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	 Background:	 In this study, we assessed the role of CD200 and CD200 receptor (CD200R) in regulating CD4+T cell subsets and 
assessed the therapeutic efficacy of thermal ablation for liver hepatocellular carcinoma (HCC) in rats.

	 Material/Methods:	 Seventy-eight male C57BL/6 rats were randomly divided into 7 groups: a control group, a model group, 
a CD200FC group, an anti-CD200R1 mAb group, a thermal ablation group, a thermal ablation+CD200 FC group, 
and a thermal ablation+anti-CD200R1 mAb group. The levels of CD200, CD200R1, Th1, Th17, and Treg in pe-
ripheral blood were detected by flow cytometry. Immunohistochemistry was used to detect CD200, CD200R1, 
IFN-g, IL-17, Foxp3 protein expression in tumor tissues.

	 Results:	 The levels of CD200, CD200R1, Th17, and Treg were significantly increased after CD200FC treatment (p<0.05). 
After treatment with anti-CD200R1 mAb, the levels of CD200, CD200R1, Th17, and Treg decreased and Th1 in-
creased. Compared with the control group, the expression of CD200, CD200R1, IL-17, and Foxp3 in the model 
group increased significantly, and the expression of IFN-g decreased significantly (p<0.05). The expression of 
CD200, CD200R1, IL-17, and Foxp3 was significantly reduced by adding anti-CD200R1 mAb, and the expres-
sion of IFN-g was increased (p<0.05). After the thermal ablation treatment, the proteins continued to decrease 
and the expression of IFN-g continued to increase.

	 Conclusions:	 The CD200/CD200R pathway participates in HCC tumor growth and the expression of CD4+T cell subsets in 
cancer tissues. Furthermore, thermal ablation treatment inhibited cancer recurrence.
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Background

Liver hepatocellular carcinoma (HCC) is an important and com-
mon malignancy in China, involving the carcinogenesis of he-
patocytes and intrahepatic bile duct epithelial cells [1]. The 
prognosis of patients with HCC is poor because of the high 
recurrence rate, and HCC accounts for about 80–90% of he-
patocellular carcinoma cases [2].

The rapid development of thermal ablation is an important 
breakthrough in the nonsurgical resection of tumors, and it 
has become the third most used potentially curative method 
to treat HCC. Some patients have liver cancer that cannot be 
excised and some HCC cannot be resected, such as severe chlo-
rosis and tumor invasion of major vascular pedicles [3,4], and 
even after resection, the recurrence rate is high and the local 
recurrence rate at 9 months is up to 11% [5], which is a prob-
lem with thermal ablation treatment. Ali et al. demonstrated 
that thermal ablation can induce the exposure of tumor cell 
antigens to some extent, thus inducing active immunity [6].

CD200 and CD200 receptor (CD200R) play an important role in 
the immune system [7]. The signal pathway is mainly mediated 
by myeloid cells to indirectly regulate immune balance. It may 
play an important role in allergy, immune system function, cen-
tral nervous system injury, transplantation rejection, and other 
immune-related diseases [8,9]. The expression of CD200 and 
CD200R in patients with HCC is significantly higher than in the 
general population [10]. The CD200R pathway can lead to im-
mune tolerance that inhibits the immune function in patients 
with HCC [11]. Therefore, we studied the role of the CD200/
CD200R pathway on CD4+T cell subsets of HCC and assessed 
the effect of thermal ablation on HCC in rats.

