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Background: Tumor-draining lymph nodes (TDLN) played an important role in initiating immune
responses. However, the immune status of TDLN in hepatocellular carcinoma (HCC) had not been well
studied.

Methods: We extracted the immune cells from the TDLN and peripheral blood mononuclear cell (PBMC)
of 16 HCC patients. Using flow cytometry, we investigated the phenotype, proliferative capacity, cytotoxic
activity and PD-1 expression of the cells in the TDLN and PBMC of HCC patients.

Results: The immune status of the TDLN exhibited greater suppression than the PBMC in HCC,
exhibiting a higher proportion of Treg cells and lower proportions of NKT, Th17 and Thl cells. The
proportion of Treg cells in TDLN was lower in patients with T'1 stage than T2 stage. Moreover, the T
cells from TDLN exhibited decreased capacity of proliferation with higher expression of PD-1 compared
to PBMC. In addition, the cytotoxic activity of the cells expanded from the TDLN was weaker than the
PBMC.

Conclusions: The immune cells from the TDLN presented an immunosuppressed status regarding both

the phenotypic characteristics and cellular immune function compared to PBMC.
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Introduction growing amount of evidence suggests that the immune

Hepatocellular carcinoma (HCC), which accounts
approximately half of the total of deaths occur in patients
from China, is a malignant tumor associated with a poor
prognosis (1). Hepatectomy remains the most effective
therapy for HCC (2). Unfortunately, the rates of postsurgical
recurrence and metastasis in 5 years was 50-70% (3). A
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status of HCC was suppressed, for the high expression
of PD-1 and TIM3 in tumor infiltrating T cells (4),
which mediated suppression of tumor-infiltrating CD4+
or CD8+ T cells in HCC (5,6). This immunosuppressed
status, which is conducive to tumor growth and recurrence,
is one reason for the high recurrence rate of HCC (7-9).
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However, the mechanism of immunosuppressed state of
HCC was still unknown.

The tumor-draining lymph nodes (TDLN) were the
first location in which the specific recognition of tumor
antigens and appropriate activation of lymphocytes occur
during the early stage of most cancers (10,11). Thus, the
immune status of TDLN influenced the immune status of
HCC microenvironment (12). Discovering the immune
status of TDLN may help us to understand the mechanism
of immunosuppressed state of HCC. In another hand,
increased evidences showed that tumor could also secret
soluble factors to induce the immune suppression of TDLN
in other cancer (13). However, the immune status of TDLN
in HCC had not been well studied.

Thus, in this study, we studied the phenotypic
characteristics, proliferative capacity and cytotoxic activity
of the immune cells isolated from the TDLN of patients
with HCC.

Methods

Patients and the source of TDLN and peripberal blood
mononuclear cell (PBMC)

For TDLN, the portal node was chosen, as it was the
main lymph node station of the liver (14). The TDLN and
preoperative PBMC were collected from HCC patients
(n=16) who underwent hepatectomy at the Department of
Hepatobiliary Oncology, Sun Yat-sen University Cancer
Center. Patients who had previously received chemotherapy
or radiotherapy before surgery were excluded from the
study. In addition, the samples of another three HCC
patients were used for the proliferation and cytotoxicity
assay. Table SI1 shows the distribution of the clinical
background characteristics of the patients. The clinical
informed consent was obtained from all patients enrolled
in this study, and approval was obtained from the Ethics
Committee of the Sun Yat-sen University Cancer Center,
ID: 5010-2007-043.

Isolation of TDLN and PBMC

PBMC were separated from the blood by density gradient
centrifugation using Ficoll (Nycomed Pharma AS, Norway)
at 800 xg for 30 min (15). TDLN cells were isolated from
the TDLN by grinding, filtering through a 200 microns
mesh sieve, and collecting the cell suspension. Then the cells
were counted and resuspended at the density of 1x10%/mL.
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Immunophenotyping

