b ox Kk E o M (B F R )
JOURNAL OF PEKING UNIVERSITY (HEALTH SCIENCES)  Vol.58 No.4 Aug. 2026 - 707 -

FIIH CRISPR-Cas9 3L i ik i1 il s e i b
W) = 2 I B2 55 ke 1 e 15 TR 1

EAEDRBRDD BERE A
(1L BER R AR 2T %, AR E 05001152, Jbst Keg AR EBE I RAMEE, AL 5T 100044)

[# ZE] A & .81 CRISPR-Cas9 LR BE N = gL bk B 45 4 (tertiary lymphoid structure, TLS) £ 1 A9 1875 K-,
Y TE VLR ) R 0, BTSSR T T AR A B S . F @ RTINS SRR AL SO T 44 AN
AP ARG, BT I M 8 S 1) 3k 4k 5 DK (%) BA.[i] 5 RNA (single-guide RNA | sgRNA ) SCJ%, & KL R D 8 3 45
sgRNA 7| F 1 95 5 60 2 22 GoKs SC)%E ok B e HEK293'T 21 i, FRA5H12 J 2 SC P8 I 1 e /0N BRU B e 968 41 i 52 MB49),
AT RS R iR AR AR i Fak Tk K F (19 MB49-mCherry HMIRE . 15 40 M350 T CSTBL/6 /NERUIE I, T Ji%
SRS AEIRE AT AR I A B B o 3 1S 0 8 g 2 21, SR BRI KT 40 DNA 47 =38 5 0%, 2301 sgRNA & 4R
T OL, i 25 S IR ML IR IR, [FIA, 3 2 G 4 230k ~4 Yo ek TLS ARi4 CD20 A CD3, 74l TLS $ii |
A3 BOBCEAEE o WU HH R AR SR DR EA T A A N B UE , E— 2B B A X TLS JE L5, # R . i 7
T 132 4% sgRNA (W20 M K7 3 RS B 35 44 SRR TEE R o 189 B J5 AR5 FauE 2838 SCFE Y MB49-mCherry
AR, TN AR AR R NG B Cas9 PR ST RE AN M AR , B 085 2L S 00 B 34— PR RN AT JE A2 1 o /0N BRURE s S 98 52 3 S
TN, LR I A 2 TLS BBt IR I B3 2, E 20 Tl . mERENF 4R BN, SXRAM I,
SLEGEA T Cacll6 sgDNA R HE , Cel20 I Ca3cll sgDNA WIEHIAAAT BT T [ (P <0.05) o ik — A5 i I Js 1 5 4
FIISIEAS A T RVERT, £ 84T CX3CLL 4 s v TLS $iit gzl 27~ CX3CL1 0] Beff 1] Ji45 TLS JE Ak, TasiE
ALULS5 R BoR , CX3CLL AMFRZA s 414U CD20 FHME B A a7 CD3 PR T 41 M SR A2 070, TLS S5#0 R 58 3%
# & 381 CRISPR-Cas9 SCPEFRIELS SR NI UE , 9125 48 %8 H CX3CLL AT G S R 42 I e s TLS JB jli 9 471 1) 81 45 [A]
Fo CX3CLI 3Ri5 5 TLS HUmpsi /DA G, $27R FLAE IS e Ji S s SR 58 v vl BB R A I A T, 33 g TR BHLAR: I e 9
th TLS JE B 20 T LR L T 3 a4 R ARS8 J7 ), (B CX3CLL 275 Al 4R h S Va7 B0 5, 055 o 4 4% 4 it PR AL
A YRSy T HLEI AT B S RE IR YT W LA DG P 8 AT i — 2P IR IE

[ X8R ] B ; CRISPR-Cas R4 ; =tk L4549 5 L R SCE 5 RAE AL IH +

[FESZES] R737.14 [ XEIRERE] A [XEHS] 1671-167X(2026)04-0707-09

doi;10. 19723/j. issn. 1671-167X. 2026. 04. 005

CRISPR-Cas9 activation screening identifies candidate chemokine regulators of ter-
tiary lymphoid structure formation in bladder cancer

