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Abstract. There is currently a lack of therapeutic options 
for patients with advanced colon cancer. Although certain 
chemotherapies are able to suppress the progression slightly, 
the response rate is low, and side effects of treatment and 
tumor recurrence continue to present problems for clinicians. 
Tumor necrosis factor‑α (TNF‑α) has been identified to possess 
tumor‑promoting properties. In the present study, the effect of 
anti‑TNF‑α treatment (infliximab) in combination with chemo-
therapy on colon cancer was investigated. Tumor tissue samples 
were collected from patients with colon cancer who received 
oxaliplatin (OXA) treatment. Their TNF‑α expression levels were 
examined with regard to their sensitivity to OXA. OXA‑resistant 
colon cancer cell lines were established to explore the effects 
of anti‑TNF‑α treatment and OXA treatment. Furthermore, an 
OXA‑resistant colon cancer xenograft mouse model was created 
and the effects of the combination treatment of anti‑TNF‑α and 
OXA on the mice were assessed. The results of the present 
study indicated that TNF‑α was increased in the tumor tissue 
of patients with colon cancer who were resistant to OXA and 
also in OXA‑resistant colon cancer cell lines. Anti‑TNF‑α treat-
ment using infliximab inhibited the survival of OXA‑resistant 
colon cancer cell lines by inducing antibody‑dependent cellular 
cytotoxicity and complement‑dependent cytotoxicity effects. 
The combination of infliximab and OXA treatment achieved 
increased efficacy on the OXA‑resistant colon cancer xenograft 
mouse model compared with treatment with OXA alone. On the 
basis of the results of the present study, it was concluded that 
infliximab may sensitize colon cancer cells to OXA treatment.

Introduction

Colon cancer has one of the highest mortality rates of 
any malignant disease globally. According to the annual 

age‑adjusted cancer incidence and mortality rate in the USA 
from 1975 to 2002, colon and rectal cancer were among the 
three most frequently diagnosed types of cancer (1). Patients 
with localized colon cancer and rectal cancer exhibit a high 
5‑year relative survival rate (>80%); however, cases exhibiting 
distant metastases have a 5‑year relative survival rate of only 
~10% (1). Previous studies have demonstrated that palliative 
chemotherapy is able to extend the median survival time of 
patients with metastatic colon cancer (2‑4). However, a number 
of distinct effects of chemotherapies were observed among 
different patients with colon cancer. An increased response rate 
to treatment and longer continuous effects are required (3,4).

Tumor necrosis factor‑α (TNF‑α) is an important cytokine 
produced primarily by activated macrophages and numerous 
other cells including fibroblasts, natural killer cells and cluster 
of differentiation (CD)4+ lymphocytes (5,6). TNF‑α exhibits 
multiple functions in mediating systemic inflammation, regu-
lating the immune response, cell metabolism, proliferation 
and apoptosis (7,8). There are two types of TNF‑α receptor 
(TNFRs) which mediate these complex functions: TNFR1 
and TNFR2 (9,10). Previous studies have demonstrated that 
TNF‑α serves roles in promoting the development of a number 
of malignant tumors, including breast, renal and pancreatic 
cancer  (10‑13). Tumor cells themselves are able to produce 
TNF‑α (14). Anti‑TNF‑α treatment has been studied in a number 
of these tumors, and favorable effects have been observed (15).

Inflammation is associated with the initiation of colon 
cancer (16). Colitis‑associated cancer, a subtype of colorectal 
cancer, is associated with inflammatory bowel disease (16). 
Currently anti‑TNF‑α treatment is used against a number of 
inflammatory diseases, including rheumatoid arthritis and 
Crohn's disease. As TNF‑α is a key pro‑inflammatory cyto-
kine, it was hypothesized that anti‑TNF‑α may promote the 
effects of chemotherapy on patients with colon cancer. In the 
present study, the effects of combining anti‑TNF‑α treatment 
(infliximab) and oxaliplatin (OXA) on colon cancer were 
explored in an animal model.

