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[Abstract] Objective: To study the possible molecular mechanism of baicalein (BAI) -mediated focal
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adhesion kinase (FAK) in the regulation of phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt) signaling
pathway to inhibit the proliferation and migration of gastric cancer HGC-27 cells. Method: The gastric
epithelial GES-1 cells and gastric cancer HGC-27 cells were respectively treated with BAI (0, 5, 15, 25, and
50 wmol-L™") for 48 h, and then methyl thiazolyl tetrazolium (MTT) assay was adopted to detect effect of BAI
on cell proliferation. Western blot (WB) was employed to detect the expression of FAK and the proteins related
to epithelial-mesenchymal transition (EMT) and PI3K signaling pathway after intervention with different
concentrations of BAI. The HGC-27 cells stably overexpressing FAK were constructed with lentivirus-mediated
transfection technique, and the transfection of FAK was detected through WB and green fluorescent protein
(GFP). The cells were divided into empty vector (NC) group, BAI group, FAK overexpression group, and
BAI-treated FAK overexpression group, and cell proliferation activity was detected by MTT assay. The colony
formation and cell migration were observed via colony formation assay and Transwell migration assay,
respectively. The expression of proteins involved in EMT and PI3K signaling pathways were detected by Western
blot. Result: Compared with the NC group, BAI (15, 25 and 50 wmol:L™") inhibited the proliferation of HGC-
27 cells in a dose-dependent manner ( P<0.05, P<0.01) while did not affect that of GES-1 cells. BAI (5, 15 and
25 wmol-L™") down-regulated the expression level of p-FAK (P<0.05, P<0.01). Compared with NC group,
FAK overexpression group showed up-regulated expression level of FAK in HGC-27 cells. The HGC-27 cells in
both NC group and FAK overexpression group had green fluorescence. Compared with NC group, BAI inhibited
the growth, colony formation, and migration, while FAK overexpression promoted those of HGC-27 cells. The
treatment of FAK overexpression group with BAI inhibited the enhancement of cell proliferation and migration
(P<0.05). WB showed that compared with NC group, BAI (15, 25 pmol-L™) significantly up-regulated the
expression of E-cadherin protein and down-regulated that of Vimentin, Snail, p-PI3K, and p-Akt protein in
HGC-27 cells (P<0.05, P<0.01). Compared with NC group, FAK overexpression group showed down-regulated
expression of E-cadherin, up-regulated expression of p-FAK, Vimentin, and Snail, and increased ratios of p-
FAK/FAK, p-PI3K/PI3K and p-Akt/Akt (P<0.05). This phenomenon would be reversed after BAI treatment.
Conclusion: BALI can affect the proliferation and migration of gastric cancer HGC-27 cells by mediating FAK to
regulate PI3K/Akt signaling pathway.

baicalein; cancer; focal adhesion kinase (FAK) ; cell proliferation;
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Baso A wl ,fit 5 BA-4021A) .
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PR 2k GFP 2¢Ot 40 BRI AR B SR g B O ik
(Western blot) #6; U LG YL 550K
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2k BE 3, B R 41(15.25.50 pwmol- L) X
HGC-27 4 s 3% 58 4 i /5 FH % ¥ 1 58 (P<0.05, P<
0.01), 1F % & B _F Kz GES-1 2 i Il >R D W &gl 31 1
FEHT, #7835 R T i HGC-27 4 M 39 78 . J5 22
SE SR 1 B4 % 25 wmol- L #EAT 2B, 4 A ]
48 h, WK1,

*1 BEEWEEEHME LK GES-1AMAEEHGC-27 AL

FERI N (X£s5,n=6)

Table 1 Effect of baicalein on proliferation of normal gastric

epithelial GES-1 cells and gastric cancer HGC-27 cells (x+s,n=6)

21 5 e g /umol - L FERHI%
GES-1 HGC-27
IS E 100.00+£0.00 100.00:£0.00
WA RH 5 99.36+1.47 91.84+3.53
15 97.93+2.01 70.16+7.06"
25 97.47+3.98 51.45+2.117
50 96.45+1.62 39.28+6.28%

