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Abstract. Monoclonal antibodies recognizing programmed
death-ligand 1 (PD-LI) have been used for the clinical treat-
ment of diverse tumor types as a form of immune checkpoint
inhibitor, with a favorable therapeutic effect. Dendritic cells
(DCs) are potent antigen-presenting cells that serve a pivotal
role in the activation of T cells, particularly cytotoxic T
Iymphocytes (CTLs). DC vaccines loaded with tumor anti-
gens, DC-CTLs and activated T cells have been revealed to
be a safe and effective treatment approach against colorectal
cancer within a clinical setting. In addition to tumor cells,
PD-L1 is also highly expressed on DCs. As research exam-
ining the association between anti-PD-L1 and DCs is lacking,
the present study compared the expression of PD-L1 on DCs
in the peripheral blood of healthy donors and patients with
colorectal cancer. Following the application of anti-PD-L1,
the DC phenotypes, function of DC-mediated T cell induc-
tion and the cytotoxicity of CTLs were investigated by flow
cytometry. The present study revealed that treatment with
anti-PD-L1 may promote the maturation of DCs and enhance
the functionality of the DC1 subtype. It may also increase the
number of CTLs that are activated and produce CTL cells with
more potent anti-tumor activity. Therefore, the creation of DC
vaccines in conjunction with anti-PD-L1 may be an effective
future treatment strategy for patients with colorectal cancer.

Introduction

Colorectal cancer is the fourth leading cause of cancer-asso-
ciated mortality worldwide (1). Immunotherapy has become
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a focus of research in association with colorectal cancer, and
adoptive cell therapy (ACT) has been widely applied in a
clinical setting as a treatment option (2,3). Previous studies
have suggested that ACT, which involves dendritic cell (DC)
vaccines, cytotoxic T lymphocytes (CTLs), DC-CTLs and
tumor infiltrating lymphocytes, and chimeric antigen receptor
T-cell immunotherapy are safe and effective forms of immu-
notherapy in preclinical and clinical trials (3-5). However, the
efficacy of these treatments remains subject to certain limi-
tations due to tumor immune escape mechanisms, including
the interaction between programmed cell death-1 (PD-1) and
programmed death-ligand 1 (PD-L1) (6).

PD-L1 is a cell-surface protein that is selectively expressed
in many tumor types (7). Through interacting with its corre-
sponding receptor (PD-1 expressed on T cells), PD-L1 may
suppress CTL-mediated responses against the tumor. As this
suppression is detrimental to the anti-tumor response, blocking
this interaction may help enhance cancer immunotherapy. In
previous clinical trials, the therapeutic effect of inhibiting
PD-1-mediated suppression has been improved by intrave-
nously administering anti-PD-1 or anti-PD-L1 agents (8-12).
However, immune checkpoint blockers may cause side effects,
including the development of severe inflammation, which may
become life threatening if not managed appropriately (13-15).
Additional side effects may be caused by an upregulated
immune response. Therefore, further research is required to
identify an appropriate way of applying anti-PD-L1 agents
within a clinical setting.

In addition to tumor cells, PD-L1 is also highly expressed
on DCs (16-18). DCs are potent antigen-presenting cells and
critical for the activation of T cells (19). Suppression of DC
functions in patients with cancer is thought to contribute to the
inhibition of the protective immune response and enhanced
disease progression (20). At present, there are few studies that
have compared the expression level of PD-L1 in DCs between
healthy donors and patients with cancer. To the best of our
knowledge, it is unknown whether PD-L1 expression on DCs
that have been sensitized by tumor antigens will have an effect
on T cell activation. Additionally, the effect of administering
anti-PD-L1 to block the interaction between PD-1 and PD-L1
on DCs and activated T cells also remains unclear. Currently,
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the focus of the majority of ACT research is to enhance the
anti-tumor effect of immune cells (21). In the present study,
anti-PD-L1 was applied to cultures of DCs and during T cell
activation to investigate whether it improved DC function and
DC-mediated T cell activation.

