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[HZ ] BHEY - W55 FieE /5 RNA (small guide RNA, sgRNA) FKIE#AR, T /NELT 40005 1h 4 45 B H 5 R o fig ) F
9%, FiE - #ik% % Je RNA (short hairpin RNA, shRNA) [R5 3 9% #i k44 (MSCV-LTR-miR30-PIG, LMP) it Xhol F1 Sall 3
EGYIfE, WIS B R L e s R B 3. DB 3 sgRNA KRR AENR, @il PCR & #53k 44 U6-sgRNA-PGK-Puro-BFP i B¢, I
JH [5] 95 5 20 Kf U6-sgRNA-PGK-Puro-BFP Ji Be4H 3¢ I % o T 3R 28, 0 TR IE RGEM A 2k, BT8R0 101 7a, Rore 1 Inf4 1)
sgRNA JEHII- 4T FiME . 43 B Cas9 $: LB/, CD4 T gifita sy B HEAT sgRNA R 8 i ap iy, ¥ S Th17 4ifnsnftb, diiap 4
o, A 771 7a PHEEAN L], 2 40807 FEAR B LR FTARRERT ¢ 450, G558 - O o 8 R 5% 5% 55 sgRNA #fk, OFIH
SRR TR /N CD4 T 46 % sgRNA HSGB 11170 S WiiER . @ Rorc-sgRNA F Irf4-sgRNA BHEERER A, 11170 BB A L3R
BERERIE (P<0.05), F5iE - FIH sgRNA J 4 595 53 A i 2 1) B9 4k % sgRNA 9L RIEERR . Rore T Irf4 3 R BR 45 SR 42
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Construction of retroviral small guide RNA expression vector for studying gene function of mouse T
cells
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1. Shanghai Institute of Rheumatology, Department of Rheumatology, Renji Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200125, China; 2. Shanghai
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[Abstract] Objective - To construct retroviral small guide RNA (sgRNA) expression vector for studying gene function in mouse T cells. Methods - The
short hairpin RNA (shRNA)-expressing retroviral vector MSCV-LTR-miR30-PIG (LMP) was digested with Xhol and Sall to obtain the backbone of
the retroviral vector. The lentiviral sgRNA vector was used as template for PCR amplification to obtain the U6-sgRNA-PGK-Puro-BFP fragment. The
PCR fragment was then assembled into the retroviral vector backbone by homologous recombination. To verify the effectiveness of the system, sgRNA
sequences targeting //17a, Rorc and Irf4 were designed and cloned. CD4 T cells isolated from Cas9 transgenic mice were infected with individual
sgRNA retrovirus and differentiated into Th17 cells. After cytokine intracellular staining, the percentage of //17a positive population was detected by
flow cytometry. Unpaired ¢ test was used to compare the data of independent samples between the two groups. Results- @ The sgRNA retroviral
vector was successfully constructed. ~ @ The retroviral vector was used to successfully deliver sgRNA to CD4 T cells, which mutated ///7a gene.
® The percentage of I/17a positive population was significantly reduced in the Rorc-sgRNA and 7rf4-sgRNA positive populations (P<0.05).
Conclusion - The sgRNA retroviral vector is successfully used to deliver sgRNA to target cells. In addition, the results of Rorc and Irf4 gene knockout
experiments prove that the system can be used for studying gene function in mouse T cells.
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Cas9 IR N DIl AT LAE sgRNA (515 TR LR FIZ] DNA
AT UIEl, S5 DNA XUEERT 24 Y, 760 FLsh P an i b b
CRISPR/Cas9 45 | e BRIk 24 = 223 ok 5 £ iy E ] I
KumikE#: (non-homologous end joining) HLHilE&E, 1H4E
SEOER AT RE A T, R IZ N T R R
IRIT. ERIIRES . S BRI UL R SRR . R
1M, AnfalA%0si% CRISPR/Cas9 R4¢ % H brdbi f i as &
Rz m 228k 2 —.

