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Abstract 

Objectives: To investigate the expression of transcriptional factors (TFs) T-bet, GATA-3, RORγt 
and FOXP in peripheral blood mononuclear cells (PBMC) of patients with hepatocellular carci-
noma (HCC) and to evaluate the correlation between the imbalances of Th1/Th2, Th17/Treg at 
the expression levels and liver cancer  
Methods: The peripheral venous blood was drawn from 20 HCC-patients (HCC-group) and 20 
health participants (C-group). The expression levels of Th1, Th2 and Th17 and the major 
Treg-specific TFs T-bet, GATA-3, RORγt and FOXP3 in the PBMC were measured with quanti-
tative real-time PCR(RT-qPCR).  
Results: The mRNA level of Th1-specific TF T-bet in HCC-group was significantly lower than that 
of C-group (52.34±34.07 VS 104.01±56.00, P<0.01); the mRNA level of Th2-specifc TF, GATA-3, 
in HCC group was significantly higher than that in C-group (1.38±1.15 VS 0.58±0.65, P<0.05) and 
T-bet mRNA/GATA-3 mRNA ratio was significantly lower in HCC-group than in C-group 
(86.01±116.71 VS 461.88±708.81, P<0.05). The mRNA level of Th17-specific TF RORγt in 
HCC-group was significantly higher than that of C-group (72.32±32.82 VS 33.07±22.86, P<0.01). 
Treg-specific TF FOXP3 mRNA level was significant higher in HCC-group than in C-group 
(3.17±1.59 VS 1.39±1.13, P<0.01) 
Conclusion: T-bet mRNA level was reduced whereas GATA-3 mRNA level was increased and 
T-bet/GATA-3 ratio was significantly reduced in PBMC, indicating that Th1/Th2 ratio was of 
imbalance at TF levels in PBMC of HCC, displaying Th2 thrift phenomena. The mRNA levels of 
RORγt and FOXP3 in PBMC of HCC were significantly increased, indicating the existence of a 
predominant phenomenon of Th17- and Treg-expressing PBMC in HCC. 

Key words: RORγt; Th1; Th2; Th17; Treg; Hepatocellular carcinoma (HCC). 

Introduction 
Hepatocellular carcinoma (HCC) is one of the 

most common tumors in the world and the third most 
frequent cause of cancer deaths. The risk of HCC has 

been estimated to be 100 times greater in persons who 
have a history of hepatitis B virus (HBV) infection [1]. 
HCC is more prevalent in Asian and African countries 
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due to the high frequent HBV infection. In China, 
HCC is the second most common malignancy, caus-
ing approximately 350,000 deaths a year [2]. The cur-
rent treatment options for advanced HCC are limited 
and effective approaches for treatment of HCC are 
needed, A clinical study of dendritic cell (DC)-based 
immunotherapy for HCC reported that the HCC pa-
tients treated with pulsed and boosted therapy had 
better 1-year survival rates than those treated by 
pulsed therapy alone, suggesting that DC vaccination 
and immunotherapy could be a safe treatment for 
HCC [3]. However, further studies to understand the 
immunoregulatory system in patients with HCC are 
needed for improving the efficacy of immunothera-
peutic approach.  

