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Abstract. Liver cancer is the second leading cause of 
cancer‑associated death worldwide. The present study aimed 
to evaluate the infiltration of M1‑like tumor‑associated macro‑
phages (TAMs) and explore the role of infiltration of M1‑like 
TAMs in the proliferation and apoptosis evasion of liver 
cancer cells. Furthermore, the association between M1‑like 
TAM and the efficacy of postoperative transcatheter arterial 
chemoembolization (TACE) for patients with liver cancer was 
investigated. The levels of CD68, human leukocyte antigen‑DR 
and phosphorylated NF‑κB (p‑)p65 were detected by western 
blot analysis and immunohistochemistry. Cell cycle analysis, 
MTT and clonogenic assays were utilized to investigate the 
proliferation of liver cancer cells. It was indicated that M1‑like 
TAM increased the p‑p65/p65 ratio in liver cancer cells and 
promoted cell proliferation. Furthermore, JSH‑23, an inhibitor 
that prevents p65 from entering the nucleus, decreased the 
proliferation of liver cancer cells in M1‑like TAM‑conditioned 
medium. In addition, M1‑like TAM increased the number of 
liver cancer cells in the S and G2/M phases of the cell cycle 
and also upregulated the expression levels of cyclin‑dependent 
kinase (CDK)1, CDK2 and cyclin D1. By contrast, M1‑like 
TAM decreased the expression level of p21. Through these 
effects, the anti‑apoptotic ability of liver cancer cells was 
enhanced. Of note, JSH‑23 reversed these changes related to 
the cell cycle, anti‑apoptotic ability and the expression levels 
of proteins induced by M1‑like TAM in liver cancer cells. 
In conclusion, the infiltration of M1‑like TAM in liver tissue 

negatively influenced the efficacy of postoperative TACE for 
patients with liver cancer.

Introduction

Liver cancer is the second leading cause of cancer‑related 
death worldwide. Currently, the number of diagnosed cases 
of liver cancer in China accounts for ~45% of the global 
incidence, and the disease ranks first and second among 
diverse types of cancer in rural and urban areas, respectively. 
At present, China has the highest incidence of primary liver 
cancer in the world (1‑4). Although the one‑year survival rate 
after radical resection of liver cancer has increased from 39 
to 87% in recent decades in China, the five‑year survival rate 
after curative resection has been reported to be 15‑40% (5,6). 
The lack of effective targeted therapies and high frequency of 
metastatic tumors are the main causes of poor prognosis for 
patients with primary liver cancer (7,8).

Epidemiological evidence indicated that inflammation 
may lead to tumorigenesis and cancer development. It has 
been estimated that 20% of malignant tumors were induced 
or promoted by inflammation (9,10). Furthermore, for liver 
cancer, numerous studies have reported that inflammation is 
closely associated with the molecular mechanisms underlying 
liver cancer. In addition, inflammation has been indicated to 
facilitate the development and metastasis of liver cancer (11,12). 
Although the molecular mechanisms of how inflammation 
may cause malignancies have remained to be fully elucidated, 
inflammation is well known to promote the proliferation, 
invasion and migration of cancer cells. It has been demon‑
strated that overexpression of nuclear factor‑κB (NF‑κB)‑p50 
accounts for the inability of tumor‑associated macrophages 
(TAMs) to mount an effective M1 antitumor response capable 
of inhibiting tumor growth (13). Furthermore, PI3K‑γ is able 
to control the transformation of M1‑type to M2‑type macro‑
phages, thereby promoting tumor immunosuppression and 
progression.

Macrophages may polarize into pro‑ or anti‑inflam‑
matory phenotypes (M1‑like and M2‑like macrophages, 
respectively). Cancer‑related inflammation in the tumor 
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microenvironment (TME) is a hallmark of cancer. A study 
reported the association of the incidence of liver cancer with 
TAM. The M2‑type macrophages polarized from TAM were 
indicated to promote the migration and epithelial‑mesenchymal 
transition of liver cancer cells through the Toll‑like receptor 
4/STAT3 signaling pathway (14). In addition, microRNA‑101 
inhibited macrophage‑induced growth of liver cancer by 
targeting dual‑specificity phosphatase 1 (15). In addition, the 
importance of M1‑like TAM was reported, as they promoted 
the migration and invasion of liver cancer cells (16,17). 
However, the effects of M1‑like TAM on the proliferation 
and anti‑apoptotic ability of liver cancer cells have remained 
elusive. Therefore, the present study aimed to evaluate the 
role of infiltration of M1‑like TAM in the proliferation and 
anti‑apoptotic ability of liver cancer cells. Furthermore, it 
was attempted to investigate the relationship between M1‑like 
TAM and the efficacy of postoperative transcatheter arterial 
chemoembolization (TACE) in patients with liver cancer.