The phenotypic characteristics of the cells was analyzed
using flow cytometry (Beckman Coulter, Gallios) after
collecting at the density of 10°/mL, washing with PBS, and
incubating with antibodies. The monoclonal antibodies
CD3-ECD, CD4-PC7, CD8-FITC, CD25-PE, CD56-
PE, CD69-APC, anti-1L-17-APC, anti-IFN-y-PE, and
anti-PD1-APC were purchased from BD Biosciences (CA,
USA). Anti-Foxp3-APC were purchased from eBioscience
(San Diego, USA). For intracellular cytokine detection, cells
were stimulated for 4 h with Leukocyte Activation Cocktail
(BD Biosciences), stained with surface markers, fixed and
permeabilized with IntraPre Reagent (Beckman Coulter),
and then stained with anti-IL.-17 and anti-IFN-y antibodies.
The cocktail includes phorbol 12-myristate 13-acetate,
ionomycin and Brefeldin A. For Foxp3 analysis, the anti-
Foxp3 Staining Set (eBioscience) was used according to the
manufacturer’s instructions. The flow cytometry data was
analyzed with Kaluza analysis software (Beckman Coulter).

Expansion of cells from TDLN and PBMC

1x10° /mL cells derived from TDLN or PBMC were
cultured in RPMI-1640 containing 10% FBS at 37 °C
with 100 ng/mL mouse anti-human CD3 monoclonal
antibody (Peprotech) and 1,000 U/mL IL-2 (Peprotech)
were added to each wells. Fresh complete medium and IL-2
supplementation (1,000 U/mL) was added every three days.
The suspension cells were then harvested after incubation
for about 7 days for cytotoxicity assay.

Proliferation assay

To assess the proliferative capacity of the immune cells, the
cells extracted from the TDLN and PBMC were stained
with 2 mm carboxyfluorescein diacetate succinimidyl ester
(CFSE) for 10 min at 37 °C in serum-free RPMI-1640. Cells
were washed twice in RPMI with 10% FBS and stimulated
with 100 ng/mL mouse anti-human CD3 monoclonal
antibody (Peprotech) and 1,000 U/mL IL-2 (Peprotech).
On the fourth day, the proliferation of cells was assayed via
flow cytometry (Beckman Coulter, Gallios) by detecting the
level of CFSE.

Tumor cell culture

The SMMC-7721 human HCC cell lines were obtained
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from the Cell Bank of the Chinese Academy of Science
(Beijing, China). Cells were maintained in a 37 °C
humidified incubator with 5% CO,, and cultured in
RPMI1640 medium containing 10% FBS.

Cytotoxicity analysis

To detect the level of cytotoxicity, 1x10°/mL cells from
SMMC-7721 human HCC cell line were cultured in the
absence (control) or with 1x10%/mL cells expensed from
TDLN or PBMC in six-well plates in 2 mL. RPMI-1640
medium containing 10% FBS. After culturing the cells for
1 day, the SMMC-7721 cells were digested with 0.25%
Trypsin-EDTA (Gibco, USA), washed, and stained with
the Annexin V-PI apoptosis detection kit (BD Biosciences)
according to the manufacturer’s instructions to detect
the level of apoptosis. The cells were assessed using flow
cytometer (Beckman Coulter, Gallios) and the data was
analyzed with Kaluza analysis software (Beckman Coulter).

Statistical analyses

Continuous variables were expressed as the mean = standard
deviation (SD). Comparisons between the two groups
were performed using a paired z-test or student’s 7-test.
All analyses were performed using IBM SPSS Statistics
software, Version 20.0 (SPSS, Inc., IL, USA). P values
less than 0.05 in the two-tailed test were considered to be
significant.

Results
Phenotype of the T cells in TDLN and PBMC

To study the immune status of TDLN, we used flow
cytometry to compare the phenotypes of the cells
separated from the TDLN and PBMC. The proportion
of CD3+CD4+ T cells was higher in the TDLN than in
the PBMC [34.4%=15.1% vs. 24.4%=12.1% (P=0.010)].
The proportion of CD3+C56+ T (NKT) cells was lower
in the TDLN than the PBMC [1.7%=%2.2% vs. 6.4%+6.2%
(P=0.012)]. There were no differences in the proportion
of CD3+CD8+ T cells between the TDLN and PBMC
(Figure 1A4,B) (1able 1).

Subsequently, we compared the proportions of different
CD4+ T cell subsets, including CD4+Foxp3+ T (Treg) cells
and IL-17-producing CD4+ T (Th17) cells. The proportion
of Treg/CD4+ cells was higher in the TDLN than in the
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PBMC [9.4%+3.7% vs. 2.1%x1.2% (P<0.001)] (Figure 1C),
while the Th17/CD4+ cells was lower in the TDLN than
in the PBMC [0.8%%0.9% vs. 2.2%=1.5% (P=0.001)]
(Figure 1C,D) (1able 1). Moreover, we found that the
proportion of Treg/CD4+ cells was lower in T'1 stage than
T2 stage tumors [7.3%+1.9% vs. 11.0%+4.1%, respectively
(P=0.045)] (Table 2).

