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ABSTRACT: ABCC4 and ABCCS are members of the ABCC subfamily of ATP-binding cassette transporters, which are capable of
pumping a wide variety of endogenous and xenobiotic organic anionic compounds out of the cell. ABCC4 and ABCC5 are expressed in
many normal tissues, and are known to either influence disposition in normal tissues or modulate the elimination of drugs, endogenous
and xenobiotic compounds. Mutations in ABCC4 and ABCCS are associated with changes in mRNA and protein expression, function of
transporters, bioavailability of drugs as well as the therapeutic outcome. ABCC4 and ABCCS5 have been implicated in mediating
multidrug resistance in tumor cells to varying degrees as the efflux extrude chemotherapeutic compounds from malignant cells. This
review focuses on recent insights into the transport function of ABCC4 and ABCCS, and discusses how they interact with other processes
in affecting the efficacy of chemotherapeutic drugs.
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ABCCI #tt.,ABCC4 f5 41%M 875 5 2 M H, B 1325
ANEILTR AL . ABCCA 5 T FERTHI AR LN, HoAth 1E H 2H 2
HIFEIRHRIAT, AN, ABCC4 7 T5 IR AN LS I 7T 6
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ABCC4 FE AR i 41 SRS TR 40 i 11 238 67 B AN [R5 B T
T ATl LB T, 3 22 501 P B 5 4 R TR A A e 2R
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ABCCS5 F 38%MZ RT3 5 ABCCl A, i 1437 4>
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FE8, HrP e B L OB IRTHR B A R R K R e, 5
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HERRPZTE A R 2T AU R IS A ©, Fettegnia
ABCCS FZLFIRTE AN LR M . A 2 A B A B i 1
i, BagE ABCCS () mRNA 7K 8 2 [A% , X vl g5 ABCCS
¥z cGMP IYBESIA K, cGMP TEfIR JLL & il FZAE A,
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ABCC4 fe il KB 2 AE N PMEA (9% i2 14, PMEA &
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T F 3 (topotecan ) 7 i 55 /1 Bl Mk 211 e 740 i 6 Y& w0 1 3
BURE il ABCC4 REFRIATENKLS A I 57 40 i LI A, [7)
A 235 70 M = 0 L 5 P9 M R THURSE . 7 ABCC4 SE I Bills
INER R VR 22 245 1) S I HETI S |, 20 %5 BE % (hydrochloroth-
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W& T N Z54%E 2 40 3¢ , ABCC4 i8S/ 22 N R M A 1 7
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Ak ML BRSNS B, ABCC4 A] LIA- 41y
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fated bile acids ), [ =% B4(leuketriene B4, LTB4 )l =¥ C4
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B, N FERE VAR FREE, I TR —B BREh (cGMP
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SR ZFEEE S Z AL I ABCC4 ABCCS (Y8513
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cleotide polymorphisms ) 53 278 B W 5 K F Mg sh 7 1Y 45
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TEE G X a5 i X 1 2 AR 2 X 48 17 AR B, AN i — ik
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o, —IL BRI T 74 DRAS LTI ST - N
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HFIK Fe e R 5 ABCC4 [)—-1> SNPs(1s3742106) #H¢,



REYES#E www.shengwuyixue.com Progressin Modern Biomedicine Vol14 NO.19 JUL.2014

<3763 -

AT RES [ R PR AT ABCC4 (338 R, [AliY Gradhand
R WEoT & B — A7 B GT ok TT 58 48 B AT Wk 1Y
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EilioliilIE S

WL &AL ABCC Z % F ABCC1 , ABCC2,ABCC3 [
FEIRKT 55 2P I 2 A 1 0005 5 A B 2 MR R e AR
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WHBVFZ I 258, s 8 E e 25y, B &S
(Methotrexate , MTX ) FIFEIA RS B, JFfdt i 2 7 A X ok s i
JELTPIITIT 2P W SRR I 24T 2 s SRR 2
fEL 40y 8 T 2 TE 20 M N B R Ak S A RE R L 2 BT L T
ABCC4 [F#E R U632 X S 2 Wy iy R AL A =, i At
XTI S 25 W TR 25 RE T o

