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Background: The role of high mobility group A2 (HMGA2) in the progression of hepato
cellular carcinoma (HCC) is yet to be investigated, though tumor-associated macrophages 
(TAMs) are known to mediate the process.
Methods: Immunohistochemistry (IHC), Western blot, and real-time PCR assays were 
performed to identify HMGA2 and TAMs markers. The TAMs-like macrophages (TAMs- 
Mφs) were triggered with the help of 25 ng/mL hM-CSF and 50% NBCM. EdU assay wound 
healing assay, transwell assay, and TUNEL assay, as well as flow cytometry, were carried out 
to study the effect of HMGA2 or TAMs on the functioning of HCC cells.
Results: HCC tumor tissues were detected with upregulated HMGA2 and TAMs markers 
(CD68, CD163, and CD204); in addition, HMGA2 was positively correlated with TAMs 
markers. The proliferation, migration, and invasion of HepG2 cells were also observed to be 
stimulated by HMGA2. Remarkably, cell apoptosis was not affected by upregulated 
HMGA2, but HMAG2 inhibition was observed to intensify it. Also, the release of CSF1 
was observed to be amplified by HMGA2. HMGA2-overexpressed-HepG2 cells promoted 
the migrating abilities of both M0-Mφs and TAMs-Mφs but were suppressed by HMGA2 
down-regulated HepG2 cells. In addition, TAMs-Mφs supernatant regulated the CCAT1/let- 
7b/HMGA2 signaling pathway by intensifying the malignant biological behaviors.
Conclusion: HMGA2 stimulated TAMs-induced HCC progression, mediated by the 
CCAT1/let-7b/HMGA2 signaling pathway, TAMs aggravated HCC development.
Keywords: HMGA2, hepatocellular carcinoma, TAMs, LncRNA CCAT1, let-7b

Plain Language Summary
1. HMGA2 is up-regulated in HCC tissues and is positively correlated with TAMs 

markers (CD68, CD163 and CD204).
2. HMGA2 promotes the proliferation, migration and invasion in HepG2 cells.
3. Up-regulation of HMGA2 promotes the migration in M0-Mφs and TAMs-Mφs. 

TAMs-Mφs was also observed to exert stronger migrating ability as compared with 
M0-Mφs.

4. TAMs-Mφs could enhance the proliferation, migration and invasion in HepG2 cells.
5. TAMs-Mφs promotes HCC progression by activating the CCAT1/Let-7/HMGA2 

signal pathway.
6. These findings demonstrate that HMGA2 played a vital role in the pathological 

process of HCC via adsorbing TAMs to activate the CCAT1/Let-7/HMGA2 signal 
pathway. All theae results indicated that HMGA2 might be used as a newly therapeu
tic target for the treatment of HCC.
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Introduction
High malignancy, poor prognosis, and high recurrence rates 
are the characteristic features of hepatocellular carcinoma 
(HCC), which is one of the most common and malignant 
tumors.1,2 HCC, if diagnosed early, may be effectively 
treated with surgical excision and liver transplantation; 
nevertheless, most diagnoses are conducted at advanced 
stages of cancer, by which time it is too late for surgical 
treatment.3,4 Several genetic and environmental factors play 
significant roles during the pathogenesis and progression of 
HCC,5,6 though the functioning and underlying molecular 
mechanisms of these factors remain unknown. Thus, the 
investigation of mechanisms involved in HCC growth is 
imperative for timely diagnosis and treatment.

Tumor microenvironment, including tumor-associated 
fibroblasts (CAFs), TAMs, tumor stem cells (CSCs), and 
others, affect the tumorigenesis.7–9 TAMs are M2-like macro
phages that are detected in several tumors, though they do not 
occur in a steady-state condition. TAMs have been increas
ingly shown by several studies to mediate cell proliferation, 
angiogenesis, invasion, and metastasis of HCC. TAMs’ over
expression of allograft inflammatory factor 1 (AIF1) via acti
vating the CSF1R-MEK1/2-ERK1/2-c-Jun signaling pathway 
was reported by Cai et al to improve the proliferation and 
migration of HCC cells, thereby promoting tumor growth.10 

TNF-α released by TAMs was also evidenced by Chen et al to 
activate the downstream Wnt/β-catenin signaling and cause 
the EMT in HCC cells, thus intensifying the HCC metastasis.
11 IL-10 and M-CSF/CSF-1 induce M2 macrophages, which 
exert low antigen-presenting capacities and produce highly 
expressed scavenger receptor (CD163), mannose receptor 
(CD206), and galactose receptor, which are known to suppress 
the immune response and stimulate angiogenesis, tissue remo
deling, wound repair, and tumor generation.8 As TAMs are 
known to accelerate the HCC malignancy, thorough investiga
tion on TAMs throw light on the theoretical basis and propose 
effective curative methods for the management of HCC.