T 525 4l AV P<0.05,7P<0.01(F£2.F 6 . E 8 [

3.2 WA E N H W HGC-27 40 i FAK & 1 Rk
P Ha A, B R (5.15.25 pmol L)
Al BT R 4 p-FAK 4E 11 4 15 (P<0.05, P<0.01) ,
p-FAK/FAK B & [# I (P<0.05,P<0.01) , - 5L v 4K
wPE. W1 AIER 2,

p-FAK “ e ERTY SR,

FAK . . 125 0
p-actin -.'.. 42 kDa
.
A B c D

HA 2 HY;B-D. BE KA (515,25 wmol-L™) (A 6,
& 8 [])
El1 EBEZHZEABEHGC-27MM b FAK EHRIZEK

Fig. 1 Electrophoresis of baicalein on FAK protein expression in

gastric cancer HGC-27 cells

F2 BEFZTEXNBEHGCLT MM P FAK BB RIZMHEN (x+s,m=3)
Table 2
cancer HGC-27 cells (x+s,n=3)

Effect of baicalein on FAK protein expression in gastric

Wz p-FAK FAK p-FAK
215
/wmol-L!  /B-actin /B-actin /FAK
EH4 1.00+0.01 1.00+0.01 1.00£0.01
WA RH 5 0.62+£0.03"  0.90+0.04 0.68+0.05"
15 0.46+0.12"  0.88+0.06"  0.52+0.11"
25 0.32+0.04”  0.87+0.03"  0.36+0.02%

.76.

3.3 FasE Y 5 9 HGC-27 41 i J5 % FAK & 11 %
ik Ko GFP 9GS2 18 0 2 5% g« HGC-27 41 g
FAK 3 223K J5 , 40 i vh FAK 25 1119 A X 36 3k i b 2
PR (P<0.01) . WE2F1% 3, GFPL
AR 5 7R 28 2 AR 2 I FAK 3 263541 th HGC-27 41 i
¥ s madot., WK 3,

.
- -

A B
TE:A. 2 ARYL;B. FAK T K4 (K 3 17)
B2 EBRESELFAKTRENEAEK

Fig. 2 Electrophoresis of FAK overexpressed proteins transfected

[-actin 42 kDa

by lentivirus

x3 BREEFFAKTIREZVEORK (G£5,n=3)
Table 3 Effect of FAK overexpressed proteins transfected by

lentivirus (x£s,n=3)

21 5] FAK/B-actin
e RN 1.00+0.06
FAK it ik 2.22+0.09"

52 ARG R Y P<0.01

A
A, RG] B. FAK R AA

B3 1BmEHEE FAK TR (DOLEE BB, <100)

Fig. 3

Overexpression of FAK transfected with lentivirus

(fluorescent inverted microscope, x100)

3.4 A FE I FAK 2 26 18 % R 40 A 1 5 Ak
M RE ] 528 B R gL LA, 3 5 41T 0l HGC-
27 4H i 54 5 (P<0.05) , FAK i 2% 35 20 AT {2 2k 40 Jifd 4%
B (P<0.05) , i FH 2 %% 28 b B FAK o 3 1K 21 25 9 161
FAK 7| 2 i) 15 568 200 L 14 5 6 7 (P<0.05) . W3R 4.
3.5 A ZE I FAK f 2 3k X 5 i 4 v B T AR
FISZI 528 AR L L B, S 3R A T B 4 o 4
Jit A v B T I BE 0, FAK a3 3 18 41 ] fiff 41 il v B JE
BCRE B, FH 8 R AL B FAK 2o 3% 5 41 200 it b
SSPN I FAK BN vi BB R AR 71 . WL 4.

3.6 FE A F I FAK i3 2 35 ) 5 9 40 i E 58 4E
MISZIm 528 AR 2 L B, 5 3R A AT B 4 o 4
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F4 BEERWH FAKEREGBSBRABEIGHEENHZI (s,
n=6)
Table 4 Effect of baicalein on proliferation of gastric cancer cells

by inhibiting FAK overexpression (x+s,n=6)

2151 e /pmol - L Ay
75 AR 0.68+0.02
WA R 25 0.47+0.07"
FAK 3 F k41 0.86+0.06"
WA R AFAK 1 k4 25 0.72+0.05>