Materials and methods

Cell culture and cell line establishment. Human colon cancer 
cell line SW480 and murine colon cancer cell line CT‑26 
(American Type Culture Collection, Manassas, VA, USA) 
were cultured with RPMI‑1640 medium (Thermo Fisher 
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Scientific, Inc., Waltham, MA, USA) supplemented with 
10% fetal bovine serum (FBS; Thermo Fisher Scientific, 
Inc.) and Leibovitz's L‑15 medium (Sigma‑Aldrich; Merck 
KGaA, Darmstadt, Germany) supplemented with 10% FBS, 
respectively. Additionally, 100 µg/ml streptomycin (Thermo 
Fisher Scientific, Inc.) and 100 U/ml penicillin (Thermo Fisher 
Scientific, Inc.) was added to the medium throughout the cell 
culture. All cells were cultured using a humidified incubator 
at 37˚C with 5% CO2. Cells were subcultured when the cells 
were 90% confluent. To induce OXA‑resistant cell lines, 
SW480 and CT‑26 cell lines were treated with 0.1 µM OXA 
(Sigma‑Aldrich; Merck KGaA) for 1 month to induce drug 
resistance (culture medium was changed with fresh medium 
containing OXA every three days). The drug resistance was 
confirmed using a cell viability assay following treatment with 
increasing doses of OXA (10 and 1,000 µM). The drug‑resis-
tant cells (SW480‑R and CT‑26‑R) were used for further study.

Patient samples. Formalin‑fixed paraffin‑embedded 4‑µm 
thick colon cancer tissue samples were collected from 
60 patients to evaluate their TNF‑α expression levels. All 
patients were diagnosed with colon cancer at the First Affiliated 
Hospital of Hebei North University between June 2011 and 
April 2014. Tissue samples were collected during resective 
surgery. A total of 27 (45.0%) of these patients were female 
and 33 (55.0%) were male. The mean age of these patients 
was 52.5 years (range, 46‑74 years). The present study was 
approved by the Local Committee of Medical Research Ethics 
of the First Affiliated Hospital of Hebei North University 
(Zhangjiakou, China). Written informed consent was obtained 
from the patients or their representatives. All tissue samples 
were collected via surgery prior to the patients receiving 
chemotherapy. Following surgery, these patients received OXA 
as adjuvant chemotherapy. The response to OXA treatment 
was monitored and evaluated by computed tomography scans 
and X‑ray examinations according to the revised RECIST 
guidelines (version 1.1) (16).

Immunohistochemical staining. The expression levels of 
TNF‑α in the FFPE tissues from the patients with colon cancer 
were assessed using immunohistochemistry (IHC). Standard 
IHC procedures were followed (17). Briefly, sample sections 
were deparaffinized using xylene and blocked by incubating 
with 3% H2O2 in methanol, followed by rehydration with 
decreasing concentrations of ethanol. Antigen retrieval was 
performed by heating the sections with Reveal Decloaker 
(Biocare Medical, LLC, Paheco, CA, USA) in a microwave 
for 10 min at 100˚C. Primary antibody (anti‑TNF‑α antibody; 
1:100 dilution; cat. no. ab9635; Abcam, Cambridge, MA, USA) 
was added prior to incubation at 4˚C overnight. Secondary 
antibody (horseradish peroxidase‑conjugated; 1:100 dilution; 
cat. no. ab6721; Abcam) was added prior to incubation for 1 h 
at room temperature. Then 3,3‑diaminobenzidine was added 
and washed away immediately once the stain had developed. 
The slides were mounted and observed using light microscopy. 
Each slide was evaluated by two researchers independently 
without knowledge of the background information of the 
slides. TNF‑α expression was divided into five levels based on 
the proportion of positive cells: 5, >80%; 4, >60%; 3, >40%; 
2, >20%; 1, <20%.

Cell viability. Cell viability was determined using a Cell 
Counting Kit‑8 (CCK‑8) kit (Merck KGaA, Darmstadt, 
Germany), according to the manufacturer's protocol. Equal 
numbers of cells (5x104 cells/well) were seeded on 96‑well 
plates containing 100 µl culture medium. Various concentra-
tions of OXA were added to the cells prior to incubation for 
48 h. CCK‑8 solution (10 µl/well) was added prior to incuba-
tion for 30 min at 37˚C. Finally, the absorbance at 450 nm 
was assessed using an MRX microplate reader (Dynex 
Technologies, Chantilly, VA, USA). The absorbance value of 
each treated group relative to that of the control group was 
used to represent the cell viability.

