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Abstract
Objective  This study aims to investigate the effect of CD206 on the progression of hepatocellular carcinoma (HCC) and 
the regulation of the tumour immune microenvironment.
Methods  A subcutaneous mouse model of HCC was established and treated with CD206-overexpressing adenovirus by 
tail vein injection or CD206 antibody C068C2 by intratumoral injection. The hepatocarcinoma-bearing mice were divided 
into four groups (IgG+ tail vein adenovirus group, IgG group, C068C2+ tail vein adenovirus group and C068C2 group) to 
observe the changes in tumour weight and volume with different expression levels of CD206. The proportion of M2-type 
tumour-associated macrophages (TAMs) was detected by flow cytometry and immunofluorescence. The apoptosis of 
tumour cells was detected using terminal deoxynucleotidyl transferase dUTP nick-end labelling (TUNEL) staining, and 
inflammatory factors in serum and tissues were detected using the ENZYME-LINKED IMMUNOSORBENT ASSAY.
Results  Compared with the mice with low CD206 expression, the hepatocarcinoma-bearing mice with high CD206 
expression in HCC exhibited faster tumour growth and more aggressive progression. Flow cytometry and immunofluo-
rescence staining revealed that the expression level of CD206-positive M2-type TAMs was highest in the IgG + adeno-
virus group and lowest in the C068C2 group (p < 0.001). Compared with the IgG + adenovirus group, the proportion of 
TUNEL-positive cells in tumour cells was significantly reduced in the C068C2 group. The IgG + adenovirus group had the 
highest concentrations of transforming growth factor-β (TGF-β) and interleukin 6 (IL-6) in both serum and tumour tissues.
Conclusion  The overexpression of CD206 accelerates the progression of HCC and changes the tumour immune microen-
vironment. The high expression of CD206 in HCC increases the M2-type polarisation of TAMs and induces the expression 
of both TGF-β and IL-6 in tumour tissues and serum, thereby promoting HCC progression.
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1  Introduction

Hepatocellular carcinoma (HCC) is the fifth most common malignancy and the third leading cause of cancer-related 
deaths worldwide [1]. Despite great improvements in the diagnosis and treatment of HCC, the clinical outcomes of 
patients with this disease remain poor. High invasiveness, recurrence and metastasis are the main reasons for the poor 
prognosis of patients with HCC [2]. Such patients are usually diagnosed at an advanced stage, which leads to unresect-
ability and limited treatment options. Resistance to chemotherapy remains the main reason for treatment failure [3].

The tumour microenvironment (TME) is composed of cancer cells, stromal cells, immune cells, cytokines, etc. [4, 5]. 
The crosstalk between HCC and the TME can provide a microenvironment that is favourable for tumour growth and 
progression. Tumour-associated macrophages (TAMs) are also involved in TMEs and play an important role, mainly in 
tumour formation, development, invasion and metastasis. Tumour microenvironments can be divided into M1 and M2 
phenotypes. M1-type TAMs account for the majority of TAMs in the early stages of tumours and slowly change to M2-type 
TAMs with tumour progression [6]. Many studies have shown that M2-type TAMs can accelerate cancer cell proliferation, 
invasion and metastasis, promote angiogenesis and immune escape [7, 8], be significantly involved with tumour progres-
sion and treatment resistance and shorten the survival time of patients [9, 10]. M1-type TAMs have been proven to inhibit 
tumour growth, mainly via the immune response and the recognition and killing of tumour cells [11, 12]. M1-type and 
M2-type TAMs represent dynamic changes in the TME and can transform into each other by changing the TME, thereby 
affecting the polarisation of TAMs [12]. Clinical data have shown that the higher the number of M2-type TAMs, the worse 
the prognosis of patients with cancer; additionally, there is a certain relationship between M2-type TAMs and treatment 
resistance, which suggests that M2-type TAMs can be used as prognostic biomarkers and therapeutic targets [12–14].

At present, the main mechanism for drugs targeting M2-type TAMs acts to clear them from the TME or block their 
inhibitory function [15]. Thus, comprehensively studying the characteristics and regulation of TAMs may elucidate 
their correlation with the prognosis and therapeutic response of patients with HCC.

CD206, a mannose receptor, belongs to the calcium-dependent type-I transmembrane protein receptor. It is widely 
distributed in macrophages in tissues, such as the paracortex of lymph nodes, the cortex of the thymus and the red pulp 
of the spleen, and it is the most specific marker on the surface of M2-type TAMs [16]. Mannose receptors can recognise 
a variety of sugar molecules in the pathogen cell wall or cell surface and participate in and regulate the body’s immune 
defence via receptor-mediated phagocytosis and endocytosis [17]. In previous studies, the density of CD206-positive 
TAMs was found to be an independent predictor of lower progression-free survival (PFS) in breast cancer in different 
populations [13], and the expression of CD206 in TAMs is related to the differentiation, depth of invasion, vascular tumour 
thrombus and nerve invasion of colon cancer. Another study showed that lung cancer cells can induce M1-type TAMs to 
polarise to M2-type TAMs with positive CD206 expression via THP-1 and stimulate the production of a variety of cytokines 
[14]. However, it is unknown whether regulating the expression levels of CD206 in HCC is related to the progression of 
HCC, and the involvement of inflammation factors and the M2-type polarisation of TAMs have not been clarified.

