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Abstract
AIM
To understand the cellular and molecular changes in 
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peripheral blood that can lead to the development 
of hepatocellular carcinoma (HCC) and provide new 
methods for its diagnosis and treatment.

METHODS
Peripheral blood mononuclear cells were isolated from 
the peripheral blood of HCC patients and normal controls 
and then analyzed by flow cytometry. The percentage 
of transforming growth factor-β (TGF-β)+ regulatory 
cells (Tregs) in the peripheral blood was measured, 
and the expression of TGF-β was also determined. 
Then, the relationship between the changes and the 
5-year survival of patients was analyzed. In addition, 
recombinant human TGF-β (rhTGF-β) and recombinant 
human interleukin-6 were added to stimulate the 
cultured cells, and their effects on HCC were evaluated.

RESULTS
The expression of TGF-β and the percentage of 
TGF-β+ Tregs in the peripheral blood of HCC patients 
increased significantly compared with normal controls. 
Compared with the low TGF-β expression group, the 
high TGF-β expression group had a significantly lower 
5-year survival rate, and the same result was found in 
the two TGF-β+ Treg groups, suggesting that TGF-β 
and TGF-β+ Tregs were negatively correlated with the 
overall survival of the patients. In addition, rhTGF-β 
promoted the growth of tumor cells and induced high 
expression levels of IL-6, which further promoted tumor 
proliferation.

CONCLUSION
The results showed that TGF-β may promote tumor 
growth and proliferation by inducing the production of 
IL-6, and TGF-β and TGF-β+ Tregs may serve as new 
markers for predicting a poor prognosis in HCC.

Key words: Hepatocellular carcinoma; Transforming 
growth factor-β; Regulatory cells; Peripheral blood 
mononuclear cells; Interleukin-6
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Core tip: We aimed to understand the cellular and 
molecular changes in peripheral blood of hepatocellular 
carcinoma (HCC) and provide new methods for its 
diagnosis and treatment. The results showed that 
transforming growth factor-β (TGF-β) may promote tumor 
growth and proliferation by inducing the production of 
interleukin-6, and TGF-β and TGF-β+ regulatory cells 
may serve as new markers for predicting poor prognosis 
of HCC. 
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the second leading 
cause of cancer deaths in the word[1]. According to 
the World Health Organization (WHO), approximately 
788000 people die from primary liver cancer each year. 
It has been reported that the morbidity and mortality 
of HCC in China are very high[2,3]. Improvements 
have been made in HCC treatment, including surgery, 
chemotherapy, radiation therapy, and ablation; however, 
HCC still has a poor prognosis because of recurrence 
and tumor metastasis[4]. 

Studies have shown that tumors can establish the 
tumor microenvironment by regulating lymphocytes, 
which play an important role in tumor development 
through inflammatory immunity[5,6]. Tumor cells can 
inhibit the function of tumor infiltrating lymphocytes 
(TILs) in the tumor microenvironment through inhibitory 
signaling pathways in the immune system; this process 
results in the immunosuppression of tumors[7,8]. Tumors 
can also accumulate infiltrated immune cells to inhibit 
anti-tumor effects by secreting immunosuppressive 
factors, such as interleukin-2 (IL-2), transforming 
growth factor-β (TGF-β), matrix metalloproteinase 
(MMP), vascular endothelial growth factor (VEGF), and 
interleukin-10 (IL-10), into the microenvironment[9]. 
It has also been reported that tumors can affect the 
proliferation, migration, and survival of cancer cells 
through the inflammatory effects of immune cells[10,11]. It 
is well known that regulatory cells (Tregs) can promote 
the development of tumors by inhibiting immune 
surveillance[12]. The knockdown of forkhead box P3 
(Foxp3), which is specifically expressed in Tregs, can 
reduce the immunosuppression of Tregs, which can 
suppress tumor growth in mice with HCC[13]. Therefore, 
understanding the immune status, especially the 
inflammatory state of cancer, may provide a new method 
of immunomodulation for the treatment of cancer.

