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Abstract This study aimed at analyzing the therapeutic

function of the chemokine RANTES on the H22 hepatoma

ascites model and preliminarily explore the mechanism of

RANTES in malignant ascites to provide an important

reference for applying chemokines in anti-tumor therapy.

The murine H22 hepatoma ascites model was used. Three

treatment groups were analyzed: a RANTES treatment

group, an IL-2 control group, and an NS control group.

Two regimens of early treatment and late treatment were

designed, and the therapeutic effect of RANTES on

malignant ascites was studied by measuring changes in

mouse body weight and abdominal circumference and

observing the survival time. The expression of TNF-a,

IFN-c, TGF-b1, and MCP-1 in mouse ascites was detected

by ELISA, and the chemotactic function of RANTES on B

lymphocytes and T lymphocytes was analyzed by flow

cytometry. In the early and late treatment regimens,

RANTES could effectively inhibit the increase in mouse

body weight and abdominal circumference in the murine

H22 hepatoma ascites model. The secretion of TNF-a and

IFN-c, which had anti-tumor effects, was higher in the

RANTES treatment group than in the control groups

(P \ 0.05), whereas the secretion of TGF-b1 and MCP-1,

which promoted tumor growth, invasion, and metastasis,

was lower than in the control groups (P \ 0.05). RANTES

had chemotactic effects on CD4? and CD8? T lympho-

cytes; therefore, the percentage of CD3, CD4, and CD8 in

the mouse ascites in the RANTES treatment group was

significantly higher than in the NS control and IL-2 treat-

ment groups, and the CD4/CD8 ratio was also significantly

higher. RANTES can effectively inhibit the increase in

body weight and abdominal circumference and signifi-

cantly extend survival time in mice in the H22 hepatoma

ascites model.
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Introduction

Malignant tumors are one of the major diseases that severely

affect human health and threaten human life. Although great

progress has been made in medical and surgical treatments for

tumors, the prognosis of malignant tumors in recent years has

not significantly improved. As one of the major causes of

mortality in the world, malignant tumors and their compli-

cations still severely affect the quality of life of patients and

endanger the physical and mental health of patients and their

families. Malignant ascites is one of the severe complications

caused by many advanced or recurrent malignant tumors,

particulary in ovarian cancer, hepatoma, and advanced colo-

rectal cancer. About half of the advanced or recurrent

malignant tumor patients may develop malignant ascites [1].

There are currently many therapeutic treatments for malignant

ascites such as peritoneal catheter drainage, intraperitoneal

chemotherapy, thermal therapy, immunotherapy, and perito-

neovenous shunt; however, the therapeutic efficacies of these
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treatments are not satisfactory. Furthermore, medications can

induce side effects such as peritoneal irritation, intestinal

adhesion, obstruction, and fluid separation, negatively

impacting survival time and quality of life [2].

Interleukin-2 (IL-2) is an effective immune modulator; it

not only maintains the body’s immune functions but also

plays an important role in tumor immunity. IL-2 has been

used extensively in the clinical treatment of malignant

pleural effusion and ascites. Although it has some advan-

tages over other treatments, the overall therapeutic effect of

IL-2 is limited. In addition, the half-life of IL-2 in the body

is short, and a large dose of medication is usually required,

thus resulting in a series of serious complications such as

hypotension, peripheral edema, dyspnea, liver dysfunction,

and acute renal failure. Therefore, new drugs and thera-

peutic strategies are required to obtain better survival

benefits.

The regulated upon activation normal T cell expressed

and secreted factor (RANTES), the first chemokine dis-

covered in the cysteine–cysteine (CC) family, has signifi-

cant chemotactic effects on monocytes/macrophages, T

cells, and NK cells, and RANTES can modulate the

function of effectors cells. Because it can induce filtration

of leukocytes to inflammatory sites, RANTES was first

considered a typical chemotactic cytokine. Recent studies

have shown, however, that RANTES has multiple effects

such as promoting tumor invasion and metastasis and anti-

tumor properties during tumor occurrence, development,

and malignancy [3]. In this study, RANTES was intraper-

itoneally injected into the BALB/C mice H22 hepatoma

ascites model to explore its mechanism on the treatment of

malignant ascites and its anti-tumor function.

