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University School of Medicine, Shanghai, Chin& CARsgen Therapeutics, Shanghai, China

Chimeric antigen receptor modied T cells (CAR-T) therapysi an emerging
immunotherapy against malignancies. However, only limitesuccess was obtained in
solid tumors. Polyinosinic-polycytidylic acid (poly I:C)igand of TLR3, mediates innate
immune and adaptive immune and shows broad antitumor effecon many types of
cancer. In the present study, we combined EGFRUvllI-targeteCAR-T cells with poly I:C
treatment and evaluated the synergic antitumor effedn vitro and in immunocompetent
mice bearing subcutaneous colon or orthotopic breast cance xenografts. Poly I:C
signi cantly promoted more IL-2 and IFNg production as well as higher lytic activity
of CAR-T cells. Upon systemic administratiofn vivo, CAR-T cells obviously suppressed
tumor growth, and poly I:C signi cantly enhanced the supprasion. Further study showed
that poly I:.C exerted antitumor effect dependent on type | IRs. In addition, poly I:C
decreased myeloid-derived suppressor cells (MDSC) numben peripheral blood and
spleen, and attenuated the immunosuppressive activity of BSC on proliferation and
cytolytic function of CAR-T. Depletion of MDSC with anti-G@r Ab further increased the
antitumor effect of CAR-T cells plus poly I:C treatment. Inanclusion, CAR-T treatment
combined with intratumoral delivery of poly I:C resulted isynergistic antitumor activity.
We thus provide a rationale to translate this immunotherapsic strategy to solid tumors.

Keywords: chimeric antigen receptor, poly I:C, solid tumor, M DSC, type | IFN

INTRODUCTION

Adoptive T cell immunotherapy has been demonstrated to be a wayto ght malignancies.
In particular, T lymphocytes engineered to express chimeri@an receptor (CAR) have shown
great promise in treating hematological malignancigs CD19-targeted CAR-T cells have been
approved by FDA to treat relapsed B cell acute lymphoblastic feigkéB-ALL) and Di use Large
B-cell ymphoma (DLBCL)Z, 3).

CAR-T therapy is also a novel approach to treat other malignantdrs. Currently, Glypian-
3 (GPC3), epidermal growth factor receptor (EGFR), human epidéigrowth factor receptor2
(HER2), carcinoembryonic antigen (CEA), disialogangties? (GD2), mesothelin, prostate-
speci c membrane antigen (PSMA), and interleukin-13Ra2 8R42) have been tested as targets
of CAR-T cells in solid tumor. However, CAR-T therapy for sialimors has not been as e cient
as those targeting hematologic malignanciesyy.
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The reasons for the limited success of CAR T cells ifnncubator. These cell lines were tested on a regular basis fo
solid tumor are being actively investigated, and are likelynycoplasma and were negative.
multifactorial. One major reason is the immunosuppressive
microenvironment that may impede the function and persiseenc Murine EGFRVIII Construction
of CAR T cells. This includes the presence of regulatory EcellA murine homolog of the human EGFRvIII mutation was created
tumor-associated macrophages, myeloid-derived suppressby using cDNA sequences spanning the murine EGFR according
cells (MDSC), and cancer-associated broblasts, whiclo report (20). Brie y, the cDNA sequences cloned into pPWT
promote higher levels of inhibitory ligands and cytokinesvector to construct the recombinant murine EGFRvIII were
(8). Furthermore, numerous immune checkpoint moleculesas follows: base pairs 60-147, GT, and 951-3737. This cloning
such as PD-1, CTLA-4, TIM-3, LAG-3, B7S9%),(promote procedure creates a junctional peptide (LEEKKGNYVVTDH)
T-cell exhaustion, and dampen T-cell activation within tiss. identical to that found in human EGFRVIII. Replication-defige
Consequently, blockade of immune checkpoint moleculetentiviral vectors containing the recombinant murine EGHIR
improved the antitumor activity of CAR-T cells1(). In  were then generated by 293T packaging cell lines and used to
addition, Indoleamine 2,3-dioxygenase (IDO) is an intdadar  transfect CT26 and E0771 cells. Transfected cells were iredibat
enzyme that mediates the metabolism of the essential amineith ch806 Ab followed with FITC labeled goat anti human IgG,
acid tryptophan into immunosuppressive metabolites. Tumorithen positive cells were sorted by ow cytometer.
IDO activity can inhibit CAR-T therapy through the action
of tryptophan metabolites, while IDO inhibitor restored Proliferation Analysis
tumor control in a xenograft lymphoma modell(). These Tumor cells were plated at 4Ocells/well in 96-well plates
data suggested that targeting tumor immune-suppressiveith dierent concentrations of poly I:C (0.5ng/mL,5ng/mL,
environment is potential approach for boosting the antitumor50 ng/mL, 500 ng/mL, Bg/mL). Activated T cells were seeded in
immunity of CAR-T cell. 96-well plates with poly I:C concentrations of 10 andh&fimL.

