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Abstract. Colorectal cancer (CRC) is the third and second 
most common type of cancer diagnosed in males and females, 
respectively, and is the fourth leading cause of cancer‑associated 
mortality worldwide. Liver metastasis is the primary cause of 
mortality in patients with CRC, and therefore requires thera-
peutic focus. Regulatory T cells (Tregs) and hepatic stellate 
cells (HSCs) are potentially involved in regulating the immune 
response during liver metastasis. The aim of the present study 
was to evaluate the influence of CD4+ forkhead box p3 (Foxp3)+ 
Tregs and the HGF/c‑Met signaling pathway in the liver metas-
tasis of CRC. A model of the latter was established using Balb/c 
mice via splenic injection of human CRC cells (CT‑26 line). 
The mice were monitored for 3 weeks after being injected, 
and the spleens and livers were removed on day 22 for further 
analysis. Moreover, the single‑cell suspensions were labeled 
with CD4 and Foxp3 antibodies, and were analyzed using flow 
cytometry. Expression levels of α‑smooth muscle actin (SMA), 
hepatocyte growth factor (HGF) and hepatocyte growth factor 
receptor (c‑Met) were analyzed using immunohistochemistry. 
Mice injected with CT‑26 cells exhibited signs of illness 
and significant weight loss, compared with the control mice 
(P=0.013), and they also developed liver metastases, at an 

average of 20.5 tumors per mouse. Pathological evaluation 
using hematoxylin and eosin staining confirmed the tumors 
as liver metastases of CRC. The numbers of CD4+ T cells 
were significantly decreased in the spleen (P<0.001) and 
liver (P=0.003) of tumor‑bearing mice, while the propor-
tions of CD4+FOXP3+ Tregs increased significantly in the 
spleen (P<0.001) and liver (P=0.026) compared with that in 
the controls. Additionally, α‑SMA, HGF and c‑Met levels 
increased significantly during metastatic growth in the liver. 
In conclusion, CD4+FOXP3+ Treg levels increased and the 
HGF/c‑Met pathway was upregulated during the liver metas-
tasis of CRC in mice, indicating the presence of potential 
therapeutic targets.

Introduction

Colorectal cancer (CRC) is the third and second most commonly 
diagnosed type of cancer in males and females, respectively, 
and is the fourth leading cause of cancer‑associated mortalities 
worldwide (1). Approximately 30% of patients with CRC have 
synchronous liver metastases at the time of diagnosis (2,3), and 
nearly 50% of patients acquire metachronous liver metastases 
following radical resection of the primary lesion (4). Liver 
metastasis represents the most common cause of mortality 
among patients with CRC (5). Therefore, in order to improve 
the therapeutic outcome of patients with CRC, it is imperative 
to target liver metastases. 

The liver influences numerous immunological processes 
and houses immune cells that serve important roles in local 
and systemic host defense pathways (6). Regulatory T cells 
(Tregs) are a key factor in antitumor immune responses, and 
tumor infiltration of Tregs is associated with attenuated anti-
tumor T‑cell responses (7). Moreover, it has previously been 
revealed that there is a decreased number of CD4+ and CD8+ 
T cells, but an increase in the number of CD4+CD25+ Tregs, 
relative to the total CD4+ T cell number in metastatic liver 
tissues (8).

Hepatic stellate cells (HSCs), also known as Ito cells or 
lipocytes, are vitamin A‑storing cells located in the Disse 
space between hepatocytes and sinusoidal endothelial cells, 
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and serve a major role in the tumorigenesis of hepatocel-
lular carcinoma (9,10). HSC activation is characterized by 
an elevation of α‑smooth muscle actin (α‑SMA) levels (11) 
and the secretion of hepatocyte growth factor (HGF), which 
suppresses the immune response and promotes cancer cell 
proliferation and migration by binding to hepatocyte growth 
factor receptor (c‑Met) (12‑14). Inhibition of the HGF/c‑Met 
signaling pathway may therefore represent a novel therapeutic 
approach to the treatment of CRC (15,16). 

In the present study, a reproducible liver metastases model 
was established by injecting colon carcinoma cells into the 
spleen of immunocompetent mice and evaluating changes in 
the number of CD4+ forkhead box p3 (Foxp3)+ Tregs and the 
HGF/c‑Met pathway during liver metastases.

