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Abstract: Chimeric antigen receptor (CAR) af T cell adoptive immunotherapy has shown great promise for improving
cancer treatment. However, there are several hurdles to overcome for the wide clinical application of CAR-a T cells
therapy, including side effects and a limited T cells source from cancer patients. Therefore, we sought to identify an
alternative T cell subset that could avoid these limitations and improve the effectiveness of CAR-T immunotherapy.
yo T cells are a minor subset of T cells, which share the characteristic of innate immune cells and adaptive immune
cells. Vy9Vd2 T cells are a predominant yd T subset in the circulating peripheral blood. In this study, we investi-
gated the antigen-specific antitumor activity of CAR-Vy9Vd2 T cells targeting MUC1-Tn antigen. Vy9Vo2 T cells were
expanded from peripheral blood mononuclear cells of healthy volunteers with zoledronic acid and interleukin-2.
CAR-VY9Vd2 T cells were generated by transfection of lentivirus encoding MUC1-Tn CAR. Cytotoxicity assays with
various cancer cell lines revealed that CAR-Vy9Vd2 T cells could effectively lyse tumor cells in an antigen-specific
manner, with similar or stronger effects than CAR-af3 T cells. However, CAR-Vy9Vd2 T cells had shorter persistence,
which could be improved with the addition of IL-2 to maintain the function of CAR-Vy9Vd2 T cells with consecutive
stimulation of tumor cells. Using a xenograft mouse model, we further showed that CAR-Vy9Vd2 T cells more effec-
tively suppressed tumor growth in vivo than Vy9Va2 T cells. Therefore, MUC1-Tn CAR-modified Vy9Vd2 T cells may
represent a novel, promising ready-to-use product for cancer allogeneic immunotherapy.
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Introduction rounds of therapy or by the disease itself,
leading to a lack of sufficient T cells or dysfunc-
tional T cells, which could increase the risk of
failure in preparing self-derived CAR T cells or
decrease the clinical efficacy [4]. Development

of off-the-shelf allogeneic CAR-T products may

Chimeric antigen receptor (CAR) T cell adoptive
immunotherapy has shown great achieve-
ments in the treatment of hematological malig-
nancies [1, 2]. To date, a3 T cells are the

most commonly applied effector cells in adop-
tive immunotherapy. However, the wide app-
lication of CAR-afB T cell therapy is hindered
by many unfavorable factors, including the
potential to induce cytokine release storm
syndrome and neurotoxicity [3]. Moreover, as
an individualized immunotherapy, patient self-
derived T cells are required to prepare CAR-
af T cells. This can be a major limitation given
that the immune system of most cancer
patients is often damaged due to previous

be an ideal solution to overcome these
problems.

yo T cells are a minor subset of T cells account-
ing for 1-5% of total circulating T cells but are
the predominant lymphocytes in the epithelial
tissues [D]. y0 T cells share the characteristics
of innate immune cells and adaptive immune
cells, and play important roles in resisting the
infection of bacteria, viruses, and the invasion
and growth of tumors in the host [6]. More-
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over, unlike the major histocompatibility class
(MHC)-dependent antigen recognition mecha-
nism of a3 T cells, yd T cells can recognize
danger-associated molecular signals in an
MHC-independent manner [7], thereby mak-
ing them suitable for allogeneic CAR-T im-
munotherapy. Arruda et al. [8] reported that
yo T cells play an important role in both leuke-
mia and infection control in hematopoietic
stem cell transplantation and had no associa-
tion with graft versus host disease develop-
ment, suggesting that yd T cells may be an
ideal candidate for allogeneic immunotherapy.
Previous studies demonstrated that yd T cells
play an important role in cancer therapy, and
that intratumoral yo T cells represent the most
favorable prognostic indicator across diverse
cancers [9, 10].