A nonhistone chromatin-binding protein, high mobility 
group A2 (HMGA2), plays a crucial role in transcriptional 
modulation of proliferating genes, which may be associated 
with its carcinogenic potential during the tumor formation.12 

HMGA2 is also known to be expressed abnormally in several 
gastrointestinal malignancies such as esophageal cancer, gas
tric carcinoma, pancreatic cancer, HCC, and so on.13–16 Owing 
to the elevated expression of HMGA2 in several malignant 
tumors, this protein is regarded as a prospective novel target 
for treating such tumors.17 Upregulation of HMGA2 in HCC 

tissues was first evidenced by Wu et al to be associated with 
HCC size, capsule invasion, and vascular invasion, and the 
overexpression of HMGA2 may act as an independent prog
nostic marker.18 HMGA2 has been demonstrated by investi
gators to regulate the expression of several genes, thereby 
facilitating numerous cell biological processes such as apop
tosis, proliferation, and migration in HCC.19,20 Long noncod
ing RNA CCAT1 has also been exhibited by our earlier 
investigations to aggravate the HCC development by facilitat
ing the let-7/HMGA2 signaling pathway.21 Nevertheless, it is 
yet to be investigated whether HMGA2 plays a role in the 
pathological progression of HCC mediated by TAMs.

The objective of this study was to evaluate the HMGA2 
and TAMs markers’ levels in tumorous as well as adjacent 
healthy tissues in HCC patients and the association between 
the 2 to assess HMGA2 and TAMs’ effects on the malig
nancy of HCC cells. The associated mechanism was also 
studied. The outcomes of this study evidenced that HMGA2 
triggered the adhesion of TAMs to HCC cells and that 
TAMs intensified HCC growth by facilitating the CCAT1/ 
let-7b/HMGA2 signaling pathway, which may be consid
ered to be a novel target to treat HCC.

Materials and Methods
Clinical Samples
The Seventh Affiliated Hospital of Sun Yat-sen University 
provided the (N = 20) tumorous tissue of the human liver 
and their pair-matched peritumor tissue for this study. None 
of the cancer patients had undergone preoperative radio
therapy, neoadjuvant chemotherapy, TACE, radiofrequency 
ablation, and any other treatment. The postoperative tissue 
samples were verified pathologically for HCC. The clinico
pathological features have been elaborated in Table 1. 
Before being maintained in a refrigerator at −80°C, the 
tissue samples were instantly frozen using liquid nitrogen. 
The Declaration of Helsinki guidelines were followed to 
conduct this investigation with approval by the Ethics 
Committee of The Seventh Affiliated Hospital of Sun Yat- 
sen University and informed consent from each patient.

H&E and Masson Staining
H&E and Masson staining were carried out as per the 
instructions. The staining process involved de-paraffiniz
ing the paraffin slides (4 μm) for 20 minutes each in xylene 
I and II, and dehydrating in 100% ethanol I and II for 10 
minutes, followed by treating with gradient ethanol each 
for 5 minutes. Thereafter, staining of the slides was 
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performed using hematoxylin and eosin (HE) solution 
(Servicebio, G1005, China) and Masson (Servicebio, 
G1006, China) as per the respective instructions provided 
in the manuals. A microscope imaging system (Nikon, 
Japan) was utilized to capture images of the sections.

Immunohistochemical Staining
Immunohistochemical staining (IHC) was carried out to 
assess the expression levels of HMGA2, CD68, CD163, 
and CD204 in tissues. The antigens on the slides (4 μm) 
were restored using an antigen retrieval solution 
(Servicebio, G1203, China). This was followed by incu
bating the slides in 3% H2O2 for 25 min, which were then 
blocked and incubated with HMGA2, CD68, CD163, and 
CD204 primary antibodies, thereafter incubated with sec
ondary antibodies. Eventually, the slides were stained with 
the help of diaminobenzidine (Dako, K5007, Denmark) 
and hematoxylin one after the other. A light microscope 
(Nikon Eclipse Ci, Japan) was utilized to capture the 
images.

