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L3 I % % 2 bk EC-9706 #= ECa-109, # AF 28 /) 8245 28.(12. 5,25 .50 .100 .200 mg/L) ,MTT %4
M) /)~ BE AR T 2w e R K 84 34 E R s Trizol k4032 % RNA K B & k8% 4+l 2m ie ik B & 1%, RT-qPCR #
MR £ F A E R G4 W AF 69 B-tubulin F= Actin &k F . &R D EBT I & % mAetk EC-9706
#2 ECa-109 £ % ,IC5 155 #1 4 12.33 .49.63 mg/L; M TG FE 23 A B 1782 A, THARK L
EFARILEAT8.84% , XEARETZAL T IF BAR BBKFETER, HrrBaAE, )88
21 SF3B3 .SNRPD1.NCBP1 mRNA & i 41&(P <0.01) , &4 1 4-F % B-tubulin = Actin mRNA %%
KEHIm(P<0.01), &8 D8BTS ERMLAER, TREMTBAXAR KX, TS FRT
AR KK B # ol RNA 3
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Effects of Berberine on Gene Expression and Splicing in Esophageal Carcinoma Cells LIU Xue-
jun, MA Jun-hua, WU Yao-song, YIN Su-gai, ZHOU Ling, CHEN Yu-long, and REN Shan-shan
Molecular Biology Laboratory, Henan University of Traditional Chinese Medicine, Zhengzhou (450036 )

ABSTRACT Objective To observe the effect of berberine on the growth of esophageal cancer
cells and explore its mechanism. Methods  Esophageal carcinoma cells lines EC-9706 and ECa-109
were cultured with conventional method at 37 C, 5% CO, incubator, which was divided into the control
group and berberine group (12.5, 25, 50,100, 200 mg/L) ,inhibition of drugs on cell growth was tested by
MTT assay. And the total RNA was extracted by Trizol, gene expression was detected by gene expres-
sion microarray, and the part differential genes and beta-tubulin and Actin gene expression fragments in-
cluded introns detected by RT-qPCR. Results Berberine could inhibit EC9706 and ECa-109 cancer cell
growth, the IC,, values for two cell lines was 12. 33 mg/L and 49. 63 mg/L respectively. There were 1 782
differential genes, and down regulated genes accounted for 78. 84% of all differentially expressed genes.
These genes mainly participated in the splicesome, cancer pathway, ribosome pathway. Compared with
the control group, the expressions of SF3B3, SNRPD1, and NCBP1 mRNA decreased in the berberine
group(P <0.01). Conclusion Berberine can inhibit the growth of esophageal cancer cells, interfere with
the expression of several tumor related genes, and affect RNA maturation via the intervention of splice-
some related genes.

KEYWORDS berberine; esophageal cancer cells; gene expression microarray; differential
gene; splicesome
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BRI KARFI T L A BFSOULEE T /N
A0 P AT 1 P 34 I TR 3 5 4 R A
BT SLAEFIBLEL, R

MHETTE

1 4okt AN EC-9706 4iffikkIy Tt 4h
BIBRAYIH AR RS 7] (525 : BNCC337687 ) ,ECa-
109 4t Hd kI T R} 2% B VA ) 5 4 % T rp O

B9 : TCHu 69) , i i) i H7 5 25 K2 40 A W) S B
Hul BT R AE 557 AR

2 24y HER/NEER (4L 98% , HE 2 A
] S B, #E5-:110713 = 200911 ) 1% ff] DMSO i
Fris i, Wy 20 mg/mL, -20 CukAaftfr & M.

