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Abstract

Background Regulatory T cell (Treg) plays an essential role in regulating anti-tumor immunity. The aim of this study was
to investigate the effect of transarterial chemoembolization (TACE) on Treg in hepatocellular carcinoma (HCC) patients.
Method The frequency of peripheral blood Tregs in 27 HCC patients who underwent TACE were measured at baseline and
1 month after TACE. The frequency of peripheral blood Tregs at baseline were compared with those in 23 healthy controls.
Tregs were further classified into three subpopulations [Treg (I), Treg (II), Treg (IIT)] based on expression levels or markers
and their function. The patients were divided into two groups according to tumor response after TACE; complete response
group and incomplete response group. The correlations between the frequency of Treg and clinical factors were analyzed.
Results The frequency of Treg in HCC patients (7.52%) was significantly higher than in healthy controls (4.99%) at baseline.
Regarding Treg subpopulations, the frequency of Treg (II) was significantly higher in HCC patients (2.51%) than in healthy
controls (0.60%). In comparison of Treg numbers at baseline and post-TACE by tumor response, the change of Treg (III)
in complete response group from baseline to post-TACE was significantly decreased (63.8 — 53.2/mm?). Patients with a
high post-TACE Treg (III) (3.8 months) exhibited a significantly shorter median time to progression than those with a low
post-TACE Treg (IIT) (11.6 months). In multivariate analyses, hypoalbuminemia (hazard ratio 3.324; 95% CI 1.098-10.063,
p=0.034) and high post-TACE Treg (III) (hazard ratio 3.080; 95% CI 1.091-8.696, p =0.034) were significant factors for
associating with progression.

Conclusions The frequency of Tregs in HCC patients was significantly higher than in healthy controls. In addition, patients
with a high post-TACE Treg (III) exhibited a significantly lower progression-free survival rate than those with a low post-
TACE Treg (III).
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HR Hazard ratio
CI Confidence interval

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
malignancy worldwide and is the third most common cause
of cancer-related death. Although remarkable developments
in HCC treatment and diagnosis have improved patient out-
comes, treatment remains very challenging. Transarterial
chemoembolization (TACE) is widely used and recom-
mended treatment modality for patients with unresectable
tumors, especially those with intermediate stage of HCC.
However, it has resulted in only a 23% improvement in the
2-year survival compared with conservative care [1]. There-
fore, identifying and establishing alternative approaches for
the intermediate stage of HCC are of great interest.

The liver has been known as an organ with predominant
innate immunity. Innate immune lymphocytes among liver
cells are at least five times high to the percentages among
spleen or peripheral blood. It is well known that viral hepa-
titis becomes chronic when immune cell function deterio-
rates [2]. During viral infection, T cells are important in
terms of virus removal [2, 3]. Hepatitis infection becomes
chronic when the virus fails to be eliminated by poorly effec-
tive T cells [2, 3]. Recent studies regarding tumor microen-
vironment have shown that several immune cells play an
important role in cancer development and growth. Lack of
anti-cancer immunity is associated with tumor growth, poor
viral clearance, and other negative effects of cancer. Among
them, regulatory T cell (Treg) is known to play essential
roles in immune homeostasis and anti-tumor immunity. Treg
is a subgroup of CD4* T cells and suppress the activation,
proliferation, differentiation as well as effector functions,
of many types of immune cells, including T, B, NK, and
dendritic cells [4—-6]. Treg was first reported by Sakaguchi
et al. in 1995 [7], and they further classified into three dis-
tinct subpopulations based on expression levels or markers
and their functions [8]. They are: (1) CD45RA*Foxp3'°"
Treg (Treg (I)), designated as naive or resting Treg; (2)
CD45RA Foxp3"i&h Treg (Treg (II)), designated as effector
or activated Treg; (3) CD45RAFoxp3'°" Treg (Treg (III)),
which do not possess suppressive activity, but can secrete
pro-inflammatory cytokines. Tregs have been observed in
peripheral blood and tumor tissues and associated with nega-
tive outcomes in patients with several type of cancer, includ-
ing acute lymphoblastic leukemia, breast cancer, pancreatic
cancer, prostate cancer, head and neck cancer, and cervical
cancer [9-13]. Although the roles of Tregs in various can-
cers have been studied, the activities of the various Treg
subpopulations are unclear.
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The studies on the roles of immune cells in HCC micro-
environment have sought to expand understanding of HCC
and to improve the existing HCC treatments [14-17]. HCC
immunotherapy, which requires knowledge of the immuno-
logical background of HCC, has shown promising results in
several recent trials [18, 19]. In addition, HCC immunother-
apy in combination with the conventional locoregional treat-
ments has been evaluated [19]. Because TACE is currently
widely used for local treatment of HCC, its effects on the
immune system should be determined. Several immunologic
markers of the prognosis after TACE have been discovered
[14, 20, 21], but a few studies have focused on Tregs. In
addition, prior studies of the roles of Tregs in HCC have
reported contradictory results [17]. Therefore, this study
investigated the effects of TACE on Treg and its subpopula-
tions in HCC patients.