Cell Culture
The American Type Culture Collection (ATCC, USA) 
provided the normal cell line L-02; hepatoblastoma cell 
line HepG2; and HCC cell lines Huh7, SNU-387, and SK- 
HEP-1 of human liver, which were cultured in DMEM 
(Gibco, USA) comprising 10% fetal bovine serum 
(HyClone, USA), and incubated at 37°C with 5% CO2.

2.5 TransfHepG2 cells were transfected with the plas
mid pcDNA3.1-negative control (OE-NC) and pcDNA3.1- 
HMGA2 (OE-HMGA2) (to get cell lines that overexpress 
HMGA2 stably) and supplemented with neomycin (800 
μg/mL) for 4 weeks. HepG2 cells were transfected with 
the plasmid pGPU6/GFP/Neo-human-Control (sh-CTRL) 
and the plasmid pGPU6/GFP/Neo-human-HMGA2 (desig
nated as shRNA-HMGA2; Gen-ePharma, Suzhou, China) 
(to obtain cell lines that stably suppressed HMGA2) and 
supplemented with neomycin (800 μg/mL) for 4 weeks. 
With the Lipofectamine 2000 kit (Invitrogen, Carlsbad, 
CA, USA), all transfections were carried out following 
the manufacturer’s instructions.

Table 1 Clinicopathological Characteristics

Variables Cases HMGA2

Low (Cases) High (Cases) p value

Age (years) ≤49 6 2 4 0.329
>49 14 8 6

Gender Male 17 9 8 0.531
Female 3 1 2

HbsAg + 18 10 8 0.136
– 2 0 2

Cirrhosis Absent 2 1 1 0.136
Present 18 9 9

ALT (U/L) ≤42 16 9 7 0.264
>42 4 1 3

AFP (ng/mL) ≤25 6 1 5 0.051
>25 14 9 5

Tumor Size (cm) ≤5 12 7 5 0.361
>5 8 3 5

Tumor differentiation I+II 13 5 8 0.160
III+IV 7 5 2

TNM Stage I 11 7 4 0.178
II+III 9 3 6

Vascular invasion Absent 16 10 6 0.025
Present 4 0 4
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Real-Time PCR
Trizol reagent (Takara, Dalian, China) was utilized to 
isolate the total RNAs, whereas a Reverse Transcription 
System Kit (Takara, Dalian, China) was used for generat
ing the cDNA. With the standard SYBR Green PCR kit 
protocol in the StepOne Plus system (Applied Biosystems, 
Foster City, CA, USA), real-time PCR was performed. 
Table 2 exhibits a list of the primer sequences utilized 
here. A reference gene U6 was utilized to calculate the 
Ct values of let-7b. The rest of the genes were normalized 
to GAPDH endogenous control. For calculating the 
changes in relative expression, the 2−ΔΔCt method was 
used in this study.

Western Blot Analysis
RIPA lysate was used for extracting the total proteins from 
the tissue samples and HCC cells, which were quantified 
with the help of a BCA kit. About 30 μg of total proteins 

were then separated by way of 100 g/L SDS-PAGE gel 
electrophoresis. The segregated proteins were moved to a 
PVDF membrane and blocked using 50 g/L skim milk at 
room temperature for 2 h. The membranes were incubated 
with the primary antibodies specific for HMGA2 (CST, 
8179, 1:1000 dilution), CD68 (Abcam, ab125212, 1:2000 
dilution), CD163 (Abcam, ab182422, 1:1000 dilution), 
CD204 (Abcam, ab123946, 1:2500 dilution), Histone H3 
(CST, 4499, 1:2000 dilution), or GAPDH (CST, 5174, 
1:1000 dilution). Further incubation of the blots was con
ducted utilizing goat anti-rabbit IgG and goat anti-mouse 
IgG, followed by detection to visualize the bands with the 
help of the enhanced chemiluminescence (ECL) substrate 
(Thermo, Waltham, MA, USA).