Antibody‑dependent cellular cytotoxicity (ADCC) assay and 
complement‑dependent cytotoxicity (CDC) assay. ADCC 
and CDC assays were performed to evaluate the cytotoxic 
effects of infliximab on OXA‑resistant colon cancer cell lines 
SW480‑R and CT‑26‑R. Equal numbers of these two cell 
lines were seeded on 96‑well plates (1x105 cells/well) with 
100 µl RPMI‑1640 medium (Sigma‑Aldrich; Merck KGaA). 
Infliximab (Thermo Fisher Scientific, Inc.) was added prior 
to incubation for 1 h at 37˚C with 5% CO2. Effector cells 
[macrophages were isolated from Balb/c mice as previously 
described (18)] were added prior to incubation for another 48 h 
under identical conditions. For the CDC assay, the effector cells 
were replaced with guinea pig serum containing mixed active 
complements (Sigma‑Aldrich; Merck KGaA), which were 
added to the target cells and incubated for 5 h at 37˚C with 5% 
CO2. The complement was replaced with phosphate‑buffered 
saline in the control group. The cell viability was assessed 
according to the aforementioned protocol.

Animal model. A colon cancer xenograft mouse model was 
established using the CT‑26‑R cell line and Balb/c mice 
(30 females; 20‑22 g; 6 weeks of age; Shanghai Experimental 
Animal Center, Chinese Academy of Science, Shanghai, 
China). Equal numbers of CT‑26‑R cells (1x106) were inocu-
lated into the flanks of these mice subcutaneously. At 1 week 
after the inoculation, the mice were randomly divided into 
three groups (10 per group) to receive treatments once per 
week: OXA (4 mg/kg) alone; OXA (4 mg/kg) + infliximab 
(6 mg/kg); or saline (control). The agents were injected into 
the tail vein of these mice once a week. The tumor volume 
(width2 x length x π/6) and survival date was observed and 
recorded. All mice were raised in a specific pathogen‑free envi-
ronment (at room temperature, with fresh air and a humidity 
of 40‑50%) with a 12‑h light/12‑h dark cycle and free access 
to water and food. This animal study was approved by the 
Experimental Animal Use Committee of the First Affiliated 
Hospital of Hebei North University.

Fluorescence‑activated cell sorter (FACS) analysis. FACS 
analysis was performed to determine the levels of TNF‑α, 
cleaved poly(ADP‑ribose) polymerase (PARP) and bromode-
oxyuridine (BrdU) in colon cancer cell lines SW480, SW480‑R, 
CT‑26 and CT‑26‑R or xenograft mouse model‑derived tumor 
cells. Cells were incubated with the following primary anti-
bodies: anti‑TNF‑α (1:100 dilution; cat. no. ab1793; Abcam) and 
anti‑cleaved PARP (1:100 dilution; cat. no. ab110315; Abcam) 
for 30 min at room temperature followed by washing with 
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PBS three times. Next, a fluorescence‑conjugated secondary 
antibody (1:1,000 dilution; cat. no. ab6789; Abcam) was added 
prior to incubation for 20 min at room temperature followed by 
washing with PBS three times. The cells were then analyzed 
using a BD FACSCanto™ II machine (BD Biosciences, 
Franklin Lakes, NJ, USA) and FlowJo software 9.7.1 (FlowJo 
LLC, Ashland, OR, USA).

Statistics. All statistical analysis and data visualization 
was performed using GraphPad 7 (GraphPad Software, 
Inc., La Jolla, CA, USA) or SPSS software 17.0 (SPSS, Inc., 
Chicago, IL, USA). The difference between means of various 
experimental groups were analyzed using either Student's 
t‑test or a one‑way analysis of variance with Bonferroni's pair-
wise comparison. Survival analysis was performed using the 
Kaplan‑Meier estimator method. The differences between the 
survival curves were analyzed using a log‑rank test. P<0.05 
was considered to indicate a statistically significant difference.

Results

TNF‑α is increased in the tumor tissue of patients with 
OXA‑resistant colon cancer and OXA‑resistant colon cancer 
cell lines. A total of 60 tumor tissue samples were collected 
from patients with colon cancer who accepted OXA treatment 
following surgery, half of whom exhibited sensitivity to the 
OXA treatment, with the other half exhibiting resistance to the 
OXA treatment. These samples were divided into two groups 
according to their response to the OXA treatment. IHC was 
performed to evaluate the TNF‑α level of these tissue samples. 
As presented in Fig.  1A and B, these samples expressed 

distinct levels of TNF‑α. Quantitative analysis identified that 
the patients with colon cancer who were sensitive to the OXA 
treatment had a lower mean TNF‑α level compared with 
that of the patients who were resistant to the OXA treatment 
(Fig. 1C).

