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W] B BRAK (3 P<<0.05) . Eca-C2 ZH b 17 Fhag 4 Wl 1t MAPK 3 B% A 56 8 1 vh A 9 Fl (AKT . CREB. GSK3b.MKK6.mTOR .
P38.P53.P70S6K A RSK 1) A T 1fil , ezrin 1 5 TR bk J 20 0 Fr) 384 5 A A% A6 0 32 31 0 M (38 P<0.05) . £ ik fE N B
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Ezrin enhancer knockout inhibits the proliferation and migration of human
esophageal carcinoma Eca-109 cells

LEI Yue", YE Qingsong', WEI Jinqgi’, LI Wenna®, MO Zhentao"™, ZHANG Qingfeng'*, GAO Shuying" (1a. Department of Biochemis-
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University, Zhuhai 519041, Guangdong, China; 2. Department of Gastroenterology, the Fifth Affiliated Hospital of Sun Yat-sen Univer-
sity, Zhuhai 519000, Guangdong, China)

[Abstract] Objective: To investigate the effects of ezrin enhancer knockout on ezrin gene expression, cell proliferation and migration
of human esophageal carcinoma Eca-109 cells. Methods: The CRISPR/Cas9 recombinant plasmids targeting upstream/downstream of
human ezrin enhancer were co-transfected into human esophageal carcinoma Eca-109 cells, and the cell line Eca-C2 with ezrin enhanc-
er knockout was screened by purinomycin. Then the expression levels of ezrin mRNA and protein in Eca-C2 cells were detected by Re-
al-time quantitative PCR (qPCR) and Western blotting, respectively; The expression levels of MAPK-pathway-related proteins were de-
tected by protein array technology; and the effects of ezrin enhancer knockout on the proliferation and migration of Eca-C2 cells were
analyzed by WST-1 method and wound-healing assay, respectively. Results: The human esophageal carcinoma cell line Eca-C2 with
stable ezrin enhancer knockout was established successfully. Compared with control cells, the mRNA and protein expressions of ezrin
in Eca-C2 cells were significantly reduced (all P<0.05). Among the 17 detected MAPK pathway related proteins in Eca-C2 cells, 9 pro-
teins (AKT, CREB, GSK3b, MKK6, mTOR, P38, P53, P70S6K and RSK1) were down-regulated, and the cell proliferation and migra-
tion were significantly inhibited (all P<0.05). Conclusion: ezrin enhancer knockout can significantly inhibit the cell proliferation and
migration of human esophageal carcinoma Eca-109 cells.
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Ezrin S H R BRI E A WRE A JEREH (ezrin-
Radixin-Moesin, ERMD R i 2 —, TEZ 5 F
2P0 w2 L 2 A I TR PR B R, B 4 4R A
MBS EY ERLR I 70 SRR S YA
Thfe . 4R 05 R I , ezrin 2 PR 70 6046 £ 5
FEAE N B2 MR AR R R RIA LR, HRB E
R 55 R A AT AR LR ZR AR G . TR BEAE R
e Z WA R R R Il R Gt TR I FE N ez-
rin J DX 2 5 [X_E 35 (1438 55 1 7 51 Cezrin-1 541/-706)
HAH SRR, A B 8 R B e 97 A 3L
FE e N ezrin MY 58 1 AR e S IX 350, ANBE A% GE Y
RNA TR ATHE T o 3T 4F ROR T R 56 3 (1) 1k
e A 1) I 2 1] S0 2 42 R 48 (clustered regularly inter-
spaced short palindromic repeats / CRISPR-associated
protein 9, CRISPR/Cas9) 2 [l 4 4 ARU'A] DLTE 41 g
P H A A BEAT R 18] DB BN, B TG 5 T
DIRetR Mt 17 BT AT 7. AR AT I 9250 O
T — R4 L 1A) ezrin 3G 58 T A FOCHE X I
CRISPR/Cas9 K ik AR, A A 5L 5 T CRISPR/Cas9
B R Bk 13 P 0 A ezrin Y 5RT- , W05 MY 5 T R P
it i Eca-109 41 il ezrin J& R 32 18 AN 40 i $6 58 i
F B0 o

