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1 #E57E

1.1 #e
L1128 JRHSEH 7 A AAV6-CAG-
EGFP, AAV6-U6-Cre-CAG-EGFP, AAV6-U6-Cre-

CAG-sgRNA(NBR1)-EGFP, H 1y ik Lenti RV2-m-
RNA-sgRNA 2 i ki SL3-pMD2. G psPAX2 | GFP
BV TR RS HEK293T 4 ffd /)N KU 52 5
A0 2% AMLI2 20/ (X0 A 5N Tl AR IR A R
23] s DMEM 1535 5k iR 4= 17 | AR B i 4 8 2
ES Gibco 2% w] (52 5 11965092, SA210407 .
25200056 ) ; #o i 2k 20 & B A st TP AZ S0
WA PR 7] (525 : PV-9000 ) ; #7452 R BA BT I
B2 DAB 03057 & & PBS Iy g L 5t Solarbio
ANE (425 C1032 . DA1010 . P1010) ; Anti-NBR1 #¢
R (525 ab55474) | T 4 Anti-CD8 alpha #i {4 ( 1%
5 :ab237709) 4 H 9% [E Abcam /3 %] ; PerCP-CY5. 5
CD3 HifAk ( 555 :560835) . PE-Granzyme B $ii {4 ( 1%
5 :396405) . RB670 Rat Anti-Mouse CD8a ( % 5.
571948) Ity F 3£ [E BD Biosciences 4 # ; FITC-Ki67
Monoclonal Antibody ( 4% 5-; 2191034 ) . PE-Perforin
Monoclonal Antibody ( 5¢5-:2359210) ,PE-IFN gamma
Monoclonal Antibody ( $25-:12-7319-42) It { & [ In-
vitrogen 2\

L1.2 &z 4 il CSTBL/6) 155w fn & 1Y
Rosa-Cas9 H£ P #i A /N B Rosa26™ "™ /N B LA K
EGFR™*EHtem_Cas9 /NG4S 8 H IR R 15 ¢ /2
L0 B F A RA I RHCA BRA T, DL E/ NS
TETCHRF A8 i S AR PR 58 T ) 55 1A T S 9 A5 (S 50
YIS IRE LS . GACU23-SY331) ,

1.1.3 £ &ZME 37 C.5% HE CO, 5554 (H
A SANYO 24 H], #5 : MCO-15AC) , i TAES (I
WA AN 7], RS . SW-CI-2D) |, Fi A A (38
CyTek /3], %43 . NL-CLC V16 B14 R8) ,9¢)¢
k%% ( 32 [E Lumencor /¥ &), 5 ; Sola 80-10393) ,2H
G19) A (4 % R 3DHIESTECH /4 7], 180 %
Pannoramic MIDI) , BEHE 5 43 B4 ( Bio-Rad /A H],
HI-Z-. ChemiDoc XRS + ), {58 & B ## %% ( H A< Nikon
N, S ECLIPSE Ni-E)

1.2 FHik

1.2.1 %#t¥e@ NBRI AW 9 sgRNA 314 FIH
TER W 3l CRISPOR ( http ;//crispor. tefor. net/crisp-

or. py) PEAFEFXF BB NBRI 39 (Gene ID: 17966 )
(1) sgRNA & 31, ARBF 98 — LT T 3 4% NBRI-
sgRNA T3, fi5 4479 NBRI-sgRNAI NBRI-sgRNA2 Fll
NBRI-sgRNA3 , #E—0441X 3 4% sgRNA J¥51 5351144
HEF RV2 1205 75 TR 8K, 43 3l 5 %4 4 Lenti RV2-
m-NBRI-sgRNAI Lenti RV2-m-NBRI-sgRNA2 FI Lenti
RV2-m-NBRI-sgRNA3 .