B E CDA T HHRAE G BLPE b % R e RAFH %
EM. fEfE & ke, 4G CDA T 402 BRI
S AL R8O T A ARE, 464 B T 4001 1
(T helper cell 1, Thl), B T 400w 2 (T helper cell 2,
Th2) . B T 400 17 (T helper cell 17, Thl17) FiiH~5
M T 408 (Regulatory T cells, Treg) . AsREIR%RR: T 41
A S92 I B B b R 56 SRR BhRE. f5l4n, Thl17
e e 5100 (280 o7 20 M PR -1 78 T2 & Fge e (L R
NPT L) DA 2 Fh A B S e rh K4 T %
TR, Treg 40 AT LAsyilb At A= K K B (transforming
growth factor-B, TGF-B) Fl1 9 4~ 2 -10 (interleukin 10,
IL-10) ZEAIHIPE LN PR -, AN (AT A% il S 2 it 52 il o
92 9% L i HLAE 8O0 2H 21 RRE 1475 U5 T R 4% T 2R
Y, ik, BFECARBIYE T aniei bk & Ko TRy
GIREESQr 0

H i, CRISPR/Cas9 % RHJK Ji&, {75 *f 5 7% 40 i
PEAT RIS I R W92 B0 WTRE . 40 Shifrut 25 ™ F1] B 1895
B SERNA SCPEFN Cas9 B, R4 74k K 2H 0 6 s2 i) A\ 2
T 4 %% BN A A 43 . AH H BT ELA ) CRISPR/Cas9
SERZHE TR B, RGN T 400,
b, FENLIE A /NG T AR R DhREF T Y el & i 18 R 5
S B AER LRI R, ASBFIEAEE T sgRNA fr 56 9 7 3
th, &54 Cas9 FAER/INGL, BFITHZNA Th17 S LAt 5>
T, /N T 0B RERFFC IR O T,

1 HHS%HE

L1 S bt

111 SCU8 %)% Rosa26-LSL-Cas9 (024857) Fi1 CD4-

2 1 U6-sgRNA-PGK-Puro-BFP # Bt ) PCR 54551
Tab 1 Primer sequences for U6-sgRNA-PGK-Puro-BFP PCR
Primer
U6-F

BFP-R
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Cre (022071) /MW H EEAR AL E, WFETH
FH#Re gk arBHAEIEBE SPE ahiy by [ S ah ™
PFATIES SCXK (j/+) 2018-0002, i HI¥F "I iE5 SYXK
() 2019-0001], fal FFif fE 22 ~ 25 °C, 23 UAH O i B
40% ~ 60%, KUk rh EFHERE LA ar Rt e R o
PFFEIE R Bl st (1R L5 24 201903H486) ,

1.1.2 FEXH bR IL17A $ifk (PE anti-mouse IL-
17A antibody, TCI11-18H10.1; BioLegend, ZE[E); Hi/Ni
CD3e Hifk (145-2C11), Hi/hEL CD28 Hiufk (37.51). $i
JNERL Y THEZE (interferon-y, IFN-y) $ifk (XMG1.2). $t
JNEIL-4 i (11-B11; eBioscience, ZE [ ); 40 [&E & /
i & (BD Cytofix/Cytoperm ™ Kit; BD Biosciences,
FHE), /N CDAT ANy & (Miltenyi, fEE);
Xhol NYJJfg. Sall NYJEE. Taq DNA ¥ 4 5. NEBuider
HiFi DNA Assembly Master Mix (NEB, £ [H ); % 2%
i 2k 1% % (phosphate buffer saline, PBS), DMEM ¥ 35
H . Opti-MEM TG Ifil {F £ 7 H&, RPM 1640, fit 2 ifi &
% [ ), TGF-B1. IL-6
(R&D, 3 [ ); Lipo2000 (Thermo Fisher Scientific, 3£
E ), QIAamp DNA Mini Kit (Qiagen, H1[),

