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Abstract

AIM: To construct lentiviral vectors to silence
the expression of the FOXQ1 gene in colorectal
cancer cell line DLD-1.

METHODS: According to the FOXQ1 gene se-
quence, three pairs of shRNAs were designed
and synthesized, and then ligated to the lentivi-
ral PLKO.1 vector. After the resulting plasmids
were transfected into STB13 competent cells and
cultured on ampicillin resistant culture plates,
single colonies were picked to prepare plasmid
DNA. The plasmids were identified by enzyme
digestion and DNA sequencing. The identified
plasmids and auxiliary packaging plasmids
including pRSV-rev, pMDIg-pRRE, pCMV-
VSV-G were jointly infected into 293-T cells by
the calcium phosphate transfection method, and
the lentivirus supernatants were obtained and
used for infecting DLD-1 cells. After selection
with puromycin, the FOXQ1-silenced cells were
obtained. The efficiency of gene knockdown was
then determined by real-time PCR and Western
blot.

RESULTS: Enzyme digestion and DNA se-
quencing results showed that the shRNAs were
successfully inserted into the PLKO.1 vector. Re-
combinant plasmids were transfected into 293-T
cells and high-titer lentiviruses were formed.
The lentiviruses was transduced into DLD-1
cells. FOXQ1-silenced cells were obtained after
selection. Real-time PCR data and Western blot
showed that the highest inhibitory efficiency for
FOXQ1 expression was approximately 90.4%.

CONCLUSION: FOXQ1-silenced cells have
been successfully obtained by constructing a
lentivirus interference system, which provide an
experimental foundation for further study of the
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function of the FOXQ1 gene in tumorigenesis.
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BHE: MEFOXQI%E AshRNA % & T2
%, WHEFOXQIA R £ KM% 4 ZDLD-1
WAy KA.

Fik: B FOXQIA R 53], &it4 M3
sFShRNAF 57, 1B K G % 48 3] H AR Rk
PLKO.l-puro, 4R #HL ZSTBI3 A%
AP, RBIERIER &, EA G D RE,
BB R BRI AR AR R A
ERRE, BRESL B @K A ApRSV-rev.
pMDIg-pRREF=pCM V-V SV-G#| Jf 5 i 45 %
HAEF293-Tom e, K Jma Lk, B3 B ey tm
FADLD-1, "2 %% it FOXQI R EK ta e, 2
3 % & FPCRAE Western blot# | F A E.

Z8: By R 4R 2 ~shRNAR I IEAN
BFAPLKO.1-puro™, H454293-T 2 fe .2
FRBOR A LE, REDLDI e, %ghFEE
ih ik BFOXQI R M, %2 FPCRA
Western blot’s & FOXQ/ % B & ik & & 34 &
#490.4%.

it @t MEFOXQI A BWshRNAR & T
KA, A FBFOXQIL R e, HJs
BFOXQI I W FE It 7 & 2 K g BRI 5T 5%
A omh.
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1.1 A 1890 2 R IA 84 FUR PLK O. 1-puro, 11
ek fy ki pRSV-rev. pMDIg-pRRE, K
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b o [ R 2% B B B B 0t ST 15 shRNAHH
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IR FE5(5'—3)

siRNA-A CTCCATCAAACGTGCCTTA
siRNA-B GCTATTGACCGATGCTTCA
siRNA-C CTTGAAAGCAAGTGTGATT

7], GoScontrolipt™ Reverse Transcontroliption
Systemi 7fll &4 [ Promega/A 7], SYBR Premix
Ex Taq I & Takara’a 7]; R¥1 AFOXQIHifAFN
BBt N B-actinf i /A4 [1 Abcam /A 7] ; HRP-Goat
Anti-Mouse IgG(H+L)*5HRP-Goat Anti-Rabbit
IgG(H+L)¥4 B Proteintech’a ] ; Tween-204
H Amresco; Hi/KEPVDF#: EIEI [ Millipore
ANFE] AR AR A SEIs LA ] AR AR
W B PR RE S I8 . SDS-PAGEE
JB e R & A SD S Hr 1 ERESE i i ey 1
DA R TR A W], BCAK A &Ik
&I B 25 = RAEVEARN T SuperSignal
West Pico HRPAL2E KOG IRYIN H 5% [E Pierce
w); TG A Markerl¥ H ThermoA 7 ; 6FL41
B IR K10 em 41 f % 77 ML I BD falcon /A il ;
I3 B HEIE B0V I E Millipore A w1l B IR B
A% M Western blotit iR 44 BT A 2% >4 Chemi-
doc XRSAZERIGIAZR 40, RNAKFE & F H
{X#% HNanoDrop; SEH & #PCRY MK Z K
LightCycler 480; JiJ¥ i Fifg Az T A4 TR B
ACIFTHSS

