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Construction of a novel lentiviral vector knocking down PD-1
via microRNA and its application in CAR-T cells
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Abstract:
down PD-1 gene via microRNA and applied it to CAR-T cells. Lentiviral transduction efficiency and PD-1-silencing

By inserting microRNAs into the intron of EFla promoter, we constructed a novel lentiviral vector knocking

efficiency were detected by flow cytometry. PD-1 expression was detected by Western blotting. Relative expression of
microRNA was measured by Q-PCR. Cytotoxicity of CAR-T cells based on this vector was tested by luciferase
bioluminescence and flow cytometry. Compared with lentiviral vector with microRNA transcribed by U6 promotor, the
transduction efficiency of lentiviral vector with microRNA which was inserted into the intron of EFlo promoter was more
significant, and the knockdown rate of PD-1 was more than 90%, which was validated by flow cytometry and Western
blotting. And the relative expression level of microRNA in Jurkat cells transduced with this novel lentiviral vector was shown
by Q-PCR. Compared with normal CAR-T cells, CAR-T cells based on this vector showed stronger cytotoxicity against PD-L1
positive Raji cells. We successfully constructed a novel lentiviral vector that knocked down PD-1 via microRNA and verified
the superiority of its transduction efficiency and knockdown efficiency of PD-1. CAR-T cells based on this vector can exert a

more powerful cytotoxicity, thus providing theoretical support for the subsequent treatment of PD-L1 positive tumors.
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Fik N PD-L1 FIZ G R 1Y Raji 20 ik o A< 5256
= HATEEFE RN, Jurkat 40MERR (N&dk T 40
LI AR B RR) W ATCC, DAL Fh 40 i ik
F& A 10%034- M35 19 RPMI 1640 K= 3L 5577
T 20 (R SR A I, FH % 5% A AB LY
1 ng/mL IL-2, 10 pg/mL IL-7 #1 10 pg/mL IL-15
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ML H Gibco A /3 X-Vivo Il H Lonza 3 Al ;
A AB IfiLif 1 A Sigma 2] ; A A IL2, IL7 #1
IL15 ) H PRPROTECH A Fl .

1.2 RF 5

plenti-EF1a-GFP (Green fluorescent protein).
plenti-EFla-anti-CD19 CAR 3 ik Jiukr i A8 5256 %8
PRA7; BRI PE I UIEEE B New England Bio Labs;
JoaE se N W A e sl i MERE LR IR A TR
Al ORISR & A QIAGEN A+ ROt
W% (Polyetherimide, PEI)J H Polysciences 72
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Biosystems /AF]; PE tRiciUik R EMZE . PE #5
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1.3 WHE
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= 2% miRNA 435444 & miRNA-30#backbone
(MiRNA-30 J5tf751) . miRNA-30#PD-1#1 (17
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IR X)), 3 I M M A BB PR Rl 45
I8, 3 2 miRNA B R — Xt 519 BEA T3, F:
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*1 WHREEPCR3IY
Table 1 Primers for quantitative PCR

Primer Sequence (5'-3")
Q-PCR U6 FOR CTCGCTTCGGCAGCACA
Q-PCR U6 REV GGAACGCTTCACGAATTT

Q-PCR miRNA#1 FOR
Q-PCR miRNA#1 REV
Q-PCR miRNA#61 FOR
Q-PCR miRNA#61 REV

ACACTCCAGCTGGGTAATATAATAGAACCA
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTCCCTGTG
ACACTCCAGCTGGGTTTAGCACGAAGCTCT
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCATCGGAG

1.3.6 W 4HHEAY

PP TN A s . R
CD19 (ACRO Biosystems), APC &I+ PD-1
(BioLegend), Brilliant Violet 421 {HE4i PD-L1
(BioLegend), PE ffiHi A CD3 (BioLegend),
APC-SA (BioLegend), PE-SA (BiolLegend), APC
{HEEFHT CDASRA (BioLegend), PB {HEx#HT CD62L
(BioLegend), FITC f# i CD45RO (BioLegend).
fif FH BD Arrill Jit = 4 M A oA A i it I 0
FlowJo 3k {47 5317 -
1.3.7 FORRMAYAREEKN CAR-T 4
EVL 5

96 LA 45 fLAH 10 000 4 PD-L1-Luc-GFP
Raji 4fff, SR J5 LIS RIS © $E LA D CAR-T 4f
o, AR FLIZARF R 200 pL. 5 4M S E i 4H
PD-L1-Luc-GFP Raji 4iftifL, —~H RMPI-1640
B, B—AH ddH,0 5 DI 2R A1,
BHMMERRE FE (MAX) F&R/NE5FE
(MIN) (B4 EE 3 L) MAVOCEIRY G, H
TR (SR [ B 086 Vo ¥4 M i) L1 ] 3l
i DL AR R R (%)=(MAX-V)/
(MAX-MIN)x100%.
1.3.8 Gttt