Materials and methods

Sample collection and ethical statement. All pathologi‑
cally confirmed liver cancer samples were collected from 
79 patients who underwent curative resection of primary liver 
cancer. He patients consisted of 64 males and 15 females, 
aged 22‑84 years (median, 57 years). The surgical procedures 
were undertaken at the Affiliated Hospital of Inner Mongolia 
Medical University (Hohhot, China) between January and 
December 2018. All patients underwent TACE at 1‑2 months 
post‑operation. After TACE, in accordance with the 
Guidelines for the Diagnosis and Treatment of Primary Liver 
Cancer in China from 2017 (18), a total of 45 patients with liver 
cancer were assessed for their eligibility to be included in the 
study and were assigned into groups of complete remission 
(CR) or partial remission (PR). In the CR group, all visible 
features of the tumor disappeared after less than one month. 
In the PR group, a >50% decrease in the cross‑product of 
the two largest diameters of the tumor was observed, which 
lasted >1 month. In addition, 34 patients with liver cancer 
were allocated to the no remission (NR) group, where the 
cross‑product of the two largest perpendicular diameters of 
the tumor decreased by <50.0% or increased after TACE. 
The study was approved by the Ethics Committee of the 
Affiliated Hospital of Inner Mongolia Medical University 
(Hohhot, China; approval no. YJ 2020001) and the study was 
performed in accordance with the Declaration of Helsinki. In 
addition, all participants provided written informed consent 
prior to the study commencing.

Immunohistochemistry (IHC). Paraffin‑embedded sections 
of adjacent non‑tumor liver tissues and tumor tissues were 
analyzed by IHC. IHC was used to detect the expression 
levels of CD68, human leukocyte antigen (HLA)‑DR and 
phosphorylated (p)‑p65 of NF‑κB proteins. The sections 
were washed with PBS and the proteins were detected with 
the Vectastain Elite ABC kit (Vector Laboratories, Inc.). 
Staining for CD68 and HLA‑DR was performed with a 
double‑staining kit (catalog no. SP‑900; ZSGB‑Bio, Inc.) 
according to the manufacturer's protocol. In brief, 3.5‑µm 
paraffin‑embedded sections were placed in an autoclave, 

the contained distilled water was heated to the boil and the 
samples were maintained for 3 min for antigen retrieval. The 
paraffin‑embedded sections were incubated at 60˚C for 2 h, 
deparaffinized and hydrated with xylene and ethanol. This 
was followed by washing with PBS and double‑distilled 
water to retrieve the nuclear antigen, and finally by staining. 
Primary antibodies were as follows: Anti‑NF‑κB p65 (dilu‑
tion, 1:500; cat. no. ab86299; Abcam), anti‑p‑NF‑κB p65 
(dilution, 1:100; cat. no. ab86299; Abcam), anti‑CD68 (dilu‑
tion, 1:400; cat. no. ZM‑0464; ZSGB‑Bio) and anti‑HLA‑DRα 
(dilution, 1:200; cat. no. 2741‑1; Epitomics, Inc.). Secondary 
antibodies were as follows: Goat anti‑mouse IgG (H&L; 
dilution, 1:2,000; cat. no. ab205719; Abcam), goat F(ab')2 
anti‑rabbit IgG H&L (AP) (dilution, 1:500; cat. no. ab6015; 
Abcam) and goat anti‑rabbit IgG (H&L; dilution, 1:2,000; 
cat. no. ab6702; Abcam). Primary antibodies were incubated 
overnight at 4˚C and secondary antibodies were incubated 
for 2 h at 37˚C. Finally, the samples were observed under a 
TCS SP5 microscope (Leica Microsystems GmbH) and the 
images acquired with 512x512 pixels were processed by LAS 
AF Lite 2.6.0 software (Leica Microsystems GmbH). In the 
present study, CD68‑, HLA‑DRα‑ and p‑p65‑positive cells 
were stained red, brown and brown, respectively.