Polyinosinic-polycytidylic acid (poly I:C), a synthetic Cell proliferation was analyzed by CCK8 method at 24, 48, and
analog of double-stranded RNA (dsRNA), is recognized by2 h, respectively.
toll-like receptor 3 (TLR3), dsRNA-activated protein kinase
(PKR), retinoic acid-inducible gene | protein (RIG-I) and CAR Design and Generation of CAR-T Cells
melanoma di erentiation- associated protein 5 (MDA5)4).  The recombinant murine EGFRVIII speci ¢ CAR retrovirus was
The application of poly I:C in tumor immunotherapy has generated as follows. 806 scR¥1)(was inserted in tandem
been well investigated for several decades. Poly I:.C tegivawith mCD8 trans-membrane, mCD28 and mCL23ntracellular
the innate immune system, with subsequent regulation ofegions in the MSCV retroviral vector. Retroviral supernatant
adaptive immunity (3), leading to alterations in the tumor was generated by transient cotransfection of HEK 293T cglls b
microenvironment and a striking suppression of tumor growth PEI transfection reagent, along with pCL-Eco helper plasmid
(14, 15). In addition, poly I:C was reported to be able to prolong (gifted by Prof. Yongzong Liu of Shanghai Cancer Institute).
CD4C T cell survival (6), promote activated T cell proliferation Forty eight hours later, supernatant was collected and used
(17, and reactivate tumor inltrating CD& T cells (8. to transduce murine splenic T lymphocyte. In short, mouse
Moreover, studies showed that poly I:C could directly triggersplenocytes were collected from healthy Balb/c or C57 mice,
cancer cells to initiate apoptosis, so that poly I:C could reducdisaggregated, and passed through an#0Omesh lter. After
tumor metastasis in immunode cient micelf). This built the lysis of red blood cells, CBB T lymphocytes were isolated with
rationale to combine poly I:C with CAR-T cell therapy. an EasySdy' Mouse T cell Isolation Kit (Stemcell). Puri ed

In this study, we explore the potential of using poly I:CT cells were activated with anti-CD3 and anti-C28 Ab coated
to increase the antitumor activities of CAR-T cells and thedynabeads (Gibco) for 24 h and retrovirally transduced. The
underlying mechanism. cells were cultured in RPMI 1,640 media supplemented with

10% FBS (Gibco), 100 IU/mL rhiL2, 1 ng/mL rmIL-7 and 50
mmol/L b-mercaptoethanol for 3-5 days and subsequently used

MATERIALS AND METHODS for experiment.

Cell Lines and Medium Flow Cytometric Analysis

The murine colon carcinoma line CT26 (EGFRWH®) was T cell transduction was measured using EGFP/Biotin labeled
maintained in our laboratory. Human embryonic kidney célld ~ EGFRVIII protein generated in our laboratory, followed by-PE
293T was purchased from the American Type Culture Collectiostreptavidin when needed. T cell phenotypes were identi ed
(ATCC; Manassas, VA). Both cells were grown as monolayer insing the following antibodies: mouse CD3e (clone 145-2C11,
DMEM culture medium (Gibco) containing 10% fetal bovine A ymetrix eBioscience) conjugated to FITC and mouse GD8
serum (FBS, Biowest) and 1% L-glutamine. Murine breast cancéclone 53-6.7, A ymetrix eBioscience) conjugated to PE.