1.2.2 2R&ea g F HEK293T 41k
HR120 J3 /LR E 2 4~ 6 FLAR, S631 12 L, FRUESE e
T 6 FLAR 40 i A 4<% B 290 90% o Xt T AR LA
Ji, {8 100 wl Opti-MEM #i ¢ 10 wg (1 pg/em’)
) DNA (psPAX2 3.5 pg, SL3-pMD2. G 1.5 ug,
FIRTRL 5 pe) , IFIA 30 pl PEI Y4k 5], 525
RALEER TIEE 15 min, (5P 5L DNA-PEL [
BT IR YRR R G AR Y R Yent, e
R LA A Al A 4 B 3R 58 B AL 2 ml i fif
I TE R R 3k, Bl S B 160 wl DNA-PEI
SV N 2 A0 s 55 L O R R SR gy, o AR L
JBUETF 37 C 5% CO,BEFRAE T ak S5 .

1.2.3 BmA&RA % AMLI2 35 iE sgRNA #9 3Lk
A YL)E A8 h AR SR TE Y LW, 3 000 1/
min B0 5 min, ZERAMMEVITE , I 500 75 A TR 1A
600 wl/60 pl(2 PR ) IR YL EHT 1 d PR 2 12
FLEFFEA A AMLI2 41t (20 J5 4/ fL) ,6 ~8 hJ5
BRI R AT, A TS AR SR, T2 h JEAE K
FER I T AR DL IR G B, 4 B4 i 3 R 4
DNA, fifi i PCR §3¥4 R IGUF sgRNA 9 BRACR
BRI RIS R = 1) 1 5% sgRNA 175 25550 .
1.2.4 smatzir RERKE WRIEHZ700
ANA] R B LA 7 R P06 6 L CSTBL/6J /)N R B
PLor i s 4l (n =3) R NES (n =3) i H
AAV {244 28 d, BN UL 2L RIAE vk I R, g
Faag B 2% 44 5¢ % 45 H (enhanced green fluorescent
protein, EGFP) Fik1F i, LA AAV (2 YL i) Fe f£
. {58 AAV6-CMV-EGFP, 50 pl/ . i
R TRy N AN S N e e e T
45°  FME Sk B UK 5l BRI B L A AAV6-CMV-
EGFP 2, ik/NERE AT SR8 WA, an b 22 45 il 5 AL
a2, Bk [a] (] B 5 ~ 10 min, & JL#AEE
50 pl AAV Bl e 8fii ot . 45 e /N R RE b
PILY 5 min, UE AAV B 5 5 AR R IRGE
SRS AL RN U R L R TR R AU - DAt
PR WS G R, R A, i A
B o K/ BRARL 450, 5 2R T g A% el 0. 1
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ml 233, PR S0 pl ST , 1 H R T RO T
S A SN, DREEE S 10 min, fRIIERE T 7S
3 TS , 85 S 3508 60 o 0 T A 2 P A T /) i
15, LABRIIE /]S BRI

1.2.5 NBRI # sk JAER M {0k
ROSA26-Cas9 /INFL 5 EGFR™™ S /1N (1 b 47 I
LA EGFR™PEM _Cas9 /o 3% /N R
AT, PBOER  AIES R, AR EA G
PR, I HAE 4 BT g H Cas9 (R %/NRTE
S} AAV-U6- > sgRNA (NBR1)-CAG-Cre-GFP Ji52;
J& IR TR I HE T Y Cre 5 /N EGFR™ {37 15 1) flox
254 7T HRIE K EGFR 5875 1) i i 98 51 [W] B )3 3
tdTomato FER ik, FEDEE WAEE T Al WL E] tdTo-
mato £ F1Z1 A5G 5 ) GFP AL AL HF S,
[l sgRNA 5 CasO 5 [ AH FAE FH S i e B3k M 2 21
o NBRI A, B 1k NBRI B ) £k, ¥ EG-
FRPPERenet_Cas9 fE 3 RN B 2L BB HIL 43 S X
HREH ({335 AAV-CAG-Cre-GFP,n =8) FISL SR 21 [ 11
I AAV-U6- > sgRNA ( NBR1 )-CAG-Cre-GFP, n =
81, Halifb)5 B MRAISCHREELL 5 x 10" g/ FUAH 5]
A T/NRTENES, 2 HE3 S HM6 A H A
XTI ZE /N B i 2H R A T IR L%, I R 1T HE 3y
T R AR