Cell lines and culture. HepG2 [HB‑8065; American Type 
Culture Collection (ATCC)], SNU‑182 (CRL‑2235; ATCC) 
and THP‑1 (TIB‑202; ATCC) cells were authenticated by short 
tandem repeat profiling and were cultured in a Dulbecco's 
modified Eagle's medium (DMEM; 12491‑15; Thermo Fisher 
Scientific, Inc.) with 10% fetal bovine serum (Thermo Fisher 
Scientific, Inc.) at 37˚C in a humidified atmosphere with 
constant 5% CO2. Subsequently, 5 µM JSH‑23 (HY‑P13982; 
MCE) was added to the medium, followed by incubation 
for 6 h. The medium was then replaced with a conditioned 
medium (CM) (M1‑TAM‑CM). Next, Adriamycin (ADM; 
10 mg/ml) was added to the medium, followed by incubation 
for 24 h. In another experiment, to assess the effects of radia‑
tion, the medium was exposed to 4 Gy for 24 h without adding 
ADM using a 43885D X‑ray machine (Faxition Bioptics, LLC) 
with the energy of 50 keV and a distance of ~0.3 m from the 
surface of the sample. The cells were irradiated with a dose 
rate of 1.084 Gy/min at room temperature and the final dose of 
irradiation reached 4.0 Gy.

Preparation of M1‑TAM‑CM. M1 macrophages were derived 
from THP‑1 (TIB‑202; ATCC) as previously described (19,20). 
M1 macrophages were cultured in regular medium (RM) to 
obtain a CM. In brief, 5x105 cells were seeded into 12‑well 
plates and were incubated with 320 nM phorbol myristate 
acetate (PMA; cat. no. 16561‑29‑8; MilliporeSigma) for 6 h. 
Samples were then cultured with the addition of 100 ng/ml 
lipopolysaccharide (LPS; 297‑473‑0; MilliporeSigma) and 
20 ng/ml interferon‑γ (IFN‑γ; SRP3058; MilliporeSigma) for 
another 18 h. Next, THP‑1 cells were washed thrice with PBS 
and cultured in RM at 37˚C with 5% CO2 for 24 h. Finally, the 
media were collected to obtain the CM.

Cell proliferation assay. The HepG2 or SNU‑182 cells were 
seeded into 96‑(5,000 cells/well) or 6‑(200 cells/well) well 
plates. In the 96‑well plates, the MTT Cell Proliferation and 
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Cytotoxicity Assay Kit (cat. no. C0009; Beyotime Institute 
of Biotechnology) was used to evaluate the cell proliferation 
ability following the manufacturer's protocol. In the 6‑well 
plates, the culture medium was changed every 3 days and the 
cultivation was stopped when visible clones were observed. 
After that, the cells were washed thrice with PBS and fixed 
with 4% formaldehyde for 15 min at room temperature. 
Supernatants were removed, stained with 0.25% crystal 
violet for 25 min at room temperature and were then slowly 
rinsed with ultrapure water. The cell proliferation ability was 
assessed by measuring absorbance at a wavelength of 595 nm 
(Aurora‑600; Hangzhou Haipei Instrument Co., Ltd.).

Cell cycle analysis. Liver cancer cells were cultured in RM 
or CM for 24 h and were then collected. The Cell Cycle 
and Apoptosis Analysis Kit (cat. no. 40301ES50; Yeasen 
Biotechnology Co., Ltd.) was used to assess the cell cycle with 
the MACSQuant® Analyzer 10 (Miltenyi Biotec GmbH) in 
accordance with the manufacturer's instructions.

Cell apoptosis assay. The Annexin V‑FITC/PI kit (Invitrogen; 
Thermo Fisher Scientific, Inc.) was used to prepare cells for 
flow cytometry. The CytoFLEX flow cytometer (Beckman 
Coulter, Inc.) was utilized to analyze the apoptosis of cells.