3 FEKH AL RPMI Medium 1640 (4t
*5:31800 - 500 ) . i 25 11 il AL v (4it'5: T1320 -
100) . PUF LM A M MTT (4it*5-: M8180) ¥4 H
U RERRH AR A A, T (DMSO Am-
resco, & [H 4t 5 .D8370) , ia4- ML i (HrH Uz 4
YT REA R R A, #it 5. 130823 ), Trizol Rea-
gent (Life technologies, 3&[F,Cat#15596 -018),
RNeasy microkit (QIAGEN, 7#[&, Cat#74004 ),
RNase-Free DNaseSet ( QIAGEN, 7 [, Cat #
79254) . HIYIF S R A S AR RN A R 2
4%, NCBP1 IE5|4¥): 5-GCAGTGGGCTATTGGT-
GGTT-3'; Jx 51 #: 5'-GGTTTTTTGAGACAGGAGT-
CATTTTAA-3' (7% 140 bp)., SF3B3 IF5|#):5'-
CCATCACCTCCACCCACTCT-3"; & 3| ¥: 5'-
CTCTGCCAAGGCGTTGATTC-3' ( /= %) 66 bp).
SNRPD1 1iE 5| #): 5'-TCATTCTGTGGCACCTAC-
CC-3"; )% 3|4 5'-CCCCATCCCATAAGGACTTT-3’
(74780 bp) . B-tubulin intron 2 F5'-CTATAAAC-
CTTCCCTTCTGCC AG-3';B-tubulin exon 4 R 5'-
CAGGGTATTCTTCTCGCATCTTGCTG-3' ( /= ¥
680 bp)., Actin exon 3 F 5'-GGTGGGCATGGGT-
CAGAAGGAT-3"; Actin intron 4 R 5'-GGAAAT-
GAGGGCAGGACTTAGCTT-3" (/=% 1 200 bp).
GAPDH iF 5| #. 5-TGACTTCAACAGCGACAC-
CCA-3', Jz 3| #: 5'-CACCCTGTTGCTGTAGC-
CAAA-3' (/=¥ 121 bp). 41 X5 5= 4 ( Galax-
y170R ,Eppendof , f&[= ) , {8 & B {#5i (Axiovert 25,
ZESS, 18 [E), %5t it (BioMate5 , Thermo
Fisher , 2 ) , 4 ¥4 445 ( SG-603, Bake, £ [H ),
fitEhrAX ( ELx800 %, Bio-Tek, £ [H) , & PCR (ABI
7900 HT Sequence Detection System, 3&[E) , Hy-

bridization Oven ( Affymetrix, 645 P/N 00-0331,
220V, 3H) ,Fluidics Station (Affymetrix, 450 P/N
00-0079, € [# ) , GeneChip Scanner ( Affymetrix,
3000 P/N 00-00212,3EH) it i (Affymetrix Human
Genome U219 array Strip,3E[H)

4 ¥ FRITE BEE AN Eca109 A
Ec9706 T 10% fif 24 MLV /Y 1640 58 35 Fr bk,
BT 37 C.,5%CO, B E i %, 15 2 RE#
1 WEEFRI o G A Ak %68 Ak A ELAR T 355 R IS
BER T 80% I, 78 22 B5 7R WK, fin A 0. 25% Ji 75 11 il
37 CiHfk 2 ~3 min, &%,

5 KRR M5

5.1 MTT 3K I/NEER NG5 LA 1 x10% 4
HfALEEFD 96 FLEEFRAR, T 37 C,5% CO, i I ffi i
7224 ho XTI (Ch &8 5 & 50 /N BE R A S50k BE
DMSO 5 aRigiht) VNEEA , T 4 DAL, LIh
FORR B 7 R B A B R R /N BE f )
A 12.5.25 50,100,200 mg/L,4kZEH55% 48 h, Jfrks
3 B3, BLINA 0.5 mg/L i MTT 100 plL, 4k 5%
4 h /NG B3, A 150 pl DMSO # i 45 4151
UE , FHEEFR AE BN A 57063 N, TE A (RIS
{Eo LA ANHIFR(%) = (1 = LHALFIIA 5707650 18/
X FEFLP A 600650 1) X100% o B 3 IKSLHG