Materials and methods

Mice. Female Balb/c mice aged 6‑8 weeks old with an average 
weight of 20.52±0.83 g were obtained from the Laboratory 
Animal Center of Sun Yat‑sen University (Guangzhou, China). 
The mice were housed in a special pathogen‑free facility with 
free access to drinking water and a pellet‑based diet, and were 
quarantined for 7 days prior to surgery. The mice were kept 
in a room with controlled temperature (22±1˚C) and humidity 
(50‑70%), and a 12‑h light/dark cycle. All animal experiments 
were approved by the Ethical Committee of Sun Yat‑Sen 
University and were conducted in accordance with guide-
lines of the Institutional Animal Care and Use Committee 
of Sun Yat‑Sen University and the Committee for Animal 
Experiments of Sun Yat‑Sen University.

On day 1, 20 mice were randomly assigned into experi-
mental and control groups, with 10 mice in each group. Mice 
were anesthetized using an intraperitoneal injection of 4% 
chloral hydrate (400 mg/kg). To verify anesthesia, it was 
ensured that the mice were unresponsive when pinching the 
skin or passively opening the eyes. After local disinfection 
of the skin, an abdominal incision was made along the left 
subcostal margin, and 1x105 CT‑26 cells in 50 µl phosphate‑
buffered saline (PBS) were injected into the spleen of the 
mice in the experimental group using a 32‑G needle. The 
control mice received the same volume of sterile PBS. 
The abdominal wall was closed using a two‑layer technique 
and non‑absorbable sutures. The mice were monitored, with 
body weight and general health indicators being recorded 
every 3 days over a period of 3 weeks. No mouse exhibited 
signs of peritonitis in the present study following the use of 
chloral hydrate. If a mouse could not ambulate or was unable 
to intake food or water independently during the experiment, 
it would be euthanized ahead of schedule; however, no mouse 
was euthanized or found dead ahead of schedule in the 
present study. The mice were sacrificed on day 22 using an 
intraperitoneal injection of 4% chloral hydrate (400 mg/kg), 
followed by cervical dislocation. To verify death, breath 
and heartbeat were observed. Briefly, the mice exhibited no 
abdominal or thoracic respiration and no observable throb-
bing in the precordium. After verification of death, the liver 
and spleen were removed, and the number of macroscopic 
metastatic nodules in the liver was counted. Liver tissues 
were fixed for 24 h at room temperature using 10% neutral 
buffered formalin for subsequent paraffin embedding, or 

stored in RNA stabilization solution at ‑80˚C (RNA later; 
Ambion; Thermo Fisher Scientific, Inc.) for further analysis.

Cell lines. The undifferentiated murine colon adenocarcinoma 
cell line, CT‑26, was obtained from the Chinese Academy 
of Science Cell Bank (Shanghai,  China) and cultured in 
RPMI‑1640 medium with 10% fetal calf serum and antibiotics 
(1% penicillin and streptomycin) (all Gibco; Thermo Fisher 
Scientific, Inc.) at 37˚C in a humidified incubator (Thermo 
Fisher Scientific, Inc.) with 5% CO2. The cultures were 
routinely tested once a week for mycoplasma contamination 
using MycoProbe (R&D Systems, Inc.), and the medium was 
regularly replaced every 2‑3 days. The cells were harvested 
using 0.25% trypsin (Gibco; Thermo Fisher Scientific, Inc.) for 
2 min at room temperature. 

Flow cytometry. The spleen and liver were homogenized by 
trituration (300 x g at 4˚C for 10 min) and suspended in PBS, 
and single‑cell suspensions were prepared. After RBC lysis 
(cat. no. 555899; BD Biosciences) with 0.17 M ammonium 
chloride at 4˚C for 5 min, the cells were washed in PBS and 
counted using the cellometer Auto T4 (BD Biosciences). 
Aliquots of 1x106 cells were stained using anti CD4‑FITC 
antibody (1:10; cat. no. 561833; BD Biosciences) and/or anti 
Foxp3‑PE‑Cy5 antibody (1:10; cat. no. 563101; BD Biosciences) 
at 4˚C for 30 min, according to the manufacturer's instructions. 
The stained cells were added into a FACS canto flow cytom-
eter (BD Biosciences), and the T‑cell subsets were analyzed in 
samples of 1x104 cells each using Cell Quest software (v5.1; 
BD Pharmingen). Samples from all mice were analyzed using 
flow cytometry, which was repeated three times.