Materials and methods

DC preparation and phenotype detection. Density gradient
centrifugation was used for the preparation of peripheral
blood mononuclear cells (PBMCs). Between May and
July 2016, a volume of 20 ml peripheral blood was obtained
from 8 healthy donors and 11 patients with colorectal cancer
in the Chinese PLA General Hospital (Beijing, China). There
were 10 male patients and 9 female patients. The mean age
of the patients was 53 years (range, 37-68 years). All partici-
pants in the present study provided written informed consent
prior to their inclusion and the study was approved by the
Ethics Committee of the Chinese PLA General Hospital. The
samples were collected in a 50 ml centrifuge tube containing
heparin for anticoagulation. Following centrifugation of
the samples at 1,600 x g for 30 min at 25°C, the serum
was removed using a pipette. A 50 ml centrifuge tube was
filled with normal saline (NS) and a 50 ml centrifuge tube
containing 20 ml lymphocyte separation medium (Tianjin
Haoyang Biological Products Technology Co., Ltd., Tianjin,
China) was also prepared. The blood was mixed with the NS
using a pipette and added to the surface of the lymphocyte
separation medium along the tube wall. Following centrifu-
gation of the samples at 1,000 x g for 30 min at 25°C, the
supernatant was removed. The PBMCs were collected from
the corresponding layer and placed into another 50 ml centri-
fuge tube. Following centrifugation of the sample at 500 x g
for 10 min at 25°C, the serum was removed and normal saline
(NS) was added. Following centrifugation again at 500 x g for
10 min at 25°C, the serum was removed and the PBMCs were
obtained. A 1 ml volume of serum-free Cellix901 medium
(Tianjin Haoyang Biological Products Technology Co., Ltd.)
was added to the PBMCs and they were incubated for 3 h at
37°C in 5% CO,. The cell suspension was removed and the
adherent cells were scraped off the tube wall. The immature
DCs (iDCs) from the peripheral blood were subsequently
obtained. A total of 1,000 U/ml granulocyte-macrophage
colony stimulating factor (GM-CSF) and interleukin (IL)-4
were added and the PBMCs were incubated at 37°C in
5% CO,. GM-CSF and IL-4 were added daily to maintain a
concentration of 1,000 U/ml. Following 8 days of culture the
mature DCs (mDCs) were harvested. The surface markers
of the iDCs and mDCs were analyzed using flow cytometry
(according to the method in the subsequent flow cytometry
paragraph).

Applying anti-PD-LI and the detection of DC phenotypes
and cytokine production. The DCs were cultured as described
above. On day 6, 5 pg/ml anti-PD-L1 monoclonal antibodies
(cat. no. MPDL3280A; Genentech, San Francisco, CA, USA)
were added to the test group and the same amount of NS was
added to the control group. The DCs were harvested on day 8,
and a flow cytometry was performed to detect the expression
of markers on DCs. Cytokines [IL-10, IL-12, tumor necrosis
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factor (TNF)-a and interferon (IFN)-vy] in the supernatants
were detected using a cytometric bead array (CBA) (22).

CTL preparation and phenotype detection. The DCs were
cultured and anti-PD-L1 was applied according to the afore-
mentioned protocol. Isolated PBMCs were obtained and
added to the mDCs in Serum-free Celix601 medium. The
cells were incubated at 37°C in 5% CO,. The following day,
1,000 U/ml anti-CD3 and 1,000 U/ml IL-2 were added to the
cells. Following 3 days of culture at 37°C, 1,000 U/ml IL-2
was added every day and the CTLs were harvested following
14 days of culture. The expression of extracellular markers was
measured using flow cytometry (according to the method in
the subsequent flow cytometry paragraph).

