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Combining MPDL3280A with adoptive cell immunotherapy exerts better
antitumor effects against cervical cancer
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ABSTRACT
As the second most common gynecologic malignant tumors with a high mortality rate, cervical
cancer jeopardizes women’s life worldwide. The low cure rate in cervical cancer patients is mainly
attributed to the lack of effective therapies. One feasible novel strategy is to develop immune-
based approaches such as adoptive cell immunotherapy of DCCIKs which represents a promising
nontoxic antineoplastic immunotherapy preferred in clinic practice. However, the therapeutic effect
is not as efficient as anticipated. Possible explanations are tumors exploit immunoregulatory check-
points such as programmed death 1(PD1)/PDL1 which provides tumor cells an escape strategy of
circumventing immunologic rejection from immune surveillance by hampering activated tumor-
specific T cell activities and rendering them functionally exhausted. With reduced transformation
activity and enhanced antigenicity, a modified HPV16 E7 (HPV16mE7) was used to load DCs with
silenced SOCS1 mediated by a recombinant adenovirus to improve the targetability and efficiency
against cervical cancer. Combined with anti-PDL1 antibody MPDL3280A therapy, the co-cultured
DCCIKs were transfused into murine models bearing tumor of HPV16 E6/E7 expressing CaSki cells
for in vitro/in vivo antitumor activity assay. Although all of the animals succumbed to CaSki tumors
even after adoptive DCCIKs transfer or MPDL3280A immunotherapy, the infusion of PDL1 blocking
monoclonal antibody with activated T cells cured 40% of animals. These data support PDL1
blockade improves the efficacy of adoptive DCCIKs therapy, providing a new approach of
immunotherapy against cervical cancer.
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Introduction

ervical cancer is the second most common gynecologic
malignant tumors. Human papillomavirus (HPV) infec-
tion has been identified responsible for nearly all cervical
cancer cases by molecular, clinical and epidemiological
studies.1,2 Associated with oncogenesis cause of 70% cer-
vical cancer cases, HPV16 and HPV18 are considered as
“high risk” (HR) viruses.3,4 As the 2 E6 and E7 oncopro-
teins expressed by HPV16 and HPV18 are essential in
the transformation and maintenance of the malignant
phenotype, these 2 oncoproteins turn into targets of vari-
ous immunotherapeutic approaches such as adoptive cel-
lular immunotherapy of dendritic cells (DCs), cytokine-
induced killer cells (CIKs), tumor-infiltrating lympho-
cytes (TILs), and cytotoxic T lymphocytes (CTLs).5,6

Characterized with a MHC-unrestricted tumoricidal
activity and a mixed T-NK phenotype, cytokine-induced
killer cells (CIKs) are a heterogeneous subset of ex vivo
expanded T lymphocytes. When co-cultured with DCs
which can generate antigen-specific immune responses,
the activated CIKs (DCCIKs) acquire the advantages of
high cytotoxicity and a broad tumor-killing spectrum.7,8

However, in clinical practice, the therapeutic activity of
DCCIKs is not as efficient as anticipated, mainly attrib-
uted to the tumor-induced immuno-suppressive factors
which limit the therapeutic potential in tumormicroenvi-
ronment. The functional integrity of tumor specific
T cells was paralyzed by a variety of countermeasures
including the expression of ligands such as PDL1 and
CTLA4 for the inhibitory receptors on T cells.9,10
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Identified previously to inhibit T cell receptor
(TCR) signaling by recruiting the SHP-2 phosphatases
which decrease CD3ξ and Zap-70 phosphorylation
and introduce a TCR stop signal that limits T cell
interactions with DCs, the PD1/PDL1 interaction
induces T cell anergy and exhaustion manifested by
the loss of cytolytic activity, proliferative capacity,
cytokine secretion such as INF-g, IL-2 and TNF-a,
and finally T cell apoptosis within the tumor microen-
vironment.11-14

Inmost human cancers such as renal, pancreatic, gas-
tric, ovarian, breast, myeloma and esophageal carcino-
mas, PDL1 is found expressed on cell surface, which
was identified as poor clinical prognosis.15-24 Moreover,
PD1 or PDL1 blockade by monoclonal antibodies such
as MPDL3280A which was modified in the Fc domain
for eliminating antibody-dependent cellular cytotoxicity
to prevent the depletion of T cells can restore the func-
tion of T cells and improve the tumorcidal efficacy of
adoptively transferred T cells in vivo.25-29