CCK-8 Assay
A Cell Counting Kit-8 assay kit (Dojindo, Kumamoto, Japan) 
was utilized to estimate cell proliferation. First, 5×103 HepG2 

Table 2 Primer Sequences of Real-Time PCR

Gene Primer Sequence (5ʹ-3ʹ) Product Length (bp)

GAPDH.F TGTTCGTCATGGGTGTGAAC 154

GAPDH.R ATGGCATGGACTGTGGTCAT

Lamin A/C.F TGGATGAGGAGGGCAAGTTT 112

Lamin A/C.R CGGTAAGTCAGCAAGGGA

CD68.F TGGGGCAGAGCTTCAGTTG 135

CD68.R TGGGGCAGGAGAAACTTTGC

CD163.F TTTGTCAACTTGAGTCCCTTCAC 127

CD163.R TCCCGCTACACTTGTTTTCAC

CD204.F CCAGGTCCAATAGGTCCTCC 94

CD204.R CTGGCCTTCCGGCATATCC

IL-10.F GACTTTAAGGGTTACCTGGGTTG 112

IL-10.R TCACATGCGCCTTGATGTCTG

IL-12A.F CCTTGCACTTCTGAAGAGATTGA 181

IL-12A.R ACAGGGCCATCATAAAAGAGGT

CCAT1.F TATGCCATTCCATTCATTTCTC 216

CCAT1.R GCCTTCATCTCATTCAGTTTTC

HMGA2.F ACCCAGGGGAAGACCCAAA 93

HMGA2.R CCTCTTGGCCGTTTTTCTCCA

U6.F CTCGCTTCGGCAGCACA 96

U6.R AACGCTTCACGAATTTGCGT

All.R CTCAACTGGTGTCGTGGA

Let-7b.F ACACTCCAGCTGGGTGAGGTAGTAGGTTGTGT
Let-7b.RT CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAACCACAC
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cells were transfected as detailed earlier and then cultured 
overnight using 96-well plates. Cell proliferation was quanti
fied with the help of CCK-8 solution at 0 h, 24 h, 48 h, or 72 h 
of culture. Finally, the cell proliferation curves were plotted at 
each time point (absorbance at 450 nm).

EdU Assay
The thus treated cells were labeled with 50 μM 5-ethynyl- 
2ʹ-deoxyuridine (EdU; Solarbio, Beijing, China) for 2 h. 
The cell nuclei were stained using DAPI (Solarbio, 
Beijing, China). Thereafter, they were observed with a 
fluorescent microscope (Olympus, Tokyo, Japan).

Wound Healing Assay
Seeding of the treated cells into 24-well plates (Corning, 
NY, USA) for culturing them resulted in forming a mono
layer at the bottom of the plate. A straight line was 
scratched onto the monolayer in each well after 24 h 
using 200-μL micropipette tips. On rinsing away the 
dropped cells, only the adherent cells were cultured in 
complete media. The wound width was observed under 
the microscope (Nikon Tokyo, Japan) after 48 h, the 
images were captured with the help of Image pro plus 
6.0 (Media Cybernetics, USA), and the data analysed.

Transwell and Invasion Assays
Invasion and transwell assays were conducted utilizing 
polycarbonate transwell filters (8 μm, Corning, NY, USA) 
with or without Matrigel matrix (BD Biosciences, San Jose, 
CA, USA) coating, respectively. HepG2 cells or Mφs 
(4×103/well) were added to the upper chamber and cultured 
in complete media for 48 h at 37°C. The chambers were 
brought out after 48 h, and the cells from the upper surface 
of the chamber were totally discarded, whereas those on the 
lower surface were fixed and stained for 10 min using 0.5% 
(w/v) crystal violet. The prepared slides were rinsed gently 
with water, and the number of cells were counted following 
capturing the images with the help of a microscope.

TUNEL Staining
The slides were treated with 4% paraformaldehyde for 10 
min, followed by 2% hydrogen peroxide for 5 min. They 
were then stained utilizing TdT-mediated dUTP nick end 
labeling (TUNEL; Roche, 11684817910, USA) and DAPI 
following the instruction manual. Finally, the images were 
captured with the help of a microscope.