Material and Methods

Cell culture

Hepa1-6 (CRL-1830, ATCC, USA) cells stored in liquid nitrogen 
were removed and the cryopreservation tube was immediately 
thawed in a preheated water bath. After 1–2 min, the liquid in 
the cryopreservation tube was completely dissolved, then re-
moved, and we wiped the outer wall of the cryopreservation 
tube with a cotton ball. After 1000 rpm centrifuge for 3 min, 
we discarded the supernatant, added 10 mL medium into the 
centrifuge tube to make a cell suspension. The cell concentra-
tion was adjusted to 5×105/mL, and the cell suspension was 
separated in the culture bottle at 37°C in a 5% CO2 incubator 
(Thermo Fisher Scientific, USA). After 24–48 h, the liquid was 
changed and culturing was continued. When the cells in the 
bottle grew to 80–90%, the culture liquid was tilted and rinsed. 
At 37°C, 2.5 g/L trypsin (Invitrogen, Carlsbad, CA, USA) was used 

to digest the cells, which became crinkled and rounded, and 
the trypsin was tilting. We added 1 mL serum-free medium to 
form a cell suspension, followed by centrifugation at 800 rpm 
for 3 min. We discarded the supernatant, then added the se-
rum-free medium to resuspend the cells and mix them. Trypan 
blue staining was used to count the cells, and the ratio of vi-
able cells was more than 95%. We mixed of 2×1010/L of cell 
suspension with PBS solution.

Animals

Seventy-eight male C57BL/6 mice (purchased from 
Ji’nanPengYue Experimental Animal Breeding Co., license 
number SCXK (Lu) 2014-0007), weight (18±2) g, 4–6 weeks of 
age, were kept at 22–24°C and relative humidity of 50–60% in 
a well-ventilated and quiet environment in an SPF-class ani-
mal room, with free access to water and feed. Animal experi-
ments followed the NIH guidelines (NIH Pub. No. 85-23, revised 
1996) and were approved by the Qingdao University Animal 
Protection and Use Committee.

Establishment of mouse liver cancer model and animal 
grouping

The right axillary skin of the mice was sterilized by 95% alcohol, 
and 0.1 mL of cell suspension was injected under aseptic con-
ditions. During the injection, the skin was slowly swollen and 
gradually formed into a circular mound, then we pulled out the 
needle. C57BL/6 mice were fed under suitable conditions, and 
the mice were anesthetized by intraperitoneal injection with 
pentobarbital sodium (70 mg/kg) on day 1 and day 7. Then, 
mice were fixed on a special operating table. The tumors were 
fixed with the tweezers, then small needle heads were inserted 
along the long axis of the tumor and the tip of the needle was 
located at the center of the tumor. The following operations 
are followed: (1) In the control group, C57BL/6 mice were nor-
mally reared under suitable conditions; (2) In the model group 
(Model), mice received rapid injection of 0.15 mL normal saline 
at the tumor site; (3) In the CD200FC group, 20 ng/ml CD200FC 
was injected at the tumor site; (4) In the anti-CD200R1 mAb 
group, 20 ng/ml anti-CD200R1 mAb was injected at the tu-
mor site; (5) In the thermal ablation (T) group, mice received 
rapid injection of 0.15 mL normal saline heated to 50°C at the 
tumor site; (6) In the T+CD200 FC group, mice received multi-
ple injections of 0.15 mL normal saline heated to 50°C at the 
tumor site, and 20 ng/ml CD200FC 10 min after injection at 
the tumor site; (7) In the T+anti-CD200R1 mAb group, mice 
received multiple injections of 0.15mL normal saline heated 
to 50 °C at the tumor site, and 20 ng/mL anti-CD200R1 mAb 
10 min after injection at the tumor site.
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Inhibition rate

After treatment, the mice in each group were assessed for vol-
ume of liver cancer with vernier calipers every 3 day, the tumor 
growth curve within 15 days was drawn, and the tumor inhi-
bition rate was calculated. Tumor volume was calculated as 
V=a×b2/2 (a: tumor long diameter; b: tumor short diameter). 
Tumor volume inhibition rate was calculated as (%)=(aver-
age volume of Model group–average volume of experimental 
group)/average volume of Model group×100%

Inoculation

The surviving mice were divided into 6 mice per group, and then 
0.1 mL of Hepa1-6 hepatoma cell suspension with a concentra-
tion of 2×1010/L was injected into the left axillary. After 7 days, 
the tumor growth volume was observed and the recurrence 
of liver cancer was observed. The levels of CD200, CD200R1, 
Th1, Th17, and Treg in the peripheral blood were detected.