This study focused on the crosstalk between TAMs and HCC via CD206 and hypothesised that the tumour immune 
microenvironment could be reprogrammed using different levels of CD206 in HCC. Based on this, CD206 can regulate 
the expression levels of inflammatory factors and drive the differentiation of TAM cells, increase the proportion of 
M2-type TAMs and promote HCC progression.

Herein, CD206 was used as the marker of M2-type polarised TAMs. A mouse model was established with subcu-
taneous tumours, and the mice were treated with CD206-overexpressing adenovirus or CD206 antibody C068C2 to 
investigate the effect of CD206 on HCC progression. In this study, the authors aimed to investigate tumour growth, 
tumour cell apoptosis, the proportion of M2-type TAMs and the inflammation factors of transforming growth factor-β 
(TGF-β) and interleukin 6 (IL-6) in serum and tumour tissues with different levels of CD206 treatment.

2 � Materials and methods

2.1 � Animals

Twenty 8-week-old female nude mice were used in this study, all of which were purchased from Beijing Weitong 
Lihua Laboratory Animal Technology Co., Ltd. The nude mice were housed according to the specific pathogen-free 
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animal husbandry requirements. The animals were fed ad libitum and had free access to water. Their drinking water 
was changed daily, and the water bottles for holding drinking water were autoclaved daily. The cages and acces-
sories were cleaned, disinfected and replaced regularly and were autoclaved and used in a barrier environment. All 
experimental procedures involving the animals were performed in accordance with the 3R (replacement, reduction 
and refinement) principles and the guidelines of the National and Beijing Experimental Animal Welfare Ethics.

2.2 � Cell culture

The HepG2 cell line was purchased from the cell bank of the Shanghai Chinese Academy of Sciences. Eagle’s minimum 
essential medium and Earle’s Balanced Salts (HyClone) containing 10% foetal bovine serum (FBS; HyClone) and 1% non-
essential amino acids (HyClone) were used for cell culture in a constant-temperature incubator at 37 °C and 5% CO2. The 
HepG2 cells were passaged every 2–3 days with 0.5 mg/ml trypsin (1:250) and 0.53 mM ethylenediaminetetraacetic acid.

2.3 � Construction of adenovirus plasmid and preparation of adenovirus

Reverse transcription of total RNA was used to extract cDNA from cells using a reverse transcription kit. According to 
the CD206 gene’s known complete mRNA sequence, mouse CD206 cloning primers were designed using the Primer 
Premier 5.0 software for plasmid construction. The primer information was as follows: F: CGC​AAA​TGG​GCG​GTA​GGC​GTG; 
R: GGA​AAG​GAC​AGT​GGG​AGT​G. Recombinant adenovirus overexpressing CD206 was packaged and purified using Pure 
Era Biotechnology (Guangzhou, China). Finally, recombinant adenovirus with a titre of 1.2 × 1011 pfu/ml was collected.

2.4 � Construction of subcutaneous mouse model of hepatocellular carcinoma

Xenotransplantation was performed in nude mice. The authors used CD206 overexpressing adenoviruses as a backup, 
then subcutaneously injected HepG2 cell lines into the nude mice to construct a mouse subcutaneous tumour-bearing 
model. On this basis, CD206 overexpression adenovirus was injected into the tail vein, and C068C2 was injected into 
the tumour to achieve different concentrations of CD206. The subcutaneous mouse model was divided into four groups 
(n = 5 each) [18]: (1) mice in the IgG + adenovirus group were treated with CD206-overexpressing adenovirus by tail 
vein injection and IgG antibody by intratumoral injection; (2) mice in the IgG group were treated with IgG antibody by 
intratumoral injection only; (3) mice in the C068C2+ tail vein adenovirus group were treated with CD206-overexpressing 
adenovirus by tail vein injection and C068C2 by intratumoral injection; and (4) mice in the C068C2 group were treated 
with C068C2 by intratumoral injection only. The HepG2 cells in the logarithmic phase were digested and centrifuged, 
and the resulting cells (approximately 5 × 106) were dissolved in 0.1 ml Dulbecco’s modified eagle medium and mixed 
thoroughly. The dorsal skin of the mice was fully disinfected with 75% medical alcohol, and 0.2 ml of cell solution was 
subcutaneously injected into each nude mouse. At about 2 weeks after inoculation, masses began to appear subcutane-
ously in the nude mice. Adenovirus (40 μl; viral titre: 1.2 × 1011pfu/ml) was injected into the tail vein, and C068C2 (20 μl 
in 5 points; concentration: 0.25 µg/100 μl) was injected intratumorally once a week. The tumour volume was measured 
until the end point of observation (60 days), and the tumour was weighed after the mice were euthanised. The size of 
the tumour was measured with vernier callipers, and the length (L) and width (W) of the tumour were recorded. The 
volume (V) was (L × W2) × 0.5.

