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Background: Genetically T cells modified with cancer-specific chimeric antigen receptors 
(CARs) showed great promise in mediate tumor regression, especially in patients with 
advanced leukemia. However, the therapeutic effect against solid tumors is not as prominent 
as anticipated to exhibit potent antitumor efficacy. The underlying mechanism maybe 
attributed to the inhibitory co-stimulatory pathways such as (PD1/PDL1), which provide 
tumor cells an escape mechanism from immunosurveillance. Therefore, by exchanging the 
transmembrane and cytoplasmic tail of PD1 with positive costimulatory molecules, such as 
CD28 and 4–1BB signaling domains (PD1-CD28-4-1BB, PD1-CAR), the T cell-negative co- 
stimulatory PD1/PDL1 signal pathway was thus converted into a positive one. This study 
aimed to investigate whether the genetically modified CAR-T-PD1 cells activated by SOCS1 
silenced DCs have enhanced anti-neoplastic potential in vitro/in vivo.
Methods: In order to enhance the antigenicity and reduce transformation activity, a modified 
HPV16 E7 (HPV16mE7) was employed to load on dendritic cells (DCs) with SOCS1 
silenced to improve its antitumor efficiency and targeting ability against cervical cancer. 
The CAR-T-PD1 cells activated by the generated DCs were transfused into murine models 
bearing tumor of CaSki cells that expressing PDL1 and HPV16 E6/E7 for in vitro/in vivo 
antitumor activity assay.
Results: The data showed that DC-activated CAR-T-PD1 cells significantly increased the 
secretion of IL-2, IFN-γ and TNF-α, whilst enhanced cytotoxic activity, suppressed tumor 
growth and prolong the survival time compared with the controls.
Conclusion: These results indicated that the genetically engineered T cells activated by DCs 
had improved antitumor efficiency and targeting ability. Furthermore, it was suggested that it 
may have important implications for the improvement of T cell immunotherapy against 
cervical cancer.
Keywords: PD1/PDL1, CAR-T, dendritic cells, suppressor of cytokine signaling 1, cervical 
cancer

Introduction
High-risk human papillomavirus (hr-HPV) persistent infection has been recognized 
as the oncogenesis cause of cervical cancer which ranks the second most common 
cause of cancer-related deaths among women worldwide.1 Due to lack of effective 
therapies, cervical cancer mortality remains very high. Fortunately, adoptive cell 
immunotherapy constitutes a feasible strategy against cervical cancer. Chimeric 
antigen receptor (CAR) T cells present potent tumoricidal activity, especially in 
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advanced leukemia.2 However, the therapeutic efficacy of 
CAR-T cells against solid tumors is not as efficient as 
anticipated in clinical application. It is mainly attributed 
to the inhibitory co-stimulatory pathway such as CTLA-4 
and PD1, which provide a mechanism for tumor cells to 
evade immune surveillance.1,3 As they can not only irritate 
T cell dysfunction and exhaustion but also induce apopto-
sis by impairing the proliferation, cytotoxicity, and pro-
duction of cytokines (especially TNF-α and IFN-γ) of 
activated T cells.4,5 Notably, PD1 was found up-regulated 
on the surface of the activated T lymphocytes and its 
ligand PDL1 was expressed in most human cancers such 
as myeloma, renal, ovarian, pancreatic, gastric and breast 
cancer, which is considered as the sign of poor clinical 
prognosis.6

Due to its profound immunosuppressive effect, PD1/ 
PDL1 has become the focus of recent substantial studies, 
aiming at neutralizing its detrimental effects on T cell 
antitumor efficacy by blocking the interaction between 
PD1 and PDL1 through anti-PD1/PDL1 antibodies. The 
PD1/PDL1 blockade can restore T cell functions and 
enhance the antitumor efficacy of adoptively transferred 
T cells in vitro and in vivo. It demonstrated unprecedented 
rates of durable clinical responses with an activity ranged 
from 10% to 45% in unselected populations affected by 
advanced solid tumors.7–9