Materials and methods
Patients and healthy controls

A total of 35 treatment-naive patients with primary HCC
treated with TACE and agreed to provide blood samples
before and after TACE from December 2010 to Decem-
ber 2012 at Severance Hospital of Yonsei University Col-
lege of Medicine, Seoul, Korea were enrolled in this study.
The diagnosis of HCC for all patients was confirmed by
clinical criteria based on the guidelines proposed by the
Korea Liver Cancer Study Group [22]. Among them, eight
patients whose cell viability in blood sample was low were
excluded, and finally, 27 patients were used for the analy-
sis of the study. The exclusion criteria were as follows: (1)
inadequate target lesion (infiltrative pattern, non-arterial
enhancement, or largest lesion < 1 cm); (2) presence of an
additional primary malignancy in other organ; (3) presence
of extrahepatic tumor lesions or tumor invasion to the main
portal vein; (4) Child—Pugh class C; and (5) presence of
uncontrolled functional or metabolic disease. Patients gave
written informed consent before joining the study, and the
study protocol, approved by the Institutional Review Board
of Severance Hospital, conformed to the ethical guidelines
of the 1975 Declaration of Helsinki. The study also included
23 healthy controls.

Treatment method

Before the TACE procedure, angiography of the superior
mesenteric and hepatic artery was performed to assess
portal vein patency, vascular anatomy, and vascularity of
the tumor. Conventional TACE was performed by selective
infusion of a mixture of 5 ml iodized oil contrast medium
(lipiodol; Guerbet; Bloomington, IN, USA) and either
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50 mg Adriamycin or cisplatin at 2 mg/kg body weight in
a subsegmental or segmental branch of the feeding arter-
ies, followed by embolization using gelatin sponge par-
ticles (Cutanplast; Mascia Brunelli S.p.a, Milano, Italy).
Embolization was performed until stasis was achieved in
the second- or third-order branches of the right or left
hepatic artery.

Follow-up assessment

A contrast-enhanced CT of the liver was performed
4-5 weeks after TACE to assess the effect of embolization
on the tumor. Then, additional CT scans to monitor tumor
recurrence were performed every 1 month for 6 months,
every 3 months for 1 year, and every 6 months thereafter.
The mRECIST criteria were applied to the imaging judge-
ment of the tumor response. In addition, all imaging exami-
nations were performed by two trained radiologists. When
relapse of the treated lesions and/or new hepatic lesions
were detected, patients were advised to receive repeated
TACE if their liver functions were satisfactory and there
were no contraindications. At each CT scan, tumor mark-
ers including AFP and PIVKA-II and other laboratory tests
were performed. The patients were divided into two groups
according to tumor response and repeated TACE. Patients
who were completely treated without viable portion on the
first CT after TACE and followed up for 6 months without
recurrence or additional treatment were defined as the com-
plete response group. Otherwise, patients were classified as
the incomplete response group. All patients were followed
from the date of TACE up to December 31, 2014, or up to
the time of death.

Isolation of lymphocytes from peripheral blood
and antibodies used in the study

Fresh heparinized peripheral blood samples from the 35
patients were obtained out the day before and 1 month after
TACE. Blood was drawn into 4.5 ml EDTA tubes. Peripheral
blood mononuclear cells (PBMCs) were isolated from fresh
blood by Ficoll-Paque (GE Healthcare, Uppsala, Sweden)
density gradient centrifugation and cryopreserved until use.

The following fluorochrome-conjugated monoclonal anti-
bodies were used for flow cytometry: anti-CD3-A700; anti-
CD4-PerCP/Cy5.5; anti-CD45RA-APC/H7; anti-CD14-PE/
TR; anti-CD19-PE/TR; anti-CD39-FITC; anti-TIGIT-PE/
Cy7; anti-Foxp3-PE (eBioscience, San Diego, CA, USA),
anti-CD8-V500; anti-CD25-BV650; anti-CD127-BV786;
anti-CD152 (CTLA-4)-APC (BD Biosciences, San Jose,
CA, USA), and anti-PD-1-V450 (Biolegend, San Diego,
CA, USA).

