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Abstract Accumulating evidence suggests regulatory T
cells (Tregs) are associated with impaired antitumor
responses. However, the relationship between the
CD4"CD25"&"FoxP3™ Treg and hepatocellular carcinoma
(HCC) has not been well investigated. Levels of
CD4"CD25"¢"FoxP3" Tregs in peripheral blood mono-
nuclear cells (PBMCs) from HCC patients and healthy
donors, tumor infiltrating lymphocytes (TILs) extracted
from HCC, and hepatic lymphocytes extracted from
resected liver were measured by flow cytometry, and their
effects on T-cell proliferation was determined by *H-thy-
midine incorporation. Serum levels of interleukin (IL)-10
and transforming growth factor (TGF)-f1 were measured
by enzyme linked immunosorbent assay. The frequency of
Tregs in PBMCs from HCC patients was higher than that
from healthy donors. Similarly, the frequency of Tregs in
TILs was higher than that of hepatic lymphocytes. On the
other hand, the *H-thymidine uptake by TILs and PBMCs
from HCC patients was decreased drastically when
compared to the counterparts from normal controls. Fur-
thermore, serum IL-10 and TGF-$1 levels increased
significantly in HCC patients when compared to the heal-
thy donors. This study identified an increased frequency of
CD4"CD25"e"FoxP3™" Tregs in patients with HCC. The
elevated serum IL-10, TGF-f1 levels also correlated with
impaired antitumor responses in these patients. Further
effort is needed to establish new immunotherapeutic
strategies designed to modulate Tregs to promote a com-
petent antitumor response.
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Introduction

Hepatocellular carcinoma (HCC) is the most common
primary malignancy of liver, which accounts for 85-90%
of primary liver cancers (Llovet et al. 2003). Although
remarkable advances in diagnostic and therapeutic tech-
niques have been made in recent years, the prognosis for
HCC patients remains extremely poor (Llovet et al. 2003).
Despite the presence of tumor infiltrating lymphocytes
(TILs) in HCC tissue, tumor progression is found in most
of the patients, which suggests that there is an impaired
local antitumor response.

Sakaguchi et al. (1995) for the first time described
CD41CD25% T cells that had potent immunoregulatory
functions and could control self-tolerance, now known as
regulatory T cells (Tregs). It has been shown that Tregs
play a critical role in controlling the immune equilibrium:
on one hand, insufficient Tregs result in autoimmune dis-
ease and overwhelming tissue destruction during the
infections; on the other hand, excessive Tregs undermine
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the host antimicrobial and antitumor immune responses.
Recently, a number of studies have demonstrated increased
numbers of Treg cells in the peripheral blood and TILs in
various cancers (Ichihara et al. 2003; Javia and Rosenberg
2003; Sasada et al. 2003; Schaefer et al. 2005; Woo et al.
2001), suggesting that Treg cells are closely associated
with impaired antitumor immune responses enabling the
tumor cells to escape from immune surveillance. It is well
documented that interleukin (IL)-10 and transforming
growth factor (TGF)-f1 exert a strong suppressive effect
on Th immune reactions. Also, these cytokines interact
closely with the immunoregulatory function of Tregs.
Considering the above, the aim of this study was to
investigate the role that CD4"CD25™&"FoxP3™ Treg cells,
IL-10 and TGF-f1 play in patients with HCC.

Materials and Methods
Patients and Healthy Donors

Forty-two HCC patients who underwent hepatectomy were
included in this study and another 15 age-matched healthy
volunteers donated their blood as normal control. In addi-
tion, resected liver from ten decompensated chronic
hepatitis B patients who underwent living donor liver
transplantation were used as a resource for hepatic lym-
phocytes. Informed consent was obtained from all subjects
and this research protocol was approved by the Ethics
Committee of West China Hospital in accordance with the
Declaration of Helsinki.

Preparation of Peripheral Blood Mononuclear Cells

Fresh heparinized peripheral blood samples from the 42
patients were collected at the day of surgery. As previously
described (Shabtai et al. 2003), peripheral blood mononu-
clear cells (PBMCs) were isolated by Ficoll-Hypaque
(Sigma-Aldrich, St. Louis, MO, USA) density gradient
centrifugation. The same technique was used for isolation
of PBMCs from peripheral blood of the 15 normal donors.

Preparation of TILs

The TILs from HCC tissue were prepared as previously
described (Harada et al. 2004; Takagi et al. 1989). Briefly,
freshly resected HCC specimens were minced into pieces
smaller than 1 mm® and then treated with an enzyme
cocktail containing 0.05% collagenase IV (Sigma-Aldrich)
and 0.002% DNase I (Sigma-Aldrich) at room temperature
overnight. Cell suspensions were filtered through 70 pm
nylon mesh. The cells were washed twice and then cen-
trifuged and separated using the discontinuous (45%/75%)
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Percoll (Sigma-Aldrich, St. Louis, MO, USA) gradient
method. The TILs were harvested from the interface layer.