Flow Cytometric Analysis
The treated cells were gathered, fixed, permeabilized, and 
stained with Annexin V-FTIC/PI (KeyGen, Nanjing, 

Figure 1 HMGA2 is upregulated in human HCC tissues and is positively correlated with TAMs markers. (A) HE and Masson staining (scar bar = 50 μm) were performed to 
observe hepatocytes’ morphology. (B) Expression of HMGA2 and TAMs markers (CD68, CD163, and CD204) in HCC tissues and pair-matched peritumor tissues were 
observed by IHC staining (scar bar = 50 μm). (C) The expression of HMGA2 was detected via Western blot assay. **p < 0.01. (D) Correlation analysis was performed to 
analyze the correlation between HMGA2 positive area and TAMs markers (CD68, CD163, and CD204) positive area in IHC staining.
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China) for 15 mins. Flow cytometry (BD Biosciences, San 
Jose, CA, USA) was utilized to quantify the number of 
apoptotic cells.

Enzyme-Linked Immunosorbent Assay 
(ELISA)
ELISA kits were utilized to evaluate the secreted cytokines 
such as CSF1, IL-10, and IL-12 in the supernatant. The 

testing kits were procured from eBioscience (San Diego, 
CA, USA).

Preparation of Macrophages (Mφs) and 
TAMs-Like Macrophages (TAMs-Mφs)
Isolation of the peripheral blood mononuclear cells (PBMCs) 
from human peripheral blood donated by healthy volunteers 
was conducted with Human PBMC Separation Kit (Solarbio, 

Figure 2 HMGA2 promoted the proliferation of HepG2 cells. (A and B) HMGA2 expression in HepG2, Huh7, SNU-387, SK-HEP-1, and L-O2 were detected through real- 
time PCR and Western blot assays, respectively. (C) Transfection efficiencies of HMGA2 were detected via Western blot. (D–F) Cell proliferation was examined with CCK- 
8 and EdU staining (scar bar = 100 μm) assays, respectively. **p < 0.01.
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Beijing, China). Thereafter, the CD14+ PBMCs were 
strained from human peripheral blood with auto-MACS Pro 
Separator (Miltenyi Biotec GmbH, Germany). To stimulate 
the macrophage differentiation, CD14+ PBMCs were treated 
with human M-CSF (hM-CSF) (25 ng/mL, Sigma, SRP3110, 
USA) for 6 days to obtain M0-Mφs. The M0-Mφs were 
continued to be cultured in 50% neuroblastoma-conditioned 
medium (NBCM) for 2 days to obtain the TAMs-Mφs.

Colony Formation Assay
Seeding of 2 × 102 HCC cells was carried out in 6-well 
plates, which were cultured in DMEM comprising 10% 
FBS at 37°C. They were then fixed and stained with 
0.1% crystal violet after 7–10 days. Their images were 
captured, and the number of colonies of >50 cells were 
evaluated.

Statistical Analysis
All the data obtained in triplicates have been expressed in 
terms of mean ± standard deviation. Unpaired t-tests in the 
2 groups and one-way ANOVA in the case of multiple 
groups were carried out for comparisons. P values < 0.05 
were considered statistically significant, defined in terms 
of ***p < 0.001, **p < 0.01 or *p < 0.05. Statistical data 
were analysed SPSS19.0 software.

Results
HMGA2 is Upregulated in Human HCC 
Tissues and is Positively Correlated with 
TAMs Markers
To observe the morphology of hepatocytes, first HE and 
Masson staining assays were performed. Relatively 

Figure 3 HMGA2 promoted the migration and invasion of HepG2 cells. (A and C) Cell migration was examined by wound healing assay (scar bar = 100 μm). (B and D) 
HMGA2 over-expressed or down-regulated HepG2 cells were seeded into the upper chamber, and cell invasion was examined by invasion assay (scar bar = 100 μm) after 48 
h. (E) The secretion of CSF1 in the supernatant was detected by ELISA assay. **p < 0.01 or *p < 0.05.
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complete morphology of hepatocytes and uniform nuclei 
size were observed in peritumor tissues, although the cell 
nucleus was found to be shrunk and heterogeneous, and 
fibrosis was detected to be severer in human HCC tissues 
(Figure 1A). Furthermore, the collagen and muscle fibers, 
dyed blue and red, respectively, were found to occur in 
large quantities in the tumor group, indicating their pre
sence in the HCC tissues. The changes in the expression of 
HMGA2 and TAMs markers were also identified in human 
HCC tissues and pair-matched peritumor tissues to inves
tigate their role in HCC development. The levels of 
HMGA2 and TAMs markers CD68 (pan-macrophages 
marker), CD163 (M2 TAM marker), and CD204 (scaven
ger receptor A, M2 TAM marker) were higher in tumors 
when compared with those in peritumor tissues as per the 