Histopathological evaluation and immunohistochemistry. 
Tissues were fixed with 10% formalin at room temperature for 
24 h and embedded in 10% paraffin for 24 h, cut into 4‑µm thick 
sections and placed on salinized glass slides. Hematoxylin and 
eosin staining was performed as per the standard protocol. 
For immunohistochemistry, the sections were deparaffinized 
with dimethylbenzene and rehydrated through an alcohol 
gradient, followed by antigen retrieval in a hot sodium 
citrate buffer at 96‑98˚C for 15 min. After quenching the 
endogenous peroxidase activity with 0.3% hydrogen peroxide 
solution and blocking using 5% goat serum (cat. no. 16210064; 
Gibco; Thermo Fisher Scientific, Inc.) at room temperature 
for 30  min, the sections were incubated overnight with 
anti‑α‑SMA (1:1,000; cat. no. ab124964), anti‑HGF (1:1,000; 
cat. no; ab83760) and anti‑c‑Met (1:1,000; cat. no. ab51067) 
primary antibodies (all Abcam) at 4˚C. The sections were 
then incubated with a Qdot 655‑conjugated goat anti‑chicken 
IgY (H+L) secondary antibody (1:50; cat.  no. Q14421MP; 
Invitrogen; Thermo Fisher Scientific, Inc.) at room tempera-
ture for 60 min, washed and stained with diaminobenzidine 
in an Envision System (Dako), followed by counterstaining 
with hematoxylin at room temperature for 2 min. Slides were 
observed under an inverted phase contrast light microscope 
(magnification, x200; Leica Microsystems GmbH).

Statistical analysis. Sample size in each group was determined 
according to the study by Syed Khaja et al (17) and the power 
test using G power (t‑test, difference between two independent 
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means). Briefly, the mean and standard deviation in each group 
was used to calculate the effect size d, and the power was >90% 
for all tests using G power software. All data are expressed 
as mean ± standard deviation (n=3). The weight of the mice 
was compared using a repeated‑measures analysis of variance 
and the expression of T cell markers was compared using an 
unpaired Student's t‑test in SPSS v21 software (IBM Corp.). 
Two‑sided P‑values of <0.05 were considered to indicate a 
statistically significant difference.

Results

Survival and general status of the mice. All tumor‑bearing 
and control mice survived until the end of the experiment. 
However, unlike the control mice, the tumor‑bearing mice 
exhibited signs of illness, such as reduced activity, slow 
response, lackluster fur, loss of appetite, emaciation and a 
distended abdomen, which were accompanied by signifi-
cant loss in body weight (P=0.013; Fig. 1A). The maximum 
percentage of body weight loss was 8.86%.

Successful induction of liver metastases of CT‑26 cells. At 
3 weeks post‑tumor cell injection, the mice were sacrificed. 
The liver and spleen of the control mice was soft and smooth 
without any neoplasms (Fig. 1B). By contrast, both organs 
in the CT‑26‑injected mice had a rough and uneven surface, 
while macroscopic tumors were also observed (Fig. 1C). An 
average of 20.5 metastatic nodules was observed on the liver 
of the CT‑26‑injected mice, and pathological evaluation using 
hematoxylin and eosin staining confirmed the nodules as liver 
metastases of colon carcinoma (Fig. 1D).

CD4+ T cells and CD4+FOXP3+ Treg populations are 
influenced by liver metastases. Single‑cell suspensions of 
the spleen and liver were prepared and analyzed using flow 
cytometry. As indicated in Fig.  2, the numbers of CD4+ 
T cells in the spleen and liver of the tumor‑bearing mice 
were significantly lower compared with those in the control 
group (P<0.001 and P=0.003, respectively). By contrast, the 
proportion of CD4+FOXP3+ Tregs among the entire CD4+ 
T cell population was significantly higher in the tumor‑bearing 
group compared with that in the control group (P<0.001 and 
P=0.026 in the spleen and liver, respectively; Fig. 3).

HGF/c‑Met signaling pathway is upregulated in liver 
metastases. The liver tissues of the control mice were negative 
for α‑SMA and expressed only low levels of HGF and c‑Met. 
By contrast, α‑SMA, HGF and c‑Met levels were significantly 
upregulated in the liver metastatic nodules (Fig. 4). 