Being contrary to PD1, several co-stimulatory mole-
cules such as CD28 and 4–1BB have proven central to 
T cell persistence and function through synergizing with 
the TCR to activate T cells, which resulted in an increase 
of cytokines production needed for clonal expansion and 
differentiation, and improved antitumor activity and 
survival.10,11 In addition, the lack of positive co- 
stimulators in the tumor microenvironment can further 
dampen T cell functions. Therefore, by constructing chi-
meric activated receptors composed of the extracellular 
domain of PD1, CD28 transmembrane and intracellular 
domains, and 4–1BB intracellular co-stimulatory domain 
(PD1-CAR), the T cell negative co-stimulatory PD1/PDL1 
signaling pathway was thus converted to a positive one.12

As the most professional antigen-presenting cells 
(APCs), DCs were considered the center of the immune 
system because of their ability to regulate both immunity 
and immune tolerance. Antigen-loaded mature DCs could 
induce antigen-specific T cells to differentiate into effec-
tors in contrary to immature DCs that induce immune 
tolerance by generating suppressor T cells or T cell 
deletion.13 In this study, DCs were loaded with modified 

HPV16 E7 (HPV16mE7) with reduced transformatory 
activity and enhanced antigenicity to produce antigen- 
specific T cells against cervical cancer,14,15 as HPV16 
was considered the “high risk” (HR) virus most commonly 
in oncogenesis and development of over 50% cervical 
cancer.1

Suppressor of cytokine signaling 1 (SOCS1), an indu-
cible negative inhibitor of the JAK/STAT signaling path-
way, exerts potent immunosuppressive effect on DCs 
maturation by blocking the activation of constitutive 
immune response.14,15 Silencing SOCS1 in DCs promotes 
the maturation of DCs and triggers an allogeneic T cell 
expansion.16,17 Our previous study showed that DCs 
increased the expressions of CD1a/CD80/CD83 as well 
as cytokines production with SOCS1 knockdown.14,15

In this study, the HPV16mE7 pulsed DCs with silenced 
SOCS1 were co-cultured with CAR-T-PD1 cells to 
improve targeting ability and tumoricidal efficacy against 
cervical cancer. The generated DC-CAR-T-PD1 cells 
exhibited enhanced cytokine production, cytotoxic activ-
ity, suppressed tumor growth, and prolonged survival time 
in murine models.

Materials and Methods
Ethics Statement
This study was performed in accordance with Declaration 
of Helsinki and approved by the Conduct of Human Ethics 
Committee of Wuhan No. 1 Hospital. All experiments 
were carried out in strict accordance with the Guide for 
the Care and Use of Laboratory Animals as adopted by the 
China National Institutes of Health, and the animal experi-
ments were approved by the Committee on the Ethics 
Animal Experiment of Wuhan No.1 Hospital, the 
Hospital of Traditional Chinese and Western Medicine 
Affiliated to Hubei University of Chinese Medicine 
(approval No. 2017004). Each patient was informed with 
written consents.

Cell Lines and Reagents
HEK293, HCC38 and CaSki cell lines were purchased 
from American Type Culture Collection (ATCC). Cells 
were maintained in RPMI-1640 or DMEM culture media 
(Gibco, Life Technologies, USA) supplemented with 10% 
(v/v) fetal bovine serum (FBS) (HyClone Laboratories, 
USA). Normal human AB serum was acquired from 
Gibco, Life Technologies (USA). Anti-CD3 antibody, 
rhIL-2, rhTNF-γ, rhGM-CSF, rhIL-4 and TNF-α were 
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purchased from Peprotech Inc. Lymphocyte separation 
medium Ficoll was purchased from GE Healthcare 
(USA). Mouse anti-human monoclonal antibodies of 
CD3 (FITC labeled) and CD8 (PE labeled) were purchased 
from eBioscience Co, Ltd. Anti-human PD1 and PDL1 
monoclonal antibodies were purchased from BioLegend 
(San Diego, CA). Mouse anti-human monoclonal antibo-
dies of CD80-PE, CD83-PE, CD86-PE, CD1a-FITC, and 
CD40-FITC were all purchased from Santa Cruz Co, Ltd. 
Female BALB/c nude mice (8-week-old, weight 16–22g) 
raised under SPF circumstance were acquired from the 
Guangzhou Traditional Chinese Medicine University. All 
animal studies were conducted in accordance with the 
Guide for the Care and Use of Laboratory Animal in 
accordance with the research protocols approved by 
Wuhan No.1 Hospital Animal Facility and Use 
Committee. PBMCs were generated from healthy donors 
with informed consent.

