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Background: To investigate the effect of topical application of CpG oligodeoxynucleotide

(CpG-ODN) combined with anti-4-1BB antibodies on mouse HCC multiple tumor-bearing

models and the degree of improvement of anti-tumor immune response in mice.

Materials and Methods: We inoculated each BALB/c male mouse subcutaneously with

one tumor in the axillae of the four limbs and divided them into four groups. We only

selected the tumor-bearing part of the left lower limb for drug treatment. We measured the

tumor-bearing volume of mice in each group. Then, we tested the organ coefficients of mice,

the concentrations of IL-12 and IFN-γ in peripheral blood, the ratio of spleen Tregs and

CD8+T cells, the spleen CTL killing activity, and the survival time of mice.

Results: We found that the tumor-bearing volume decreased significantly after the combina-

tion of CpG-ODN and anti-4-1BB antibody (P<0.001). The organ coefficients of treated

mice were not significantly different from normal mice (P>0.05). The concentration of IL-12

and IFN-in serum and the ratio of CD8+T cells in spleen were increased, while the ratio of

spleen Tregs was decreased. CTL activity of spleen was increased. The survival time of mice

was significantly prolonged (P<0.001).

Conclusion: The treatment programme combining CpG-ODN with an anti-4-1BB antibody

can significantly reduce tumor growth at the treatment site, slow the growth rate of metas-

tases and improve host prognosis.
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Introduction
Hepatocellular carcinoma (HCC) is one of the most common malignant tumors in

the clinic and is highly invasive. According to reports, nearly 750,000 new cases of

HCC occur worldwide each year.1 The incidence and mortality rates of HCC in

China are higher than the world averages,2 and HCC exhibits a progressive growth

trend, with the affected population becoming younger.3 Since most tumor patients

are diagnosed at an advanced stage, often with multiple metastatic lesions, fre-

quently used treatments may not be able to achieve the desired therapeutic effects.4

Although early-stage liver cancer can feasibly be treated by surgical resection, there

is still the possibility of postoperative recurrence.5

The poor treatment of tumors is mainly due to changes in the tumor microenviron-

ment (TME).6 Inhibition of the immune system promotes tumor progression. Numerous

studies have shown that we can improve the anti-tumor immune effect of the body by

applying immunotherapy to improve TME.7,8
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CpG-ODN is an oligodeoxynucleotide containing

unmethylated CpG, which is recognized by TLR9 and

triggers a defence mechanism of the body.9 CpG-ODN

acts as an immunopotentiator to non-specifically activate

cellular immunity. CpG-ODN not only promotes the pro-

duction of pro-inflammatory Th1 cytokines and the

maturation and activation of APCs but also enhances the

immunogenicity of peptide tumor vaccines.10,11 It induces

a cytokine microenvironment that promotes a helper T cell

response.12 Studies have shown that CpG-ODN can be

used as an adjuvant to improve the therapeutic effect of

radiotherapy or radiofrequency ablation on HCC.13,14

However, the effect of CpG-ODN alone on liver tumor

suppression is not satisfactory, and the progress of meta-

static tumors cannot be controlled. The conventional treat-

ment plan is still dominant, or CpG-ODN is further

modified to improve the therapeutic effect.15

As a new type of immune checkpoint molecule, the

costimulatory molecule 4-1BB has been studied in recent

immune-related research. The 4-1BB molecule is a type

I transmembrane protein belonging to the tumor necrosis

factor receptor superfamily and is expressed on the surface

of activated T lymphocytes.16,17 The expression of 4-1BB

mRNA can be detected within a few hours after T cells are

stimulated and activated.18 Studies have shown that the

anti-tumor effect of anti-4-1BB antibodies mainly depends

on CD8+T cells,19 and IFN and CD40 are also required for

this reaction.20,21 In addition, anti-4-1BB antibodies have

a synergistic enhancing effect with IL-12 against tumors.22

4-1BB molecules can be expressed on DCs, while CpG-

ODN can promote DC activation, which in turn promotes

the expression of 4-1BB molecules. Therefore, we envisage

that the addition of an anti-4-1BB antibody to CpG-ODN

therapy is likely to achieve a stronger immunotherapeutic

effect than CpG-ODN or anti-4-1BB antibody alone. In this

experiment, we had focussed on evaluating the difference in

efficacy before and after antibody addition. And some indi-

cators were detected to evaluate changes in anti-tumor

immune-mediated effects.