Cytotoxicity of CTLs. A lactate dehydrogenase (LDH) release
assay (CytoTox 96® Non-Radioactive Cytotoxicity assay;
Promega Corporation, Madison, WI, USA) was performed to
test the cytotoxicity of the harvested CTLs in vitro. On day 14
of culture, the CTLs were resuspended to maintain a concen-
tration of 1x10° cells/ml. The colorectal cancer cell line SW620
was purchased from the American Tissue Culture Collection
(Manassas, VA, USA). It was collected during the logarithmic
phase for use as the target cells. At 5:1 and 10:1 effector-target
ratios, the CTL cytotoxicity was examined using an LDH
release assay. The following formula was used to calculate
cytotoxicity: Cytotoxicity=[A(Experimental)-A(Effector
Spontaneous)-A(Target Spontaneous)x100/[A(Target
maximum)-A(Target spontaneous)] (23).

Flow cytometry. The blocking reagent: 5% bovine serum
albumin (BSA; Tianjin Haoyang Biological Products
Technology Co., Ltd.) was added to the tube with a total of
1x10° cells in suspension for 15 min at 25°C. After blocking,
the cells were washed with the washing reagent (0.5 ml PBS).
Then, the corresponding antibodies were added to a test tube
for 15 min at 25°C. And 2 ml PBS with 5% BSA was added.
Following centrifugation at 400 x g for 5 min at 25°C, super-
natant was removed. Then, 0.5 ml PBS was added to the tube
and all samples were examined using a FACSCalibur instru-
ment (BD Biosciences, San Jose, CA, USA), and the data were
analyzed using FlowJo 7.6.1 software (FlowJo LLC, Ashland,
OR, USA). The phenotypic profiles of iDCs and mDCs were
analyzed via staining 1x10° cells for 15 min at 25°C with:
Fluorescein isothiocyanate (FITC)-conjugated anti-CD86
(cat no. 555657), phycoerythrin (PE)-conjugated anti-CD80
(cat no. 340294), PE-PerCP-conjugated anti-HLA-DR (cat
no. 347364), allophycocyanin (APC)-conjugated anti-CD83
(catno.551073), PE-conjugated anti-PD-L1 (catno.557924) and
PE-conjugated anti-CDl1Ic (cat no. 340544), APC-conjugated
anti-CDI123 (cat no. 340545). The phenotypic profiles of
CTLs, helper T cells, and NK cells were analyzed via
staining 1x10° cells for 15 min at 25°C with: FITC-conjugated
anti-CD4 (cat no. 340298), PE-conjugated anti-CDS8 (cat
no. 340298), PE-PerCP-conjugated anti-CD3 (cat no. 340298),
and APC-conjugated anti-CD56 (cat no. 341025). The pheno-
typic profiles of Tregs were analyzed via staining 1x10° cells
for 15 min at 25°C with: FITC-conjugated anti-CD4 (cat
no. 340133), PE-conjugated anti-CD127 (cat no. 557938),
PE-PerCP-conjugated anti-CD3 (cat no. 347344) and
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Figure 1. PD-L1 expression on iDCs and mDCs. iDCs from the peripheral blood of healthy donors and patients with colorectal cancer were obtained. The
phenotype of the iDCs was analyzed by flow cytometry. Monocytes isolated from peripheral blood mononuclear cells underwent maturation for 8 days and
mDCs were then harvested. The phenotypes of the mDCs were analyzed by flow cytometry. The PD-L1 expression rates on (A) DC1 and (B) DC2 cells were
analyzed. "P<0.05 and "'P<0.01. iDC, immature dendritic cell; mDC, mature dendritic cell; PD-L1, programmed death-ligand 1.

APC-conjugated anti-CD25 (cat no. 340939). All the antibodies
were purchased from BD Biosciences and employed according
to the manufacturer's protocols.