study data (Figure 1B). Besides, the HMGA2 expression 
was amplified in tumor tissues (Figure 1C). The associa
tion between the expression of HMGA2 and TAMs mar
kers (CD68, CD163, and CD204) was also analysed. As 
per the outcomes, the HMGA2 positive area in IHC was 
positively correlated with the CD68, CD163, and CD204 
positive areas (p < 0.01, Figure 1D).

Overexpression of HMGA2 Could 
Promote the Proliferation, Migration, and 
Invasion in HepG2 Cells
First, the HMGA2 expression in HepG2, Huh7, SNU-387, 
SK-HEP-1, and liver normal cell line L-02 was observed, and 
the reports indicated the highest expression of HMGA2 in 
HepG2 cells at both mRNA and protein levels (Figure 2A and 

Figure 4 Down-regulated the expression of HMGA2 notably promoted cell apoptosis in HepG2 cells. (A) TUNEL staining (scar bar = 100 μm) and (B and C) flow 
cytometry were performed to observe cell apoptosis, respectively. **p < 0.01.
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B). To identify the role played by HMGA2 in HCC, the 
vectors of HMGA2 (pcDNA3.1-HMGA2) and the HMGA2- 
specific shRNAs were transfected into the HepG2 cells to 
upregulate and downregulate HMGA2, respectively. The 
pcDNA3.1 vectors and control shRNAs were transfected 
into the HepG2 cells as their negative controls. Western blot 
was used to evaluate the transfection efficiencies of HMGA2. 
The pcDNA3.1-HMGA2 was found to significantly increase 
HMGA2 expression compared with that by pcDNA3.1-vec
tor, whereas HMGA2-specific shRNA remarkably decreased 
HMGA2 expression as compared with that in control shRNA 

(Figure 2C). Overexpression of HMGA2 was found to sig
nificantly promote HepG2 cells’ proliferation by way of the 
CCK-8 assay, whereas the repression of HMGA2 remarkably 
subdued the cell proliferation (Figure 2D). EdU staining 
further confirmed these outcomes (Figure 2E and F). Also, 
HMGA2 overexpression significantly amplified the cell 
migration and invasion in HepG2 cells, whereas HMGA2 
repression outstandingly reduced cell migration and invasion 
(Figure 3A–D). Furthermore, HMGA2 overexpression con
siderably stimulated CSF1 secretion, a key cytokine that con
trols the macrophage production, differentiation, and function, 

Figure 5 Over-expression of HMGA2 could promote the migration in M0-Mφs and TAMs-Mφs. (A and B) Expression of TAMs markers (CD68, CD163, and CD204) were 
detected via real-time PCR and Western blot assay, respectively. (C) Expression of IL-10 and IL-12 were detected via real-time PCR. (D) Secretion of IL-10 and IL-12 in the 
supernatant were detected by ELISA assay. (E and F) M0-Mφs or TAMs-Mφs were seeded into the upper chamber, while HMGA2 over-expressed or down-regulated HepG2 
cells were seeded into the lower chamber. All cells were cultured for 48 h. Migration in M0-Mφs and TAMs-Mφs were observed by transwell assay (scar bar = 100 μm). **p < 
0.01 or *p < 0.05.
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whereas HMGA2 repression was observed to reverse these 
outcomes (Figure 3E) efficiently. Moreover, HMGA2 down
regulation markedly promoted cell apoptosis in HepG2 cells 
(Figure 4A–C). Altogether, these findings established 
HMGA2 to play a vital role in HCC progression.