cell line E0771 (EGFRVINFC, gifted by Dr. Xiang Zhang of To detect MDSC from blood, spleen and tumors of mice,
Baylor College of Medicine) was cultured in RPMI 1,640 mediumumor-bearing mice were euthanized 24 h after last poly I:C
(Gibco) supplemented with 10% FBS and 10 mmol/L HEPES. Alteatment. Fifty microliter of peripheral blood drawn from ¢h
cells were routinely maintained at 3Z in a 5% CQ atmosphere cheek vein was incubated with antibodies to mouse CD11b éclon
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M1/70, Biolegend) and Grl (clone RB6-805, BD bioscienceyith the same volume of saline were used as control. Tumor
followed by red blood cell removal and then was analyzed byolume was estimated using the digital caliper measurenteft (
ow cytometry. Single cell suspensions of spleen were obdaine length width width) twice a week. Mice were euthanatized
by mechanical disruption through a 7am cellular sieve with a when the tumor volume reached 2,000 im

plunger, and red cells were then removed. Tumor cell suspassio

were obtained by digesting dissected tumor tissues wiuéis |n vivo Mouse IFN- b and Type |

dissociation kit (Miltenyi). All antibodies were used acdimg IEN Blocking

to manufacturer's recommendations. Live cells were gated
forward scatter/side scatter (FSC/SSC). Analysis wasrpetb
using a FACSCelesta ow cytometer (BD Biosciences) andJow
software (TreeStar).

umor-bearing mice were injected i.t. with 50g poly I:C.
Peripheral blood was collected from cheek veins at the ineica
times. Saline was used as control. IBNevel in sera was
quanti ed with ELISA. To interfere type | IFN signaling,
50 mg anti-IFNAR1 mAb (clone MAR1-5A3, Bioxcell) was

In VItrO_ .CytOtOXICIty Assay. . intratumorally injected on day 0 and 2 after poly I:C or saline
The activity of CAR-T cells to kill target cell® vitro was treatment @2

evaluated using lactate dehydrogenase (LDH) release assay

(CytoTox 96° NonRadioactive Cytotoxicity Assay, Promega). . .
Target cells were incubated with CAR transduced e ector TReal'tlme PCR for CAR-T Cell Persistence

cells at varying e ector-to-target (E:T) ratios. After 18H o To dgtermine the copy number ofintegr.ated CAR in genetically
co-incubation at 37C, supernatant was transferred to a newModi ed T cells, 100 ng DNA genomic DNA was extracted

microplate and the LDH released into the supernatant wa&fOm the tumors of treated mice with the QlAamp DNA Mini
assessed using a Microplate Reader. Specic cytolysis wid (Qiagen). DNA was amplied in triplicate with primers
calculated by using the formula: (Test—e ector controlger 2nd TagMan probes specic for the CAR transgenes, using
control/Tmax control—target control) 100, in which “Tmax the 7,500 Real Time PCR System (Applied Biosystems) in a
control” was the value obtained from supernatant of targe’CR reaction (2min for 5@, 10min for 95C, followed by
cells exposed to 1% Triton-X 100, “e ector control” was the4® cycles of 15s 96 and 1min 60C). To generate DNA
spontaneous LDH release value of CAR-T alone, and ntargggandards, we established serial dilution of DNA plasmids

control” was the spontaneous LDH release value of targes Ceﬁ)n'coding the speci c cassette. The primers used were as follows
alone: background control (the value obtained from mediumPrimer-F: & GACGTTGGGTTACCTTCTG C-, Primer-R:

0 0 .
alone) was subtracted from each value before the calcalatio 2~ 1 1 CCCAGGTCACGATGTAGG 3" and probe: 8(FAM)-
ATGGCCGCGA GACGGCACCT—(BHQl)%

Cytokine Release Assay

Murine CAR-T cells were tested for antigen-speci ¢ activity i MDSC Suppression Assays

cytokine release assay using tumor cells. In these expetsmenMDSCs were isolated via Ly6G magnetic selection from spleens
e ector cells were co-cultured with an equal number of targetof tumor-bearing mice 24 h after poly I:C or saline treatment.
cells in complete RPMI 1,640 medium in a nal volume Isolated MDSCs were titrated into CAR-T-cell cultures atywag

of 0.2ml in triplicate wells of a 96-well microplate. Culture MDSC: CAR-T cell ratios and incubated overnight. For ow
supernatants were harvested 24 h after the initiation ofalbdce  cytometry-based proliferation assays, mouse T cells were pre-
and assayed for IL-2 and IF§lby ELISA (Multisciences). Serum labeled with CSFE (ThermoFisher Scienti c). Anti-CD3 amdia

IFN g level of treated tumor-bearing mice was detected byC28 Abs coated dynabeads were added at initial time. After

ELISA (Multisciences). 72h, cells were collected and CFSE expression was detected by
ow cytometry.

