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Abstract
Advanced hepatocellular carcinoma (HCC) has limited therapeutic options. Immunotherapy is a promising
treatment, while sorafenib is a first-line drug-based treatment for advanced HCC. However, the efficacy of
sorafenib and immunotherapy in combination, have not been clearly evaluated. Sorafenib treatment has been
shown to promote immunosuppression by increasing hypoxia in orthotopic HCC models. Here, we found that
sorafenib treatment in mice with orthotopic HCC increased the expression of inhibitor programmed death-ligand 1
(PD-L1) and T-regulatory cells in tumor tissues. We pulsed dendritic cells with exosomes derived from tumor cells
(DC-TEX) and found that the number of T-regulatory cells decreased and the number of CD8+T cells increased.
However, combining DC-TEX and sorafenib did not prolong survival in these mice. Moreover, we found that the
number of PD-1+CD8+T cells significantly increased after DC-TEX treatment. Therefore, we next added PD-1
antibody (PD-1 Ab) to the treatment regimen to block the PD-1/PD-L1 pathway, and found that the exhausted CD8+T
cells were restored, without affecting the number of T-regulatory cells. Thus, our data suggest that the
combination of DC-TEX and PD-1 Ab enhanced the efficacy of sorafenib, but treatment with either DC-TEX or PD-1
Ab alone, did not.
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troduction
epatocellular carcinoma (HCC) is a leading cause of cancer death
orldwide with its annual incidence increasing globally [1]. For
tients with early-stage HCC, surgical resection and liver transplan-
tion are standard primary treatments [2]. Unfortunately, one-third
patients with early-stage HCC are asymptomatic; most patients are
agnosed with advanced-stage HCC [3]. For these patients, the
ficacy of regular chemotherapy or radiotherapy is low. Recently,
rafenib, a promising drug was considered a milestone in targeted
erapy for patients with advanced-stage HCC [4].
Sorafenib, a multitargeted tyrosine kinase inhibitor, exhibits a
tter antitumor efficacy and is a first-line treatment for advanced-
age HCC [5]. In a multicenter, double-blind trial, 602 patients with
vanced-stage HCC were randomly assigned to receive either
rafenib or placebo. The median overall survival was 10.7 months
d 7.9 months in the sorafenib group and placebo group,
spectively (P b .001) [6]. Unfortunately, the median overall
rvival was modestly increased by just three months with patients
veloping resistance to sorafenib. The mechanisms of resistance to
rafenib are likely multifactorial [7], and one of mechanism was

http://crossmark.crossref.org/dialog/?doi=10.1016/j.tranon.2018.01.001&domain=pdf
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sociated with the increase in tissue hypoxia [8,9]. Hypoxia caused
e resistance to sorafenib treatment by creating an immunosuppres-
ve microenvironment [10,11]. The immunosuppressive microenvi-
nment caused by sorafenib treatment was shown that the number of
D4+CD25+ regulatory T cells (Tregs) was significantly increased
2]. Tregs are a sub-population of T cells that maintain immune
lerance, autoimmunity and inhibit immune responses [13]. Tregs
crease the antitumor immunity in patients with HCC. A
gnificantly high number of Tregs is presented in HCC tumor
ssues compared with normal tissues. High tumor-infiltrating Tregs
e an independent factor of poor prognosis [14]. Duda et al found
at the occurrence of increased intratumoral hypoxia after sorafenib
eatment facilitated Tregs to accumulate. In addition, the tumor
ssues in murine orthotopic HCCmodels expressed the Programmed
eath ligand-1 (PD-L1) [15]. Therefore, an urgent need exists to
scover effective therapeutic strategies that can improve the
ppressive tumor environment created by sorafenib resistance.
Dendritic cells (DCs) are antigen-presenting cells that uptake
mor-associated antigens and subsequently induce tumor-specific T
ll responses to remove tumor cells [16]. Palucka et al demonstrated
at the antitumor effect of DCs loaded with tumor-associated
tigens was in part, due to the decreased number of Tregs in tumor
sues and in circulation [17]. Tumor cell-derived exosomes induced
higher immune response than tumor cell-lysates in murine
thotopic HCC models and improved the tumor immune
icroenvironment by increasing the number of CD8+T cells and
creasing the number of Tregs in tumor tissues [18]. Exosomes are
all vesicles about 30-100 nm in size and are secreted by different
ll types including tumor cells. Tumor-derived exosomes contain
mor-associated antigens including TSG101, Alix, Hsp 60, Hsp70,
sp90 and CD9, that can activate DCs to induce the specific
titumor response [19]. The antitumor effect of exosome-pulsed
Cs to induce specific T cell responses has been demonstrated in
th mice and humans [20]. However, tumor antigen-specific T cells
come partially exhausted upon chronic exposure to tumor antigens,
d express the Programmed Death 1 (PD-1) receptors [21]. PD-1 is an
munoinhibitory receptor that is mainly expressed on activated T cells.
-1 together with PD-L1 impairs the effector functions of CD8+T