Mcaleer £z F.4ft i ABCCS 7£ HEK293 4 il & 493 Feik It
AN (el 20 ) A5 X e R 24 N 22 41 %% K (daunorubicin ) A4
(Cisplatin ) i 2504 , (025 |6 240 it % 4w £ 28 il A B eh 4
(potassium antimonyl tartrate ) FIE LA PR 25 1LY, SR, TE IR
PRIFFEH B, B R A TT i B8 il 41 41 ABCCS

B mRNA 7K B 5 90, 7 Zead Ay i) 1R 22 JE M e o
AR B, ABCCS Rk PR I B PR M, 1E
9 2 i JBRRRE FLARE L DL RO B il 2 2 R RT DR
ABCC5 ) mRNA 7K F ™22, 5% 5-Fu i 245 (14 i i g 40 g
1, ABCC3 . ABCC4 il ABCC5 (AR B, A HA
£F%F ABCCS 1) RNAI R D354 e AN st 5-Fu fif 242, 3k
/1N 24 e s 240 A 309 P WG 480 R8s T DA R 1) ABCCS Y
mRNA FIE AR BAKF T ; 76 SBC-3/ADM MCF7/ADR
K562/ADM 45 ] 75 2% Tif 24 M98 40 Jfd ik bt %% 31 ABCCS (1)
mRNA FIEE (IR F e, fF 5818 & B miR-128 7E4K
SMAT LLGE S M ABCCS #2832 DA T k20 2L Mt 98 240 %o Bl 5
KI5 5 s 7EIm R I, miR-128 L ABCCS5 (13 357K AN FLIR
I R I AL ST IR R MR AR DG ™, AR STk HiRIE ABCCS ik
BTRT LA R R A0 R L 254 (0 T 24 1 < DU IR S AL
Y (6- F FEIE S FI 6- B & IEEH4 (6-thioguanine,6-TG) ) | M5 g 2
LY (3 Pl (gemcitabine) . Fi JK W% I (5-fluorouracil ,
5-FU) ) B #¥% i F (cytosine arabinoside , Ara-C) | fi 25 2 Fl 4L
TR N B 45 {0 ABCCS it ik AL iR gl st K &
2% (Vinca alkaloids ) 254 1 it 251247,

5 MNEERE

EZSIEST=N WS AL R e SRRy G N A T
1Ml ABC v Z 25 25 2 Horp— DB ZALH . BEEDFFE RO
AL ABC B2 1K 5 259t 25 (ARG T MR AS 1 — s ki, (HX)
HW A ABCC4 ABCCS IBFFEAIAREEZ o HEEH I 254
AR BRI, TRk S S A ok B TG PR 2 o e 240 ) 5
2R ) 25490 O RZEL, A R W i PR IR AL 22357 2459 22 24 i
i siiviee-2iie

& # 3T Wk (References)

[1] Russel, F.G., J.B. Koenderink, R. Masereeuw, Multidrug resistance
protein 4 (MRP4/ABCC4): a versatile efflux transporter for drugs and
signalling molecules[J]. Trends Pharmacol Sci, 2008, 29(4): 200-207

[2] Borst, P., C. de Wolf, K. van de Wetering. Multidrug resistance-
associated proteins 3, 4, and 5[J]. Pflugers Arch, 2007, 453(5): 661-6
73

[3] Hoque, M.T., G. Conseil, and S.P. Cole, Involvement of NHERF1 in
apical membrane localization of MRP4 in polarized kidney cells[J].
Biochem Biophys Res Commun, 2009, 379(1): 60-64

[4] Calatozzolo C., M. Gelati, E. Ciusani, et al. Expression of drug
resistance proteins Pgp, MRP1, MRP3, MRP5 and GST-pi in human
glioma[J]. J Neurooncol, 2005, 74(2): 113-121

[5] Karla P.K., T.L. Quinn, B.L. Herndon, et al. Expression of multidrug
resistance associated protein 5 (MRP5) on cornea and its role in drug
efflux[J]. J Ocul Pharmacol Ther, 2009, 25(2): 121-132

[6] Nies A.T., G. Jedlitschky, J. Konig, et al. Expression and
immunolocalization of the multidrug resistance proteins, MRP1-
MRP6 (ABCCI1-ABCCS6), in human brain [J]. Neuroscience, 2004,
129(2): 349-360