During recent years, rapid progresses have been 
made in our understanding on the CD4+-T cells. The 
classical classification of the accessory T-cells (helper 
T cells or Th) into Th1 and Th2 has been replaced by 
the classification of Th cells into Th1, Th2, and Th17 
cells, which combine with the regulatory T cells (Treg) 
to form a regulatory network of CD4+T effector cells. 
It has been known that differentiation and function of 
each T cell subset are controlled by a specific master 
transcription factors including runt-related transcrip-
tion factors such as Runx1 and Runx3, which directly 
interplay with T-box expressed in T cells (T-bet) and 
GATA3 during Th1 versus Th2 commitment to acti-
vate or silence transcription of signature cytokine 
genes, IFNγ and IL4 [4]. The mainstream of the cur-
rent point of view is that within this regulatory net-
work, Th1, Th2 and Th17 cells are mainly responsible 
for cellular immunity, body liquid immunity, in-
flammatory and autoimmunity, respectively, and 
their corresponding specific transcriptional factors 
(TFs) are T-bet, GATA-3 and retinoic acid-related or-
phan receptor gamma or ROR gamma t (RORγt). The 
Treg cells play an important role in immune-tolerance 
and autoimmune stability and its specific TF is Fork-
head/winged helix transcription factor (FOXP3). It 
has been illustrated that the balance or imbalance 
between Th1/Th2 and Th17/Treg plays an important 
role in a number of physiological and pathological 
states [5, 6] [1, 2], measurement of the ratio of their 
corresponding TFs, i.e. T-bet/GATA-3 will more ob-
jectively reflect Th1/Th2 differentiation than just 
simply the measurement of the single type of 
Th1-type or Th2-tyope cellular factors alone [7] [3]. 
Thus, it is more significant to investigate the balance 
of Th1/Th2 and Th17/Treg at their TF level. In this 
study, we applied fluorescent quantitative real-time 
PCR (RT-qPCR) to investigate the mRNA expression 
levels of Th1-, Th2-, Th17- and Treg-specific TFs, 
T-bet, GATA-3, RORγt and FOXP3, respectively, in 
the peripheral blood mononuclear cells (PBMC) of 20 

patients with primary liver cancer and twenty health 
participants, aiming at elucidating the relationship 
between the imbalance of Th1/Th2 and Th17/Treg 
and liver cancer.  

Materials and Methods 
Clinical Information 

The specimens of twenty cases of patients with 
primary liver cancer were derived from the first di-
agnostic and surgical operation-treated patients ad-
mitted to Department of Hepatobiliary Surgery, Sun 
Yat-Sen Memorial Hospital of Sun Yat-Sen 
(Zhongshan) University. They were all the patients 
with pathologically confirmed early stage primary 
hepatocellular carcinoma (HCC) without inter-and 
intra-hepatic metastasis. They were given no any 
treatments including transcatherter arterial che-
moembolization (TACE) before surgical operation. 
Twenty cases in the control group were all the health 
participants who had no autoimmune diseases such 
as diabetes, hyperthyroidism and the history of im-
munotherapy. Among twenty patients with HCC, 19 
had the background of B-type hepatitis and only one 
patient did not have the background of B-type hepa-
titis.  

Ethic and Sampling  
The research protocols were approved by the 

Ethics Committee of Peking University Shenzhen 
Hospital and all the participants signed Informed 
consent. All the venous blood specimens were col-
lected via a portable vacuum blood collection tube. 
EDTA was used as the anticoagulant and the meas-
urements were finished within 4 hours.  

Measurement of mRNA levels of T-bet, 
GATA-3, RORγt and FOXP3 via RT-PCR 

Equipment and Reagents 
ABI7500 auto fluorescent quantitative PCR ma-

chine, ABI9700 PCR machine and ABI3900 high 
throughput DNA Synthesizer were purchased from 
Applied Biosystems Inc. (Norwalk, CT, USA). 
MILLI-Q Ultrapure water system was purchased from 
MILLIPORE (Bedford, MA, USA). ELITE 200 elec-
trophoresis apparatus and Dolphin-DO gel imaging 
system were obtained from WEALTEC (Sparks, NV, 
USA). UV1101 ultraviolet spectrophotometer was 
purchased from Biotech Photometer (Stoke on Trent, 
England). RCO3000T-5-VBC CO2 cell culture incuba-
tor was obtained from KENDRO (Newtown, CT, 
USA). CK40-32PH inversion microscope was obtained 
from OLYMPUS (Tokyo, Japan). FM70 ice maker was 
purchased from GRANT (USA). BT25S quasi-micro 
analytical balance was obtained from Sartorius (Ger-
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many). AG135 analytic balance was purchased from 
METTLER TOLEDO (Swiss). Trizol RNA isolation kit 
was obtained from TaKaRa (Daliang, China). Dieth-
ylpyrocarbonate (DEPC) and agarose were obtained 
from INALCO (San Luis Obispo, CA, USA). Reverse 
transcription buffer (5x), PCR buffer, Taq enzyme and 
SYBR Green (5x) were purchased from Dana Gene 
(Guangzhou, China). Human lymphocyte separation 
tubes were obtained from Dakewe Biotech Company 
(Shenzhen, China). RPMI1640 cell culture medium 
was obtained from GIBCO (Grand Island, NY, USA).  

