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Summary: This study investigated the changes of CD4+ CD25+ regulatory T cells (Tregs) in periph-
eral blood of patients with hepatocellular carcinoma before and after transcatheter arterial chemoem-
bolization (TACE). The proportion of CD4+ CD25+ Tregs among CD4+ T lymphocytes in peripheral 
blood of 33 patients with hepatocellular carcinoma was determined by flow cytometry before, 1 week 
and 1 month after TACE. And 25 healthy volunteers served as control. One month after TACE, the 
patients were divided into two groups: 22 in group A, who were in stable condition or getting better; 
and 10 in group B, who were deteriorating. One patient died and was excluded. The results showed 
that the percentage of CD4+CD25+ Tregs among CD4+ T lymphocytes did not significantly change in 
the 33 patients 1 week after TACE as compared with that before TACE, however, the difference was 
significant (P<0.01) between the patients with hepatocellular carcinoma and the healthy subjects. The 
percentage of CD4+ CD25+ Tregs among CD4+ T lymphocytes in group A 1 month after TACE was 
decreased significantly in comparison with that before and 1 week after TACE (P<0.01), whereas, 
that in group B was increased significantly 1 month after TACE (P<0.01). It was concluded that pa-
tients with hepatocellular carcinoma had a higher proportion of CD4+CD25+ Tregs in peripheral 
blood. TACE did not significantly affect the level of CD4+ CD25+ Tregs within short time (such as 1 
week). The proportion of CD4+CD25+ Tregs in peripheral blood 1 month after TACE was related to 
the prognosis of hepatocellular carcinoma. 
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 Regulatory T cells (Tregs) are mature T lympho-
cytes that are involved in immunosuppression to main-
tain a host immune balance and CD4+ CD25+ Tregs are 
an important part of this group of cells. Dysfunction of 
the host immune system in cancer patients may be due to 
a number of factors, including suppression of tu-
mor-associated antigen reactive lymphocytes by CD4+ 

CD25+ Tregs. Therefore, depletion of Tregs may en-
hance host anti-tumor immunity, but the pathogenic and 
mechanistic relationship between cancer and Tregs is 
still unclear[1].  

Transcatheter arterial chemoembolization (TACE) 
has been used as the preferred non-surgical treatment for 
hepatocellular carcinoma and it is usually administered 
several times. The medical records of TACE interven-
tional therapy in patients with hepatocellular carcinoma 
have shown that no account has been taken of the im-
mune system or anti-tumor immunity of the patients. 
Recent studies have demonstrated that immunotherapy 
and gene therapy will be crucial for future cancer treat-
ment.  

This study flow cytometrically examined the per-
centage of CD4+ CD25+ Tregs among peripheral CD4+ T 
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lymphocytes in patients with hepatocellular carcinoma 
before, 1 week and 1 month after TACE, respectively. It 
also studied the changes in CD4+ CD25+ Tregs after 
TACE and their clinical implications. 

1 MATERIALS AND METHODS 

1.1 Patients 
A total of 33 patients with primary hepatocellular 

carcinoma, including 28 males and 3 females, aged 
36–78 y (mean age: 51.8 y) were enrolled in this study 
from the Department of Interventional Radiology, Union 
Hospital, HUST, Wuhan, China, between March 2006 
and January 2007. The patients were diagnosed on the 
basis of arteriography, CT or MRI, and clinical fol-
low-up. No patients had undergone anti-tumor treatment 
before TACE, and no immunoenhancers or immunosup-
pressive agents had been used over the past 3 months. On 
the basis of clinical symptoms and imaging outcome (CT 
or MRI) 1 month after TACE, those in stable condition 
were categorized into group A, and those whose condi-
tions were deteriorating into group B. One patient died 
and was excluded from the study. Twenty-five healthy 
volunteers consisting of 20 males and 5 females, aged 
28–69 y (mean age: 49.6 y) served as control. 
1.2 Methods 

The main reagents and instrument included 
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anti-CD4-FITC, anti-CD25-PE and a flow cytometer, all 
from Becton Dickinson, USA. Two milliliters of venous 
blood was collected from the patients and control in the 
early morning, with EDTA as an anti-coagulant. Fluo-
rescent labeling and flow cytometry were used to detect 
the proportion of CD4+ CD25+ Tregs among peripheral 
CD4+ T lymphocytes.  
1.3 Statistical Analysis 

Student’s t test was used to compare the difference 
in the proportion of CD4+ CD25+ Tregs among peripheral 
CD4+ T lymphocytes before, 1 week and 1 month after 
TACE, in the patients and controls. 

