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Abstract

AIM: To investigate the relationship between
glucosylceramide synthase (GCS) and bcl-2 in
human colon cell line HCT-8 and multidrug
resistant (MDR) cell line HCT-8/VCR, in order
to explore their role in multidrug resistance of
colon cancer cells.

METHODS: The study contained three groups:
normally cultured HCT-8 cells (group A),
HCT-8/VCR cells treated with VCR to maintain
the drug resistance (group B), and HCT-8/VCR
cells treated with VCR and inhibitor of GCS
(PPMP) (group C). Expression of GCS, bcl-2,
and extracellular regulated protein kinases
(ERK) proteins was detected by Western blot.
Expression of GCS, bcl-2, and ERK mRNAs was
tested by real-time quantitative PCR (qRT-
PCR).

RESULTS: Compared with HCT-8 cell line,
expression of GCS, ERK and bcl-2 proteins and
mRNAs was higher in MDR cell line. After
treatment with PPMP, expression of those

proteins and mRNAs were obviously restrained
in HCT-8/VCR cell line.

CONCLUSION: GCS induces multidrug
resistance by regulating the expression of bcl-2,
and this process may involve ERK signaling
pathway. The inhibitor of GCS (PPMP) can
inhibit the expression of bcl-2 and reverse
multidrug resistance in human colon cancer
cell line.
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FEHCT-87% M3z 7 ; B4a: w24 Ze lWHC T-8/
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M, C4L: GCS#7H) 57 PPMP 4L 22 & 24 2m fig,
HCT-8/VCR. Western blot# | &40 2m i,
GCS. bcl-2RERK& & R-F#y £k, st
& ZPCRA& M (real-time quantitative PCR,
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S|¥2R =27 P E bp)
GCS FP: 5'-CACCCGATTACACCTCAA-3' 414
RP: 5'-CCGTGAACCAAGCCTACT-3'
Bcl-2 FP: 5'-CAGAGGGGATACGAGTG-3' 85
RP: 5'-GCTGCGAGGAGAAGATG-3'
ERK FP: 5'-CTTCTCGCCTCAGTTCGC-3' 148
RP: 5'-GTCCAGGATCACGCCATT-3'
B-—actin FP: 5'-TGACGTGGACATCCGCAAAG-3' 205

RP: 5'-CTGGAAGGTGGACAGCGAGG-3'

H AbcamA 7. ERK1/2— iy H Proteintech 2
H]. PPMPI# H SigmaA 7).

1.2 7

1.2.1 fa 3 Fc: HCT-8/VCR XHCT-841 i & T
B 10%M6 4 M7E KR PMI-164055 75 (& 75 5
. BEE 100 UmL)H, 7637 'C. 50 mL/L
CO,. VRN R R A0 & S 9. HCT-8/
VCRAH M KA B 4E A< FE 91,0 pg/mL. S
Y67 i 248 972 wk, BUGHEOYIAE K R AF R4
AT,

1.2.2 PPMPAL 22 4@ fitL: ¥ PPMPY4 % 1% 10 mmol/L
HIRTARH R, -20 ‘CLRAT. ff I FHRPMI-1640%%
FRIEFHPE IR E N20 pmol/LISTE, N4
Jfarh, FR5 7748 h.

1.2.3 Western blotp#7 48 % & & ¢4 £k FHHIE
B BUSBOWHCT-8 X HCT-8/VCRAH i, RIPA
SRR B A, BCATRRIN &R (A4 &,
{E N Western blotSZ4G 4 Kl & F. Western blot:
FEHHZ12%SDS-PAGES &, ¥ F|PVDFE
b A S% M R WA I TBSTE A1, %1 h. Jn
NIE MR —t, 4 CHEEEKR. TBSTIHNS
e, & R i E, FiR2 h. TBSTIEY:
JGECLK G 5.

1.2.4 82 ZPCRA M AN 48 X mRNA X
ik RIEGenBankF T EGCS. bel-2. ERK
MB-actinff) 741 % 1T 514, ZBLASTXS LLHf
N, B BEAE T AR &5 sanER 1A
. RNAJEHU K S 8 =P CREC M (real-time
quantitative PCR, qRT-PCR): HTRIzoli£#2
IS A SRNA, MR E, -80 CHRA7#4 H.
HUS wL RN A1 % 55 I B 8 s it 47 g ok sz U
RNAK) 5%, FITIANScript RT KIT#E7T %
Bk, SEIGHERAETR ™ ol AT, FHqRT-
PCRAX, A2k AT $dis i M 52 4%
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Br. SNARZ: TASPERYEE: 95 °C 15 min; PCR
SN B AEPE9S C 10 s; 1B K58 C 30 s; ZEAH
72 °C 30 s. 40MMEHR. 4351 H R E 51 AN
SE S YATY 1. R E60 'C-95 CHEAT
S A e

Yt bR KHISPSS17.08 #4174t
2007, Gt FHOrigin7 5441, FTf $ds
P HAmean+t SDRFIR. £ HEIEZ 8 H LK
KR 2 Z 5 HT(ANOVA), HAFFEIE
AEEEE T Z 5, WA AR % (Kruskal-
Wallis test), #7H Giit2# 2 X, HHLSD-rR %,
P<0.05ERERA G R L.