1 RS

1.1 miatk e b 2 XA

N i 2 P Bca-109 1 B HLIE AV A 7], K
JAFT B A2 A5 4T DHS o FAS 5236 5= (R AT

CRISPR/Cas9 41 Jii # pX459-sgRNA-L1.pX459-
sgRNA-L2.pX459-sgRNA-R1 Fl pX459-sgRNA-R2 H
ARSI M, Ho pX459 -sgRNA-L1 Al pX459-
sgRNA-L2 %1k gRNA-L1 Fl gRNA-L2, 53 7§ ] ezrin
W8T (-1 541/-706) _E3# 1) 2 M7 A ezrin-1541/-1522
(CAAACGTGCCACTTAACCAG) Fll ezrin-1673/-1654
(CCAAAGTATGTGTTTTGTGT) ; pX459-sgRNA-R 1
M pX459-sgRNA-R2 £k gRNA-R1 1 gRNA-R2, 7
S ¥ 1] ezrin 3 58 1 N I 19 2 L AT ezrin-723/-704
(TCGGCTTCTCACGGGCTTCC) Fll ezrin - 714/- 695
(CACGGGCTTCCTGGCAGCCC),

Ji6 4F 7% - DMEM #% 37 5& il Opti-MEM 5 77 4k
J) H Gbico 2 W], 5 ki 42 HX A& PCR 44k, [m] ik 71 &
9 H Axygen A &) , # ik 7] Lipofectamine ™ 3000
1 H Invitrogen A &) ,pMD18-T # /& . T4 DNA % #%
M . RNAiso- PrimeScript™ RT reagent Kit with gDNA
Eraser i 7] £ - SYBR® Premix Ex Taq™ I1%¢ )¢ % &
RT-PCR & 77 & « Premix WST-1 2 its 18 5 46 1 1% 751
& BCA B FR I &7 &)W H TaKaRa A #] . 5l

W& AN R B Lifetech 24 @) 5E . $T ezrin B0 &
P& (3C12, mouse Mab MS-661-P) .4 B-actin Hf. 55, %
Pifk (mouse IgG1 isotype, clone AC-15) £ i i 1gG-
HRP (sc-2031) Fl4k 22 % %1778 B Santa Cruz A ],
15 538 % 7 7 9% % Fl AAH-MAPK-1 i 7 & W H
RayBiotech 24 F] . 40 M RIJR & S5 & H B IR 4 1
(Cculture insert) % H ibidi A ] .
1.2 miadsIfe ks bt g

N B Eca-109 4l J 7E 7 10% K3 i 4 1135
) DMEM 5 77 5 i W B AR K, F 0.25% JiR 8% (A i AN
0.02%EDTA W40 , BEAT AR 7% . R A&
20 B Y A B R B 6 FLAR P, Wk H 4l I A R
60%~80% B R A F T4 4%, & CRISPR/Cas9 H 20 Jiii
Fi pX459-sgRNA - L1, pX459 - sgRNA-L2. pX459 -
sgRNA-R1 Al pX459-sgRNA-R2 3 5% 44 & Eca-109
A, 3 Y 2B B 2 B Lipofectamine™ 3000 3% 4Lk 7]
ULEHEEIT . 48 h )5 &R REIRE A S ng/ml 1 ERS
BRI B RE F2  EAT i . 72 h S, B4R IE
W IR AR A K 3 20%~30% YA FE I HEAT 5 2
I , LA A AR RS B 2R R T R 4 e
1.3 ezrin 3§ 3% F 3R 69 R E % m R AR 69 ) 5 55 2

B 10 > B i e B, SR HUE R 2 DNA, LR 1
t [ ¥ 41 F-EZR-L1 #1R-EZR-R1 A 5| ¥)iE4T 55—
PCR, L F-EZR-L2 1 R-EZR-R2 N 5| ¥ i#k 17 8 K
PCR, XN 461 :94°C 1 min;40x(98 °C 10 5,58 °C 15
$,68 °C 90 ) ;68 °C 5 min. K 3R H U PCR =)
FLEEAEAT I, AR I 7 5 530k 9% B v e AT B R A
BE—25 W B R A3 M . 78 L0 PP % 58 1 Rl B
ezrin 34 58 1 1 5 20 M 5 B v e B — AN AT ezrin B
DRI s 4 it B4 5 AT A R oAl o AHH T2, B ez-
rin 34 58 T F SR 40 Bk 44 4 Eca-C2.