lls, including proliferation, cytokine production and cytolysis and then
duces an exhaustion-like state to escape immune surveillance [22].
me studies have shown that blocking the PD-1 axis reversed the
sfunction and exhaustion of activated T cells and presented a significant
nefit for the tumor microenvironment [23,24].
Therefore, we hypothesized that exosome-pulsed DCs (DC-TEX)
duce antitumor responses and change the tumor microenvironment
decreasing Treg accumulation in tumor tissue after sorafenib

eatment. We speculate that blocking the PD-1/PD-L1 axis can
store the function of exhausted CD8+T cells. We addressed this
pothesis by combining DC-TEX and the PD-1 antibody (PD-1
b) with sorafenib and observing the effects on tumors in mice with
thotopic HCC.

aterials and Methods

ells and HCC Models
The hepa1-6 cell line was obtained from Boster Biological
echnology Ltd. (Wuhan, China) and was cultured in DMEM
edium (Invitrogen) with 10% fetal bovine serum (FBS, Gibco,
SA) and 1% penicillin-streptomycin (Sigma, Munich, Germany).
he murine DC2.4 cell line was provided by Professor Haifang Yin
ell Biology and Research Centre of Basic Medical Science, Tianjin
edical University, Tianjin, China) and were cultured in DMEM
edium with 10% FBS and 1‰ β-mercaptoethanol. The exosomes
ere derived from FBS by centrifugation. C57BL/6 mice (6 to 8
eeks old) were obtained from Beijing Vital River Laboratory Animal
echnology Co., Ltd. and were maintained in the Tianjin animal unit
YXK 2011-0008) according to the ethics committee of the Chinese
cademy of Medical Sciences and Peking Union Medical College
stitute of Biomedical Engineering. We used tissue implantation to
tablish an orthotopic HCC model, as described [18].In briefly, we
tablished subcutaneous HCC mouse models with hepa1-6 cell
×106). When the longitudinal diameter of subcutaneous tumor
ached 1cm, we cut the tumor tissue into 1mm3 and trasplanted it
to left liver of mouse.

reatment
For the established orthotopic HCC model, we confirmed tumor
owth by MRI fourteen days after tissue implantation and then
ndomly divided the mice into different groups (Sorafenib, DC-
EX, PD-1 Ab, Sorafenib plus DC-TEX, Sorafenib plus PD-1 Ab,
C-TEX plus PD-1 Ab, Triple combination of Sorafenib, PD-1 Ab,
d DC-TEX, Phosphate buffered saline, n = 6 mice/group). The
mor volume in each group was not significantly different. Sorafenib
exavar, Bayer Healthcare, Leverkusen, Germany) was dissolved in
osphate buffered saline (PBS) containing 1% Tween 80 and the
al dose of 50 mg/kg was administered by gavage daily for three
eeks. DCs were pulsed with exosomes (4×106, injected intrave-
usly) three times, at 5-day intervals. PD-1 Ab (200 μg) was injected
traperitoneally three times at 5-day intervals (clone J43; BioXCell,
est Lebanon, USA). After one week of treatment, the established
thotopic HCC model were to sacrifice and to analyze the variation.
r survival analysis, the treatment was conducted as above described
= 10 mice/group).
Flow Cytometry. We used flow cytometry (BD Biosciences, San
se, CA, USA) count the number of Tregs cells and CD8+ T cells in
e tumor tissues. The tumor tissues were digested using collagenase
pe IV (0.05 mg/mL; Gibco.) for 40 min at 37°C and then the
mor-infiltrating lymphocytes were harvested using 40% Percoll
harmacia, Sweden). The tumor-infiltrating lymphocytes were
ained with FITC-conjugated anti-CD3e, FITC-conjugated anti-
D4, PE-conjugated anti-CD25, PE-conjugated anti-PD-1, APC-
njugated anti-CD8a and APC-conjugated anti-Foxp3. All the
tibodies were purchased from eBioscience (San Diego, CA, USA).
Cytokines Analysis by Enzyme-Linked Immunosorbent Assay
LISA). We collected blood serum samples from orthotopic
mor-bearing mice to observe the levels of cytokines including
N-γ, TNF-α, TGF-β, IL-2, IL-10 and AFP using the ELISA kits
Bioscience), according to the manufacturer's protocol.