2 BR

2.1 Western blot#MGCS. ERK&bcl-2%% &
FEE L EAMPHCT-8% M I, MDR
M HCT-8/VCRINVCRE; 3%, PPMPALFE
HCT-8/VCRAH/f148 hf5H2HLE I, Western blot
3 2H 41 e H G C S Ebel-2 1 8 A Kk & (]
1A). SHUR4IILHIEL, T 2541BHCT-8/VCR
HGCS AHIEAT: B Abcl-2RIE W & T+ &
(P<0.05). PPMP{E 48 hj5, GCSIHZRIA 52 3|
SANHI(P<0.05), [FINbel-2 2 7k B HT T
(P<0.05)(K1B). Western blotf 34141 i ERK
FMPUFET & Abcl 2R IEHEHENC), 453
BoR, T 240 RERK Jebel-23 3% B 2 i T35 A
(P<0.05), PPMP4L B f5, ERK Kbel-21#) ik
AT T (P<0.05)(E 1D).

2.2 qQRT-PCR¥&EMGCS Bbcl-2 % B & kM
HCT-845 Wi BURAH i bk 1 M5 7%, MDRAH AL
HCT-8/VCRINVCRE: 7%, 7 —4HHCT-8/VCR4H
HUPPMPALFE48 h, H2HURNA, qRT-PCRII32H 4
Ml GCSAIbel-2 mRNAFXIEM, 455 ER,
i 254 Ml GCS . bel-2 S ERK HLK 221k & #
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ERK

1 HCT-8, HCT-8/VCRAIPPMPRMESHCT-8/VCR 34A4MFEEPGCS, ERKHIbc-2BEMIRIAE. A: GCSHbcl 245154, B:
GCSHIbd 275K E; C: ERKAIbd—2451{7&]; D: ERKAIbd—2FA & 'P<0.05 vs HCT—82H; ‘P<0.05 vs HCT—8/VCR+PPMP

2H. GCs: A TR A LI; ERK: ZHEY MR 1 i50E.

24 r ac

W HCT-8
B HCT-8/VCR
O HCT-8/VCR+PPMP

1.6

Z-AACt

0.8

0.0

GCS

bcl-2 ERK

B 2 SOLESPCRENISBMIBIGCS. bo/l-2RERK 3%t
HRFBIXBER. P<0.05 vs HCT-82H; P<0.05 vs HCT—8/
VCR+PPMPA. GCS: A I A hidi; ERK: 4HfEsh
VETTER k.

B T U YH I ER (P<0.05), PPMPALFE 5, 341
FE R FRAR B HT T P (P<0.05)(K2).

3 e

A H, 4B T 52 MR A2 e 1 2R
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(P<0.05). IIAGCSH#IIFIPPMPJ5, fFHCT-8/
VCRAMEH GCSER Je fr B Rk & T %, A

1712

NiHh, bel-2& KA B R IEWEE T, 4558
PR, PUET-EAbl-2Z B P GCSEik
(RIS, % SR T (R B h 2 f HP ER K2R
HHEEAT R, 25 5B OR, fEMY 2540 Bk, ERK
ARG E T HUEK, IMAPPMPJS,
ERK&E ARG ERHT T %, 5GCSKkbel-2%
E—3, ERERKEHZ5GCSHTibel-2%

ZEG ARSI AL A R, RATHEN, GCSHE
g TERKAS T IE K, JER2MTHTM T8 Fbel-2
223, BLYF AT DUl HIHERKAS 5 i/ e i
PUM T E Fbel-2 0 31k, 1004 b I 4 B it 24,
AN A i — Rk,

4  BEE

3T, KIA, EERE, A, 259, UL EA
TS BRI BT, HRIERITI 2% 2015
36: 709-714

2 ZNEIR, 6, W i EmniTsEs. I
JEMGIETETY 2015; 42: 305-310

3 Henry B, Méller C, Dimanche-Boitrel MT, Gulbins E,
Becker KA. Targeting the ceramide system in cancer.
Cancer Lett 2013; 332: 286-294 [PMID: 21862212 DOI:
10.1016/j.canlet.2011.07.010]

4 Stefanovic M, Tutusaus A, Martinez-Nieto GA,
Barcena C, de Gregorio E, Moutinho C, Barbero-
Camps E, Villanueva A, Colell A, Mari M, Garcia-
Ruiz C, Fernandez-Checa JC, Morales A. Targeting
glucosylceramide synthase upregulation reverts
sorafenib resistance in experimental hepatocellular
carcinoma. Oncotarget 2016 Jan 22. [Epub ahead of
print] [PMID: 26811497 DOI: 10.18632/ oncotarget.
6982]