Materials and methods

Materials

Female BALB/C mice were purchased from the Animal

Center of Tianjin Institute of Medicine. RANTES lyophi-

lized powder was purchased from Sino Biological (Beijing).

Mouse TNF-a, TGF-b1, IFN-c, and MCP-1 pre-coated

ELISA kits were purchased from Beijing 4A Biotech Co.,

Ltd. PerCP/Cy5.5 anti-mouse CD3, PE anti-mouse CD4,

FITC anti-mouse CD8, FITC anti-mouse CD19, FITC Rat

lgG2a, and j isotype control were purchased from Bioleg-

end (San Diego, CA, USA).

Methods

Female BALB/C (8 weeks old and approximately 22 g)

were used. The preparation of H22 hepatoma ascites model

referenced the method [4]. The needle was inserted into the

left lower abdomen, and H22 cells were inoculated intra-

peritoneally; each mouse was inoculated with 5 9 106 H22

cells. The murine H22 hepatoma ascites model mice were

then divided into three treatment groups: a RANTES

treatment group, an IL-2 control group, and an NS control

group. The therapeutic effect of RANTES on ascites was

examined by measuring changes in mouse body weight and

abdominal circumference and recording survival time.

Each group was divided into early and late treatment reg-

imens in which therapy started at either the first or fifth day

after intraperitoneal inoculation of the tumor cells. In

summary, the tumor-bearing mice were randomly divided

into six groups, with ten mice in each group. The injection

was performed for a total of five times every other day. The

specific therapeutic regimens are shown in Table 1.

In the late treatment regimen groups, the expression of

TNF-a, TGF-b1, IFN-c, and MCP-1 in ascites was detected

by ELISA according to the instructions provided by the

kits. Briefly, ELISA plates were coated with anti-Ig (50 lg/

ml; 4�C), washed, and blocked. Ascites was added; bound

Ig was detected with horse-radish-peroxidase-conjugated

anti-Ig and visualized by 3.3.5.5-tetramethylbenzidin.

Reactions were stopped using 2 M H2SO4. Absorbance

was measured on an ELISA plate reader at 450 nm (ref-

erence 620 nm). Ig concentrations were determined by

comparison with a standard curve generated from serial

dilutions of Ig standards.

Flow cytometry was used to detect the expression of

CD3, CD4, CD8, and CD19 using the following FITC-

conjugated Abs: CD3, CD4, CD8, and CD19, Samples

were analyzed on a FACSCalibur Cytometer (BD-Biosci-

ences, Heidelberg, Germany). Data analysis was performed

using CellQuest software (BD-Biosciences).

Statistical analysis

Mouse body weight and abdominal circumference and the

expression of TNF-a, IFN-c, TGF-b1, and MCP-1 in

mouse ascites of the experimental and control groups were

compared using the t test.

Results

Body weight, abdominal circumference, and survival

time in the early treatment regimen groups

Five days after mice were inoculated with tumor cells, an

obvious abdominal bulge could be observed by the naked

eye (without any treatment) (Fig. 1). Before inoculation of

tumor cells, mice in each group had shiny hair, good eating

habits, and good living conditions and were lively and

active. On the first and second days after tumor cell
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inoculation, there was no significant abnormal change; on

the third and fourth days, mice in the NS and IL-2 groups

had a slight abdominal bulge, which was more obvious in

the NS group than in the IL-2 group; there was no bulge in

the RANTES group. On the fifth day, the abdominal bulge

in mice in the NS and IL-2 groups was more evident. In

particular, a significant abdominal bulge could be observed

in the NS group mice, and a palpable sense of fluid fluc-

tuation could be felt after pressing the abdomen. There was

still no obvious bulge in the RANTES group. After the fifth

day, the ascites in the mice in the NS and IL-2 groups

gradually increased, the bulge in the abdomen was prom-

inent, the mice began to eat and drink less, the living

conditions of the mice was poor, the mice became less

active and more stagnant, their hair was not as shiny, and

their body weight rapidly increased. At the late stage, the

bulge in the mice abdomen was like a ball, and the mice

were apathetic and hardly active; however, there was still

no significant bulge in the RANTES group.