1.2 7

1.2.1 #%#t4 mshRNA: H#EFOXQI I mRNA4:
JP5, 3 BIsiRNABEJTH(K1), wilh& sk
shRNA IR 5155, tffiage I BEVIAL A, 19 nt
EZATR T A, EH45(CTCGAQG), 741 b
N1, RNA ployllIER & B 5% 2618 mi(TTTTT),
EcoR 1 BN A5, L34 THF 51, drda i
shRNA-A. shRNA-BRIshRNA-C(#2). shRNA
JEH LA T A TR IR )

1.2.2 %4 MRRT-PCR3| 4: WRIEFOXQI
(12 Ky g e vk 514, EliESI I FOXQL-F:
5-GGCAACGGGCTACAGCTTTA-3', il
YFOXQI1-R: 5-GGCACCCCACATACATAAT-
CAA-3. GAPDHYE WS, J¥Hh: Lk
5% GAPDH-F: 5-TGACTTCAACAGCGA-
CACCCA-3", Fi#51%GAPDH-R: 5'-CACCCT-
GTTGCTGTAGCCAAA-3'. 519 Eugd T4
V) LR B A A k.
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SERZAT IR € A, 1B RS T NEEIshRNA,
AR FURIPLKO. 1-puroZ: [R 1 W YA ge T A1
EcoR 1 MgV Ja, ik, VI, FT4 DNA
ligaselfshRNA 54 i PLKO. 1-puroid 4%,
JERE A JRRPLKO.1-FOXQ1-shRNA-A

PLKO.1-FOXQ1-shRNA-BHIPLKO.1-FOXQ!-
shRNA-C, ##5 B 2 ki b 22 /%52 A STB13
H, gy R AT T2 R R R BUEL B AR,
37 CHiF714 h, P EEPLKO.1-FOX QI -
shRNA-A. PLKO.I-FOXQI1-shRNA-BAI
PLKO.1-FOXQ1-shRNA-C, £F4151, #%1#12 h,
AN TORL, 1% IR T RRABkE— AT
IR E AL TORL, F 2 9 25 38 R0 A B X
Jookr, MR, BREITENVIBEECOR T FNco 1 i
P e,

1.2.4 2mAe e SM3X10°0293-T41
T 10 cm’ 57714, FIDMEMSE 4 ks 77 34,
5%CO,. 37 CHHEFE, £724 hig g3 e K
4250%-70% I e G, ) F Wl I £ e e s A
JitFiPLKO.1-FOXQ1-shRN A 5 % By £, 35 Ji ki
pRSV-rev. pMDIg-pRREFIpCMV-VSV-GLI8 g
D4 g4 pg 4 pgdtEYL293-TAI MY, 446 h
Jio S AR i B IR, B A48 h A il R B
FIEERFRI, 0.45 pm 1o R RE R 2 R R R
OVE, SRIFIRYE A B85 VShRNA-A. VshRNA-B
MIVShRNA-C, VAH A 77028 A B siRN A-
FOXQUFFI i #4144 VshRN A-control,
VU ZH e 46 95 B W53 24 J R A7 T--80 "CORAF ER EL
T IEEDLD 141 .