TNF‑α is increased in OXA‑resistant colon cancer cell lines. 
OXA‑resistant colon cancer cell lines, CT‑26‑R and SW480‑R, 
were created using low‑dose OXA treatment. As presented 
in  Fig.  2A and B, these cell lines exhibited resistance to 
increasing concentrations of OXA. The TNF‑α expression 
was measured using FACS analysis (Fig. 2C and D). These cell 
lines exhibited increased levels of TNF‑α compared with the 
wild‑type CT‑26 and SW480 cell lines. In summary, the asso-
ciation of TNF‑α expression with OXA sensitivity suggests 
that TNF‑α may alter the effect of chemotherapy on patients 
with colon cancer.

Infliximab inhibits the survival of OXA‑resistant colon cancer 
cell lines by inducing ADCC and CDC effects. Considering 
that OXA‑resistant colon cancer cell lines express increased 
levels of TNF‑α and that TNF‑α is an important cytokine 
which regulates the immune response, the ability of infliximab 
to induce ADCC and CDC effects on the OXA‑resistant colon 
cancer cell lines CT‑26‑R and SW480‑R was investigated. 
Notably, it was revealed that infliximab decreased the survival 
rate of CT‑26‑R and SW480‑R cells in the presence of macro-
phages or active complement (Fig. 3A and B). These results 
suggest that TNF‑α may promote the resistance of colon 
cancer cells to OXA treatment by inhibiting any immune 
response to tumor cells.

Figure 1. TNF‑α expression is increased in the tumor tissue of patients with OXA‑resistant colon cancer. A total of 60 tumor tissue samples were collected from 
patients with colon cancer to evaluate the expression levels of TNF‑α. Representative images of (A) high TNF‑α expression and (B) low TNF‑α expression. 
(C) Quantitative analysis of TNF‑α scores with regard to the sensitivity to OXA treatment. The patients with colon cancer who were sensitive to OXA treat-
ment exhibited a lower average score of TNF‑α expression compared with the patients who were resistant to OXA treatment. **P<0.01. TNF‑α, tumor necrosis 
factor‑α; OXA, oxaliplatin.
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Infliximab decreases the resistance to OXA in a colon cancer 
mouse model. Mice bearing CT‑26‑R xenograft colon tumors 
were assigned to three treatment groups: OXA, OXA + inflix-
imab or saline. These mice exhibited different survival 
rates. The group receiving OXA + infliximab exhibited the 
longest overall survival time and most marked tumor growth 
compared with the group receiving OXA alone and the control 
group (Fig. 4). Notably, an increased level of cleaved PARP 
was detected in the tumor cells of the mice treated with 

OXA +  nfliximab compared with the OXA group (Fig. 5A 
and B). Additionally, the BrdU incorporation rate of these 
tumor cells was decreased compared with that of the tumor 
cells from the mice receiving OXA (Fig. 5C and D).

Discussion

Although there have been previous studies demonstrating that 
local administration of TNF‑α may inhibit the development 

Figure 3. Infliximab inhibits the survival of colon cancer cell lines by inducing ADCC and CDC effects. (A) OXA‑resistant colon cancer cell lines CT‑26‑R 
and SW480‑R were treated with increasing concentrations of infliximab in the presence of macrophages. The survival rate of these cell lines was inhibited. 
(B) When the macrophages were replaced with active complements, the survival rate of these cell lines was suppressed by the increasing concentrations 
of infliximab. *P<0.05, **P<0.01, ***P<0.001. TNF‑α, tumor necrosis factor‑α; OXA, oxaliplatin; ADCC, antibody‑dependent cellular cytotoxicity; CDC, 
complement‑dependent cytotoxicity.

