Hemato-
logical analysis of the peripheral blood revealed a significant 
decrease in HCT at day 20 after tumor implantation (P<0.05) 
(Fig. 3C). HGB and erythrocytes also significantly decreased 
in the peripheral blood (P<0.05) (Fig. 3B and D). These 
results showed that the tumor-bearing mice were severely 
anemic. However, endostatin prevented anemia to a certain 
degree in comparison with the NS group, and there were no 
significant differences in HCT or HGB between the ES group 
and the normal mice.

Endostatin induces changes in biochemical parameters. 
Certain biochemical parameters of liver function and metabo-
lism were also analyzed. The LLC tumors significantly 
changed the majority of biochemical parameters in the NS and 
ES groups, in comparison with the normal group (Table I). 
For example, in comparison with the normal group, the 

levels of serum TP and ALB markedly decreased (P<0.05), 
and the levels of CHO and HDL markedly increased in the 
tumor-bearing mice (P<0.05). However, these changes in the 
tumor-bearing mice were somewhat alleviated by endostatin. 
There were also significant differences in terms of AST and 
CHO levels between the ES and NS groups.

Effects of endostatin on body weight and on pathological 
changes in certain organs. The dissected organs were 
weighed (Table II), and hepatosplenomegaly and abnormal 
kidney weight were noted in the tumor-bearing mice. The 
weights of the spleens in the tumor-bearing mice increased 
almost 2-fold in comparison with the normal group (P<0.05). 
However, endostatin improved the hepatosplenomegaly. The 
liver and kidney weights were significantly reduced (P<0.05) 
and reverted almost to those of the normal mice following 
endostatin administration.

Figure 2. Effect of endostatin on body weight. (A) Body weight is expressed as total weight minus tumor weight. After 14 days, the body weights of the ES and 
normal groups were significantly higher than the NS group. (B) Final body weights were determined and compared. Data are shown as the mean ± standard 
deviation. *P<0.05 vs. NS group. ES, endostatin group; NS, normal saline control group.

Figure 3. Effects of endostatin on preventing anemia. (A) After 12 days of treatment, images of a representative mouse from each group were captured to show 
that severe anemia had developed in the tumor-bearing mice. Blood samples were collected and (B) red blood cell (RBC) count, (C) hematocrit (HCT) and 
(D) hemoglobin (HGB) level were assessed. Data are shown as the mean ± standard deviation. #P<0.05 vs. normal group. *P<0.05 vs. NS group. ES, endostatin 
group; NS, normal saline control group.
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Figure 4. Histological analysis of the liver, spleen, adrenal glands and bone marrow (magnification, x200). (A) Tissue sections from the liver, spleen, bone 
marrow and adrenal glands stained with hematoxylin and eosin. The black arrow indicates the expanding vessels in the liver. (B) Tissue sections from the liver 
and adrenal glands stained with anti-cluster of differentiation 31 antibody. WP, white pulp; RP, red pulp; Cx, cortex; M, medulla; ES, endostatin group; NS, 
normal saline control group.
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  B
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H&E staining demonstrated that the hepatic sinusoid 
and hepatic central vein in the tumor-bearing mice exhibited 
a high degree of dilation architecture. In the spleens of the 
tumor-bearing mice, the white pulp (WP) and red pulp (RP) 
margins disappeared due to regional necrosis (Fig. 4A). The 
dilated sinusoidal blood vessels in the liver appeared normal 
in the ES group in comparison with the NS group. Similarly, 
the structure of the spleen was normalized by endostatin treat-
ment. The adrenal tissue was dense without sinusoid dilation, 
and the bone marrow hematopoietic cells were rich and evenly 
distributed; there were no significant differences between the 
groups in terms of tissue structure of the adrenal glands or 
bone marrow.

Immunohistochemical analysis using the anti-CD31 anti-
body showed that the hepatic sinusoid and hepatic central 
vein of the tumor-bearing mice in the NS group exhibited 
primitive and dilated sinusoidal vascular structures (Fig. 4B). 
Treating these tumor-bearing mice with endostatin almost 
completely reversed the dilation of the sinusoidal blood 
vessels. The adrenal tissue structure was dense without 
sinusoid dilation, and there were no significant differences 
between the groups.

Endostatin inhibits IL‑6 and VEGF production. TNF-α, IL-6 
and VEGF expression in the sera and tumors were detected 
using ELISA. TNF-α, IL‑6 and VEGF levels were signifi-
cantly higher in the tumor-bearing mice compared with the 

normal group (P<0.05) (Fig. 5). IL-6 and VEGF production 
were significantly inhibited by endostatin, with no significant 
effect on TNF-α expression.

Discussion

The present study found that the body weights of LLC 
tumor-bearing mice quickly decline at 14 days post-tumor 
implantation. Gross examination revealed severe anemia, 
which manifested as considerable paleness in several hairless 
regions, including the paws, mouth, nose and genitals. Hema-
tological analysis of the peripheral blood samples revealed 
a significant decrease in HCT at day 20 post‑tumor implan-
tation. HGB level and RBC count was also significantly 
decreased in the peripheral blood. These results showed that 
the tumor-bearing mice had developed severe anemia. Serum 
parameters that reflect hepatic function and carbohydrate, 
lipid and protein metabolism were already considerably 
disordered, however, the tumor-bearing mice also developed 
hepatosplenomegaly. Histological analysis demonstrated that 
high‑density sinusoidal vasculature filled the entire liver. In 
the spleen, the WP and RP margins disappeared, accompa-
nied by regional necrosis. In short, all these findings showed 
that the tumor-bearing mice suffered from CASS.