Design and Synthesis of PCR primers  
Based on mRNA sequences of the targeted 

genes, T-bet, GATA-3, RORγt and FOXP3, in Gen-
Bank, the primers for these genes were designed with 
Primer express 2.0 software. These primers were 
synthesized with ABI3900 high through put DNA 
Synthesizer. The up-stream primer for T-bet was 
5’-CGG CTG CAT ATC GTT GAG GT-3’ and the 
down-stream primer was 5’-GTC CCC ATT GGC ATT 
CCT C-3’ with the amplicon size of 107 bp. The 
up-stream primer for GATA-3 was 5’-TCA TTA AGC 
CCA AGC GAA GG-3’ and its down-stream primer 
was 5’-GTC CCC ATT GGC ATT CCT C-3’ with the 
amplicon size of 107 bp; The up-stream primer for 
RORγt was 5-GCA GCG CTC CAA CAT CTT CT-3’,  
and the down-stream primer was 5’-ACG TAC TGA 
ATG GCC TCG GT-3’ with the amplican size of 
111bp. The up-stream primer for FOXP3 was 5’-CAC 
CTG GCT GGG AAA ATG G-3’ and its down-stream 
primer was 5’-GGA GCC CTT GTC GGA TGA-3’ with 
the amplicon size of 63 bp. β-actin was used as the 
internal control. The up-stream primer for β-actin was 
5’-GCA TGG GTC AGA AGG ATT CCT-3’ and the 
down-stream primer was 5’-TCG TCC CAG TTG GTG 
ACG AT-3’ with the amplicon size of 106 bp.  

Isolation of Total RNA from the Cells and 
RT-PCR  

Lymphocytes were isolated from peripheral ve-
nous blood by using lymphocyte separation tube 
containing lymphocyte separation liquid. Lympho-
cytes were adjusted to >1-5×106/ml and incubated at 
37oC in 5% CO2 incubator for 4-8 h and allowed the 
attachment of cells to the walls. The attached and the 
floated lymphocytes were separated. The floated 
lymphocytes were collected by centrifuge at 12000 
rpm for 15 min. The pellet cells were lysed with Trizol 
solution. Total RNA was isolated from lymphocytes 
according to the instructions. Four (4) µl of template 
RNA was used for reverse transcription reaction with 
ABI 9700 under the conditions of 37℃ for 1h and then 
at 95℃for 3min. Five (5) µl of reverse transcribed 
cDNA template was used for PCR reaction with ABI 

7500 auto fluorescent quantitative PCR machine. The 
positive standard DNA sample and the concentration 
gradient of the standard DNA samples were pre-
pared. The sterile double distilled water was used as 
the negative control. The PCR conditions were set as 
follows: DNA samples were denatured at 93℃ for 3 
min, followed by 40 cycles of 93℃, 30s, 55℃, 45s, and 
72℃, 45s. After PCR reaction completed, the data 
were automatically analyzed by the computer soft-
ware and the copy number of the targeted genes and 
internal control genes in the samples were calculated. 
Considering the variations of the total RNA concen-
trations of different samples, the final calculated re-
sults were converted with the following equation:  
C=A/B, where C was the statistically significant val-
ue, A refers to the copy numbers of gene in samples 
and B refers to the copy numbers of β-actin (The 
β-actin was used as the internal control).  

Statistical methods  
SPSS13.0 software was used for statistical analy-

sis of the experimental data and the results of each 
group were expressed as mean±SD. The differences of 
the mean values between groups were tested by t-test. 
When P value was <0.05, the difference between 
groups was regarded as statistically significant.  