On the first and third days after the models were

established, there was no significant difference in mouse

body weight between the treatment groups (P [ 0.05); on

the fifth day, the body weight in the RANTES treatment

group was significantly lower than in the NS control group

mice (P \ 0.01) and slightly, but not significantly, lower

than in the IL-2 control group (P [ 0.05). From the sev-

enth day to the 15th day, the body weight in the RANTES

treatment group was significantly lower than that in the NS

and IL-2 control groups (P \ 0.01) (Fig. 2).

On the first day after the first drug administration, there

was no significant difference in abdominal circumference

between the three treatment groups (P [ 0.05). On the fifth

day after tumor cell inoculation, after the third drug

administration, the abdominal circumference in the RAN-

TES treatment group was significantly smaller than that in

the NS group (P \ 0.01) but not significantly smaller than

that in the IL-2 control group mice (P [ 0.05). On the

ninth day after tumor cell inoculation, the last drug

Table 1 Treatment regimens of

murine ascites models
Group Treatment dose Drug volume

(time/animal)

(ml)

Treatment time (after inoculation)

RANTES IL-2 NS Early treatment Late treatment

1 100 ng/ml 0 0 0.2 d1, d3, d5, d7, d9

2 100 ng/ml 0 0 0.2 d5, d7, d9, d11, d13

3 0 750 U/ml 0 0.2 d1, d3, d5, d7, d9

4 0 750 U/ml 0 0.2 d5, d7, d9, d11, d13

5 0 0 0.90% 0.2 d1, d3, d5, d7, d9

6 0 0 0.90% 0.2 d5, d7, d9, d11, d13

Fig. 1 The murine H22 hepatoma ascites model

Fig. 2 Changes in body weight in each group in the early treatment

regimen
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administration, the mouse abdominal circumference in the

RANTES treatment group was significantly smaller than

that in the NS and IL-2 control groups (P \ 0.01)

(Table 2).

The survival time in the RANTES group (47.6 ±

3.6 days) was significantly longer than those in the NS

control group (17.5 ± 1.2 days) and IL-2 control group

(26.1 ± 1.4 days) (Fig. 3).

Body weight, abdominal circumference, and survival

time in the late treatment regimen groups

Before tumor cell inoculation, mice in each group had

shiny hair, good eating habits, and good living conditions

and were lively and active. On the first and the second days

after inoculation, there was no significant abnormal

change; on the third and fourth days, mice in all groups had

a slight abdominal bulge, their hair was shiny, they were

still active and energetic, and there was no abnormality in

defecation or urination. On the fifth day, the abdominal

bulge in the mice in each group was more evident, and a

palpable sense of fluid fluctuations could be felt by press-

ing the abdomen. After the corresponding treatment in each

group, the abdominal circumference in the RANTES group

did not significantly increase. In the IL-2 group, the content

of ascites increased, but the increase in abdominal

circumference was still lower than that in the NS group

mice. After mice in the NS group were given NS every

other day, the abdomen showed a ball-like bulge; the mice

did not eat or drink as much, their hair became less shiny,

their physical state was poor, and they became less active

and more stagnant in addition to experiencing shortness of

breath.

There was no significant difference in body weight

between each group from the first day to the seventh day

(P [ 0.05); from the ninth day to the 15th day, the mouse

body weight in the RANTES treatment group was signifi-

cantly lower than in the NS and IL-2 groups (P \ 0.01)

(Fig. 4). On the fifth day after tumor cell inoculation, after

the first drug administration, there was no significant dif-

ference in abdominal circumference between the three

groups of mice (P [ 0.05); on the ninth day after tumor

cell inoculation, the third drug administration, the mouse

abdominal circumference in the RANTES treatment group

was significantly smaller than that in the NS group

(P \ 0.01) but was not statistically different from that in

the IL-2 control group (P [ 0.05); on the 13th day after

tumor cell inoculation, the last drug administration, the

body weight in the RANTES treatment group was signifi-

cantly lower than that in the NS and IL-2 control groups

(P \ 0.01) (Table 3). The survival time in the RANTES

group (27.2 ± 2.7 days) was significantly longer than

those in the IL-2 group (21.7 ± 2.3 days) and NS group

(17.3 ± 1.8 days) (P \ 0.01) (Fig. 5).