Studies have shown that TGF-β is one of the key 
products of Tregs[14], and it maintains the internal 
stability of stem cells and promotes fibrosis, embryonic 
development, tissue repair, cell proliferation and diffe
rentiation, and immune regulation[15]. Tumor-associated 
TGF-β negatively regulates the host immune response 
through the following mechanisms[16,17]. First, tumor-
associated TGF-β mediates the differentiation of Th1 
cells to Th2 cells via IL-10. Second, tumor-associated 
TGF-β directly inhibits M1 giant macrophages and the 
antitumor immune responses mediated by Th1. Third, 
tumor-associated TGF-β inhibits the functions of CD8+ T 
lymphocytes, natural killer (NK) cells, and dendritic cells, 
which have cytotoxic effects. Fourth, tumor-associated 
TGF-β produces CD4+ CD25+ Tregs to inhibit the 
function of other lymphocyte groups[18]. Finally, tumor-
associated TGF-β promotes M2 macrophages, which 
can produce reactive oxygen species to promote tumor 
development through secreting immunosuppressive 
cytokines (TGF-β and IL-10), angiogenic factors (CXC 
chemokines, MMP-9, and VEGF), proinflammatory 
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cytokines (IL-1, TNF-α, and IL-6) and tumor growth 
factors. TGF-β has a dual role in the development of 
tumors, and it can promote the invasion and metastasis 
of tumor cells mainly by regulating the immune system 
and tumor microenvironment[16].

MATERIALS AND METHODS
Patients and blood sample collection
We included 100 patients with HCC who were diagnosed 
at Beijing Cancer Hospital between 2010 and 2014, 
and we included 36 healthy subjects without any 
signs of disease. Blood samples were collected before 
any treatment. According to the 2002 American Joint 
Committee on Cancer (AJCC) staging criteria, the 
samples were divided into two groups: Early stage 
(stages I and II) and late stage (stages III and IV). 
All patient information is shown in Table 1. Of the HCC 
patients, 63 were followed up until death or until July 
31, 2017. The median follow-up time was 40.3 mo 
(mean ± SD: 40.3 ± 11.6 mo). All participants provided 
informed consent, and the study was approved by the 
Ethics Committee of Beijing Cancer Hospital.

Measurement of cytokines
Whole blood samples from all patients and normal 
controls were centrifuged at 3000 g for 10 min to collect 
the serum; then, the concentrations of TGF-β and IL-6 
were measured by enzyme-linked immunosorbent 
assay (ELISA) kits (eBioscience, Waltham, MA, United 
States) and human inflammation CBA kits (BD 
Biosciences, San Jose, CA, United States), respectively.

Collection and culture of peripheral blood mononuclear 
cells ( PBMCs)
Density centrifugation of 5 mL of heparinized peripheral 
blood from patients with HCC and normal controls was 
performed to obtain PBMCs. There were two steps of 
the horizontal centrifugation: 2000 r/min for 20 min 
and 15000 r/min for 10 min[19]. The final cell pellet was 
resuspended and cultured in the appropriate amount 
of 1640 medium containing 10% fetal bovine serum. 

The cells were counted using a microscope, and the 
cell concentration was adjusted to 2 × 106/mL. A total 
of 200 μL of each cell suspension was pipetted into a 
96-well flat bottom cell culture plate, and 1 μL of 10 
μg/mL PMA, 2 μL of 100 μg/mL IO, and 2 μL of 300 
μg/mL BFA were added. The cells were incubated at 
37 ℃ with 5% CO2 for 4-5 h and then subjected to 
flow cytometry and analysis.

Flow cytometry analysis
CD4 and CD3 antibodies were added to label the cells. 
A Foxp3 antibody was also added to detect the Tregs. A 
constant volume of 100 μL of phosphate buffered saline 
(PBS) was used for the flow cytometry analyses, which 
were performed on a BD FACSCalibur system.