yO0 T cells can be divided into two main sub-
sets based on their & chain usage: V82" cells
prefer to co-express with Vy9 chain, while V52
cells can pair with an array of Vy chains [11].
Vy9Va2 T subtype cells are predominant in cir-
culating peripheral blood [12], and were dem-
onstrated to be primed for innate cytotoxicity
against multiple tumors [6, 9]. Wy9Vd2 T
cells can also act as antigen-presenting cells
(APCs) after activation, which may play a
critical role in enhancing the immune re-
sponse [13, 14]. In recent years, increasing
numbers of studies on CAR-modified Vy9Vvé2
T cells have emerged. Although Vy9Vvd2 T
cells exert an innate anti-tumor effect, CAR
modification can endow Vy9Vd2 T cells with
specific anti-tumor effects and extend their
scope of tumor treatment. Rischer et al. [15]
reported that CAR-Vy9V02 T cells targeting
GD2 showed enhanced antigen-specific tumor
reactivity, and similar results were achieved
with VWWOVd2 T cells expressing a CD19-tar-
geted CAR. Therefore, CAR-modified Vy9Vd2 T
cells may represent a novel promising immu-
notherapeutic approach for cancer therapy.

Mucin 1 (MUC1) with the Tn epitope as a can-
cer marker is an antigen that is highly express-
ed in a form with abnormal O-glycosylation on
the surface of a variety of cancer cells, includ-
ing breast cancer and gastric cancer, but is
not expressed or is expressed at low levels in
normal tissues [16-18]. Therefore, MUC1-Tn
antigen can be used as an ideal target for solid
tumor therapy. Posey et al. [17] reported that
5E5-CART cells targeting MUC1-Tn antigen dis-
played effective anti-tumor activity on T cell
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leukemia and pancreatic cancer in vitro and in
vivo.

Toward this end, in this study, we developed
a method for preparation of clinical-grade
CAR-VYOV02 T cells. Vy9Vvd2 T cells were
selectively expanded from total peripheral
blood mononuclear cells (PBMCs) of healthy
donors by zoledronic acid (ZOL) with inter-
leukin (IL)-2 to a clinically significant number
[12]. ZOL-expanded Vy9Vod2 T cells for adop-
tive transfer have been previously reported in
preclinical and clinical trials with demonstrat-
ed safety [19]. Second-generation MUC1-Tn-
specific CAR (MUC1-Tn-CD28-CD3()-modified
Vyo9vo2 T cells were generated via lentiviral
transfection, and their specific anti-tumor
activity was investigated in vitro and in vivo.
These results can therefore provide a novel
and promising allogeneic strategy for cancer
immunotherapy.

Material and methods
Cloning

The MUC1-Tn-specific single-chain variable
fragment (scFv) was derived from the MUC1-
Tn specific antibody PG926, which is provided
by PersonGen BioTherapeutics (Suzhou) Co.,
Ltd. The CAR structure consists of a PG926
scFv, Fc hinge, CD28 transmembrane, in-
tracellular domain, and CD3 zeta domain.
The DNA sequence of the COSMC gene was
acquired by reverse transcription of mRNA
from human T cells, followed by polymerase
chain reaction (PCR) amplification. The CAR
cassette and the COSMC sequence were both
subcloned into Xbal- and Notl-digested pCDH-
CMV lentiviral vectors to prepare pCDH-CMV-
MUC21-Tn-CAR and pCDH-CMV-COSMC lentivi-
ral vectors, respectively.

Lentivirus preparation

pCDH-CMV-MUC1-Tn-CAR and pCDH-CMV-CO-
SMC lentivirus were prepared as previously
described [20].

WOVo2 T and T cell activation, transduction,
and expansion

PBMCs from healthy volunteers were isolated
using Ficoll-Hypaque gradient centrifugation.
Vy9Vd2 T cells were then activated by treat-
ment with ZOL (1.75 mM; Aosaikang Phar-
maceutical, Jiangsu, China) and IL-2 (200 U/
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mL; Novoprotein, Shanghai, China). a3 T cells
were activated by TransAct (20 uL; Miltenyi
Biotec, Auburn, CA, USA) in the presence of
IL-7 (155 U/mL; Novoprotein) and IL-15 (190
U/mL; Novoprotein). After 48-h stimulation,
both T cell subsets were transduced with CAR
lentivirus at a multiplicity of infection of 20,
respectively.