Overall, the immune checkpoint inhibitors target-
ing PD1/PDL1 have shown unprecedented rates of
durable clinical responses, with an activity range from
10% to 45% in the context of unselected populations
affected by advanced solid tumors.27-31

As an inducible negative inhibitor of the JAk/STAT
signal pathway,32 suppressor of cytokine signaling 1
(SOCS1) exerts potent immunosuppressive effect on
blocking the activation of constitutive immune
response.33 Silencing SOCS1 in DCs irritates the mat-
uration of DCs and triggers an allogeneic T-cell
expansion.34-36

As activated (mature) and antigen-loaded DCs ex
vivo cultured can induce the differentiation of anti-
gen-specific T cells into effector T cells. Therefore, in
this research, a modified HPV16 E7 (HPV16mE7)
with reduced transformation activity and enhanced
antigenicity was employed to load DCs with silenced
SOCS1 mediated by Ad-shSOCS1. The HPV16mE7-
pulesed and SOCS1 silenced DCs were co-cultured
with CIKs generated from PBMCs. The generated
DCCIKs were transfused into mouse models bearing
tumor of viral HPV16E6E7 oncoproteins expressing
CaSki cells. Then, anti-PDL1 mono-antibody MPDL-
3280A was administered i.v. simultaneously. The
tumor volume and the survival days from different
treatment groups were investigated to evaluate the
therapeutic efficacy of the DCCIKs in combination
with MPDL-3280A.

Materials and methods

Cells and reagents

CaSki and HEK293 cell lines were purchased from
American Type Culture Collection (ATCC). Cells
were maintained in the MEM or RPMI-1640 culture
media (Gibco, Life Technologies, US) supplemented
with 10% (v/v) fetal bovine serum (FBS) (HyClone
Laboratories, US). PBMCs were prepared from
healthy donors whose informed consent was obtained
in accordance with the study protocols approved by
the Institutional Review Board of the Hospital
Authority of Tongji Medical College. Anti-CD3 anti-
body, rhIL-2, rhIL-4, rhTNF-g, TNF-a, and rhGM-
CSF were acquired from Peprotech Inc. Normal
human AB serum were purchased from Gibco, Life
Technologies (USA). Normal human IgG and PE-con-
jugated PD-L1 monoclonal antibody were purchased
from R&D Systems (USA). Mouse anti-human CD80-
PE monoclonal antibody, mouse antihumanCD40-
FITC monoclonal antibody, mouse anti-human
CD83-PE monoclonal antibody, mouseanti-human
CD86-PE monoclonal antibody, and mouse antihu-
manCD1a-FITC monoclonal antibody were product-
sof Santa Cruz Co, Ltd. Lymphocyte separation
medium Ficoll was sourced from GE Healthcare
(USA). Female BALB/c mice weighing 16 to 22 g and
6 to 8 weeks of age raised under SPF circumstance
were purchased from the Guangzhou Traditional Chi-
nese Medicine University. All animal studies were
conducted in accordance with the Guide for the Care
and Use of Laboratory Animals.