T« 5 28 AR 4L B U P<0.05; 5 FAK 3 % 3k 41 H 45 2 P<0.05
(£5.87.%9H)

c D
T A S lA B, AR C. FAKI RIBAL D, A5 R+
FAK i ik 41 (5 [7])
B4 BEZRME FAKITRIEXF = 40 5 52 P& 72 B A &5
Fig. 4 Effect of baicalein inhibiting FAK overexpression on

clonogenesis of gastric cancer cells

Jitd 4 3 #% fiE 1 (P<0.05) , FAK i 3¢ 3k 41 n] B 1 34 5
i Jf 1) 38 F8 BE 1 (P<0.05) , fff I 3% % 25 Ak # FAK &of
&K L 40 0 2> B S ) FAK 380 9 18 B 8 O (P<
0.05). WKs5,%5,

3.7 EAFE M FAK & 3238 %0 B 96 240 i EMT #H ¢
BAREIWEW S AdLE, &S5 EKS,
25 wmol- L") A [ I & #5 & 9 E-cadherin £ [ 32
ik, I B B R 8 (8] B AR AR Y Vimentin A1 Snail 25 [ 3
ik (P<0.05,P<0.01). VLI 6 FIZ 6. 18 i 12 05 5 %
e B HGC-27 Al f5 | 5 =5 4R A L ¢, FAK i 3%

ik 41 41 i E-cadherin £ 1 3 ik W] 8. 94 (P<0.05) ,

p-FAK . Vimentin Fl Snail & [ 3 ik B & | 4 (P<
0.05) , p-FAK/FAK W] & 7+ 155 (P<0.05) , A 3 % %
T JE X — R & o i (P<0.05) o W7
Mk,
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Fig. 5 Effect of baicalein on migration of gastric cancer cells by

EHIERBRm A

inhibiting FAK overexpression (hematoxylin, x200)

£R5 HEHEEZXMFAKETRZEEEARIBEAR

Table 5 Effect of baicalein on migration of gastric cancer cells by

M (x+s,n=3)

inhibiting FAK overexpression (x+s,n=3)

21 51 e /umol - L =28 40 M /%
73 H 2 100.00+0.00
AR 25 68.24+1.27"
FAK i %3k 41 149.10+1.54"
W ZAFAK G k40 25 112.04+0.03%

Vimentin ' ‘ - e 54LDa
ﬁ-aCﬁn “ 2

A B C D
B6 EXHREARBEHGC2THAMEMTHEEQREHK
Fig. 6 Electrophoresis of baicalein on expression of EMT-related

protein in gastric cancer HGC-27 cells

3.8 EEA FE M FAK i 2 3k X PI3K il [ AH JC 2 1
KEWMEm 5 dmK, ®EE S,
25 wmol- L)1 4 HGC-27 41 Jifd p-PI3K Fl p-Akt
M1 # 1k (P<0.05, P<0.01) , p-PI3K/PI3K Fil p-Akt/
Akt B &2 T8 (P<0.05,P<0.01) . WK 8 F1% 8. i
T 1 5 T U R HGC-27 40 M, 5 28 4R M 4 L %%
FAK it % i5 41 41 g p-FAK/FAK . p-PI3K/PI3K Al
p-Akt/Akt B B34 A1 (P<0.05) , i il A ¥4 £ TG
— R i (P<0.05) . W9 FIFEK 9.
. 77 .
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F6 EEEWBEHGCLTHAMEMTHAXEARIIHHME (3+s, b
' o
n=3)
Table 6 Effect of ¥ % % calein on expression of EMT-related

protein in gastric cancer HGC-27 cells (x+s,n=3)

o B HGC-27
e
26 51 /umol- L E-cadherin Vimentin Snail
/B-actin /B-actin /B-actin
S 1.00£0.01 1.00£0.01 1.00£0.01
WARA 5 1.17£0.19 0.74+0.24 0.65+0.10
15 1.35+0.31"  0.49+0.18"  0.54+0.16"
25 1.99+0.23”  0.24+0.12”  0.42+0.19”
-
E-cadherin 135 kDa
Vimentin
Snail
B-actin WS W S 42 kDa
A B c
WA FHEAMY B FAK iR E 4 ; C. WA FA+FAK T £k 4l
(E9F)
E7 #HFZZMH FAKTREX BEAMEMTHXERQREBRK