1183 FEEMEMix#E BE TIEG. CO & FH
(Thermo Fisher Scientific, 3£ ), Centrifuge 5417R 1.
i 2.0 ML (Eppendorf, f£[E ), DNA Thermal Cycler
9700 PCR { (Applied Biosystems; Thermo Scientific, 3£
), BEME GRS RS (Bio-Rad 3000, w[H), ¥&id
Je& W s (Olympus, HA), #J¢W fEE (ZEISS,
% |5 ), CytoFLEX LX & X 48 I {¢ (Beckman Coulter,
EH).

(fetal bovine serum, FBS; Gibco,

1.2 Jjjik

1.2.1 kg sgRNA SO i s 28 Btk RN DI
Xhol #i1 Sall W )] MSCV-LTR-miR30-PIG (LMP) %%
SRR, BIKCR R BARR R R i s g 4. LA
Jpirr ik pKLV-U6-sgRNA Al iicit PCR 514, 514/F
5#4n#% 1, F| ] NEBuider HiFi DNA Assembly Master Mix
1% U6-sgRNA-PGK-Puro-BFP J" B 2H 38 F S e i s w1
WA, e, PhodkE, WFEEIERBTE.

Sequence (5'— 3')

GTTAACCCAACAGAAGGCTCGAGGAGGGCCTATTTCCCATGATTCCTT

TCGATAAGCTTGGCTGCAGGTCGACTCAATTAAGCTTGTGCCCCAGTTTGC
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1.2.2  sgRNA ZIFFEA R HELE  MIT CRISPR
(http://crisp.mit.edu) B ¥} % i} sgRNA J¢ 41, & it m
SgRNA J7 51128 th 70N & ME A A= Bk 23 w1 & . H Plat-E
ELREANNE ™ A R e e dpi s, ] Lipo2000 E4T 5k 4% gk
LL 10 cm $2 3% ML 24 {5, 500 uLOpti-MEM G Ifil i $% % &
A 20 pg sgRNA %5 w8 i s 75 L 500 pL Opti-
MEM Jji A 40 pL Lipo2000, i 2 25 By 46 & K %,
FBCE 15 min J5, IIAEFRILp, #5946 h J5 4l ik
&, 48 h JElckE Bl OdE), 0.45 pum AHAEHE M I i85
T —80 CukHirp, #&H.

1.2.3 T7E1 SRUGHGUE sgRNA ZRiHACR ] DNA $£Ht
WA G g A K ZH DNA, Taq DNA 3 & HigidtfT PCR
Py, TE 1170 sgRNA $Em) [X 3% - ik itsl4m, PCR ™
p4alift, B 200 ng DNA %8 T7E1 S35 Ui 450041481,
A 1 uL T7 R N V) EE, 37 C e fz 30 min, fIA L
eV QR LR B, THAE 2% B Ha bl e e b b4 T B e v
Uk, TTE1 5I¥ 0% 2,

#¢ 2 T7EL PCR 5|¥)%51
Tab 2 Primer sequences for T7E1

Primer Sequence (5'— 3’)
1117a-F GAGGAGATGGCAGAAGCTGACATT
1l17a-R GGTATACATGGTGCATCAGAGAATG
1.2.4 435 Cas9 B R Rl /NVERL CD4 T 4fil 45 B Cas9 4%

BRI, 24, 4288/hE CD4 T 4iifsy
PR F B U5 4 B /MR 4G CDA T 20i, A ami (SO
MZRatfE (95% LA E), #A7/a8se8.,