Adeno Sh-SOCS1 Plasmid Construction
The shRNA-SOCS1 and its mutant form shRNA-mSOCS1 
were constructed according to http://www.bioon.com.cn. 
Primers used are as follows:

shRNASOCS1 (F): 5′-GATCC CTA CCT GAG TTC 
CTT CCC CT TCAAGAG AG GGG AAG GAA CTC 
AGG TAGTTTTTT G-3′ (BamHI and EcoRI);

shRNA-SOCS1 (R): 5′-AATTC AAAAAACTA CCT 
GAG TTC CTT CCC CT CTCTTGA AG GGG AAG 
GAA CTC AGG TAG G-3′;

shRNA-mSOCS1 (F): 5′-GATCC ACT ATC TAA GTT 
ACT ACC CCT TCAAGAG AGG GGT AGT AAC TTA 
GAT AGT TTTTTTG-3′;

shRNA-mSOCS1 (R): 5′-AATTC AAAAAAACT ATC 
TAA GTT ACT ACC CCT CTCTTGA AGG GGT AGT 
AAC TTA GAT AGT G-3′.

The shRNA-SOCS1 and shRNA-mSOCS1 were 
cloned into the plasmid vector RNAi-SOCS1-pShuttle 
(BD Clontech) and then inserted into the replication- 
deficient pAdeno-X vector (BD Clontech). The recombi-
nant adenovirus plasmids were generated according to 
manufacturer’s instructions and verified by PCR and 
sequencing and titrated using Adeno-X Rapid Titer kits 
(BD Bioscience).

Preparation of DCs and CAR-T Cells
The PBMCs were prepared from human 100mL peripheral 
blood by using Ficoll-Paque. The obtained cells were sub-
sequently transferred into culture flasks and cultured for 2h 

in RPMI-1640 medium supplemented with 10% autologous 
serum. Using RosetteSep CD8+ Human T cell Enrichment 
Cocktail (Stem cell Technologies), CD8+ T cells were iso-
lated from nonadherent cells and stimulated for 48h in the 
presence of 100ng/mL OKT3 (eBioscience, San Diego, CA) 
and rhIL-2 (100U/mL) before transduction. Lentivirus con-
taining PD1-CAR was produced by Umibio (Shanghai) Co. 
Ltd.18 The activated T cells were transduced at a multiplicity 
of infection (MOI) of 5 in the presence of 10μg/mL prota-
mine sulphate. The transduced T cells were expanded in 
RPMI-1640 medium supplemented with 10% FCS and 
rhIL-2 (50U/mL). The remaining adherent cells were cul-
tured in RPMI-1640 medium containing 40ng/mL rhGM- 
CSF and 40ng/mL rhIL-4. After 7 days of culture, the 
transducted adherent cells were exposed to Ad-shSOCS1 at 
5 MOI for 8h, washed with PBS and pulsed with 
HPVm16E7 protein at 25µg/mL in fresh culture medium 
for 6h. HPVm16E7 were gifted by Dr. Zheng Yi (Graduate 
School at Shenzhen, Tsinghua University), and the silencing 
of SOCS1 was verified with western-blotting analysis 
(Figure 1). Then, mature DCs were developed after 24h 
stimulation with 10ng/mL TNF-α. The supernatant was 
replaced with fresh medium every 3 days. All cultures 
were incubated at 37°C in 5% humidified CO2.