Upregulation of HMGA2 Promotes 
Migration in M0-Mφs and TAMs-Mφs
The TAMs markers were identified first through qPCR and 
Western blot assays, and the data revealed elevated expres
sion of TAMs markers (CD68, CD163, and CD204) in 
TAMs-Mφs than in M0-Mφs (Figure 5A and B). IL-10 also 
upregulated, whereas IL-12 was inhibited in TAMs-Mφs as 
compared with that in M0-Mφs (Figure 5C and D). To 
identify the migrating abilities of M0-Mφs and TAMs-Mφs, 
a transwell co-culture system was utilized. HepG2 cells were 

inoculated in the lower chambers, whereas that of M0-Mφs 
and TAMs-Mφs were inoculated in the upper chambers. The 
migrating ability was identified after 48 h, and the outcomes 
indicated that HMGA2 overexpression remarkably amplified 
cell migration in M0-Mφs and TAMs-Mφs, whereas 
HMGA2 repression outstandingly declined the cell migration 
(Figure 5E and F). TAM-Mφs was also observed to exert 
stronger migrating ability as compared with M0-Mφs.

TAMs-Mφs Enhanced the Proliferation, 
Migration, and Invasion in HepG2 Cells
Tumorigenesis has been reportedly regulated by TAMs,22 

thus, the TAMs-Mφs were utilized to investigate the role of 
TAMs in HCC. Again, the transwell co-culture system was 
used, but the lower chambers were used for inoculating the 
M0-Mφs and TAMs-Mφs, whereas the upper chambers were 

Figure 6 TAMs-Mφs could promote the proliferation, migration, and invasion in HepG2 cells. (A) HepG2 cells were seeded into the upper chamber while the M0-Mφs and 
TAMs-Mφs were cultured into the lower chamber. The effect of M0-Mφs and TAMs-Mφs on the migration in HepG2 cells was observed via transwell assay (scar bar = 100 
μm). (B–D) Effect of M0-Mφs and TAMs-Mφs supernatant on the proliferation in HepG2 cells were detected via CCK-8 assay, EdU staining (scar bar = 100μm), and colony 
formation assay, respectively. (E and F) Effect of M0-Mφs and TAMs-Mφs supernatant on the migration and invasion in HepG2 cells were observed by wound healing assay 
and invasion assay (scar bar = 100 μm), respectively. **p < 0.01.
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used for HepG2 cells. The HepG2 cells were observed post 48 
h for migration. TAMs-Mφs were found to promote HepG2 
cell migration (Figure 6A). Furthermore, with the help of 

CCK-8, EdU staining, and colony formation assays, the 
TAMs-Mφs supernatant was detected to markedly stimulate 
HepG2 cell proliferation compared with M0-Mφs supernatant 

Figure 7 TAMs-Mφs could inhibit HepG2 cells’ apoptosis and activate the CCAT1/let-7b/HMGA2 signaling pathway in HepG2 cells. (A) TUNEL staining (scar bar = 100 μm) 
and (B–C) flow cytometry were performed to detect the effect of M0-Mφs and TAMs-Mφs supernatant on the apoptosis of HepG2 cells. (D) Effect of M0-Mφs and TAMs- 
Mφs supernatant on the expression of CCAT1, let-7b, and HMGA2 was detected via real-time PCR. (E) HMGA2 expression was observed through the Western blot assay. 
(F) Effect of M0-Mφs and TAMs-Mφs on the expression of CCAT1, let-7b, and HMGA2 was detected via real-time PCR. (G) HMGA2 expression was observed via Western 
blot assay. **p < 0.01 or *p < 0.05.
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(Figure 6B–D). Moreover, HepG2 cell migration and invasion 
were heightened by TAMs-Mφs supernatant compared with 
that by M0-Mφs supernatant (Figure 6E and F). In addition, as 
compared with M0-Mφs supernatant, the apoptosis of HepG2 
cells was remarkably subdued when treated with the TAMs- 
Mφs supernatant for 48 h (Figure 7A–C).

TAMs-Mφs Promotes HCC Progression 
by Activating the CCAT1/Let-7b/HMGA2 
Signaling Pathway
It was evidenced in our earlier study that CCAT1 modu
lates HMGA2 expression by the way of competitively 
binding to let-7.21 In this study, the effect of TAMs-Mφs 
on CCAT1/let-7b/HMGA2 signaling pathway was studied. 
Both TAMs-Mφs supernatant and TAMs-Mφs co-culture 
were observed to considerably upregulate CCAT1 and 
HMGA2 expression and subdue the let-7b expression in 
HepG2 cells as compared with M0-Mφs (Figure 7D–G). 
These findings suggested that TAMs-Mφs supported HCC 
progression through activating the CCAT1/let-7b/HMGA2 
signaling pathway.