Western blot analysis. RIPA lysis buffer (cat. no. R0010; 
Beijing Solarbio Science & Technology Co., Ltd.) was used 
to extract the total protein via a BCA Protein Assay Kit (cat. 
no. P0010; Beyotime Institute of Biotechnology). A standard‑
ized amount of 40 µg total protein per sample was used for 
separation of proteins by 10% SDS‑PAGE at 90 mA for 2 h. 
Samples were then transferred onto polyvinylidene fluoride 
(PVDF) membranes (IB24001; Invitrogen; Thermo Fisher 
Scientific, Inc.) at 400 mA for 1 h. The PVDF membranes 
were then blocked with 5% fat‑free milk powder dissolved 
in PBS (blocking solution) for 1 h at room temperature. 
Subsequently, the membranes were incubated with the 
primary antibodies diluted in the blocking solution at 4˚C 
overnight. Next, the membranes were incubated with the 
secondary antibodies at room temperature for 1 h after three 
washes with PBS. Finally, Western Lightning Plus‑ECL 
(PerkinElmer, Inc.) was used to visualize the protein bands 
and ImageJ 1.8.0 software (National Institutes of Health) 
was employed for image processing. Primary antibodies 
were as follows: Anti‑NF‑κB p65 (dilution, 1:1500; cat. 
no. ab86299; Abcam), anti‑p‑NF‑κB p65 (dilution, 1:1,000; 
cat. no. ab86299; Abcam), anti‑CDK1 (dilution, 1:2,000; 
cat. no. ab201008; Abcam), anti‑CDK2 (dilution, 1:1,000; 
cat. no. ab33147; Abcam), anti‑cyclin D1 (dilution, 1:1,000; 
cat. no. ab1663; Abcam), anti‑p21 (dilution, 1:1,500; cat. 
no. ab109199; Abcam), anti‑Bax (dilution, 1:1,000; cat. 
no. ab32503; Abcam), anti‑Bcl‑2 (dilution, 1:1,000; cat. 
no. ab32124; Abcam), anti‑caspase‑3 (dilution, 1:1,000; cat. 
no. ab184787; Abcam) and anti‑cleaved caspase‑3 (dilution, 
1:1,000; cat. no. ab32042; Abcam). Secondary antibodies 
were as follows: Goat anti‑mouse IgG (H&L; dilution, 
1:5,000; cat. no. ab205719; Abcam) and goat anti‑rabbit IgG 
(H&L; dilution, 1:5,000; cat. no. ab6702; Abcam). Primary 
antibodies were incubated overnight at 4˚C and secondary 
antibodies were incubated for 2 h at 37˚C.

Statistical analysis. SPSS 20.0 software (IBM Corporation) 
was utilized for data analysis. Differences between the two 
treatment groups were analyzed by the Student's t‑test or the 
Chi‑square test. Differences among multiple groups were 
analyzed using one‑way ANOVA and Duncan's post‑hoc 
tests. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Infiltration of M1‑TAM negatively influences the efficacy 
of postoperative TACE for patients with liver cancer. Liver 
cancer tissues derived from 79 patients were pathologically 
examined prior to the patients undergoing TACE to evaluate 
the significance of the infiltration of M1‑TAM. The significance 
of the infiltration of M1‑TAM was assessed by detecting the 
expression levels of CD68 and HLA‑DR via IHC (Fig. 1A‑C). 
As presented in Fig. 1B and C, CD68 and HLA‑DR were 
expressed on the same cell, as is clearly indicated by a red 
and brown overlap in Fig. 1C. As for Fig. 1B, due to the low 
expression level, individual expression was observed on certain 
cells without any overlap. All patients underwent TACE at 
1‑2 months post‑operation. The abundance of M1‑TAM in 
liver cancer tissues in the CR+PR group was significantly 
lower than that in the NR group (Fig. 1D).

Infiltration of M1‑TAM activates the NF‑κB pathway in liver 
cancer tissues. The level of p‑p65 was upregulated as the 
infiltration of M1‑TAM increased in the liver cancer tissues 
(Fig. 2A). In addition, the p‑p65/p65 ratio in both HepG2 
(Fig. 2B and C) and SNU‑182 (Fig. 2B and D) cells was 
significantly higher in the CM than that in the RM group. 
Furthermore, JSH‑23, an inhibitor that prevents p65 from 
entering the nucleus, significantly decreased the p‑p65/p65 
ratio in both HepG2 (Fig. 2B and C) and SNU‑182 cells 
(Fig. 2B and D) grown in CM compared to those cultured 
in RM.