Materials and Methods
Primary Reagents
The CpG-ODN1826 sequence was 5ʹ-TCCATGACGTT

CCTGACGTT-3ʹ23 and CpG-ODN was subjected to non-

methylation treatment, total thiol modification, and HPLC

purification. This sequence was synthesized by Shanghai

Shenggong Bioengineering Technology Service Co., Ltd.

Anti-4-1BB antibody (BioXCell, BE0239), FITC-anti-CD3

antibody (eBioscience, 85-11-0032-80), APC-anti-CD8 anti-

body (eBioscience, 85-17-0081-81), PE-Cy5-anti-CD4 anti-

body (eBioscience, 85-18-0041-81), PE-anti-Foxp3 antibody

(eBioscience, 85-12-4771-80), FITC-anti-CD25 antibody

(Biogems, BG-07312-50-25), mouse serum IL-12p70

ELISA kits (NeoBioscience, EMC006), mouse serum IFN-

γ ELISA kits (NeoBioscience, EMC101g), and CCK-8 kit

(Hangzhou Lianke Biotechnology Co., Ltd., CCK801) were

purchased.

Cell Line and Experimental Animals
Mouse H22 liver cancer cells were preserved by the

Hepatology Laboratory of the 980th Hospital of the PLA

Joint Logistics Support Force. BALB/c male mice (SPF

grade, 6–8 weeks old, weighing 18–22 g) were purchased

from the Experimental Animal Center of Hebei Medical

University (certificate number: 1811007) and raised by the

experimental animal centre of the hospital. The research

protocol was approved by the Experimental Animal Ethics

Committee of the 980th Hospital of the PLA Joint

Logistics Support Force (batch number: dwsy-20180515)

and complied with laboratory animal management and use

guidelines.

Establishment of a Mouse Liver Cancer

Model and Calculation of Tumor Volume

Changes for Each Group After Treatment
H22 hepatoma cells were cultured and subcultured 3 times in

the peritoneal cavity of mice. The 3rd-passage ascites were

harvested under aseptic conditions and processed into a cell

suspension with a concentration of 1 × 107/mL using serum-

free medium. A 0.2-mL suspension of the cells was injected

subcutaneously into the axillary fossae of each mouse. Forty

mice with a detectable tumor were selected 7 days later and

randomly divided into a model control group, a CpG group,

a 4-1BB group and a CpG+4-1BB group, and drugs

were injected into the tumor in the left lower extremity on

the 7th, 9th, and 11th days after tumor inoculation. Ten

normal mice were selected as the normal group, which was

used as a blank control. The model group was given physio-

logical saline (0.05 mL/injection). The CpG group was

administered CpG-ODN (60 μg/0.05 mL/injection). The

4-1BB group was administered anti-4-1BB antibody

(60 μg/0.05 mL/injection). The CpG+4-1BB group was

given CpG-ODN (60 μg/0.05 mL/injection) and an anti-

4-1BB antibody (60 μg/0.05 mL/injection). The long diameter
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and the width diameter of each tumor were measured 1 time

before treatment on the 7th day and every 3 days beginning on

the 9th day. Tumor volume was calculated according to the

formula: tumor volume (mm3) = (long diameter × width

diameter2)/2. The treated tumor volume and distant tumor

volumes were calculated in each group of mice.

Weighing the Heart, Lungs, Liver and

Kidneys and Calculating Organ Indexes
After mice were sacrificed, we dissected and isolated

the heart, lungs, liver and kidneys of the mice and

weighed these organs. Organ coefficients were calcu-

lated according to the following formula: organ coeffi-

cient (%) = organ weight (mg)/body weight (g) × 10.