Results 
Measurement of the mRNA levels of T-bet 
mRNA and GATA-3 via RT-qPCR 

The levels of T-bet mRNA were measured via 
RT-qPCR and the results were shown in Figure 1. 
Figure 1A showed the RT-qPCR amplification plot 
and standard curves of the positive standards of T-bet 
mRNA and GATA-3 mRNA, respectively. In Figure 
1A, each curve represented one concentration of posi-
tive standard copy number, from left to right, five 
values for T-bet mRNA standards were: 1 x 109, 108, 
107, 106, and 105 respectively, and the Ct value of am-
plification plot. The standard curvilinear regression 
curves were drawn by computer and shown in Fig. 
1B. The Y-axis was Ct value and the X-axis was the log 
value of copy numbers of PCR product. Figure 1B 
indicated that the log value of the copy numbers of TF 
T-bet mRNA. Figure 1C was the amplification plots 
for T-bet mRNA. Each curve represented the experi-
mental results of each sample. The Ct value for each 
sample was obtained from Figure 1C. After substitu-
tion of each Ct value into the standard linear regres-
sion curves, the copy numbers of T-bet mRNA in the 
samples were obtained. Similarly, the levels of 
GATA-3 mRNA were detected via RT-qPCR and the 
results were shown in Fig. 2. Fig. 2A showed the 
RT-qPCR amplification plot with mRNA standards of 
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1x 107, 106, 105, 104, and 103, respectively. The standard 
curves and amplification plots of GATA-3 mRNA 
samples were shown in Fig. 2B and 2C, respectively. 

The results for these two genes were presented 
in Tables 1, which showed that the level of T-bet 
mRNA in PBMC of HCC group was significantly 
lower than that in the control group (52.34±34.07 VS 
104.01±56.00, P<0.01) whereas the data presented in 

Table 1 indicated that the level of GATA-3 mRNA in 
PBMC of HCC group (1.38±1.15) was significantly 
higher than that in control group (0.58±0.65)(P<0.05). 
Table 1 showed that the ratio of T-bet 
mRNA/GATA-3 mRNA in PBMC of HCC group was 
significantly lower than that in control group 
(86.01±116.71 VS 461.88±708.81, P<0.05), indicating a 
phenomenon of Th2-thrift.  

 
 

 
Figure 1. Analysis of T-bet mRNA expression with RT-qPCR. A, RT-qPCR amplification curves of T-bet mRNA standards: 1. 109, 2, 108, 3.107, 
4.106 and 5, 106

. B, The RT-qPCR linear regression curve with T-bet mRNA standards. C, The RT-qPCR amplification plots of T-bet mRNA sample. 
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Figure 2. Analysis of GAGA mRNA expression with RT-qPCR. A, FQ-PCR amplification curves of T-bet mRNA standards. 1, 1x107, 2, 106, 3, 105, 
4, 104, and 5, 103. B, The RT-qPCR linear regression curve with GATA-3 mRNA standards. C, The RT-qPCR amplification plots of GATA-3 mRNA sample. 

 

Measurement of RORγt mRNA expression by 
RT-PCR 

The levels of RORγt mRNA in HCC group and 
control group were measured with RT-qPCR. Figure 
3A showed RT-qPCR amplification plots of the posi-
tive RORγt mRNA standard sample. Each curve rep-
resented copy number of one concentration of the 
standard sample from the range of 108, 107, 106, 105 
and 104 (from left to right, respectively). The standard 
linear regression curves (Fig. 3B) indicated a very 
good correlation between the log value of the copy 
numbers of RORγt mRNA and the Ct value of the 
PCR reaction with a correlation coefficient (R) of 
0.9976, indicating that the quantitative results are ac-
curate and reliable. Fig. 3C showed the amplification 
plots of RORγt mRNA samples and each curve rep-
resented the experimental result of each sample. Sub-
stitution of the Ct values of these sample from Fig. 3C 
into the standard linear regression curves, the mRNA 

copy numbers of the samples were obtained and pre-
sented in Table 1, which indicated that the expression 
level of RORγt mRNA was significantly higher in 
PMBC of primary HCC group than in PMBC of the 
normal control group (72.32±32.82 VS 33.07±22.86) 
(P<0.01). 