Surface and intracellular staining and flow
cytometric analysis of PBMCs

PBMCs were stained with fluorochrome-conjugated anti-
bodies against surface markers for 30 min on ice and then
washed. Dead cells were excluded by staining with either a
Live/Dead fixable cell stain kit (Invitrogen, Carlsbad, CA,
USA) or ethidium monoazide (Invitrogen). For intracellu-
lar staining, surface-stained cells were permeabilized using
Foxp3 staining buffer kit (eBioscience) according to the
manufacturer’s instructions, and were further stained for
intracellular proteins of Foxp3 and CTLA-4. Flow cytom-
etry was performed on an LSR II instrument using FACS
Diva software (BD Biosciences), and the data were analyzed
using FlowJo software (Treestar, San Carlos, CA, USA).

Statistical analysis

All statistical analyses were performed using the Statistical
Package for Social Science (SPSS 22 for Windows; SPSS
Inc., Chicago, IL, USA) or GraphPad Prism 7 (GraphPad
Software Inc., La Jolla, CA, USA). Baseline clinical and
tumor characteristics were presented as median (range) or
n (%) as appropriate. All immunological cell fractions were
expressed as median (range) or mean + standard deviation
(SD). Survival curves and survival rates were calculated
using the Kaplan—-Meier method and compared using Cox’s
proportional hazard model. Survival was measured from
the date of TACE to December 31, 2014, or up to the time
of death. The adjusted hazard ratio (HR) and its 95% con-
fidence interval (CI) for each of the selected risk factors
were calculated. Age (> 60 years vs. <60 years), tumor size
(>5 cm vs. <5 cm), serum albumin (< 3.8 g/dl vs.>3.8 g/
dl), and AFP (> 200 ng/ml vs. <200 ng/ml) were used as
binary variables in the Cox models using the cut-offs. The
cut-off value for the analysis for the clinical implications of
Treg (low Treg vs. high Treg) was the mean of all patients’
data. Variables with p <0.05 were defined as statistically
significant.

Results
Baseline characteristics of patients

Patients’ clinical and tumor characteristics are presented in
Table 1. The median age was 60.4 years and 21 (77.8%)
patients were male. Most HCCs were related to hepati-
tis viral infection, HBV (n=16, 59.3%), and HCV (n=7,
25.9%). Most patients had preserved liver function with
Child-Pugh class A (n=23, 85.2%). The median size of the
largest tumor was 3.07 cm, and 15 (55.6%) patients had mul-
tifocal lesions. TNM stage was divided as follows: I (n=5,
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Table 1 Baseline clinical and

o Characteristics HCC patients Healthy controls
tumor characteristics of the 27
HCC patients and 23 healthy Age, years 60.4 (32-77) 53.0 (30-75)
controls Gender, male 21 (77.8) 3(13.0)
Bwt, kg 63.2 (33-76)
Laboratory
Total bilirubin, g/dl 1.07 (0.30-6.00)
AST, IU/ml 52.2 (19-118)
ALT, TU/ml 34.1 (10-82)
Albumin, g/dl 3.7 (2.8-4.8)
Platelet count, /mm” 113.5 (35-223)
AFP, ng/ml 229.49 (1.60-2724.60)
PIVKA-II, mAU/ml 178.76 (0-1964.00)
Etiology
Non-vira/HBV/HCV 4 (14.8)/16 (59.3)/7 (25.9)
Cirrhosis 19 (70.4)

Child-Pugh A/B

Tumor size, cm

Tumor number
Solitary/multifocal

TNM I/II/II/TVa

BCLC B/C

MELD score

CD4* T cells/lymphocytes, %

Tregs/CD4* T cells, %

Follow-up period, month

23 (85.2)/4 (14.8)
3.07 (0.90-9.00)

12 (44.4)/15 (55.6)

5 (18.5)/13 (48.1)/8 (29.6)/1 (3.7)
11 (22)/16 (32)

7.0 (6.0-16.0)

64.53 (41.30-78.50)

7.52 (3.43-12.72)

33.0 (3.1-45.9)

64.52 (40.08-83.01)
4.99 (1.63-7.46)

Data were expressed as n (%) or median (range)

18.5%), 1 (n=13, 48.1%), 1l (n=8, 29.6%), and [Va (n=1,
3.7%). The median proportion of baseline CD4* T cells
among peripheral lymphocytes was 64.53% and baseline
Treg frequency among peripheral CD4*T cells was 7.52%.
Liver-related biochemical tests are also described in Table 1.