Differences among the organ control group, the CpG

group and the CpG+4-1BB group were compared to

determine whether the mice experienced immune-

related side effects after treatment.

Measurement of the Concentrations of

IL-12 and IFN-γ in the Serum by ELISA
On the 30th day after modelling, the mice in each group

were sacrificed by cervical dislocation. Blood samples

were collected by eyeball extraction. The blood samples

from the mice in the four groups were collected in 2-mL

EP tubes, allowed to stand at room temperature for 2 hours

and centrifuged at 4000 rpm for 10 minutes to separate the

serum. Regarding the preparation and operation methods

of the indicator test, we strictly followed the instructions

of the kits.

Proportion of CD8+ T Cells in the Spleen

Lymphocyte Population Detected by Flow

Cytometry
After the mouse spleen was removed, a lymphocyte

suspension was prepared, and the cell concentration

was adjusted to 1 × 107/mL with PBS. Then, 100 μL

of FITC-conjugated anti-CD3 antibody and 0.125 μg of

APC-conjugated anti-CD8 antibody were added, and the

mixture was mixed and incubated at 4 °C for 30 minutes

in the dark. After washing with PBS, 0.5 mL of 1%

paraformaldehyde was added to resuspend the cells, and

the cells were detected within 24 hours.

Flow Cytometry for the Detection of the

Percentage of CD4+CD25+Foxp3+ Tregs

in the Spleen Lymphocyte Population
In total, 0.06 μg of PE-Cy5-conjugated anti-CD4 antibody

and 0.125 μg of FITC-conjugated anti-CD25 antibody

were added to 100 μL of splenocyte suspension, mixed,

and incubated at 4 °C for 30 minutes in the dark. After

washing with PBS once, 100 μL of membrane-

permeabilization solution was added to the specimen, and

incubation was again performed in the dark for 30 min-

utes. After washing again with PBS and centrifuging, 0.25

μg of PE-conjugated anti-Foxp3 antibody was added to the

specimen, and the mixture was incubated at 4 °C for 90

minutes in the dark. After washing with PBS, 0.5 mL of

1% paraformaldehyde was added to resuspend the cells,

and the cells were detected within 24 hours.

Detection of the CTL Killing Activity of

Mouse Splenocytes
The mice in the model group, the CpG group, the 4-1BB

group and the CpG+4-1BB group were sacrificed by cervical

dislocation 1 week before the end of the treatment regimen

and the end of the last administration, and the spleen was

aseptically processed to prepare a cell suspension that was

used as the effector population. H22 cells in a logarithmic

growth cycle were adjusted to a concentration of 1 x 107/mL.

A total of 100 μL per well was inoculated into a 96-well

culture plate, and 100 μL of splenocyte suspension was

added at an effector: target ratio of 5:1, 25:1 or 50:1. Three

replicate wells were set up for each group, and a target cell

group, an effector cell group, and a blank control group were

simultaneously established. The cells were cultured for

4 hours at 37 °C in a 5% CO2 incubator, and then 10 μL of

CCK-8 reagent was added to each well and incubated for an

additional 4 hours. The absorbance (A) of each well at

a wavelength of 450 nm was measured with a microplate

reader. CTL killing activity was calculated according to the

formula: killing activity (%) = [1 - (target mixed cell average

A value – effector cell average A value)/target cell average

A value] × 100%.

Evaluation of Mouse Survival After

Intervention
The survival of mice after treatment was evaluated to

determine the potential of CpG-ODN combined with an
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anti-4-1BB monoclonal antibody. The viability and survi-

val time of each group of mice were observed from the

first administration (day 7 after modelling) to 90 days.

Statistical Analysis
All of the above experiments were repeated. Statistical

analysis was performed using SPSS19.0 software.

Measurement data are presented as the mean ± standard

deviation. Repeated measures were used to design analysis

of variance (ANOVA). If necessary, comparisons between

groups were performed by the LSD-t test. The survival

rate of each group of mice (except the normal control

group) was analysed by the Log rank test. A P value

< 0.05 was considered to be statistically significant. All

statistical tests were two-sided.