Surface Marker Staining
HCC38 and CaSki cells were co-cultured with CD8+ 

T cells at a ratio of 10:1 for 24h. The PD-L1 expression 
levels of HCC38 and CaSki cells were analyzed by FACS. 
The CD1a, CD80, CD83, CD86 and HLA-DR expression 
levels of DCs were also examined. Cells were stained in 
a FACS buffer containing PBS and 0.5% BSA.

Cytokine Release Assay
The CAR-T-PD1 cells were co-cultured with matured DCs 
at a ratio of 10:1 in CAR-T medium for 3 days to generate 
DC-CAR-T-PD1 cells, and then co-cultured with HCC38 

Figure 1 Western blot analysis of SOCS1 silencing. SOCS1 and β-actin proteins 
were identified using anti-SOCS1 polyclonal and anti-β-actin monoclonal antibodies 
(Santa Cruz Biotechnology, Santa Cruz, CA, USA), respectively.
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(45% PDL1+) and CaSki cells (22% PDL1+) at a ratio of 
10:1 for 24h. The supernatants were analyzed for the 
secretion levels of IL-2, interferon γ (IFN-γ) and tumor 
necrosis factor α (TNF-α) using commercially available 
ELISA kits (R&D Systems, Minneapolis, UK). The cyto-
kines secreted in the culture supernatant were measured 
using ELISA.

In vitro Cytotoxicity Analysis
The transduced lymphocytes activated by matured DCs 
were co-cultured with target CaSki and HCC38 at E:T 
ratios of 10:1, 30:1, and 90:1 at 37°C in 96-well plates 
for 24h. Then, the cytotoxicity was determined by the 
CCK8 assay (Dojindo Molecular Technologies, Inc., 
Kumamoto, Japan). The groups comprising specific mix-
ture of cell types were the experimental groups, whereas 
the control groups contained only one cell type of the 
CaSki, HCC38, CAR-T-PD1, DC-CAR-T-PD1 or cultivat-
ing solution. The CCK8 assay was performed in triplicate 
to evaluate cell viability, and the optical density (OD) was 
read at 450 nm. The cytotoxic activity was calculated as 
follows:

Cytotoxic activity (%)= [OD(effector and target cells)- 
OD(control)/OD(target cells) –OD(control)] x 100.

In vivo Antitumor Assay
By abdominal subcutaneous injection of 1×106 CaSki cells 
into 6-week-old female BALB/c nude mice and the xeno-
grafted tumor mouse models were established. On day 9, 
all mice had palpable tumors were assigned to 3 groups as 
follows: T lymphocytes (served as control), CAR-T-PD1, 
and DC-CAR-T-PD1(10 mice in each group). Mice were 
treated with a total of 1.0×107 lymphocytes, initiated 
intravenously into tail vein for 2 times and 5×106 cells 
were administered each time on days 10 and 13. The 
tumor volume was calculated by the following formula: 
(major axis x minor axis2) x 0.52.

Statistical Analysis
All data were expressed as means ± standard deviation 
(SD). The statistical significance of group differences was 
analyzed using the Student’s t test. P-values <0.05 were 
considered statistically significant (StatXact4 software, 
Cytel Corporation, Cambridge, MA). The mouse survival 
rates were analyzed using the Kaplan-Meier method (Log 
rank test).

Results
Cell Phenotype Analysis
The PDL1 expression levels of CaSki cells and HCC38 
cells were increased 26.3% and 11.5%, respectively, after 
challenged by CD8+ T lymphocytes (Figure 2). Compared 
with control, the CD1a, CD80, CD83, CD86 and HLA-DR 
expression levels were significantly increased by 2–4 folds 
during DCs maturation in SOCS1 silenced group 
(Table 1). The CD1a, CD80, and CD83 expression levels 
were higher in SOCS1 silenced group than those in TNF-α 
group. These results suggested that CD8+T cells stimulated 
tumor cells to up-regulate PDL1 expression.