[71 Meyer Zu Schwabedissen H.E., M. Grube, B. Heydrich, et al.
Expression, localization, and function of MRP5 (ABCCS5), a

transporter for cyclic nucleotides, in human placenta and cultured



- 3764 -

IREYES#HE www.shengwuyixue.com Progressin Modern Biomedicine Vol14 NO.19 JUL.2014

human trophoblasts: effects
differentiation[J]. Am J Pathol, 2005,166(1): 39-48

[8] Leggas M., M. Adachi, G.L. Scheffer, et al. Mrp4 confers resistance to

of gestational age and cellular

topotecan and protects the brain from chemotherapy [J]. Mol Cell
Biol, 2004,24(17): 7612-21

[9] Hasegawa M., H. Kusuhara, M. Adachi, et al. Multidrug resistance-
associated protein 4 is involved in the urinary excretion of hydroch-
lorothiazide and furosemide[J]. J Am Soc Nephrol, 2007, 18(1): 37-4
5

[10] Ci, L., H. Kusuhara, M. Adachi, et al. Involvement of MRP4
(ABCC4) in the luminal efflux of ceftizoxime and cefazolin in the
kidney[J]. Mol Pharmacol, 2007,71(6): 1591-1597

[11] Reid G., P. Wielinga, N. Zelcer, et al. Characterization of the
transport of nucleoside analog drugs by the human multidrug
resistance proteins MRP4 and MRP5[J]. Mol Pharmacol, 2003,63(5):
1094-1103

[12] Reid G., P. Wielinga, N. Zelcer, et al. The human multidrug
resistance protein MRP4 functions as a prostaglandin efflux
transporter and is inhibited by nonsteroidal antiinflammatory drugs
[J]. Proc Natl Acad Sci U S A, 2003, 100(16): 9244-9249

[13] Krishnamurthy P., M. Schwab, K. Takenaka, et al. Transporter-
mediated protection against thiopurine-induced hematopoietic
toxicity[J]. Cancer Res, 2008, 68(13): 4983-4989

[14] Li C., P.C. Krishnamurthy, H. Penmatsa, et al. Spatiotemporal
coupling of cAMP transporter to CFTR chloride channel function in
the gut epithelia[J]. Cell, 2007, 131(5): 940-951

[15] Hanaka H., S.C. Pawelzik, J.I. Johnsen, et al. Microsomal
prostaglandin E synthase 1 determines tumor growth in vivo of
prostate and lung cancer cells[J]. Proc Natl Acad Sci U S A, 2009,106
(44): 18757-18762

[16] Keitel V., M. Burdelski, U. Warskulat, et al. Expression and
localization of hepatobiliary transport proteins in progressive familial
intrahepatic cholestasis[J]. Hepatology, 2005, 41(5): 1160-1172

[17] Dankers A.C., H.A. Mutsaers, H.B. Dijkman, et al. Hyperuricemia
influences tryptophan metabolism via inhibition of multidrug
resistance protein 4 (MRP4) and breast cancer resistance protein
(BCRP)[J]. Biochim Biophys Acta, 2013, 1832(10): 1715-1722

[18] Kruh G.D., M.G. Belinsky, J.M. Gallo, et al. Physiological and
pharmacological functions of Mrp2, Mrp3 and Mrp4 as determined
from recent studies on gene-disrupted mice [J]. Cancer Metastasis
Rev, 2007,26(1): 5-14

[19] Rius M., J. Hummel-Eisenbeiss, and D. Keppler, ATP-dependent
transport of leukotrienes B4 and C4 by the multidrug resistance
protein ABCC4 (MRP4) [J]. J Pharmacol Exp Ther, 2008,324(1):
86-94

[20] Wijnholds J., C.A. Mol, L. van Deemter, et al. Multidrug-resistance
protein 5 is a multispecific organic anion transporter able to transport
nucleotide analogs [J]. Proc Natl Acad Sci U S A, 2000,97 (13):
7476-7481

[21] Jedlitschky G., B. Burchell, and D. Keppler, The multidrug resistance
protein 5 functions as an ATP-dependent export pump for cyclic
nucleotides[J]. J Biol Chem, 2000,275(39): 30069-30074