 

Table 1. mRNA Expression levels of T-bet, GATA-3, the ratio of 
T-bet mRNA/GATA-3 mRNA, the mRNE expression levels of 
RORγt and FOXP3 in PBMC of HCC group and normal control 
group.  

Group HCC group Control group 
N 20 20 
T-bet mRNA (% ±SD) 52.34±34.07* 104.01±56.00 
GATA-3 mRNA (% ± SD) 1.38±1.15** 0.58±0.65 
T-bet mRNA/GATA-3 mRNA (% ± SD) 86.01±116.71** 461.88+708.81 
ROR t mRNA (%±SD) 72.32±32.82* 33.07±22.86 
FOXP3 mRNA (% ± SD) 3.17±1.59* 1.39±1.13 
Note: Compared to that of control group, *P<0.01. 
Note: Compared to normal control group, **P<0.05. 
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Measurement of FOXP3 mRNA via RT-PCR 
The FOXP3 mRNA levels measured via RT-PCR 

were shown in Fig. 4 and Table 1. Fig. 4A showed 
RT-qPCR amplification plots of FOXP3 mRNA posi-
tive standards in the range from 1x 107, 106, 105, 104 
and 103 (from left to right, respectively). Based on the 
known copy numbers of the positive standard and the 
Ct values obtained from the amplification plot, the 
linear regression curves were drawn by computer and 
shown in Fig. 4B, which indicated a very good corre-
lation between the copy number of FOXP3 mRNA 
and the Ct values with a correlation coefficient (R) of 
0.9900. Fig.4C showed the amplification plots of 
FOXP3 mRNA samples. Each curve represented the 
experimental result of one sample. The Ct value for 
each sample was obtained from Fig. 4C. After substi-
tution of the Ct value of each sample into the linear 

regression curve, the copy number for each sample 
was obtained and presented in Table 1, which indi-
cated that the level of FOXP3 mRNA in PBMC of the 
HCC group was significantly higher than that of con-
trol group (3.17±1.59 VS 1.39±1.13)(P<0.01).  

RT-qPCR for the internal control gene, β-actin 
(Note: this section was used as the 
sulpelmentary materials) 

The β-actin was used as the internal control and 
its mRNA levels were measured by RT-qPCR. The 
results were shown in Supplementary Material: Fig. 
S1. The figure showed the amplification plots, the 
linear regression curves of β-actin standard and the 
RT-qPCR amplification plots of β-actin in samples, 
respectively. 

 

 
Figure 3 Analysis of RORγt mRNA expression with RT-qPCR. A, FQ-PCR amplification plots of RORγt mRNA standards: 1. 108, 2. 107, 3. 106, 4. 
105 and 5, 104. B, FQ-PCR linear regression curves of RORγt mRNA RT-qPCR standards. C, FQ-PCR amplification plots of RORγt mRNA in samples. 
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Figure 4. Analysis of FOXP3 mRNA expression with RT-qPCR. A, FQ-PCR amplification plots of the FOXP3 mRNA standards 1. 107, 2, 106, 
3.105, 4. 104 and 103. B, FQ-PCR linear regression curve of FOXP3 mRNA standards. C, Amplification plots of FOXP3 mRNA FQ-PCR samples. 

 

Discussion 
In this study, we made two novel and important 

observations. The first one is that the mRNA level of 
Th1-specific TF, T-bet, was reduced whereas mRNA 
level of Th2-specific GATA-3 was increased and thus, 
T-bet/GATA-3 ratio was significantly reduced in 
PBMC. These results indicate the imbalance of 
Th1/Th2 ratio at TF levels in PBMC of HCC, dis-
playing a Th2-thrift phenomenon. The second one is 
that mRNA levels of Th17-specific TF, RORγt, and the 
Treg-specific TF, FOXP3, were significantly increased 
in PBMC of patient with HCC, indicating the exist-
ence of a phenomenon of predominant Th17- and 
Treg-expressing PBMC in HCC. 