Fig. 7 Electrophoresis of baicalein inhibiting FAK overexpression

on EMT-related protein expression in gastric cancer cells

4 i?f it

U JLAR R, 5 E O 00 R R BRI AL LT

KT EEZMHFAKERIEMNBEEAMEMTHXEARIENE

PI3K .... 85 kDa
SU A
w TR e o

D

B8 BEEEWPBKEHREARIERK

Fig. 8 Electrophoresis of baicalein on protein expression of PI3K

" 62kDa

pathway
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Table 7 Effect of baicalein inhibiting FAK overexpression on EM T-related protein expression in gastric cancer cells (x+s,n=3)

215 /ujfoJ]%;L'l p-FAK/B-actin FAK/B-actin p-FAK/FAK  E-cadherin/B-actin Vimentin/B-actin ~ Snail/B-actin
2 H A 1.00£0.01 1.00£0.01 1.00£0.01 1.00£0.01 1.00£0.01 1.00£0.01
FAK if %k H 2.81+0.02" 0.99+0.03 2.830.11" 0.10+0.02" 2.75+0.01" 2.85+0.06"
W EAFAK o £ 64 25 1.35+0.04” 0.94+0.12 1.43+0.05% 0.40+0.10” 0.78+0.09” 1.71+0.08%
RS EEEXMNPBKEXREBRIEMNEI (X+s5,n=3)
Table 8 Effect of baicalein on protein expression of PI3K pathway (x+s,n=3)
20 51 )% /wmol- L' p-PI3K/B-actin PI3K/B-actin p-PI3K/PI3K p-Akt/B-actin Akt/B-actin p-Akt/Akt
2 HA 1.00+0.01 1.00+0.01 1.00+0.01 1.00+0.01 1.00+0.01 1.00+0.01
WAR A 5 0.87+0.02 0.98+0.01 0.88+0.07 0.87+0.11 1.12+0.04 0.77+0.05
15 0.61+0.03" 0.95+0.05 0.64+0.06" 0.55+0.01" 1.11+0.12 0.49+0.09"
25 0.20£0.05 0.89+0.10 0.22+0.38” 0.14+0.03 0.91+0.04 0.15+0.01%

.78.
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®9 EBEXRXMFAKIRIEPBKEBEARIEHHM (x5,n=3)
Table 9 Baicalein inhibits effect of FAK overexpression on PI3K

pathway protein expression (x+s,n=3)

13 1358 p-FAK p-PI3K p-Akt
ZH 7,
! /umol-L'  JFAK /PI3K JAkt
23 #H k4l 1.00£0.01  1.00£0.01  1.00+0.01
FAK it £k 4 2.81+0.11Y 5.07£0.71" 3.11+0.43Y
A FEAFAK
- 25 1.24+0.05" 1.72+0.57% 0.31+0.10”
iRk

il FLAE 530 B 0 OF S AT T S M kR . R AR
TEPR 5 2R AT 0 iR AT Y R R R e AH G
{5 5 38 % 0 ) 40 6 344 A 05 5 P e A i 43 £k R Y
TS M AR R AR g e B R A gk
B AT A% 55375 5 I R T B A ) B EMT A
FAK J& — 26 Il J52 JF 52 (4 21 1 I 2 R W e I T
T S TR B R A, T AR O PTK2. FAK
S R A B T A AR S R 2 T RE R IR,
S — b ik 3 R A Y AN TR R 1 I R U AE
9 g A5 R L 20 b i 63k FAK FE 52 31
WG 5 FKZ R R A 454, 4kl 51 & & BE45 1
R R B R 1k, JF A 5 FAK/PI3K J& FAK/Ras/
MAPK %5 £ F 5 5 15 538 8%, 2 40 8 AME 5 A
M AX 2012 7 iR 40 v i 2% 5K 1 FAK ] £ 1F 48
JiL 3 A% RN R 28 (B B A AR RO EMT . F
9% o, FAK 76 A 5 4R 41 i g o o5 23k, JF AL
N T IR 41 M S CAL27 40 B FAK & H it 26 35 A