Cell culture
HepG2, PLHC-1, and LMH cell lines were selected for 
cell culture, and all three cell lines were cultured in 
an incubator at 37 ℃ and 5% CO2. rhTGF-β or rhIL-6 
(PeproTech, Rocky Hill, NJ, United States) was added 
to three 6-well plates containing the three HCC cell 
lines to stimulate the tumor cells for 24-48 h according 
to the manufacturer’s instructions. To analyze the 
proliferation rates, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assays and cell 
counting were performed.

Statistical analysis
Statistical analyses were performed using GraphPad 
Prism 5.0 (San Diego, CA, United States). The data 
are expressed as the mean ± SD. T-tests were used 
to assess the differences between groups. The overall 
survival rates of HCC were analyzed with Kaplan-Meier 
curves. All tests were two-tailed, and P < 0.05 was 
considered to be statistically significant.

RESULTS
Increased expression of TGF-β in the serum of liver 
cancer patients
We measured the levels of TGF-β in the serum of 100 
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Table 1  Clinicopathological characteristics of 100 patients with hepatocellular carcinoma n  (%)

Variables HCC (n  = 100) Normal controls (n  = 36) P  value

Average age (yr) 53.33 50.36 0.16
Age (yr) 0.61
   ≤ 50 45 (45.0) 18 (50.0)
   > 50 55 (55.0) 18 (50.0)
Sex 0.68
   Male 65 (65.0) 22 (61.1)
   Female 35 (35.0) 14 (38.9)
T classification
   T1 12 (12.0)
   T2 36 (36.0)
   T3 42 (42.0)
   T4 10 (10.0)

HCC: Hepatocellular carcinoma.
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levels of TGF and Tregs.

TGF-β activates IL-6 production in HCC to promote 
tumor growth
Three human HCC cell lines, namely, HepG2, PLHC-1, 
and LMH, were selected for this study. We added rhTGF-β 
to stimulate the three HCC cell lines and then detected 
changes in their biological function. Compared with the 
untreated group, all three HCC cell lines treated with 
100 ng/mL rhTGF-β for 48 h showed significant cell 
proliferation afterwards (Figure 4A). We also examined 
IL-6 levels in the cell supernatants and found that IL-6 
levels were significantly higher in the rhTGF-β-treated 
cell supernatants than in the untreated cell supernatants 
(Figure 4B). Furthermore, the three HCC cell lines 
were treated with rhIL-6, and significantly higher cell 
proliferation rates were found in all three HCC cell lines 
treated with rhIL-6 than in the untreated cells (Figure 
4C). These results indicate that TGF-β has the potential 
to promote HCC cell proliferation, and it can also 
mediate IL-6 production to promote further tumor cell 
proliferation.

DISCUSSION
This study demonstrated that the levels of TGF-β and 
TGF-β+ Tregs in the peripheral blood were significantly 
higher in HCC patients than in normal controls, and 
these levels were negatively associated with the 5-year 
survival of HCC patients. At the same time, TGF may 
promote the development of tumors by inducing IL-16 
expression, suggesting that peripheral TGF-β and 
TGF-β+ Tregs can be used as potential markers to 
predict a poor prognosis in HCC patients.

Understanding the immune status, especially the 
inflammatory state of cancer, may provide a new 
method of immunomodulation for the treatment of 
cancer. In the early stages of cancer, or the stages of 
hepatocellular degeneration and injury, abnormally 
high expression levels of IGF-II have been observed, 
which can be an indicator for the early diagnosis of liver 
cancer. Liver injury may be caused by the abnormal 
activation of the IGF-II gene by the cancer-causing 
factor diethylnitrosamine[20,21]. It was also reported that 
high expression levels of IGF-II in the serum and livers 
of rats are events in the early and advanced stages 
of the occurrence and development of liver cancer[21]. 
Some studies have shown that VEGF is more sensitive 
for the prediction of liver cancer in patients with 
cirrhosis related to hepatitis C virus (HCV), and VEGF 
expression is related to tumor vascular invasion[22]. 
VEGF expression has been associated with tumor 
diameter and lymph node metastasis, and its positive 
rate is 72.0% in HCC. Therefore, VEGF may be applied 
for evaluating hematopoietic liver cancer metastasis 
and predicting HCC with HCV. It has been reported 
that the expression levels of Golgi protein 73 (GP73) 
are significantly higher in HCC serum samples than 