Results
Tumor Volume Was Significantly Reduced

in Mice Treated with CpG-ODN and an

Anti-4-1BB Antibody
We divided model mice into four groups according to the

treatment plan and implemented the treatment plan accord-

ing to the above plan. On the 7th day after modelling, that

is, before the first dose of treatment was administered, we

measured and calculated tumor volumes. The average

volume of each of the four tumors of the 10 mice in

each group was between 117 and 120 mm3, and there

were no significant differences, which met the screening

requirements of the experimental model.

After 3 doses, we measured tumor volume on the

13th day after modelling and found a significant change in

the tumor volumes of the CpG group, the 4-1BB group and

the CpG+4-1BB group (F = 1084.64, P< 0.001, Figure 1A.

The data results are shown in Table 1A in the

Supplementary Materials.). The average tumor volume in

the left lower limb in the model control group was 316.75

±7.21 mm3. The average volume in the CpG group (252.73

±6.95 mm3) and 4-1BB group (216.48±5.83 mm3) were

significantly smaller than that in the model group, and the

volume of 4-1BB group was smaller than that of CpG

group, while that in the CpG+4-1BB group was only

189.20±3.49 mm3. Then, we found new discoveries. After

the 13th day, the tumors in the left lower limb of the CpG

+4-1BB group showed a trend of regression, and the

volume measured on the 29th day was only 47.25

±0.93 mm3. The differences between the CpG+4-1BB

group and the model control group, the CpG group or the

4-1BB group were significant (F = 5470.29, P< 0.001).

In observing changes in tumor volume, we also focused

on changes in distant untreated homologous metastases. We

found that the treatment effect did not meet our expecta-

tions. The 3 metastases in the model control group and the

CpG group showed progressive growth trends that were not

significantly different (P> 0.05). In the 4-1BB group, only

a few tumors in the three untreated tumors showed a slower

growth rate, but this was not what we want. After the

addition of the anti-4-1BB monoclonal antibody, the ther-

apeutic effect was significantly improved. Compared with

that in the model control group, the CpG group and the

4-1BB group, the growth rate of the three metastases in the

CpG+4-1BB was slower [P< 0.001, Figure 1B–D. The data

results are shown in Table 1B–D in the Supplementary

Materials].

There Were No Obvious Autoimmune

Lesions in the Organs of

Immunotherapy-Treated Mice
Comparisons showed that there were no significant differ-

ences in the organ coefficients among the model control

group, the CpG group, the 4-1BB group and the CpG-

4-1BB group (P> 0.05, Figure 2. The data results are

shown in Table 2 in the Supplementary Materials). Because

the overall drug doses were small, there were no obvious

immune-related side effects.

Increased Serum IL-12 and IFN-γ Levels

After Anti-4-1BB Antibody Treatment
We first tested the serum IL-12 and IFN-γ concentrations

in normal mice for comparison with the mice in the model

control group. The results showed that the concentrations

of these two cytokines in the model group were lower than

those in the normal mice (P< 0.001). Next, we compared

differences in cytokine concentrations among the model

group, the CpG group, the 4-1BB group and the CpG

+4-1BB group. The results showed that the concentrations

of these two cytokines were significantly different among

the three groups (F(IL-12) = 104.08, P< 0.001, Figure 3A;

F(IFN-γ) = 171.41; P< 0.001, Figure 3B. The data results

are shown in Table 3 in the Supplementary Materials).