Cytokine Release Assay
After stimulated by CaSki and HCC38, CAR-T-PD1 and DC- 
CAR-T-PD1 cells significantly increased the secretion of IL- 
2, IFN-γ and TNF-α in comparison to the control T cells 
(P<0.05). The secretion levels of IL-2, IFN-γ and TNF-α in 
DC-CAR-T-PD1 showed 20–40% higher than those of CAR- 
T-PD1 cells. Moreover, after being stimulated by HCC38 
cells, CAR-T-PD1 and DC-CAR-T-PD1 cells demonstrated 
22–33% higher secretion levels of IL-2, IFN-γ and TNF-α 
with respect to CaSki cells (Figure 3), indicating the interac-
tion between PD1-PDL1 induced CAR-T-PD1 cells activation 
and secretion of cytokines such as IL-2, IFN-γ and TNF-α.

Cytotoxicity Assay
The transduced lymphocytes activated by matured DCs 
were co-cultured with target CaSki and HCC38 cells at 
E:T ratios of 10:1, 30:1, and 90:1 for 24 hours. Then, the 
cytotoxicity was determined using the CCK8 assay kit 
in vitro. It revealed that DC-CAR-T-PD1 lymphocytes 
exhibited the highest cytotoxic activity against CaSki and 

Figure 2 PDL1 expression levels. Relative PDL1 expression levels of CaSki and 
HCC38 cells after challenged by CD8+ T lymphocytes. The PD-L1 expression levels 
of CaSki cells and HCC38 cells increased 26.3% and 11.5% respectively after 
challenged by CD8+ T lymphocytes.

https://doi.org/10.2147/CMAR.S321402                                                                                                                                                                                                                               

DovePress                                                                                                                                              

Cancer Management and Research 2021:13 6048

Zheng et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


HCC38 cells. Meanwhile with the increase of the ratio of 
E:T cells, the cytotoxicity effect of DC-CAR-T-PD1 lym-
phocytes was significantly enhanced. Compared with the 
CaSki group (Figure 4A), DC-CAR-T-PD1 lymphocytes 
had a stronger effect in HCC38 group (Figure 4B), possi-
bly because HCC38 cells expressed more PDL1.

In vivo Antitumor Activity Analysis
The therapeutic effect of the DC-CAR-T-PD1 lympho-
cytes was investigated in established xenograft tumor 
mouse models. When the mice had palpable tumors 
on day 9, the therapeutic treatments were initiated with 
different lymphocytes. As shown in Figure 5A, CAR- 
T-PD1 and DC-CAR-T-PD1 lymphocytes significantly 
regressed the tumor growth compared with T lymphocyte 
controls, while DC-CAR-T-PD1 lymphocytes presented 
enhanced antineoplastic activity in respect to CAR- 
T-PD1 lymphocytes (p<0.01). Although the therapeutic 
CAR-T-PD1 and DC-CAR-T-PD1 cells could not eradicate 
the tumor completely, the survival time was significantly 
prolonged and reached more than 60 days in 40% of the 

DC-CAR-T-PD1 cells treated group and in 20% of the 
CAR-T-PD1 cells treated mice, with respect to 
T lymphocytes control group in which 90% of the mice 
were dead in 30 days (Figure 5B). These results demon-
strated the therapeutic potential of DC-CAR-T-PD1 cells 
for HPV16 E7-positive tumors in vivo.

Discussion
Chimeric antigen receptors (CARs) could orient the activ-
ity of immune cells towards specific molecular targets 
expressed on the surface of tumor cells. When exposed 
to specific target antigen, cytokine secretion of genetically 
engineered T lymphocytes expressing CARs was increased 
and showed specific antitumor activity.18,19 Moreover, dif-
ferent CARs have been generated so far against a wide 
range of solid tumors and haematological malignancies.20– 

22 CARs containing early co-stimulator CD28 and late co- 
stimulator OX40 or 4–1BB can substantially improve 
effector T-cell functions and promote T effector memory 
cell differentiation by up-regulating Bcl-XL. The co- 
stimulation mediated by CD28 and 4–1BB suggested 

Table 1 Percentage of DCs Expressing CD1a, CD80, CD83, CD86, and HLA-DR

CD1a CD80 CD83 CD86 HLA-DR

DCs-shControl 22.1±3.3 31.2±5.9 37.3±4.8 47.8±4.1 61.1±5.2
TNF-α 81.6±4.7a 71.4±6.3a 79.8±6.8a 87.4±4.5a 90.2±3.7a