ARG R A AR Y R A R 2R R

PBBK/Akt 5 S il 2 5 11 2 5 2 09 40 il i
T IF HAE Z Bl i v ik B TR K, 2 2 40 8 5 A
KRR I A0 R T A 22 Bl AR W Ak B 0 %
BN R IR IR T MRS B R h R
245 R0 43k T B PN R G o 4 ) PI3K/Akt {5 5
% 8 5 AT 9 HepG2 1 Hep3B 41 ifd 4 5 K2 75 S 14
TAALE S L BESE R B, — Bl g TS 5 4 AT LA
it 1% FAK/PI3K/AKt 155 5 18 8% 75 5 7L I 9% 40 i
EMT #EF2™ . #5202 16 0] DLl f PI3K/AKt 5 5
I A 5 FAK 3235 08 18 2 B i 40 M 1 AN T A

AW SR Bos w5 R A W R
HGC-27 20 Il ¥ 38 58 . iE #% e /1 , IF AT 40 ] p-FAK &
ik, B, A BF 58 19 8 FAK i 3k 4i g, OF- 45
T AR T WL T FAK i £ 1k K 85 % R T Wikt
41 MG Tl T % M PI3K/AKt {5 5 BR A 52 . 528
BRI L H , FAK 2o 3¢ 3K 21 n] A 1F 15 96 A0 ) 1
B v Y BLRE ) B R B fig 0, O R i EMT K&
PI3K/Akt {5 5 il Al ¢ 2R [ 3k, il s S R 1
it FAK 32 3% 35 20 W) 2 410 i) FAK 3 /0 20 i 15 58 F0 i
I fiE J1 & EMT 1 PI3K/Akt {5 538 B 5 11 /Y i iR
AIKF T S e A B E A AT . 2R L
JIT IR, B A R AT W A R HGC-27 48 M Y 1 5
FIAE# , FAK JE [R5 38 5K fig A &40 3% 1 % HGC-27
2 i 1) 1 B RE ), 0 B AR R 0] 4 3 FAK 4% PI3K/
AR5 5 [ 175 e S 5 2 A 00 38 BE AT A AR

[FIFHMR] ARG EEMTHHEF R,

(&% 30k]

[1] SIEGEL R L, MILLER K D, JEMAL A. Cancer
statistics, 2018 [J]. CA Cancer J Clin, 2018,68(1):
7-30.

[2] SONG Z, WU Y, YANG J, et al. Progress in the
treatment of advanced gastric cancer[J]. Tumour Biol,
2017,39(7):1010428317714626.

[3] LIUJ,WANG S,ZHANG Y, et al. Traditional Chinese
medicine and cancer: History, present situation, and
development[J]. Thorac Cancer,2015,6(5):561-569.

[4] TUAN P A,KIM Y B, KIM J K, et al. Molecular
characterization of carotenoid biosynthetic genes and
carotenoid accumulation in Scutellaria baicalensis
Georgi [J]. ExcliJ,2014,14(8):146-157.

[5] XA, EmiF, S0, 4. m5 R M YAP
AR = B B A0 se TR [T ). b 525y
2R3 ,2021,27(4) : 70-75.

[6] LIJ,YANLIJ,LUO JH,etal. Baicalein suppresses

<79 -



5528 B4 7 W) FEXEAFIFERE Vol. 28,No. 7
20224F 4 H Chinese Journal of Experimental Traditional Medical Formulae Apr. ,2022
growth of non-small cell lung carcinoma by targeting 196b-5p [J]. Front Oncol, 2021, doi: 10.3389/

[10]

[11]

[14]

[15]

MAP4K3 [J]. Biomed Pharmacother, 2021, doi:
10. 1016/j. biopha. 2020. 110965.

PHAN T, NGUYEN V H, SALAZAR M A, et al.
baicalein-induced
apoptosis in human colorectal cancer [J]. Mol Ther
Oncolytics, 2020, doi: 10. 1016/j. omto. 2020. 08. 016.
LI P,HU J, SHI B, et al. Baicalein enhanced cisplatin

Inhibition of autophagy amplifies

sensitivity of gastric cancer cells by inducing cell
apoptosis and autophagy via Akt/mTOR and Nrf2/
Keap 1 pathway[J]. Biochem Biophys Res Commun,
2020,531(3):320-327.

SUN C, YUAN H, WANG L, et al. FAK promotes

osteoblast ~ progenitor  cell  proliferation  and

differentiation by enhancing Wnt signaling [J]. ]

Bone Miner Res,2016,31(12): 2227-2238.

Pl T BT, R AN A E AL Y B R

X bR A R AL D] A RhaE,2020,32(1)

1-8.

