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B OE:. BW HiTEHEIEERIEGEEEA B FIEY 5 (ALKBHS) X FLIREAIM - 7 R sk db g, 3% BLo.
6.25. 12.5. 25, 50, 100, 200 pg/mL FMHEE5 A AL N FLERE MCF-7 40/ 24 h, ik A& f & MHBEAL 37 & . MCF-7 4/ %
XFHRAE  FFRHEE (25, 50, 100 pg/mL) 20 A A+ 2% E BTk 4E . & HRE+ALKBHS 41, 5-Z0uE-2 iU R ez & (EdUD
Petty, CCK-8 iEAG AN A8 4E; Western blotting A& 41l - ALKBHS. #&%E H (N-cadherin). JFEH (Vimentin).
E-45%i%H (E-cadherin) #5H; Transwell. XPRSZIGH HAIANAEZE, T8 qRT-PCR Khll4ifih & mEamg (MMP) -9,
TR T (MIENI). MMP-2 mRNA RiE. &R 5 0pgmL FMEELLE, 6.25. 12.5. 25, 50, 100, 200 pg/mL 7
mEEAE G ) MCF-7 4 E3E 703 B K (P<<0.05), IEEUEHMEEEIRAE N 25, 50, 100 pg/mL fENEEAEKE. 5
PR LL e, & IFEE 25+ 504 100 pg/mL 20 MCF-7 4iiffil EdU BH4 3. Asso{i. ALKBHS. N-cadherin. Vimentin £ [13%iA .
AR 2%, MR @A R M MMP-9. MIENI. MMP-2 mRNA k&K, E-cadherin ®AFRIETIE (P<0.05). H5&HFME
100 pg/mL 1. FHEE 42 A4 LR, &M EE 4+ ALKBHS 4 MCF-7 4 EAU FAEZR . Adaso{i. ALKBHS5. N-cadherin.
Vimentin & AFIE . MIREZEH. YIREEFE L MMP-9. MIENI. MMP-2 mRNA FikTH5, E-cadherin & AEIE KK (P<
0.05), Z5it FMHEERALEL T M ALKBHS #4] MCF-7 4007 iF i1k, #EmRas iR & 5T ae
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Effect of geraniol on epithelial mesenchymal transition of breast cancer cells by
regulating ALKBHS
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Abstract: Objective To investigate the effect of geraniol on epithelial mesenchymal transition of breast cancer cells by regulating
ALKBHS. Methods Human breast cancer MCF-7 cells were treated with 0, 6.25, 12.5, 25, 50, 100, 200 pg/mL geraniol for 24 hours,
and the appropriate dosage of geraniol was screened. MCF-7 cells were assigned into control group, geraniol (25, 50, 100 pg/mL)
group, geraniol + blank plasmid set group, and geraniol + ALKBHS5 group. EdU staining and CCK-8 method were used to detect cell
proliferation. Western blotting was used to detect ALKBHS, N-cadherin, Vimentin, and E-cadherin proteins in cells. Transwell and
scratch experiments were used to detect cell invasion and migration, respectively. QRT-PCR was used to measure the mRNA expression
of MMP-9, MIEN1, and MMP-2 in cells. Results Compared with 0 pg/mL geraniol, the activity of MCF-7 cells after treatment with
6.25, 12.5, 25, 50, 100, 200 pg/mL geraniol was significantly decreased (P < 0.05). The concentration of geraniol was 25, 50, 100
pg/mL as the subsequent treatment concentration. Compared with control group, the EdU positive rate, 44s0 value, ALKBHS, N-
cadherin, Vimentin protein, cell invasion number, scratch healing rate, and MMP-9, MIEN1, MMP-2 mRNA expression of MCF-7 cells
in the geraniol 25, 50, 100 pg/mL groups were reduced, while E-cadherin protein were increased (P <0.05). Compared with the geraniol
100 pg/mL group and geraniol + blank plasmid set group, the EdU positive rate, 4450 value, ALKBHS, N-cadherin, Vimentin protein,
cell invasion number, scratch healing rate, and MMP-9, MIENI, MMP-2 mRNA expression of MCF-7 cells in geraniol + ALKBHS
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group were increased, while E-cadherin protein were decreased (P < 0.05). Conclusion Geraniol may inhibit epithelial mesenchymal

transition in MCF-7 cells by downregulating ALKBHS, thereby weakening cell invasion and migration abilities.