Cell lines

HGC-27, SUN-1, KATO IIl, T4A7D, MDA-MB-468,
MDA-MB-231, Jurkat T, and 293 T cells were
purchased from the Cell Bank of Shang-
hai Institute of Biochemistry & Cell Biology
(Shanghai, China). HGC-27, SUN-1, KATO I,
and Jurkat T cells were cultured in RPMI-1640
medium containing 10% fetal bovine serum.
T47D, MDA-MB-468, MDA-MB-231, and 293 T
cells were cultured in Dulbecco’s modified
Eagle medium containing 10% fetal bovine
serum. All cells were cultured at 37°C in a
humidified atmosphere containing 5% CO,,.

Flow cytometry

To detect the expression of MUC1-Tn on HGC-
27, SUN-1, KATO Ill, and Jurkat T cells, the
cells were stained with PG926 antibody and
mouse 1gG (BD) isotype antibody at 37°C for
30 min, washed three times with phosphate-
buffered saline (PBS), and then stained with
anti-human IgG Fc antibody (Jackson Immu-
noResearch, West Grove, PA, USA) at 37°C for
30 min. To confirm the phenotype of yo T
cells, the expanded yd T cells were stained
with mouse anti-human CD3 antibody (BD,
USA) and mouse anti-human 62 antibody (BD)
antibody at 37°C for 30 min, washed three
times with 500 pyL PBS, and then suspended
in 500 L PBS. To detect CAR expression on T
cells, af3 T, CAR-ap T, and CAR-Vy9Vd2 T cells
were stained with anti-human IgG Fc anti-
body (Jackson ImmunoResearch) at 37°C for
30 min, washed three times with PBS, and
then suspended in 500 pyL PBS. All assays
were analyzed using a flow cytometer (ACEA
Biosciences, San Diego, CA, USA).

Tumor cells elimination assay

We established a green fluorescent protein
(GFP)-expressing Jurkat T cell line by transfec-
tion of lentivirus encoding GFP, and stable GFP
expression was confirmed by flow cytometry. To
compare the tumor elimination ability of CAR-
Vyo9vd2 T cells and CAR-af3 T cells, 2 x 10°
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GFP-Jurkat T cells were seeded in a 48-well
plate. The GFP-Jurkat T cells were co-cultur-
ed with aff T cells, CAR-af3 T cells, Vy9Vd2
T cells, or CAR-Vy9Vd2 T cells at an eff-
ector:target (ET) ratio of 1:1 (n = 3). The
cells were collected every 48 h for the de-
tection of residual tumor cells by flow cyto-
metry (ACEA Biosciences), GFP positive cells
represent tumor cells. The effector cells were
stained with CD3 antibody (BD) for cell nu-
mber counting by adding Counting Beads
(Invitrogen, Paisley, UK) and analyzed by flow
cytometry (ACEA Biosciences). Subsequently,
the effector cells and GFP-Jurkat T cells were
re-seeded at an ET ratio of 1:1. The same
culture system was applied in each restimula-
tion experiment.

Cytotoxicity assay

To compare the cytotoxicity of CAR-Vy9Vo2 T
cells and CAR-aB T cells, we applied the 5-
(and-6)-carboxyfluorescein diacetate succin-
imidyl ester (CFSE)/7-aminoactinomycin D
(7-AAD) flow cytometry method and xCELLi-
gence real-time cell analyzer (RTCA; ACEA
Biosciences) [21, 22]. In the CFSE/7-AAD flow
cytometry assay, the target cells (HGC-27,
SUN-1, KATO lll, Jurkat T, and COSMC-Jurkat
cells) were stained with CFSE (Invitrogen) at
37°C for 15 min and then washed three
times with PBS. The density of the CFSE-
stained cells was adjusted to 2 x 10° cells/
mL and the cells were then seeded into 24-
well culture plates. The effector cells were
added according to various E:T ratios. Twenty-
four hours later, the cells were collected,
resuspended in an identical volume of PBS,
and then 7-AAD (BD) was added. The percent-
age of specific lysis (CFSE-positive and 7-AAD-
positive) was calculated using flow cytometry.

In the xCELLigence RTCA (ACEA Biosciences)
assay, 10,000 target cells were seeded into
E-plate 16 (ACEA Biosciences), and the cell
index was recorded every 5 min. After 24 h,
effector cells and control media were added
according to various ET ratios, and the cell
index was recorded every 15 min on the
system.

