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Construction and In Vitro Potency Investigation of
Hypoxia-Inducible CAR-T Targeting PSCA
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Abstract  Considering anoxic tumor microenvironment, we designed a hypoxia-inducible chimeric antigen

receptor-modified T cells (CAR-T) targeting prostate stem cell antigen (PSCA), and tested the cytotoxicity of these

cells against tumor cells in vitro. SHIP and the sequences encoding the light and heavy chain variable regions of

a monoclonal antibody targeting PSCA were synthesized and integrated into lentiviral vectors using restriction

enzymes. Then lentivirus were infected to human T lymphocytes isolated from peripheral blood mononuclear cells

to preparation CAR-T cells. Taking use of CoCl,, we emulated the hypoxia model in vitro. The positivity rate of

PSCA-CAR expression in the T lymphocytes was detected by flow cytometry with or without CoCl, treatment.

There was 42% weak positive subpopulation in uninduced group and increased to 84.4% after CoCl, induction,

in which the fluorescence intensity increased significantly. Cytotoxic assay was performed to evaluate the specific

cytotoxicity of the genetically modified T cells against the PSCA-positive Hela cells, and ELISA was used to

detect cytokine secretion by the cells. Results showed that induction group had better cytotoxicity than non-

induced control group (P<0.05), and secreted significantly higher levels of cytokines (P<0.01). In conclusion,
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we successfully constructed the hypoxia-inducible CAR-T targeting PSCA with enhanced potency in anoxic

environment. It will provide a new solution for CAR-T treatment in solid tumors.
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(A) Hind 111 (327)

Lv-5HIP-PSCA (CAR)
8325 bp

PSCA (CAR)
Hind TI1 (4 681)

Sal1(3 831)

©

10 000 bp

(B)

7000 bp
4000 bp

<6717 bp

2000 bp
«—— 1608 bp

1 000 bp
«—— 726 bp

500 bp
250 bp

gatatcccacagtgceatacgtgggctccaacaggtcetettgtcgagecacagtgcatacgtgggetccaacaggtectettgteg
agccacagtgcatacgtgggctccaacaggtectettgtcgagecacagtgeatacgtgggeteccaacaggtectettgtecgagee
acagtgcatacgtgggctccaacaggtectettgtcgagatctggtaggegtgtacggtgggaggtctatataagecagagetegttt

agtgaaccgtcagatcactaggcetage

A: 185 B AR Ly-5HIP-PSCA(CAR)Z: 1 7m Z Kl . B: F ALK A G Y) 45 5€ I8, M: DL10000 DNAZ) T~ & AR #E; 1: JFURLv-5H1P-PSCA(CAR)(8
325 bp); 2: JFiKILv-SH1P-GFP(7 443 bp); 3: Nhe 1+Sal DY) Fi ki Lv-5SH1P-PSCA(CAR)T56 717 bp. 1 608 bp }7 EX; 4: Nhe 1+Sal XUV ki Lv-

SHIP-GFPT56 717 bp. 726 bp A . C: SHIPRHI, LA NEEVI L 5 541

A: schematic diagram of the lentiviral vector Lv-5H1P-PSCA (CAR). B: restriction map of the recombinant vector; M: DL10000 DNA
molecular weight standard; 1: plasmid Lv-5H1P-PSCA (CAR) (8 325 bp); 2: plasmid Lv-5HI1P-GFP (7 443 bp); 3: Nhe 1+Sal 1 double-
digested plasmid Lv-5H1P-PSCA (CAR) to obtain 6 717 bp, 1 608 bp fragment; 4: Nhe 1+Sal I double-digestion plasmid Lv-5H1P-GFP
obtained 6717 bp, 726 bp fragment. C: SHIP sequence, bold is the enzyme cleavage site sequence.
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Fig.1 Construction and identification of expression vector
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A total protein extraction and detection of Hif-1a expression after 24 h treatment with 0, 100, 200, 300 pmol/L CoCl,; B: PSCA expression of HeLa;
C: cell proliferation of HeLa after 24 h treatment with 0, 100, 500, 1 000 umol/L CoCl,; D: cell proliferation of PBMC that were not transfected with
virus and PBMC-5H1P transfected with virus after 24 h treatment with 0, 100, 200, 300, 400, 500 pmol/L CoCly; E: proliferation curve of HeLa;
Medium: blank medium group; Medium”: medium with CoCl, treatment group. ***P<0.001.
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Fig.2 Establishment of CoCl, hypoxia model
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Fig.3 The cell phenotype of CAR-T tested by flow cytometry

Count

102
Com-Alexa Fluor 647-A:CAR"
M AR AR N CARK A M R
Fig.4 The positive rate of CAR tested by flow cytometry

4

| SHIP-PSCA*
|CAG-PSCA
|SHIP-PSCA
s | Control T

10° 10* 10°



642 A8 3L
(A) (B) .
g 23] 120 -
i
Z 2.0 100 T
3 S
E - s 80
= ENOE
E 104 =
Z c o 40 4
0.5 1 20 A
0_‘ . . . . T 0 .!' T -
0 1 20 30 40 50 hag had
M X . A i ey
——Medium ——5H1P-GFP @@ ~2§ «2§ K% e
——SHIP-PSCA SHIP-PSCA* TS C
——CAG-PSCA
© (D)
30 0004 800+ sokok
e
-
I * 600+
£ 20 0004 — 2
) o =
- & 4004
> w
£ 10 0004 =
= 200
< had ; had & < g hat
¥ &S & AP S
3 & gb\ o 4 4 RS ey

A: AL LEE/T=1:1[11CAR-T4H s %} HeLa s £ 34 5 1 28; Medium: Hni3%4E; SHIP-GFP™: HIHExI BUINCoCly; SHIP-PSCA: i G 41;
SHIP-PSCA™: % S 41; CAG-PSCA: PFHYEX . B: RHELLE/T=1:1FICAR-THI g Xt HeLaA 1524 hjg 4 8% . C: 34548 hjg A MIIFN-y
BT BRI D: 3548 hJE A IL-2 5 T BRI, #P<0.05, *#P<0.01, **##P<0.000 1.