In vivo Antitumor Effect of Combined Poly To evaluate the MDSC suppression on CAR-T Iytic activity,

I:C and CAR-T Cells CAR-T cells and target cells were co-cultured at an E:T ratio

All animal procedures were approved by the Shanghai Cancéf 0.3:1. Isolated MDSC were added at varying MDSC: CAR-
Institute Committee for the Use and Care of animals andl-cell ratios. Cytotoxicity e ciency was calculated aftéBh
performed in accordance to the protocol. For tumor induction, of co-incubation.

6—7 weeks old female Balb/c mice were irradiated with 3Gy

whole-body irradiation and then 3 10° C26-EGFRuvlIl cells In vivo GrlC Cell Depletion

suspended in 200n PBS were injected s.c. into the ank of Tumor-bearing mice were treated with poly I:C and CAR-
mice. To establish orthotopic breast tumors, we injected 8° T cells as described above. To deplatevivo MDSC, mice
EO0771-EGFRVIII cells into the 4th inguinal mammary fat padsvere intraperitoneally injected with anti-Grl mAb (10 mg/kg
of 6-7 weeks old female C57BL/6 mice. Tumor bearing micelone RB6-8C5, BioXell) 24h before poly I:C initially and
were treated with 5 10° CAR-T cells by tail vein injection. then three times per week for 2 week&3 MDSC depletion
Mice of control groups were injected with same amount ofwas validated by ow cytometry analysis of CDTLGr1C
untransduced T (UT) cells. Fifty micrograms high molecularcirculating cells in peripheral blood 1 day later. Control mic
weight poly I:C (pIC, InvivoGen) was injected intratumorally 3 were injected with IgG control mAb (10 mg/kg, clone LTF-
and 6 days after CAR-T infusion. Mice intratumorally injected2, BioXcell). Tumor growth was monitored twice a week.
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Mice were euthanatized when the tumor volume reachedGraphPad). Data were presented as the mean valugEM. In
2,000 mnd. all casegy-values< 0.05 were considered statistically signi cant.

Statistical Analysis RESULTS

In all experiments, statistical signicance was evaluated . .

with unpaired t-test when comparing two groups and one- POlY 1:C Enhances the Antigen-speci ¢

way ANOVA followed by Newman-Keuls post analysis forResponses of CAR-T Cells

comparisons of 3 or more groups. Two-way ANOVA with We generated murine EGFRvIIl specic CAR-T cells by
Bonferroni post-tests was used to when comparing two groupgetroviral transduction of splenocytes derived from Balb/c
with two dierent samples. The compilation of graphs andor C57 mice. High transduction e ciency of 80% was
the statistical analyses were performed with Prism softwarebtained as detected by ow cytometrfFigures 1A,B. T cell
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FIGURE 1 | Transduction ef ciency, phenotype, andin vitro activity of murine CAR-T cells(A) transduction ef ciency of CAR-T cells derived from Balb/c mie was
detected by ow cytometry. (B) three days after transduction, CD3 and CD8 expressions of Talls from (A) were analyzed.(C) transduction ef ciency of CAR-T cells
derived from C57 mice was detected by ow cytometry. (D) three days after transduction, CD3 and CD8 expressions of Tedls from (B) were analyzed.(E) in vitro
cytotoxicity of murine CAR-T cells co-cultured with CT26 ad CT26-EGFRuvIII cells for 18 h was detected with or without poly,C. (F) in vitro cytotoxicity of murine
CAR-T cells co-cultured with E0771 and E0771-EGFRVIII cellsif 18 h was detected with or without poly I:C.(G) IL-2 and IFNg secretion of CAR-T cells co-cultured
with CT26 and CT26-EGFRuVIII cells was detected by ELISAH) IL-2 and IFNg secretion of CAR-T cells co-cultured with E0771 and E0771-BFRuvlli cells was

detected by ELISA.(I) in vitro cytotoxicity of murine CAR-T cells co-cultured with CT26-BFRvIII or EO771-EGFRVIII cells for 40 h was detected with or witht poly
I:C.*p < 0.05 **p < 0.01 ***p < 0.001.