Preparation of DCs and CIKs

Separated from 70mL peripheral blood sterilely col-
lected from a healthy adult volunteer by using Ficoll-
Paque, PBMCs were cultured in RPMI-1640 at 1 £
106 /mL supplemented with 10% (V/V) autologous
serum. The obtained cells were subsequently trans-
ferred into culture flasks and cultured for 2 h. Col-
lected as the progenitor of CIKs, Nonadherent cells
were resuspended at 1 £ 106 cells/mL in RPMI-1640
medium supplemented with 10% human AB serum
and cultured with rhIFN-g (1000 UmL) and rhIL-2
(500 U/mL) as well as anti-CD3 antibody (10 mg/
mL) immobilized in culture flask. Half the amount of
medium supplemented with rhIL-2 and rhIFN-g was
exchanged every 3 d. The remaining adherent cells
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were cultured in RPMI-1640 medium supplemented
with 40 ng/mL rhGM-CSF and 40 ng/mL rhIL-4.
The supernatant was replaced with fresh medium
containing rhGM-CSF and rhIL-4 every 3 d. All cul-
tures were incubated at 37 �C in 5% humidified CO2.
After 7 d of culture, >80 % of the cells expressed
characteristic DC-specific markers demonstrated by
flow cytometric analysis. Then, the DCs were exposed
to Ad-shSOCS1 at 100 MOI for 8 h. The transducted
cells were washed with PBS and pulsed with the
HPVm16E7 protein at 25 mg/mL in fresh culture
medium for 6 hrs (The recombinant adenovirus Ad-
shSOCS1 and HPVm16E7 were prepared as we pre-
viously reported in36), followed by stimulation with
TNF-a (10 ng/mL) for 24 h to develop mature DCs.
The finally matured DCs were co-cultured with CIKs
at a ratio of 10:1 in CIK medium for 3 d to generate
DCCIKs.

In vitro antitumor activity analysis

The in vitro cytotoxicity of the DCCIKs used as effec-
tor cells in the absence or presence of 5 mg/mL
MPDL3280A against CaSki cells employed as target
cells at a ratio of 10:1, 30:1 and 90:1 was determined
using a CCK8 kit, (Dojindo Molecular Technologies,
Inc., Kumamoto, Japan). The effector and target cells
were added to 96-well plates and incubated for 24 h.
The groups comprising a mixture of cell types were
the experimental groups, whereas the control groups
contained only one cell type of the CaSki cells,
DCCIKs or 1640 RPMI cultivating solution. The
CCK8 assay was performed in triplicate and optical
density (OD) was read at 570 nm. The cytotoxic activ-
ity was calculated as follows:

cytotoxic activity; %D ½OD.effector and target cells/

¡OD controlð Þ 6 OD.target cells/ ¡OD.control/� £ 100:

In vivo antitumor assay

Xenografted tumor mouse models were established by
subcutaneous inoculation of 1 £ 106 CaSki cells into
the right flank of female BALB/c mice. At day 7, all
mice had palpable tumors approximately 100 mm3

were assigned to 4 groups: normal human IgG served
as control; DCCIKs; MPDL3280A (0.1 mg in 0.1mL
PBS administered intravenously); and DCCIKs in
combination with 0.1mg MPDL3280A in 0.1mL PBS

administered i.v., 10 mice in each group. And thera-
peutic treatments were initiated respectively. Adoptive
cell immunotherapy consisted of 2 intravenous trans-
fusion of DCCIKs at d 7 and d 14 (1 £ 107 cells per
dose in a total volume of 0.1 mL in the presence of
o.1 mg control normal human IgG or MPDL3280A,
respectively). For the treatment with Ab, 0.1mg
MPDL3280A or normal human IgG as a control was i.
v. injected at the same time as adoptive cell immuno-
therapy was administered. The tumor volumes were
recorded daily. And the tumor volume was calculated
by the following formula: (major axis£minor axis2)£
0.52. When the tumor volume reached »4000 mm3,
the tumor-bearing mice were euthanized to avoid un-
necessary pain and recorded as dead.

Statistical analysis

The Kaplan-Meier (log-rank test) estimator was used
to generate survival curves for the treated animals in
different groups. Data of the tumor volume after inoc-
ulation of CaSki cells were analyzed using Student’s
t-test.

Results

Morphology observation of DCs and CIKs

Under microscop, DCs in irregular shape presented
mature characteristics of larger soma with plenty of
dendritic long and small bulges on their surfaces after
stimulated with TNF-a (Fig. 1). The expression levels
of all antigens were significantly increased by 2–4 folds
during maturation in Ad-shSOCS1 group with respect
to control (Table 1). The expression levels of CD1a,
CD80 and CD83 increased about 10% in Ad-shSOCS1
group than TNF-a group. CIK cells demonstrated
clustered growth. Masses of CIKs gradually multiplied
and became larger after 3 d incubation.