Because no functional antibody to CD206 is currently marketed, C068C2 was selected as an antibody to reduce CD206 
levels in vivo and was experimentally found to have no effect on the survival of the mice. Sixty days after the subcuta-
neous inoculation of tumour cells (the end point of observation), 0.1 ml of peripheral blood was collected from the tail 
vein of the mice. Labelling was performed for the subsequent experiments. The mice were euthanised by dislocation 
and pulp breaking. At this time, subcutaneous tumour formations were isolated from the mice, tumour volumes were 
measured, tumours were weighed, and labelling was performed for the subsequent experiments.

2.5 � Flow cytometry

After the tumour tissue was digested into single cells, 100 µl of cell suspension was placed into an EP tube. After the 
antibody was diluted 1000-fold with PBS, 1 ml was added to each tube, mixed well and incubated at room temperature in 
the dark for 30 min. Then, 2 ml of flow cytometry washing solution (PBS + 1% FBS) was added, mixed well and centrifuged 
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at 300 rpm for 5 min. The supernatant was subsequently discarded. Next, 2 ml of flow cytometry wash (PBS + 1% FBS) 
was added and centrifuged at 300 rpm for 5 min, and the supernatant was discarded.

At the same time, a corresponding isotype control detection tube was created, and the corresponding isotype control 
antibody was added. The antibody information was as follows: fluorescein isothiocyanate anti-human CD68 antibody 
(RUO137005, BioLegend, Beijing, China); Alexa Fluor® 647 anti-human CD206 (MMR) antibody (RUO321116, Thermo, 
Waltham, MA, USA). Then, 2 ml of 1 × Permeabilization Wash Buffer 300 was added and centrifuged for 5 min, and the 
supernatant was discarded. Next, 2 ml of flow cytometry washing solution (PBS + 1% FBS) was added, mixed well and 
centrifuged at 300 rpm for 5 min. The supernatant was subsequently discarded. Cells were resuspended by adding 0.5 ml 
of flow cytometry wash (PBS + 1% FBS) and were analysed on a Cytek NL-CLC3000 (Cytek Biosciences, CA, USA) system. 
The flow cytometry data were analysed using the FlowJo™ software.

2.6 � Immunofluorescence assay

After deparaffinising the tissue sections, the PBS solution was washed three times for 5 min each. The cell membranes 
were ruptured using 0.2% Triton X-100 for 10 min and washed three times with PBS solution for 5 min each time. The 
PBS solution was discarded, and the excess solution was wiped off with filter paper. Next, the sample was dropped into 
a blocking solution and incubated in a humidified chamber at room temperature for 2 h. The blocking solution was 
subsequently discarded, the primary antibody was added at a ratio of 1:200, and the solution was left overnight at 4 °C. 
The wet box was removed and reheated for 30 min. Next, the primary antibody working solution was discarded, and 
the sample was rinsed in PBS solution three times for 5 min each time. Then, the PBS solution was discarded, the excess 
solution was wiped off with filter paper, and the secondary antibody working solution was added dropwise at a ratio of 
1:200 (it was protected carefully from light). The temperature was set at 37 °C for incubation, which took 2 h. Following 
incubation, the secondary antibody working solution was removed and rinsed three times for 5 min each time with PBS 
solution, and the PBS solution was removed and stained with DAPI for 10 min.

The slides were mounted with an anti-fluorescence quenching mounting medium, and the results were observed 
and recorded under a fluorescence microscope. The information was as follows: CD68 (Ab955, Abcam, Cambridge, UK); 
CD206 (sc-376108, Santa Cruz, CA, USA); goat anti-rabbit IgG HampL (Alexa Fluor® 594) (ab150080, Abcam, Cambridge, 
UK); and mouse anti-goat IgG HampL (Alexa Fluor® 488) (ab150080, Abcam, Cambridge, UK). The DAPI-stained nuclei 
were blue under UV excitation, CD206-positive expression was shown as green fluorescence, and CD68-positive expres-
sion was shown as red fluorescence.