Together, these data suggest that the immune status
of TDLN was suppressed and deteriorated by tumor
progression.

Early activation of the T cells and capacity of the T cells in
TDLN and PBMC

As the TDLN was the first location in which the specific
recognition of tumor antigens and appropriate activation of
lymphocytes occur, we want to know whether the T cells
presented early activation. As CD69 was considered as a
marker of early activation of T cells (16), we detected the
expression of CDG69 by using flow cytometry and found
that both CD4+ and CD8+ T cells subgroup were more
activated in the TDLN than the PBMC. The proportion of
CD4+CD69+/CD4+ cells in the TDLN was 32.0%+17.2%
vs. 5.0%%7.3% in the PBMC (P<0.001); and CD8+CD69+/
CD8+ cells in the TDLN was 20.8%x12.9% vs. 4.5%+3.6%
in the PBMC (P<0.001) (Figure 2A4,B). In another hand,
considering that the immune status of TDLN was
suppressed described above; we explored capacity of T cells.
First, we explored the proportions of IFN-y-producing
CD4+ T (Thl) cells, which lead to cell mediated anti-
tumor immunity. We found that the proportions of Th1/
CD4+ cells were lower in the TDLN than in the PBMC
[4.0%7.1% vs. 19.0%210.5% (P<0.001)] (Figure 2C).
Next, we measured the level of CFSE dilution exhibited
by CFSE-labeled cells from the TDLN and PBMC, to
explore the proliferative capability of the T cells. The
mean proliferation rate of T cells in the TDLN was lower
(35.6%+3.2%) compared to the PBMC (70.3%=5.0%)
(P=0.001) (Figure 2D). Together, these data suggest that the
T cells were activated, while the capacity was suppressed.

PD-1 expression of the T cells in TDLN and PBMC

To further discover the discordance between
immunosuppressed status and increased activated T cells, we
investigate the expression of PD-1 in T cells. We found that
the proportion in each T cells subgroup was higher in the
TDLN than the PBMC. The proportion of CD4+PD-1+/
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Figure 1 Phenotype of the T cells in TDLN and PBMC. (A) Flow cytometry was used to analyze the proportions of CD3+CD4+ T cells,
CD3+CD8+ T cells, and CD3+CD56+ NKT cells in the TDLN and PBMC; (B) statistic analysis of the proportions of CD3+CD4+ T
cells, CD3+CD8+ T cells, and CD3+CD56+ NKT cells in the TDLN and PBMC; (C) flow cytometry was used to analyze the proportions
of CD4+Foxp3+ Treg/CD4+ cells and CD4+IL-17+ Th17/CD4+ cells in the TDLN and PBMC; (D) statistic analysis of the proportions
of Treg/CD4+ cells and Th17/CD4+ cells in the TDLN and PBMC. The data are reported as the mean = SD (*, P<0.05; **, P<0.01 and
P>0.001; ***, P<0.001). TDLN, tumor-draining lymph nodes; PBMC, peripheral blood mononuclear cell.

Table 1 Phenotype of the T cells in TDLN and PBMC

Table 2 Phenotype of the T cells in TDLN at different HCC stages

Phenotype PBMC (%) TDLN (%) P value Phenotype T1 (%), n=7 T2 (%),n=9 P value
CD3+CD8+ 14.8+9.2 14.3+4.4 0.853 CD3+CD8+ 14.1+£2.5 14.5+5.6 0.868
CD3+CD4+ 24.4+121 34.4+15.1 0.010 CD3+CD4+ 37.1+14.9 32.3+15.8 0.544
CD3+CD56+ 6.4+6.2 1.7+2.2 0.012 CD3+CD56+ 1.7£2.3 1.7+2.3 0.949
CD4+Foxp3+/CD4+ 21+£1.2 9.4+3.7 <0.001 CD4+Foxp3+/CD4+ 7.3+1.9 11.0+4.1 0.045
CD4+IL17+/CD4+ 2.2+15 0.8+0.9 0.001 CD4+IL17+/CD4+ 0.7+1.2 0.8+0.6 0.821
CD4+IFN-y+/CD4+ 19.0+10.5 4.0+7.1 <0.001 CD4+IFN-y+/CD4+ 5.1+6.5 3.0+7.7 0.572