5.2  FERFEIEDUI AR 1 x 10° 20 i/
AL, T 37 C 5% CO, JHFIRE B3 7248 th 1 77
48 h,7EIHW, 4 CPBS 1E¥E 2 Ik, BTk L, Tr-
izol kA 5 RNA  HEPK A 4tk . SEERte il RNA
K Affymetrix A5 BCER &, A% F bR i
PR AR AL A B RNA 1 mRNA #H47HCK Frid
Falifl, 150 A £ PR (biotin) #7121 cRNA, 4%
M Affymetrix FRIRT5 0 R B 52 1R 09 34 A8 bn HE T 7
FIRCE 1) &, IR S 4 5 b 45 °C,16 h IR Bk
28, A28 56 U TE VR TAE S #1708 R i isk. it
2k 3% Hl GeneChip Scanner 3000 #1714, [
Command Console Software 3. 1 UG G %R , 5t
4 4 19 54 % ) Gene Spring Software 11.0
(Agilent technologies, Santa Clara, CA, US) i#17
IH—ARAbHE, Bir 38 MAS5. 0, Z )5 v BRB-
ArrayTools 4.2 #7403, ¥ ECI706 F1 EC109 4111
B HEAT 5 50K 5, 753 Geometric mean of intensi-
ties (IE# V/NEEDK) <0.5 [ T JH3EH ; Geometric
mean of intensities 1E% //NEERR ) >2.0 (8 EiE3E
A, FIHTEZL R David 1. H http://david.abcc.ncif-
crf.gov/, s T R AR T RE A5 510 5
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5.3 RT-gPCR cDNA % —%k 4 ili: & RNA
1 pg,5x miScript HiFlex Buffer 4 uL,10 x miScript
Nucleics Mix 2 pupL, miScript Reverse Tran-
scriptase Mix 2 uL,H, O .RNA template 31 20 pL,
¥ PCR & & T 37 CWEF 60 min, 95 °C # %
5 min,4 C{#iE, —-20 C/#17;SYBR Green qPCR:
2 xSYBR Green PCR buffer 5 pL Forward primer
(10 wmol) 0.2 plL, Reverse primer (10 wmol)
0.2 uL,Template 5 ng,ddH, O, & &, & /A&F 10 pL,
¥ PCR 4 78 T PCR {17 ) N, 50 C W H
2 minfAJ5 95 °C,10 min; #1740 MEH:95 C,
15 5;60 C 1 min, ¢ #% f# A ABI 7900 HT Se-
quence Detection System . il 454 b 19 8 Z 5
BF H 3 R — 1k, LT3 3 ACE = Clpuy —
Chigenp » FHES R FIRIAR MR B =2 5,

6 Hiitrk SLREEL xxs Kow,
SPSS 19. 0 Bl Ge it 4 F et AT LN = Jr 22 70 #,
Pearson 82 ks I 24 454 AR AR08 ¢ &%, A
REH RN, P <0.05 AZEFAGITE X,

# =X

1 NBERR A0 G s (B 1) /N BERR AR
T 45 g 0 B g 4, O B AT R AR (r eeoros =
0.904,P =0.035; re..e =0.981,P =0.003), Ec9706
il Eca109 2t Jf k38 5 410 1l 1) 1Cso 18 53512 12. 33 .
49.63 mgl/L,

—=—EC9706 .
-e-Ecal109 =

125 250 500 1000 2000
W (mg/L)

B A /NIRRT £ TR 2 4 A o £

2 SRR SO AR )RR FIE S i (&
2) B IEH LR /INBEOR A I N UL TG K, A5 3 22
SEIER 1 7824, TR A 1 405 4, LA L
K T78.84% ; FIEENAG 377 4, AIKITHREL I, I
PR 2 55 10 3 A W ik B R 4 M R A% G 2
DNA & il WA A AR AR 22 e 20 i
BIFRTIH %, 2 50 PR EEAKITIRE A 55