The results were interpreted by two senior attending physicians (Dechang Li and Jichun Zheng) in the pathology 
department of the authors’ hospital based on their clinical and scientific research experience [18]. Ten high-power fields 
(400×, typical tumour site) were randomly selected. Grade 1: no fluorescence or very weak fluorescence; Grade 2: weak 
but visible fluorescence; Grade 3: bright fluorescence, yellowish green; and Grade 4: bright fluorescence, obvious bright 
green. Grades 1 and 2 represented low expression, and grades 3 and 4 represented high expression.

2.7 � Terminal deoxynucleotidyl transferase dUTP nick‑end labelling staining

Experiments were performed using a terminal deoxynucleotidyl transferase dUTP nick-end labelling (TUNEL) staining 
kit (At005-2, Qihai Bio, Shanghai, China). After deparaffinising the tissue sections, the PBS solution was washed three 
times for 5 min each time. Triton X-100 solution was added dropwise to the sections to cover the entire tissue specimen, 
which was kept warm and moist for 10 min. The PBS solution was fully rinsed three times for 5 min each time, and water 
around the tissue was removed with absorbent paper. Proteinase K solution was added dropwise to the sections to cover 
the entire tissue specimen, which was kept warm and moist for 30 min, and PBS solution was fully rinsed three times for 
5 min each time. The labelled reaction solution was dropped so that it covered the entire tissue specimen, which was 
kept warm and moist for 90 min. Then, the PBS solution was rinsed thoroughly three times for 5 min each time. Next, 
propidium iodide (PI) staining solution was dropped onto the samples to cover the whole tissue specimen, which was 
kept warm and moist for 5 min, before rinsing thoroughly with PBS solution three times for 5 min each time.

The tissue sections were mounted using a prepared anti-fluorescence quenching mounting medium. The DAPI stain-
ing results showed blue nuclei under UV excitation, PI fluorescein labelling for apoptosis detection and red positive 
apoptotic nuclei. The results were interpreted by two senior attending physicians (Dechang Li and Jichun Zheng) in the 
pathology department based on previous literature [19]. The apoptosis rate was calculated, and five high-power fields 
(400-fold) with the highest number of apoptotic cells were selected to assess the percentage of red apoptotic nuclei in 
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500 tumour cells. Grade 1: ≤ 25%; Grade 2: 26%–50%; Grade 3: 51%–75%; and Grade 4: ≥ 76%. Grades 1 and 2 represented 
low apoptotic rates, and grades 3 and 4 represented high apoptotic rates.

2.8 � Enzyme‑linked immunosorbent assay

Gradient standard solutions and washing buffers were prepared while removing the ENZYME-LINKED IMMUNOSORBENT 
ASSAY (ELISA) kit for use. The kits used were a Mouse IL-6 ELISA Kit (RXSWSXB203049M, Ruixin Biological, Guangzhou, 
China) and a Mouse Transforming Growth Factor β1 ELISA Kit (RX202402M, Ruixin Biological, Guangzhou, China). After 
the mice were euthanised, subcutaneous tumour tissues were isolated and typical tumour sites (50 mg) were selected; 
then, the tissues were homogenised in PBS extraction buffer, and the supernatant was centrifuged for future use. Each 
well of the kit was marked respectively, divided into blanks, controls and samples, and the corresponding liquid was 
added. Following the addition of the respective fluids to each well, horseradish-peroxidase-labelled detection antibodies 
were added. Then, each well was sealed and allowed to react for 60 min at 37 °C.

After sufficient reaction, the plate was washed thoroughly five times. A substrate mixture was added to each well 
and allowed to react for 15 min under the same conditions. After sufficient reaction, a stop solution was added to each 
well to complete the process. A microplate reader was used to detect optical density (OD) values under specific condi-
tions (within 15 min at 450 nm wavelength), and the results were recorded. According to the test results, a curve of the 
changes in OD value with concentration was plotted, and using the curve, the sample concentration corresponding to 
the OD value was calculated.

2.9 � Western blot

Protein expression was detected using Western blot. Following completion of electrophoresis, transfer experiments were 
performed using PVDF membranes to transfer proteins from the gel to PVDF membranes. After the transfer membrane 
was completed, 3% BSA solution was used for blocking, and the PVDF membrane after the transfer membrane experi-
ment was soaked in 3% BSA solution and blocked at room temperature for 30 min on a horizontal shaker. Following 
completion of blocking, primary antibodies were used for overnight incubation. The specific information of primary 
antibody was as follows: CD206:24595, CST; GAPDH: 5174, CST. After the completion of primary antibody incubation, 
TBST solution was used for washing three times for 10 min each wash. Following the completion of the primary antibody 
wash, incubation was performed using the diluted secondary antibody solution and the conditions for the secondary 
antibody incubation were room temperature for 30 min. Following completion of the secondary antibody incubation, 
the same wash was performed using TBST solution three times for 10 min each wash. After washing was completed, 
imaging was performed using gel imaging analysis.