Maintaining the balanced immunity in the ratios 
of Th1/Th2 and Th17/Treg is very important for 
maintaining the normal immunological functions 
within the body. Once the differentiation of Th1/Th2 
and Th17/Treg cells is of imbalance, a number of 
diseases such as cancer, autoimmune diseases, allergic 

diseases, and endocrine diseases, infectious diseases 
and resistant responses to organ implantation may 
occur [8-11]. Under the normal situation, Th1, Th2, 
and Th17 cells cooperate with Treg cells. Together, 
they form a regulatory network for the CD4+T effec-
tor cells [12]. When the naïve CD4+T cells are stimu-
lated by the external antigens, they proliferate and 
differentiate into a variety of CD4+ effector T cells 
under the actions of different cytokines. Interleu-
kin-12 (IL-12) and interferon-γ (IFN-γ) induce the 
differentiation of the naive CD4+T cells to Th1 cells. 
Binding of IL-12, a key cytokine that determines the 
differentiation of CD4+ T into Th1 cells, to its receptor, 
IL-12R, induces and activates signal transducer and 
activator of transcription protein 4 (STAT4), which 
up-regulates IFN-γ, which, in turn, activates STAT1 
and Th1-differentiation-specific TF, T-bet [13]. Th1 
cells produce IFN-γ, which mediates the cellular im-
munity and resistance to the implantation substances 
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and plays important roles in anti-infection and an-
ti-tumors. On the other hand, IL4 induces differentia-
tion of the activated CD4+T cells into Th2 cells. Bind-
ing of IL-4 to its receptor, IL-4R, activates STAT6, 
which, in turn, activates Th2-specific TF, 
GATA-3[14,15]. Th2 cells secret IL-4, IL-5 and IL-13, 
which mediate the liquid immunity and hypersensi-
tive responses and are involved in the pathogenesis of 
the systemic autoimmune diseases. At the absence of 
IL-6, upon the induction of TGF-β alone, the naïve 
CD4+T cells up-regulate FOXP3 expression and dif-
ferentiate into Treg cells, which play an important role 
in maintaining the immune tolerance and immune 
balance. The cooperation of both TGF-β and IL-6 ac-
tivates RORγt via STAT3 pathway and induces the 
differentiation of the naïve CD4+T cells into Th17 
cells, which mainly secrete IL-17 and mediate in-
flammatory immunity response [16]. When IL-6 is 
absent, the naive CD4+T cells can also differentiate 
into Th17 via the synergistic pathways of both TGF-β 
and IL-21. In this case, IL-21 acts as IL-6 [17].  

Cytokines, together with the cellular signal 
transduction pathways and the nuclear TFs, form a 
complex network, which regulates the polarization 
balance. The abnormality of any link within this net-
work will influence its regulatory functions and lead 
to the polarization imbalance of Th1/Th2 and 
Th17/Treg. Usually, Th1/Th2 and Th17/Treg an-
tagonize each other functionally. They have close re-
lations in regulation of differentiation and maturity of 
CD4+ T cells. Under certain conditions, these subsets 
can even interconvert. TGF-β acts as the initiating 
factor triggering the differentiation of Thl7 cells. IL-6 
cooperates with TGF-β to stimulate the differentiation 
of Thl7 cells whereas in the absence of IL-6 but the 
presence of TGF-β alone, the differentiation of Thl7 
cells is significantly inhibited but the development of 
Treg is significantly promoted. For instance, in the 
bone marrow tissues of the patients with myeloma, 
the tumor-infiltrated dendritic cells (DCs) can be in-
duced to produce a large amount of IL-17 and IFN-γ. 
In the patients with HCC, in addition to IL-17 expres-
sion, a small amount of IFN-γ is also produced. It has 
been indicated that under certain conditions, Thl7 
cells can be converted into IFN-γ-secreting Th1 cells 
and thus, play an anti-cancer role [18, 19]. The TFs 
themselves can mutually regulate each other. For in-
stance, GATA-3 and STAT-6 can inhibit T-bet pro-
duction whereas T-bet can directly inhibit GATA-3 
production [20]. RORγt and Foxp3 can also interact 
mutually and inhibit their transcriptional activity [21]. 