In vitro antitumor activity analysis

The cytotoxicity of effector cells at 10:1, 30:1 and 90:1
E/T ratios against CaSki cells in which about 23.6%
express PDL1 was analyzed using CCK 8 assay. It
revealed that DCCIKs lymphocytes incubated with
MPDL3280A increased the cytotoxic activity with
37.9% at the E:T of 30 in relative to DCCIKs in the
absence of MPDL3280A (p < 0 .01, Fig. 2A, B).
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In vivo antitumor assay

To determine whether the combination of
MPDL3280A with DCCIKs has any improved anti-
tumor efficacy against cervical cancer. Xenografted
tumor mouse models were established by subcuta-
neous inoculation of 1 £ 106 constitutively
HPV16 E6E7 expressing CaSki cells into the right
flank of female BALB/c mice. Transient therapeu-
tic effect of the anti-PDL1 MPDL3280A on the
CaSki cells was observed in mice treated with sin-
gle MPDL3280A. Injection with MPDL3280A after
tumor inoculation presented suppressed carcinoma
cell growth within 12 d or so, although the tumors
progressed rapidly in most of the mice 12 d post
treatment of single MPDL3280A (Fig. 3A).
DCCIKs demonstrated moderate therapeutic effect
on cervical cancer in relative to IgG control in
which progressive tumor growth was observed
(p < 0 .01). The survival time was prolonged
more than 60 d in 30% of the mice treated with
DCCIKs in respect to the mice of IgG control
group which were all dead in 40 d (Fig. 3B,
p < 0.05). On the contrary, combination of

MPDL3280A with adoptive DCCIKs transfer sig-
nificantly inhibits the growth of cervical carcinoma
in vivo compared with monotherapy of DCCIKs
transfer, MPDL3280A or IgG control (Fig. 3A).
The survival time was extended more than 80 d
in 40% of the mice treated with the combination
of DCCIKs and MPDL3280A (Fig. 3B).The experi-
ments were repeated, producing a significant sta-
tistical difference (p < 0 .01).

Discussion

CD3/CD56 surface markers expressing CIKs is a
cell population obtained from PBMCs by stimulat-
ing with IFN-g, IL-2, and OKT3.16 As CIKs can
both directly suppress carcinoma cells and regulate
the body immune system against tumor cells indi-
rectly, it can restrain tumor growth and recurrence
by immediate cytotoxicity and improving the
patients’ immunity which results in a long-term
effect. At the same time, as the antigen-presenting
DCs are able to induce robust cell-mediated immu-
nity capable of attacking and eliminating abnormal
antigen-bearing cells, activated CIKs by tumor anti-
gen-pulsed DCs can both exert non-MHC restric-
tive cytotoxicity and MHC restrictive cytotoxicity
reinforced by antigen-pulsed DCs on targeted
tumor cells. Furthermore, when SOCS1 was
silenced, HPV16mE7-pulsed DCs showed enhanced
efficacy against cervical cancer.36 In this study,
although the co-cultured DCCIKs hardly ever erad-
icate the tumor completely, it demonstrated moder-
ate activity in inhibiting tumor growth and
improved survival rate (30%) longer than 60 d in
xenografted mice.

The generated effector T cells are anticipated to
recognize and execute the tumor targets. However,
in clinic practice, adoptive cell immunotherapy
presents less therapeutic efficiency than anticipated,
mainly attributed to that tumors employ multiple

Figure 1. The morphology of mature DCs After stimulated with
TNF-a, HPVm16E7-pulsed DCs in irregular shape showed mature
characteristics of larger soma with plenty of dendritic long and
small bulges on their surfaces (400£ magnification). White arrow
indicates long bulge and black arrow indicates small bulge.

Table 1. Percentage of DCs expressing CD1 a, CD80, CD83, CD86, HLA-DR.