2.10 � Statistical analysis

A statistical analysis was performed using the SPSS 26.0 software. The measurement data from the four groups were 
analysed using a one-way ANOVA, and further two-by-two comparisons between groups were performed using the least 
significant difference t-test. The enumeration data were analysed using the χ2 test, and further two-by-two comparisons 
between groups were performed using the Bonferroni test. For Bonferroni test, an adjusted p value < 0.0166 was consid-
ered statistically significant, and p < 0.05 was considered statistically significant in the remaining tests.

3 � Results

3.1 � Differences in CD206 expression levels in tumour tissues

The treated HCC tumour cells were injected into nude mice, and subsequent experiments were performed after tumour 
formation. The number of the CD206-labelled cells in tumour tissues was detected by flow cytometry. The proportions 
of CD206-labelled cells in the IgG + adenovirus group, IgG group, C068C2 group and C068C2 + adenovirus group were 
significantly different (p < 0.001), with proportions of 74.47%, 67.07%, 52.57% and 45.83%, respectively. The results in 
Table 1 and Fig. 1A–D further showed a statistically significant difference in the proportions of CD206-labelled cells 
between the IgG + adenovirus group and the other three groups, respectively (p < 0.05, p < 0.001 and p < 0.001), indicating 
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that the expression level of CD206 in tumour tissue was significantly higher in the IgG + adenovirus group than in the 
other groups. Treatment with CD206 antibody C068C2 significantly decreased intracellular CD206 expression, indicating 
the efficacy of C068C2 (Fig. 1A–D).

Subsequently, the cell numbers of M2-type TAMs were further examined by flow cytometry. Macrophages were 
labelled using CD68, and M2-type TAMs were labelled using CD206. The results showed that in the IgG + adenovirus 
group, the CD206-labelled M2-type TAMs comprised the highest proportion of TAMs, and as CD206 was inhibited, the 
proportion of the CD206-labelled M2-type TAMs was decreased. In the C068C2 group, the CD206-labelled M2-type TAMs 
comprised the lowest proportion (Fig. 1A–E). Subsequently, we detected the expression of C206 in HCC clinical patient 
samples and found that CD206 expression was present in HCC clinical patient samples (Fig. 1F).

3.2 � Differential expression of CD206 in tumour tissues detected by immunofluorescence

The expression of CD206 in tumour tissues was detected by immunofluorescence. The results (Table 2, Fig. 2A–D) showed 
that the expression levels of CD206 in the IgG + adenovirus group, IgG group, C068C2 group, and C068C2 + adenovirus 
group were significantly different (p < 0.05). When compared with the three other groups, the Bonferroni test only showed 
a statistically significant difference between the IgG + adenovirus group and the C068C2 group (p < 0.01), indicating that 
the expression level of CD206-labelled M2-type TAMs in tumour tissue was significantly higher in the IgG + adenovirus 
group than in the C068C2 group.

3.3 � Effect of different expression levels of CD206 on tumour volume and growth

Adenovirus and C068C2 were injected into the tail vein and tumour regularly to measure the tumour volume; the tumour 
was weighed and the tumour volume and tumour weight curves drawn after the mice were euthanised (Fig. 3A–C).

There was no statistical difference in the volume of subcutaneous tumour formation after the subcutaneous injection 
of HepG2 cells. The tumour volume was measured every 5 days from day 20 to day 60. The subcutaneous tumour forma-
tion volume of the mice in the IgG + adenovirus group was the largest and the growth rate the fastest; the subcutaneous 
tumour formation volume of the mice in the IgG group was reduced and the growth rate slower compared with the 
values in the IgG + adenovirus group. The subcutaneous tumour formation volume of the mice in the C068C2 + adeno-
virus group was reduced, and the growth rate was further slowed compared with that of the first two groups. In the four 
groups, mice in the IgG group served as controls, and the tumour growth rate as well as the tumour formation volume 
were second only to those in the IgG + adenovirus group. In contrast, CD206-induced tumour growth was inhibited after 
treatment with C068C2, so the tumour growth rate as well as the tumour formation volume in mice in the IgG group 
were significantly higher than those in the mice treated with C068C2 (Fig. 3A, B). Finally, the subcutaneous tumour for-
mation volume of the mice in the C068C2 group was the smallest and the growth rate the slowest. The differences were 
statistically significant (p < 0.05).