1.2.5 B#&DLDI1@mA: 4y AP SZK 4.
(1)VshRNA-A; (2)VshRNA-B; (3)VshRNA-C;
(4)VshRNA-mix, 55 VU2 BIFT =410 #5441 -
1 VRA, FFRN B — AR 4]: VshRNA-
control. #ADLDIZIML T-64LHK, L3 X 10°4
M, 164058 R FRMS%CO, 37 CHHAH
7%, 24 hJ5 402 B K 4250%-70%, 45T 5
FEWL, IMANIRAGTR BEA, BEA3FL, W #4424 h
JE FH10 pg/mL I e 53 3% 0 e 40 i, ) BN 34
BF R ZH A s 2 AN INMEne 75 2%, FLalif ) DLD 14
Jf), BIPEIZGA AR EE NS pg/mLIE I 77 3,
T2 YIPEg0 st T 5 o), 77iE3-5 d, &2 d
SRR IR, AR I RZE I DshRNA-A.

DshRNA-B. DshRNA-C. DshRNA-mixA/l
DshRNA-control.

1.2.6 RT-PCR¥EMFOX Q1A A A0t & 4 2
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2R Age 1 NS Loop I53%::3 BIFF  EoR]
shBRNA-A 5'-CCGG CTCCATCAAACGTGCCTTA CTCGAG TAAGGCACGTTTGATGGAG TTTTT G-3'
3'- GAGGTAGTTTGCACGGAAT GAGCTC ATTCCGTGCAAACTACCTC AAAAA CTTAA-5'
shBRNA-B 5'-CCGG GCTATTGACCGATGCTTCA CTCGAG TGAAGCATCGGTCAATAGC TTTTT G-3'
3'- CGATAACTGGCTACGAAGT GAGCTC ACTTCGTAGCCAGTTATCG AAAAA CTTAA-5'
shRNA-C 5'-CCGGT CTTGAAAGCAAGTGTGATT CTCGAG AATCACACTTGCTTTCAAG TTTTT G-3'
3'-AA GAACTTTCGTTCACACTAA GAGCTC TTAGTGTGAACGAAAGTTC AAAAA CTTAA-5'
Ao bp 1 2 3 5 6 7 8 bp

b

WVWM MH Il f\ M\ﬂ’f/\ | J\ »MM\\ Wl

il /f\ bl (\ i xf\ i

B 1 SELABKIPLKO.1-FOXQ1-shRNATIRELEER. A: PLKO.1-
FOXQ1-shRNA—-A; B: PLKO.1-FOXQ1-shRNA-B; C:
PLKO.1-FOXQ1—shRNA-C.

DLDI4I G A8  2572 his, 35 280597, H
Biozol Reagentid fflZ&fi# L ESHR40 e FIDLD1
S, SR RNA, B2 ng RNAZ Promega
T A SRR U S SR A e DN AZE — 4, T2 L
cDNAYE MR, FIFHISYBR Green SEi 5
PCRY XY HFOXQIEE N, WAEIOLME
2SS M FOX QI HE IR 78 55 4L 41 i H (A 6
Kk
1.2.7 Western blot5#FOXQ1% & /ii: DLDI14
L Getg i #4596 him, ¢ LR IR, S0 %
FAPBSUELIK, MIAN150 pL40 o 24, JF bk
Vo R 11 440 0 ) 2 L JECRE, 4 °C R 4R 2R 24A% 30
min, WEFEAE1.5 mLE.OEH, 12000 r/min
2015 min, WIS, FHBCAVLEHK
FEE R MR ) G AT B 1 S, NSRRI
EREGE S min, LAEEFL20 gt iR A
H1T10%SDS-PAGEHLIK, ¥4 8 ¥ 2 PVDF
JE -, S%JB R Wk B AL hs, 43 B INAFOX Q1
FiB-actin—PiRIR4 CHFH LI, TBSTH YL
3-5UCU5, 43 i ABOR G S A0 0 b ad ) L 2T
fl1g G-HR P S B S8 A W0l b i 19 L1 =E 40 4
IgG-HRP ) —$i, AR H 1 h, KTBSTIVE
J530 min, K [HI¥H IISuperSignal West Pico HRP
122 R, T Chemidoc XRSIL2A K 4
EEl SinTs -

Gt AL S pT A3 A R Himean+SD
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B 2 SHFEKNSB
PLKO.1-FOXQ1-shRNA—-A; 3: PLKO.1-FOXQ1-shR—

X MEGENEFEEBIR. 1: DL2000; 2:

NA-AWEGFY]; 4: PLKO.1-FOXQ1-shRNA-B; 5: PLKO.1—
FOXQ1—shRNA-BXiE]; 6: PLKO.1-FOXQ1—shRNA-C;
7: PLKO.1-FOXQ1—shRNA—-CHEGT]; 8: DL5000.