JR GBI TF LA A . 2000-2015 4F i [E i
B0 b DX 9 e B B ARE R AR AT ] S T b e 2
Z&75,2020,34(1):1-5.

A, W TR LS. B R RO R R

S iR ¢ 24 75,2020, 34(5) : 466-470.

KUO Y T, LIU C H, WONG S H, et al. Small

molecules  baicalein and cinnamaldehyde are
potentiators of measles virus-induced breast cancer
oncolysis [J]. Phytomedicine, 2021, doi: 10. 1016/j.
phymed. 2021. 153611.

WUIJY,TSAIK W,LIY Z,et al. Anti-bladder-tumor
effect of baicalein from scutellaria baicalensis georgi
vivo [J]. Evid Based
Complement Alternat Med, 2013, doi: 10. 1155/2013/
579751.

GUO Z, HU X, XING Z, et al.

and its application in

Baicalein inhibits
prostate cancer cell growth and metastasis via the
caveolin-1/Akt/mTOR  pathway [J]. Mol Cell
Biochem,2015,406(1/2):111-119.

CHANDRASHEKAR N, SELVAMANI A,
SUBRAMANIAN R, et al inhibits
pulmonary carcinogenesis-associated inflammation and

with COX-2, MMP-2 and MMP-9

Baicalein

interferes

expressions in vivo [J]. Toxicol Appl Pharmacol,

2012,261(1): 10-21.
MA D H, CHEN S N, WANG H M, et al. Baicalein
induces apoptosis of pancreatic cancer cells by

regulating the expression of miR-139-3p and miR-

.80.

[18]

[19]

[22]

[23]

[25]

[26]

[27]

fonc. 2021. 653061.
REN M M,ZHAO Y,HE Z Q, et al. Baicalein inhibits
inflammatory response and promotes osteogenic
activity in periodontal ligament cells challenged with
lipopolysaccharides [J]. Med
Ther,2021,21(1) :43.

PhaliAR, A H e, EA AL B R A B MGC-
803 21 g 3% i AL R[], [ H A 2% 3, 2018,
34(3):417-422.

W . B BESORE AR 5 5 5 TR )22 RO
2FLEIR 2010,16(12):1779-1782.

ZHOU B, WANG G Z, WEN Z S, et al.

BMC Complement

[J]. &=

Somatic
mutations and splicing variants of focal adhesion
kinase in non-small cell lung cancer [J]. J Natl Cancer
Inst,2018,110(2):195-204.

NA S, WANG H, BANK T, et al. FAK and -catenin
cooperate to induce hepatocellular carcinoma [J].
Hepatology,2019,70(5):1631-1645.

SCHALLER M D. Cellular functions of FAK kinases:
insight into molecular mechanisms and novel functions
[J].J Cell Sci,2010,123(Pt 7):1007-1013.

JEAN C, CHEN X L, NAM J O, et al. Inhibition of
endothelial FAK activity prevents tumor metastasis by
enhancing barrier function [J]. J Cell Biol, 2014, 204
(2):247-263.

ZANG D, ZHANG C, LI C, et al. LPPR4 promotes
peritoneal metastasis via Spl/integrin a/FAK signaling
in gastric cancer [J]. Am J Cancer Res, 2020, 10(3):
1026-1044.

BROL, 2=k 4, B WE A, 55 . o 3R 1k FAK W O B4R
2009 CAL-27 AU 35 58 K AR 22 s [T ], I K 5
SR HE 2 A4 AR, 2021,37(10) : 1202-1206.
HUANG H, PARK S, ZHANG H B, et al.

Akt

Targeting
with costunolide suppresses the growth of
colorectal cancer cells and induces apoptosis in vitro
and in vivo [J]. J Exp Clin Cancer Res, 2021, 40
(1):114.
tnn P O 55, AL Ok T M A TS g PIBK/Akt
53 % 155 AT 40 I HepG2 #1 Hep3B 1 T- 9 AL
ﬁ%um. o [ S5 5 7 2 A L 2020, 26(6) : 73-78.
LUO J, YAO J F, DENG X F, et al. 14, I5-EET
induces breast cancer cell EMT and cisplatin resistance
by up-regulating integrin avB3 and activating FAK/
PI3K/Akt signaling [J]. 7 Exp Clin Cancer Res, 2018,
37(1):23.

[=EHE KEF]