Frontiers in Oncology | www.frontiersin.org 4 April 2019 | Volume 9 | Article 241


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Dietal. TLR3 Agonist Enhanced CAR-T Therapy

phenotype was then evaluated, and nearly all cells were CO®ly I:C neither induced T cell proliferation nor tumor cell
positive. CD8 positive T cells accounted for more than 50%leath Supplemental Figure L.
(Figures 1C,D. No signi cant di erence in the percentages of  To further assess the function of poly I:C on CAR-T cells
CD3C or CD8C cells was found between untransduced T andupon antigen-speci ¢ stimulation, CAR-T cells were co-cuédr
CAR-T cells. with EGFRVIII- negative or positive tumor cells. Supernatant was
To determine harvested, and IL-2 and IFN levels were measured by ELISA.
CAR-T cells, poly I:C was added to the co-cultureUpon antigen stimulation for 24 h, we found that CAR-T cells
of eector cells and target cells. In the cytotoxicity had high level of IL-2 and IFNy secretion. Moreover, CAR-T
assay, murine CAR-T cells showed signicant speciccells treated by poly I:C secreted higher level of IL-2 andgFN
cytolysis activity against CT26-EGFRvIIl and EO771when compared to the untreated CAR-T celldures 1G,H.
EGFRvIIl tumor cells but not CT26 and EO771 cellsHowever, poly I:C alone could not activate T cells as neither
(Figures 1E,. However, addition of poly I:C did not IL-2 nor IFN g level was increased. Next, we prolonged the
enhance the specic activity within 18h. Additionally, co-culture time with an E:T ratio of 0.2:1 for 40 h. As shown

the impact onin vitro activity of
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FIGURE 2 | Veri cation of antitumor effect of poly I:C and CAR-T in murineolon and breast models. Tumor growth in CT26-EGFRVI(A) and E0771- EGFRuVIII
(B) tumor-bearing mice treated by poly I:C and CAR-T cells was maitored; Tumor was weighed at the end of experimen{C,D) and IFNg level in peripheral blood
was measured by ELISA(E,F), CAR-T copies in tumor of CT26-EGFRVIIG) and E0771-EGFRVII[H) tumor bearing mice were detected by real-time PCR.
n D 6/group. *p < 0.05 **p < 0.01 ***p < 0.001.
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in Figure 11, addition of poly I:C signi cantly strengthened the observed between poly I:C treatment and corresponding contro
in vitro killing activity of CAR-T against both CT26-EGFRvIII group in both animal modelsSupplemental Figure 2
and EO771-EGFRVvIII tumor cells.

Intratumoral Administration of Poly I:C Role of Poly I:C-induced IFN b in Poly I:C
Enhances in vivo Antitumor Activity of Mediated Antitumor Responses
CAR-T Cells Poly I:C is a potent activators of systemic type | IFN responses

To address whether poly I:C could increase the antitumof24). Upon poly I:C recognition, TLR3 and MDAS5 initiate
activities of CAR-T cells, mice bearing CT26-EGFRVIII of ED- downstream signaling pathways that lead to activation of
EGFRuvIII tumor xenografts were treated by EGFR-targete®RCA transcription factors, including IRF3 and NEB, which induce
T cells, or their combination with poly I:C. Interestingly,ew type | IFN production (L2). In tumors, type | IFNs are
found that intratumoral injections of poly I:C signi cantly associated with increased CTL respongé).(In our present
enhance the tumor-suppression activity of CAR-T cells, astudy, intratumoral delivery of poly I:C resulted in marked\NF
showed by the delayed tumor growtRigures 2A,B and smaller b secretion in peripheral blood of CT26-EGFRVIFi§ure 3A)
tumor weight Figures 2C,D. Additionally, increased amount of and EQ0771-EGFRuvIII Higure 3B) tumor-bearing mice. This
IFNg in the peripheral blood was observed in the group of CARInduction was temporal, as it was only detectable at 3 h by ELISA
T cells plus poly I:CKigures 2E, . Meanwhile, we also observed but un-detectable 24 h post poly I:C treatment in the serum.
that poly I:C alone also mildly suppressed tumor growth.To test whether type | IFNs were required for the poly I:C-
CAR-T persistence is an important factor for successful tumomediated antitumor e ect of CAR-T cells vivo, mice bearing
eradication. At the end of experiment, mice were sacri catj a CT26-EGFRvIII or EO771-EGFRVIII tumors were treated with
genomic DNA was isolated from spleen and tumor to detecintratumoral injections of IFNAR-blocking Ab on days 0 and 2
CAR copy number by means of quantitative real-time PCRafter injection with poly I:C or saline2?). Type | IFN signaling
The results showed that CAR-T poly I:C treatment obviouslblocking impaired the therapeutic e ect of poly I:C in CT26-
increased CAR-T copies in tumor tissuésgures 2G,H. EGFRuvIII tumor-bearing miceRigures 3C,D. Similar trend was