M1 macrophages increase the proliferation of liver cancer 
cells. Liver cancer cells were cultured in different media 
and after the third day of culture, the number of liver cancer 
cells in the CM was markedly higher than that in the RM 
(Fig. 3A and B). Of note, JSH‑23 significantly decreased 
the number of liver cancer cells in the CM. In addition, the 
number of cell clones in the CM group was significantly 
higher than that in the RM group and JSH‑23 markedly 
decreased the number of cell clones in the CM compared 
with that in the RM group (Fig. 3C and D). Furthermore, 
M1‑TAM‑CM significantly decreased the ratio of liver 
cancer cells in the G1/G0 cell cycle phase, while it markedly 
increased the ratio of liver cancer cells in the S and G2/M 
phases. However, JSH‑23 was able to reverse these changes 
(Fig. 4). The expression levels of cell cycle‑related proteins, 
such as CDK1, CDK2, Cyclin D1 and p21, were different in 
liver cancer cells in different media. Of note, the expression 
levels of CDK1, CDK2 and cyclin D1 in the RM were mark‑
edly lower than those in the CM; however, the expression 
level of p21 was significantly higher in the RM than that in the 
CM. Collectively, M1 macrophages stimulated liver cancer 
cell proliferation, which was reversed by the administration 
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Figure 1. Infiltration of M1‑TAM in human hepatoma tissue is associated with the therapeutic effects in patients with liver cancer. (A‑C) Immunohistochemistry 
was used to detect the expression levels of CD68 (red) and HLA‑DR (brown) in a hepatoma tissue, and representative images of immunohistochemical detec‑
tion of CD68+HLA‑DR+‑labeled M1‑like TAM in case of (A) no expression in a male patient (age, 53 years) with therapeutic efficacy rated as CR; (B) low 
expression in a male patient (age, 49 years) with therapeutic efficacy rated as PR; and (C) high expression in a male patient (age, 58 years) with therapeutic 
efficacy rated as NR (magnification, x200). (D) Number of CD68+HLA‑DR+ (M1‑TAM) cells in the hepatoma tissue of patients with liver cancer. HLA, human 
leukocyte antigen; TAM, tumor‑associated macrophages; CR, complete remission; PR, partial remission; NR, no remission. 

Figure 2. Infiltration of M1‑tumor‑associated macrophages is associated with the activation of the NF‑κB signaling pathway. (A) Immunohistochemistry was 
used to detect the expression levels of CD68+HLA‑DR+ in hepatoma tissue samples with (a) low, (b) intermediate and (c) high macrophage infiltration and 
p‑p65 in hepatoma tissue with (d) low, (e) intermediate and (f) high macrophage infiltration. Samples within the same column (a and d; b and e; and c and f) 
represent the same tissue in a patient with liver cancer (magnification, x200). (B‑D) Following 6 h of treatment with JSH‑23, the medium was replaced and the 
expression levels of p‑p65 and p65 were measured by western blot analysis. (B) Representative western blot image and quantified p‑p65/p65 ratio in (C) HepG2 
and (D) SNU‑128 cells. The experiments were performed in triplicate. RM, regular medium; CM, conditioned medium; HLA, human leukocyte antigen; p‑p65, 
phosphorylated NF‑κB p65.
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Figure 3. Effects of M1 macrophages on the proliferation of liver cancer cells via activating the NF‑κB pathway. The HepG2 and SNU‑183 cells were cultured 
in CM or RM or JSH‑23 + CM. (A and B) Following 6 h of treatment with JSH‑23, the medium was replaced and the cells were cultured for another 4 days. 
Finally, the cell growth of (A) HepG2 and (B) SNU‑182 cells was determined by the MTT assay. (C and D) A clonogenic assay was utilized to assess the 
proliferation of liver cancer cells (C) representative images of wells with colonies and (D) Quantitative results. All experiments were performed in triplicate. 
***P<0.001 vs. RM group; #P<0.05, ##P<0.01, ###P<0.001 vs. CM group. RM, regular medium; CM, conditioned medium. 