[22] Andric S.A., T.S. Kostic, and S.S. Stojilkovic, Contribution of

multidrug resistance protein MRPS in control of cyclic guanosine
5'-monophosphate intracellular signaling in anterior pituitary cells[J].
Endocrinology, 2006,147(7): 3435-3445

[23] Mourskaia A.A., E. Amir, Z. Dong, et al. ABCC5 supports osteoclast
formation and promotes breast cancer metastasis to bone [J]. Breast
Cancer Res, 2012,14(6): R149

[24] Saito S., A. lida, A. Sekine, et al. Identification of 779 genetic
variations in eight genes encoding members of the ATP-binding
cassette, subfamily C (ABCC/MRP/CFTR[J]. J Hum Genet, 2002,47
(4): 147-171

[25] Gradhand U., T. Lang, E. Schaeffeler, et al. Variability in human
hepatic MRP4 expression: influence of cholestasis and genotype [J].
Pharmacogenomics J, 2008, 8(1): 42-52

[26] Khor C.C., S. Davila, C. Shimizu, et al. Genome-wide linkage and
association mapping identify susceptibility alleles in ABCC4 for
Kawasaki disease[J]. J Med Genet, 2011, 48(7): 467-472

[27] Anderson P.L., J. Lamba, C.L. Aquilante, et al. Pharmacogenetic
characteristics of indinavir, zidovudine, and lamivudine therapy in
HIV-infected adults: a pilot study [J]. J Acquir Inmune Defic Syndr,
2006,42(4): 441-449

[28] Ansari M., G. Sauty, M. Labuda, et al. Polymorphisms in multidrug
resistance-associated protein gene 4 is associated with outcome in
childhood acute lymphoblastic leukemia. Blood, 2009. 114 (7):
1383-1386

[29] Bruggemann M., H. Trautmann, D. Hoelzer, et al. Multidrug
resistance-associated protein 4 (MRP4) gene polymorphisms and
treatment response in adult acute lymphoblastic leukemia [J]. Blood,
2009, 114(26): 5400-5401

[30] Lopez-Lopez E., J. Ballesteros, M.A. Pinan, et al. Polymorphisms in
the methotrexate transport pathway: a new tool for MTX plasma level

lymphoblastic  leukemia [J].

prediction in acute

Pharmacogenet Genomics, 2013, 23(2): 53-61

pediatric

[31] Ban H., A. Andoh, H. Imaeda, et al. The multidrug-resistance protein
4 polymorphism is a new factor accounting for thiopurine sensitivity
in Japanese patients with inflammatory bowel disease [J]. J
Gastroenterol, 2010, 45(10): 1014-1021

[32] Dazert P., K. Meissner, S. Vogelgesang, et al. Expression and
localization of the multidrug resistance protein 5 (MRPS5/ABCCYS), a
cellular export pump for cyclic nucleotides, in human heart [J]. Am J
Pathol, 2003, 163(4): 1567-1577

[33] Kwan P. V. Wong, P.W. Ng, et al. Gene-wide tagging study of the
association between ABCC2, ABCCS and ABCG2 genetic

polymorphisms resistance  in
Pharmacogenomics, 2011, 12(3): 319-325

[34] Di Martino M.T., M. Arbitrio, E. Leone, et al. Single nucleotide

and multidrug epilepsy [J].

polymorphisms of ABCC5 and ABCGl transporter genes correlate to
irinotecan-associated gastrointestinal toxicity in colorectal cancer
patients: a DMET microarray profiling study [J]. Cancer Biol Ther,
2011,12(9): 780-387
[35] Plasschaert S.L., E.S. de Bont, M. Boezen, et al. Expression of
multidrug resistance-associated proteins predicts prognosis in
childhood and adult acute lymphoblastic leukemia [J]. Clin Cancer

Res, 2005, 11(24 Pt 1): 8661-8668



REYES#E www.shengwuyixue.com Progressin Modern Biomedicine Vol14 NO.19 JUL.2014

< 3765 -

[36] Ho L.L., J.G. Kench, D.J. Handelsman, et al. Androgen regulation of
multidrug resistance-associated protein 4 (MRP4/ABCC4) in prostate
cancer[J]. Prostate, 2008, 68(13): 1421-1429