munohistochemistry
Immunohistochemical staining was performed, as described
eviously [25]. Tumor tissues were embedded in paraffin and were
t into sections 4-μm in thickness. The sections were deparaffinized
xylene, rehydrated in gradient ethanol. Antigen retrieval was
rformed on these sections at 100°C for 30 min in citrate buffer. For
ocking endogenous peroxidase activity, all slides were treated with
hydrogen peroxide for 10 min and were then blocked in 10%



Figure 1. Sorafenib treatment induced an immunosuppressive microenvironment in orthotopic HCC mice. We observed changes in the
number of CD4+CD25+Foxp3+ Tregs in tumor tissues using flow cytometry and immunohistochemistry, and in the levels of serum IL-10
and TGF-β detected by ELISA. A. The number of CD4+CD25+Foxp3+ Tregs significantly increased after sorafenib treatment compared
with the PBS group (n = 6mice/group, **P b .01). B. Immunohistochemistry of FoxP3+Treg cells in tumor tissues. C-D. The levels of IL-10
and TGF-β significantly increased after treatment with sorafenib (n = 6 mice/group, **P b .01).
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Image of Figure 1
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at serum for 15 min. The sections were stained with mouse anti-
D-L1 monoclonal antibody (Abcam, 1:300) or anti-Foxp3
onoclonal antibody (Abcam, 1:200) overnight at 4°C. The
llowing day, the sections were incubated with secondary antibody
iotinylated goat antirat IgG) for 30 min at room temperature and
en stained with 3,30-diaminobenzidine tetrahydrochloride follow-
by counterstaining with hematoxylin.

eneration of Exosomes and Exosome-Loaded DCs
Exosomes were separated from the supernatants of hepa1-6 cells, as
scribed previously [26]. To reduce the effects of exosomes from
S, the FBS was centrifuged at 10,000×g for 60 min. After 48 h of
lture, the supernatant was centrifuged at 2000×g for 20 min,
,000×g for 30 min and 100,000×g for 70 min (Hitachi, Tokyo,
pan). The exosome pellet was washed twice with PBS and recovered
centrifugation at 100,000×g for 70 min. The concentration of

osomal proteins was determined by Bradford assay. DCs were co-
ltured with exosomes for 48 h for in vivo DCs immunotherapy.

atistical Analysis
Data are shown as the mean ± standard deviation for descriptive
atistics. The differences between groups were determined using the
udent's t-test or ANOVA. The survival analysis was calculated by the
aplan–Meier method. All statistical analyses were performed using the
SS 16.0 (SPSS Inc., Chicago, IL, USA). Pb0.05 was considered as a
atistically significant difference based on a two-tailed test.
gure 2. Characteristics of exosomes and activation of T cells by DC
ectronmicroscope. B The surfacemakers expressed on exosomeswe
hich then activated T cells. The naïve T lymphocytes were derived
rboxyfluorescein diacetate succinimidyl ester (CFSE) and then co-c
mphocytes were collected and analyzed using flow cytometry. D-E. Ac
*P b .01).
esults

D4+CD25+FoxP3+ Tregs in Tumor Tissues are Increased
fter Sorafenib Treatment
To observe any changes in the number of CD4+CD25+FoxP3+ Tregs
the orthotopic HCC tumor tissues after treatment with sorafenib, we
eated the mice with sorafenib for 21 days and then evaluated the
mber of CD4+CD25+FoxP3+Tregs using flow cytometry and
munohistochemistry. We found that sorafenib treatment significantly
creased the number of tumor-infiltrating CD4+CD25+FoxP3+ Tregs
the orthotopic tumor tissues (Figure 1A). Immunohistochemistry
owed similar results (Figure 1B). In addition, we analyzed the levels of
rum cytokines and found that the immunoinhibitory interleukin-10
L-10) (Figure 1C) and transforming growth factor-β (TGF-β) were
nificantly increased (Figure 1D). These results demonstrated that
rafenib treatment induced immunosuppression inmicewith orthotopic
CC [15].