#1 PCR3IHF5
Tab. 1 Sequences of primers used for PCR

Primer name Primer sequence(5’'—3")

F-EZR-L1 TCTGGTCTCAACCTTTAG
F-EZR-L2 TTGTAACACACTGATTGC
R-EZR-R1 CAGCGGAGAGAGGCGGAG
R-EZR-R2 CAGGAGGAACACCTAGGAG
F-EZR-RT AGCGCATCACTGAGGCAGAG
R-EZR-RT GCCGCAGCGTCTTGTACTTG
F-GAPDH-RT GCACCGTCAAGGCTGAGAAC
R-GAPDH-RT TGGTGAAGACGCCAGTGGA

1.4 qPCR 45 M) £ % /% Eca-C2 %@ L ezrin mRNA #%
ik
RNAiso ik 7] #& B 41 ig & RNA, Z [ Prime-
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1, 45 . Bzrin 3 558 5 R AT 08 £ Eca-109 213 i M FE AT 72 . 31

Script™ RT reagent Kit with gDNA Eraser 1257 &5 %t i
FiE4T gDNA 1% 5 LA J cDNA [ 4% 5% . qPCR Jx
MR Gk . FEi SYBR® Premix Ex Taq™ %
MW, 7E qPCR X L 4T Three Step with Melt = ¥ ,
PCR % J% 2% 175 94 °C 10 5540% (94 °C 55,56 °C 20
$,72°C 20 8) . Melt X MR HERIAME . NS HREER
%P GAPDH £:[H . R R Gk A3 47 b itk M 28
fige 1 25 ) BF fif mRNA & & 871 . qPCR ft H 514 F-
EZR-RT/R-EZR-RT Al F-GAPDH-RT/R-GAPDH-RT
FFAI R 1.

1.5 Western blotting i # M| & & % Eca-C2 @ 2
ezrin & G 69 & &

SEHUAN B R A, R BCA B (kB I &K 771
EMEEASE. W25 pg 408 & A R 17
12%SDS-PAGE, ¥ £ [ H.#% 2 PVDF i I, 5% it g
WKy &f P 40 min; I $T ezrin(1:500) A1 B-actin Prig
(1:1 000) , % i % & 40 min, PBST (10 mmol/L, pH
7.2~7.4,0.05% tween 20D FE i 2 7K, PBS ¥t 1 1K 5 F i
AT R 3R IgG-HRP (111 000) , = IR 5 & 40
min, PBST ¥E I 2 ¥X , PBS ¥t 1 X ; &% J5 T\ Western
blotting 4,22 KOG, 647 8 B AR 7 B DL AR BE
(ER i
1.6 JR& &% A AN R % it 69 MAPK 13 538 7%
R E G ERA

W B % B AR K 2 % i Eca-109 1 Eca-C2 4
Hi, SR ELAH S B 1, P A BCA B R FE I 23k &
W EasE, BOFED EFEARERE 500
pg/mle AR 8 B PAAF 218 AAH-MAPK-1
BBV AT . R SRR F S p R A
F B T ImageQuant LAS4000 1k 2% & 6 % 43 #r 2 8¢
W, RS EOR B O R SR AR B T AR
PEIR BB , R AAH-MAPK-1 [ 55035 23 b 4K 14 13k
ITEAR T
1.7 Kzt vg fok 23 (WST-1) %460 & % 7% Eca-C2
i 69 35 58 Re. /)

P A0 TR K 41 i 5 5 <1044 /ml (1) B
J& Eca-109 Al Eca-C2 40 il , 43 % #% Ff 2 96 FL AR
(100 w/AL) , FRLH S50 BE1E 4 N FATFL, 7537 °C 5%
COBE M E 72 he HLIAIEERS 12 h [ BEFLIIA 10
wl 1 Premix WST-1 87 , 4k 2285 7% 4 h, 38 i B bR X
1 440 nm P A Kb S HUOE % B (D) E , LA H] () A #
ABKR , LA DAB A bR hl A i 3 i it 2 . SRt =
23
1.8 e R A& R IAR M R R m I 6y i A5 AR

W X B A K A B4 9 Eca-109 il Eca-C2 41 i 43
W EE 2 RIJR A A SR & A 55 7746 14 Culture-Insert