Comparison of Treg in HCC patients and healthy
controls

First, the frequency of Treg in the PBMC was measured
by flow cytometry (Fig. 1a). As shown in Fig. 1b, the fre-
quency of Treg among CD4" T cells in HCC patients was
significantly higher than in healthy controls (7.52 +£2.62%
in HCC vs. 4.99 +1.49% in healthy controls, p <0.001).
In particular, in a Treg subpopulation defined by CD45RA
and FoxP3 levels (Fig. 1c), the frequency of Treg (I) and
Treg (III) among CD4* T cells did not differ significantly
between the two groups, but the frequency of Treg (II)
among CD4" T cells was significantly higher in HCC
patients than in healthy controls (2.51 +£1.08% in HCC
vs. 0.60 +0.28% in healthy controls, p <0.001). (Fig. 1d).
In addition, the frequency of CTLA-4 (+) Treg (II)
cells among CD4" T cells differed significantly between
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patients and healthy controls (1.16 £ 0.63% in HCC vs.
0.37+0.20% in healthy controls, p <0.001) (Fig. le).

Comparison of Treg and its subpopulations
at baseline and post-TACE by tumor response

Table 2 shows how the numbers of Treg and those of Treg
subpopulations from baseline to post-TACE changed.
The number of cells was calculated by multiplying the
frequency by the total lymphocyte count. In all patients
(n=127), the average Treg number at baseline was
134.9 +74.7/mm? and that post-TACE was 135.2 +73.4/
mm?, thus, not significantly different (p =0.969). However,
although not statistically significant, the Treg numbers
post-TACE (compared to baseline) decreased in the com-
plete response group (138.5 +78.1— 125.0 +73.2/mm?,
p=0.086) and increased in incomplete response group
(128.7+72.1 > 152.4 + 74.3/mm3, p=0.099), consistent
with the change of Treg (III) numbers baseline and post-
TACE. In the complete response group, the change of Treg
(IIT) from baseline to post-TACE was statistically signifi-
cant (63.8 +42.2—53.2 +31.9/mm’, p=0.050).
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Table 2 Changes of number of Treg and its subpopulations in HCC patients at baseline and post-TACE

No. (/mm?) Total (n=27) Complete response (n=17) Incomplete response (n=10)

Baseline Post-TACE P Baseline Post-TACE p Baseline Post-TACE P
Treg 134.9+74.7 1352+73.4  0.969 138.5+78.1 125.0+73.2  0.086 128.7+72.1 152.4+74.3  0.099
Treg (I) 232+16.1 21.3+14.8  0.359 23.0+134 19.2+11.1 0.221 23.5+20.7 248+19.7  0.538
Treg (II) 46.3+28.8 51.1+£355 0.284 49.4+31.8 50.3+37.1 0.877 41.0+23.5 52.4+345  0.082
Treg (1) 63.2+39.3 60.5+31.4  0.588 63.8+42.2 53.2+319 0.05 62.2+36.1 7294274  0.246

Data were expressed as mean +SD

Clinical implications of Treg on survival
and progression

Next, the clinical implications of Treg at baseline and post-
TACE in terms of survival and progression were investigated.
The cut-off values for the analysis for the clinical implications
of Treg and Treg (IIT) were defined by the mean of all patients’
data. As shown in Fig. 2a, overall survival rate differed signifi-
cantly between the complete and incomplete response groups
(2-year survival rate; 82.4% in complete groups vs. 44.4% in
incomplete group, p=0.010). However, overall survival rate
did not differ significantly between those with high and low
levels of Treg both at baseline and post-TACE (Fig. 2b). There
were also no differences in distinguishing the overall survival
rate between high and low levels of Treg (II) at both baseline
and post-TACE (Fig. 2c).

In terms of progression-free survival rate, there were no
differences between patients with high Treg and those with
low Treg at both baseline and post-TACE (Fig. 3a). Although
the progression-free survival rate also did not differ between
patients with low baseline Treg (III) and those with high
baseline Treg (III), patients with a high post-TACE Treg (III)
exhibited a significantly shorter median time to progression
than those with a low post-TACE Treg (III) (median time to
progression; 3.8 vs. 11.6 months, p=0.038) (Fig. 3b).