PBMC, peripheral blood mononuclear cell; TDLN, tumor-draining

lymph node.
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Figure 2 Early activation of the T cells and capacity of the T cells in TDLN and PBMC. (A) Flow cytometry was used to analyze the
proportions of CD4+CD69+/CD4+ cells and CD8+CD69+/CD8+ cells in the TDLN and PBMC; (B) statistic analysis of the proportions of
CD4+CD69+/CD4+ cells and CD8+CD69+/CD8+ cells in the TDLN and PBMC; (C) flow cytometry was used to analyze the proportion
of CD4+INF-y+ Th1/CD4+ cells in the TDLN and PBMC; (D) the proliferative proportion of CFSE-labeled cells was higher in the PBMC
than in the TDLN. All the cells were gated as CD3+ cells. The data are reported as the mean + SD (***, P<0.001). PBMC, peripheral blood

mononuclear cell; TDLN, tumor-draining lymph node.

CD4+ cells in the TDLN was 13.5%+3.6% vs. 5.2%+0.9%
in the PBMC (P=0.037); and CD8+PD-1+/CD8+ cells in
the TDLN was 9.8%=1.1% vs. 5.0%x0.7% in the PBMC
(P=0.042) (Figure 3A4,B). In TDLN, a population of PD-1
high CD4+ T cells (3.2%+1.9%) could be discerned that
was absent in PBMC (Figure 34). However, PD-1 high
population was not apparent in the CD8+ T cells. Together,
these data suggest that the high expression of PD-1 may
suppress the function of T cells.

Cytotoxicity of the cells expanded from TDLN and PBMC

Last, we want to explore the cytotoxicity of the immune
cells derived from the TDLN in vitro. We performed co-
culture experiments in which the cells expended from
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TDLN or PBMC were cultured with SMMC-7721 cells
for 1 day. The apoptosis ratio of the SMMC-7721 cells was
higher in the PBMC group compared to the TDLN group
(16.5%x1.6% and 5.5%=0.9%) (P=0.002) (Figure 44,B).
Together, these data suggest that the anti-tumor capacity of
immune cells in TDLN was suppressed.

Discussion

The findings of the present study demonstrated the
immunosuppressed state of the TDLN in patients with
HCC, characterized by a higher proportion of Tregs, lower
proportion of NKT cells, Th17 and Thl cells. The T cells
from TDLN exhibited decreased capacity of proliferation
with higher expression of PD-1 compared to PBMC. And

Transl Cancer Res 2017;6(6):1188-1196
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Figure 4 Cytotoxicity of the cells expanded from TDLN and PBMC. (A) SMMC-7721 cells were cultured in the absence (control) or
with cells expanded from TDLN or PBMC for 1 day. Flow cytometry was used to analyze the apoptosis of SMMC-7721 cells via Annexin
V-PI apoptosis assay; (B) statistic analysis of the proportion of Annexin V+/PI- cells in each group. The data are reported as the mean + SD
(**, P<0.01 and P>0.001). PBMC, peripheral blood mononuclear cell; TDLN, tumor-draining lymph node.

the cytotoxic activity of the cells expanded from the TDLN
was weaker than the PBMC

Although the TDLN is the primary location for the
generation of the anti-tumor immune response, the immune
status of the TDLN is suppressed in various cancers (17,18).
Our data also found that the proportion of CD3+C56+
NKT cells was lower in the TDLN than the PBMC. Recent
studies have found that the accumulation of Tregs, playing
an important role in maintaining immune homeostasis
and preventing chronic inflammatory diseases (19),
in the TDLN in various cancers (18,20-23) may contribute
to the immunosuppressed state of this region. In accordance
with these studies, we also identified a higher proportion
of Treg in the TDLN compared to the PBMC. Moreover,
the proportion of Tregs in the TDLN increased by tumor
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progression, which was similar to other study (24). Various
studies have partially uncovered the mechanisms by which
Tregs exert their immunosuppressive function (19). These
methods of immunosuppression include the secretion of
soluble inhibitory molecules, the induction of cytolysis of
target cells, expression of membrane tethered inhibitory
molecules, and the inhibition of dendritic cell (DCs)
maturation (25). For example, IL-10, IL-35, and TGF-B are
considered to be suppressive cytokines and are secreted by
Tregs (25). Moreover, by Granzyme B and Perforin, Treg
could make the cytolysis of NK cells (25). This partially
explains the higher proportion of Tregs and lower number
of NKT cells (CD3+CD56+) in the TDLN compared
to the PBMC in our study. In addition, glucocorticoid-
induced TNF-receptor family related protein (GITR)