Key words: geraniol; alkylation repair protein B homolog 5; epithelial mesenchymal transition; breast cancer; invasion
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96 FLAR H1E % 24 he HIANIA) T IR FE (A (O,
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J&, &L 10 uL CCK-8 ik5fl, 37 CH#H 2h. &
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1.4 RpELESE
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100 pg/mL) 4. FHEE A+ EAA ., &R+
ALKBH5 4. X4 MCF-7 40 1E #1595, &M
fiz2H MCF-7 408843 % 25+ 50 100 pg/mL 2
bR 24 hy AR+ S H R4 MCF-7 48 Bl
100 pg/mL ZFH-EEALFE 24 h (R [RI IR FE 5423 TR 24 h;
7 i+ OE-ALKBHS 41 MCF-7 ZH 2 F 100 pg/mL
A EEAREE 24 h [ [RIN R Guit 2k ALKBHS 24 h.
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AR 4% % 5 B g [ 52 40D 15 min, 0.5% TritonX-
100 ¥ B 4HM0 10 min, 6,4'- 2 FE-2-ZF L5 Mk e (o
ZHA 20 min. MEZLZNA EAU BHIE GO lB i, FEit5HE
EdU PHT#EZ.
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1.8 Transwell &0l MCF-7 ZBR{R Z&18.

B 4520 MCF-7 4 (5105 4>/mL) £ 100 pL
BT E A E Transwell = A7, F 1] Transwell
FEBIIA 700 uL & 10%A64- M5 8775, W

H24hja, HaA%ZEHEEEMME, 2850
M. JE L R AR BN, R
THH R 2240
1.9 XJRSEIEHEN MCF-7 HBEERI1E R

ﬂﬁ%éﬁ MCEF-7 408 (1X1054) #EFh{E 24 1L,
B, FRANPR LS A E] 100%)5, A 10 pL B
ﬁeuﬂﬁ?féﬁﬂﬁ’ai)ii%mwa, FOGE BB 14
FEEFE 0. 24 h FAHRRRIIRIEL R, FRiHE R &
HH,

1.10 MCF-7 e EFREBEERQE (MMP) -9,

EBIELEERF (MIENI) . MMP-2 mRNA FRikHY
I

{4 FH Trizol X FFIFEEL %20 MCF-7 40 /iid & RNA,
¥ RNA Wi 50 cDNA J5, LL cDNA AT
qRT-PCR <. GAPDH 1E AP YENTHRIEA], DL 204
AT EIER AN RIE R . E MMP-9. MIENI.
MMP-2 mRNA FTik&. 5|¥)F5]: MMP-9 (IE[A]
5'“TGTGTGCTATGTGCACCCTC-3', 2 [f] 5-TTGG
CTTTGGAGGACGACAG-3"); MIENI (IE[A] 5-TG
AGAAAGATGTGAGTATTTAC-3', Jx[f] 5-TGGAA
TGACAGGATGATG-3"); MMP-2 (IE[A] 5-ACAAG
TGGTCCGCGTAAAGT-3', J[A] 5-AAACAAGGC
TTCATGGGGGC-3"); GAPDH (IE[f] 5'-GGTTGTC
TCCTGCGACTTCA-3', % [r] 5-TGGTCCAGGGTT
TCTTACTCC-3"),

.11 SFitEDH

KH SPSS 25.0 3 AFEATGiut b . B LA
X+ sFok. RAARE N ESHHEE SNK-¢ 1
KR 2 H 2 (B2 5
2 H#R
21 AEFRZ2IREEFHEEXT MCF-7 20565 R340

5 0 pg/mL FHELLLEL, 6.25. 12.5. 25, 50.
100, 200 pg/mL 7 EEAEFH J5 1) MCF-7 4035 71
PR ERRAR, WK 1. HHEXT MCF-7 4011 1Cso
49 102.43 pg/mL, T+ 100 pg/mL, g RS
SRR E N 25 50, 100 pg/mL BEAT )5 45256 .
2.2 EMEEXT MCF-7 4ARL5E 69 8200

xR b, AFMEE 25, 50, 100 pg/mL 41
MCF-7 4iifis EAU FHMEZ . Auso [EFF(K (P<<0.05),

HEWREHCHE; 5&MHE 100 pg/mL 4. &
WE + 2= AR 4L LR, A+ ALKBHS 41 MCF-
7 A EdU BHE# . ODaso fELTH R (P<<0.05), WK
1. &2,
F1 TRREREEHES MCF-7 H5E N
( X+s, Nn=6)
Table 1 Effects of different concentrations of geraniol on
MCF-7 cell viability ( x+s,n=6 )

FHEE (ug-mL) IS 1/ %
0 100.00+0.00

6.25 98.81+1.03"

125 83.44+4.01"

25 72.23+3.58"

50 65.54+3.34"

100 50.06+2.01"

200 32.24+1.56"

&ML O pgmL ' A EE: TP<0.05.
P < 0.05 vs geraniol 0 png'mL"! group.

payict A EE 25 pmol-L™!