 
2 RESULTS 

 
The percentage of CD4+ CD25+ Tregs among pe-

ripheral CD4+ T lymphocytes in all patients before, 1 
week and 1 month after TACE was significantly higher 
than that in healthy subjects (P<0.01). The percentage of 
CD4+ CD25+ Tregs in the patients before and 1 week 
after TACE was almost unchanged, and it changed 
slightly 1 month after TACE (P> 0.05). The percentage 
of CD4+ CD25+ Tregs in group A before and 1 week af-
ter TACE changed only slightly, but it was significantly 
higher than that in the control group (P<0.01), while the 
percentage 1 month after TACE decreased significantly 
compared with that before and 1 week after TACE, but it 
was significantly higher than that in the control group 
(P<0.01). The percentage of CD4+ CD25+ Tregs in group 
B before and 1 week after TACE was unchanged, but it 
increased significantly 1 month after TACE (P<0.01). 
The percentage of CD4+ CD25+ Tregs in group B was 
significantly higher than that in the control group at all 
three times, i.e. before and 1 week and 1 month after 
TACE (P < 0.01).  
 
Table 1 Percentage of CD4+ CD25+ Tregs among periph-

eral CD4+ T lymphocytes in patients and controls 

Percentage of CD4+ CD25+ Tregs among 
peripheral CD4+ T lymphocytes (%) 

Groups n 
Before TACE 

1 week after 
TACE 

1 month After
TACE 

All the patients 33 27.58±7.72* 28.23±7.87* 25.05±6.17*

Group A 22 26.64±9.12*# 27.41±9.03*# 20.39±6.11*

Group B 10 29.07±6.76* 28.89±6.81* 35.29±7.13*

Control group 25 14.21±4.56   
*P<0.01 as compared with control group; #P<0.01 as compared 
with that 1 month after TACE 
 
3 DISCUSSION 
 

Tregs are a specialized group of T lymphocytes that 
are involved in maintaining immunological self-tolerance. 
The Tregs consist mainly of CD4+ CD25+ T lymphocytes, 
which inhibit the activity and proliferation of CD4+ and 
CD8+ effector cells as well as the function of natural 
killer cells[2-6]. They are mainly produced in the thymus 
and peripheral lymphoid organs, and account for 
5%–10% and 5%–15%, respectively, of CD4+ T cells in 
rodents and humans[7]. CD4+ CD25+ Tregs are character-
ized by anergy and immunosuppression[8]. They play an 