Statistical analysis. Data are expressed as the mean + standard
deviation from at least three independent experiments.
Statistical analyses, including a Chi-square test, Student's
t-tests and a Fisher's exact test were performed as appro-
priate. One-way analysis of variance and a Newman-Keuls
post hoc test were used to compare differences among
multiple groups. For all tests, P<0.05 was considered to indi-
cate a statistically significant difference. SPSS version 23.0
(IBM Corp., Armonk, NY, USA) and GraphPad Prism 5.0
(GraphPad Software, Inc., La Jolla, CA, USA) was used for
data analysis.

Results

PD-L]I expression on DCs. Flow cytometry was performed for
the detection of PD-L1 expression on DC1 and DC2 subsets.
The PD-LI1 expression rate on mDCI cells was significantly
higher compared with iDCls in healthy donors and patients
with colorectal cancer (P<0.01; Fig. 1A). This indicates that
PD-L1 expression is upregulated during the formation and
maturation of DCls. The PD-L1 expression rate on iDCls
was significantly higher from the peripheral blood of patients
with colorectal cancer compared with healthy donors (P<0.05;
Fig. 1A). This indicates that PD-L1 expression on iDCI1
subsets may be significantly upregulated within the tumor
microenvironment. Additionally, the PD-L1 expression rate
of mDC2s was significantly higher compared with iDC2s in
healthy donors (P<0.05) while no significant difference was
observed in those derived from the patients with colorectal
cancer (Fig. 1B).

DC phenotype detection. Mature DC cell surface markers
were detected by flow cytometry (Fig. 2). In the anti-PD-L1
group DC surface markers, including CD80, CD83 and CD86
were expressed at a frequency of 97.03+2.87, 84.80+5.12 and
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Figure 2. Anti-PD-L1 promotes DC maturation and proliferation in vitro.
Following 8 days in culture mDCs were harvested. A blockade of the
programmed cell death-1/PD-L1 interaction was performed onday 6.mDC cell
surface markers were detected by flow cytometry. The surface expression rates
of CD80,CD83 and CD86 on mDCs were compared. 'P<0.05 vs.control. mDC,
mature dendritic cells; CD, cluster of differentiation; PD-LI, programmed
death-ligand 1; HLA-DR, human leukocyte antigen-antigen D related.

97.57£2.46%, respectively (data not shown). In the control
group, the percentage of CD80, CD83 and CD86 detected
was 98.60+2.08, 75.83+1.94 and 97.30+4.33%, respectively
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Figure 3. Anti-PD-L1 induces mDCs with increased secretion of effector cytokines. Cytometric bead array was used to evaluate cytokine concentrations in
the dendritic cell culture supernatants on day 7. (A) The concentration of IL-12 in the control and anti-PD-L1 groups was analyzed. (B) IL-10, TNF-a and
IFN-vy concentrations in the supernatants were detected and compared between the two groups. The IFN-y concentration was undetectable in the control group.
“P<0.05 and “P<0.01 vs. control. IL, interleukin; PD-L1, programmed death-ligand 1; TNF, tumor necrosis factor; IFN, interferon.

(data not shown). CD83 expression on DCs in the anti-PD-L1
group was significantly higher compared with the control
group (P<0.05; Fig. 2). There was no statistically significant
difference observed between the two groups regarding the
expression of CD80 and CD86 on DCs.

Cytokine assays. Cytokines within the supernatants were
measured by CBA. The IL-12 concentration was signifi-
cantly higher in the anti-PD-L1 group compared with the
control group, 1.20+0.26 and 0.43+0.39 pg/ml, respectively
(P<0.01; Fig. 3A). The level of TNF-a was also significantly
increased in the anti-PD-L1 group compared with the
control, 42.12+15.47 and 10.67+6.38 pg/ml, respectively
(P<0.05; Fig. 3B). The IFN-vy concentration in the anti-PD-L1
group was 28.87+15.57 pg/ml, but it was undetectable in
the control group. IFN-y was significantly higher in the
anti-PD-L1 group, compared with the control (P<0.05).
The concentration of IL-10 in the anti-PD-L1 and control
groups was 13.52+4.19 and 9.92+2.47 pg/ml, respectively
(P<0.05). However, no statistically significant differences
were observed regarding the concentration of IL-10 secreted
in each group.