Table 2 The changes in mouse abdominal circumference in each group in the early treatment regimen

Group n Abdominal circumference (cm)

d1 d5 d9

NS control group 10 7.16 ± 0.55 8.45 ± 0.59 9.57 ± 0.71

IL-2 control group 10 7.18 ± 0.57 7.90 ± 0.61 8.45 ± 0.67

RANTES treatment group 10 7.17 ± 0.53 7.64* ± 0.58 7.80*,h ± 0.58

* Compared with the NS control group, P \ 0.01; h compared with IL-2 control group, P \ 0.01

Fig. 3 Survival time of each group in the early treatment regimen.

Note: *Compared with the NS control group, P \ 0.01; Dcompared

with the IL-2 control group, P \ 0.01

Fig. 4 Changes in body weight in each group in the late treatment

regimen
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Expression of TNF-a, TGF-b1, IFN-c, and MCP-1

in ascites of tumor-bearing mice

As shown in Table 4, the level of TNF-a in mouse ascites

in the RANTES treatment group (198.37 ± 16.12 pg/ml)

was significantly higher than those in the NS control group

(128.81 ± 10.13 pg/ml) and the IL-2 control group

(142.64 ± 11.38 pg/ml) (P \ 0.01). The IFN-c levels in

mouse ascites in the RANTES treatment group (66.89 ±

3.16 pg/ml) were significantly higher than those in the NS

control group (18.36 ± 0.87 pg/ml) and the IL-2 control

group (39.17 ± 1.79 pg/ml) (P \ 0.01). The level of TGF-

b1 in mouse ascites in the RANTES treatment group

(31.44 ± 1.46 pg/ml) was significantly lower than the

level in the NS group (40.59 ± 1.85 pg/ml) and the IL-2

group (34.53 ± 1.59 pg/ml). The level of MCP-1 in mouse

ascites in the RANTES treatment group (402.26 ±

34.49 pg/ml) was significantly lower than the level in the

NS control group (796.83 ± 68.42 pg/ml) and the IL-2

control group (593.17 ± 49.25 pg/ml) (P \ 0.01). The

percentages of CD3, CD4, and CD8 and the CD4/CD8 ratio

in mouse ascites in the RANTES treatment group were

significantly higher than those in the NS control and IL-2

treatment groups (P \ 0.01). The percentage of CD19 in

mouse ascites in the RANTES treatment group was

slightly, but not significantly, higher than that in the NS

control group (P [ 0.05), whereas compared with that in

the IL-2 control group, the CD19 expression level in the

RANTES treatment group was significantly lower

(P \ 0.01) (Figs. 6, 7, 8, 9).

Discussion

Regulated upon activation normal T cell expressed and

secreted factor (RANTES) is a group of important

Table 3 Changes in abdominal circumference in each group in the late treatment regimen

Group No. Abdominal circumference (cm)

d5 d9 d13

NS control group 10 8.43 ± 0.58 9.56 ± 0.75 10.33 ± 0.93

IL-2 control group 10 8.46 ± 0.54 9.04 ± 0.76 9.30 ± 0.88

RANTES treatment group 10 8.45 ± 0.57 8.67* ± 0.59 8.54*,# ± 0.61

* Compared with the NS control group, P \ 0.01; # compared with the IL-2 control group, P \ 0.01

Fig. 5 Survival time of mice in each group in the late treatment

regimen. Note: *Compared with the NS control group, P \ 0.01;
Dcompared with the IL-2 control group, P \ 0.01

Table 4 Expression of TNF-a, TGF-b1, IFN-c, and MCP-1 in mouse ascites

Group n TNF-a (pg/ml) TGF-b1 (pg/ml) INF-c (pg/ml) MCP-1 (pg/ml)

NS control group 10 128.81 ± 10.13 40.59 ± 1.85 18.36 ± 0.87 796.83 ± 68.42

IL-2 control group 10 142.64 ± 11.38 34.53 ± 1.59 39.17 ± 0.96 593.17 ± 49.25

RANTES treatment group 10 198.37*,# ± 16.12 31.44*,# ± 1.46 66.89*,# ± 1.43 402.26*,# ± 34.49

* Compared with the NS control group, P \ 0.01; # compared with the IL-2 control group, P \ 0.01

Fig. 6 Expression of CD3, CD4, CD8, and CD19 in mouse ascites in

each group. Note: *Compared with the NS control group, P \ 0.01;
Dcompared with the IL-2 control group, P \ 0.01; #compared with the