A: proliferation curve of CAR-T to HeLa with E/T=1:1; Medium: only medium; 5SH1P-GFP": negative control plus CoCl,; SHIP-PSCA:
non-induced group; SH1P-PSCA™: induction group; CAG-PSCA: positive control; B: cytotoxicity of CAR-T to HeLa for 24 h with E/
T=1:1. C: detection of IFN-y-cytokine secretion after 48 h co-culture. D: detection of IL-2-cytokine secretion after 48 h co-culture.

*P<0.05, **P<0.01, ****P<0.000 1.
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Fig.5 Cytotoxicity of hypoxia-inducible CAR-T cells on HeLa
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H(ESAREB). *ftifs 345487 FCAR-TA, 1
AbFE24 Wi A (SHIP-PSCA) A R B & & T
AN 17 5 41(SHIP-PSCA)(98.3% vs 82.2%, P<0.05)([&l
5B). T4HMLAE i A2 o n DURE 53 1 R PN -y Fl
IL-2[K 7, FE ARG 45 I s FiE o sl iEATELISA

e, &5 B8 OR, % S 4USHIP-PSCA 8 A ik T 4
SHI1P-PSCA BA &3 [ R TRl 22 7 (I SCHI 5D,
HAIL-2 ) BRI R ) d2 25 (P<0.000 1) 1L-2
P AL TN I = A2, B8 SR T 4 i 1 A K R 44k, {2
AN P B PR TN M (Te) 7= A2, 175 ST ML 79 HATFN-y
TNF. CSF&5 41 i P57, 3% 5 T4H i (14 2% 43 i 1422
AT S0, 5 520 I CAR-TEH i % HeLa ) 44 4b %45
RO T A FHCAR-T.

3 g

i 988t B 558 A2 IR R SR 1 O e, R i g A
MG R REFZEN —ANEE . HRK
B, IR 0 S 4 988 A 53 Hh A7 7 R AR 2% A, 7
%5 FHIf-laR I8 F2 08, MHif-1an] PLE A T 4%F
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€ MTHRE #2 e #F, M om R Rk, & TIE
CAR-TYA YT H B I I 14 22 4 14 A0 G 280 Il i, AT
R E E S AHREW I o/t 5 55 8 31 FICMV mini
Promoterlfk H, N Vi % £ 42 1] Anti-PSCA CAR] 45
4, MR TR S 26 2F T BB R S MRS 1 R 2
FICAR-T.

AR FEIR, MCoCLE FAFMCAR-THCD4
FM Hi% T 5 (SHIP-PSCAY) CAR-T 24/ [ 544
RORIL F98.3%, F HAHHE K 75 G 44 B2 FITFN-y
AIL-2K T8 (P<0.000 1). [A B ARE S S5 S
B BTE AT B B 0, (HE RN RIAR TS
P ERENARRIE, ZWEFESFHEIT
bl 25 i AL 1D i 22, ATy LA B B A R T S
PRI AT REAG A s — A2 B B0, BP0 R, nTAT
(1 A 9 T 40 3 v 1 B 55 IR AR B B 7 kD
WG E R 5 E AR A I PR AR A
TOET M A &, AW TR IR, FETAH B O 1)
i #E, PI3K/mTOR M pSTAT3 {5 5 5 Fig 2 146 |
T3 INHIf- 1o AR P27, T AT §E i 7 TAH i 15
FREA SRR, PR AR R . 4E AR AR,
TENINIS T J5 CAREE [R] (1) 3838 {2 vy 1148 P 3 FH 24
CAGHJH BN F IR, i — PR XML R T RE S
Hif-1off 1% b 1E S A 55 5%

BT B SR IR e, ST T A TS I 41 Al
TEBRESEAT N (BB AI T A i A5 L, E AT 7
HBRAT TG A T SE B AR 40 I 2 A B R (real-
time cellular analysis, RTCA), 5 1% 4t i 41 o e 7% &
AR Craf M InddE AT JEOR AR 1L 73 B 7 AR L, i
T3 RS AE T A, N AR ZE/N, B4l i I 4345 -
S 0 7E Foe T AR BIRAS N AT AN, BERES minBh A
VRIS S, @ % RGERATRIL, 1EHE %
T I CAR-T 6~8 hjim Houk #E2H i 3% 497 (1) 250 2% Bl
RARTE, 24 hie £ A AT T ICAR-TA G 8 &
1%98.3%.

ox R, AT TSI T A S IICAR-
T(SHIP-PSCA), J€7~ 1 H ] 72 8k 5% 1 T A0,
AT bk AT DA B o s 0 F A SR W TG A R, DLk B3
SRCAR-TZAVER H . HAh, AW 73R8 M EA
75 3 CAR-THE B S8 5% 1 N R I ANCARST T 1) &
TP IE AR R (AR 70 A B8 77, 4 i S
SR IT A SR AL T . DR, AR ARA BN
CAR-T) e T4 DL B PR B2 FH B AR 1) R
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