TR, U2 LR T R 2R T 2 Ay A
(ANOVA)EAT 4[] 2 53 Wl & A 3, LAP<0.05
W R G S

2 R

2.1 £/ #PLKO.1-FOXQI-shRNAM| 5% 7
BIESAFEARZL 2 Rl TAY TRA IR
28 F) I, RS AR AR AT AN I shRN AJE
M AERE N, K713 2456 AL SR T A S
AT shRN AT HE, 45 3 B oR 34 S22
PLKO.1-FOXQI1-shRNA-A, PLKO.1-FOXQI-
shRNA-B, PLKO.1-FOXQ1-shRNA-CHER % 4
w275, 3/5, 2/5(F 1), XEshRN A EFEfffdi A
T8 BB AR .

2.2 FLA#PLKO.1-FOXQI-shRNA ¥, 7k 4]
B Bl S K W IR A R 3AN TEALS 0 R R
IR L N BEEE R, 2k, 1T IL—>5000 bp
4%, S5 HH7000 bpAHFF, LEcoR 1 FiNco
I XX@E:JE)JF A LK /N2 9500012000 bp )P
gy, ¥ 5 TUWARRR(E2).

2.3 RT-PCREMFOXQI L RARXT KL & 457
R, FHFOXQIHENShRNATE ) 73/ DLD1
MM, FOXQIREN IIL B A (KIS, 5

A LB R AT
#FOXQIE 5% %
FkHARKR KR
W FEFOXQI AR
W Mm%, RT-
PCR Z Western
blotiE 5 FOXQI
mRNAZ & & &
X M & ke &
DLD-1% # %k
2 E AR
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1.20
ig 1.00
0.80

0.60

0.40

FOXQ1 mRNAFHA 7

0.20

-1

B 3 RT-PCRIGIFOXQEEEMRNAFERIRIASE. 1: DshRNA—
control; 2: DshRINA—A; 3: DshRINA-B; 4: DshRNA—-C; 5:
DshRNA-mix. "P<0.01.

0.00
1 2 3

DshRNA-controlZH 41 ffiiAH L, DshRNA-A.
DshRNA-B. DshRNA-CHIDshRNA-mixZ] 4
JIF O X QA2 43 21 7139.7%(P<0.01),
59.6%(P<0.01), 90.4%(P<0.01), 70.5%(P<0.01).
A WshRNA-CT# F BEWFOX Q1 3L DK R ik il
RO B R B S U S b T (R 1 R A A
ShRNAT-4 v BeReA R HlFOX Q1 FERTE KW
FEd e RDLD1H R IL, Jf HshRNA-CHH
BONFOXQ1HE N R IB AN 5k i 2%

2.4 Western blot5 #FOXQ1 & & T 8 R ToR, 5
DshRNA-control41 41 fuAfl L., #-HFOX Q1A
shRNATEJH 5/ DLD 141 s, FOXQ1%& [ £ ik
BIFAR(E4), HohshRNA-C T BEATFOXQI
B IR I R e o B R U S5
T 1895 2 35 shRN AT 48 1 BERE A7 243 61
FOX QIR FH 1 A K i 4 s RDLD1
FOXQ1 8 AR,

3L

45 H ¥ (colorectal cancer, CRC) /& FH &
Rt 1 = KR 2 —, F B LA4. 2% )
FERGK, 2% 1 [ PR 3 K KPP AFOX Q1
FERE AL T AR 65 G o R 7 15 25.3 X (6p25.3),
2K2319 bp, (NF 1ML T, Hhh403 425
R Th e nT ARR e &5 A BESE IR ) 3 7 X
(11G CELAEAL L IO AT, 4 1 35k DRI S i P i A 4
AR, ITAERTSTIESEFOX Q1 mRNAZE K
Jigs R ARk, FIRTFOX QI Ry A fE 3 o
K Wi Fop 980 40 H 1 2 A A i . BT 1 i 3
W E M, FOXQ1 mRNAFIE [ i (1) R iE/KF
W 5 K I 9 — KW M o 3K — g B R 5 20 T
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Practin — ————