1.2.5 CD4 T 4ifiafk 4 iG £5 3% CD3 #i1 CD28 i f& 4
BETE 96 FLk, +2 M 5 ug/mL L&k B N A $it/h Bl CD3e
Pifk (145-2C11) Fidi/hEL CD28 Hiifk (37.51), 100 pL/
FLELHE 96 4Lk, JFT 4 Cib, Wbk &k, A
200 pL #H# (PBS+ 1% FBS), F32iE 5] 30 min, #f
PFIZE SR ANA 200 puL PBS BEI% 2 k., 4785153 CD4 T 41,
P AN M e B 1 x 10° /mL & &, 4L A 200 pL 40 i,
JA 37 CHY CO, K555 it k5%,

1.2.6  REIRT B A/NR Thl7 40ieis S otk /)
B CD4 T 40l 24 h J5 i f7 R R me g ge, LA 96
WA G, AR (polybrene, 5pug/mL) [y
B A IR B RS 57 3k B TE W, A 9% 3 1 polybrene i
A1 32 C. 1000mL 3.0 90 min, B EE K )G, Fk&
Jh e EIET, A Th17 spfeki g2 56, Th17 5y {3535 &
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3 1640 52 &85 F IR R ANAH R A0 - (mTGF-B1 1 ng/
mL, mIL-6 10 ng/mL, /Mgl IFN-y Hifk 10 pg/mL, i/
B IL-4 Hifk 10 pg/ml) . (R4MEF 3 d, BEATIEEAE,
1.2.7 AR RS I /L Thi7 48R 0K 515> 1t
3dJa, BT 117A ik K, WEMARE, H
50 ng/mL i ¥ fi5. 500 ng/mL £ - 75 25 Fl & 19 #% iz 401
FlglEg 4 h, WeHEdnlfe, HI BD i R - e a0 0l A ik
frge e, fn s an e ORI, H FlowJo % {4 (Becton
Dickinson 10.0.7) #4Tim 2B HE 4T .

1.3 Gl #Jiik

& GraphPad Prism 5 £ 4 47 4088 o0 #r, 9k
Bt e 450, Biit 4y NC-sgRNA. [117a-sgRNA | [rf4-
sgRNA | Rorc-sgRNA 4 sgRNA'1I]7a"/sgRNA™ 1117a" %L
. P<0.05 hZERAHIH#E L.

2 BER

2.1 I B ki1 sgRNA ik Bk

TSI TN T 40 2 K Bh REREZE i CRISPR/
Cas9 R4t, LA | RFFiaE sgRNA FKik#ifk: H
Xhol #i1 Sall M) I 7w diadifk LMP, i ik [l i f3
B R R R AR B A DAMB 82 8k pKLV-U6-sgRNA
Stk , @it PCR 4485545 U6-sgRNA-PGK-Puro-BFP J
Bto I [n) 5 5 20 4% U6-sgRNA-PGK-Puro-BFP Ji Bt 41 3¢
B SR T B R B 22 B S s g 1 sgRNA Rk #iddk
fEiZEAE T, U6 Ja5h 1 Y- 5) sgRNA Kik, i PGK j53)
TR ARG T FE UL R (puromycein, Puro) FNE (5%
JeEE (blue fluorescent protein, BFP) #Fik (& 1),

2.2 43k sgRNA [ Feores i W Mg

R T YR BT A B A A mT DA™ B BT RGP 9
TEMURL, RO B AT e AR g, 2R L 2,
o ee WA AN A Plat-E 1M, JUFE SE5% G S ore i 7 2
PRIFCRIEI AT, #ge 24 h ), SeoE BB TR,
MM IR . g 48 h )5, 50 Rilst T %3] BFP
HIRRENFIE . A T e R G sre At & BAT R Guid Pk, &
06 FH 7 He B S e sre o g % NTH3T3 RARIE TG o aig i
Ze 48 h JEicdeanit, R an i (SOE IN BFP BHPE A0 IR 1
UL, S5ARoR BFP BHYEENELL B4 54.1%, UL &
T SERNA Z IR 3 K I I vl 7 A A I8 e P ) g
B, AT RS