TREE G WG EEE TE e S 71 1 R R i i
BIEES, FREEZS 5 WA R 2 ki
T AZMARZH L] RNA AR 2 20 0 38 s R
GRS R TR AGWAHRSE , 2 5150 7 Y6
BEIRE A4S A AT IR R A 45 A B
Hraia R EASEGS. PREFNFESY
KEGG PATHWAY = %274 Ji il % . % e {1 . Hedge-
hog {538 [t | JBE 5 2515 8 % . 4 ARl 1A L R AR
AE; TR 25 KEGG PATHWAY (1 £ &
GMELLBEARIE BT UIAR AT MAPK {5 538 55
Hoh Z B SY Y] A5 25 F R 21 45 ( B 12 4%,
T 9 %)

3 A EEIRANMBT U T A OGS RS N
FERENE BRI (ERT)  SXEAL
&, /NBETH 20 Ec9706 Fil Eca109 4 Jifi v SF3B3,
SNRPD1 .NCBP1 mRNA Fik¥ F[& (P <0.01),
M& A N & T B-tubulin F1 Actin mRNA 411 (P <
0.01),

1t it

AINBERR A Hh 24 ¥ T R A AU AT, R 2 R A0
MK B —E e AR, N TR
/INBERROO B A AR A I g, LA P A N B
W A AR Ec9706 1 Eca109 fE M HFFE X4,
XIS4T ST, Ec9706 K IR T 401k
%9 , Eca109 MR bR, LLERES AR P E H
WA BT 2 SR B /N BERR A X 7T 4
IR AR AR A ARG R A0 A T, HRA ) O v ,
Hix) Ec9706 1T 5 , d B AR A A0 20 Ak 9% g 44t B Ak
i) Eca109 2t %l 24 4y Btk A%, A8 H A X A
KB,

R T 2543 M /N BB £ A g 20 A A 1
VEFRMLE , ASBFFE I F Affymetrix 23 ) 3 P 36 ik 1% 65
A HG-U219 Array #4745, %065 7 T &% 45 36 000
BESEAR 03620 000 25FEH . S THFE 25 TE S R50IR
AR XA GH MR 1R T, FE25 R0 5 b A A
I FH A5 B i ZE 0 i AT T I, 25 S R A T A
SR FET /1 A4t L Ao ] — 355 PR 3 SR 5 o A P 39 T H
TET B4 AT BRLH A HE 3R

IR IL,/INBEGH AT A ) £ R A MR 2 A
SRR RN LT BE Y PR ZR K Ll 4o ) 200 e AR oG
FR L3k 97 A, Ul e AT LA i T 40 i A S0 o &
AN 5 5 O A B98I R /N B n] DL i 5 AR
S SRR LR S R Y o /N B T
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5 splice site Branch point 3" splice site _ -
pre-1RNA Eiplwe : GU ran; poAG sp‘gos:. o uH WL ig
™ on
MQﬂﬂﬂﬂgﬁﬂtﬂﬂ
Sm Sm Sm
@ R ULTOK] [ U2 Lo | [Snulld
& e Ulh 2B Sm B2
— uic | Wara Pri Pryé
[ YE— @ K(:\b Ul rlaied |_SF3 Pipa P2
b - [EepiL] CypH | [PrsBP
A% components FEP11 Hgm]ahed
J Si64 | | U2aF Prpl Ll
@ ; —— DIBL
@ %68 PURGD| 1121
UAP36 @ 3 [catso] [seFan ESRNP
. S_wg SPF&5 | o
ut) = % | Sadl |
et U4U6.US i SR140 Snubh
T : Post-spliceosomal corplex AT
tri-snBNP
e =
Prp22
p17 [ Ska7 b
conpe Palp Py HOTEX fme
408 7 ipiw fexe | [ecous| Termn]
i 4 Iststep DCS Syf elFA3 | HRRNPs]
e @ SeEz| ] [ie
complex ) % (i3 FPILL o
@ k. D02 | == APS6
ay e | [HOC
Bctivated spliceosorne HSP73 CCDC13
complex B* T [ WPwaE  [RBMZ2
U4/1J6 snRNP specific PWRER G10
U6 snRNA o AQR.
S ),
el i~
ANz
173
U4 snRNA ({
$ A @
03040 1246110