4 Western blotfMFOXQIEREZBBXRILE. 1:
DshRNA—control; 2: DshRNA—A; 3: DshRNA-B; 4: DshR—
NA-C; 5: DshRINA—mix.

1, AR FOX Q1 IR E K o e g Ax ik o,
TEALHE R B A KR 52 A (epithelial growth fac-
tor receptor, EGFR){5 5 1l B AE N I A 215 5 1l
B R A A A B R FOX Q1 3
DRIAE K Wi 2B R R v ) Tl e, AR SOl i by
FOXQI5:FIshRN AT 75 F L 800k, JIBR A
FEAMMIDLD1 T FOXQIFE R Rk, AT Fse i
FOXQIIEHYUBRANM, K F— D TF A Py bk
0 B S A,

RNAFAR A R I A, AR
FRE A EH RN EETFR L —, TEAKKE
I RE . 1555 T RISE R 2 Wrva 7 wIF 9 7 T
7 R IR St 88 15 A DR L I Qe % i,
AT DL G 43 S 3 Al it A0 Al 2 S A B, e X
NN, TEEAIRE ), AR R BUECR, HIN
FEDR 5 R R AR, S H SRR R K
I F) 2 IE SR A, BA i R T BB IE 5 R R VA
7T T B DL HT V-1 AR & 1185
B AR H 28 20 R B o AL . A AR 4y
AR T SOREE A BT TR BN AR A,
) B A 53 B 3R 1 2 se B A AL B
ARSI H BIFE R A 1o 5 G i = AR
BERURLFT 2 5 R 2R 1 R 5 R BE ™, A SCHIVS V-G
AR HT V-1 60 5 A5 75 S S 41 i 5 ) 448,
VU sk 3L e 293 TN i, PI R4S i . e Jak
e SN BER B e A B A", shRNA
e P AN R ) TSI IRN AR, Al n]
DA vet [ 31 1k A4 I R IA B IsiRN A DN A %>
T RIS T M 2 I shRN AR AA, AT DLZE
G 5 B4 B 7 IR G A1 M I FE R A, R AT K JR]
WA ERIE, RAER. BoE. B rhon sy
5 [17,18]

KL E W FOX QIR Wit T3 B
shRNA, 1875 54 i shRN A YL N K
AMIDLDI, K H 5 D8 5 30 40 i 1) ik
b, mR. RoE . FREEe EsiRN AR
A HFOX QI M RIE., AT B A2
X FOX QIR AN R s v vk 1), TS RT-
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PCR K Western blothiMIFOXQIHENTHAR, 8 0T HAAE S2LD. IR Bk LAERNA T - WA sz iy
SRR SRR, T2l SisiT it ; 5 LR — T A
ShRNA-CHUMHIAE I 5, 7400.4%, Iyt Lo NSRS FRIGHITS 20155 % S A=
SRR RFOXQI RS HGMIg KK E 9 Mok, skBde, RRA, 2900, BOF, Bk, 575,
o o IR S CHBIX 20 0848 T ML IR i ALBE T AT
TR FIBLRIBEE T R 4T A S 6 KL i el 2012 21: 1112
10 Katoh M, Katoh M. Human FOX gene family
4 2@ (Review). Int | Oncol 2004; 25: 1495-1500 [PMID:
R i s 15492844]
1 ?E%#Ek ﬁ@ SCKHKE (Fox) e T IR EE R 52D 11  Bieller A, Pasche B, Frank S, Glaser B, Kunz J, Witt
HE' Hedin Rl 2006; 15: 491-49% . K, Zoll B. Isolation and characterization of the hu-
2 XiaL, Huang W, Tian D, Zhang L, Qi X, Chen Z, man forkhead gene FOXQL. DNA Cell Biol 2001; 20:
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