- 100 pmol- L™

FIEE 50 pmol L™

FEHEA+ AR &+ ALKBHS

E 1 MCF-7 4883509 EdU & (X200)

Fig. 1 EdU staining of proliferating MCF-7 cells ( x 200)
&2 BHEEXT MCF-7 4888 EdU PRI, Ao ERISZND
( X%s, n=6)

Table 2 Effect of geraniol on EdU positivity and A4s0 value
of MCF-T cells ( x+s,n=6 )

21 5 }(’Tl fff_)%)/ EdUBHMEZ/%  Assoft
PR — 3568+1.86 1.22+0.13
Sy 25 29.44+191* 1.0140.08

50 21.52+1.04* 0.8340.08"
100 11.79+0.61%%& 0.41+0.04"%&
g+ 100 11.83+0.65  0.43+0.04
== A kL
B+ 100 20.16+1.08@2 0.80+0.08@2
ALKBH5

XA "P<0.05; H5F&MEF 25 ngmL ' A ELEL: #P<0.05;
& MHEE 50 pgmL ! 4L ECES: 4P<<0.05; S5&FMEE 100 pgmL " 20
P @P<<0.05; M+ 2 AR FLEE: 4P<<0.05.

*P <0.05 vs control group; P < 0.05 vs geraniol 25 pg-mL"! group;
&P < (.05 vs geraniol 50 ug'mL"! group; @P < 0.05 vs geraniol 100
ugmL™! group; 2P < 0.05 vs geraniol + blank plasmid set group.
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23 FHMHEEX MCF-7 @i ALKBH5. N-
cadherin, Vimentin., E-cadherin & H /501
Eixt IR b, FMEE 25, 50, 100 pg/mL 41
MCF-7 #iij{iu#" ALKBHS5. N-cadherin. Vimentin &%
FIA X Ik & B35 F4K, E-cadherin 25 (A AH X 1A
BEREARE (P<0.05); 5FMEE 100 pg/mL 4.
F I+ 2 AR A L, R+ ALKBHS 41
MCF-7 4i/fi+f ALKBHS. N-cadherin. Vimentin &
FIAH G 220k & W2 T &, E-cadherin 25 FIAE X 1A
BREEEIK (P<0.05), WE 2. £3.
2.4 FMEEXT MCF-7 AR ZR95200
xR, AFHEE 25, 50, 100 pg/mL 4H
MCF-7 #ffifz 2 HEIC (P<0.05); H& M
100 png/mL 2H. FFHEE 425 F TR bR, g+
ALKBHS5 41 MCF-7 41 iz 2840+ = (P<<0.05), UL

K3, %4,
ALKBH5-'-----4_4><104

Necadherin S S S — — — ] ()05
Vimentin - S — e — 53107
Ecadherin we— — a— G S e 07 |('

GAPDH (S G G GNES NS S -0’
xR 25 50 100 A+ A+
F R/ (umol L") ZE A Bk ALKBHS
2 MCF-7 #fffish ALKBH5. N-cadherin. Vimentin.
E-cadherin & B4
Fig.2 Detection of ALKBHS, N-cadherin, Vimentin, E-
cadherin proteins in MCF-7 cells

%3 EMEEXT MCF-7 411t ALKBH5. N-cadherin. Vimentin. E-cadherin ZEERISM ( X +5, n=6)
Table 3 Effect of geraniol on ALKBHS, N-cadherin, Vimentin, and E-cadherin proteins in MCF-7 cells ( x= s,n=6)

ZH ) FUE R (ug-mL™") - ESEEWHX#%%J#% - -
ALKBH5/GAPDH  N-cadherin/GAPDH  Vimentin/GAPDH E-cadherin/GAPDH
Xt — 1.63+0.17 1.01+0.11 0.73%£0.07 0.41+0.04
A 25 1.36+£0.14" 0.83+0.08" 0.59+0.05" 0.63+0.06"
50 1.054+0.11*% 0.61+0.05" 0.34+0.03™% 0.79+£0.06™
100 0.63+0.06"#& 0.22+0.02"*& 0.10+0.01"*& 0.97+0.09"&
Fr i+ 2 TR 100 0.60£0.05 0.23£0.02 0.12+0.01 0.95+0.08
I+ ALKBH5 100 0.97+0.08@2 0.57+0.05@2 0.324+0.03@2 0.73+0.06@2
x4 "P<0.05; S5FMEE 25 ngmL™ HLE: #P<0.05; H5&MEL S0 pgmL ™ A LLE: 4P<0.05; H&FMEL 100 pg-mL™" 4 LL#K

@p<0.05; S5&FMEE+ZAFRMALE: 24P<0.05.

