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Suppression of OCT2/MRP2 decreases kidney injury and enhances the
chemosensitivity of co-administration of cisplatin and astragaloside 1V
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Abstract: Kidney injury and decreased chemosensitivity of tumor cells are obstacles with cisplatin (CDDP)
chemotherapy. Down-regulation of the organic cation transporter 2 (OCT2) and multidrug resistance-associated
protein 2 (MRP2) is a key means to alleviate CDDP-induced kidney injury and increase chemosensitivity. Astraga-
loside IV (AS 1V) is obtained from the well-known traditional Chinese herb Astragalus membranaceus. This study
explored the role of AS IV in preventing kidney injury and enhancing the antitumor effect of CDDP by suppressing
OCT2 expression in kidney and MRP2 in tumors. This project was reviewed and approved by the Animal Ethics
Committee of the First Hospital of Jilin University. The effects of AS IV on CDDP inhibition of tumor growth and
promaotion of apoptosis were assessed in Lewis lung tumor (LLC)-bearing mice by H&E and TUNEL staining.
Kidney injury was assessed by serum biochemical parameters and H&E staining. We used Western blotting and
immunohistochemistry assays to detect OCT2 and MRP2 expression in Kidney and tumor. The concentration of
CDDP in kidney and tumor was measured by HPLC-MS/MS. AS IV enhanced CDDP chemosensitivity by increasing
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tumor cell apoptosis and slowing tumor growth, and decreased Kidney injury as evidenced by lower blood creatinine
(Cr) and blood urea nitrogen (BUN). Co-administration of AS IV suppressed MRP2 overexpression induced by
CDDRP in tumor tissues and may be an important mechanism for enhancing CDDP chemosensitivity. Moreover, AS
IV reduced CDDP-induced kidney injury in mice along with suppression of OCT2 expression in Kidney. The
concentration of CDDP was increased in tumor but decreased in kidney. In total, AS 1V not only enhanced the anti-
tumor effect of CDDP by suppressing MRP2 expression in tumor cells, but also decreased kidney injury induced
by CDDP. The results provide new insight into the combined use of a chemotherapy drug and natural ingredients to

treat cancer.

Key words: multidrug resistance-associated protein 2; organic cation transporter 2; astragaloside 1V; cisplatin;

kidney injury; chemosensitivity

(=R Y IRENCIE: ke I SN = ) P =2 L)
Jii & FARI Bk BB, G 24 5 M S B 5 2 AR H
R HOR 2 51 DR SR T R, BAT AR = i
AR 3 v 3 A T B i g v . I (cis-
diamminedichloroplatinum, CDDP) & —F ™32 . )
— 2 AT 25, X 22 M S A bR T 3 )N 48 i i e L
JiR 5 < O B e RN Sk 000 M R SR I R IR T
PER, (& T H B35 1 v IR 1 AL R &, 2
mi F I AR JT 24P B CDDP 5| 2 f 7™ & 2tk sl f8 1
1453 L A5 vT ik i A5 18 B CDDP 4697 58 35 1) 40%, i it
AR 2R B BT S T AT 19% 2 H CDDP 5l i
[, EH 16 AT WL, CDDP 5 3 (1 B 451477 Ll il 2 v R ™
HAEIT AR BT A R LA T I R A R 5
M), 88 £ B XS AT 24590 7= AR T 24 1 BRRURR 4 T B A
S e B Ay R e T I ) R I R, G T AR
(K] B £ 9 B0 T2 (1) 8 3 H 29 90% 5 iR i 24 4 ok,
TE & # 4T 297 72 CDDP Ak y7 il #2 w98 40 ffa %+t
CDDP 1) 25 ) BURAE T [ HL 28 it 25 & B o &2 ) Il
IRIT 200 5 — BB R, 45 &, %55 CDDP 7 Ifi
PR S FH 3 A4 v 1) sk 55 169 26077 725 2 1y CDDP HiE 55 1)
s TTIm