Figure 4. Effects of M1 macrophages on the cell cycle of liver cancer cells via activating the NF‑κB pathway. (A) The cell cycle of HepG2 cells was detected by 
flow cytometry. (B and C) The expression levels of CDK1, CDK2, cyclin D1 and P21 in HepG2 cells were detected by western blot analysis. (B) Representative 
western blot image and (C) quantified results. (D) The cell cycle of SNU‑182 cells was detected by flow cytometry. (E and F) The expression levels of CDK1, 
CDK2, cyclin D1 and P21 in SNU‑182 cells were detected by western blot analysis. (E) Representative western blot image and (F) quantified results. All experi‑
ments were performed in triplicate. **P<0.01, ***P<0.001 vs. RM group; #P<0.05, ##P<0.01, ###P<0.001 vs. CM group. RM, regular medium; CM, conditioned 
medium; CDK, cyclin‑dependent kinase.
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of JSH‑23 (an inhibitor of NF‑kB), i.e. this effect was medi‑
ated via NF‑κB.

M1 macrophages enhance the anti‑apoptotic ability of liver 
cancer cells. ADM is frequently used for the treatment of liver 
cancer and may induce apoptosis of liver cancer cells (21). 
In the present study, it was indicated that ADM significantly 
increased the number of apoptotic liver cancer cells in the RM 
(Fig. 5A and B). In addition, with ADM administration, the 
number of apoptotic liver cancer cells in the CM was signifi‑
cantly lower than that in the RM. The present results indicated 
that JSH‑23 markedly increased the number of apoptotic liver 
cancer cells in the CM. X‑ray irradiation was also used to 
induce apoptosis of liver cancer cells similar to ADM and the 
X‑rays significantly increased the number of apoptotic liver 
cancer cells in the RM (Fig. 5C and D). However, the number 
of apoptotic liver cancer cells in the CM was significantly 
lower than that in the RM following exposure to X‑rays. It was 
also observed that JSH‑23 significantly increased the number 
of apoptotic liver cancer cells in samples subjected to X‑ray in 

the CM. Furthermore, the expression levels of apoptosis‑related 
proteins, such as Bax, Bcl‑2 and caspase‑3, were detected by 
western blot analysis. It was observed that after AMD treat‑
ment, the expression levels of Bax and caspase‑3 in the RM 
were significantly higher than those in the CM (Fig. 6). In 
addition, the expression level of Bcl‑2 in the RM was signifi‑
cantly lower than that in the CM after treatment with AMD. 
Taken together, M1 macrophages had anti‑apoptotic effects on 
liver cancer cells, which were reversed by the administration 
of JSH‑23 (an inhibitor of NF‑kB), i.e. this effect was mediated 
via NF‑κB.

Discussion

Tumor‑associated macrophages are a well‑known component 
of the TME and may have pivotal roles in the onset and 
development of liver cancer, as well as in the regulation of 
inflammation in the TME (22). However, the association 
between the infiltration of macrophages and their effects 
on the effectiveness of liver cancer treatment has remained 

Figure 5. Effects of M1 macrophages on the anti‑apoptotic ability of liver cancer cells via activating the NF‑κB pathway. (A and B) Flow cytometry was used to 
measure apoptosis of (A) HepG2 and (B) SNU‑182 cells in RM or CM after treatment with or without ADM. (C and D) X‑ray induced‑apoptosis of (C) HepG2 
and (D) SNU‑182 cells in RM or CM. ###P<0.001 vs. RM + Control group; ***P<0.001 vs. RM+X‑ray group; &&P<0.01, &&&P<0.001 vs. CM+X‑ray or CM+ADM 
group. RM, regular medium; CM, conditioned medium; PI, propidium iodide; ADM, Adriamycin. 
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elusive. Concerning post‑resection therapy for patients with 
liver cancer, TACE is able to limit blood supply to tumorous 
tissues and significantly inhibit tumor progression in 
comparison with other popular treatments (23,24). Thus, the 
approach of the present study is highly significant, as it was 
observed that a high number of CD68+HLA‑DR+ M1‑like 
TAM in tumorous tissues was negatively associated with the 
therapeutic efficacy of TACE. It should also be pointed out 
that the therapeutic effect of TACE on liver cancer depends 
on not only the sensitivity to a drug (ADM) but also on the 
degree of embolization by lipiodol and gelatin sponges. 
Consistently with this, in the present study, it was deter‑
mined that infiltration of M1‑like TAM was associated with 
the level of p‑p65 in liver cancer tissues. In general, TAMs 
are reported to closely resemble M2 macrophages (25,26), 
but in the present study, M2 macrophages were not detected. 
In addition, it was observed that M1‑like TAM were able to 
activate the NF‑κB signaling pathway in liver cancer cells. 
Therefore, it was concluded that the infiltration of M1‑like 
TAM in liver cancer tissues may activate the NF‑κB signaling 
pathway in liver cancer cells.