The numbers of CD200, CD200R1, Th1, Th17, and Treg 
cells in peripheral blood were detected by flow cytometry.

We collected blood from the orbits of the mice before treat-
ment, 7 days after treatment, and 15 days after treatment. 
For assessment of CD200 and CD200R1, we used anticoagu-
lant in whole blood for a total volume of 200 μl per tube. After 
lysis by Red Blood Cell Lysis Buffer (Beijing Solarbio Science 
and Technology Co., Beijing, China), cells were resuspended 
in PBS. We added 10 μL CD38-FITC (FITC anti-mouse CD38, 
Bioscience, USA) and 10 μL CD15-FITC (FITC anti-mouse). After 
mixing, tubes were incubated in the dark at room temperature 
for 30 min. After washing 2 times, fixing, and permeabiliza-
tion, we added 10 μL CD200-PE (PE anti-mouseCD200, eBio-
science, USA) and CD200R1-PE (PE anti-mouseCD200R1, eBio-
science, USA), followed by mixing, and incubating for 30 min 
at room temperature. After washing, FACS Canto II flow cy-
tometry (BD, USA) was performed.

For Treg cell staining, we used anticoagulant in whole blood for 
200 μL per tube, and after lysis by Red Blood Cell Lysis Buffer 
(Beijing Solarbio Science and Technology Co., Beijing, China), 
cells were resuspended in PBS. Then, we added 10 μL each 
CD4-FITC (FITC anti-mouse CD4, eBioscience, USA) and CD25-
APC (APC anti-mouseCD25, eBioscience), followed by mixing 
and incubation at room temperature in the dark for 30 min. 
After washing 2 times, cells were fixed and permeabilized, the 
we added 10 μL Foxp3-PE (PE anti-mouse Foxp3, eBioscience, 
USA), followed by incubation for 30 min at room temperature.

For Th1 and Th17 cell staining, anticoagulant whole blood 
for 200 μL per tube, after lysis by Red Blood Cell Lysis Buffer 
(Beijing Solarbio Science & Technology Co. Beijing, China) were 

resuspended in PBS. Then added 10 μL CD4-FITC, concussion 
was mixed and incubated at room temperature for 30 min. Two 
times of washing, fixed and permeable, adding 10 μL IFN-g-PE 
(PE anti-mouse IFN-g, eBioscience, USA) and 10 μL IL-l7-PE (PE 
anti-mouse IL-17, eBioscience, and IL-l7-PE), concussion and 
mixed, and incubated 30 at room temperature. After washed, 
tested on the machine.

Immunohistochemistry was used to detect the expression 
of CD200, CD200R1, IFN-g, IL-17, Foxp3 proteins in tumor 
tissues

After 15 days of thermal ablation, the mice were killed by the 
neck breaking method after anesthetized by intraperitoneally 
injected with pentobarbital sodium (70 mg/kg). After routine 
sections of the tumor tissue, the roasted tablets were de-
waxed with xylene, followed by gradient ethanol solution hy-
dration. The high temperature antigen in citric acid buffer was 
used to repair 20 min and 5% BSA was used to block 20 min. 
Rabbit anti-Mouse CD200 (ABIN2878047, antibodies-online), 
rabbit anti-mouse CD200R1 polyclonal antibody (orb352595, 
Biorbyt, USA), rabbit Anti-Interferon gamma polyclonal antibody 
(ab9657, Abcam, USA), rabbit anti-mouse IL-17 polyclonal an-
tibody polyclonal antibodies (ABIN1862735, Biorbyt, USA) and 
rabbit anti-mouse Foxp3 polyclonal antibodies (ABIN2506653, 
Biorbyt, USA) were reacted at 4°C for the night, and PBS flushed 
3 min for 3 times. After rewarming, hatching of Goat anti-rab-
bit IgG (Proteintech, USA) labeled with horseradish peroxi-
dase was performed. DAB was coloured, and hematoxylin was 
slightly restained, dehydrated, transparent, and neutral gum 
seal. Each of the 3 slices was observed under an optical mi-
croscope (Olympus, Japan, ×400).