“P < 0.05 vs control group; P < 0.05 vs geraniol 25 pg-mL™" group; ¢P < 0.05 vs geraniol 50 pg'mL™" group; P < 0.05 vs geraniol 100 pg-mL"!

group; 4P < 0.05 vs geraniol + blank plasmid set group.
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h ' ' . il
' \ xq \\"&Q .’-'.\:‘\yl. ."a 00 '! < \i"":' "‘
AT AR Y SR /O O S SR
X HE M 25 pmol -L™! ﬁﬂl Y‘Ll? 50 pmol-L™!
x PR, TNy P e = NN
Ao k™ LS 2 l A
NS S R
> B2 . sl-“- d f!- .W e
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’ ; O R L N
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PP , l.-. ! 4 ’ Y v " .‘
‘ . y 4 .‘. AT "I n‘ PN » 2
M4 ‘ "‘ 3 -‘\Y. P A o\” R :

A 100 pmol- L1 F Il + 2% [ UKL §H+W+ALKBH5

3 MCF-7 ZBRf1fR 2260 Transwell %230 (X200)
Fig. 3 Transwell assay for MCF-7 cell invasion ( x 200)

F4 BIEZX MCF-7 @R ZHAFI ( x5, n=6)
Table 4 Effect of geraniol on invasion number of MCF-7
cells ( Xts,n=6 )

451 FREW S (ng-mL™) 1R 28/ A
ot g — 86.671+4.19
T - 25 70.39+3.52"
50 58.831-2.89™
100 27.654+1.37"%&
B+ = E R 100 28.15+1.43
M+ ALKBH5 100 50.52+2.67@2

R H I "P<0.05; 5&MEE 25 pgmL ™ 4 LLAL: #P<<0.05;
& EE 50 pg-mL ™ 4L EER: 4P<<0.05; SN EE 100 pgmL ' 41
L @p<<0.05; SEME 42 ARTRALE: 4P<0.05.

P < 0.05 vs control group; *P < 0.05 vs geraniol 25 pg-mL™! group;
&P < 0.05 vs geraniol 50 pg-mL™" group; @P < 0.05 vs geraniol 100
pg-mL™! group; 2P < 0.05 vs geraniol + blank plasmid set group.
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2.5 FHMHEZXT MCF-7 4T A S0 HEE 100 pg/mL 41, A+ 2[R AR, &
xR b, A EE 25, 50, 100 ug/mL éﬂ % +ALKBHS #1 MCF-7 4 RJR & &% 52 7t
MCE-7 40 ¥R & A& R 5 B#K (P<<0.05); & (P<0.05), WK 4. %5,

24h

FFUEE 25 pmol- L™ F I 50 pmol-L™! %Df@* 100 umol ) FHEA+TARR FHE+ALKBHS

El 4 MCF-7 4B BAIRIRSEL AN (X200)
Fig. 4 Scratch assay detection of MCF-7 cell migration ( x 200)

x5 FHEEx MCF-7 AMRES RN (X s, 2.6 BMEZXT MCF-7 A MMP-9. MIENI,

n=6) MMP-2 mRNA FiEHIENT
Table 5 Effect of geraniol on the healing rate of scratches St s, FHEL 25, 504 100 pg/mL 2H
in MCF-7 cells ( x+s,n=6) MCF-7 40 MMP-9. MIENI. MMP-2 mRNA %
2H 5] R (ugmL ") RIJRAAER/% KR FHK (P<0.05); 57&FMHEE 100 pg/mL 4.
Xﬁﬁﬁﬂr — 41.5ei2.os B+ [ R A LR, AR+ ALKBHS 41
. .
FIH zg 2?2?112# MCF-7 4ilffat} MMP-9. MIENI. MMP-2mRNA %
i e B 3 gL e N
o0 12604061 ;&%%&ﬂm (P<0.05), W% 6.
B+ 2 1R 100 11984057 3 e B
55X BEZ A "P<<0.05; M EE 25 ngmL! A ELEL: #P<0.05; BRI, iR Eﬁ/\ %mﬁﬁ’ BRAL