[37] Norris M.D., J. Smith, K. Tanabe, et al. Expression of multidrug
transporter MRP4/ABCC4 is a marker of poor prognosis in
neuroblastoma and confers resistance to irinotecan in vitro [J]. Mol
Cancer Ther, 2005, 4(4): 547-553

[38] Fletcher J.I,, M. Haber, M.J. Henderson, et al. ABC transporters in
cancer: more than just drug efflux pumps [J]. Nat Rev Cancer, 2010,
10(2): 147-156

[39] McAleer M.A., M.A. Breen, N.L. White, et al. pABC11 (also known
as MOAT-C and MRP5), a member of the ABC family of proteins,
has anion transporter activity but does not confer multidrug resistance
when overexpressed in human embryonic kidney 293 cells [J]. J Biol
Chem, 1999, 274(33): 23541-23548

[40] Oguri T., T. Isobe, T. Suzuki, et al. Increased expression of the MRP5
gene is associated with exposure to platinum drugs in lung cancer[J].
Int J Cancer, 2000, 86(1): 95-100

[41] Alexiou G.A., A. Goussia, S. Voulgaris, et al. Prognostic significance
of MRP5 immunohistochemical expression in glioblastoma [J].
Cancer Chemother Pharmacol, 2012, 69(5): 1387-1391

[42] Hagmann W., R. Jesnowski, R. Faissner, et al. ATP-binding cassette
C transporters in human pancreatic carcinoma cell lines. Upregulation
in 5-fluorouracil-resistant cells[J]. Pancreatology, 2009, 9(1-2): 136-
144

[43] Yoshida M., T. Suzuki, T. Komiya, et al. Induction of MRP5 and
SMRP mRNA by adriamycin exposure and its overexpression in
human lung cancer cells resistant to adriamycin[J]. Int J Cancer, 2001,
94(3): 432-437

[44] Zhu Y., F. Yu, Y. Jiao, et al. Reduced miR-128 in breast
tumor-initiating cells induces chemotherapeutic resistance via Bmi-1
and ABCC5[J]. Clin Cancer Res, 2011, 17(22): 7105-7115

[45] Nambaru P.K., T. Hubner, K. Kock, et al. Drug efflux transporter
multidrug resistance-associated protein 5 affects sensitivity of
pancreatic cancer cell lines to the nucleoside anticancer drug
S-fluorouracil[J]. Drug Metab Dispos, 2011, 39(1): 132-139

(L$22E 3756 TT)
Lei De-liang, Chen Fu-zhou, Gu Wei-qiong, et al. An exploration on

the new cultivation model of 7-year medical students' capability of
scientific research[J]. Medicine and Philosophy, 2005, 26(5): 74-75
[18] B4 4 5, % L0045, L h EF A AN 3R 2810 B
F2HFR A& IR, 2012, 25(10): 1081-1083
Ou Yun-sheng, Yang Hong-yu, Jiang Dian-ming, et al. A summary:
Training experiences of 7-year medical students' capability of
scientific research[J]. Journal of Medical Postgraduates, 2012, 25(10),
1081-1083
[19] Z4&, % 4 . 538 & 44 A AHAT AR A 3 3R 00 L5 2
& H 25,2007, 18(5): 1109-1110
Li Yuan, Liang Hua-zheng. The Cultivation ofCollege students's
Sientific Research Ability [J]. Li Shi Zhen Medicine and Material

[, 5%

Medical Research, 2007, 18(5): 1109-1110

[20] FKRAEF IR & 5 50 ts, 5. X EF K E S AH AT 98 AT
ARG ESHI]. PRI R &, 2011, 15(6): 531-534
Zhang Wei, Zhang Xiu-jun, Sun Ye-huan, et al. Investigation on
participation in scientific research in early phase among
undergraduates in a medical university[J]. Chinese Journal of Disease
Control & Prevention, 2011, 15(6): 531-534

[21] TN AR FHA. B AR ERKF LR S 2] BAL
HH (HHAR 5 R4), 2011, 55(4): 71-73
Yu Jian-chuan, Guan Jia-jia, Li Jiao-yue. Experiences of practical
teaching in undergraduate education at home and abroad [J]. Hei
Long-jiang Education

2011, 55(4): 71-73

(Higher Education Research &Appraisal),