Discussion

Liver metastasis is the primary cause of mortality in patients 
with CRC. In the present study, a liver metastasis model of 
colon carcinoma in mice was established via an injection of 
CT‑26 cells into the spleen (8,18), in order to evaluate changes 
in CD4+Foxp3+ Treg numbers and HGF/c‑Met expression 
levels. All mice developed metastatic growth in the liver and 
the survival rate was 100% despite a lethargic appearance 
and loss of appetite. Macroscopic tumors were observed on 

the liver surface, with an average of 20.5 metastatic nodules 
per mouse.

T  cells serve an important role during tumorigenesis, 
with cytotoxic T cells eliminating cancer cells presenting 
major histocompatibility complex class  I molecules, while 
CD4+Foxp3+ Tregs promote tumor progression via suppression 
of the antitumor immune response (19,20). Tumor tissues are 
often infiltrated by Tregs, and their depletion has been revealed 
to augment the antitumor immune response in mice (21,22). 
Tregs elicit an immunosuppressive effect by inhibiting CD4+ 
and CD8+ effector T cells via T cell receptor engagement and 
a cell contact‑dependent mechanism (23,24). In our previous 
study, the numbers of CD4+ and CD8+ T cells were shown to 
decrease in liver metastases (8), a fact which was supported in 
the present study, along with an increase in the proportion of 

Figure 1. General status and observation of metastases. (A) Body weight loss 
was observed in mice in the experimental group and the dynamic curve of 
body weight was significantly different compared with that of the control 
group (P=0.013). (B) Spleen (left) and liver (right) of the mice in the control 
group, without neoplasm. (C) Spleen (left) and liver (right) of the mice in 
the experimental group, with macroscopic tumors bulging onto the surface. 
(D) Pathological evaluation by hematoxylin and eosin staining of the normal 
liver and liver neoplasm, confirming the tumors as liver metastases of colon 
carcinoma.
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Figure 2. Analysis of CD4+ T cells using flow cytometry in (A) the spleen and (B) the liver. There were significantly fewer CD4+ T cells in the experimental 
groups (middle panels) compared with those in the control groups (left panels) (P<0.001 and P=0.003, respectively). P2 represents CD4+ T cells. SSC‑A, side 
scatter‑area.

Figure 3. Analysis of CD4+FOXP3+ Tregs by flow cytometry in (A) the spleen and (B) the liver. The proportion of CD4+FOXP3+ Tregs in the whole CD4+ T cell 
population was significantly higher in the experimental groups (middle panels) compared with that in the control groups (left panels) (P<0.001 and P=0.026, 
respectively). FOXP3, forkhead box p3.
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CD4+Foxp3+ Tregs in the spleen and liver. A higher proportion 
of Tregs may inhibit cytotoxic T cells and promote metastasis 
of cancer cells from the spleen to the liver. 

The HGF/c‑Met signaling pathway serves a key role in 
metastasis (25) and influences the proliferation, survival and 
invasive potential of colorectal, gastric, gastro‑esophageal and 
gastro‑esophageal junction cancer (26). In addition, HGF and 
c‑Met are upregulated in a number of cancer types, including 
CRC (27), and are associated with tumor recurrence and an 
unfavorable patient prognosis  (28). Consistent with these 
findings, HGF/c‑Met expression was revealed to be signifi-
cantly higher in liver metastatic tissues in the current study, 
indicating that the downregulation of HGF/c‑Met expression 
may suppress tumor cell invasion; however, further studies are 
required to confirm this finding.

The role and potential mechanism of CD4+FOXP3+ Tregs 
have also been investigated in colitis‑associated colon and 
colorectal cancer. Notably, Olguín et al (29) discovered that the 
percentage of CD4+FOXP3+ Tregs was increased in colitis‑asso-
ciated colon cancer. Another study by Syed Khaja et al (17) 
revealed that numbers of CD4+FOXP3+ Tregs were increased 
in colorectal cancer tissues. Although the present study only 
obtained results and conclusions similar to those described 
in previous papers, to the best of our knowledge, there is no 

previously published study on this topic for the liver metastasis 
of colorectal cancer. The results of the present study should 
therefore supplement the existing knowledge in the field of 
CD4+FOXP3+ Tregs and colorectal cancer.

In conclusion, liver metastasis of CRC is associated 
with an increase in the number of CD4+FOXP3+ Tregs and 
upregulation of the HGF/c‑Met signaling pathway, indicating 
the presence of potential novel therapeutic targets for liver 
metastasis. 
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