CTL phenotype detection. The CTL phenotype was measured
by flow cytometry and compared between the two groups
(Fig. 4A and B). In the anti-PD-L1 group, the percentage
of helper T cells (CD3*CD4%), cytotoxic T lymphocytes
(CD3*CD8*), NK cells (CD3"CD56%) and regulatory T cells
(CD3*CD4*CD25*CD127)inthe CTL cultures was 3.53+1.71,
79.57+2.81, 7.87+0.45 and 1.73+0.46%, respectively. In the
control group the percentages were 14.97+9.07, 58.17+4.21,
8.13+0.84 and 2.37+1.46%, respectively. These results
indicated that there was a significantly higher percentage
of cytotoxic T lymphocytes (CD3*CD8*) in the anti-PD-L1
group compared with the control group (P<0.05; Fig. 4C).
The percentage of helper T cells (CD3*CD4*; Fig. 4C) was
notably lower in the anti-PD-L1 group compared with the
control, however there were no significant differences, in
comparison of NK cells (CD3"CD56%; Fig. 4D) and regula-
tory T cells (CD3*CD4*CD25*CD127; Fig. 4D) between the
two groups.

Cytotoxicity of CTLs. To confirm the anti-tumor effects of
CTLs induced by DCs treated with monoclonal antibodies
against PD-L1, their cytotoxicity was examined by an LDH
release assay. In an in vitro killing experiment at the 5:1
effector-target ratio, the cytotoxicity in the anti-PD-L1 and
control groups was 25.21+5.02 and 7.68+1.86%, respectively
(P=0.005; Fig. 5). When the same experiment was performed at
the 10:1 effector-target ratio, the cytotoxicity in the anti-PD-L1
and control groups was 56.88+1.82 and 44.96+5.23% (P=0.02;
Fig. 5). The CTLs induced by DCs combined with anti-PD-L1
demonstrated a significantly higher cytotoxicity towards the
human colorectal cancer cell line SW620 in vitro compared
with the CTLs without anti-PD-L1 in the control group at each
effector-target ratio. These results indicate that PD-L1 expres-
sion on DCs restrains the DC function and decreases CTL
proliferation. Additionally, blocking the PD-1/PD-L1 interac-
tion may rescue this impairment and improve the anti-tumor
effect of CTLs.

Discussion

PD-L1 is highly expressed on DCs and is one of the immune
checkpoints of the human immune system (24). The binding of
PD-1 on the surface of various immune cells, including T cells,
induces an inhibitory effect and regulates the immunological
function of the human body (25). Curiel et al (26) demon-
strated that the expression rate of PD-L1 on DCs may be
significantly upregulated within the tumor microenvironment.
DCs have the ability to present antigens, as well as suppress
the immune response mediated by the interaction of PD-L1
and PD-1 (25). Blocking the PD-1/PD-L1 interaction may
benefit certain patients with cancer (10). However, it is unclear
whether using anti-PD-L1 combined with ACT will produce
better curative effects. Therefore, it is essential to improve the
curative effect, minimize side effects and seek an appropriate
approach to using anti-PD-L1 in the treatment of cancer within
a clinical setting.

DC subsets primarily consist of DC1 (HLA-DR*, CD11c*
and CDI123") and DC2 subsets (HLA-DR*, CDIll1c¢ and
CD123%) (27). The DCI subset serves a key role in anti-tumor
cytotoxicity due to its robust antigen-presentation capacity and