AR (BN . 2020, 40(12) (@)
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PRLV-Uf-sgRMA (Lentiviral vector) PCR amplification

] ]
[ sUTR [PRE | Hiv-19 @w- 24 [ 51w ]

LMP (Retroviral vector) ¥hol Hemove Sall
+ +
[stR | Mesve | gag | miR-shrna | Pf'rl(>- = B

Retro-Ub-sgRMA (Retroviral vector)

[suin [visw [ o] I

Note: A. Lentiviral sgRNA vector was used for PCR amplification template. B. miR-shRNA retroviral vector was obtained after digestion. C. Newly modified retroviral sgRNA

B

C

expression vector.

1 R#FE sgRNA RikF i st

Fig 1 Construction strategy of retroviral sgRNA expression vector

A B MIHAT3 cell ling retrowirus C
f
:gﬁ 0.014 :g:; s4.1
10'9 10
104 107
1071 10° 7
B 10y ; 1007 \
" NI 1 I A
| LS S [ R S R 1 S [ S € S (4 R 1 A (1

Empiy

Note: A. Plat-E cells were transfected with the plasmid for 24 h, the cell status was observed under white light using a microscope ( x 10). B. Plat-E cells were transfected
with the plasmid for 48 h, the expression of BFP was observed under a fluorescent microscope ( x 10). C. The retrovirus infection efficiency of NIH3T3 was detected by flow

cytometry, and BFP positive cells represent retrovirus-infected cells.

2 RERFHEQREM NIH3T3 iR
Fig 2 Retrovirus packaging and NIH3T3 cell infection

2.3 /P Th17 gl fksh o1k Z G o DAL (18 3), CD4 T 4uMaffifL, W% Rk BLE L5 8152

A T ¥ CRISPR/Cas9 AL T/hEL Th17 4ifigsy it H/hG CDA T 4tk B, RREE., 20t 3 d fRIMES
WEE, SKBeEEHar 7 Thl7 difptksbE ot Rgt. #8505, MIEEVIEEL, AR BRI 88 5%
FI/NE CD4 T 4 53 i 150 G40 B Cas9 AL/ N AILE T, S5 RUIMT, SKIGRZhsy BS/hil CD4 T Al it el LAt AT
CDA T Z0M, AR OUEIEE R L I AIIRALRE 72 95%  (ROMESR, wIEfT)aEkskd.

mu-" A

804

~ 604
955

Events (% of Max

10 1o 1 10*

4

Note: A. The purity of CD4 T cells was analyzed by flow cytometry. B. The initial shape of CD4 T cells of mice was small in size and round. C. After the differentiation of
Th17 cells, the number of cells increased significantly and the shape gradually became elliptical or striped.

3 MR Th7 RS 3RS EN
Fig 3 Morphological changes of mouse Th17 cells during differentiation
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R, F

2.4 /PR Th17 ZH b A6 BBk

Th17 F= 4y i M17a F1 117 248 REANMEEA 7, 16
H & 5 kR ZAEVE R, i Th17 B4 k32 2118 2 5%
A FE9VRYE, A0 Irf4. Rore, Batf%E, h TWRIERGA
BREF T A R EERLA K Th17 53 L AEsIEE . 9596 40 Bk
T THE 111 7a, Irf4. Rore, UK NC /Yy sgRNA, Ffi#tf7
SOPEFIR R, 40 B Cas9 #4HE R/ 4A CDA T 41l
223 CD3/28 Hithhilish 24 h J5, BEATREL IR R, %
PesEria, A Thl7 4kt % ot 3 d, w4
(SR Th17 2R 1172 ik, Z5R KB, £ NC-sgRNA
L 11 7a PEPELHARLE sgRNA" 1 sgRNA™ 2 AMHER 1 EE
(6l K BAH 2, Wi AE 111 7a-sgRNA 4 v, 1117a BHM: 40 75