NS control group and RANTES treatment group, P \ 0.01
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chemokines discovered by Schall et al. in 1988 from a T

lymphocyte gene library [5, 6]. It has a strong chemotactic

activity on many immune cells including eosinophils,

basophils, mast cells, monocytes/macrophages, T lym-

phocytes, and NK cells [7]. The gene encoding the RAN-

TES protein is located on human chromosome 17q11-21

(in mouse chromosome 11); the protein molecular weight

is 8 kDa, and it consists of 68 amino acids. The three-

dimensional crystal structure of RANTES is highly con-

served, and the NMR structure shows a C-terminal helix, a

three-stranded antiparallel sheet, and two N-terminal

strands. The domain of RANTES responsible for signal

transduction is in the N-terminus; a mutant lacking the

N-terminus can still bind to the target cells but cannot

induce chemotactic influx of calcium ions. Currently, the

function of RANTES on different types of tumors is largely

known. Its anti-tumor function may be transformed into

tumor-promoting functions by tumor cells or other factors.

While the specific underlying mechanism for this switch is

not clear it has been suggested that it may be associated

with the cytokine network and the local microenvironment

of tumors. Therefore, in-depth analysis of the multiple in

vivo roles of RANTES and further elucidation of its

mechanism of action can provide important insight into the

use of chemokines as anti-tumor treatments.

The anti-tumor activities of RANTES through pathways

such as the chemotaxis and activation of immune cells have

received extensive attention [8]. Mule et al. [9] reported

that the transfection of the RANTES gene into WP4

fibrosarcoma cells reduced tumorigenicity in these cells.

Kutubuddin et al. [10] showed that direct injection of

herpes simplex virus amplicon vectors expressing RAN-

TES into established EL-4 tumor sites resulted in complete

tumor regression and tumor-specific CTL responses. In a

breast cancer study, Alexandroff et al. [11] showed that

after rhCD40L ligation in tumor epithelial cells, the

expression of RANTES mRNA increased, suggesting that

RANTES participates in activation and chemotaxis of T

cells to produce anti-tumor effects. Lavergne et al. [12]

also showed that the occurrence and growth of tumors in

mice inoculated with tumor cells expressing RANTES

were significantly slower than that in mice injected with

non-transfected cells. These results indicate that RANTES

can induce the generation of a specific CTL response to

effectively exert its anti-tumor activity.

In this study, RANTES was injected into the body of

tumor-bearing mice. RANTES could exert its anti-tumor

effect, thus effectively treating ascites, through its effect on

the expression of various immune factors such as TNF-a, IFN-

c, TGF-b, and MCP-1 and its chemotactic effect on T and B

lymphocytes. We established a murine H22 hepatoma ascites

model and divided tumor-bearing mice into three treatment

groups: a RANTES treatment group; an IL-2 control treat-

ment group, which has been shown to have effects on

malignant ascites; and an NS control group. To study the

therapeutic effects of RANTES on ascites, mouse body

weight and abdominal circumference were measured, and the

survival time was recorded. In addition, the expression of

TNF-a, IFN-c, TGF-b, and MCP-1 in mouse ascites was

detected by ELISA, and the chemotactic effect of RANTES

on B and T lymphocytes was determined by flow cytometry.

In the early treatment regimen groups, there were no

significant differences in body weight at the early stage of

drug administration. The body weight in the RANTES

treatment group was significantly lower than that in the NS

group from the fifth day of model establishment to the next

measurement time and was significantly lower than that in

the IL-2 control group from the seventh day to the next

measurement time. After the first drug administration, there

was no significant difference in the abdominal circumfer-

ence between the three groups. After the third drug

administration, the abdominal circumference in the RAN-

TES treatment group was significantly smaller than that in

the NS group but was not significantly different from that

Fig. 7 Flow cytometry diagram of CD3 expression in mouse ascites in each group
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in the IL-2 control group. After the last drug administra-

tion, the abdominal circumference in the RANTES treat-

ment group was significantly smaller than those in the NS

and IL-2 control groups. The survival time of mice in the

RANTES treatment group was significantly longer com-

pared with that in the NS and IL-2 groups.