Cytokine detection

For cytokine detection, the co-culture superna-
tants from the cytotoxicity assay were collected
and analyzed for the levels of interferon gam-
ma (IFN-y), Granzyme B, and tumor necrosis
factor alpha (TNF-&) using a cytometric bead
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Figure 1. Generation of VWOV02 T cells. Phenotype detection of Vy9Vo2 T cells expanded from PBMCs of three

healthy volunteers by flow cytometry.

array (CBA) system. The Human Granzyme B
CBA Flex Set D7 Kit, Human IFN-y CBA Flex
Set E7 Kit, Human IL-2 CBA Flex Set A4, and
Human TNF CBA Flex Set D9 were obtained
from BD.

Animal experiment

Six to seven-week-old female NOD-Prkdcs-
cidll2rgtm1/Bcgen (B-NSG) mice (Biocytogen,
Haimen, China) were subcutaneously inoculat-
ed with 1 x 108 HGC-27 cells on the right dor-
sal side. Tumor growth was assessed twice a
week by measuring two perpendicular diame-
ters with calipers. Tumor volume (V) was calcu-
lated using the following equation: V = /6 x d?
x D (where D is the longitudinal diameter and d
is the latitudinal diameter). When tumors
reached a mean volume of 100 mm2, the mice
were randomly assigned to the following three
groups (with four mice per group): (i) intratu-
moral injection of PBS (control), (ii) intratu-
moral injection of 1 x 107 Vy9Vd2 T cells, (iii)
and intratumoral injection of 1 x 10" CAR-
Vy9Vd2 T cells. All mice in each group receiv-
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ed 20,000 U of IL-2 every two days throughout
the treatment period. All in vivo mouse experi-
ments were conducted in accordance with
the experimental animal management regula-
tions of Soochow University.

Statistical analysis

GraphPad Prism5 software (GraphPad Soft-
ware Inc., La Jolla, CA, USA) was used for
statistical analyses. Student’s t-test was used
to compare values between two groups. P <
0.05 was considered to indicate a statistically
significant difference.

Results
Generation of VyQVo2 T cells

Vy9Vd2 T cells were selectively expanded by
treatment with ZOL and IL-2 to reach a clini-
cally significant number. After activation and
expansion, flow cytometry using mouse anti-
human CD3 antibody and mouse anti-human
02 antibody showed that the purity of Vy9Vo2 T
cells was greater than 90% (Figure 1).

Am J Cancer Res 2021;11(1):79-91
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Generation of CAR-af3 T and CAR-Vy9Vo2 T
cells

To target MUC1-Tn antigen, we constructed
second-generation CAR using PG926 scFv.
The schematic of CAR is shown in Figure 2A.
The CAR-af3 T and CAR-Vy9Vd2 T cells were
then generated by lentivirus transfection.
Flow cytometry using mouse anti-human Fc
antibody showed positive rates of CAR-af T
cells and CAR-VyQVd2 T cells of 39.43% and
42.60%, respectively (Figure 2B), demonstrat-
ing successful establishment of a preparation
method for CAR-Vy9Vd2 T cells.