it S Jpe S o 15 /N 1] 5 RNA BB T/ B T 4R e PRl Dl e i | 1589

sgRNA" B AL sgRNA™ FEf b i1y LL (51 2 B IG5 2R 10
BHLE 11172 L, sgRNA" BEMA 111 7a 1 R W B h ik . I
FEAE Rore F0 Irf4 40 vh, 2 41 sgRNA™ £ f& F sgRNA™
PRFAEL, IL17a PHEZ0 M A EL 5 (2 A . S5 R0 ] 2 41
sgRNA" #Efh Rore F1 Inf4 JE B IR 4 T 8UML
I 22 S 5 Rl 22 O], 929 ik — 2P gt T R — A4l
sgRNA" £ 5 sgRNA™ ZH vt 1117a PHPEANABEL BRI LLIA, *F
B EAThREALAC B . *ARAETL S5 I LU IE AT GE T 50 B
(& 4), R %, 5NCHAMEL, H17a, Rorc F0 Irf4 41
FLIE PR, DA &R, % R 50 rT LA EhidE
FrE DR s

A B C
Ly 304|107 45 ! 33 .34
101] | i’ i 104 I 4
10 IS wi e : =l
i ] 10°4 1 4 | 14
107 0] - i | € 1.2 ==
e - r 104 16 4 e
10 10 ] g 1Ok
—— . . . T — 1 . = 08F
| L TR T 1 T ol S 1 S T S 1 ol il [ 0° 00 10 00 10 10T 10 1P 1D 0P 1P B =
| E o6 ; _ @
) 73| 18] 108 ] Z 04t = d —
T ] 10¢ g - 1] 10 10,1 r:.'l [ "|
1o piy* 4 2l -
] i Rorg | 1% 1079 ] -
B iy 8 1 5 '
1117a |u] 10 g o ‘x_‘f‘ o _I.'-'.'" ]
| - & & & §
=10 - 10 = i o = o
=™ e 1% <& A¥ LR i<
Sl B 7% e =w) . Jwel & ¥ ¥
L L G L L L e L L Tt Y T A T T T A T T
IFMy - [FMy -

Note: A. NC-sgRNA and /L174-sgRNA group; the proportion of IL17A in sgRNA" and sgRNA groups. B. Rorc-sgRNA and rf4-sgRNA group; the proportion of IL17A in
sgRNA" and sgRNA™ groups. C. Statistical results after data standardization, obtained by calculating the ratio of the sgRNA" population IL17A ratio to the sgRNA" population
IL17A ratio in the sgRNA of the same gene. “ P = 0.001, compared with the NC-sgRNA group.

4 /MR Th17 dRRE P EERRR
Fig 4 Gene knockout in mouse Th17 cells

2.5 TTE1 S5 f5 1117a {3 %% DNA %¢75

Jy Tt — B UG 1117a & K 41 DNA & 15 % 1E 5878,
LU PR B g S A IR AL K 4 DNA,  £E 111 7a-sgRNA # [
L8 LT, XU o i i PCR &0, #E17/a%k TTEL &
%o BERCHIKEE R BN, £ NC-sgRNA d i, Faliseieg
Y% HEVE]; TAE 111 7a-sgRNA 41 rf, 45w b %0 5% 29 380
bp 1 180 bp HY 2 /> 554i7, FF& 1117a-sgRNA L[] 545 Tii
Wi, 25 RFW], NC-sgRNA 4] 1117a F K A& % 3 H 2t
ifii 1117a-sgRNA 41 IL17A {7 /5 DNA & A= 2845, 1117a $£ A
ek (& 5), @ik R4 DNA 5848, iE—25 R
T RGN,

http://xuebao.shsmu.edu.cn

MC-sgRNA I Fa-sgRMNA

| 2 3 4

730 byy—

500 bp Uncut (566 bp;
TTE] cleavage

product

250 bp

Note: 1 and 2 are the NC-sgRNA electrophoresis results, and the band is complete;
3 and 4 are the //17a-sgRNA electrophoresis results, the band is cut, and the size of
which meets the expected mutation.