Preparation of Hepatic Lymphocytes

The hepatic lymphocytes from resected liver of decom-
pensated chronic hepatitis B patients were prepared as
previously described (Zhang et al. 2005). In brief, the
resected livers were minced, digested and filtered as
described above for the TILs. The cells were washed twice
and then centrifuged and then separated using the discon-
tinuous (40%/70%) Percoll (Sigma-Aldrich, St. Louis, MO,
USA) gradient method. The hepatic lymphocytes were
harvested from the interface layer.

Lectin Stimulation and Cell Proliferation

Proliferative lymphocyte responses to PHA were measured
from cells cultured in RPMI-1640 medium supplemented
with penicillin/streptomycin, L-glutamine, and human AB
serum for 48 h in the presence of PHA (10 pg/10%ml), by
the uptake of *H-thymidine as previously described
(Shabtai et al. 2003). All lymphocyte proliferation assays
were done in triplicate. During the last 16 h of culture, the
cells were pulsed with 1 pCi per well of *H-thymidine.
Cells were harvested and incorporated *H-thymidine was
determined by scintillation counting.

Flow Cytometry

Flow cytometry was performed using a Beckman Coulter
Epics Elite, 1 x 10° cells were acquired and data were
analyzed using the software supplied by Beckman Coulter.
Cells were surface stained with CD4 FITC and CD25 PE
and subsequently intracellular stained with the PE-CY5
antihuman Foxp3 staining kit (eBioscience, San Diego,
CA, USA) according to the manufacturer’s instructions.

Cytokine Assays

Serum IL-10 (Abcam, Cambridge, UK) and TGF-f1
(Bender Med Systems, Burlingame, USA) levels were
measured using commercially available human enzyme
linked immunosorbent assay kits according to the manu-
facturer’s instructions.

Statistical Analysis

Results are expressed as median and range. For continuous
variables with normal distribution, the analysis of variance
was employed. For continuous variables with non-normal
distribution, analysis of variance was employed following
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the rank transformation. Statistical

defined as p < 0.05.

significance was

Results

Increased Treg Frequency in PBMCs and TILs
from HCC Patients

Because CD2S5 is not restricted to T cells and both Treg and
activated effector T cell (Teff) populations are CD25"
(Banham et al. 2006), the CD4+*CD25™" phenotype does not
solely represent the human Tregs. To exclude those CD4"
T cells with intermediate to low levels of CD25 expression
without immunoregulatory function (Baecher-Allan et al.
2001), the CD4TCD25"€"FoxP3 " phenotype was recom-
mended for identifying the human Tregs. The percentage of
Tregs was determined as performed by Yokokawa et al.
(2008). Lymphocytes were gated by plotting forward ver-
sus side scatter, followed by the gating of CD4"
population. Then the CD25"€" and FoxP3™ populations
were gated. The CD25"&" population was separated from
the CD25'" population on the basis of the frequency of
CD25 expression in CD4™ T cells, as previously described
(Cesana et al. 2006; Hoffmann et al. 2004) (Fig. 1).

TILs were successfully isolated from 37 out of the 42
HCC patients. The CD4TCD25"€"FoxP3™ Treg frequency
of TILs [2.6% (1.3-8.7%)] was significantly higher than
that of hepatic lymphocytes [1.4% (0.7-1.8%)] (p = 0.04).
Similarly, the CD4TCD25"&"FoxP3™* Treg frequency of
PBMCs from HCC patients [2.0% (1.1-6.2%)] was

Fig. 1 Expression of FoxP3 in A

significantly higher than healthy donors [1.2% (0.3—1.6%)]
(p = 0.044). In addition, the Treg frequency of TILs was
higher than that of PBMCs from HCC patients (p = 0.046)
while no statistical difference was found between the Treg
frequency for hepatic lymphocytes and PBMCs from
healthy donors (p = 0.799).

Impaired Proliferative Response in Patients with HCC

The *H-thymidine uptake by TILs [972 (621-3,783)] was
significantly lower than that of hepatic lymphocytes [5,227
(2,842-11,058)] (p = 0.00016) and the >H-thymidine
uptake by PBMCs of HCC patients [1,071 (483—4,287)]
was significantly decreased when compared to PBMCs
of healthy donors [6,431 (3,162-10,326)] (p = 0.001)
(Fig. 2). No statistical difference was found between the
H-thymidine uptake by hepatic lymphocytes and PBMCs
from healthy donor (p = 0.618). Similarly, the *H-thymi-
dine uptake by TILs and PBMCs from HCC patients were
comparable (p = 0.22).