CAR-Vy9OVO2 T cells lyse tumor cells in a CAR-
dependent antigen-specific manner

Several studies have revealed that COSMC
gene mutations or epigenetic silencing is the
main contributor to MUC1-Tnh antigen forma-
tion. The COSMC gene of Jurkat T cells has
a one-nucleotide deletion that results in a
frameshift mutation and early truncation of
the T synthase chaperone protein [17], lead-
ing to the expression of Tn antigen. We con-
firmed the expression of MUC1-Tn antigen in
Jurkat T cells using PG926 antibody (Figure
3A). The COSMC function of Jurkat T cells
was restored by transduction of a lentivirus
encoding COSMC, and this cell line was desig-
nated COSMC-Jurkat T cells. Subsequently,
loss of MUC1-Tn antigen expression on COS-
MC-Jurkat T cells was confirmed by flow cytom-
etry using PG926 antibody (Figure 3A). The
cytotoxicity assays showed that CAR Vy9Vd2 T
cells exhibited specific cytotoxicity on Jurkat T
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cells and not on COSMC-Jurkat T cells (Figure
3B). The TNF-a and IFN-y secretion levels of
CAR Vy9Vd2 T cells were significantly higher
than that of Vy9Vd2T cells after co-incuba-
tion with Jurkat T cells. Besides, although the
secretion of TNF-a« and IFN-y of CAR Vy9Vd2
T cells were higher than that of Vy9Vvo2 T
cells after co-culture with COSMC-Jurkat T
cells, the difference was not as large as
that observed with co-culture of Jurkat T
cells, and this is may due to the activation
of VWOV02 T cells by lentivirus transfection
(Figure 3C). The secretion level of granzyme B
of CAR Vy9Ve2 T cells was significantly
elevated compared with that of Vy9Vo2T
cells co-cultured with Jurkat T cells and CAR
Vy9Vo2 T cells co-cultured with COSMC-Jurkat
T cells at low ET ratio, but there was no
significant elevation of granzyme B at high
ET ratio between Jurkat T and COSMC-Jurkat
T co-cultured effector cells. This suggested
that secretion of granzyme B by Vy9Vvé2 T
cells may reach saturation at a high E:T ratio;
indeed, the Vy9Vd2T and CAR Vy9Vo2 T cells
co-cultured with COSMC-Jurkat T cells also
displayed strong and similar granzyme B
secretion (Figure 3C). These results demon-
strated that CAR Vy9Vd2 T cells possess
high antigen-specific cytotoxicity against tumor
cells.

CAR-VWY9VO2 T cells exhibit similar or stronger
cytotoxicity than CAR-af3 T cells on breast can-
cer cells

To investigate whether the CAR modification
enhanced the cytotoxicity of Vy9Vd2 T cells, we

Am J Cancer Res 2021;11(1):79-91
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Figure 3. Tumor cell lysis of CAR-Vy9Vd2 T cells in a CAR-dependent antigen-specific manner. A. MUC1-Tn antigen expression level on Jurkat T cells and COSMC-
Jurkat T cells assessed by flow cytometry, demonstrating loss of MUC1-Tn expression on COSMC-Jurkat T cells. B. Antigen-specific cytotoxicity of CAR-Vy9Va2 T cells
against Jurkat T cells and COSMC-Jurkat T cells at different E:T ratios assayed by flow cytometry. C. Detection of TNF-&, granzyme B, and IFN-y concentrations in
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the supernatants from the cytotoxicity assay of CAR-Vy9Vd2 T cells against Jurkat T cells and COSMC-Jurkat T cells. Data are presented as mean + SD (n = 3). *P <
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Figure 4. CAR-Vy9Vd2 T cells exhibit similar or stronger cytotoxicity than CAR-a T cells on breast cancer cells. A.
MUC1-Tn antigen expression levels on T47D cells, MDA-MB-231 cells, and MDA-MB-468 cells. B. Cytotoxicity of
CAR-Vy9Vd2 T cells and CAR T cells against T47D cells, MDA-MB-231 cells, and MDA-MB-468 cells detected by the
RTCA assay. C. Detection of TNF-a, granzyme B, and IFN-y concentrations in the supernatants from the cytotoxicity
assays of CAR-Vy9Va2 T cells and CAR-of3 T cells against T47D cells, MDA-MB-231 cells, and MDA-MB-468 cells.

assayed the cytotoxicity of CAR-Vy9Vd2 T and
CAR-af3 T cells against breast cancer cell
lines with different levels of MUC1-Tn antigen
expression (Figure 4A). Both CAR-VYy9Vo2 T
and CAR-of3 T cells exhibited significantly
stronger cytotoxicity against tumor cells than
VyOVde2 T and o T cells, respectively. More-
over, CAR-Vy9Vd2 T cells displayed cytotoxicity
that was similar to or greater than that of
CAR-af T cells (Figure 4B). The CBA assay fur-
ther revealed that CAR-Vy9QVd2 T cells secret-
ed greater levels of IFN-y, granzyme B, and
TNF-a than Vy9Va2 T cells when co-cultured
with breast cancer cells (Figure 4C).