5 T7E1 SLLRHeM) //717a i1 2 DNA =%

Fig 5 Detecting DNA mutations of 7//7a locus by T7E1
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3 idig

Whs CDA T 4IEEAFE A TR, Sotbk
ARAIZENEEE, 4 Thl, Th2, Th17 f1 Treg"', {HR[A
SRR T R & R R B A ERIIER, 40 Th7
AN AR S R DL RE T R E A,
Treg 4 T= BE4EFEHLIAR F i RS NI I B B fe i &
M BB, BT T AiiEs fRIEEE, A BT S Ar R
B G R K FRPLEL,

ULk, IRZFHARAT T 415> fLAIRFZE, Chen
a9 e vy FE T RNA THUR N6 R %, LA &
bk EEL 200 B 4 O TGS e 3 (LCMIV) Je e ofR 25 F S i)
Py 3 CD4 Fi1 CD8 T 41 a4 1t 1% 1 4% 4r F-. CRISPR/
Cas9 JE R G A (0 S J8 {75 4 2 K B RE 075 8 1k vl
fiE. Shalem 2 "™ Hr 37 T 4y J IR 4L 0% o 5 M A 25 b oRg 4
fa kg ) HE PR, Parnas % " 0% 5 2 A A 4 PR 4
sgRNA SCHEEFN Cas9 #45 R/INUEAT T &5 I ik,

[1] Horvath P, Barrangou R. CRISPR/Cas, the immune system of bacteria and
archaealJ]. Science, 2010, 327(5962): 167-170.

[2] Jinek M, Chylinski K, Fonfara I, et al. A programmable dual-RNA-guided DNA
endonuclease in adaptive bacterial immunity[J]. Science, 2012, 337(6096): 816-
821.

[3] Garneau JE, Dupuis ME, Villion M, et al. The CRISPR/Cas bacterial immune
system cleaves bacteriophage and plasmid DNA[J]. Nature, 2010, 468(7320):
67-71.

[4] Ran FA, Hsu PD, Lin CY, et al. Double nicking by RNA-guided CRISPR Cas9
for enhanced genome editing specificity[J]. Cell, 2013, 154(6): 1380-1389.

[5] Hwang WY, Fu YF, Reyon D, et al. Efficient genome editing in zebrafish using
a CRISPR-Cas system[J]. Nat Biotechnol, 2013, 31(3): 227-229.

[6] Jinek M, East A, Cheng A et al. RNA-programmed genome editing in human
cells[J]. Elife, 2013, 2 (6121): €00471.

[7] Luckheeram RV, Zhou R, Verma AD, et al. CD4'T cells: differentiation and
functions[J]. Clin Dev Immunol, 2012, 2012: 1-12.

[8] Ouyang WJ, Kolls JK, Zheng Y. The biological functions of T helper 17 cell
effector cytokines in inflammation[J]. Immunity, 2008, 28(4): 454-467.

[9] Sharma A, Rudra D. Emerging functions of regulatory T cells in tissue
homeostasis[J]. Front Immunol, 2018, 9: 883.

@’\/ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

2020, 40 (12)

TR TR 2 IR 20 ML A 52 3 4 T s 22 0 R A iR S A
B+ -a (TNF-a) BJJA$E . (Hag, HT Cas9 HE 5
TRK, RAERERERAE, BRE] T CRISPR/Cas9 {£
AN AR R HZ . R, SEIRAEE T Cas9 %
RN, HFRSEHy E I sgRNA 15 35 204 B v] 78
AN T AR A b AT 2R R Eh RERF IE . L 4Rk, 18N aE Bilk
1 T e A 3 15 £ 56 N 41 DNA fasEidi %, iz A
FsgRNA X R G, (HR, 185 &g /MR T 41
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