Endostatin, an endogenous broad-spectrum angiogenesis 
inhibitor, can selectively target neovascular endothelial cells 
and suppress tumor growth (16). The present study found 

Table I. Biochemical parameters.

Parameters Normal NS ES

ALT, IU/l 51.20±16.35 55.50±13.44 46.70±7.65
AST, IU/l 133.20±15.70 263.10±69.67a 198.90±41.30a,b

TP, g/l 54.67±2.90 50.59±2.31a 50.28±3.26a

ALB, g/l 28.57±1.95 26.70±1.51a 26.84±1.81a

GLU, mmol/l 4.58±0.91 5.92±1.88a 6.37±1.06a

CHO, mmol/l 1.23±0.27 1.93±0.29a 1.58±0.29a,b

TG, mmol/l 0.60±0.12 1.01±0.52a 0.97±0.28a

HDL, mmol/l 0.41±0.15 0.63±0.10a 0.60±0.10a

LDL, mmol/l 0.16±0.04 0.22±0.08a 0.17±0.05

Data are shown as the mean ± standard deviation. aP<0.05 vs. normal group. bP<0.05 vs. NS group. ALT, alanine aminotransferase; AST, aspar-
tate aminotransferase; ALB, albumin; TP, total protein; GLU, glucose; TG, triglycerides; CHO, cholesterol; HDL, high-density lipoprotein; 
LDL, low-density lipoprotein; ES, endostatin group; NS, normal saline control group.

Table II. Organ weights.

Organs Normal, g NS, g ES, g

Liver 0.803±0.044 1.055±0.144a 0.85±0.079b

Spleen 0.091±0.012 0.159±0.037a 0.143±0.037a

Kidney 0.188±0.008 0.209±0.025a 0.198±0.016

Data are shown as the mean ± standard deviation. aSignificantly different from the normal group (P<0.05). bSignificantly different from the 
NS group (P<0.05). ES, endostatin group; NS, normal saline control group.
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that the tumor burden in the endostatin-treated mice was 
significant lower than in the placebo‑treated mice. Further-
more, the CASS-alleviating effect of endostatin in the LLC 
tumor-bearing mice was evident by the weight gain, improve-
ment in blood biochemical parameters and anemia, and the 
preservation of organ function. All these findings confirmed 
that endostatin can effectively affect off-tumor organs and 
improve CASS in an LLC tumor-induced murine model. 
Other antiangiogenic drugs, including bevacizumab, sunitinib 
and sorafenib, may also physiologically alter organ func-
tion and vascular remodeling, thereby improving CASS and 
progression-free survival in tumor-bearing mice (9). However, 
as the drugs are exogenous angiogenesis inhibitors, a large 
number of cancer patients develop adverse effects in response 
to antiangiogenic agents, including impaired wound healing, 
hypothyroidism, hypertension, hemorrhage, proteinuria and 
cardiovascular disorders (9,17). Therefore, endostatin, which 

does not cause these adverse effects, could be used to treat 
patients with CASS.

Although certain cytokines, such as VEGF, TNF-α 
and IL-6, contribute to CASS, its underlying molecular 
mechanisms remain unknown (18,19). For example, CASS is 
associated with an elevated serum IL-6 level, and anti-IL-6 
monoclonal antibody therapy decreases the incidence of 
cancer-related anorexia and cachexia (1). TNF-α treatment 
can impair the oxidation of long-chain fatty acids (20). 
Cancer cachexia is partly mediated by spleen-secreted 
IL-6 (21), and can be ameliorated by L-carnitine via the 
regulation of serum TNF-α and IL-6 levels, and the modula-
tion of carnitine palmitoyltransferase expression and activity 
in the liver (22). Consistent with the results from these afore-
mentioned studies, the present study found that serum VEGF, 
TNF-α, and IL-6 levels markedly increase with the progres-
sion of CASS, and that serum VEGF and IL-6 levels notably 

Figure 5. Effect of endostatin on serum and TNF-α, IL‑6 and VEGF cytokines. High IL‑6 and VEGF levels were inhibited by endostatin, and no significant 
effect on TNF-α was observed. Data are shown as the mean ± standard deviation. *P<0.05 vs. control group. #P<0.05 vs. NS group. ES, endostatin group; NS, 
normal saline control group; TNF-α, tumor necrosis factor α; IL-6, interleukin 6; VEGF, vascular endothelial growth factor.
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decrease following administration of endostatin. Therefore, it is 
possible that endostatin ameliorates CASS by attenuating serum 
VEGF and IL-6 levels, although the exact mechanism remains 
to be elucidated.

The majority of preclinical and clinical studies on 
anti-VEGF agents focus on tumor vasculature or growth, and 
little is known with regard to the systemic effects of these 
therapeutic agents. In preclinical studies, the systemic admin-
istration of antiangiogenic agents in non-tumor-bearing mice 
has been reported to alter vascular density and architecture 
in numerous organs and tissues, particularly endocrine organs 
containing fenestrated vessels (23). A previous study reported 
that the level of circulating VEGF correlates with the severity 
of CASS in tumor-bearing mice and human cancer patients, and 
that anti-VEGF agents could improve organ function (8). As a 
consequence of the off-tumor target effects, improvements to 
organ function and alterations in chemotoxic tolerance may 
be the most important mechanisms with a survival benefit in 
cancer patients with CASS (8,24).

In summary, the present data showed that in an LLC 
tumor-induced CASS model, endostatin effectively reduced 
the tumor burden, preserved body weight and improved CASS, 
possibly by reducing the serum VEGF and IL-6 levels. Further 
studies are required to further explore the application of this 
endogenous angiogenesis inhibitor in the treatment of advanced 
cancer patients with CASS.
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