patients with HCC and 36 normal controls using ELISAs. 
The results showed that the serum levels of TGF-β were 
significantly higher in HCC patients (225.82 ± 48.93 
ng/mL) than in normal controls (57.29 ± 11.70 ng/mL, 
P < 0.0001, Figure 1).

Tregs are associated with the progression of HCC
Studies have shown that TGF-β is one of the key 
products of Tregs[14]. We performed flow cytometry 
analyses of 100 HCC samples and 36 normal controls, 
and the results clearly indicated TGF-β-expressing cell 
populations in the PBMCs and Tregs. The population of 
TGF-β-expressing cells in the Tregs was analyzed by 
flow cytometry, and Figure 2A is representative of all 
the data figures. A statistical analysis showed that the 
proportion of TGF-β+ Tregs was significantly higher in 
HCC patients (14.14 ± 6.02%) than in normal controls 
(3.00 ± 1.43%, P <0.001, Figure 2B). In fact, the 
percentage of TGF-β+ Tregs was significantly higher 
in HCC patients in advanced stages (15.47 ± 6.95%) 
than in HCC patients in early stages (12.70 ± 4.37%) 
and normal controls (Figure 2C), suggesting a possible 
positive correlation between the presence of TGF-β+ 
Tregs and tumor progression.

Increased levels of TGF-β and TGF-β+ Tregs may predict 
a poor prognosis for HCC
In this study, we analyzed the effects of high and low 
levels of peripheral blood TGF-β and TGF-β+ Tregs 
on the five-year survival rate of 63 patients with 
HCC who were followed up. The results showed that 
compared to the low TGF production group, the high 
TGF-β production group had a significantly lower 
overall survival rate (Figure 3A, 31.0% vs 53.0%, P = 
0.010). Compared with the low TGF-β+ Tregs group, 
the high TGF-β+ Tregs group had a significantly higher 
death hazard rate (Figure 3B, 38.0% vs 53.5%, P = 
0.047). The results suggest that the overall survival of 
the patients with HCC is negatively correlated with the 
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Figure 1  Levels of transforming growth factor-β in the serum of 
hepatocellular carcinoma patients and normal controls. cP < 0.001. TGF-β: 
Transforming growth factor-β; HCC: Hepatocellular carcinoma.
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in control serum samples. GP73 has high specificity 
and sensitivity for diagnosing HCC and is expected to 
be validated as another liver cancer marker[23]. The 
expression levels of des-gamma-carboxy prothrombin 

(DCP) are affected by the pathological type and stage of 
tumors and the type of hepatic lesions in HCC. Its ability 
to diagnose HCC is better than that of alpha fetoprotein 
(AFP) and AFP-L3, which are first-line clinical tumor 
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markers, and it can be used as an early indicator for 
diagnosing liver cancer[24,25].

Tregs are a subpopulation of T lymphocytes that 
have unique in vivo functions; Tregs can secrete IL-4, 
IL-10, and TGF-β and inhibit effector T cells, and they 
are involved in autoimmune diseases, transplantation 
immunity, and tumor immunity[26]. According to the 
biological function of Th cells and Tregs, there is a 
dynamic balance between the two types of immune cells. 
The disruption of the balance between proinflammatory 
Th17 cells and suppressor Tregs is a key factor in the 
development of inflammation, autoimmune diseases, 
and tumors, and their expression levels in different 
immune response types are not the same. Recent studies 
have shown that tumor cells secrete multiple factors that 
can induce the production of Tregs[27,28]. Thl7 cells are 
negatively correlated with tumor progression because of 
the reduction in their number and proportion, whereas 
Tregs are positively correlated since their quantity and 
proportion are increased[29]; these data are consistent 
with the findings of our study. Tregs can suppress 
immune surveillance during tumor development in a 
mouse model of carcinogen-induced sarcoma[30]. Tregs 
can also be considered as the main component of tumor 

evasion of the host immune system and, thus, can serve 
as an indicator of poor prognosis and even as a target for 
immunotherapy[31-33].