CAR-Vy9V0o2 T cells exhibit stronger cytotoxicity
than CAR-of3 T cells on gastric cancer cells

The cytotoxicity of CAR-Vy9Vd2 T and CAR-af3
T cells against gastric cancer cell lines were
also evaluated. MUC1-Tn antigen expression in

85

the gastric cancer cell lines HGC-27, KATO IlI,
and SUN-1 is shown in Figure 5A. CAR-Vy9Vd2
T cells more effectively lysed all three gastric
cancer cell lines compared to the CAR-a T
cells (Figure 5B). These results were similar
with the cytotoxicity results of CAR-Vy9Vd2 T
and CAR-af3 T cells against breast cancer cell
lines.

CAR-Vy9VO2 T cells have deficiencies in persis-
tence

The persistence of T cell function has a
significant impact on their antitumor effect.
The deficiencies in persistence may attenuate
their anti-tumor effects and limit their clini-
cal application. Therefore, we compared the
ability of CAR-Vy9V62 T cells and CAR-apf T
cells to consecutively eliminate tumor cells.
The stable GFP expression in lentivirus-trans-
fected Jurkat T cells was confirmed by flow

Am J Cancer Res 2021;11(1):79-91
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cytometry (Figure 6A). After the fourth stimula-
tion (ET of 1), CAR-Vy9Vod2 T cells could no
longer eliminate the tumor cells, with ~91%
residual tumor cells detected, whereas the
CAR-af T cells could still effectively eliminate
the tumor cells at this point (Figure 6B and
6C). These results indicated that CAR-Vy9Vd2
T cells have similar or stronger cytotoxicity
than CAR-ap T cells, but their functional persis-
tence is weaker.

IL-2 is important for maintaining the persis-
tence of CAR-W9V0o2 T cells

Based on the above results, we next sought
to improve the persistence of Vy9Vd2 T cells.
IL-2 is widely used in the expansion of Vy9Vvo2
T cells in vitro; thus, we explored the effect of
IL-2 on the persistence of Vy9Vd2 T cells. As
expected, both Vy9Vvd2 T and CAR-Vy9Vo2 T
cells displayed enhanced cytotoxicity and
persistence in the presence of IL-2, based on
more effectively eliminating Jurkat T cells
than their counterparts without IL-2 addition
(Figures 6A and 7B). These results demon-
strated that IL-2 plays an important role in
maintaining the function of Vy9Vd2 T cells
and improving their persistence, providing the
basis for the experimental design of the in vivo
tumor inhibition assay in the xenograft mouse
model.
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CAR-Vy9QVO2 T cells exhibit effective anti-tumor
activity in vivo

A schematic representation of the in vivo
experimental design is shown in Figure 8A.
Both Vy9Vvd2 T and CAR-Vy9Vd2 T cells could
effectively suppress tumor growth, while CAR-
Vy9Va2 T cells exhibited a stronger anti-tumor
effect (Figure 8B and 8C). The weight of mice
in each group was stable throughout the
experimental period, indicating that CAR-
Vyo9Vd2 T cell treatment did not cause evi-
dent toxicity in the mice (Figure 8D). These
results indicated that the innate anti-tumor
ability of Vy9Vd2 T cells was retained during
stimulation and expansion in vitro, and CAR-
Vyo9Vd2 T cells retained their innate anti-
tumor properties when acquiring antigen-spe-
cific cytotoxicity.

Discussion

In recent years, CAR-af3 T cell immunotherapy
has shown impressive progress in immuno-
therapy against hematological malignancies
[1, 2], but similar success has not yet been
achieved for the treatment of solid tumors
[23]. To date, a3 T cells are the most com-
monly used effector cells for CAR-T immuno-
therapy, but their clinical application remains
hindered due to unfavorable side effects and
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limitations of the cell source. To address these
problems, we focused on the minor T cell sub-
set y0 T cells as an alternative source for T cell
therapy. y0 T cells can recognize antigens in
an MHC-independent manner [7], thereby mak-
ing them suitable for allogeneic CAR-T immuno-
therapy. Therefore, the application of yo0 T
cells may overcome the hurdles faced by CAR-
o T cells.