P AT S i~y B 3 UK, SEIR U LAY B+
Wi (X+s) Fox, BIRGETH o A SR bR
YJ2% Al GraphPad prim 6.0, #=54E P By B
HGitEE X (*P<0.05, **P<0.01, ***P<0.001,
*%x%P<().000 1),
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2.1 #%% miRNA RIS R B HIRIMER
I iE

AT T 18 9% 2 FUkE plenti-EF Lo (MiIRNA-
30-backbone)-GFP . plenti-EF1lo. (MiRNA#1)-GFP .
plenti-EF1la (MiRNA # 61)-GFP, F+LAf U6 J53h
THesk miRNA 118555 Bk plenti-EF1a-GFP-
U6-miRNA # 61 fEAXf e (& 1A). FRATHT
miRNA-30 &% (miRNA-30-backbone) it T
Pl miRNA (4504t %} PD-1 % 3'UTR 1Y
miRNA-30#PD-1#1 #1 CDS [X ) miRNA-30#PD-
1#61), Hrh miRNA J¥512: Bgl TTEGFYIAL S 4 A
FE ST EFLla NS T (GR 2) % Bk H v
W25 3 AUNE I B AL R GE A5 B AH L 18 s 7 UKL
IP% 5 2 Jurkat 2 M, 38 0 3 X A A AR A Jurkat
i A S B GFP 2R E L, DL HL A TEAH ]
ST AR B A H R R SRR AR
WKl 1B fis, Z18Wi#E LV-EF1a-GFP (FHEXT
I#). LV-EFla (miRNA-backbone)-GFP. LV-EFla
(MiRNA#1) Al LV-EF1lo (MiRNA#61)-GFP % 31
Jurkat ZH L) GFP FRik K % & T 2418 5% &
LV-EF10-GFP-U6-miRNA # 61 #: 511 Jurkat
Mo ZEEREY], X TEGEET miIRNA 1912
B, K mIRNA 4 2 EFLla N & T 91895
BRI L N B WOR &
2.2 miRNA " 54 PD-1 EAERIRME

FAE LD IMEER (PHA) 5L Jurkat
YifE, fiH S L PD-1, Fald S LR AREE
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Fig. 1 Construction of a novel lentiviral vector carrying miRNA and the verification of the target gene expression rate.
(A) Schematic of the lentiviral vectors, miRNA-30#backbone, miRNA-30#1 and miRNA-30#61 were inserted into the
intron respectively. GFP: reporter gene. U6: promotor for miRNA. EFla: promotor for transgene. (B) Quantification of
GFP expressing through different lentiviral vectors was detected by flow cytometry. Data shown were X+s from
triplicates. Bars: s. ****P<0.000 1 by One-Way ANOVA.

%2 miRNA 773
Table 2 Sequences of MiIRNAs
miRNA Sequence (5'-3")

TCTTCAGGTTAACCCAACAGAAGGCTAAAGAAGGTATATTGCTGTTGACAGTGAGCGGGA

GACGTGATTACCGTCTCTTGCCTACTGCCTCGGACTTCAAGGGGCTACTTTAGGA

TCTTCAGGTTAACCCAACAGAAGGCTAAAGAAGGTATATTGCTGTTGACAGTGAGCGCCC

mMiRNA-30#PD-1#1 CTGTGGTTCTATTATATTATAGTGAAGCCACAGATGTATAATATAATAGAACCACAGGGA
TGCCTACTGCCTCGGACTTCAAGGGGCTACTTTAGGA
TCTTCAGGTTAACCCAACAGAAGGCTAAAGAAGGTATATTGCTGTTGACAGTGAGCGAAT

mMiRNA-30#PD-1#61 CGGAGAGCTTCGTGCTAAATAGTGAAGCCACAGATGTATTTAGCACGAAGCTCTCCGATG
TGCCTACTGCCTCGGACTTCAAGGGGCTACTTTAGGA

miRNA-30-backbone
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HAFEF A miRNA & 224 b, miRNA#L Fl
mMiRNA#61 /13 i PD-1 JTERBCR B T 90%),

A

BABENRITHER.

ok, FATHE A YO E R PCR AT T4
TR B AR A B4 Jurkat 21 i miRNA B AE X
FoR R VAR IE miRNA & 75 i 1895 27 24 1% . LA
LV-EF1o-GFP %% 114 Jurkat 4 i /F A T B8 , LV-EF 1a.
(MIRNA#1)-GFP 1 LV-EFla (MiRNA#61)-GFP %%
SHY Jurkat 200, miRNA # 1 F1 miRNA # 61 43