4 Well (7x10°AN/4L) 1, B 37 °C 5% CO, 41 il 15 75 48
HRE IR, R M 5E 42 U BE L35 S 4RI, B8 g A\ T
AT B A B T B, B8 4 55 % BE Ak 4 35 3%, 43 i T 0,
24,48 F172 h 78 B e 2% B (x100) W %2 41 i 1)
IR . ] Image T30 & 4 M s RIIR
P PE L T HIIRE AR, MIREAEER(%)=[0h%IRE
T J5E — A6 I B 1) 1R 58 FED/0 h R 58 FE Ix 100%.
SEEE 3 IR
19 %itzeae

. F GraphPad Prism 7.0 # {4, 71 & 558l DL v+
o, AL TR e Lh AR H ek 3 . DA P<0.05 BY P<
0.01 RI/R % RAH ST 5 Lo

2 &5 R

21 MIAMERARZHR ezrin ¥R TR EE ML
# Eca-C2

4 CRISPR/Cas9 3 ik # {& pX459-sgRNA-L1.
pX459-sgRNA - L2, pX459-sgRNA-R1 Fl pX459-
sgRNA-R2 L4 Yo & & J Eca-109 41l , L VEM 75 5K
75 16 15 3] B4 41 Mo 57 % Eca- C2, Eca-C2 4 i 3 (X 41
DNA PCR Y™ /=¥ vk &5 R WL 1A, PCR 51911
T ezrin B 5811 bR TRTE IR R AR ezrin
9T A5G By 2979 1300 bp A1450 bp. A
1A 7R, Eca-C2 L [K 41 DNA 7 14 45 B 5 Pl it mi B
ezrin 35 TP 45 R —F . 2B X PCR Y G/~
W3R AT Y0 58 B W 7 3 AT » Eca-C2 [R50 2000 e 45 SR L
Kl 1B, SEZHEA REZHE N 73 7] 9 gRNA-L2 Hl gRNA-
R2 $EAL U 5 R AF 347« Eca-C2 5 Eca-109 4l
()7 31 BT 53 4 DL P 1C, [ A ST 2R E N i 2R AE Y 43
A gRNA-L2 F1 gRNA-R2 $E47 25 FF 51 . 5 Eca-109
41 Mg #H L, Eca-C2 6 2k 958 bp, £ T CRISPR/Cas9
FIEBARM £ gRNA-L2 FI T i gRNA-R2 #EAT 4
Z a6 By Bl ezrin ZE K- 1 670/-698 , £17 ezrin 1
BEF-1741/-706 75 B ULAT UL, #% YL B ] ezrin 3
57 _F R i# ) CRISPR/Cas9 541 5 ki , 78 7 52 437 55
Sob £ 5 98 4 B ik X 4 DNA #E4T 19101, 23N ezrin
$48 8 T PR I ] R4 3IE 92 Eca-C2 ARG ezrin 3 58 1
BB T A bk
22 ezrin¥3&F A% T AR E R Eca-C2 40 il ¥ ez-
rin mRNA =& § 89 & £

qPCR 6 45 5 (B 2A) S8R, Rl 6 ezrin 34 98 1
1 & 98 Eca-C2 41 i 1 ezrin mRNA KA /K F 2%
% T o mili B ) B 4H (.=4.708 , P<0.05) . Western blot-
ting F I &5 5 (K 2B) 7R ezrin B 3 T iR e, B
Jeg 20 L ezrin £ 1 RIA KK T X R ZH (=15 .46,
P<0.05) . AL, ezrin 50 TR bk NS E 8
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Eca-C2 4 i # ezrin mRNA F4E [ EK LK F .
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A: The agarose gel electrophoresis photograph of PCR amplification product; B: The sequencing profile of Eca-C2 subclone;

C: Sequence alignment between Eca-109 and Eca-C2 cells
1 BE & Eca-C2 B ezrin IR FRIRRIL E