SPANDIDOS
| PUBLICATIONS

ONCOLOGY LETTERS 15: 5345-5351, 2018

A A A A
2 Gate:R1 9
odat.uL Q1-UR| =
T% 45%
E: S
control 3 <
E, e e,
22 | £
o 3 e
1-LL Q1-LR] 9.LL (19-LR] =
—Q —D III?II?IKI T T Iilﬂlqllsﬂﬁ —o ..b‘. 1 f'.
o' 10° 10 1072 o 0 pndds 1072 ol T0TT 1o 1ee 107
< CD3 PaiCP-A © eiCP- B CD3 PeiCP-A
QI o [a] |
Of = cae:ri - Ol = cateri o
Sda1-uL Q1-U 2468-UC Q9-UR]
7% 55% 3% 77.7%
& E
anti-PDL1 | § < .o
= e q ; oy
32 i d g2
5 Q‘}h"o';'\ g‘l-A.R 5 9-LL Q9-LR| 5 Q10-LR
Mot 10:. 105 1072 Sot 10° 105 1072 0t 10 10 1072
CD3 PerCP-A CD3 PaCP-A CD3 PeiCP-A
>
B A
« Gale:R1 « _Gate: (R2in R1)
o (=F TRV Q1-UR
E R2 21.1% 9.7%
E 16.2% _
a4 i | s
a3 gl g%
control | & s e e §
=y -
§-—E E‘_
EE EE
00 10° 105 10" 1 0°
CD3 PerCP-A CD127 PE-A
~ _GaterR1 ~ Gate: (R2inR1)
S d S da10-UL Q10-UR
- 3 R2 ~ 216.3% 8.2%
12.0
¥ B
E'—E :_ _"'_'_| El‘_g v
A - - - ]
anti-PDLT) & 3 ; 2 3 ;
g24 g2
g
Y= >
"0 100 108 10" "0 100 105 1072
CD3 PeiCP-A CD127 PE-A )
C 1009 =3 control D 101 1 control
i anti-PD-L1
= 80 3 anti-PD-L1 —_ = 8] T =]
& =
- —— ° A
g 60 I
2 a
= 404 = 44
8 I
(e e =
| |
CD3+CD4+ CD3+CD8+ CD3-CD56+ CD3+CD4+CD25+CD127-

>

5349

Figure 4. Anti-PD-L1 induces a higher percentage of CTLs in vitro. Expression of surface markers was measured on day 15 by flow cytometry analysis.
(A and B) Antibodies directed against CD3, CD4, CD8, CD56, CD25 and CD127 were used to measure the expression of cell surface markers by flow
cytometry. (C) The percentage of helper T cells (CD3*CD4*) and cytotoxic T lymphocytes (CD3*CD8*). (D) The percentage of NK cells (CD3'CD56%) and
regulatory T cells (CD3*CD4*CD25*CD127). "P<0.05 vs. control. CD, cluster of differentiation; NK, natural killer; PD-L1, programmed death-ligand 1.

T cell activating abilities (28). In the present study, the PD-L1
expression rate on mDCls was higher than that expressed on

iDCls in healthy donors and patients with colorectal cancer.
This indicates that the PD-L1 expression rate on the DC1
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subset increases with DC maturation. Since the high expres-
sion of PD-L1 in DCI subsets will have negative effects on
immune response, applying anti-PD-L1 during the activation
and differentiation of T cells may reduce the negative suppres-
sive effects of the DC1 subsets. Additionally, the PD-L1
expression rate of iDCls in patients with colorectal cancer
was higher than that of healthy donors, and the patients with
colorectal cancer exhibited a lower PD-L1 expression rate
on mDCls compared with the healthy donors. These results
indicate that there was no corresponding increase in PD-L1
expression associated with DC maturation in colorectal cancer
patients. These findings may explain the poor functionality
of DCs in patients undergoing ACT, however further study is
required to confirm this suggestion.