The NF‑κB signaling pathway is also important, as it is a 
crucial mediator of inflammation‑associated tumors (27,28). 
The continuous activation of the NF‑κB pathway has been 
confirmed to have roles in the initiation, development and 
progression of inflammation‑associated liver cancer and 
it is an important documented link between hepatitis and 
liver cancer (29,30). The activation of the NF‑κB pathway 
is associated with the onset of liver cancer, increased 
expression of the related genes in the liver, as well as the 
regulation of the expression of anti‑apoptotic and pro‑apop‑
totic genes [e.g., Bcl‑2/Bax and Bcl‑2/Bcl‑2‑associated 

death promoter (Bad)] (31). In addition, several studies have 
concluded that the NF‑κB signaling pathway mainly partici‑
pates in the proliferation and anti‑apoptotic regulation of liver 
cancer cells through the following pathways: i) Promoting 
transformation of cells from G1/G0 to S phase via regulating 
the expression of cyclin D1, thereby leading to excessive cell 
proliferation (32,33); ii) inducing the expression of various 
inhibitors of apoptosis, such as cellular inhibitor of apoptosis 
protein 1 (c‑IAP1) and c‑IAP2, thereby increasing the resis‑
tance of cancer cells to apoptosis (34,35); iii) inhibiting cell 
autophagy (36,37); and iv) inducing the expression of genes 
essential for survival (38,39). Consequently, the infiltration of 
M1‑like TAM in liver cancer tissues may participate in the 
molecular mechanisms underlying the regulation of prolif‑
eration and apoptosis of liver cancer cells via stimulating the 
NF‑κB signaling pathway.

Cell proliferation assays were employed in the present 
study to indicate whether infiltration of M1‑like TAM into 
liver cancer tissues was able to promote the proliferation 
of liver cancer cells by activating the NF‑κB signaling 
pathway. As expected, M1‑like TAM promoted the prolif‑
eration of liver cancer cells in vitro. However, JSH‑23 
attenuated the proliferation of liver cancer cells. Notably, 
the present study indicated that M1‑like TAM promoted the 
transition of liver cancer cells from G1/G0 to S and G2/M 
phases, while JSH‑23 reversed these effects. Regarding the 
molecular mechanisms, it was determined that M1‑like 
TAM upregulated the expression levels of CDK1, CDK2 
and cyclin D1, whereas it decreased the expression levels 
of p21 in liver cancer cells. CDKs and CDK inhibitors 
(CDKIs) have substantial roles in regulating the transition 
from G1 to S phase of the cell cycle (40,41). Furthermore, 

Figure 6. Effects of M1 macrophages on the expression levels of apoptosis‑related proteins in liver cancer cells via activating the NF‑κB signaling pathway. 
(A‑C) Western blot analysis was used to detect the expression levels of Bax, Bcl‑2 and caspase‑3 in HepG2 cells in RM or CM after treating with or without 
ADM or treating with or without X‑rays. (A) Representative western blot image and quantified expression levels in (B) the ADM experiment and (C) the X‑ray 
experiment. (D‑F) Western blot analysis was employed to detect the expression levels of Bax, Bcl‑2 and caspase‑3 in SNU‑182 cells in RM or CM after treating 
with or without ADM or treating with or without X‑rays. (D) Representative western blot image and quantified expression levels in (E) the ADM experiment 
and (F) the X‑ray experiment. All experiments were performed in triplicate. ***P<0.001 vs. ADM+RM group; #P<0.05, ##P<0.001, ###P<0.001 vs. CM+ADM 
group; &&P<0.01, &&&P<0.001 vs. X‑ray + RM group; @P<0.05, @@P<0.01, @@@P<0.001 vs. X‑ray + CM group. RM, regular medium; CM, conditioned medium; 
ADM, Adriamycin. 
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p21 is a member of the CDKI family and is a negative regu‑
lator of the cell cycle with diverse effects on tumorigenesis 
according to its localization within different subcellular 
compartments. The CDKIs, through binding to cyclin, 
CDK or cyclin‑CDK, consequently cause cell cycle arrest 
and block cell proliferation (42,43). The present results 
regarding the role of p21 are significant, as p21 is an impor‑
tant downstream gene of the p53 gene and it has a specific 
binding site for the p53 protein. When cells are subjected to 
various types of damage in vivo and in vitro, p53 protein acts 
upon the p21 gene to promote the expression level of p21 
in a relatively fast manner. Consequently, the p21 protein 
binds to almost all cyclin‑CDK complexes and inhibits 
them. This includes cyclin D1‑CDK4, cyclin E‑CDK2 and 
cyclin A‑CDK2, while p21 is able to weakly inhibit cyclin 
B‑related complexes. Furthermore, p21 inhibits the activi‑
ties of cyclin D1‑CDK4 and cyclin E‑CDK2 to block the 
phosphorylation of the Rb protein and cause the release of 
E2F protein, thereby causing cell cycle arrest in G1 phase. It 
may be concluded that M1‑like TAM regulate the expression 
of cell cycle‑associated proteins by activating the NF‑κB 
signaling pathway. Thus, M1‑like TAM may stimulate the 
transformation of liver cancer cells from G1/G0 to S phase 
and promote the proliferation of liver cancer cells.