DCs-shSOCS1 93.2±3.9a,c 87.8±5.9a,c 94.3±3.4a,c 91.7±3.9a,b 93.5±3.6a,b

Notes: SOCS1 was silenced in immature DCs by the recombinant adenovirus Ad-shSOCS1. Percent of DCs expressing CD1a, CD80, CD83, CD86 and HLA-DR were 
detected using flow cytometry before/after 24 h TNF-stimulation and analyzed by SPSS one-way ANOVA analysis. aSignificant differences compared with DCs control, 
p<0.001; bno significant differences compared with TNF-α control, p>0.05; csignificant differences compared with TNF-α control, p<0.05.

Figure 3 Cytokine release assay. (A) IL-2 secretion levels of T lymphocytes, CARTPD1 and DC-CARTPD1 cells after stimulated by CaSki or HCC38 cells. (B) INF-γ 
secretion levels of T lymphocytes, CARTPD1 and DC-CARTPD1 cells after stimulated by CaSki or HCC38 cells. (C) TNF-α secretion levels of T lymphocytes, CARTPD1 
and DC-CARTPD1 cells after stimulated by CaSki or HCC38 cells. T lymphocytes compared with CARTPD1 and DC-CARTPD1 cells (P<0.001); CARTPD1 cells versus DC- 
CARTPD1 cells (P<0.05). ***Indicated extremely significant difference (P <0.001); *Indicated significant difference (P <0.05).
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some complementary effects.23–26 Recent studies have 
shown that at lower doses, 4–1BB- CAR-T cells retained 
their cytotoxic and cytokine secretion functions longer 
than CD28-CAR-T cells. The prolonged function of 4– 
1BB- CAR-T cells correlated with improved survival.27

CAR-CD19 modified T cells against lymphoid leu-
kemia achieved great success in clinic. But, therapeutic 
efficacy of other CAR-T cells against solid tumors was 
not as efficient as anticipated. The reason was assumed 
that tumors using immunomodulatory checkpoints such 

Figure 5 In vivo antitumor activity analysis. (A) The therapeutic effect CARTPD1 and DC-CARTPD1 lymphocytes against mice bearing CaSki tumors was investigated. 
CARTPD1 and DC-CARTPD1 lymphocytes significantly regressed the tumor volume compared with T cell controls in which progressive tumor growth was observed 
(P<0.001); CARTPD1 cells versus DC-CARTPD1 cells (P<0.01). (B) The survival rates were analyzed using the Kaplan–Meier method (Log rank test). T cell control versus 
CARTPD1 cells or DC-CARTPD1 cells (P<0.001); CARTPD1 cells versus DC-CARTPD1 cells (P<0.05).

Figure 4 Cytotoxicity assay. The cytotoxic activity of T lymphocytes, CARTPD1 and DC-CARTPD1 cells against CaSki and HCC38 cells. Meanwhile with the increased of 
the ratio of E:T cells, the cytotoxicity effect of DC-CAR-T-PD1 lymphocytes was significantly enhanced. Compared with the CaSki group (A), DC-CAR-T-PD1 lymphocytes 
had a stronger effect in HCC38 group (B), possibly because HCC38 cells expressed more PDL1. T lymphocytes compared with CARTPD1 and DC-CARTPD1 cells 
(P<0.001); CARTPD1 cells versus DC-CARTPD1 cells (P<0.01).
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as PDL1 and CTLA-4 could evade immune surveillance, 
hampering activated tumor-specific T cell activities, and 
rendering them functionally exhausted. Tumors fre-
quently co-opt immunomodulatory signaling pathways 
to evade immune recognition and elimination, as the 
mechanism of maintaining tolerance in normal immune 
physiology, the PD1/PDL1 interaction contributes to 
clone-depletion and effector lymphocytes exhaustion.28 