WANG Yongcun' >, SONG Hongchen'** | DU Yiqing™® , XU Tao’®
(1. Department of Surgery, Hebei Medical University, Shijiazhuang 050011, China; 2. Department of Urology, Peking
University People’ s Hospital, Beijing 100044, China)

ABSTRACT Objective: To identify the cytokine genes influencing the formation of tertiary lymphoid
structures (TLS) through CRISPR-Cas9 library screening, and to discover potential key regulatory mole-
cules, providing new targets for enhancing the efficacy of bladder cancer immunotherapy. Methods:
Based on a mouse whole-genome library, 44 chemokine-related genes were identified, and an single-
guide RNA (sgRNA) library targeting these genes was designed and constructed, with three sgRNAs
assigned to each gene. Using a lentiviral packaging system, the library plasmids were used to transfect
HEK293T cells to generate a lentiviral library, which was then used to infect the mouse bladder cancer
cell line MB49. Purinomyecin selection was performed to obtain the MB49-mCherry cell line stably over-
expressing chemokines. The cells were inoculated into the peritoneal cavity of C57BL/6 mice to establish
a bladder cancer xenograft model, and tumor growth was monitored. Three weeks later, tumor tissue was
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excised, genomic DNA was extracted for high-throughput sequencing, and sgRNA enrichment was ana-
lyzed to screen for differentially expressed cytokine genes. Concurrently, immunohistochemical staining
was performed to detect TLS markers CD20 and CD3, and the number, distribution, and maturity of TLS
were assessed. The selected candidate genes were validated individually in vivo to further confirm their
impact on TLS formation. Results: We successfully constructed a cytokine gene library containing 132
sgRNAs, covering 44 chemokine genes. Following lentiviral infection, we obtained the MB49-mCherry
cell line, which stably expressed the library, and isolated dead Cas9-positive monoclonal cell lines via
flow cytometry to ensure the homogeneity and reproducibility of subsequent experiments. Intratumoral
tumor experiments in mice revealed that the number of TLS cells in the experimental group was signifi-
cantly higher than in the control group, primarily distributed at the tumor margins. High-throughput
sequencing results showed that, compared with the control group, in the experimental group, Cxcll6
sgDNA was significantly enriched, while Ccl20 and Cx3lcl sgDNA levels decreased compared with baseline
(P <0.05). Further validation of the individual roles of each factor via intraperitoneal injection revealed
that the number of TLSs in tumors decreased in the group treated with the CX3CL1 chemokine, sugges-
ting that CX3CL1 might negatively regulate TLS formation. Immunohistochemical results showed that in
the CX3CL1-treated group, the aggregation of CD20-positive B cells and CD3-positive T cells in the
tumor tissue was reduced, and the TLS structure was incomplete. Conclusion; Through CRISPR-Cas9
library screening combined with in vivo validation, this study successfully identified CX3CL1 as a poten-
tial negative regulator of TLS formation in bladder cancer. High CX3CL1 expression was associated with a
reduction in TLS numbers, suggesting that it might exert an inhibitory role in the immune microenviron-
ment of bladder cancer. This finding provides new clues and research directions for understanding the mo-
lecular mechanisms of TLS formation in bladder cancer. However, whether CX3CLI can serve as an im-
munotherapeutic target remains to be further validated through clinical specimen analysis, multidimen-
sional mechanistic investigation, and immunotherapy response correlation studies.