1.2.6  fyzateiml  DL1: 200 9 Ho 5 B An-
ti-NBR1 antibody , 7E 63 % i K 244 T WL 5¢ e 2 2%
Ro ZHEIETOCF G AEMEE CD8 5 Uk i
B( Granzyme B) % f[. & ( Perforin) , T4 & -y (Inter-
feron-y, TFN-y) K 3858 b ic £ H (Ki-67 ) 2@ 17 1
o WAL BRAFEALY 7 A SR 2R
W RE LKA B R i e B R N TR AR
FL PR SN 5% BSA HfEA IS —+L CD8 55
Granzyme B | Perforin , IFN-y } Ki-67 (1 : 200) 50
pl 4 C IR R PBS 7843wt 5 T 2t —Htil
PP 51 488 (5 pg/ml, 1:200)50 wl, =
W 1 h 30 DAPL (RS 20 min J5H05
VK E 7 R E 4 CRECIRAE e TG R 4
NEREIEPUE -

1.2.7 AX@misn I3 B0 BRUER
JEZHZR AN, PBS Yk 2 3,1 000 /min B> 5 min
2 FVEW, B Ja ] 200 wl PBS HE A0 ML F% 2 i
A4, —PL CD3-PerCP-CY5. 5, CD8-BV605 . Perforin-
PE ,Gzmb-PE | IFN-y-PE  Ki67-FITC 3t {f,,4 °C #
S 30 min, i1 300 ul PBS PEi AL 4 Yk, 1 000
r/min B0 5 min & FIEWRJE A 300 pl PBS H A

il AL

1.3 FHitFAE AU RIETA S T
§i i GraphPad Prism9. 0 # {43k 17, Frf 251y =
DREAT T 3 R SRR R IS R £ AR 22 SR
o WZHZH IA) ) LA ¢ A, 22 4 TR) Y L A )
KRN E I 2500, P<0.05 HEREGIT¥E
o

2 FR

2.1 sgRNA F5| F9idt 27 2R 1§ i) NBRI
FEPIHY sgRNA P8I LA 155gRNA JEZH DNA §734
SN2,

%1 sgRNA 73]
Tab. 1 sgRNA primer sequence

sgRNA Sequence (5'—3")

sgRNA1 ATCAGACATGAAGACCACAG
sgRNA2 ACTGCAGCAAGCTCTCAGGT
sgRNA3 ACTGAGTGTTGGCATAACTG

&2 sgRNA E[FZH DNA ¥ 18514
Tab. 2 sgRNA genomic DNA amplification primers

Primer Sequence (5'—3")
NBR1-sgRNA1-F AAATCAGCTACAGATGCAAGTCC
NBRI-sgRNA1-R GTGCAACAGAGCCCTTTTCT

NBR1-sgRNA2-F
NBR1-sgRNA2-R
NBR1-sgRNA3-F
NBR1-sgRNA3-R

TTGACATGATTGCAGTGCCAAA
TCCTGAACCAGCTTGGAAGAC
TCACCCTTTAGGCAGCGTAT
AGTGCGAAGTGTATGTCCCC

F: Forward primer; R: Reverseprimer.

2.2 EARNAERERRENERDN

2.2.1 REFRAAMER  FORIFEY: HEK293T 41
Jith 48 h J5E R HZOL BIMEBTNEE CFP kN IL, KB
GFP 5 FHAEAE 5, $ 75 BORL % S i 2 (181 1A) o
e & AT BT B2 60 pl 57600 wl fit A
Qe RANML AR AMLL2, [ LT pg/ml (1 WERS 2
RO A e e T RERY H AR . 2 R
SRR 72 h ), R A0 E s 1 e (K
1B),

2.2.2 NBRI (R HBFHRHIN N T HINEDT
BT 3 2% sgRNA o, IE % sgRNA fEXS NBRI JE[H
Gt BEICR S, 7R A [R) o 7 R AR L, 3o ik 2
M FE N 4] DNA 9847 T 52 BCLL & PCR 473, 9
Xf PCR =Wt A T IR B BE S L Ik (181 2) , B A J B
X519 R B/ 5 H BRI, AN T, $on 43
B
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Fig. 1 Immunofluorescence detection results