Fig. 1 Identification of esophageal carcinoma cell line Eca-C2 with ezrin enhancer knockout
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£
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0
Eca-109  Eca-C2
"P<<0.05 vs Eca-109 cells
2 Ezrin 332 FRIFRAT R EE Eca-C2 4HA
ezrin mRNA(A)F1ZE B (B) FRIAKIFZ0
Fig.2 Effects of ezrin enhancer knockout on expression of

ezrin mRNA (A) and protein (B) in esophageal carcinoma cells

2.3 ezrin 3§ 5% T 34 xR E A& Eca-C2 4w iz MAPK
FFil&ansTRENR

AR G b R (B 3) BoR, 7E ezrin
BB T R B P Eca-C2 2 i b %54 T 1 i) MAPK
I AR G B (1 E B AT 9 fh : AKT (P-S473) .CREB (P-
S133) . GSK3b (P-S9) . MKK6 (P-S207) . mTOR (P-
S2448) .P38(P-T180/Y182) .P53(P-S15) .P70S6K (P-
T421/S424) F1RSK 1 (P-S380) ; F& ik /KI5 1 & % 5
145 8 # : ERK1/2.GSK3a(P-S21) HSP27(P-S82) .
JNK (P-T183) .MEK (P-S217/221) \MKK3 (P-S189) .
MSK2 (P-S360) fl RSK2 (P-S386) . 45 % % B, ezrin
4 58 1 PR HE % R I B Eca-C2 4l - MAPK
TEEEAH ORI 9 Bl R H 43 TR IK .
24 ezrin ¥4 5% F A& M H) R E R Eca-C2 M IR 693874

WST-1 VLA 45 3R (B 4) BoR , fiFk ezrin 39558 1
') Eca-C2 2 Jio 1) 14 58 3 28 76 41 i 1% 77 24.36.48.60

172 bR 3 5 S T 0 I 4H (¢=8.818,9.198, 11.49,
10.58,10.09; %) P<0.05) . &5 % 8, ezrin 3 58 1 i
I 1 1) 2 75 0 L 1 4 5
2.5 ezrin 3§ 3% F AR ) R E A Eca-C2 fm e 69 1L 45

A B R A S IR A 45 R (] 5) B, 24,48
F172 h i}, G Bk ezrin 34 58 7 1) Eca-C2 40 iR (1 1L/ %
B 2 A% T %t I8 41 Eca- 109 40 Ji (/=3.562, 8.184,
10.800; 3 P<0.05). #5530, ezrin B4 50 -5 5 vl 40
H B9 Eca-C2 ZH PR THS .
3 3 it

ezrin 5 [R 7 22 Fh iR 41 B b s 3Rk, R RNA
TR T EN, EHAE T 22 B 0 % 5% 72 ) mRNA,
REMS BT 1 1 ezrin B[Rk . SR, %5 T Mogd 11 A=
YINRTT » B AT 2K i A 4R 3 P 2 () B0 A, AR A
AR E IR R RIA . B 5RO BE DR Rk A B sk
VPR, B b, BRI 5 v P R B 1 5 7 T
DUR R B R Rk o 7E T HA B ezrin 9 581 7 41 1Y)
fitth 01, A8} 9% 2K ) CRISPR/Cas9 & K| 4 350 A, it
Bk £ & 68 21 B R ezrin 3 55 1, A L X ezrin JE R R
KI5 . CRISPR/Cas9 £ 4t £ % 41 1 1 B 7 5K
1O, B 5 1] RNA (guide RNA, gRNA) F- & HF 7€ 1
DNA 751, 88 J5 I FH Cas9 #% 1R N DI X} #E DNA 3ET
DIE, 38 BOOCEE W2, 75 20 Ml 1 BB A AE B AL T, S
Pl DNA 2k 58480, H #if , CRISPR/Cas9 Hi A 21
12 N R RE I R A S R R AR g A A
T BT 5T A (KAL) < 9 75 b JRa 200 PR A A A o
(12 LRI RE VR T 2609, R T B i 2 TR R R R, AR
W 74t 5 ezrin 3G 38 ¥ /5 1, fE L BRSO 2 A4

are
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M, 55 . Bzrin 39558 ¥ mi 5 AT 05N £ B Eca-109 41 f 1O G5 AL 74 .33

SBAT B, LR YL 4 4> CRISPR/Cas9 % ik #i Ak, H# ik
7= gRNA 73 Al #E 7] ezrin 38 55 1 LI 0 2 ANBEAL 4

BN ezrin 34 5 - (1) £ 8 Je 41 i Wk Eca-C2, 5842 41 g
Hir ezrin 2[R9 mRNA Rl [ 35K W1 RAE TR

