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PI3K/Akt/GSK-33 pathway mediates ABC transporter regulating multi-

drug resistance in human colon cancer HCT-15 cells
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( Department of Pathology and Pathophysiology, Chengde Medical College, Chengde 067000, China. E-mail; 910235882
@ gq. com)

[ ABSTRACT] AIM: To investigate whether the PI3K/Akt signaling pathway regulates the expression of ABC
transporter through the downstream glycogen synthase kinase-3g ( GSK-33) pathway and participates in the multidurg re-
sistance of colorectal cancer (CRC) HCT-15 cells. METHODS: Colorectal cancer HCT-15 cells were cultured and then
treated with GSK-3@ inhibitor (HY-19807) and PI3K/Akt pathway inhibitor (HY-13898) , respectively. The median in-
hibitory concentration (ICg,) of oxaliplatin for HCT-15 cells in each group was detected by CCK-8 assay, the inhibition rate
and resistance index were also calculated. The protein levels of Akt, p-Akt, GSK-33, p-GSK3B-Ser9 and ABC transporters
P-glycoprotein (P-gp) and multidrug resistance-associated protein 2 ( MRP-2) in the HCT-15 cells were determined by
Western blot. The mRNA expression of ABC transporter in the HCT-15 cells was detected by RT-qPCR. The cell cycle dis-
tributions were analyzed by flow cytometry assasy. RESULTS: After GSK-38 inhibitor HY-19807 was used in the HCT-15
cells, the median inhibitory concentration of oxaliplatin was significantly increased, the protein levels of p-GSK3B-Ser9, P-
gp and MRP-2 were up-regulated compared with control group (P <0.05), the changes of Akt and p-Akt were not obvious
compared with control group (P >0.05). The results of RT-qPCR also showed that the mRNA levels of ABCB1 and AB-
CC2 were increased (P <0.01). Meanwhile, analysis of the cell cycle distribution showed that GSK-3@ inhibitor HY-
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19807 promoted HCT-15 cell transition from G, phase to S phase, and cell proliferation was vigorous. After the PI3K/ Akt

pathway inhibitor HY-13898 was applied to HCT-15 cells, the ICs, of oxaliplatin was decreased compared with control group
(P <0.05). Moreover, the protein levels of p-Akt, p-GSK3B3-Set9, P-gp and MRP-2 were down-regulated (P <0.01).
RT-qPCR results also showed that the mRNA expression of ABCB1 and ABCC2 was decreased (P <0.01). At the same

time, G, phase was prolonged, which inhibited cell transition from G, phase to S phase, and inhibited cell proliferation.

The protein expression of total GSK-33 was consistent in each group. CONCLUSION: The PI3K/ Akt signaling pathway is

involved in the proliferation and multidrug resistance of colorectal cancer HCT-15 cells by regulating the phosphorylation of

GSK-3B and changing the expression of ABC transporter.
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il 77 ( HY-13898 ¥ T DMSO, 5% % 2 ¥k 2 Oy 30
pmol/ L, /EHIZH L 24 h) .
2.2 Western blot % & & K-F B3 Pa2ibdlab
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%1 RT-qPCR SSIf0%EESI MRS
Table 1. The primer sequences for RT-qPCR

Name Forward primer (5°-3") Reverse primer (5-3")
ABCBI GGAGCCTACTTGGTGGCACATAA GTAGCTCATCATCTGGGACA
ABCC2 AGTGATCACCATCGCCCACA GTTCACATTCTCAATGCCAGCTTC
GAPDH GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTGGA

2.5 wmpe R oA ek R XTECE K&
HYRHE, 377 10, TS PBS YE4HML 2 . H&A
10% fi 4= 1l 3 () RPMI-1640 1% 57 5L H 1 41 i &
WA 70% £ 1,4 °C [ 2 7%, 5.0, PBS
VeV, A 500 L PT Yy, 6P F 15 min, |
it 20 ARSI
3 FitFEAiE

Bk A SPSS 19.0 {4434, i BERL S G
Bt LAEL = ARifE2E (mean + SD) RoR, 2 FEA LY
B) 0 LR SE R T Oy 25 S PERG 0, 25 SR I R A T
K3 7 2253 M , AHORPE 53 BT R FH Spearman A5G 7347 .
PP <0.05 AZERAGIH2 Lo
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YL 5, p-GSK3B-Ser9 Al p-Akt 1) 2 1 7K F B AIK
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Figure 1. The results of Western blot for determining the protein levels of total GSK-33, p-GSK-33-Ser9, Akt, p-Akt, MRP2 and P-
gp in the HCT-15 cells after treated with different inhibitor. Mean £ SD. n=3. "P <0.05, ™ P <0.01 wvs control group.
E 1 Western blot il A 5 #1 %17 %t HCT-15 4R GSK-3B.p-GSK-3B-Ser9 , Akt p-Akt MRP2 #1 P-gp & 57Kk FEHI 800
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Figure 2. The effect of different inhibitors on the cell viability (A) and the changes of IC,(B) in the HCT-15 cells. Mean +SD. n =

3. " P<0.01 vs control group.
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3 RT-qPCR SLI#ER

§ 101 [ Control
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i GSK3 B-Ser9 f2 07 5 =R AL S5 AT 06| ABC 55576 Figure 3. The relative mRNA expression of ABCC2 and ABCBI in
El mRNA E/‘J %%i_o the HCT-15 cells after treated with different inhibitors.

Mean +SD. n=3. "P<0.05, ™ P <0.01 vs control

4 fﬂiﬂﬂﬂﬂ,ﬁﬁ#ﬁﬂﬁ"‘“ﬂ.

p =N s ’ group.
ZE i A A5y *}j control 21 G, JIAHHE i L B3 REMEFI4E HCT-15 /S ABCC2 1 ABCBI i
(59.61 +0.73)% ,S W40 Ml 5 1 (23.38 +0.74)% , S

HCT-15 4012 HY-19807 4bFH)5 5% HRZHAH L G, ]



YA T 43R M (45.69 £0.96)% , B g/ (P <
0.01) , [F]mf S HIAAMLAY 7330 (39.77 £0.92) % , B
FHM(P <0.01) , W] HY-19807 AIfefff HCT-15 4
ek G, 1) S A, fe kA 5. ] HY-13898
Ab¥E HCT-15 40085, G, M40 | 73 %k (84. 17

- 2205 -

+1.35)% Wl BIGI(P <0.01) , [FiF S W4 A
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Figure 4. The effects of different inhibitors on the cell cycle distribution in the HCT-15 cells. Mean +SD. n=4. ™ P <0.01 vs con-

trol group.
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3B-Ser9 P-gp [ MRP2 133k FEAIG, WA ol 770 % 25
GSK-3B ik TostMe . RT-qPCR A6 I 25 4L & 7, i
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NA FE k860, i B HY-13898 5, ABCB1 #il ABCC2
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X BRI A7 Uk . HY-13898 41| PI3K/
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5%, P-gp & MRP2 FRikyk /b, DL bS5 R B AfE
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il AT AR IR HCT-15 Z0id iy G, %6725 S 3, 40
Ji 3 58 52 B0 . B R PIBK/Ake 38 5% A DL a5k
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