A . GFP fluorescent protein expression and bright field in 293T cells 48 hours after plasmid transfection x40; B: The results of infecting AMLI2

cells with virus at different concentrations after 72 hours x40. At this time, the cells were passaged (1:4), and 1 mg/L puro was added to screen the

cells.

marker sgRNA1  sgRNA2 sgRNA3 sgRNAlc sgRNA2c sgRNA3c

509 391 736 623 469 751

E 2 PCRF=HHIRBEMERR B R
Fig. 2 Agarose gel electrophoresis results of PCR products
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Fr B LB 7 KT 53 50 5 3 4% sgRNA (sgRNAT
sgRNA2 | sgRNA3) J¢ 51| — 8, #8 [1] NBRI 3L [H 1y
sgRNA J7 31 i Ty 4 A 244, IF B 3 4 J5R #4223
o BEAh, 8% PCR F=9i4T T DNA U5 434, LA
B[R] sgRNA [ BRACE , 250 7R sgRNA2 4%
TBAT, mRAOR iR, 35 61.7% (B 3)

2.3 INRIERKIE AAV HFEHSHE N TR
R EE R G 07 2, ¥ AAV6-CMV-EGFP 43 Jjl]
DLV IS G 25 RN S 45 254 e 28 d 5, R 9K
B IMAERIER EGFP Rk ML, 45 Bn <8 NTE
SN 2R 358 EGFP F2 B B I & i S 4l (¢
=6.182,P <0.01), WLIE 4  $/R A NIES A 2552

R=0.93
P<0.001
P=0001

expected cutat 142 bp

sgRNA2 sgRNA2-Ctl

350

B3 EEBBRREHENLEETR sgRNA U2 RS FEEEF 5L 547

Fig. 3 Identification of gene knockout expression vector and comparative analysis of sgRNA sequencing results with the original gene sequence
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B R R AR Yy 2, DR R SR AR N
By 7 AT

2.4 NBRI ERA 4 RMERRME/NREER K I
B 7ENGEREL 28 d JEHU AAV-sgNBRI £H il AAV-
Ctl ZH /N BRI 20 2R A T 2 S S s D A il , & BEAE M
NN AR s S Dk =& FARCAD &S S5k, oy =1
F(ES) 4878 AAV P BE BB /N R 2
2.5 NBRI ERFmEB/NRBOMEERKZRNEG
INEUFE AAV 5 T3 B 5 478 TG HAl T LR 58 T 1]
75,3 D H Ja R BEAL R 7 i B2 4 4 H/NER
AT, s A R AT L, 50 R A L,
NBRI R[5 2H /)N B Bt 20 20 25 10 A Jf o & 7 Tl R
XN Hoa/NR ARSI 22 255 6 DA S5 R WoR
NBRI BN B8 A 4 0 R 18 (1 6) o X2t
5 RAER NBRI v B ] 400 ) /) Bl i 20 i g 2 21
Ko X2k T HE YL i 25 F ot B oR , 7R/
AAV i EE 3 AN H F6 S IE, NBRI @R 28 /)N B
SR AR 7 UG X IRAL (&1 6)

2.6 GRAURNER 7 HiE NBRI 7311
FEARIE AN, X /1N B fii 6 2 2 K g 5% A R i
137 NBRI Sy ALk . 452 o, 5% A
e, NBRI FREE) NBRI Fik i TRE(EITA) , HP
/NI NBRI 3K HE ] W T o5 22
(t=15.13.12.61,%# P <0.01), WE 7B.7C, X &
7 NBRI 55 i ik FAF AR AR O AE o

2.7 EBmEAELRR NBRI FI{Ri# CD8™ T itk E 4 fel Iy
RETETE O 7 IRITHL I fBR NBRI X% CD8™ T 2
20 B Eh RETE M 2 ), ) 2 2R 5095 98 6 1 7 0
70N ERU g 2H 21 3647 T CD8 |, Granzyme B Perforin |
IFN-y 2 Ki-67 ik, 4550 BoR (& 8) , 5Xi
ZH/IN BRI AL 2 AH B, NBRI i ok 20 i 98 41 21
CD8 " T 4l it % 1fj Granzyme B Perforin , IFN-y & Ki-
67 FikmMIN (1 =4.66.8.37.8.22.11.73, ¥ P <
0.01) , 4878 NBRI R[5 v 3G 58 Jif Jgg ZH 24 rp CD8 ™ T
AL RETE P