The importance of the imbalance of Th1/Th2 
and Th17/Treg in tumor immunology and tumor 
micro-environment has been increasingly recognized. 
Many studies have found the Th1/Th2 immune im-

balance in patients with cancers. The Th1-type cyto-
kines, such as IFN-γ, were significantly reduced 
whereas the Th2-type cytokines such as IL-4 and IL-10 
were significantly increased. As early as 1993, 
Yamamura et al. [22] observed that Th2-type cyto-
kines were predominantly expressed in patients with 
malignant skin cancers whereas the Th1-type cyto-
kines were predominantly expressed in patients with 
benign skin cancers. Since then, the thrift of Th2-type 
cytokines has been observed in many malignant tu-
mors including non-small lung cancer, choriocarci-
noma, and glioma [23, 24]. Budhu et al. [25] found that 
the ratio of Th1/Th2 was of imbalance in peripheral 
blood cells of patents with liver cancer which dis-
played a predominant expression of Th2-type cyto-
kines and that there was an increasing trend with the 
increases in clinical stages and exacerbation of the 
disease, indicating that the expression of Th2-type 
cytokines is related to the pathogenic progression of 
primary HCC. The dominant expression of TF 
GATA-3 also occurred in breast and pancreatic can-
cers [26, 27]. Consistent with these observations, the 
present study revealed that the expression of T-bet 
was reduced whereas the expression of GATA-3 was 
increased and the ration of T-bet/GATA-3 was sig-
nificantly reduced, and that the GATA-3 was pre-
dominantly expressed in PMBC of patients with pri-
mary HCC, displaying a Th2-drift at transcriptional 
level. Our observations and those described above 
indicate that Th2 drift is one of the common mecha-
nisms for immune escape of cancer cells and is closely 
related to initiation, development, metastasis and 
re-occurrence of cancers. Cancer is regarded as the 
Th2-drift disease. Thus, correcting the imbalance of 
Th1/Th2 could be an important way for cancer im-
munotherapy 

Our second observation that the expression of 
FOXP3 is significantly increased in PBMC of patients 
with HCC demonstrates that high expression of 
FOXP3 may be one of the mechanisms responsible for 
Treg cell predominance, which is also closely related 
to the occurrence, development and prognosis of 
cancers. The existence of this phenomenon has been 
increasingly supported by several lines of evidence. 
For instance, Currie at el. [28] found that the cancer 
tissues contained very high levels of Treg cells and 
that their levels were negatively correlated to the de-
gree of cancer progression and prognosis. Ladoire et 
al. [29] measured Treg cells in 56 patients with breast 
cancer before adjuvant chemotherapy and found that 
only those patients who had low level of FOXP3+T 
and high level of CD8+T cells before chemotherapy 
had good responses to adjuvant chemotherapy and a 
better prognosis. The in vitro experiments have 
demonstrated that in the co-culture of peripheral 
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lymphocytes and liver cancer cells, the proportion of 
Treg cells was increased. Cancer cells could also di-
rectly induce the formation of Treg cells and myeloid 
suppressor cells (MSCs). Both Treg cells and MSCs 
can stimulate the metastasis of cancer cells [30, 31]. 
Gao et al. [32] conducted an immunohistochemical 
analysis on the operationally removed liver tissues of 
302 patients with primary HCC and the related 
prognosis and survival. They found that the balance 
of the ratio of Treg cells/the cytotoxic T-cells within 
the cancer tissues was an important indicator for 
whether the prognosis could be of re-occurrence. 
They proposed that a combined immunotherapy of 
post-operational treatment to remove Treg cells with a 
simultaneous stimulation of the proliferation of ef-
fector T cells may be beneficial for reducting the can-
cer re-occurrence and increasing the survival rate. It is 
believed that the suppressive immune regulatory 
Treg cells are the important negative regulatory 
components within the tumor microenvironment 
where they are involved in the formation of tumor 
immune tolerance.  