5.70% 46.0% 4.04%

46.2%

5.47% 5.20% 5.76% 2.19%

PD-1
9.46% | 38.1% 7.93% 41.9% 10.6% V8. 7% 11.8% - | 80.3%
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Fig. 2 Efficiency of PD-1 knockdown mediated by miRNAs. (A) Expression of PD-1 on transduced Jurkat cells was
detected by flow cytometry after stimulation with PHA for 48 h. Data shown were representative of three independent
experiments. (B) Knockdown rates of PD-1 via miRNA#1 or miRNA#61. Data were X +s from triplicates. Bars, SD. (C)
The relative expression levels of miRNA#L or miRNA#61 in Jurkat cells transduced with LV-EFla (miRNA#1)-GFP or
LV-EFla (MiRNA#61)-GFP were evaluated by Q-PCR, respectively. Jurkat cells transduced with LV-EF1a-GFP as negative
control. SNRNA U6 was used for internal control. Data were X +s from triplicates. Bars: s. (D). Expression of PD-1 in
Jurkat cells transduced with different lentivirus particles was detected by Western blotting. 1: Jurkat cells (negative control);
2: Jurkat cells stimulated by PHA (positive control); 3: Jurkat cells transduced with LV-GFP (stimulated by PHA); 4: Jurkat
cells transduced with LV-EF1la (MiRNA-30-backbone)-GFP (stimulated by PHA); 5: Jurkat cells transduced with LV-EFla.
(miRNA-30#PD-1#1)-GFP (stimulated by PHA); 6: Jurkat cells transduced with LV-EFla (miRNA-30#PD-1#61)-GFP
(stimulated by PHA). GAPDH: internal control. Data shown were representative of three independent experiments.
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TATEE T4 210 CAR sk, Hrpfw  S5E3ik CD19 W Raji i it 10 1,

5:1f110:13555% 4 h, 455058 Raji 41k
3 Fl CAR-T #5445 (& 3C).

TR CD19 W& PURZIA . CD8 SRR . A
CD28 40N 5 S 14 S8 F1 CD3¢ T 415514
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| 5LTR |—| EFla |\/D—| leader |anti-CD19 scfvlCDS hingeICD8 TM|CD28 |CD3§ |—| WPRE |—| 3LTR |
intron
| 5'LTR |—| EFla [mi30#1] I leader |anti-CD19 SCfvlCDS hingelCDS TM|CD28 |CD3C|—| WPRE |_' 3LTR |
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| 5'LTR |_| EFla ml30#61 I leader |anti-CDl9 SchlCDS hingelCDS TMl CD28 |CD3CH WPRE '_| 31LTR I

B
0.021% 88.6% 80.0% 73.8%
—
T cell (negative control) anti-CD19 CAR-T anti-CD19 CAR-T anti-CD19 CAR-T
" (miRNA#1) (miRNA#61)
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3 £ miRNA & {i PD-1 BIFiE! CAR 18RS 8K aE

Fig. 3 Construction of a novel CAR lentiviral vector knocking down PD-1 via miRNA. (A) Schematic of
second-generation CAR vectors, anti-CD19 scFv; leader: signal peptide; CD8 TM: CD8 transmembrane region; CD28:
intracellular signaling domain of human CD28; CD3(: intracellular signaling domain of CD3 zeta, miRNA30#1 and
miRNA30#61 were inserted into the intron respectively. (B) CAR expression rates were detected by flow cytometry. (C)
The specific cytotoxicity of CAR-T cells against tumor cells were assayed by luciferase bioluminescence. Data were
X +s from triplicates. Bars: s.

% : 010-64807509 E<L: cjb@im.ac.cn



1402 ISSN 1000-3061 CN 11-1998/Q A4 T #£244f  Chin J Biotech

2.4 CAR-T MR E PD-1 BIRIBRIER T Hin
Brh 782 341 Iz

fii F CD3/CD28 Hu At 4 iy i 2k 43 CAR-T
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HHAT ROL R LI RN GFP #4536 K 1 Rayji 21 ifg
DIRCEO A 10 L ERE3: 72h, QiE 4B iR, &5
anti-CD19 CAR-T 4 il RAACEAM L, 4 miRNA
HEAI% PD-1 (iR CAR-T 41135 B A 45 1AL
M, R A A A R I R A

A
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SRR, MARMABING U6 %55 3h T 5k
5% miRNAPY Cooper 5 (1 1F 5% 32 A 18 955 240
e EFle JREh PN S FASHBTEE
KM TR, % miRNA AN S TR
O RAEATATHY o K5 L FH I vk A8 i A &
16 Fanf, T H MR B EFle K3, 5
LRSS R R, S U6 T3 T4 I miRNA Y
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Fig. 4 PD-1-silencing anti-CD19 CAR T cells enhanced anti-tumor efficiency. (A) PD-1 and CAR expression on the
surface of T cells were detected by flow cytometry on day 2 after re-stimulation with CD3/CD28 antibody coated beads.
(B) The cytotoxicity of CAR-T cells against PD-L1+ Raji cells was detected by flow cytometry after co-incubation for
72 h with re-stimulation by CD3/CD28 antibody coated beads at effector-to-target ratio of 1:1. Data shown above were
representative of three independent experiments. Data below were X+s from triplicates. Bars: s.
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