2.8 EUEELBRNBRIF] (R 3 T itk B 40 A8 i T 1% 13

25

*ok

I

GFP signal area(%)

L

a b

B4 ARREREET AAV6-EGFP Z4 28 d FEE/MRITARAFHRIEERL x40

Fig. 4 Immunofluorescence detection of AAV6-CMV-EGFP expression in mouse lung tissue 28 days after infection x40

a:intranasal administration group; b: intratracheal intubation administration group; ** P <0.01 vs intranasal administration group.

DAPI GFP

AAV-sgNBR1
group

AAV-Ctl
group

tdTomato Merge

B 5 SEREERFMENRMEALRNFAE GFP K tdTomato F HHIFRIE( x40, scale bar =20 um)

Fig. 5 Immunofluorescence showed the expression of GFP and tdTomato proteins in both

the experimental and control groups ( x40, scale bar =20 pum)
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6 NBR1ZMRASHRASFHNES AL 6 NANMEBMEERKERLR HELBER
Fig. 6 Lung tumor growth and HE staining in the NBRI knockout group and control group at 3 months and 6 months

a: NBRI knockout group; b: control group.

A Tumor tissue

NBR1 knockout
group

Control
group

Paracancerous tissue

sk

1 1
Tumor Paracancerous
tissue tissue

NBRI expression level O NBRI expression level @
S

0 1 1
Tumor Paracancerous
tissue tissue

B7 S%EANLKEI NBRL RiAKFER 63

Fig. 7 Immunohistochemical detection of NBR1 expression levels x 63

A Immunohistochemical detection of NBR1 expression levels in two groups of mice; B: The analysis of NBR1 expression levels in NBRI knockout

group; C: The analysis of NBR1 expression levels in control group; ** P <0.01 vs tumor tissue.

MBS , mFEEBEE D TP
PIZH/ N BRI HZR e CD8 ™ T 4l SR B Y 224k, >R
TS AH M AR A I T CD8 " T 4H iy 3¢ 1t 2% 3k #) 4 Y
(Tefl Slmaf6) %% w7 % ( Cxer6 . Cxell3) DL Kz #E v 724
(Pdedl \Tim-3) KA 53 F 2L (DLIE 9) o 25 B
7N, ST BRHAH LG, NBRI G BRaH I 4123 CD8 ™ T
Y Tefl [(23.31 +2.16)% vs (41.95 +
1.90)% ] Slmaf6 [ (22.03 £2.03)% wvs (37.31 *
2.81)% |4y Wbt B B A% (¢ = 10.18 .6.42, P =
0. 002 .0. 006) ,Cxer6 [ (42.01 £2.17)% wvs (25.33
+2.24)% | Cxcll3 [ (45.04 £2.94)% vs (24.54
+3.08)% |4 BN (1 = —5.47,-9.61,P

=0.007.0.003) , ifij Pdedl [ (15.31 £2.86)% us
(25.31 £1.92)% ] . Tim-3 [(15.83 =1.98)% uvs
(32.61 +2.31) % |43 M) I AR (£ =4. 89 7. 32,
P =0.004.0.001) .

NBRI 120y FWESZ AR, fE e 4 A b i 4 ¢
BRI B RESPUIRRE MR , iz R AL
F5, i 52 R AR A VR P S P ) 2
PIR e 8l E W AR — U R TR i g
B, NBRY 7 R Ji 40 0 114 S e b bk o e 5 24
240 it 1 T 200 M 3 o JFL S T ) MHC TR 530 3 3k
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A Granzyme B X100 Perorin X200 IFN-y X100 Ki-67 x200
AAV-sgNBR1
AAV-Ctrl
AAV-sgNBRI
AAV-Ctrl
B sor @ 50 Losor 50
2 5 = =
8, 40f 240 S a0t Sn4r T
= €8 T3 T 53
g o L .° z. ° o o
St 30T 5 %30 £ 30 . & 30
%8 £0 T 58 T %8 -
o= 20F T S 320 - o= 20f 220 T
£z = 3 T g8 2
535 101 =510 S 10r §5 10
5 g 5 5
= & 0 = A
AAV-sgNBR1 AAV-Ctrl AAV-sgNBR1 AAV-Ctrl AAV-sgNBR1 AAV-Ctrl AAV-sgNBR1 AAV-Ctrl