AUR P 2NN A AT T, RAPAIIEEML PR ezrin 3G 58 7~ H 40 L FK Eca-109.
A
[ ) e ® «» o« S0 « ® « o
® e e ® « o« S0 - ® « @
® - e =+ e o . ® = L I Y
* - - e o o - - e = - »
® e = =» o ® @ . ‘
® e » = - ® =+ . .
Eca-109 Eca-C2
B
a b c d e f g h
: AKT CREB S GSK3
|~ | (P-T202/Y204) a
) POS POS NEG NEG | ps473)| (@-5133) ERK2 (P-S21)
- (P-Y185/Y187)
i GSK3b HSP27 INK MEK MKK3 | MKK6 MSK2 mTOR
1 (P-S9) (P-s82) | (P-T183) | (P-S217/221)| (P-S189)| (P-S207) (-5360) | (P-S2448)
5 P38 P53 P70SK6 RSK1 RSK2
"6 | (P-T180/Y182)| (P-S15) | (P-T421/5424)| (P-S380) | (P-S386) NEG NEG T
Each antibody is spotted in duplicate vertically
POS = Positive control spot: NEG = Negative control spot
C 14 000
12 000 M Eca-109

2
Z 10000
Q
S 8000
o
£ 6000
A~

2000

0O Eca-C2

c,o&@ﬂa'\}fa.,;o,{‘\i-‘_\'sbwé%%g‘)w\
& & O{_o & o%x, o & NG \&\*3'\‘\{5'&—}' Pl S “é’ <{? «{5’
MAPK pathway proteins

"P<0.05, "P<0.01 vs Eca-109 group
A: Array membrane scanning pattern; B: Array map; C: Pixel density analysis of MAPK pathway protein expression
3 ezrin 58 FRIPRIT B E 2 Eca-C2 40l MAPK i@ I 5 B FRIE RIS

Fig.3 Effects of ezrin enhancer knockout on the expression of MAPK pathway related proteins

in esophageal carcinoma Eca-C2 cells

= 4 — & -Eca-109 .
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j =2 3t
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3=t
5 2
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1.2 2.4 46 48 60 72
Time (t/h)
"P<0.05 vs Eca-109 cells
[El4 FPR ezrin 58 FHIHI B EE Eca-C2 HAAERYIETE
Fig.4 Proliferation of esophageal carcinoma Eca-C2 cells

was inhibited by ezrin enhancer knockout

K 22 B30 g 4 e L A B o R 4 i 3 B R A% e
77, B MM ezrin 2 K] 5 Kk 5 41 G E B B 1R
28 A0 IR A3 A RE FE A DRV AR SR H WST-1 7%
A6 I ezrin 3 5% T g B 6T £ 5 98 41 R 338 5 (1) 52, 2
T 5 w3 ezrin 3G 98— 1 62 8 6 200 Jf 14 B e T A
BFEG. WST-1 2 —MEPIT MTT Ktk &4, £’
TR G R RARAE IS LR, AT DARE SR Ak 1) — 2%
it Sl 3 i A RS R 1) R IBE S T 4 M A
AYH A PES 7. 5 MTT AR, WST-1 458
JER 7= A P A A M TR, AN 75 T A mT DL B A
T H WST-1 3246 0 7y 4 4 90 1] 5 0 3R I o vy

are
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ARHIE FE R FH A RIS A W ezrin 9 58 i R
xf 6 8 e A T A% BE 0 OS2, SEI 45 R R
ezrin }§ 52 T W B E AR IT B R, X5
RNA T ezrin 5 P 2 15 101 1] £ Jes 240 B 184 5 AN F2 31
1RZBIIWTFL L5 FA— B oRd R R 2R R R AT E
HMMAE TSR BEREM R, 225 S E B
(mitogen-activated protein kinase, MAPK) & 4 fig
NEENESHIRR, Z5HEMBNIETE . 7
TR T — RANVAE RIS RE . A 5T R H I
S Rl ezrin 39 5 1 R SR 0T £ B 4H 7 MAPK
10 6 AH OC B E RIS W 2, W18 R 9 MR B 7
ezrin B 3R T W PR B E WA M b R E T, K,

Oh 24h 48h 72h

Eca-109

Eca-C2

CREB"™!, mTOR!", P70S6K ™", GSK3b?" 7F £ & i§ 7
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Fig.5 Migration ability of esophageal carcinoma cells was inhibited by ezrin enhancer knockout (x100)
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