In addition, to explore whether poly I:C injection causedalso observed in EO771-EGFRuvIII tumor- bearing mice treate
severe toxicityin vivo, body weight of mice was monitored. by poly I:C and CAR-T, when type | IFN signaling was blocked
Results showed that no signi cant di erence in body weight waqFigures 3E,l;. These results suggested that type | IFNs are
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CT26-EGFRuVIII tumor-bearing micgC) and tumors were stripped and weighed at the end of experimen{D); Tumor volume (E) and tumor weight (F) were also
obtained from E0771-EGFRUVIII tumor-bearing mice treated bygly I:C and CAR-T in the absence or presence of anti-IFNAR Aln. D 6/group. *p < 0.05 **p < 0.01
**p < 0.001.
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essential for the improved antitumor e ect of poly I:C and CAR- in tumor tissues between two groupSypplemental Figure %.
T cells. To detect whether IFN could directly enhance CAR-T Similar trends were also observed regarding the number of
cell activity, we prepared IANproducing CAR-T cells. However, MDSCs in EO771-EGFRuvIII xenograft models treated by poly I:.C
IFNb was surprisingly unable to enhance cytotoxicity of CAR-and CAR-T cellsFigures 4C,D.
T cells against CT26-EGFRvIIl and E0O771-EGFRvIII when used
in vitro (Supplemental Figure 3.

Poly I:C Diminishes Suppressive Function

Poly I:C Decreased MDSC antent in of MDSC in Tumor-bearing Mice
Peripheral BlOOd _and Spleen in To examine whether poly I:C aects the suppressive function
Tumor-bearing Mice of MDSC, we isolated MDSC from the spleen of tumor-bearing

Previous reports showed that tumor growth induces expansiomice treated by poly I:C or saline, and co-cultured these wefls

of MDSC in peripheral blood. In turn, these immunosuppressivesplenic T cells of healthy mice. We found that MDSC from poly
MDSC contributed to tumor growthZ6). Indeed, compared to |.C treated CT26-EGFRuvlIl and EO771-EGFRVIII tumor-begri
tumor-free mice, MDSC content was signi cantly increased inmice were signi cantly less suppressive on the beads-aetivat
CT26-EGFRVIII tumor-bearing miceSupplemental Figure 4. T cell proliferation than that isolated from mice treated with
To determine whether poly I:C impacts MDSC percentagesaline, as manifested by CFSE expresdtiguges 5A,B and cell
tumor-bearing mice were sacri ced 24 h following last poly I:Cproliferation activity Figures 5C,D.

treatment. MDSC population was analyzed by ow cytometry. As To determine whether the decline of MDSC suppression
expected, poly I:C treatment signi cantly decreased MDS@rati activity following poly I:C treatment could also be observed in
in blood and spleen of mice bearing CT26-EGFRVIII xenograftytotoxicity, we examined the speci c lytic function of CAR-
(Figures 4A,B. However, this di erence was not signi cant cells on target cells with the presence of MDSC. As shown in

A Blood Spleen c Spleen
° ! 693 : % 3 125 § i * 3
10 9 10 1 ‘0"‘
— 1 3 = saline
(D 100 0° 4 0 mzj
A o' AN o
|u° 10° 100
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FIGURE 4 | Administration of poly I: C decreases MDSC subunit cell courih tumor-bearing mice compared with saline-treated tumombearing mice.
(A) representative FACS plots gated on CD11KE GrlC cells in peripheral blood, spleen and tumor tissues of CT2&GFRvIII tumor-bearing mice(B) cumulative data
from A, showing the relative ratio of MDSC(C) representative FACS plots gated on CD11E Gr1C cells in peripheral blood, spleen, and tumor tissues of
E0771-EGFRVIII tumor-bearing mice(D) cumulative data from B, showing the relative ratio of MDSCp*< 0.05, ***p < 0.001.
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FIGURE 5 | Intratumoral administration of poly I: C attenuated MDSC suppssion. (A) CFSE dilution of murine T cells following co-incubation witMDSC isolated
from saline or poly I:C treated CT26-EGFRvIII tumor-bearing o@. (B) representative FACS chart of T cell proliferation co-culted with MDSC isolated from
EQ0771-EGFRuvIII tumor-bearing mice; aCD3/aCD28 beads induced cell proliferation without MDSC in co-culture was used as gsitive control. (C) proliferation
percentage relative to positive control obtained fronfA). (D) proliferation percentage relative to positive control olatined from (B). (E) in vitro lytic activity of CAR-T
against CT26-EGFRuVIII co-cultured with MDSC isolated from @B-EGFRVIII tumor-bearing mice(F) in vitro lytic activity of CAR-T against EO771-EGFRuvIII
co-cultured with MDSC isolated from EQ771-EGFRvIII tumor-teaing mice. Error bars showC SEM. *p < 0.05 **p < 0.01 ***p < 0.001.