Elevated IL-10 and TGF-f1 Serum Concentrations
in Patients with HCC

Serum IL-10 levels for HCC patients [42.09 pg/ml
(26.47-78.52 pg/ml)] were significantly higher in healthy
donors [28.61 pg/ml (14.95-47.23 pg/ml)] (p = 0.042).
Similarly, serum concentrations of TGF-f1 for HCC
patients [130.51 pg/ml (61.38-249.31 pg/ml)] was sig-
nificantly higher in healthy donors [74.12 pg/ml,
(57.39-136.04 pg/ml)] (p = 0.01) (Fig. 3).
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Fig. 3 Serum cytokine levels in HCC patients and healthy donors

Discussion

To achieve immunological tolerance, a network of Tregs
exists to maintain a fine balance between the peripheral
tolerance to autoantigens while preserving the potential to
initiate protective immune responses in various contexts
and inflammatory settings (McHugh and Shevach 2002;
Powrie et al. 2003). Generally, there are two subsets of
Treg: naturally occurring Tregs (nTreg) and induced Tregs
(iTreg).The nTreg cells develop in the thymus and migrate
to the periphery, playing an important role in keeping
immune homeostasis and regulating the immune responses
to tumors, grafts, and pathogens (Hori et al. 2003; Piccirillo
and Thornton 2004; Shevach 2002). On the other hand, the
iTreg cells are induced in the periphery and acquire their
suppressive activity in response to stimulatory conditions,
including the counter-regulatory IFN-y-producing Thl
cells, IL-4-producing Th2 cells, IL-10-producing Tr1 cells
and TGF-pf-secreting Th3 cells (Toda and Piccirillo 2006).
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It has been shown that the CD4*CD25" Treg frequency in
HCC patients is increased (Ormandy et al. 2005; Yang
et al. 2006), showing a connection between the elevated
Treg levels and malignancy. However, it should be noted
that the significance of those studies are considerably
dampened due to their inability to exclude the possible Teff
contamination (Baecher-Allan et al. 2001). This study
employed the CD4"CD25"&"FoxP3 ™ phenotype to identify
the human Tregs and demonstrated the frequency of Tregs
in peripheral blood and the tumor microenvironment were
increased in HCC patients. The increase of Tregs in
peripheral blood might be caused by the Tregs spreading
from the tumor microenvironment. On the other hand, the
observation that the Treg frequency in the tumor micro-
environment were significantly higher than in PBMCs from
HCC patients, suggests that the tumor microenvironment
might lead to Treg expansion or Treg migration from the
periphery into the tumor tissues. However, the exact
mechanism why Tregs are enriched in the tumor tissue is
uncertain, but the role that they play is clear: blocking the
generation of immunity to tumor antigens in the periphery
and neutralizing the TILs (Knutson et al. 2007). The
present study revealed a negative correlation between the
Treg frequency and lymphocyte proliferation: as the Treg
frequency increased in lymphocytes, the uptake of
*H-thymidine dramatically decreased. Obviously, this
finding showed that the CD4TCD25™#"FoxP3" T cells
from HCC patients had a potent suppressive ability on
lymphocytes proliferation. There are several explanations
for the mechanism mediating the immunosuppressive
effects. Early studies (Dieckmann et al. 2001; Levings
et al. 2001) demonstrated the suppressive effect of Treg
cells that requires cell-to-cell contact. Also, it was reported
that the immune response mediated by myeloid dendritic
cells (Houot et al. 2006) and natural killer cells (Ghir-
inghelli et al. 2005) can be inhibited by CD4"CD25"e"
Tregs. In addition, Tregs may lead to apoptotic or necrotic
T cell death through the perforin/granzyme pathway
(Grossman et al. 2004). Although there are multiple path-
ways by which Tregs exert their immunosuppressive
function, further efforts are needed to unveil the exact
mechanism by which Treg suppresses the immune
responses.

The current study demonstrated that serum IL-10 and
TGF-$1 levels in HCC patients were significantly
increased when compared to those with healthy donors. It
is reported that IL-10 and TGF-f1 are necessary for Treg
suppressive function (Dieckmann et al. 2002; Jonuleit et al.
2002) and could be produced by Treg cells (Barrat et al.
2002; Nakamura et al. 2001; Sundstedt et al. 2003; Zhang
et al. 2001). These two cytokines play an important role in
regulating the antitumor immunity. Knutson et al. (2007)
suggest that the tumor tissue establishes a concentration
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gradient of antigens and other factors (TGF-f3, chemokines,
etc.) that leads to the elevated Treg levels in peripheral
blood due to the convergence of lymphatics and blood
vessels. Strauss et al. (2007) showed that CD4TCD25Me" T
cells could produce IL-10 and TGF-f1 and the addition of
neutralizing antibodies to these two cytokines completely
abrogated the suppression, regardless of the presence of a
transwell. However, when the transwell was present, but in
the absence of the blocking antibodies, suppression was
only reduced by 50% (Strauss et al. 2007). Thus, they
suggested that these cytokines might be required for the
activation of surface molecules on Tregs that are involved
in suppression mediated by cell-to-cell contact. Taken
together, their findings suggest that IL-10 and TGF-f1 are
largely responsible for the Treg immunosuppressive func-
tion. Therefore, we hypothesize that down-regulation of
serum IL-10 and TGF-f1 levels may inhibit the immuno-
suppressive function of Tregs and boost the host antitumor
responses.

This study demonstrated an increased Treg frequency in
peripheral blood and the tumor microenvironment, which
correlated with the impaired lymphocyte proliferation in
patients with HCC. Furthermore, serum IL-10 and TGF-f1
levels were significantly increased in patients with HCC.
Significant progress in understanding the role of Tregs in
immune responses to the tumors has been made in the past
few years. However, further effort is needed to establish
new immunotherapy strategies designed to modulate the
Tregs to promote competent antitumor responses.
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