Statistical analyses

The SPSS19.0 statistics software was used to analyze the mon-
itoring data, and the data analysis results were all expressed 
as mean ± standard deviation (mean ±SD). The data analy-
sis between the 2 groups was tested by t test. Multiple com-
parisons were analyzed by single factor analysis of variance 
(ANOVA), followed by SNK test, and the difference was statis-
tically significant by p<0.05.

Results

Growth of subcutaneous tumor in mice

After subcutaneous inoculation of Hepa1-6 cells, the model 
mice were stable, the tumor formation rate was 100%, and 
the tumor growth was rapid. From the 2nd inoculation, all the 
subcutaneous nodules were visible to the naked eye. The aver-
age diameter of the tumor could reach 6-8 mm on the 8th day. 
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Then start the experiment, the tumor tissues were obtained 
after thermal ablation for 15 days. The single factor analy-
sis of variance showed that the size of the transplanted tu-
mor in all the experimental groups was significantly differ-
ent from that of the Model group (p<0.05), and the difference 
was significant (except for anti-CD200R1 mAb and T+CD200FC 
2 groups) (p<0.05) (Figure 1A, 1B). Compared with model group 
(180.37±14.44, 825.66±26.40), adding CD200FC significantly 
promoted tumor growth (183.63±14.23, 899.86±25.32), the dif-
ference was statistically significant (p<0.05), and anti-CD200R1 
mAb significantly inhibited tumor growth, the tumor volume 
only grew to 473.86±22.96 mm3, and its inhibitory rate was 
18.55%, the difference was statistically significant (p<0.05). 
After thermal ablation thermal ablation, the growth of mice 
transplanted tumor was obviously inhibited, and the effect of 
the treatment was obvious (185.63±18.08, 105.61±6.54), the 
inhibitory rate was 87.21%, the difference was statistically 
significant (p<0.05). After the thermal ablation thermal abla-
tion, the tumor growth was suppressed by adding CD200FC, 
the tumor was inhibited, but there was no obvious therapeu-
tic effect. The inhibition rate dropped to 17.76%, and there 
was no significant difference between the anti-CD200R1 mAb 
group and the group (p>0.05). After the thermal ablation ther-
mal ablation, anti-CD200R1 mAb was added to the treatment 
(185.21±16.12, 62.17±2.50), the tumor volume inhibition rate 
was 92.47%, and the therapeutic effect was significant (P<0.05) 
(Figure 2). The results indicate that CD200/CD200R signaling 
pathway plays a regulatory role in the thermal ablation of he-
patocellular carcinoma.

Numbers of CD200, CD200R1, Th1, Th17 and Treg cells in 
peripheral blood

As shown in Figure 3–5, the cell frequency in each group before 
treatment was significantly different from that of the control 
group, of which the contents of CD200, CD200R1, Th17 and 
Treg increased significantly, and the content of Th1 decreased 
significantly (p<0.05) (Figure 3). After the treatment of 7d, 

the cell frequency of CD200, CD200R1 and CD200R1 were sig-
nificantly increased after the CD200FC treatment. After anti-
CD200R1 mAb treatment, the contents of CD200, CD200R1, 
Th17 and Treg decreased, while the content of Th1 increased 
(p<0.05). After the thermal ablation treatment, the contents of 
CD200, CD200R1 and Th17 were obviously reduced, and the 
content of Th1 was increased. There was no significant differ-
ence in the anti-CD200R1 mAb group (p>0.05) (Figure 4). After 
the thermal ablation combined with anti-CD200R1 mAb, the 
contents of CD200, CD200R1, Th17 and Treg were reduced, 
and the content of Th1 was increased (p<0.05), and there was 
no significant difference in the content after the treatment of 
15 days (Figure 5).