Discussion
The tumor microenvironment is a complex, interactive net
work environment. TAMs, the chief component of 
mesenchymal cells in the tumor microenvironment, act as 
a “bridge” between tumor and inflammation and have been 
evidenced to be closely linked to poor prognosis of patients 
in several tumors.22,23 Thus, to recognize the pathogenesis 
of malignant tumors, and design novel therapeutic targets, 
in-depth investigations on the interaction between tumor 
cells and TAMs is imperative. TAMs have been evidenced 
by numerous studies to enhance the proliferation, invasion, 
and migration of HCC cells and stimulate the occurrence of 
EMT by releasing a variety of cytokines, thus accelerating 
the development of HCC.11,24 In agreement with this 
researches, the supernatant of TAMs was also demonstrated 
to support the development of HCC. Nevertheless, the exact 
components in TAMs supernatant that aggravate this pro
gression need further exploration.

An essential matrix component of liver cancer microen
vironment, TAMs are also known to be the key components 
of immune cells playing a principal role in immunosuppres
sion, activated by nuclear factor-kappa B (NF-κB), and 

Figure 8 Diagram of the crosstalk between HepG2 cells and TAMs-like macrophages. Over-expression of HMGA2 significantly promoted the proliferation, migration, and 
invasion of HepG2 cells and increased the secretion of CSF1, which could accelerate the migration of TAMs-Mφs. Moreover, the recruited TAMs-Mφs could promote the 
HCC progression by activating the CCAT1/let-7b/HMGA2 signaling pathway.
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TLR4/IL-10 signaling pathway in the tumor 
microenvironment.25,26 M1 macrophages have also been 
reported to be characterized by elevated secretion of inflam
matory molecules such as TNF-α, IL-6, and IL-12, and by 
M2 macrophages to secrete the immunosuppressive factors 
excessively including IL-10, and express a variety of surface 
protein molecules, such as CD68, CD163, mannose receptor 
(CD206), and DC pathogen pattern recognition adhesion 
receptor CD209.27–30 The CD68, CD163, and CD204 were 
excessively expressed in TAMs as also in HCC tumor tissues, 
further evidencing that TAMs function in HCC progression.

HMGA2 is closely associated with cell transformation, 
cancer progression, and malignant tumors and are exceed
ingly expressed in liver cancer cells while also promoting the 
proliferation and metabolism of liver cancer cells.31,32 

Inhibition of HMGA2 likely aggravates cell apoptosis in 
liver cancer. HMGA2 was observed to be upregulated in 
HCC tissues and HepG2 cell lines and aggravated the malig
nant behaviors in the present study. Nevertheless, hepato
blastoma has been evidenced to give rise to the HepG2 cell 
line, though not a real HCC cell line. Further molecular 
mechanism investigations reproduced in other HCC cell 
lines in the future are imperative to verify the current find
ings. Moreover, several miRNAs such as miR-9, miR-337, 
and miR-4516 function in mediating the differentiation, pro
liferation, apoptosis, invasion, and metastasis of HCC cells 
through upregulating the HMGA2 expression in HCC.16,33,34 

Remarkably, long noncoding RNA nuclear-enriched abun
dant transcript 1 (NEAT1) has been demonstrated by Liu et al 
to aggravate the malignant progression of HCC by way of 
regulating the miR-let-7b directly.35 In addition, CCAT1 has 
been demonstrated to regulate cell proliferation and migra
tion in HCC via competitively binding to miR-let-7 in our 
earlier study.21 The TAMs-Mφs supernatant was observed to 
aggravate the progression of HCC via upregulating the 
lncRNA CCAT1 and HMGA2 expression and suppressing 
the let-7b expression in the present study, suggesting that the 
TAMs-Mφs supernatant might promote the HCC process 
through mediating the CCAT1/let-7b/HMGA2 signaling 
pathway, though, further studies on the mechanism to prove 
this hypothesis are required.

To conclude, HMGA2 was evidenced to be excessively 
expressed in HCC tissues and accelerate the HCC devel
opment. HMGA2 was also found to be positively corre
lated with TAMs markers and accelerate the migration of 
TAMs-Mφs. TAMs-Mφs were exhibited to promote HCC 
progression through activating the CCAT1/let-7b/HMGA2 
signaling pathway (Figure 8). These conclusions provide a 

novel theoretical basis and present a therapeutic target for 
HCC progression.
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