KEY WORDS Urinary bladder neoplasms; CRISPR-Cas systems; Tertiary lymphoid structures; Gene li-
brary; Chemokines

% PO Jo A2 W PR 2 Gt s i DL AR R 2 — o B
[ bR fahE AT S ML G T, 2022 42 308 K 1 29
61 J3 A, 17 s A ER A R R R s uh . R
2B AR 2 AT R BR T 3R WILZ = B Be
(29 i 70% ) , A5 9% ik F Ji KU, AN 25 22—
45% BRIV IR P 55 e 98 P 5 24 3872 S UZ 2 11
VEREIESE , 5 & 55 22 1 I IR B A 62
FUR, S0 LUNUZ 5 0 7 155 1t g by A 3R 1) o 401
IO , AR UETETT SR W A A AR 1 9 IDE D) R R A
B BT, SR 26 T TR AN (LA Bl 5 v 3
IT AU, IR S 10 HR A A 01 T kL s
RIFVE Ry — il S e £ R LU
I3 Tt 400 i P B PR, 8 Dy B e e 4 i R A
BEHPACERZIASHE ) AR AR S2 B 8 o, S8 % LA
A58 K 2 5 310 1 5] (immune checkpoint inhibitors ,
ICI) AR S i 7 1 I 28 5t R v 38 S Jo ik, {0
BOARBE SRR SE I R A 25" o ol G 738 ol B B35 1
R IRE B N B AL RE I A O IR B R FOIR
SRR BT B eI S et 7 AR TR 2K
HEME X

=B 454 (tertiary lymphoid structure , TLS)
Y I Sl R B8 v — 28 B A B B2 A2 A T T RE Y 5
PR AR SR AR A R 0% e i vh © RS2 5 R AF s
FABYT RN YIAR G, HAFTEA B T 0 2 Ho 12 5500
N Y SRR LA I SR X ICT 25T Y . B

LRI, B I R 85 P A E 1Y B0 ML A, Gn A
YEBRE H N # £ K 5 (immunoglobulin lambda like
polypeptide 5,IGLLS ) FH: B 4}y, v i 1 i IR TLS
(LG SE R, 1) 55 AL BT I e S 92 7 25 - R A1 B
PERITHGEE T o SR AL A T RETE A & L Y
JiG TLS D)5 200 e 2 P4 T 40 32 i 2 B 1 vy
I AT 5 B B i R4S SR AR 56 . TLS @
TSR AE TS 5 CANMIR SR BT ) T I AL A, HoA
o & B Re U e BEARORE T el 2 R A A 1 5
JE R AP R AP EE ey R L P e s i R I IS
I O 0 ) S DX R S v A R R NS
SE S B LU . N, 40/ R 33 (inter-
leukin 33, IL-33) 7] 3@ 1< 8 1 ik (2 8 & (lymphotoxin ,
LT) - FEZE B Z MK (LT beta receptor, LTBR) {55
il SRSl TLS s AL 9N R AR S 4R it
Ab, ¥tk N1 CXCL16 ,CCL19 } CCL21 Z&0)3@ 47
U0 L 4 L5 R AR A L ) A S kB AT AR R
P TLS NFF B HMIIX 5 T 4 X 9 23 [A] X = Ak
R T WL R R, TLS B B
B8 R 452 o o A M TR - I 8% 1 7 e 42 i IR A AL
TR 220 52 Wi 6 S I3 ) g R e ) TCT R
FIRg I PR i 1 R 1 o

CRISPR i % & —Fp & F CRISPR-Cas &4 1Y
e A PR D BB AT 7 SR W, 0 o A 4 i PR A U
FEREGIE N R G 5] A KL R 3h (L dE 2



FAKAF,SE FIA] CRISPR-Cas9 SCPE G L IR 5 B8 MRS ¥ 7 A = 2Rtk L A A Al 1 PR 1~ - 709 -

R A SRR B SR AR ), DT S K PR R 5 3k
R Z ) SR R AT o X B AR Cas9 5K
15 B Cas9 (dead Cas9,dCas9) 5 1] % #2588 ] 5 RNA
(single-guide RNA, sgRNA) (55 S 45, S BUXHHE
SEDR RS A P 2 TR R R S
(Gn4x L PR 20 SC 2 B % AR v SO ) |, CRISPR i
TE T 22 G0 i S VA 45 A0 B AE T B B 2 ) REURR A
DA B A BB EAR 1A FH Y S 3 R o i
FERUEL, CRISPR i V& & 8 )™ 2 I T e A b 9 &
A RIS TALEL, I T %08 2 5 e kit M 24
WS A% B S H R B L TR B A Iy s