Treg cell predominance is another important 
mechanism for immune escape of tumor cells and 
correlated with the occurrence, development, metas-
tasis, re-occurrence, treatment and lapse of cancers. 
Thus, correcting the Treg cell predominance is the 
new target for the immunotherapy [33]. Currently, 
serevral major approaches have been used for deple-
tion or reversion of Treg inhibition, including: 1) use 
of FOXP3 vaccine to activate FOXP3-specific CTL for 
depletion of Treg cells [34]; 2) use of specific an-
ti-GITR antibody to deplete TreG cells [35]; 3) target-
ing IL-2 receptor fusion protein Ontak (denileukin-
diftitox)[36]; 4) use of anti-CTLA-4 monoclonal anti-
body to reduce the inhibition of Treg cells on CLT [37] 
and 5) immunotoxic depletion of Treg cells [38].  

Thl7 cells have been found in many types of 
cancers including ovarian cancer, colorectal, mela-
noma, cervical, kidney, prostates, breast, gastric and 
pancreatic cancers. Zhang et al. [39] found the in-
creased number of Thl7 cells in peripheral bloods of 
patients with gastric cancer and the presence of Th17 
cells in the tumor-infiltrated lymph nodes in patients 
with gastric cancer at late stage and the significantly 
increased mRNA levels of Th17 cell-related factors 
(IL-17 and IL-23p19). They also observed that the lev-
els of IL-17 and IL-23 in the tumor tissues of patients 
with gastric cancer at late stage were significantly 
increased. The tumor tissues, lymph nodes, peripheral 
bloods of patients with liver cancer contained more 
Th17 cells and their prognosis was poorer [19]. The 
significantly increased expression level of RORγt 
mRNA in PBMC of patients with primary HCC ob-
served in this study clearly indicats the existence of 

predominance of Th17 cells in primary HCC at tran-
scriptional level. However, whether Th17 cells stim-
ulate or inhibit tumor growth in tumor immunity and 
tumor microenvironment is still in dispute though 
there are the data indicating that Th17 cells display 
dual roles. The stimulatory effects of Th17 cells on 
tumor mainly depend on the angiogenesis character-
istics of peripheral endothelial cells and fibroblasts 
and stimulate the tumor angiogenesis. Kato et al. [40] 
firstly confirmed that IL-17 is an angiogenesis factor 
and can stimulate tumor growth. Numasaki et al. [41] 
found that IL-17-induced growth of non-small lung 
cancer cells was related to tumor angiogenesis and 
that IL-17 can selectively stimulate the angiogenesis 
factors including VEGF, PGE2, MIP-2, CXCL1, 
CXCL5, CXCL6 and CXCL8. The anti-cancer effects of 
Thl7 cells are mediated via secretion of specific cyto-
kines and mediation of autoimmune reactions, chem-
otaxic effector cells and stimulation of tumor specific 
CTL, but they themselves do not directly display 
cancer-killing effects because they lack the expression 
of several related cytotoxic molecules such as 
granzyme, perforin, FasL and etc. [41]. Other re-
searchers believed that Th17 cells just simply acted as 
by-stander [42]. Thus, the precise roles of Th17 cells in 
the occurrence and development of tumor require to 
be defined through further investigation.  

In summary, in this study, we investigated the 
expression of TFs, T-bet, GATA-3, RORγt and FOXP in 
PBMC of patients with HCC and evaluated the cor-
relation between the imbalances of Th1/Th2, 
Th17/Treg at the TF levels and liver cancer. We ob-
served that T-bet mRNA level was reduced whereas 
GATA-3 mRNA level was increased and thus, 
T-bet/GATA-3 ratio was significantly reduced in 
PBMC. These results indicate an imbalance of 
Th1/Th2 ratio at TF levels in PBMC of HCC and a 
Th2-thrift phenomenon. We observed that the mRNA 
levels of RORγt and FOXP3 in PBMC of HCC were 
significantly increased. These results indicate the ex-
istence of a predominant Th17- and Treg-expressing 
PBMC in HCC. The precise roles of Th17 cells in the 
occurrence and development of HCC merit further 
investigation. 
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