At the end-point of the observation, the subcutaneous tumour tissues were isolated and weighed, with the heaviest 
tumour weight after euthanasia in the IgG + adenovirus group and the lightest in the C068C2 group. In the other two groups, 

Table 1   Flow cytometry for 
CD206 differences between 
groups

n = 5 per group

Mean: the average of the proportion of CD206 labeled cells occupying CD68 labeled cells among 5 mice in 
each group

a:The four-group data were analyzed using one-way ANOVA

b: Further two-by-two comparisons between groups were performed using the LSD-t test. The data in the 
IgG + adenovirus group was compared with the data in the three groups of IgG group, C068C2 + adenovi-
rus group and C068C2 group in pairs, respectively

Group Mean SE Fa p valuea tb p valueb

IgG + adenovirus group 74.47 11.900 121.075 < 0.001
IgG group 67.07 1.656 0.050
C068C2 + adenovirus group 52.57 0.639 < 0.001
C068C2 group 45.83 1.134 < 0.001
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the tumour weight after euthanasia was intermediate between the weights of these two groups, with a statistically significant 
difference in tumour tissue weight (p < 0.001). The results showed that the mice in the IgG + adenovirus group with CD206 

Fig. 1   Differences in CD206 expression levels in tumour tissues by flow cytometry. A–E The proportion of CD206 labeled cells occupying 
CD68 labeled cells in each group. A IgG + adenovirus group. B IgG group. C C068C2 + adenovirus group. D C068C2 group. E The flow cytom-
etry results of comparisons between the four groups were presented in graph. (Mean ± SE; ***: P < 0.001). F The expression of CD206 in HCC 
samples
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overexpression had the largest tumour volume and the fastest tumour growth rate, and the tumour-bearing mice had the 
heaviest tumour weight after euthanasia (Fig. 3).

3.4 � Effect of different expression levels of CD206 on tumour cell apoptosis

To understand the mechanism of TAMs of different phenotypes on HCC cells, TUNEL staining was used to analyse the apop-
tosis of HCC cells. Compared with the mice in the IgG + adenovirus group, the mice in the C068C2 + adenovirus group and 
C068C2 group had a significantly reduced number of TUNEL-positive cells, respectively, (p < 0.01 for both groups; Table 3, 
Fig. 4A–E), indicating that the apoptosis rate was significantly higher in the IgG + adenovirus group than in the C068C2 + ade-
novirus group and C068C2 group.

This suggests that M2-type TAMs dominated in the IgG + adenovirus group, which stimulated the fast growth of liver 
cancer cells. When a tumour grows too fast, the blood and nutrient supplies are insufficient for tumour growth, resulting in 
necrosis in the tumour centre, which manifests as the apoptosis of tumour cells. CD206 was inhibited in the tumour tissue 
of the C068C2 group, and the proportion of M2-type TAMs was decreased in liver cancer tissues.

Table 2   Differences 
in CD206 detected by 
immunofluorescence 
between the groups

n = 5 per group

a:The four-group data were analyzed using χ2 test

b: Further two-by-two comparisons between groups were performed using the Bonferroni test. The 
data in the IgG + adenovirus group was compared with the data in the three groups of IgG group, 
C068C2 + adenovirus group and C068C2 group in pairs, respectively

Group Expression profile χ2 a p value a p valueb

Low expres-
sion

High expres-
sion

IgG + adenovirus group 0 5 15.791 0.001
IgG group 2 3 0.444
C068C2 + adenovirus group 4 1 0.048
C068C2 group 5 0 0.008

Fig. 2   Different expression 
levels of CD206 in tumour 
tissues detected by immu-
nofluorescence staning. A 
IgG + adenovirus group. B IgG 
group. C C068C2 + adenovi-
rus group. D C068C2 group. 
Magnification, × 100; scale bar, 
200 um
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3.5 � Effect of different expression levels of CD206 on the concentration of inflammatory factors in serum 
and tumour tissues

The levels of the inflammatory factor TGF-β in the serum and tumour tissues of the tumour-bearing mice in each group 
were detected by ELISA. Comparison among the four groups showed that the concentration of TGF-β was the highest in the 
IgG + adenovirus group, both in the serum and tumour tissues of the mice; the difference was statistically significant (p < 0.01). 
The levels of IL-6 in the serum and tumour tissues of the tumour-bearing mice in each group were detected using ELISA. The 
results were consistent with those of TGF-β detection, and the differences were also statistically significant (p < 0.01; Fig. 5A–D).