Compared with the CpG group and the 4-1BB group, the

concentrations of both cytokines were significantly

increased in the CpG+4-1BB group (P< 0.001).
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Combination Therapy with CpG-ODN

and the Anti-4-1BB Antibody Inhibited

Treg Proliferation and Enhanced

CD8+T Cell Proliferation
We first compared changes in the proportions of two immune

cell types in the spleen lymphocytes of the mice in the normal

and model groups. The results showed that the proportion of

CD4+CD25+Foxp3+Tregs in the spleen lymphocyte popula-

tion was higher in the model group than in the normal group

(P < 0.001, Figure 4A), and the proportion of spleen

CD8+T cells was lower in the model group than in the normal

group (P< 0.001, Figure 4B). Next, we examined the propor-

tions of these two immune cell types in the mouse spleen

lymphocyte population in the CpG group, the 4-1BB group

and the CpG+4-1BB group. Compared with that in the model

control group, the proportions of CD4+CD25+Foxp3+Tregs in

the CpG group, the 4-1BB group and the CpG+4-1BB group

were decreased (F = 123.91, P< 0.001, Figure 4A), and

the proportions of CD8+T cells were increased (F = 343.94,

P< 0.001, Figure 4B). Comparing groups showed that the

proportion of CD4+CD25+Foxp3+Tregs in the CpG+4-1BB

group was lower than that in the CpG group and the 4-1BB

group (P< 0.001, Figure 4A) and the proportion of

CD8+T cells in the CpG+4-1BB group was higher than that

in the CpG group and the 4-1BB group (P< 0.001, Figure 4B).

The data results are shown in Table 4 in the Supplementary

Materials.

Enhancement of the Killing Ability of

Spleen CTLs in Mice Treated with

CpG-ODN and the Anti-4-1BB Antibody
To further demonstrate the ability of CpG-ODN in combi-

nation with anti-4-1BB antibody treatment to enhance

antitumor immunity, we performed an in vitro cytotoxic

T lymphocyte (CTL) killing activity assay. Among three

different target ratios, the CTL killing effect of the CpG +

Figure 1 CpG-ODN combinedwith the anti-4-1BB antibody significantly reducedmouse HCC tumor volume. The changes in the tumor volume of each mouseweremonitored. (A)

As shown in the figure, the tumors in themodel group continued to grow, and the tumor growth rate of theCpG group and the 4-1BB groupwere slower than that of themodel group.

The tumors of theCpG+4-1BB group grew slowly after the start of treatment and began to shrink after the end of the three treatments. (B–D) As shown in thefigure, the tumors of the

model group and the CpG group continued to grow. Only a few tumors in the three untreated tumors showed a slower growth rate in the 4-1BB group, while the tumor growth of the

CpG+4-1BB group was slowed. **Data results were analysed by repeated-measure analysis of variance; P< 0.001, n = 10 mice.
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4-1BB group was significantly higher than that of the

model group, CpG group and 4-1BB group (F = 311.88,

P< 0.001, Figure 5. The data results are shown in Table 5

in the Supplementary Materials). And in the same group,

with the increase of the effective target ratio, the killing

activity of CTL is also stronger.

The Anti-4-1BB Antibody Significantly

Prolonged the Survival Time of

Tumor-Bearing Mice
With tumor progression, all 10 mice in the model group died,

with an average survival time of 44.9 days. The mice in the

CpG group were all died, with an overall mean survival time

of 46.0 days. After statistical analysis, there was no signifi-

cant difference between the two groups (P> 0.05). Only one

mouse in the 4-1BB group survived, and the overall average

survival time in this group was 63.6 days. Compared with the

model group and CpG group, the survival time was pro-

longed (P< 0.05). When mice were given the CpG-ODN

and anti-4-1BB antibody treatment, the general state of the

mice was significantly improved, and the overall average

survival time was 86.9 days (χ2 = 48.766, P< 0.001,

Figure 6. The data results are shown in Table 6 in the

Supplementary Materials). However, there were still 3 mice

that died, which may be due to differences in individual

tolerance of the treatment.