Figure 2. TNF‑α expression is increased in OXA‑resistant colon cancer cell lines. The OXA‑resistant colon cancer cell lines CT‑26‑R and SW480‑R were 
created by treating wild‑type colon cancer cell lines CT‑26 and SW480 with low doses of OXA. (A) CT‑26‑R and (B) SW480‑R cell lines exhibited apparent 
resistance to OXA treatment compared with their respective wild‑type cell lines (P<0.01). TNF‑α expression of (C) CT‑26‑R and (D) SW480‑R were increased 
compared with wild‑type cells (P<0.01). TNF‑α, tumor necrosis factor‑α; OXA, oxaliplatin; WT, wild‑type; R, OXA‑resistant.
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of advanced solid tumors, including metastatic liver cancer 
and soft tissue sarcomas, only a minor effect was observed, 
dependent on the combination with other antiblastic agents, 
including doxorubicin and melphalan (6,19,20). Conversely, 
previous studies have demonstrated that TNF‑α may promote 
the metastasis of tumors (6,21). A previous study has demon-
strated that TNF‑α‑deficient mice were resistant to chemical 

carcinogenesis (22). These tumor‑promoting effects of TNF‑α 
suggest that anti‑TNF‑α treatment may be beneficial to patients 
with cancer.

Anti‑TNF‑α treatment has been utilized previously to 
treat patients with myelogenous leukemia, multiple myeloma 
and myelofibrosis (23). There are ongoing clinical trials of 
anti‑TNF‑α treatment for other malignances, including ovarian 

Figure 4. Infliximab decreases OXA resistance in the CT‑26‑R xenograft mouse model. An OXA‑resistant mouse model was established using CT‑26‑R cells. 
Mice were divided into three treatment groups: Saline, OXA alone or OXA + infliximab. (A) The tumor volume increase in the mice receiving the combina-
tion treatment of OXA and infliximab was apparently inhibited compared with the mice receiving OXA alone (P<0.001). (B) The survival time of the mice 
receiving OXA + infliximab was increased compared with that of the mice receiving OXA treatment (P<0.0001). OXA, oxaliplatin.

Figure 5. Infliximab promotes apoptosis and inhibits proliferation of tumor cells in the CT‑26‑R xenograft mouse model. Representative images of the 
(A) cleaved PARP and (B) BrdU levels in the tumor cells from the CT‑26‑R xenograft mice treated with OXA and infliximab. (C) Colon cancer cells from the 
mice treated with OXA + infliximab exhibited increased levels of cleaved PARP, compared with the mice receiving OXA. (D) The BrdU incorporation rate was 
markedly decreased in the tumor cells from the mice treated with OXA + infliximab compared with those of the mice treated with OXA. *P<0.05, **P<0.01. 
OXA, oxaliplatin; PARP, poly(ADP‑ribose) polymerase; BrdU, bromodeoxyuridine.
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cancer and non‑small cell lung cancer  (6,7). Additionally, 
TNF‑α‑induced protein 3 was demonstrated to inhibit the 
antitumor activity of CD8+ T cells, which may allow the tumor 
cells to evade immune surveillance (24). In the present study, 
it was identified that TNF‑α expression was increased in the 
colon cell lines with induced resistance to OXA treatment. 
The patients with colon cancer who were resistant to OXA 
treatment also tended to exhibit increased TNF‑α expression 
levels compared with the patients who were sensitive to OXA 
treatment. Results of the in vitro study revealed that infliximab 
induced ADCC and CDC effects, inhibiting the survival of 
OXA‑resistant colon cancer cell lines. In the CT‑26‑R xeno-
graft mouse model, the combination treatment of infliximab 
and OXA resulted in improved effects when compared with 
the OXA treatment alone.

In previous studies, to the best of our knowledge, there was 
no evidence demonstrating the direct cytotoxicity caused by 
anti‑TNF‑α treatment. The present study provided a possible 
explanation of the tumor‑inhibiting effects of anti‑TNF‑α treat-
ment: Anti‑TNF‑α treatment may reject tumor cells through 
immune response‑dependent methods, i.e., ADCC and CDC 
effects. The combination of infliximab and OXA achieved 
apparent favorable effects in the OXA‑resistant colon cancer 
xenograft mouse model. This suggests that the anti‑TNF‑α 
treatment may have increased the sensitivity of colon cancer 
cells to chemotherapy. Furthermore, increased levels of cleaved 
PARP and the decreased BrdU incorporation level were also 
observed in the infliximab‑ and OXA‑treated mice, which 
suggested that the combining treatment effectively induced 
apoptosis and inhibited the proliferation of colon cancer cells.

In conclusion, we hypothesize that anti‑TNF‑α treatment 
may sensitize colon cancer cells to chemotherapy and thus 
enhance the efficacy of chemotherapy for the treatment of 
colon cancer.
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