HHEFFEY], L & CDDP % S 1S Hilh, i 25
5 Ji 78 4 Jf %t CDDP BURK M T B BTN 24, 35 5 4 Jif
RS s AR A % VIAR ¢ . CDDP 1 Bh %
R B ol H 2 i P R A i 2 4R, 1)
) A1 HE Y 1) A 58 A A TR L dE 4 R A, BRI
M EH, R, 72 CDDP i & B 451473 S 41 B firf 24 3 2
i, 2RI R R T EEAERY. B S FiE
{4 2 (organic cation transporter 2, OCT2) - # /3 A fE &
N L R 4, fE CDDP % & I i i e 8 1
N EBMAE, G855 A T ML 4 1) CDDP £ 5L
HNENEMM . TR, OCT2 KK IL Fe %
il CDDP ] JIT % HUM 171 Y 4% CDDP 55 (1 1 45 45
10 firk 96 440 Jf0 v 1 22 24T 24 A0 58 2R 1 2 (multidrug resis-

tance protein 2, MRP2) & — i /M HE 2 3 12 4, & 47 91
W i 98 4t B+ i) CDDP M F H 41 i, 72 CDDP 5 3 1
Z UMz RS T EEEH . FRRA, RES T
CDDP #l ¥ J5 fit % 5 5 MRP2 {11 % 1%, 5 5 CDDP
A3 T B A 40 B 54 /& CDDP J7 R B AR K it
Zif E ALK 45 b, PLEE AR AF 8% CDDP 5
SR B AR 5 3 2 R 4 i X CDDP Ak 77 BUR PE ¥ 3%
[ A B A ER T e

W A5 3 +h 25 75 By [5) 38 Jin CDDP 471 il 983 1 A LA
vk B R M O TR A R K i . R
(astragaloside 1V, AS V) &3 [E 1% 4t v 24 58 i 1) £ 200
PERSY, BB Z M2 EEH, 2 B Rl 2535 P it L)
oSt (B )™M B8 AR IO REE B AS
IV 7 K (5 H 75 mg-kg™) fig % Jd % CDDP (15 mg-kg™,
s ) 15 5 0K RO S R, R — BT
CDDP J #4251, {HJE AS IV BE 75 75 I8 55 1 2
it b IR R 4% S AR Y HLR A fer, AN TE R . DRk,
AT 5 4 S Lewis it s 40 i (LL.C) A 788 /) B ZY , [A)
i) % %2 AS IV B4 CDDP [k # 386 2 F, JF 48 7EH
KHIZ R MRP2 A OCT2 [ R 1A, K FH ey 280 AR £ 1%
5 35K T (HPLC-MS/MS) il 52 ' JIE K i 68 24 43 o
CDDP [ 2, fe & WIHi AS IV X CDDP J #1824 1) P
[EEEELINER

Figure 1 The chemical structure of astragaloside IV (AS V)
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Figure 2 The anti-tumor effects of co-treating with CDDP and AS IV. A: The growth curves of tumor volume; B: Tumor weight; C: Tumor

image; D: Body weight. n =5, x +s. "P < 0.05, “P < 0.01, ""P < 0.001
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Figure 3 The staining images for tumor tissue of Lewis lung tumor-bearing mice. —— —: The area of necrosis cells; A : Apoptosis tumor
cell. Scale bar = 50 um (200x) and 100 pum (400x)
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Figure 4  Assessment of kidney injury in response to CDDP and AS IV. A: Serum levels of creatinine (Cr); B: Serum levels of blood urea

nitrogen (BUN); C: H&E staining images of kidney. n =5, x s, P < 0.05. A: Inflammatory infiltration; A : Protein cast. Scale bar = 50 um
(200x) and 100 pum (400x)
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Figure 5 Expression levels of organic cation transporter 2 (OCT2) in response to CDDP and AS IV. A: Images of mouse kidney immuno-
histochemistry sections stained for OCT2 expression; B: Relative expression levels of OCT2 in mouse kidneys, as measured by Western
blotting. The relative expression of OCT2 was calculated as the band intensity of OCT2 normalized to GAPDH. n = 3, x £ 5. "P < 0.01,
“"P < 0.001. Scale bar = 50 um (200x) and 100 pm (400x)
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Figure 6 Expression levels of multidrug resistance-associated protein 2 (MRP2) in response to CDDP and AS IV. A: Images of mouse
tumor immunohistochemistry sections stained for MRP2 expression; B: Relative expression levels of MRP2 in mouse tumors, as measured
by Western blotting. The relative expression of MRP2 was calculated as the band intensity of MRP2 normalized to GAPDH. n = 3, X £ s.
“"P < 0.001. Scale bar = 50 um (200x) and 100 pm (400x)
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Figure 7 The concentrations of CDDP in mouse tumors and kidneys in response to CDDP and AS IV. n =5, x +s. "P < 0.05
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