Discussion
The TME is the key component affecting tumor progres-

sion. Changes in the TME inhibit the body’s anti-tumor

immune response so that a patient’s own immune system

cannot resist tumor cell invasion, which in turn affects the

patient’s therapeutic effect.24 Different types of tumors or

homologous tumors occur in different patients, the TME

undergoes subtle changes, and we cannot accurately discern

its state. However, under certain conditions, the TME will

behave in a specific manner. We can associate these typical

manifestations with the mechanism of tumor progression

and find breakthrough points to achieve tumor control and

even tumor elimination.25,26 We evaluated some indicators

in normal mice in the experiment and compared these

indicators with those in tumor-bearing mice. The reason

for this inclusion was to verify that tumor production had

a negative impact on the body’s immune function. The

Figure 2 Immunotherapy did not cause significant damage to mouse organs. We

calculated the organ coefficients of the heart, lungs, liver and kidneys in each group,

and the results showed no significant differences (P> 0.05, n = 10 mice). This finding

indicates that the mice did not have organ damage caused by immune-related side effects

after treatment.

Figure 3 Immunotherapy increased serum IL-12 and IFN-γ concentrations in mice. The concentrations of these two cytokines in the mice treated with CpG-ODN were

higher than those in the mice in the model group. The 4-1BB group was higher than the CpG group. Compared with those in the 4-1BB group, the concentrations of both

cytokines in the CpG+4-1BB group were significantly increased. (A) Comparison of IL-12 concentration in peripheral blood of mice in each group. (B) Comparison of IFN-γ
concentration in peripheral blood of mice in each group. **Data results were analysed by ANOVA; P< 0.001, n = 10 mice.
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comparison showed that CD8+T cell numbers decreased,

secreted cytokine levels decreased, and Treg numbers

increased significantly due to tumor progression. It can be

seen that the combined effects of tumor cells and various

negative changes in immune function-related factors make

the body’s immunity against tumors decline and promote

the occurrence of tumor immune escape, which directly

affects the therapeutic effect.

In this experiment, we inoculated tumors in four dif-

ferent parts of the mouse body to establish a model of

homologous tumor metastasis in liver cancer. The tumor

growth at the injection site was significantly reduced after

the addition of the antibody, and the tumor growth in the

untreated distant sites was significantly inhibited. This

result indicates that when a tumor in one site is selected

for treatment, homologous tumors in other sites may also

experience different degrees of therapeutic effects, show-

ing the specificity of the therapeutic effect direct against

tumor antigens in different sites.27 It also indicates that

local immunomodulation induced by in situ injection into

the tumor is sufficient to elicit a systemic anti-tumor

immune response.28 Correlation analysis of the safety

and tolerability of CpG-ODN and anti-4-1BB antibodies

was performed in most previous studies, and the results

were satisfactory. Long-term use may cause some flu-like

Figure 4 CpG-ODN combined with the anti-4-1BB antibody reduced the proportion of Tregs and increased the proportion of CD8+ T cells among mouse spleen

lymphocytes. (A) The proportion of Tregs in the spleen lymphocyte population of the model group was higher than that of the normal group, which was the result of tumor

growth. The proportions of Tregs in the spleen lymphocyte populations in the CpG and 4-1BB groups were lower than the proportion in the model group, which was the

result of immunotherapy. The 4-1BB group was lower than the CpG group. The proportion of Tregs in the CpG+4-1BB group was lower than that in the CpG group and the

4-1BB group, which was the result of adding the anti-4-1BB antibody. (B) This figure shows the results for the proportion of CD8+ T cells in the spleen lymphocyte

population. The model group had a lower proportion than the normal group. Both the CpG group and the 4-1BB group had higher proportions than higher than the model

group and the 4-1BB group was higher than the CpG group. The proportion in the CpG+4-1BB group was higher than that in the CpG group and the 4-1BB group. **Data

results were analysed by ANOVA; P< 0.001, n = 10 mice.

Figure 5 CTL killing activity was enhanced after treatment with CpG-ODN and

the anti-4-1BB antibody. After CpG-ODN or anti-4-1BB antibody administration

alone, the killing activity of CTLs harvested from the mouse spleen were enhanced.

The increase in CTL killing activity was more pronounced after the addition of the

anti-4-1BB antibody. In addition, killing activity increased as the proportion of target

cells increased. **Data results were analysed by ANOVA; P< 0.001, n = 10 mice.