In the late treatment regimen groups, there was no sig-

nificant difference in body weight between the three groups

Fig. 8 Flow cytometry diagram of CD4 and CD8 expression in mouse ascites in each group

Fig. 9 Flow cytometry diagram

of CD19 expression in mouse

ascites in each group
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in the early stage of drug administration. The body weight

of mice in the RANTES treatment group was significantly

lower than that in the NS and IL-2 control groups from the

ninth day to the next measurement. After the first drug

administration, there was no significant difference in

abdominal circumference between the three groups. After

the third drug administration, the abdominal circumference

in the RANTES treatment group was significantly smaller

than that in the NS control group but was not significantly

different from that in the IL-2 control group. After the last

drug administration, the abdominal circumference in the

RANTES treatment group was significantly smaller than

those in the NS and IL-2 control groups. The survival time

of mice in the RANTES treatment group was significantly

longer than that in the IL-2 and NS control groups. These

results indicate that the early treatment of RANTES has an

excellent therapeutic efficacy with respect to treating

ascites. Once ascites are formed, late treatment can also

delay the generation of ascites to some extent and extend

the survival time of tumor-bearing mice.

Tumor necrosis factor (TNF) is currently the cytokine

with the strongest anti-tumor activity. TNF-a levels in the

mouse ascites in the RANTES treatment group were sig-

nificantly higher than those in the IL-2 and NS control

groups. These results indicate that RANTES might be

associated with the significant increase of TNF-a levels in

mouse ascites, which might result in inhibition and killing

of tumors cells.

IFN-c is produced by activated T lymphocytes and

activated NK cells, and is a cytokine with versatile func-

tions. It not only has significant anti-tumor activities but

can also serve as an intracellular mediator to regulate a

variety of biological effects such as cell proliferation and

differentiation and lymphocyte activation [13–15]. IFN-c
can exert its anti-tumor effect through immune regulation

and by directly inhibiting the growth of tumor cells.

Numerous clinical studies have shown that IFN-c has very

significant therapeutic efficacy on some types of lym-

phoma, hair cell leukemia, melanoma, Kaposi’s sarcoma,

breast cancer, and renal cell carcinoma [16–18].

This study used ELISA to show that the level of IFN-c
in mouse ascites in the RANTES treatment group was

significantly higher than those in the IL-2 and NS control

groups. Therefore, it could be speculated that RANTES

might be associated with the reduced proliferation of

malignant tumor cells and induced apoptosis of malignant

tumor cells by increasing IFN-c expression in ascites. IFN-

c can also exert its anti-tumor activity through its effect on

innate immunity and acquired immunity response. In

addition, IFN-c inhibits the expression of some factors that

play important pathophysiological roles in the formation of

ascites, such as VEGF and MMPs, to effectively control

the generation of ascites. Therefore, RANTES plays a role

in anti-tumor and ascites treatment through the increase of

IFN-c expression level in ascites.

Transforming growth factor-b (TGF-b) belongs to a

group of the newly discovered TGF-b superfamily and can

regulate cell growth and differentiation [19]. It has been

shown that TGF-b1 plays important roles in tumor occur-

rence, development, and metastasis and has different roles

at different stages [20, 21]. At the early stage of tumor

occurrence, TGF-b1 plays an important regulator role in

cell growth and differentiation and can effectively induce

apoptosis in tumor cells [20, 21]. As tumors progress, the

microenvironment of the tumor also changes. TGF-b1 can

transform into an important stimulating factor for tumor

cell growth, infiltration, and metastasis as well as angio-

genesis [22]. TGF-b1 plays an important role in normal

angiogenesis, which is an important step in tumor growth

and filtration [20–22]. TGF-b1 can induce the expression

of VEGF and the matrix metalloproteinases MMP-2 and

MMP-9 in tumor cells and negatively regulate matrix

metalloproteinase inhibitors to provide a rich microenvi-

ronment for proteinases, which is helpful for the migration

and filtration of tumor cells and directly or indirectly pro-

motes the metastasis of tumor cells [19–22]. Some data

indicate that TGF-b1 expression increases with an increase

in the degree of tumor malignancy; therefore, it is often

used as an indicator of poor prognosis [19–22].