Figures 5E,F- MDSC inhibited the lytic activity of CAR-T cells (referred to as “tritherapy”) dramatically induced regriessof

in a dose-dependent manner. established tumors compared with anti-Grl antibody, CARfT o
These data suggested that MDSCs from poly I:C treategoly I:C alone.

tumor-bearing mice showed diminished suppressive potency

compared with those from saline treated mice.

MDSC Depletion Enhances Ef cacy of DISCUSSION

CAR-T Cells in vivo Immunosuppressive microenvironment has been regarded as
As shown above, poly I:C treatment reduced MDSC quantitghe major issue for the limited success of CAR-T therapy on
and diminished MDSC suppression on T cell proliferation andsolid tumors. Combination of CAR-T therapy with immune
CAR-T lytic activity. Furtherly, we wanted to know whethéet checkpoint molecule inhibitors has been regarded as a progisi
enhanced function of poly I:C was mainly due to the inhibition strategy. For example, a patient with DLBCL and progressive
of MDSC. Mice bearing subcutaneous CT26-EGFRvIII tumotymphoma was rst infused with CAR-modi ed T cells directed
were i.p. injected with MDSC depletion agent one day prioragainst CD19, and then was administered with anti-PD-1
to CAR-T cells injection. The depletion of CD1CbGriC antibody. Subsequently, the patient had a clinically sigmitca
MDSC in peripheral blood was veried by ow cytometry antitumor response, an expansion of CAR-T cells, and decreased
(Supplemental Figure §. Treatment with MDSC depletion coexpression of PD-1 on CAR-T cell@7. Besides, in mice
agent alone showed no signi cant antitumor e ect compared toorthotopic glioma models, a single cranial irradiation after
that of UT group figure 6). However, treating tumor-bearing tumor implantation further increased the activity of CAR-€Elts
mice with both Anti-Grl antibody and CAR-T cells led to as demonstrated by synergistically prolonged survival, cedu
enhanced antitumor e ect, with suppressed tumor growth andtumor volume and increased fraction of long-term surviving
less tumor weight, compared with that of mice receiving MDSQ28). Here, we aimed to develop a combined immunotherapy
depletion agent plus UT cellg-igure 6). This suppression was that e ectively implements CAR-T therapy in solid tumors.
comparable with that of mice treated by CAR-T combinedOur results supported that poly I:C functioning as an adjuvant
with poly I:C, as the two groups have almost equal tumor sizaided to enhance CAR-T activity, including specic lysis of
and tumor weight. Next, we observed that treatment with thetarget tumor cells and cytokine release upon antigen stitimria
combination of CAR-T, poly I:C and MDSC depletion agentFurther studies suggested that poly I:C obviously improved
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FIGURE 6 | Co-administration of CAR-T with poly I:C and MDSC depletiongent dramatically improved antitumor ef cacy against CT26EGFRvlII subcutaneous
tumors. (A) tumor growth curve of tumor-bearing mice treated by poly I:Canti-Grl Ab and CAR-T cells(B) At the end of experiment, tumors were isolated from
tumor-bearing mice and photographed.(C) At the end of experiment, tumors were isolated from tumor-baring mice and weighed. Error bars showC SEM.

n D 6/group. *p < 0.05, ***p < 0.001.