xosomes Derived from Hepa1-6 Cells Act as Tumor Antigens
Activate T Cells
We next investigated the role of exosomes derived from hepa1-6 cells
tumor antigens. These are taken up by DCs which subsequently
tivate T cells. We measured the size of exosomes using transmission
ectron microscopy and found that they ranged between 30 and 100
(Figure 2A), consistent with other reports [27]. We confirmed the

pression of exosome-specific surface markers including TSG101,
-TEX. A. The size of exosomes was detected by transmission
re confirmed byWestern blot. C Exosomeswere pulsed with DCs
from inguinal lymph nodes of C57BL/6 mice and labeled with
ultured with DC-TEX for 72 h in a 1:10 ratio. The activated T
tivated T lymphocytes secreted cytokines including IL-2 and IFN-γ

Image of Figure 2
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lix, GPC-3, and AFP using Western blots (Figure 2B). These tumor-
sociated antigens have the ability to activate T cells after being taken
by DCs. We have previously found that 40 μg/ml of exosomes co-
si
2D

D
th

5
ev
cy
tu
(F
ce
si
af
(F
tr

gure 3. DC-TEX treatment altered immunosuppression and affected
ficacy.WeestablishedorthotopicHCCmiceby tissue implantation and
llected the tumor tissues and serum, 7 days after treatment. A. We
alyzed the change in the number of CD4+CD25+FoxP3+ Tregs. We
llected the tumor tissues and digested sampleswith collagenase type
and then analyzed the cells by flow cytometry. The DC-TEX treatment
gnificantly decreased the number of CD4+CD25+FoxP3+ Tregs (n =
mice/group, **Pb .01). B. Thenumber of CD8+Tcells in tumor tissues
eresignificantly increased (n=6mice/group,**Pb .01).C.The levelsof
rum cytokines IL-10 and TGF-βwere significantly decreased by ELISA
=6mice/group, **Pb .01).D.Measurementof serum IFN-γand IL-2 in
l groupswere significantly different (n=6mice/group, **Pb .01). E.No
gnificant differences in survival times were observed between the
rafenib and DC-TEX group (n = 6 mice/group, P N 05).
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ltured withDCs for 48 h exhibited a strong antitumor effect [18].We
lected this concentration of exosomes to activate T cells in vitro and
served a proliferation in T cells (Figure 2C). Moreover, we observed
gnificantly increased levels of serum IL-2 and IFN-γ by ELISA (Figure
-E).

C-TEX Altered Immunosuppression But Did Not Increase
e Efficacy of Sorafenib in Orthotopic HCC Mice
We treated the orthotopic HCC mice with DC-TEX three times at
day intervals and with sorafenib daily for 21 days. We then
aluated the immune microenvironment for any changes. Flow
tometry revealed that the number of CD4+CD25+FoxP3+ Tregs in
mor tissues significantly decreased after treatment with DC-TEX
igure 3A). Furthermore, we observed a significant increase in CD8+T
lls after treatment with DC-TEX (Figure 3B). We also observed a
gnificant decrease in the levels of IL-10 and TGF-β (Figure 3C)
ter treatment with DC-TEX, while the levels of IFN-γ and IL-2
igure 3D) were significantly increased. These results suggested that
eatment with DC-TEX improved the immune microenvironment.
gure 4. Expression of PD-L1 in tumor tissues of orthotopic HCC
ice. Sorafenib was administered for 21 days in mice with
thotopic HCC and 7 days after treatment, the tumor issues
ere collected. A. Representative images of immunohistochemi-
l staining of PD-L1 in the PBS and sorafenib treatment groups. B.
epresentative images of PD-L1 by Western blotting in the PBS
d sorafenib treatment groups. C. qRT-PCR assay for PD-L1
RNA expression in tumor tissue from the PBS and sorafenib
eatment groups (n = 6 mice/group, **P b .01).