Up-regulation of constitutive PD1 expression was also 
observed in infiltrating T lymphocytes (TIL) in solid 
tumors, suggesting that blocking PD1 may have thera-
peutic potential in patients.29

Different strategies had developed to reduce the nega-
tive effects of PD1/PDL1 signaling on CAR-T in the 
tumor microenvironment. There were combination of 
CAR-T with PD1 or PDL1 antibodies, silencing or knock-
out of PD1 with siRNA or CRISPR/Cas9, and expression 
of anti-PDL1 antibodies with oncolytic viruses, etc.27,30–34 

This study aimed to investigate whether the genetically 
modified CAR-T-PD1 cells activated by SOCS1 silenced 
DCs have enhanced anti-neoplastic potential in vitro/ 
in vivo. By exploiting the chimeric costimulator redirect-
ing molecules such as CD28 and 4–1BB, the negative 
costimulatory signal of PDL1 was converted into 
a positive one composed of PD1-CD28-4-1BB (CAR- 
PD1). And the CAR-T-PD1 cells presented enhanced cyto-
kine secretion of IL-2, TNF-α and IFN-γ, improved the 
antitumor activity in vitro/in vivo.12,18 It was reported that 
PDL1 was expressed in 19% and PDL2 by 29% of 115 
cervical tumors.35 Our results showed that PDL1 was 
expressed in 24% of CaSki cells, while the CaSki cells 
were challenged by T lymphocytes, the PDL1 expression 
level was increased to 30%. In order to further improve the 
targeting ability of CAR-T-PD1 cells against cervical can-
cer, the engineered CAR-T-PD1 cells were co-cultured 
with DCs which could induce antigen-specific immune 
responses.

E6 and E7 oncoproteins encoded by HPV16 are crucial 
for the viral life cycle in the transformation and mainte-
nance of malignant phenotype and there are commonly 
immunotherapeutic targets against cervical cancer. In this 
study, the modified HPV16 E7 (HPV16mE7) with reduced 
transformation activity and enhanced antigenicity was uti-
lized to load on DCs to generate specific cytotoxicity 
against cervical tumors. Moreover, when SOCS1, an indu-
cible negative feedback inhibitor of the JAK/STAT signal 
pathway was silenced in DCs,14,15 enhanced secretions of 
pro-inflammatory cytokines such as IL-12 and INF-γ, 

allogeneic T-cell expansion, and DC maturation were 
observed.36

CAR-T-PD1 and DC-CAR-T-PD1 cells significantly 
increased cytokines secretion of IL-2, TNF-α and INF-γ 
in respect to T cells. Compared with CaSki cells, HCC38 
stimulated CAR-T-PD1 and DC-CAR-T-PD1 cells showed 
higher cytokine secretion, indicating PD1-CAR shifted the 
negative co-stimulatory signal to a positive one, here 
HCC38 as antigen presenting cells. Our results demon-
strated that the expression of PDL1 on the surface of 
HCC38 cells was higher than that of CaSki cells, and 
in vitro, CAR-T-PD1 and DC-CAR-T-PD1 showed higher 
cytotoxicity to HCC38 cells than CaSki cells. The interac-
tion of DCs and CAR-T promoted the secretion of cyto-
kines, and SOCS1 silencing enhanced the related functions 
of DCs.

Furthermore, the cytokine levels as well as the cytoly-
tic activity were further increased by the co-cultivation 
with HPVm16E7-pulsed and SOCS1-silenced DCs. 
Moreover, the in vivo antineoplastic activities of CAR- 
T-PD1 and DC-CAR-T-PD1 cells were also enhanced in 
the xenograft mice models of CaSki cells.

Conclusion
Cervical cancer patients were usually accompanied with 
serious cellular immune deficiency and improving the 
cellular immune function is critical in clinical therapy. 
The genetically engineered T cells activated by DCs had 
improved antitumor efficiency and targeting ability. 
A combination of comprehensive immunotherapy applica-
tions such as genetic engineered lymphocytes, PDL1/PD1 
blockage and antigen activated DCs might be a promising 
approach against cervical cancer.
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