CD1a CD80 CD83 CD86 HLA-DR

Control 24.2 § 3.6 33.2§ 6.7 36.9 § 4.3 45.5§ 2.3 59.6 § 4.7
TNF-a 83.5 § 4.6a 73.4§ 7.4a 78.8 § 7.2a 86.3§ 5.4a 91.2 § 4.2a

Ad-shSOCS1-DCs 92.8 § 4.2a,c 88.6§ 6.2a,c 93.3 § 3.8a,c 93.6§ 3.7a,b 92.6 § 3.4a,b

Immature DCs were stimulated by Ad-shSOCS1. Percent of DCs expressing CD1a, CD80, CD83, CD86 and HLA-DR were detected using flow cytometry before
and after 24 h TNF-a stimulation and analyzed by SPSS one-way ANOVA analysis. aSignificant differences compared with that of the DCs control, p < 0.001;

bno significant differences compared with that of the TNF-a control, p > 0.05; csignificant differences compared with that of the TNF-a control or, p < 0.05.
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strategies to attenuate the efficacy of T cell-medi-
ated attack through interfering with nearly every
step requisite for effective immunity. The progres-
sion of HPV infection to cervical cancer is a slow
process. Under continuous immunological pressure
in development and progression, the tumor evolves
several mechanisms to escape immune surveillance.
One of the strategies is to express inhibitory core-
ceptors such as CTLA4 and PDL1, under normal
circumstances, which protect cells from immune-
mediated harm, whereas induced by tumors to pre-
dominately paralyze the activated effector T lym-
phocytes via phosphatase activity and other
signaling pathways within the tumor microenviron-
ment.11-14

Expressed in a variety of malignancies, PDL1 seems
to be associated with worse prognosis in cancer of
colorectal, breast ovarian and esophageal,15-24 while
with good prognosis in cervical cancer with improved
survival via incapacitation of the infiltrating PD1C

regulatory T cells (Tregs) through PD1/PDL1 interac-
tions.23 The reason for the low expression in cervical
cancer may be attributed to patients severe immune
defects. Reported by Herbst RS, most progressing
patients with MPDL3280A on-treatment biopsies
showed a lack of PDL1 upregulation by either tumor
cells or tumor infiltrating immune cells. These grow-
ing tumors displayed one of 3 patterns: (1) immuno-
logical ignorance: little or no tumor-infiltrating
immune cell infiltration; (2) non-functional immune
response: presence of an intra-tumoral immune infil-
trate with minimal to no expression of PDL1; (3)

excluded infiltration of tumor-infiltrating immune
cells. And chip analysis of samples from these non-
responders failed to provide evidence of activated T
cells.25

Given the severe cellular immune function
defects of cancer patients, improving the cellular
immunity functions is essential to improve their
survival rate as well as the inhibition of tumor
recurrence and metastasis. And the therapeutic
effect of adoptive cell immunotherapy has been
proven in recent years in clinic. In order to further
enhance the efficacy of the transferred adoptive
cells, circumventing the inhibition induced by
tumors is a promising strategy, given that PLD1/
PD1 blockade has been confirmed in the treatment
of advanced melanoma, non-small cell lung cancer
(NSCLC) and genitourinary cancer.

As no clinic trials of PDL1/PD1 blockade for cervi-
cal cancer have been reported, therefore, in this study
we intend to evaluate whether MPDL3280A as a single
agent or MPDL3280A in combination with adoptive
cell immunotherapy (DCCIKs) could exert better
therapeutic effect on cervical cancer. Although
MPDL3280A as a single agent restrained the tumor
volume significantly within the initial 12 days, the
tumor expanded rapidly after the suppression in the
xenografted tumor mouse models. The transient ther-
apeutic effect may be attributed to less T cell immuno-
genicity because of the immunodeficiency condition
of BALB/c mice, which is similar to the immune status
in cervical cancer patients. CIKs activated by
HPV16mE7 pulsed and SOCS1 silenced DCs

Figure 2. Cytotoxicity assay (A) Detected by flow cytometry, 23.6% CaSki cells expressed PDL1. (B)The cytotoxicity of effector cells at
10:1, 30:1 and 90:1 E/T ratios against CaSki cells was analyzed using CCK 8 assay. When lymphocytes incubated with MPDL3280A,
DCCIKs increased the cytotoxic activity against CaSki cells with 37.9% at the E:T of 30 in relative to DCCIKs in the absence of MPDL3280A
(p< 0 .01).
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demonstrated moderate antitumor effect. On the con-
trary, MPDL3280A in combination with DCCIKs pre-
sented potent antitumor efficacy. The survival time of
40 % mice were prolonged than 80 d. In conclusion,
combining PD1/PDL1 signal pathway blockade with
adoptive cell immunotherapy presents a promising
prospect against cervical cancer.
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