Transl Cancer Res 2017;6(6):1188-1196
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expression on Tregs has become an attractive target for
cancer immunotherapy. Thus, the administration of
an agonistic anti-GITR antibody was found to block
the suppressive effects of Tregs and increase IFN-y-
producing CD8+ and CD4+ T cell infiltration (26,27). This
observation is in accordance with our findings, in which the
CD4+ T cell population from the TDLN produced lower
levels of IFN-y. The consistency between our study and
previous reports confirms the pivotal role of Tregs in the
immunosuppressive environment of the TDLN.

The TDLN was the first location where antigen-
presenting cells interact with T lymphocytes and initiate
immune responses to cancer (28). Our results also showed
that the proportion of activated T cells (CD4+CD69+ T
cells, and CD8+CD69+ T cells) was higher in the TDLN
compared to the PBMC. Takenoyama ez 4l. (29) also found
that the cells derived from the TDLN in patients with
primary lung cancer were activated to a greater extent
than PBMC by detecting activation-related molecules.
Recent research has also demonstrated that there was an
enrichment of mature DCs in the TDLN, which plays an
important role in supporting the activation of T cells (30).
Through effective interactions with tumor antigens
loaded by DCs in the TDLN, there may be an increased
generation of activated T cells in this region; however,
as described above, our data revealed that the capacity of
cellular proliferation were lower in the TDLN compared
to the PBMC in patients with HCC. Moreover, the
proportions of IFN-y-producing CD4+ T (Thl) cells were
lower in the TDLN than in the PBMC. These data gave us
a hint that the T cells were activated, while the capacity was
suppressed.

Thus, to further discovery the discordance between
immunosuppressed status and increased activated T cells, we
investigate the expression of PD-1 in T cells, which could
inhibit T cells and block the antitumor immune response (31).
In addition, we found that the T cells expressed higher
PD-1, especially CD4+ T cells, in TDLN than PBMC.
Recent studies showed that PD-1 could suppress specific
CD8+ T cell cytotoxicity via suppress cytokine production
in tumor and TDLN (32,33). In accordance with these
studies we also found that the expanded T cells from
TDLN presented a low level of cytotoxicity and this
may associate with high expression of PD-1. These data
indicated that even though the tumor antigen could increase
the number of activated T cells, the higher expression of
PD-1in T cells, especially CD4+ T cell, may suppress the
capacity of CD4+ and CD8+ T cell. Together, these data
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gave us a hint that anti-PD-1 treatment may retrieve the
immunosuppressed status of TDLN and induce antitumor
immune response, which need to be further studied.

In the present study, we showed that the immune
cells from TDLN exhibit an immunosuppressed status
reflected in the phenotypic characteristics, as well as a
lower proliferative, cytotoxic activity and higher expression
of PD-1 compared to the PBMC. Moreover, the immune
status of the TDLN was further suppressed with tumor
progression. Our results suggest that the immune status
of HCC microenvironment was suppressed and this
immunosuppressed state may be reversed by inhibiting
Treg cells and/or PD-1. Further research is required to
determine if this strategy will favor the overall survival of
patients with HCC.

Conclusions

In conclusion, according to our study, the immune cells
from the TDLN presented an immunosuppressed status
regarding both the phenotypic characteristics and cellular
immune function compared to PBMC.
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Supplementary

Table S1 Characteristics of the HCC patients

Variables

Percentage (%)

Age (years)
<60
>60

Gender
Female
Male

Tumor location
Left liver
Right liver

Tumor size (cm)
<5
>5

Tumor number
Solitary
Multiple

T stage
T
T2

HBV
Negative
Positive

Cirrhosis
No
Yes

AFP (ng/mL)
<25
>25

Tumor differentiation
Low

Moderate

93.7
6.3

25
75

25
75

87.5
12.5

25
75

43.8
56.2

6.3
93.7

43.8
56.2

25
75

25
75

HCC, hepatocellular carcinoma.