Cox’s proportional analysis to explore the predictive
utilities of multiple clinical factors in terms of both overall
survival and progression rate after TACE was performed.
On univariate analysis, hypoalbuminemia (< 3.8 g/dl) and
high post-TACE Treg (III) were significantly associated with
a high progression rate. On multivariate analysis, hypoal-
buminemia (hazard ratio 3.324; 95% CI (1.098-10.063),
p=0.034) and high post-TACE Treg (III) (hazard ratio
3.080; 95% CI (1.091-8.696), p=0.034) were significant
factors for associating with progression (Table 3).

Discussion
This study explored the effects of TACE on Treg in periph-

eral blood in HCC patients and, significantly, investigated
for the first time the role of Treg subpopulations.
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Tregs are a subgroup of CD4" T cells characterized by
expression of CD25; “forkhead or winged helix family of
transcription factor P3” (Foxp3) is critical in terms of Treg
development and function [23]. CD4*CD25%Foxp3* Tregs
suppress the activation, proliferation, differentiation, as well
as effector functions of many types of immune cells, includ-
ing T, B, NK, and dendritic cells [4—6]. Thus, Tregs main-
tain self-tolerance and regulate the immune response in both
the physiological and diseased state.

High Treg numbers are often associated with poor sur-
vival of those with breast and lung cancer, and melanomas
[17, 24]. It has been hypothesized that Treg compromise
anti-tumor effects, worsening outcomes. On the other hand,
high Treg levels improve the prognosis of those with other
cancers including colorectal and oropharyngeal cancer, and
hematological malignancies [25]. These different results
may reflect Treg heterogeneity; different Treg may influence
tumors differently. Recently, it has been suggested that Treg
plays dual roles in cancer development and progression [26].
In particular, cancers in which Treg appears to play positive
roles for anti-cancer immunity are principally associated
with chronic exposure to microorganisms and the micro-
bial flora, which greatly influence cancer development and
progression. Therefore, Treg may suppress tumor-promoting
inflammatory reactions initiated by infectious agents [27].

In HCC patients, several studies have found that high
Treg levels were associated with poor prognosis [28, 29].
However, the question of whether such levels are prog-
nostic remains controversial. Previous studies on Treg of
HCC patients included patients treated in various ways and
explored Tregs of different sites, perhaps explaining the
contradictory results. Previous study reported that higher
intratumoral and peripheral blood Treg levels were associ-
ated with poorer prognosis, whereas a high peritumoral Treg
level did not affect prognosis [17]. Many studies on Treg of
HCC patients evaluated intratumoral Tregs only; a few stud-
ies have assessed Tregs of peripheral blood [17]. All studies
on intratumoral Tregs used tumor tissue collected during
surgeries such as resection. Surgical intervention is consid-
ered curative for HCC but only a few patients meet the surgi-
cal indications; most patients are diagnosed with advanced
HCC. TACE is a nonsurgical intervention for patients with
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intermediate or even advanced HCC, and is the most com-
monly used treatment modality in clinical practice. It is diffi-
cult to obtain tumor tissue and to measure intratumoral Treg
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recent meta-analysis concluded that Tregs in peripheral
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Table 3 Univariate and multivariate analyses regarding risk factors for progression rate after TACE

Factors Univariate analysis Multivariate analysis
Hazard ratio 95% CI D Hazard ratio 95% CI p

Age:>60 vs. <60 1.441 0.606-3.426 0.408 1.644 0.564-4.793 0.363
Gender: M vs. F 0.92 0.334-2.536 0.872 1.239 0.422-3.633 0.696
No. of tumor: multiple vs. single 1.683 0.666-4.251 0.271 2.019 0.699-5.836 0.194
Size of tumor: >5 cm vs. <5 cm 1.428 0.419-4.886 0.569 2.948 0.761-11.419 0.118
TNM stage: II, III and Iva vs. I 1.23 0.495-3.058 0.656 1.954 0.699-5.464 0.201
Child-Pugh class: B vs. A 2.299 0.726-7.280 0.157 4.377 0.859-22.304 0.076
Albumin: <3.8 g/dL vs.>3.8 g/dL 3.204 1.121-9.160 0.03 3.324 1.098-10.063 0.034
AFP: >200 ng/ml vs. <200 ng/ml 2.657 0.615-11.470 0.19 2.691 0.551-13.129 0.221
Post-TACE Treg (I1I): high vs. low 2.434 1.021-5.807 0.045 3.080 1.091-8.696 0.034
blood are connected to intratumoral Treg in HCC [17].  in peripheral blood are crucial in the immunosuppression of

The authors posited that because immune escape of tumors  the whole immune system. In addition, Tregs of peripheral
occurs in both local immunity and systemic immunity, Tregs ~ blood are likely to be useful clinical markers; they can be
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detected noninvasively and monitored in real time. More
studies on Treg in the peripheral blood of HCC patients are
needed; the results of this study are meaningful.