important role in the maintenance of peripheral immune 
tolerance, prevention of autoimmune diseases and trans-
plant rejection, and they are involved in tumor develop-
ment and chronic viral infection[9–11]. Although the im-
munoinhibitory effects of Tregs have been fully estab-
lished, the mechanisms involved are not yet clear. The 
current study presumes that Tregs can, through direct 
contact between cells or secretion of suppressive cyto-
kines such as interleukin-10 or transforming growth fac-
tor-β, reduce invasive immunity[11]. Malignant cancer 
cells can evoke the proliferation and local accumulation 
of certain immunosuppressive cells such as Tregs and 
immature bone marrow cells. This prevents or limits the 
maturity of antigen presenting cells, such as dendritic 
cells, as well as the ability of the presenting tumor anti-
gens, thus the tumor evades attack by the host immune 
system[12]. Tumor cells can not only increase the number 
of CD4+ CD25+ Tregs, but also improve immunosup-
pression[1]. However, the interaction between the tumor 
and Tregs is still unclear.  
 Although clinical immunotherapy has been applied 
to certain tumors, hepatocellular carcinoma is mainly 
treated by surgical excision, liver transplantation and 
interventional treatment. TACE is the preferred method 
besides surgery for hepatocellular carcinoma, but the 
patients need several courses of TACE treatment. So far, 
there is no unified standard as to how often each treat-
ment should be given, which is, more often than not, 
decided by the attending doctors according to their own 
experience. As a result, some patients may receive 
TACE too frequently, while others may have long treat-
ment interval and miss the best time for treatment. In 
either case, patient outcome is unfavorable. At present, 
clinicians make treatment plan mainly based on the pa-
tient's clinical signs and symptoms, results of imaging, 
and tumor markers such as alpha-fetoglobulin. They do 
not take into account or quantitatively evaluate the im-
mune status of the patients, which is constantly changing 
and plays an important role in disease development. In 
order to achieve better treatment and more accurate as-
sessment of patients’ immune status and prognosis, the 
present study flow cytometrically detected the percent-
age of CD4+ CD25+ Tregs in peripheral CD4+ T lym-
phocytes in patients with hepatocellular carcinoma be-
fore, 1 week and 1 month after TACE. 

Many studies have shown that the proportion of 
CD4+ CD25+ Tregs among peripheral and inflitrating 
CD4+ T lymphocytes of various malignant tumors is 
much higher than that in healthy individuals. Woo et al[13] 

reported that the proportion of CD4+ CD25+ Tregs among 
infiltrating CD4+ T lymphocytes in lung cancer was as 
high as 33%, which was similar to that in peripheral 
blood, but significantly (15%) less than that in healthy 
individuals. Similar results have been obtained for ovar-
ian, prostate, pancreatic and breast cancer[14–17]. There 
have been relatively fewer studies on CD4+ CD25+ Tregs 
in hepatocellular carcinoma compared with other tumors. 
Ormandy et al[7] demonstrated that CD4+ CD25high Tregs 
accounted for 3.92%±3.3% of peripheral CD4+ T lym-
phocytes in patients with hepatocellular carcinoma, 
which was much higher than the 1.17%±0.87% in 
healthy controls. Unitt et al[5]  reported that CD4+ 

CD25+ Tregs made up 7.2% (1.2%–23.3%) of all pe-
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ripheral lymphocytes, which was similar to the 9.2% 
(1.6%–30.2%) in healthy controls. Peng et al[18] found 
that peripheral CD4+ CD25+ Tregs accounted for 
12.54%±4.69% of CD4+ T lymphocytes in patients with 
hepatocellular carcinoma, while the percentage in the 
control group was significantly lower (8.81%±1.98%) 
(P<0.01). In the present study, peripheral CD4+ CD25+ 
Tregs in all the patients, group A and group B before 
TACE accounted for 27.58%±7.72%, 26.64±9.12% and 
29.07±6.76% of CD4+ T lymphocytes, respectively, 
which was significantly higher than the 14.21%±4.56% 
in healthy controls (P<0.01). However, the differences 
among the three groups were not significant. There are 
two possible reasons to explain the inconsistency in the 
results of the present and the above-mentioned studies. 
Firstly, Ormandy et al focused on the proportion of 
CD4+CD25high Tregs in patients with hepatocellular car-
cinoma rather than on CD4+ CD25+ Tregs. CD4+ 
CD25high Tregs have a high level of CD25 expression, 
whereas CD4+CD25low Tregs have a low level of CD25 
expression. It is generally believed that CD4+ CD25high 
Tregs play a more important role in the reduction of im-
munity. A significant increase in CD4+ CD25high Tregs 
may explain why the number of CD4+ CD25+ Tregs in 
tumor patients is higher than that in healthy individuals. 
Ormandy et al showed that CD4+CD25high and 
CD4+CD25low Tregs in patients with hepatocellular car-
cinoma accounted for 1%–4% and 10%–14%, respec-
tively, of CD4+ T lymphocytes[7]. Unitt et al focused on 
the detection of the proportion of CD4+ CD25+ Tregs in 
peripheral lymphocytes. Secondly, the first three studies 
focused on pre-operative patients, whose tumors were at 
stages earlier than those in this study. The patients in the 
present study were unable to undergo surgery, and some 
had distant metastases. 