In summary, our study demonstrated that the 
levels of expression of TGF-β and TGF-β+ Tregs in the 
peripheral blood of HCC patients were significantly 
increased and were related to the progression of HCC 
and the 5-year survival of patients. This suggests that 
peripheral blood TGF-β levels can serve as a potential 
indicator of poor prognosis for HCC and provide a more 
effective method for the diagnosis and treatment of 
HCC.

ARTICLE HIGHLIGHTS
Research background
Although the treatment of hepatocellular carcinoma (HCC) has been improved, 
including surgery, chemotherapy, radiation therapy, and ablation, prognosis 
remains poor because of the recurrence and tumor metastasis.

Research motivation
Understanding the immune status, especially the inflammatory state, of cancer 
may provide insight into the development of new immunomodulation methods 
for the treatment of cancer and may potentially provide novel prognostic 
predictors of HCC.
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Figure 4  Transforming growth factor-β can promote the proliferation of tumor cells and increase the level of interleukin-6 in hepatocellular carcinoma 
cell lines production. A: The cell numbers of the three HCC cell lines after treatment with 100 ng/mL rhTGF-β for 48 h; B: The three HCC culture supernatants were 
analyzed for protein levels of IL-6 after treatment with rhTGF-β for 48 h using ELISA; C: The three HCC cell lines were treated with or without rhIL-6 for 48 h, and 
cell proliferation was determined by MTT assay. aP < 0.05, bP < 0.01, cP < 0.001. TGF-β: Transforming growth factor-β; Treg: Regulatory cells; HCC: Hepatocellular 
carcinoma.

 ARTICLE HIGHLIGHTS

An Y et al . Prognosis of hepatocellular carcinoma



2739 July 7, 2018|Volume 24|Issue 25|WJG|www.wjgnet.com

Research objectives
To understand the cellular and molecular changes in peripheral blood that can 
lead to the development of HCC and provide new methods for its diagnosis and 
treatment.

Research methods
Peripheral blood mononuclear cells were isolated from peripheral blood of HCC 
patients and normal controls and then analyzed by flow cytometry. The percentage 
of transforming growth factor-β (TGF-β)+ Treg cells in peripheral blood was 
measured, and the expression of TGF-β was also detected. The relationship 
between the changes and the 5-year survival of patients was analyzed. In addition, 
recombinant human TGR-β and recombinant human IL-6 were added respectively 
to stimulate the cultured cells to evaluate its effect on HCC.

Research results
The expression of TGF-β and the percentage of TGF-β+ Treg cells in peripheral 
blood in HCC patients increased significantly compared with normal controls. 
Compared with the low TGF-β expression group, the 5-year survival rate was 
significantly lower in the high TGF-β expression group, and the same result 
was found in the two TGF-β+ Treg groups, suggesting that TGF-β and TGF-β+ 
Treg cells were negatively correlated with the overall survival of the patients. In 
addition, recombinant human TGF-β promoted the growth of tumor cells and 
induced high expression of IL-6 which can further promote tumor proliferation.

Research conclusions
The results showed that TGF-β may promote tumor growth and proliferation by 
inducing the production of IL-6, and TGF-β and TGF-β+ Treg cells may serve 
as new markers for predicting poor prognosis of HCC.

Research perspectives
Our study provided a novel insight to understand the cellular and molecular 
changes in peripheral blood of HCC and provide new methods for its diagnosis 
and treatment.
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