EREANGYSE=2r e ST

2 BTl TSR SRR

Fz1 WMASERMEEVIFHECEALEARNSTFEREREF R BRI (Xxs)

SF3B3 SNRPD1 NCBP1 B-tubulin Actin

AL n -3 -3 -3 -5 -5

(x1073) (x1073) (x1073) (x107°) (x1072)
Ec9706 Xif I 3 1.30 +0.65 2.50 +0.87 0.57 +0.09 5.68 +1.32 0.31+0.10
AN T 3 0.30+0.13* 0.27 £0.10 " 0.10 +0.06 * 14.43 +2.68 " 1.38+0.11"
Eca109 X B 3 1.68 £0.60 2.60 £0.52 0.63 £0.19 4.87 £0.96 1.12 £0.42
/INEERR 3 0.33+0.17" 0.45+0.18* 0.20 +0.08 * 29.45 +3.74* 1.87 +0.66*

T S0 AL AR, " P <0.01

Tl ZH 25 &G . DNA &6l AH SR, Ui & AT AT 3
B AN DNA il Fnfe 5, Wil &A1, &
FRftis BEANR I ACIT AR SCSE R, 3 /INBE AR mT AT 73
AR A . AR R, ZNBERK R B PR
FRIIETT  BAW A S e AR R AT R B
WFFE A0 R B, /NS B AT T 390 5 2 o e 4 B 1 40 ok g
AR I B A A S RE M OGO O TR £ 5k
50 4>, Hh NFKB1.E2F2 .E2F3 . STAT5B . FOXO1
S5 R RN MR A A 3 DA DG 1 % i L1, Tl PDGFA,
BMP2 & 4 K K ¥, IGFIR. TGFBR1. FGFR3,
CSF2RA N 4K W ¥ & K, AKT2, AKT1, SOS1,
MAPKO hy i #2511 0 , FR O B /DS B Rt 41 i 1R
T2 J3 0, /NGO s g A 20 e &) 49
Hedgehog {5 5 i 55 AH L R ER A # VR o

/INEERRRT T TR L BT D (AR A L P 236 21 4%, BY
IR T B B/ NV T 9% RNA R R4, BTG
RNA AW F RIS 5 [ BT B, 204005 1 B 322 (4
MIVEFILBR N & T AN B T 2 5 A RE R 728 A ALY
{718 RNA DI B AR 1 A #5AE B30V, RNA AiTYI Y
SEH 5 IR & AR R A O, FE B IR R T Y
JESTOT I B N BE B T I £ o RNA R,
XL AT DA R 2 S L R/ INBE R P 0 1) 3 PR 3 H R
K 78.84% MR , PR ik i SE RIS F 4 S BRI R
RESREMANDT W0 T 35 DDA i RNA £,

R T S UE /N R B DR T IV AL AR 5 1 A
5w PCR Xf 85 Y] {& 3 4~ 3L [ SF3B3.SNRPD1.,
NCBP1 A7 T K, % BH /)N B g n] LA BH @ B A% e A7)
MIFRIE, I 5 e 45 R — 3, A 9T kK B SF3B3 3%
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ISFIFLIE UG YA TR shRE L WG
FEAEE RNA 382 T 3 — 20 Ui BN BE i T T
T HUMA , AR KK B-tubulin Fl Actin HE
N RNA HE4T T, L B-tubulin 25 2 A~ & F 7
SNIE M5 4 DNINE TSR R 05 149 Actin 26 3 4>
SNEFIPHURIER, 5 4 DN E TR HN R A5 )
1T R RT-PCR, 4558 & M, /NBERS ] D)5 850 3E
2 B-tubulin 1 Actin RNA 422, #2757 INBETR 1) 10 RiE
% T 79 4 L 5 VA g

S/ NEER AT DL 2R A A I, T A
iR A DG BE PR R ik, I T A T 900 B U] AR OG5 [R5
M) RNA Jii2 .

Fil 5 w5 ASBIETE R A AR 5 VR S8 B, AN AE F]
£ P2

2 % X W
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