AT FE 3T /N A R 4 SO, R A T ik i 44
T 1k R 9 CRISPR 3 7% ( CRISPR activation,
CRISPRa) 3% ., #KH4E CRISPR-Cas9 R GE, 1F 1% i
B ST T B TR E S I A MR i —
R I IE ) i B SR Mg, RGME S E 2 5 TLS P
SCHEFLDN B AR B TLS 78 55 e 8 S RE IR Y7 K Hh
AP RL

1 #R5EFEE

L1 AR5

AR B 4 e HEK293T F1 /)N B RS bk o 40 i
MB49 40 H BT SERR AN A= 28 =), IR 2R s 1 A
Excell 240 6], il DMEM 3555258 BeRE BUT ok
2L 22 v . Opti-MEM 15 3 5L 10 5 58 [ Gibeo 23
A, BRI F 36 [E MCE 23R, R FEE I R (blas-
ticidin) 14 [ 38 FFEER A H] 18 &R B (hygromycin
B) I [ i o AR B2 2 Al 2tk R 2 0 W jE ( poly-
ethylenimine linear, PET) W H J5 M A= 958 5], S5 fF
T ORIk H 2% R AW A A, KIBATF# DHS o %52
A B ERA YN F L, RIAFF B Endura W H 58
[ LGC 2~ w],
1.2 3%

HEK293T F1 MB49 4fi il 34 Fi % 10% (K53
O A ME M 1% (KR8 85 R-EER
(100 x ) A= b DMEM 3555 58, 7F 37 °C 5% (&R
O30 CO, S T 1E3% ., HEK293T 40 il FH T8 % 75
IR RN, 10 em HARREEFR MRS/
SRUBS I 98 40 B 22 MB49, 25 MB49 Jiii I+ mCherry F5
% i MBA49 £ it K3k mCherry , T J5 2L #1715
UGS — R I8
1.3 SOk

44 /N AR 55 A pR b T K2 i R
HC SR T 1, T 5K R A A 1 /N B 4 S IR
ZH LS SCJ%E CRISPR-Cas9 14 B3 [R] 3005 A 3 2 A 1K

( synergistic activation mediator, SAM ) & & A M
CRISPRa-v2 SCJ 3l iob B50408 e A 70 | & PR T 8 A S
BRFZ A, 7 6 /N BUR 40 B PR 1 6 P, sgRNA 5 [ 9
G ER 3 A R A W AR T I 8 TR SC R 1
. TR WL 1,

’ Construct an sgRNA library |

l

’ Preparation of MB49 library cells l

Mouse intraperitoneal tumor
formation experiment

|

Collect samples from the tumors
of mice

/\

’ Sequencing screening | ’ Immunohistochemistry

= e

‘ In vivo experiments verification |

sgRNA, single-guide RNA.
1 sgRNA {1 5 56 i A2 R

Figure 1  Flowchart of sgRNA screening experiment
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Cxcll Cxcl2 Cxcl3 Cxcl4 Cxcl5 Cxcl6 Cxcl7 Cxcl9  Cxcll0  Cxclll  Cxcll2
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sgRNA, single-guide RNA.
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Figure 2 The insertion sites of sgRNAs and the names of the inserted chemokines
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Figure 3 MB49 cell mycoplasma detection results
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cell lines. dCas9, dead Cas9.

B4 dCas9 i PR RAR AT UL

Figure 4 The transfection effect and expression status of dCas9 virus
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A, gross view of mice and tumor measurement; B, gross anatomy of the peritoneal cavity in the control group ( arrow indicates tumor location) ; C, gross
anatomy of the peritoneal cavity in the experimental group (arrows indicate tumor locations ).
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Figure 5 Results of CRISPR screening for peritoneal tumors in mice
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Figure 6 CD20 staining results between the control group and the experimental group
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