&M 50 pgmL ! A E0AS: £P<<0.05; HAFMEE 100 pgmL ' 4 J:&I‘ﬁ”ﬁ%/ﬂ:f |j\] H(J%ﬁ]ﬁ{éﬂ] .%\E _I:&[‘EJ ?E‘E‘i

L @P<<0.05; SE&ME 42 AR L 4P<<0.05, \

b 0,05 I - L R (7S R i £ A o 7 S AN B UL E B b
.05 vs control group; “P < 0.05 vs geraniol 25 pg-mL~" group; o

&P < 0.05 vs geraniol 50 pg'-mL™" group; @P < 0.05 vs geraniol 100 T8, Hr bR ARk LR B b, &)z

pg-mL™" group; 4P < 0.05 vs geraniol + blank plasmid set group. Mgl E 2R, WA FEFMEmsds, vEEIT

%6 FBMEEX MCF-7 ZBAfih MMP-9. MIENI. MMP-2 mRNA FiXHIEM ( X +s, n=6)
Table 6 Effect of geraniol on the expression of MMP-9, MIEN1, and MMP-2 mRNA in MCF-7 cells ( X+ s, n=6)

20 531 JREWE(ng-mL™) MMP-9 mRNA MIEN1 mRNA MMP-2 mRNA
X HE — 1.0040.00 1.0040.00 1.00+0.00
BB 25 0.86+0.07" 0.73+0.07" 0.80+0.08"
50 0.64+0.05™ 0.41+0.04* 0.59+0.05™
100 0.31+0.03"& 0.16+0.01"#& 0.29+0.02"#&
FIEE 2 A BURL 100 0.33+0.04 0.14+0.01 0.30+0.03
7 M B -+ ALKBH5 100 0.58+0.05@ 0.33+0.0204 0.50+0.05@4

x4 "P<0.05; S5FMEE 25 ngmL™ A E: #P<0.05; H&FMEL S0 pgmL ™ AL 4P<0.05; H&FMEE 100 pgmL™ A LLHK:
@p<0.05; HEMEE A+ ARALLLE: 4P<0.05.
“P < 0.05 vs control group; *P < 0.05 vs geraniol 25 ug'mL"! group; 4P < 0.05 vs geraniol 50 pg-mL™! group; ®P < 0.05 vs geraniol 100 pg-mL™!
group; 2P < 0.05 vs geraniol + blank plasmid set group.
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Fo R 22 R 1 (R Fe A ), HdikIE, 48U
b R 1) 78 5 A Ak e R ) = B AL R g 4 i T 4R gk
ART b B e an B i % %2 88 71, LA N-cadherin .
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PR b 2 18] 78 o 2 A A g o 0 ) 7L e o i 1)
ARMEHEZ—,

R — P R A, BAPR.
P Pusd . PrESEEEN, JEkE, FHEEe]
P LR /) SRR AR K02 Fr I T i e A
FE T8, DL BB SRR T A& R PR R . A
AfF 7 2 i A 2 T I MCF-7 4038 EdU FHEZE
Asso {H« N-cadherin. Vimentin & H#*iX, F+5& E-
cadherin £ ik, R HEE A4 MCF-7 40/l
W K b A A, HERIEASS. A, b
(i) Jofd A R B g Pyt e Ry S B L) 2 —, R
IR AR 2B AN RS e 3G o, 3k T U R 4
Ji M JEE R R A )38 b 4 #5114, MMP-2 FiT MMP-9 1
N MMP SRR, H R Ik B A 4 i o 5 53 10 7
RGN IE RS L 122847 U516 MIENT S —Ff
TR ERR T, B A IR ATZ 2R
RTER, 25 &MiErd R, KRR,
FHBEACFE ] fA% MCF-7 4z 284, MR&S
R MMP-9. MIENI. MMP-2 mRNA #ik, F*H
T EE AT HE] MCF-7 4R 28 Kt #s, H 257
BAHCME, DA g5 FROR A o e o 0 4 e b
i) T A ) 7 S SR A 12 28 iERE ey, ki
PO FLIRE R . AR EAR L A e T A

ALKBHS /& —Ff RNA 2 HE LR, HAEZFh
JiR A S 081, i Bl ALKBHS )i 550 8
S A0 PR Rz 1) R #5409, ALKBHS HE RIiA (e T
B, RiH ALKBHS A 4010 3L 40 i
AR AEEFL RN AT, A R AT A MCF-7 20
fiiH ALKBHS & 1, H 2SN, HElE g
Al Geil T N ALKBHS #) MCF-7 40 b 5% 1) 5
Ak, RS A AR 22 I RS AR T . NERIEHED,
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