In this study, patients with HCC had higher Treg fre-
quency than healthy controls, consistent with the previous
reports [15, 16, 30]. On the further analysis, by Treg sub-
populations, the frequency of Treg (II) cells, which exert
profoundly suppressive actions, was significantly higher and
the frequency of Treg (II) with CTLA-4(+), an immuno-
suppressive marker, was also significantly higher in HCC
patients compared to healthy controls. Previous studies
have reported that tumor cells can evoke the proliferation of
immunosuppressive cells including Tregs, which prevent the
maturation of antigen presenting cells as well as presentation
of tumor antigen [31, 32]. Therefore, the higher frequency
of Tregs in HCC patients compared to healthy controls may
be due to the improvement of Treg proliferation by tumor
cells to avoid attack by the host immune system. In par-
ticular, it can be understood from this background that the
frequency of Treg (II), which displayed the greatest suppres-
sive activity among the Treg subpopulations, was higher in
HCC patients than in healthy controls. Liao et al. compared
Treg frequency before and 1 month after TACE and reported
that Treg frequency decreased significantly after TACE [15].
Xiong et al. divided patients into two groups in terms of the
response to TACE, and compared Treg frequency at baseline
and 1 month after TACE in both groups [16]. In this study,
although statistical significance was not attained, Treg num-
ber decreased in those who exhibited a complete response
to TACE and increased in those who did not. In addition,
Treg (III) number decreased significantly in the complete
response group at post-TACE. Such clinical significance
was also apparent on survival analysis; the progression-free
survival rate was significantly lower in patients with high
post-TACE Treg (IIT) levels than others. Also, the high post-
TACE Treg (IIT) was one of significant factors associating
with progression in multivariate analysis.

It is known that Treg (III) cells do not exhibit a suppres-
sive activity, but do secrete pro-inflammatory cytokines.
Thus, the function of Treg (III) cells appears to be unlike that
of conventional Treg, which primarily exerts profound sup-
pression. Possible explanation as to why Treg (III) frequen-
cies were high in bad responders was advanced as follows.
The increase in Treg (III) levels may reflect repair of tissue
damage after TACE (which is known to injure liver tissue in
an ischemic or toxic manner), and that the extent of repair
represented by deterioration of liver function is prognostic
[33]. This hypothesis is supported by the increased num-
bers of Treg (III) cells in patients with acute-to-chronic liver
failure correlating with severe liver injury [34]. A recent
study by Choi et al. reported that TNF-producing Tregs
from patients with acute hepatitis A were associated with
severe liver injury [35]. They founded these Tregs showed

altered functions with low Foxp3 expression and reduced
suppressive activity. These features of TNF-producing Tregs
seemed to be similar with those of Treg (III), suggesting that
TNF-producing Tregs and Treg (III) may be the same sub-
population. The existence of TNF-producing Tregs is also
supported by several previous reports regarding increased
levels of various cytokine including TNF-alpha after TACE,
suggesting a mechanism by which hepatic injury enhances
the proliferation of liver macrophage to repair [36, 37].

Treg subpopulations have not been well studied and their
roles are poorly understood. To the best of our knowledge,
this is the first study to analyze Treg subpopulations in HCC
patients. These findings differ from the previous reports on
HCC patients treated via TACE in that it was evaluated
Foxp3 status; Foxp3 is an important transcription factor used
to define a Treg subpopulation. Nevertheless, further studies
on the molecular biological mechanisms in play are needed,
and prospective studies with larger number of patients and
more homogenous groups in terms of underlying disease
and cancer stage should be conducted to evaluate the clinical
usefulness of Treg and its subpopulations in HCC.

In conclusion, the frequency of Tregs in HCC patients
was significantly higher than in healthy controls. In addi-
tion, patients with a high post-TACE Treg (III) exhibited a
significantly lower progression-free survival rate than those
with a low post-TACE Treg (II1).
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