antitumor responses of CAR-T in immune competent mice-activate T cells, or promote T cell proliferation even when Tscell
bearing colon and breast xenogratfts. were simultaneously activated. However, after CAR-T cedlew
Systemic administration of poly I:C, including intravenousactivated by antigen-expressing tumor cells, poly I:C did eckan
and intraperitoneal injection, caused signi cant reducti@f CAR-T activity, presented by higher levels of IENsecretion
body weight and pulmonary thrombosis as well as hepatiboth in vitro andin vivo. This was in accordance with previous
necrosis of mice. This toxicity was related to dose and tigac report that poly I:C cells increased cytokines secretion el
schedule. Moreover, weight loss showed a tendency to retuttyy TCR-dependent and -independent stimulation, but did not
to baseline levels with time2§). In the present study, the dose a ect their proliferation or speci ¢ cytolytic activity withirshort
was chosen according to previous publicati@g)( In this paper, time (31).
Salmon H et al pointed out that intracellular poly I:C delivery  One of the main consequences of poly I:C administration
at the tumor site limit potential immune adverse events inis the secretion of type | IFNs. Indeed, we observed obviously
other tissues. We also monitored that body weight of mice irelevated IFNb release after poly I:C treatment. Type | IFN
experiments and found that poly I:C administration did notc&u signaling pathway blockade almost o setted the enhanced
body weightloss, indicating that local injection of poly O@ not ~ antitumor activity mediated by poly I:C after CAR-T infusion
cause severe systemic toxicity. Reports demonstrated that type | IFNs can directly and potently
To explore the mechanism through which poly I:C enhancesnduce apoptosis of tumor cells for tumor regressio®2)(
CAR-T therapy, we rstly investigated whether poly I:.C exertBut our study showed that IFNb did not enhance CAR-T
direct impact on tumor and T cells. Previous studies report thacytotoxicity in vitro. Thus, we speculated that that IFi-
poly I:C could directly induce proapoptotic and antiproliferati  mediated therapeutic e ect requires adaptive immunity, raithe
of many cancer cellslg, 30). However, we did not observe any than direct killing of tumor cells. This may be due to that IFN
antiproliferation of poly I:C on both two tumor cells at vangn b directly targets intratumoral dendritic cells, which reaetie
concentrations. Moreover, addition of poly I:C could not ditsy ~ CTL by increasing antigen cross-presentation within the cum
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microenvironment @33). In addition, IFN b de cient mice of MDSC, concomitant with an increase in local T cell response
developed faster-growing tumors and these tumors displayeaf the immune system in a murine model of breast canéai).(
enhanced in Itration by CD11EGriC neutrophils expressing Our further study revealed that MDSC from tumor-bearing mice
elevated levels of proangiogenic factors. When treated hwth  directly inhibited CAR-T lytic activity against target celwhile
levels of IFNb, however, these tumor-in Itrating neutrophils poly I:C treatment signi cantly decreased this suppression.
restored expression of proangiogenic factors to controllg&ve In summary, our study for the rst time shows that
Moreover, depletion of these neutrophils inhibited tumor gtbw administration of poly 1:C can signi cantly enhance the
(34). What's more, type | IFN therapy in mice altered tumor- therapeutic e cacy of CAR T-cell therapy in solid tumors. We
associated neutrophils polarization toward anti-tumor N1.also demonstrate the need for mobilizing host immune system
Similar changes in neutrophil activation could be observed i and limiting microenvironmental immunosuppressive actjvitf
melanoma patients undergoing type | IFN therafp). solid tumors. The combination of these two modalities i®lik
MDSCs have emerged as important contributors to solido have a signi cant impact on increasing the e ectiveness of
tumor immune evasion 6). These cells are a heterogeneousmmunotherapy against a number of solid tumors, thus provide
population of immature myeloid cells that are expanded bya new perspective to adoptive immunotherapy of cancer.
tumors as proved in mouse tumor models and clinical studies.
Circulating MDSC numbers correlate with a poor prognosis AUTHOR CONTRIBUTIONS
tumor vasculogenesis, osteoporosis, and tumor evasion sif ho
immunity (26). They dampen T-cell responses through a numbeiSD took part in the vector constructiorin vitro and in vivo
of mechanisms, including depletion of essential nutrienis v experiments. MZ and ZP took part ifn vivo analysis. RS
production of arginase I, iNOS, and indoleamine 2,3 dioxyaga) took part in the cell culture. MC helped a lot in the vector
as well as production of suppressive reactive oxygen speciesnstruction. HJ and BS helped a lot in the spleen T cell isalatio
nitrosylation of chemokines, and expression of PD-L1. Sorwheand stimulation. HL took part in the retrovirus production
these cells were depleted by antibody, T cell frequency arghd ow cytometry. ZL is the principle investigator of our
function could be restored2@). But in the present CT26- research group.
EGFRUvIIl tumor-bearing mice models, anti-Grl Ab injection
only slightly delayed tumor growth compared to control. FUNDING
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immunosuppressive solid tumor microenvironment as aFoundation of China (No. 81672724 and No. 81472573), the
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