Following confirmation of successful CAR
expression on Vy9Vvo2 T cells, we first investi-
gated the antigen-specific cytotoxicity on tu-
mor cells in vitro. Several studies have reveal-
ed that COSMC gene mutations or epigenetic
silencing is the main reason for MUC1-Tn anti-
gen formation. The COSMC gene of Jurkat T
cells has a one-nucleotide deletion leading to
the expression of Tn antigen [17]. In this study,
the COSMC function of Jurkat T cells was
restored by transfection of lentivirus encoding
COSMC, and the loss of MUC1-Tn antigen
expression was confirmed by flow cytometry.
Jurkat T cells and COSMC-Jurkat T cells were
then used as target cells to verify the specific
cytotoxicity of CAR-Vy9Vo2 T cells. The results
showed that CAR-Vy9Vo2 T cells could specifi-
cally lyse antigen-positive Jurkat T cells, with no
specific lysis detected on antigen-negative
COSMC-Jurkat T cells. These results demon-
strated that MUC1-Tn CAR modification could
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endow Vy9Vd2 T cells with antigen-specific
cytotoxicity.

We further compared the cytotoxicity and tu-
mor cell inhibitory ability of CAR-Vy9Vd2 T
cells and CAR-aff T cells, demonstrating
stronger or similar cytotoxicity of CAR-Vy9Vo2
T cells against a variety of cancer cell lines.
However, CAR-af3 T cells displayed stronger
ability to consecutively eliminate tumor cells.
These results suggest that although CAR-
VyOVa2T cells displayed cytotoxicity that was
similar to or greater than that of CAR-a T
cells, the shorter persistence could limit their
clinical application.

To overcome this issue, we demonstrated
that culture in the presence of IL-2 could sig-
nificantly improve the persistence and simul-
taneously enhance the cytotoxicity of CAR
Vyo9Vo2 T cells, providing an important basis
for the in vivo experiments. Mice were receiv-
ed 20,000 U IL-2 every two days in vivo antitu-
mor experiments. CAR-Vy9V62 T cells could
more effectively suppress tumor growth in vivo
compared to the PBS group and Vy9vo2 T
cells group, although Vy9Vvd2 T cells also
showed a certain degree of anti-tumor activity.
These results indicated that CAR modification
endowed Vy9Vo2 T cells with specific anti-
tumor activity. In addition, the Vy9Vd2 T cells
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showed a certain degree of cytotoxicity, in-
dicating that the innate anti-tumor ability of
Vy9Vo2 T cells was not lost during their sti-
mulation and expansion in vitro. Therefore,
CAR-VYy9V02 T cells could retain their innate
anti-tumor properties when acquiring antigen-
specific cytotoxicity.

Collectively, we successfully established a
clinical-grade CAR-Vy9Vd2 T cells production
method, providing a solid foundation for
clinical application. Both the in vitro and in
vivo anti-tumor experiments demonstrated
that MUC1-Tn CAR modification endowed
VyoOVd2 T cells with antigen-specific cyto-
toxicity. Deficiencies in persistence of Vy9vd2
T cells were improved by the addition of IL-2;
however, further study is needed to explore
better ways to solve this problem. Polito et al.
[4] expanded yd T cells by artificial APC with
IL-2 and IL-15 to obtain a polyclonal cellular
product, which containing a long-living yd T
population with anti-tumor activity against a
broad range of cancers. Therefore, harnessing
polyclonal yo T cells to establish CAR-T prod-
ucts may be an alternative option to over-
come the persistence defects of homogene-
ous Vy9Vd2 T cells.

In conclusion, Vy9Vd2 T cells have endo-
genous anti-tumor activity and can recognize
antigens in an MHC-independent manner, re-
sulting in a negligible allogeneic transplanta-
tion reaction. The present results show that
MUC1-Tn-specific CAR-modified Vy9Vd2 T cells
displayed significantly enhanced antigen-spe-
cific antitumor potency both in vitro and in vivo.
Therefore, CAR-modified Vy9Vd2 T cells can be
developed as a novel off-the-shelf allogeneic
immunotherapy product to overcome the cur-
rent limitations of cancer immunotherapy.
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