DC cell-surface markers were also measured in the present
study. The DC maturation marker, CD83, co-stimulatory
molecules CD80 and CD86, and major histocompatibility
complex (MHC) class II molecule, HLA-DR were compared
between the PD-L1 and control groups. The expression level
of these markers reflects the degree of maturity and functional
status of the DCs (29). In the present study, no statistically
significant differences were observed between the two groups
for the comparison of CD80, CD86 and MHC. However, the
CD83 expression rate in the anti-PD-L1 group was significantly
higher compared with the control group. A high expression
level of CD83 suggests that treatment with monoclonal anti-
bodies against PD-L1 promotes DC maturation and enhances
its associated functionality.

IL-12 produced by DCs, B cells and macrophages is one
of the most potent type 1 T helper cytokines and may promote
the activation of CTL and NK cells (30). IL-12 has also
been used as a cytokine for improving DC-based immuno-
therapy (31). In the present study, cytokine detection by CBA
revealed that the concentration of IL-12 was significantly
higher in the anti-PD-L1 group. An increased secretion of
IL-12 by DCs may translate into enhanced anti-tumor immu-
nity (31). However, the concentration of IL-10, which may
impair the potent APC function of DCs and produce nega-
tive effects on immunity (32), was not significantly different
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between the two groups in the present study. This suggests
that there is no association between the administration of
anti-PD-L1 and IL-10 secretion by DCs. TNF-a was reported
to be able to induce the necrosis and apoptosis of tumor cells
directly (33,34). In the present study, following treatment
with anti-PD-L1 the secretion of TNF-a was significantly
increased compared with the control. According to previous
adoptive T-cell transfer studies, IFN-y was reported to be
crucial for efficient tumor rejection by the upregulation of
MHC class I and Fas levels on tumor cells (35). In the present
study it was revealed that only a small amount of IFN-y was
secreted when anti-PD-L1 was added while the DCs were
maturing, whereas IFN-y secretion in the control group
was undetectable. As the increased secretion of TNF-a and
IFN-vy may enhance anti-tumor effects, applying anti-PD-L1
to maturing DCs may produce DC vaccines with a higher
immune activating potential.

CTLs are regarded as ideal cells for immunotherapy,
as they possess strong tumor specificity and exhibit stable
antitumor effects in clinical trials (36). At present, the
improvement of DC-mediated activation and proliferation
of CTLs is a challenge for ACT. According to the results of
the present study, applying anti-PD-L1 during the induction
and activation of T cells may produce a higher percentage
of CTLs (CD3*, CD8"). One possible reason for this obser-
vation may be the improved function of the DCI subset. As
PD-L1 was highly expressed on the DCI1 subset following
the application of anti-PD-L1, the function of the DC1 subset
was enhanced. Furthermore, as described above the DCl1
subset was demonstrated to serve a leading role in antigen
presentation and CTL induction. Therefore, the application of
anti-PD-L1 may effectively increase the percentage of CTLs.
As key players in driving immune suppression, regulatory
T cells (Tregs) may inhibit anti-tumor immunity within the
tumor microenvironment. In the present study, although the
percentage of Tregs was lower in the anti-PD-L1 group, there
was no significant difference between the two groups. Further
studies are required to examine whether applying anti-PD-L1
is associated with a lower percentage of Tregs. Additionally,
the CTL cytotoxicity against the human colorectal cancer
cell line SW620 was examined in the present study using an
LDH release assay. At 5:1 and 10:1 effector-target ratios the
cytotoxicity of the anti-PD-L1 group was significantly higher
compared with the control group. The authors hypothesize that
the increase in CTLs was the primary reason for the improved
cytotoxicity, however cytokine changes in IL-12, TNF-a
and IFN-y may also contribute to the observed enhanced
anti-tumor effect.

In summary, treatment with anti-PD-L1 may promote the
maturation of DCs and enhance the functionality of the DC1
subtype. It may also improve the ability of CTL activation
and produce CTL cells with more potent anti-tumor activity.
As applying anti-PD-L1 may also enhance DC vaccines and
DC-based immunotherapy, the creation of DC vaccines in
conjunction with anti-PD-L1 may be a future effective treat-
ment strategy for patients with colorectal cancer.
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