Image of Figure 3
Image of Figure 4
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e next evaluated the efficacy of the combination of DC-TEX and
rafenib on survival time.We found that the combination treatment
d not prolong the survival of the orthotopic HCC mice compared
ith mice treated with either sorafenib or DC-TEX alone (Figure
). Although the DC-TEX altered immunosuppression induced by
rafenib by decreasing the number of CD4+CD25+FoxP3+ Tregs
tumor tissues, the survival time was not significantly different.
gure 5. The number of PD-1+CD8+T cells vary before and after trea
eated with DC-TEX and 7 days after treatment, the tumor tissues and s
lls significantly increased in the DC-TEX treatment group (n = 6 mice/
e number of CD8+T cells significantly increased (n = 6 mice/group, **
-1 Ab group significantly increased (n = 6mice/group, **P b .01). D. F
Foxp3+ Tregs in tumor tissues (n = 6 mice/group, P N .05).
he Expression of PD-L1 in Tumor Tissues Increased After
rafenib Treatment
Sorafenib treatment has been shown to induce hypoxia and
poxia is implicated in the increase in expression of PD-L1. We
us, evaluated if the hypoxia induced by sorafenib increased the
pression of PD-L1 in orthotopic HCC tissues. We administered
rafenib for 21 days to orthotopic HCC mice. Subsequently, we
tment with DC-TEX. The established orthotopic HCC mice were
erumwere collected for analysis. A. The number of PD-1+CD8+T
group, **P b .01). B. After treatment with PD-1 Ab to block PD-L1,
P b .01). C. Serum IFN-γ, IL-2 and TNF-α levels in the DC-TEX plus
low cytometry revealed that PD-1 Ab had no effect on CD4+CD25

Image of Figure 5


Figure 6. The antitumor effect of PD-1 Ab, sorafenib and DC-TEX in HCC mice. The established HCC orthotopic mice were administered
PD-1 Ab, sorafenib and DC-TEX alone or in combination. A. We observed no significant differences in tumor sizes by MRI in the different
groups before treatment (n = 6 mice/group, P N .05). B Measurement of tumor volume after treatment for 7 days. The triple combination
treatment exhibited a significantly superior effect (n = 6 mice/group, **P b .01). C. Serum AFP levels using ELISA significantly decreased
in the triple combination group (n = 6 mice/group, **P b .01). D. The triple combination treatment group exhibited a significantly
prolonged survival time (n = 10 mice/group, **P b .01).
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Image of Figure 6
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llected the tumor tissues to analyze the PD-L1 expression using
estern blots and immunohistochemistry. Our results revealed that
rafenib treatment increased the expression of PD-L1 in orthotopic
CC mice compared with mice in the control group (Figure 4A-B).
addition, we measured the mRNA levels of PD-L1 in tumor tissues
qPCR and found that the PD-L1 mRNA was up-regulated after
rafenib treatment (Figure 4C). These results demonstrate that the
pression of PD-L1 in tumor tissue is affected by sorafenib.

he Expression of PD-1+CD8+T Cells Increased After
reatment with DC-TEX in Orthotopic HCC Mice
DC-TEX treatment increased the number of CD8+T cells and
ppressed tumor growth in orthotopic HCC mice [18]. PD-1 was
ainly expressed on activated T lymphocytes, including the CD8+T
lls. We analyzed the number of PD-1+CD8+T cells using flow
tometry in tumor tissues and found that the PD-1+CD8+T cells were
nificantly increased compared with the control group (Figure 5A).
owever, these cells exhibited aberrant proliferation by Flow cytometry
d secretion of cytokines by ELISA. This is most likely because of the
pression of PD-L1. PD-1 Ab blocked the axis of PD-1/PDL-1 and
versed the number of exhausted T cells. After using PD-1 Ab, the
mber of CD8+T cells significantly increased (Figure 5B) and the levels
IFN-γ, IL-2 and TNF-α increased (Figure 5C). The addition of PD-1
tibody did not change the number of CD4+CD25+FoxP3+ Tregs
igure 5D).

D-1 Ab plus DC-TEX Elevated the Efficacy of Sorafenib in
CC Mice
Our study confirmed that DC-TEX did not increase the efficacy of
rafenib in HCC orthotopic mice. We next assessed the efficacy of
e triple combination of PD-1 Ab, DC-TEX and sorafenib on mice
ith orthotopic HCC. After fourteen days, we confirmed tumor
owth by MRI. Before treatment, MRI showed no significant
fferences in tumor sizes in all groups (Figure 6A). After one week of
eatment, we found that the triple combination treatment of PD-1
tibody, DC-TEX and sorafenib significantly suppressed tumor
owth (Figure 6B). In addition, mice administered the triple
mbination treatment exhibited significantly decreased serum AFP
vels, as measured by ELISA. In contrast, the combination treatment
DC-TEX and sorafenib did not significantly decrease AFP levels
igure 6C). Furthermore, we found that the triple combination of PD-1
b,DC-TEX and sorafenib treatment significantly prolonged the survival
e of mice with orthotopic HCC compared with DC-TEX alone,

rafenib alone or DC-TEX and sorafenib (Figure 6D).