Fig. 3   Effect of different 
expression levels of CD206 on 
tumour volume and growth. 
A Representative pictures of 
subcutaneous tumour forma-
tion in mice in each group. B 
Change curve of subcutane-
ous tumour volume in tumour 
-bearing mice of each group. 
C Tumour weight of tumour 
-bearing mice in each group 
after sacrifice. (*:P < 0.05;**: 
P < 0.01;***: P < 0.001)

Table 3   Difference in 
apoptosis rate of tumor cells 
detected by TUNEL staining

n = 5 per group

a:The four-group data were analyzed using χ2 test

b: Further two-by-two comparisons between groups were performed using the Bonferroni test. The 
data in the IgG + adenovirus group was compared with the data in the three groups of IgG group, 
C068C2 + adenovirus group and C068C2 group in pairs, respectively

Group Apoptosis rate χ2a p value a p valueb

Low High

IgG + adenovirus 0 5 22.522 < 0.001
IgG 1 4 1.000
C068C2 + adenovirus 5 0 0.008
C068C2 5 0 0.008



Vol:.(1234567890)

Research	 Discover Oncology          (2024) 15:439  | https://doi.org/10.1007/s12672-024-01309-1

Fig. 4   Effect of different 
CD206 expression levels on 
tumour cell apoptosis by 
TUNEL fluorescence stain-
ing. A–D TUNEL fluorescence 
staining of apoptosis in 
each group. A IgG + adeno-
virus group. B IgG group. C 
C068C2 + adenovirus group. 
D C068C2 group. (Magnifica-
tion, × 100; scale bar, 200 
um). E Apoptosis rate of 
TUNEL results between the 
four groups were presented 
in graph. (Mean ± SE; ***: 
P < 0.001)

Fig. 5   The effect of different 
expression levels of CD206 on 
the concentration of inflam-
matory factors in serum and 
tumour tissues by Elisa assay. 
A TGF-β concentration in 
serum of each group. B IL-6 
concentration in serum of 
each group. C TGF-β concen-
tration in tumour tissues of 
each group. D IL-6 concentra-
tions in tumour tissues of each 
group. The four-group data 
was analyzed using one-way 
ANOVA and further two-by-
two comparisons between 
groups were performed using 
the LSD-t test. (Mean ± SE; **: 
P < 0.01;***: P < 0.001)
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4 � Discussion

Hepatocellular carcinoma is one of the most malignant tumours worldwide, and its morbidity and mortality are 
increasing annually. According to the current study, the aetiology of some HCCs has been clarified, but the mechanism 
is not yet clear [18]. Cirrhosis caused by chronic viral hepatitis, which in turn develops into HCC, is the main factor 
in the pathogenesis of liver cancer, and HCC is one of the malignant tumours closely related to inflammation [19].

Tumour-associated macrophages, a type of cell present in the TME, are divided into M1-type TAMs and M2-type 
TAMs. M1-type TAMs can play a role in inhibiting tumours, mainly from two perspectives: directly mediated cytotoxic-
ity and antibody-dependent cell-mediated cytotoxicity. The directly mediated cytotoxic effect is that M1-type TAMs 
can release molecules that have toxic effects on tumour cells, such as reactive oxygen species and nitric oxide, and 
then kill those tumour cells, but this process of releasing killing molecules is slow [20]. On the other hand, M2-type 
TAMs play a role in promoting tumours, mainly by promoting the proliferation of tumour cells, tumour growth, 
tumour metastasis and the formation of tumour micro-vessels and lymphatic vessels; the above effects are exerted 
mainly by inhibiting T-lymphocyte-mediated anti-tumour immune responses [21–23]. M1-type and M2-type TAMs 
represent dynamic changes in the TME and can transform into each other by changing the TME, thereby affecting 
the polarisation of TAMs.

This study found that both M1-type and M2-type TAMs were present in tumour tissue and that the higher the 
number of M2-type TAMs, the faster the tumour growth, suggesting a higher degree of tumour malignancy. However, 
the higher the number of M1-type TAMs, the more limited the tumour growth rate, which was also consistent with 
the characteristics of M1-type and M2-type TAMs. At the same time, it has also been confirmed in previous studies 
that the higher the number of M2-type TAMs, the worse the overall prognosis of the tumour [24–26], with a poor 
prognosis predicting the proliferation of tumour cells, fast growth and metastasis. This is consistent with the find-
ings of the current study.

Studies have shown that the expression of CD206 is related to the differentiation, depth of invasion, vascular 
tumour thrombus and nerve invasion of colon cancer. The higher the expression of CD206, the lower the differentia-
tion, the deeper the depth of invasion and the more likely vascular tumour thrombus and nerve invasion of colon 
cancer. The above factors are also the influencing factors of low disease-free survival and overall survival (OS), sug-
gesting that a high expression of CD206 has a relatively bad prognosis [27].

In related studies on lung cancer, lung cancer cells induced TAMs to polarise to M2-type TAMs with positive CD206 
expression via THP-1 and stimulate the production of a variety of cytokines, which, in turn, promoted tumour devel-
opment [14]. In a study on ovarian cancer, although the density of CD206-positive TAMs was not a prognostic factor 
in patients with ovarian cancer, an increased proportion of CD206-positive cells was found to reflect lower PFS and 
OS [28]. At the same time, CD206-positive TAMs were found to have high levels of oncogenic cytokine expression 
in the ascites of patients with ovarian cancer using transcriptome sequencing technology, which in turn promoted 
tumour development [29].