 The comparison between groups A and B showed 
that the results before and 1 week after TACE did not 
change significantly, which indicated that short-term 
TACE has no impact on immune function. It is generally 
believed that conventional intravenous chemotherapy 
inhibits immune function. However, due to the relatively 
small dose of the interventional chemotherapeutic drugs 
and their short-term effect, the changes in immune func-
tion in cancer patients are mainly related to tumor de-
velopment. However, if we do not assess the patient’s 
immune function, frequent TACE will lead to more pro-
nounced side effects related to the long-term chemother-
apy. Short-term TACE does not affect CD4+ CD25+ Treg 
level in peripheral blood, but the present study showed 
that CD4+ CD25+ Treg level 1 month after TACE 
changed significantly. The increase in CD4+/CD25+ Treg 
ratio suggests an enhanced immunosuppression, and thus 
TACE may be counterproductive at this time, adding to 
the body burden and further reducing immune function, 
which is not conducive to tumor control.  

The results from groups A and B 1 month after 
TACE showed that the percentage of CD4+ CD25+ Treg 
in group A was decreased significantly while that in 
group B increased significantly. However, in both groups, 
the difference was significant compared with that before 
and 1 week after TACE. The percentage of CD4+ CD25+ 
Tregs in the all patients group (excluding the patient who 
died) was decreased slightly as compared with that be-

fore and 1 week after TACE, but the difference was not 
significant, due to the positive and negative offset in 
calculating the margin with the t test according to the 
trend of the results in each group. The analysis of sig-
nificance showed that it was reasonable to divide the 
patients into different groups in accordance with the 
outcome of their illness. Meanwhile, although the per-
centage of CD4+ CD25+ Tregs in group A 1 month after 
TACE decreased significantly, it was still significantly 
higher than that in the control group, but there was a 
large overlap in the range of values. The reason why the 
results of the two groups are different lies in that the pa-
tients in groups A were sensitive to the interventional 
therapy, their tumor load decreased after the treatment, 
and the resultant ratio of CD4+/CD25+ Tregs also fell. On 
the contrary, in group B, the interventional treatment did 
not control disease deterioration, thus the ratio of 
CD4+/CD25+ Tregs also increased significantly. The 
difference in CD4+ CD25+ Tregs in groups A and B may 
be related to the different prognosis of the two groups. 
Sasaki et al showed that the number of infiltrating Tregs 
in hepatocellular carcinoma was an independent predic-
tor of postoperative disease recurrence. In other words, a 
high proportion of CD4+ CD25+ Tregs among CD4+ T 
lymphocytes indicates a poor prognosis and greater like-
lihood of recurrence[19]. The results of the present study 
also suggest that the ratio of CD4+/CD25+ Tregs in pe-
ripheral CD4+ T lymphocytes in patients with hepatocel-
lular carcinoma may also be used as an independent 
prognostic indicator.  

In summary, the percentage of CD4+ CD25+ Tregs 
in peripheral CD4+ T lymphocytes in patients with ad-
vanced hepatocellular carcinoma is much higher than 
that in healthy controls, and the change is linked to 
prognosis. An increase in the ratio of CD4+/CD25+ Tregs 
enhances immunosuppression and accelerates up disease 
progression, and leads to poor prognosis. On the contrary, 
a decrease in the ratio of CD4+/CD25+ Tregs reduces 
immunosuppression, which reduces tumor load and leads 
to effective immunosuppresive treatment. Therefore, we 
can use the change in the ratio of peripheral 
CD4+/CD25+ Tregs in patients with hepatocellular car-
cinoma as a reference for the evaluation of the immune 
function and prognosis of the disease, and to formulate 
an appropriate interventional treatment protocol. 
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