iscussion
rafenib inhibits tumor cell proliferation and tumor angiogenesis by
ocking the Raf/MEK/ERK signaling pathway and targeting
e tyrosine kinase receptor vascular endothelial growth factor
ceptor-2 and platelet-derived growth factor receptor β. [28,29].
nfortunately, HCC patients treated with sorafenib often develop
sistance.
Previous studies showed that sorafenib decreased the tumor vascular
nsity, and increased hypoxia in tumor tissues in HCC. Hypoxia is a
llmark of tumor tissue and [30–33] and promotes immunosuppression.
ypoxia induced by sorafenib also promotes immunosuppression in
CC via the SDF1α/CXCR4 axis [34]. HCC is highly immunogenic
d recruits CD4+CD25+Tregs and inhibitory receptors to the tumor
vironment [35]. The number of CD4+CD25+Tregs correlates with
rvival; a low number of Tregs is an indicator of a better prognosis in
inics [36,37]. In our study, mice with orthotopic HCC treated with
rafenib exhibited a significantly increased number of CD4+CD25
regs compared with those in the control group. This result was further
mpounded by increased intratumoral hypoxia in mice with orthotopic
CC. DC-TEX treatment altered the immunosuppressive environment
the tumors by increasing the number of CD8+T cells and decreasing
e number of CD4+CD25+Tregs inHCCmice [18,38].We observed a
amatic reduction in the number CD4+CD25+Tregs in tumor tissues
d the serum levels of IL-10 and TGF-β after DC-TEX treatment, but
e combined treatment of sorafenib and DC-TEX did not prolong the
rvival time compared with treatment with sorafenib or DC-TEX alone.
The hypoxia induced by sorafenib treatment in HCC mice also
creased the expression of the PD-L1. PD-L1 expressed on HCC cells
duced T-cell apoptosis, which was markedly reduced after addition of
antibody that blocked PD-L1 [39]. Indeed, a recent study used PD-L1
ficient mice to demonstrate that PD-L1 plays a key role in regulating
e accumulation and deletion of CD8+ T cells in the liver [40]. PD-L1
ts with the inhibitory receptor PD-1 and decreases the antitumor
munity of T cells [41]. Several studies showed that the expression of
-1 was up-regulated in tumor antigen-specific CD8+ T cells after

eatment with tumor vaccine [42,43]. Exosomes derived from hepa1-6,
a source of antigens enhanced the DC-based antitumor immunity in
thotopic HCC mice by changing the microenvironment of the tumor
8]. In our study, the inhibitory receptor PD-1 was also up-regulated in
D8+ T cells after treatment with exosomes, consistent with what was
eviously observed. PD-L1 induced CD8+T cell exhaustion, where the
cells express PD-1 via the PDL1/PD-1 axis inHCC [44]. This explains
part, why the combination of sorafenib and DC-TEX did not prolong
rvival in orthotopic HCC mice, even though treating the mice with
C-TEX changed the immunosuppressive microenvironment of the
mors by decreasing the number of CD4+CD25+Tregs. Blocking PD-1
proved the antitumor effects of CD8+T cells by inhibiting the PD-1/
-L1 pathway and thus restoring exhausted CD8+T cells inHCCmice
5]. Although blocking the PD-1 and PD-L1 axis played an important
le in controlling tumor growth, the combination of sorafenib and PD-1
tibody did not show superior antitumor effects compared with
rafenib or PD-1 antibody alone. Previous work demonstrated that the
poxia induced by sorafenib treatment increased the expression of PD-
and the chemokine ligand 12 (SDF-1a). The SDF-1a/CXCR4 axis

n be activated by hypoxia and thus induce tumor immunosuppression
rough regulatory T cells [34].
Based on the above study, the antitumor effect of sorafenib and
-1 antibody was possibly counteracted by the increased number of

regs. Therefore, we administered the triple treatment of sorafenib,
C-TEX and PD-1 antibody in orthotopic HCC mice and found
at the triple combination exhibited superior antitumor effects.
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