5 Kartal Yandim M, Apohan E, Baran Y. Therapeutic
potential of targeting ceramide/ glucosylceramide
pathway in cancer. Cancer Chemother Pharmacol
2013; 71: 13-20 [PMID: 23073611 DOI: 10.1007/
s00280-012-1984-x]

6 Liu YY, Hill RA, Li YT. Ceramide glycosylation
catalyzed by glucosylceramide synthase and
cancer drug resistance. Adv Cancer Res 2013; 117:
59-89 [PMID: 23290777 DOI: 10.1016/B978-0-12-3
94274-6.00003-0]

7 Turakova K, Pavlikova L, Messingerova
L, Lakato$ B, Breier A, Sulova Z. Reduced
UDP-glucose Levels Are Associated with
P-glycoprotein Over-expression in L1210 Cells

and Limit Glucosylceramide Synthase Activity.
Anticancer Res 2015; 35: 2627-2634 [PMID:
25964538]

8 Liu YY, Gupta V, Patwardhan GA, Bhinge K,
Zhao Y, Bao J, Mehendale H, Cabot MC, Li
YT, Jazwinski SM. Glucosylceramide synthase
upregulates MDR1 expression in the regulation
of cancer drug resistance through cSrc and beta-
catenin signaling. Mol Cancer 2010; 9: 145 [PMID:
20540746 DOI: 10.1186/1476-4598-9-145]

9 Reynolds CP, Maurer BJ, Kolesnick RN. Ceramide
synthesis and metabolism as a target for cancer

2016-04-18 | Volume 24 | Issue 11 |



10

11

12

13

J3aishideng®

therapy. Cancer Lett 2004; 206: 169-180 [PMID:
15013522 DOI: 10.1016/j.canlet.2003.08.034]

Wang C, Liu JN, Xu L, Mu YL, Sun P. Expression
and significance of glucosylceramide synthase in
colorectal carcinoma tissues. Eur Rev Med Pharmacol
Sci 2014; 18: 3632-3637 [PMID: 25535133]

Song M, Zang W, Zhang B, Cao ], Yang G. GCS
overexpression is associated with multidrug
resistance of human HCT-8 colon cancer cells. |
Exp Clin Cancer Res 2012; 31: 23 [PMID: 22424291
DOI: 10.1186/1756-9966-31-23]

Tyler A, Johansson A, Karlsson T, Gudey SK,
Brannstrom T, Grankvist K, Behnam-Motlagh P.
Targeting glucosylceramide synthase induction
of cell surface globotriaosylceramide (Gb3) in
acquired cisplatin-resistance of lung cancer
and malignant pleural mesothelioma cells. Exp
Cell Res 2015; 336: 23-32 [PMID: 26004871 DOI:
10.1016/j.yexcr.2015.05.012]

Wang M, Lu X, Dong X, Hao F, Liu Z, Ni G, Chen
D. pERK1/2 silencing sensitizes pancreatic cancer
BXPC-3 cell to gemcitabine-induced apoptosis via
regulating Bax and Bcl-2 expression. World | Surg

WCJD | www.wjgnet.com

14

15

16

17

R

@

Oncol 2015; 13: 66 [PMID: 25880226 DOI: 10.1186/
§12957-015-0451-7]

Hengartner MO. The biochemistry of apoptosis.
Nature 2000; 407: 770-776 [PMID: 11048727 DOI:
10.1038/35037710]

Raha P, Thomas S, Thurn KT, Park J, Munster
PN. Combined histone deacetylase inhibition
and tamoxifen induces apoptosis in tamoxifen-
resistant breast cancer models, by reversing
Bcl-2 overexpression. Breast Cancer Res 2015; 17:
26 [PMID: 25848915 DOI: 10.1186/s13058-015-
0533-z]

Wang Q, Zou J, Zhang X, Mu H, Yin Y, Xie P.
Glucosylceramide synthase promotes Bcl-2
expression via the ERK signaling pathway in the
K562/ A02 leukemia drug-resistant cell line. Int |
Hematol 2014; 100: 559-566 [PMID: 25281403 DOI:
10.1007/512185-014-1679-7]

Alejandro EU, Johnson JD. Inhibition of Raf-1
alters multiple downstream pathways to induce
pancreatic beta-cell apoptosis. | Biol Chem 2008;
283: 2407-2417 [PMID: 18006502 DOI: 10.1074/jbc.
M703612200]

A TAH® Wi 55

1713

. 5. GCSiIEmI & abcl-289FRA M S5 EAIRNZAME

W@ 15 F M
KR
it 25 28 A GCS
Lbcl-2697% A %
R Ao i B OIES
B, RREAT I
R w3 B %4 AW
AR BB
BT

2016-04-18 | Volume 24 | Issue 11 |



Jnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton,
CA 94588, USA
Fax: +1-925-223-8242
Telephone: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

ISSN 1009-3079

‘ ‘ ‘ 11>

9771009307056 ““m

© 2016 Baishideng Publishing Group Inc. All rights reserved.




	1708
	封底

