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Abstract Objective: This work aimed to explore the effects of Na’/K'-ATPase activity and the expression of its §1-subunit and
P-glycoprotein ( P-gp ) on the proliferation and invasion of human colorectal cancer parental cells ( SW480 ) and oxaliplatin-resistant
cells ( SW480/0xR ). The molecular mechanisms of ouabain for reversing the multidrug resistance ( MDR ) of human colorectal cancer
oxaliplatin-resistant cells were also examined. Methods: SW480 and SW480/OxR cells derived from the same patient were treated
with or without ouabain at the physiological concentration of 1 nM. The SW480 and SW480/0OxR cell proliferation capacity was as-
sessed by the MTS assay. The invasion capacity was deteremined using a Transwell chamber. The Na /K '-ATPase activity was mea-
sured by biochemical and enzymological techniques. The expression of the 3 1-subunit and P-gp of Na/K'-ATPase was determined by
real-time quantitative PCR, Western blotting, and flow cytometry. Results: The capacity of invasion significantly increased in the
SW480/0xR cells compared with the SW480 cells ( P < 0.01 ). There was no difference between the SW480 and SW480/OxR cell pro-
liferation capacities ( P > 0.05 ). The Na'/K'-ATPase activity significantly decreased in SW480/OxR cells compared with SW480 cells (
P < 0.01 ). The expression of the Na /K '-ATPase B 1-subunit in mRNA and protein levels was lower in SW480/OxR cells than in
SW480 cells ( P < 0.01 ). However, the expression of P-gp in mRNA and protein levels was higher in SW480/OxR cells than in SW480
cells ( P <0.01 ). Interestingly, ouabain at the physiological concentration of 1 nM significantly enhanced the activity of Na'/K'-ATPase
in SW480/0xR cells ( P < 0.05). The expression of the f1-subunit was also upregulated and that of P-gp was downregulated at the pro-
tein level, thereby inducing a decrease in the capacity of SW480/OxR cell growth inhibition and invasion. Nevertheless, after ouabain
treatment for 48 h, the Na'/K'-ATPase activity and [ 1-subunit protein expression level in SW480/OxR cells were still lower than those
in SW480 cells ( P < 0.01 ). Conclusion: Decreased Na'/K'-ATPase activity can be attributed to the downregulation of Na'/K'-ATPase 3

1-subunit expression and may cause the MDR of human colorectal cancer cells. Ouabain could partly reverse the MDR of such cells,

B DEREMAZEMEZRMST EFHME (EKXT400016) ;08X EXRARHME; OERER K FEMBEE —ERB MM
FARIRBZE KB AR FES (45:30970843) B
BIS{EE . Z=D#  lishaolin@cgmu.edu.cn



20124F45 39 4555 51

ok @ B 370 25 A R % 2502 I TG B ) R R 255

which can be attributed to increased Na’/K'-ATPase activity and P-gp expression downregulation.
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Table 1 Primer sequence used in real-time quantitative PCR
B AR 51975
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B —actin BiiF 5-CCACGAAACTACCTTCAACTCC-3'
FiF 5-GTGATCTCCTTCTGCATACTGT-3'
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Figure 1 Effects of oxaliplatin and 5—fluorouracil on the proliferation of

SW480 and SW4800xR cells at 48 h
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Figure 2 Scatter diagram of the cells that expressed P—gp in SW480 and
SW480/ OxR cells
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Figure 3 Protein-level expression of the Na*/K'=ATPase ,-subunit in
SW480 and SW480/0xR cells with or without ouabain treatment
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Figure 4 Effects of ouabain on the expression of P—gp in SW480 and
SW480/0xR cells
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Figure 5 Na'/K'=ATPase activity of SW480/0OxR cells treated with oua—
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Dallas %5 5T 2 B, %t BLVD R EAIRPT 045 B
I 4 L (HT29 )t %o 5—FUAR W E 7 A= 3¢ XCHEHE , HLTfit
24 1 A KRB D B R AR 2 R S L (R4 28 T H
5o ASHIFST 45 R W R B VD R AT 24 i SW480/
OxR 20 it 384 B %o 11 DR I S5 R T2 ) S— R i g e A1 i
2, H SW480/0xR 4 1 34 5 it 71 5 45 L i 2R A 2
Jit (SW480) Jo W I 2 5, i HiA=2 28 7745 SW480 4 fifd
B EREIN, AEARZE 11 5 Dallas % WRIE—3 . A
WFE IR I 2 B0, SW480/0xR 4l il P—gp FE 158 SW480
M 5 R 4R 5 SWA80/0xR 4 it Xt 1Ifs A 1fiL 2 4k
JEE I BV RN S— PR MEREHEHT AT GEFE 415 P—gp
K B . AR BV RS PE R
55 EL R 95 A0 M A R 200 B e 2R i ek s 44 it
MBUEYE, £ 25 B R A B T
. Rajasekaran 5598 KB, Na*, K'=ATP iR, 1.
PN B AR K R A S L (B A A R iR
SPH S AEIFST R MDR AN B s 240 i () 284
B, 305 IR R 28 A 2, 3 AT BE AT R

HATIA N, Na*, K'=ATP BEGE R F Bt £k iy
ST BALAS  Bf BIRE 1 e A, R R IR 1 A
& Na', K'=ATP iR, Y. 507 7 2 Flvig 40 4 rh K 55 [v]



258 ¥ ® iRl A

20125 3058 5 1Y

FETF I B SANIAE A A BRI o7 B2 5 40

it o) 5 2 o e K b B A P A A e RSN R R

A R AL BT RES . BIEIESE Na®, K'~ATP i

B — IR 9 3, TE AR 4 Tl ) 435 48 RN 1 T R

HEBEM . A58 K, SW480/0xR 4 fifd Na*,

K*—ATP fiff 1% P45 SW480 il it BH . N %, ELAEBER. V.