Immunohistochemistry was used to detect the expression 
of CD200, CD200R1, Th1, Th17 and Treg proteins in tumor 
tissues.

The expression level of related proteins in tumor tissue was 
detected by immunohistochemistry. As shown in Figure 5, 
CD200 and CD200R1 were mainly expressed in the matrix area 
around the liver cancer tissue, and the cytokine IFN-g of Th1 
was mainly expressed in the cytoplasm. The cytokine IL-17 of 
Th17 was positive in cytoplasm and nucleus of the cell, and 
Treg specific transcription factor Foxp3 was expressed in nu-
cleus (Figure 5A). The expression of CD200 and CD200R1 in 
the control group was weakly positive or almost non-existent. 
Compared with the control group, the expression of CD200, 
CD200R1 IL-17, and Foxp3 in the tumor tissues of the model 
group increased significantly, and the expression of IFN-g pro-
tein decreased significantly (p<0.05). After CD200FC treat-
ment, the expression of CD200, CD200R1, IL-17, and Foxp3 
protein were strongly positive, which was significantly higher 
than that of the model group (p<0.05), while the expression 
of IFN-g protein was obviously inhibited compared with the 
model group (p<0.05). The expression of CD200, CD200R1, IL-17, 
and Foxp3 proteins was significantly downregulated by anti-
CD200R1 mAb, and the difference was statistically significant. 
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Figure 1. �Growth of subcutaneous tumors in mice. (A) Volume change; (B) Tumor volume inhibition rate. The data are displayed as the 
mean ±SD (n=6). Different letters represent significant differences between groups (p<0.05).
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After thermal ablation, the positive expression of 4 proteins 
– CD200, CD200R1, IL-17, and Foxp3 – continued to decrease, 
and the positive expression of IFN-g continued to increase, and 
the difference was statistically significant (p<0.05). After the 
thermal ablation, the expression level of the 5 proteins was 
not significantly different from the anti-CD200R1 mAb group, 

and the heat dissipated (p>0.05). After thawing and combin-
ing with anti-CD200R1 mAb, the expression of 4 proteins – 
CD200, CD200R1, IL-17, and Foxp3 – was weakly positive, while 
IFN-g proteins were strongly positive, and there was no signif-
icant difference compared with the control group (p>0.05), in-
dicating that the therapeutic effect was significant (Figure 5B).
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Detection of recurrence rate of liver cancer

The right axillary contralateral inoculation method was used 
to detect the recurrence of HCC in mice. The results are 
shown in Figure 6. The tumor size of all experimental groups 
was significantly different from that of the model group after 

re-inoculation (p<0.05). Compared with the model group 
(173.8±7.29), the recurrence rate of liver cancer in the CD200FC 
group was 100% and the tumor growth was obvious. The size 
of the tumors was 294.22±18.52 mm3 after 7 days, and the 
recurrence rate in the anti-CD200R1 mAb group was 100% 
but the tumor growth was significantly slowed, and the size 
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Figure 3. �Frequency of CD200, CD200R1, Th1, Th17, and Treg cells in peripheral blood after 7 days of treatment. (A) Flow cytometry; 
(B) Cell frequency. The data are displayed as the mean ±SD (n=6). Different letters represent significant differences between 
the groups (p<0.05).
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of the tumors was 51.55±2.67 mm3 after 7 days. After inoc-
ulation, the effect of early treatment was better, and only 1 
mouse had no recurrence of liver cancer. The average volume 
of tumors was 4.93 ± 2.23mm3 after 7 days, and there was no 
significant difference between the recurrence of HCC and the 
size of anti-CD200R1 mAb in the T+CD200FC group (p>0.05). 
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Figure 4. �Frequencies of CD200, CD200R1, Th1, Th17, and Treg cells in peripheral blood after 15 days of treatment. (A) Flow cytometry; 
(B) Cell frequency. The data are displayed as the mean ±SD (n=6). Different letters represent significant differences between 
groups (p<0.05).