This study used ELISA to show that TGF-b1 levels in

mouse ascites in the RANTES treatment group were sig-

nificantly lower than those in the IL-2 and NS control

groups. We speculate that RANTES can more effectively

inhibit tumor development and progression than IL-2 and

NS. These results indicated that RANTES might be asso-

ciated with the limit of tumor progression and the down

regulation of TGF-b1 in ascites; therefore, it might play a

role in the treatment of malignant ascites.

Monocyte chemoattractant protein-1 (MCP-1) is a

powerful monocyte chemokine. It is a member of the CC

chemokine subfamily and is the first human CC chemokine

to be discovered. Current studies indicate that the expres-

sion of MCP-1 is associated with many diseases such as

inflammatory response, atherosclerosis, glomerulonephri-

tis, and malignant tumors [23]. Studies have shown that

MCP-1 has a strong effect on promoting tumor growth,

invasion, and metastasis. MCP-1 promotes secretion of the

matrix metalloproteinases MMP-2 and MMP-9 in tumor

cells, participates in the destruction and reconstruction of

the extracellular matrix, and promotes invasion and

metastasis of tumor cells [24].

This study used ELISA to show that the levels of MCP-1

in mouse ascites in the RANTES group were significantly

lower than those in the IL-2 and NS control groups. There-

fore, it is speculated that RANTES can effectively reduce

the expression of MCP-1, which has significant stimulatory
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effects on the occurrence and development of malignant

tumors in mice, and thus inhibit the occurrence, invasion,

and metastasis of tumor cells to some extent. MCP-1 can

promote tumor cells to secrete VEGF, MMP-2, and MMP-9,

and inhibition of MCP-1 expression can indirectly inhibit

the secretion of VEGF, MMP-2, and MMP-9, thus inhibiting

the production of a large amount of ascites.

Flow cytometry revealed that the expression of CD3,

CD4, and CD8 in mouse ascites in the RANTES treatment

group was higher than those in the NS and IL-2 control

groups, indicating that RANTES has a stronger chemo-

tactic activity on mature T lymphocytes. From the increase

of the expression of CD4? T cells and CD8? T cells, we

know that RANTES can increase the body’s direct apop-

totic effect on tumor cells while also promoting the body’s

immune response. Therefore, RANTES can inhibit tumors

through different routes. CD4? T cells and CD8? T cells

can induce the release of certain cytokines such as TNF-a
and IFN-c to indirectly kill tumor cells. In this study,

expression of TNF-a and IFN-c was increased in the

RANTES treatment group, which may be associated with

the above phenomenon.

Furthermore, we showed that the CD4/CD8 ratio in

mouse ascites in the NS treatment group was lower than the

normal range (1.7–2.0), whereas the CD4/CD8 ratio in

mouse ascites in the RANTES treatment group was higher

and was within the normal range. A decrease in the CD4/

CD8 ratio has been associated with an increase in the

severity of tumors [25]; therefore, it could be assumed that

mice in the NS treatment group were in an immune imbal-

ance state, whereas the state of immune disorders in mice in

the RANTES treatment groups was effectively corrected,

enabling a stronger anti-tumor immune response.

CD19 can be used as a surface marker for B cells. B

cells primarily mediate the humoral immune response. In

addition to producing antibodies and presenting antigens, B

cells also have immune-regulating functions. In this study,

the expression of B cells in mouse ascites in the RANTES

treatment group was not significantly different compared

with the NS group, as determined by flow cytometric

detection of CD19, indicating that RANTES does not have

a significant chemotactic effect on B lymphocytes [26].

In summary, whether in the early treatment regimen or

the late treatment regimen, RANTES could both effec-

tively inhibit the increase in mouse body weight and

abdominal circumference in the H22 hepatoma ascites

model and significantly extend survival time. Detection of

TNF-a, TGF-b1, IFN-c, and MCP-1 in mouse ascites

indicated that RANTES can promote the secretion of TNF-

a, and TGF-b1, which have anti-tumor effects, and inhibit

the secretion of TGF-b1 and MCP-1, which can promote

tumor growth, invasion, and metastasis. In addition,

RANTES had chemotactic effects on CD4? and CD8? T

lymphocytes, thus increasing their expression in ascites.

The return of the CD4/CD8 ratio to the normal range

indicates that RANTES can increase the direct apoptotic

effect on tumor cells and correct immune disorders to

increase immunity. This study also indicates that RANTES

has no significant chemotactic effects on B lymphocytes.
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