ADM is widely used for the treatment of liver cancer, as 
it may induce apoptosis of liver cancer cells. Radiotherapies 
are frequently combined with TACE to treat patients with 
liver cancer, as they may induce apoptosis of cancer cells. 
The sensitivity of tumors to radiotherapies has been indicated 
to be consistent with the sensitivity of tumor cells to apop‑
tosis (44,45). In the present study, ADM and X‑ray irradiation 
were used as external factors to induce apoptosis of liver 
cancer cells. It was indicated that the number of apoptotic liver 
cancer cells in the CM was significantly lower than that in 
the RM after treatment with either ADM or X‑rays. However, 
the addition of JSH‑23 to CM significantly increased the 
amount of ADM and X‑ray‑induced apoptosis of liver cancer 
cells. Furthermore, the results of the present study revealed 
that M1‑like TAM significantly decreased both ADM‑ and 
X‑ray‑induced apoptosis of liver cancer cells. In addition, 
M1‑like TAM increased the expression levels of Bax and 
caspase‑3 proteins, while it decreased Bcl‑2 expression in liver 
cancer cells. However, JSH‑23 was observed to reverse the 
above‑mentioned effects. It is also noteworthy that M1‑TAM 
may be directly affected by ADM and irradiation. Previous 
studies reported that the anti‑apoptotic function of NF‑κB 
family proteins may be a result of consequential unbalancing of 
the expression levels of apoptotic and anti‑apoptotic proteins, 
as well as their direct interactions with tumor suppressor 
proteins (35,46). In an animal‑based study, increased activity 
of the NF‑κB signaling pathway promoted the incidence of 
hepatocarcinoma and stimulated the survival of liver cancer 
cells by significantly enhancing the levels of anti‑apoptotic 
proteins, such as Bcl‑2/Bax and Bcl‑2/Bad, compared with 
those of pro‑apoptotic proteins (31). In the present study, the 
CM of THP‑1 cells induced by PMA, LPS and IFN‑γ was used 
to evaluate the effects of M1‑like TAM on liver cancer cells. 
Although the constituents of the CM were not determined, 
previous studies suggested that the constituents accounting for 
the regulatory effects of M1‑like TAM on the proliferation and 

apoptosis of liver cancer cells may be inflammatory cytokines 
and growth factors (47,48). However, further studies are still 
required to verify the present results.

Regarding limitations of the present study, it should be 
pointed out that only CD68 and HLA‑DR were assessed to 
detect M1 macrophages. The present results did not fully 
reflect the polarization of diverse macrophages in the TME 
in vivo. In addition, Ki‑67 expression was not detected in 
clinical specimens.

In conclusion, the present study suggested that infiltration 
of CD68+HLA‑DR+ M1‑like TAM were negatively associ‑
ated with the efficacy of postoperative TACE for patients with 
liver cancer. M1‑like TAM may promote the proliferation of 
liver cancer cells and enhance their anti‑apoptotic ability by 
activating the NF‑κB signaling pathway.
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