After the re-inoculation of T+anti-CD200R1 mAb mice, 4 mice 
had no recurrence, and the average size of tumors after 7 days 
was only 0.33±0.47 mm3.
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Cell numbers of CD200, CD200R1, Th1, Th17, and Treg 
cells in peripheral blood

Figure 7 shows the cell numbers of each group at 7 days af-
ter re-inoculation. There was no significant difference in the 
cell numbers between the T+anti-CD200R1 mAb group and 
the control group, indicating that the early treatment effect 
was significant.
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Discussion

Hepatocellular carcinoma (HCC) accounts for about 80–90% of 
all cases of hepatocellular carcinoma, followed by cholangiocar-
cinoma and mixed hepatocellular cholangiocarcinoma [2]. HCC 
has the characteristics of occult onset, long latency, high ma-
lignancy, rapid progression, strong invasion, easy metastasis, 
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Figure 7. �The frequency of related cells in peripheral blood 7 days after re-inoculation. (A) Flow cytometry; (B) Cell frequency. 
The data are displayed as mean ±SD (n=6). Different letters represent significant differences between the groups (p<0.05).

and poor prognosis [3]. Therefore, it is important for the de-
velopment of tumor immunotherapy to find a key signal path-
way to regulate tumor-associated myeloid cells.

The OX2 membrane glycoprotein (CD200) is expressed on 
a broad range of tissues, including lymphoid cells, neurons, 
and endothelium [13]. Previous studies have shown that the 
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interaction of CD200 and CD200R may play an important role 
in tumor growth and deterioration [14–16]. CD200 is a mem-
ber of the Ig superfamily, which contains 2 extracellular Ig do-
mains and an unknown intracellular segment motif, and is ex-
pressed on the surface of B cells and activated T cells [17–20]. 
CD200R, the receptor of CD200, was also a member of the Ig 
superfamily and is mainly expressed in neutrophils, macro-
phages, and rod cells [21,22]. Previous studies have shown 
that CD200 is expressed in a variety of cancer cells and shows 
tumorigenesis effects [23,24]. Activation of CD200R in macro-
phages can inhibit autologous immune response [25,26]. These 
results suggest that the CD200/CD200R signaling pathway is 
involved in suppressing the function of myeloid cells.

The initial CD4+T cells mainly differentiate into auxiliary T cells 1 
(Th1) and auxiliary T cells 2 (Th2), which can separate intracel-
lular and extracellular pathogens and secrete inflammatory fac-
tors, thereby promoting tumor pathogenesis [27,28]. The initial 
CD4+T cells can also be differentiated into regulatory T cells 
(Treg cells) and helper T cells 17 (Th17). According to the func-
tion of cells, 4 different CD4+T cell subsets – Th1, Th2, Thl7, 
and regulatory Treg – have been demonstrated to date [29,30].

To further study the role of the CD200/CD200R pathway in the 
carcinogenesis of liver cancer, we carried out in-depth research. 
We found that CD200R inhibitor suppressed the growth of tu-
mors and decreased the levels of Th17 and Treg in peripheral 
blood. These results are consistent with previous research. 
Tregs constitutively express the intracellular transcription fac-
tor Foxp3 [31]. We found that the expression of Foxp3 was 
increased in tumor tissues and CD200R inhibitor decreased 
the level of Foxp3.

Conclusions

The CD200/CD200R signaling pathway participates in the 
growth of HCC and regulates the numbers of Th1, Th17, and 
Treg cells in HCC. The recurrence of HCC was effectively inhib-
ited by thermal ablation treatment. Our results suggest a po-
tential therapy for HCC.
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