Figure 6 The survival of mice was significantly prolonged after treatment with

CpG-ODN and anti-4-1BB antibodies. There was no significant difference in survi-

val between the model group and the CpG group at 90 days after treatment. The

survival time of mice in the 4-1BB group was slightly prolonged, but not significantly.

The survival of mice was significantly prolonged after treatment with the anti-4-1BB

antibody (n = 10 mice, **χ2 = 48.766, P< 0.001 using the Log rank test).
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symptoms such as fever, headache, and nausea, and some

patients may experience blood system diseases and some

strong immune reactions,15,29,30 but these side effects have

not yet reached lethality. However, the dose we used was

small, the number of injections was small, and no histolo-

gical damage to organs was observed upon mouse

necropsy. In view of the safety of drugs, we should also

carry out the detection of liver function, alpha-fetoprotein

and other blood indicators, which are commonly used and

convincing indicators in clinical practice. However, due to

poor laboratory practice, we do not have more serum

samples for detection of related indicators.

Tregs, CD8+T cells, IL-12 and IFN-γ are important

components of the TME and play crucial roles in the

antitumor immune response.31 By comparing the test

indexes of the normal group and the model group, we

can see that the growth of a tumor disrupts the balance

of the TME. The increase in the number of Tregs and the

reductions in the number of CD8+T cells and levels of IL-

12 and IFN-γ all promoted the occurrence of tumor

immune escape. When we injected CpG-ODN or anti-

4-1BB antibody into the tumor, the tumor growth rate at

the injected drug site slowed, and the indicators were

improved compared with those of the model group.

However, CpG group had no therapeutic effect in three

distant sites, while 4-1BB group had only a partial slow-

down in distant sites. When we added the anti-4-1BB

antibody, the growth of the tumor at the site of adminis-

tration not only slowed within a few days of treatment but

tumor volume also decreased afterwards. The three tumors

that were not treated also showed obvious therapeutic

effects, and the tumor growth rate slowed. The indicators

for post-testing also improved significantly. Although

tumor volume and various indicators were improved after

CpG-ODN administration alone, the three untreated

tumors in the CpG-ODN group were not different from

those in the model group. This finding indicates that CpG-

ODN has a relatively small enhancing effect on the anti-

tumor immune effect and local application does not induce

an enhancement of the systemic anti-tumor immune

response. Although the anti-4-1BB antibody has

a stronger therapeutic effect than CpG-ODN, it is also

ineffective in treating distant tumors. However, when

CpG-ODN and the anti-4-1BB antibody are combined,

the local anti-tumor immune effect is extended to the

whole body due to the synergy between the two therapeu-

tics, reducing the growth rates of the three untreated

tumors and significantly improving test indicators.

We want to achieve the goal of curing HCC via the

combination of CpG-ODN and an anti-4-1BB antibody.

However, this ideal goal was not achieved through this

experiment. The reason for this may be that the doses of

drugs we used were small or the route of administration

was not suitable. If we increase the drug doses appropri-

ately or administer the drugs intravenously, the treatment

outcome may be more desirable. These changes will be the

key issues we need to think about in subsequent experi-

ments. This experiment was performed to observe only the

preliminary effects of CpG-ODN combined with anti-

4-1BB antibody for the treatment of liver cancer. In the

future, we will design combinations of different doses of

the two drugs to test to determine the best treatment. At

the same time, differences in efficacy among different

routes of administration will be compared.

This study is only about the therapeutic effect of HCC, but

it is not clear about the specificity of the therapeutic regimen

for HCC. We will also study the efficacy of CpG-ODN in

combination with anti-4-1BB antibody in the treatment of

various types of tumors in order to evaluate the specificity of

the second treatment regimen in the treatment of HCC. The

treatment of liver cancer is still the focus of current research.

At present, in the international arena, people have established

HCC immunotherapy as a top research priority, and the

research results are endless. Immunotherapy will eventually

replace the existing treatment programme, which will bring

new hope for survival to HCC patients.
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