PN FRIB T, 4278 Na®, K'—ATP B % 1 F e B2

5 48 1 P o o B VD ) B0 B S— 3R DR M W A R

Az Na™, K=ATP BE P F R AT BB U8 B, B4

TR T, 454 LiRg5 R, SW480/0xR 4l il {258 11

HESE T RE S BB FR5K T IR G,

I K 5 Na*, K= ATP B2 A i & 205 5 9k
S LA AR S 1 S A G 5 L oy Ak AN RS
F—RIN ATt RS AR LI, 1 nM B
AES SR AL X PR VD SR 5— SRR WS BEHGH T Y 45 B
957 AN 0 14 50 K% A% 28 1 i I AR L O B B Na,
K= ATP B35 P A0 K2 B B e 35 B3, {H H K
TR T SW4AB0 At it , #E—PHIESE Na®, K- ATP B M
BB BBAN FRR T R Bl 4G L g 20 T 24 1
Kt o ANHIFSE R A B, HE B PR B T 1A B VD A4
T A0 45 T 988 A0 P—gp 223k /K7, LAV /0 41 i 9
AL EE 250 HE Y, B 020 N A0 B R 2 R Tk
) 24t 184 5 R A2 A A A T A e T TR S 4
WS T 25 4 MDR

25 Lk, Na®, K*—ATP BTG PE T R KB T 7
FeIK T LRSS B 798 MDR & AE 5 A4 B i e 12
fiE b JR4G B IR T 25 40 Na®, K= ATP BB, I BAf7
ik, T VRS54 P—gp #2355, 9 Na®, K'=ATP
BTG, LA S0 i 235 L I e it 25 40 MDR .

S % ik

1 Geering K. The functional role of beta subunits in oligomeric
P—type ATPase[J]. ] Bioenerg Biomembr, 2001, 33(5): 425—438.

2 Kitamura N, Ikekita M, Sato T, et al. Mouse Na /K *—ATPase {
l—subunit has a K "—dependent cell adhesion activity for
8—GlcNActerminating glycans[J]. Proc Natl Acad Sci U S A, 2005,
102(8): 2796—2801.

3 Shoshani L, Contreras RG, Roldan ML, et al. The polarized expres-
sion of Na*, K'=ATPase in epithelia depends on the association be-
tween [—subunits located in neighboring cells[J]]. Mol Biol Cell,
2005, 16(3): 1071—1081.

4 Rajasekaran SA, Huynh TP, Wolle DG, et al. Na, K—ATPase Sub-
units as Markers for Epithelial-Mesenchymal Transition in Cancer
and Fibrosis[]]. Mol Cancer Ther, 2010, 9(6): 1515—1524.

5 Inge LJ, Rajasckaran SA, Yoshimoto K, et al. Evidence for a poten-
tial tumor suppressor role for the Na, K—ATPase §i—subunit[J]. His-
tol Histopathol, 2008, 23(4): 459—467.

6 Espineda C, Seligson DB, Ball Jr. JW, et al. Analysis of the Na,

K—ATPase a— and f—subunit expression profiles of bladder cancer
using tissue microarrays[J], Cancer, 2003, 97(8): 1859—1868.

7 Espineda G, Chang JH, Twis ], et al. Repression of Na, K—ATPase
8,—subunit by the transcription factor Snail in carcinoma([J]. Mo Bi-
ol Cell, 2004, 15(2): 1364—1373.

8 Aperia A. New roles for an old enzyme: Na, K—ATPase emerges as
an interesting drug target[J]. J Intern Med, 2007, 261(1): 44—52.

9 Liu J, Tian J, Haas M, et al. Ouabain interaction with cardiac Na*/
K*—ATPase initiates signal cascades independent of changes in in-
tracellular Na* and Ca** concentrations[]]. J Biol Chem, 2000, 275
(36): 27838—27844.

10 Yang AD, Fan F, Camp ER, et al. Chronic Oxaliplatin Resistance
Induces Epithelial—-to—Mesenchymal Transition in Colorectal Can-
cer Cell Lines[J]. Clin Cancer Res, 2006, 12(14): 4147—4153.

IV SRR ¥ = L N IR S N DO A A (REEPN = X
Uk LA Bt 1 = A ) 2 v ). o 8l Uk B Ak 24 75, 2010,18
(4):260—264.

12 Borst P, Elferink RO. Mammalian ABC transporter in health and
disease[]]. Annu Rev Biochem, 2002, 71: 537—592.

13 Dallas NA, Ling X, Fan F, et al. Chemoresistant Colorectal Cancer
Cells, the Gancer Stem Cell Phenotype, and Increased Sensitivity to
Insulin—like Growth Factor—I Receptor Inhibition[]]. Cancer Res,
2009, 69(5): 1951—-1957.

(2011—12—27 ki)
(2012—02—09 f& 1)
ORSEEXT)