E8 HARBILKT CD8 T HiRES FRIEER
Fig. 8 Expression of surface molecules in CD8 * T cells in different groups
A ;: Immunofluorescence detection of expression of Granzyme B, Perforin, IFN-y and Ki-67; B: The analysis of expression of Granzyme B, Perforin,

IFN-y and Ki-67; ** P <0.01 vs AAV-sgNBRI group.

B AAV-sgNBR1

C  AAV-sgNBRI

AAV-sgNBR1
Tefl Cxcr6 Pdcdl
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~~ * % ~~
\?40 8\i40 ;\340 E\_°,40 ;\340 §4O *k
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o — on
= 20 S 20 5 20 =20 320 £ 20
& £ > 2 3 =
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AAV-s AAV-Ctl 0 AAV-s AAV-Ctl 0 AAV-s AAV-Ctl AAV-s AAV-Ctl 0 AAvs aavca AAV-s AAV-Ctl
eNBRI1 e¢NBRI1 egNBRI1 ¢NBR1 gNBRI1 gNBRI
B9 RRMAEALD CDS* T HiH FREHTE

Fig. 9 Flow cytometry detection of CD8 * T cell molecular phenotype changes

A: The expression of phenotypic molecules Tcfl and Slmaf6 on the surface of CD8 * T cells; B: The expression of phenotypic molecules Cxcr6 and
Cxcl13 on the surface of CD8 * T cells; C: The expression of phenotypic molecules Pdedl and Tim-3 on the surface of CD8 * T cells; ** P <0.01 vs

AAV-sgNBRI1 group.
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Inhibiting NBRI expression using the AAV6-CRISPR-Cas9 system
affects tumor immune regulation in lung cancer mice
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Abstract Objective To establish a NBRI-knockout lung cancer mouse model through CRISPR-Cas9 technology
by using adeno-associated virus (AAV) as a vector to specifically inhibit NBRI expression and to investigate the
impact of NBRI knockout on tumor growth and immune cell infiltration and regulation. Methods sgRNAs targeting
mouse NBRI (Gene ID; 17966) was designed using the online tool CRISPOR (http://crispor. tefor. net/ crispor.
py). AAV6 was utilized as the vector for sgRNA delivery, and the efficiency of gene knockout was confirmed using
PCR and DNA sequencing methods. To determine the best AAV infection approach in mice, 6 C57BL/6] mice
were randomly divided into intranasal and endotracheal groups. After 28 days, lung tissue sections were assessed
for enhanced green fluorescent protein expression to identify the more efficient infection method for subsequent ex-
periments. Lung tumor growth, as well as immune cell infiltration and activation status in tumor tissues, were de-
tected using methods including HE staining, immunohistochemistry, immunofluorescence, and flow cytometry. Re-
sults  DNA sequencing and immunofluorescence results indicated successful construction of the AAV6-U6-sgN-
BR1-CAG-Cre-GFP vector with stable knockout efficiency. Fluorescence microscopy showed higher efficiency of
lung infection in mice through intratracheal administration( P <0.05). HE staining revealed reduced tumor area in
mouse lungs after targeted NBRI knockout compared to the control group( P <0. 01). Immunofluorescence and flow
cytometry results demonstrated enhanced functional activity of CD8 * T lymphocytes in lung cancer tissues of mice
with targeted NBRI knockout, characterized by increased effector T lymphocytes and decreased exhausted T lym-
phocytes( P <0.01). Conclusion Using CRISPR/Cas9 technology, we construct a lung cancer mouse model with
targeted NBRI knockout. We verify that targeted inhibition of NBR1 expression significantly enhances the function-
al activity of CD8 * T lymphocytes in lung tissues, resulting in suppressed tumor growth, reduced tumor burden,
and extended survival in lung cancer mice. This study lays an experimental foundation for investigations into the
mechanisms and functions of NBRI and other genes in lung adenocarcinoma cells.
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