The present study found that among the mice, CD206-overexpressing hepatocarcinoma-bearing mice had a larger 
tumour size and faster tumour growth rate, and the tumour-bearing mice had a heavier tumour weight after eutha-
nasia. Conversely, the hepatocarcinoma-bearing mice that inhibited CD206 expression had the smallest tumour size 
and the slowest tumour growth rate, and the tumour-bearing mice had the lightest tumour weight after euthanasia. 
The results of this study are consistent with the above findings.

The relationship between tumours and inflammation has been of wide concern and has also developed greatly, 
with the correlation between the two a hot topic and the focus of current research. Lin X et al. reported that immune-
related genes in HCC are significantly associated with both tumour-infiltrating immune cells and disease prognosis 
[30]. Peng B et al. reported that the CIBERSORTx, TIMER2.0 and GEPIA2 tools were employed to explore the relation-
ship between the prognostic signature and immune cell infiltration, and they established a six-gene signature as 
a reliable model with significant therapeutic possibility for prognosis and OS estimation in patients with HCC [31]. 
Many epidemiological studies have found that the occurrence and development of human tumours are directly 
related to chronic inflammation caused by infectious factors, such as bacteria and viruses [32–34]. Transforming 
growth factor-β belongs to the TGF-β superfamily and is mainly studied in terms of inflammation and other aspects. 
With the continuous deepening of research, TGF-β has also been found to play an important role in the regulation 
of cell growth, differentiation and immune function [35–37]. Colorectal cancer cells have been reported to use TGF-β 
through collagen triple-helix repeat containing 1 (CTHRC1) to regulate TAM polarisation to the M2 type, promote 
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the growth of tumour cells and increase the number of liver metastases from colon cancer. At this time, the use of 
the CTHRC1 antibody to inhibit TGF-β in TAMs while blocking PD-1/PD-L1 can effectively reduce the number of 
colorectal liver metastases [38]. In non-small-cell lung cancer (NSCLC), the M2 type of TAM is predominant. This type 
can increase the expression of SOX9 and activate epithelial–mesenchymal transition by secreting TGF-β, which can 
promote the development, invasion and metastasis of NSCLC [39].

Interleukin-6 is a cytokine produced by a variety of cells that produces extensive and pleiotropic effects on a range of 
different cells. Interleukin-6 plays an important role in immune regulation, immune response, stress response and anti-
infection; additionally, it can effectively regulate both the inflammatory response and the growth and differentiation of 
a variety of cells, especially in tumour production, where IL-6 is produced in large amounts [40–42]. The mechanism of 
IL-6 in promoting tumour progression is different from that of TGF-β, and its correlation with TAMs is by acting through 
different signalling pathways than those of TGF-β, thereby laying a theoretical foundation for targeted TAM therapy for 
liver cancer.

The present study also found that IL-6 levels in peripheral serum and tumour tissue were similarly increased in hep-
atocarcinoma-bearing mice with a high expression of M2-type TAMs; IL-6 levels in peripheral serum and tumour tis-
sue were lowest in hepatocarcinoma-bearing mice with inhibition of M2-type TAMs. M2-like TAMs secreted more IL-6 
under the combined action of hepatocarcinoma cells and extracellular matrix, which in turn induced the production 
of inflammation in the hepatocarcinoma TME, activated inflammation-related signalling pathways, further stimulated 
epithelial–mesenchymal transition, promoted the proliferation of HCC cells and promoted the growth and progression 
of HCC. Therefore, it can be inferred that IL-6 can affect the expression of M2-type TAMs. Furthermore, M2-type TAMs 
can also affect the level of IL-6.

In summary, differences in the size of mouse tumour formation were correlated with CD206 expression during the 
construction of viral and mouse HCC xenograft models, and different polarisation states of TAMs were also correlated 
with tumour growth. Therefore, this study further validated CD206 as a specific marker of M2-type TAMs. The role in pro-
moting tumour growth, invasion and metastasis was further clarified by detecting the expression of different numbers 
of M2-type TAMs.

This study has some limitations. First, it did not detect the levels of CD4+ and CD8+ T lymphocytes involved in affecting 
the immune function of the body and exerting the immune escape mechanism. Whether the two change correspond-
ingly with the classification and content of TAMs is unclear. Second, whether the overexpression of CD206 can function-
ally convert TAMs into M2-type TAMs remains to be investigated. Finally, the relationship between M2-type TAMs and 
inflammatory factors is unknown.

5 � Conclusion

The present study found that CD206 overexpression accelerated the progression of HCC and changed the tumour 
immune microenvironment. The high expression level of CD206 in HCC increased the M2-type polarisation of TAMs and 
induced the expression of TGF-β and IL-6 in tumour tissues and serum, thereby promoting HCC progression.
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