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プロスタグランジン類の膜輸送に係わる新規ヒト型輸送担体（Human Prostaglandin
Carrier, hPrC）の単離と機能の特定
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Molecular Cloning and Functional Characterization of a Novel Gene Encoding
Human Prostaglandin Carrier, hPrC
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In the present study, we isolated and determined the pharmacological characteristics of a novel gene encoding the
human prostaglandin carrier (hPrC). The isolated cDNA consisted of 1431 base pairs that encoded a 477-amino acid
protein, and we found that isolated hPrC does not belong to any drug transporter families. RT-PCR analysis revealed
that the hPrC mRNA is expressed in various human tissues ubiquitously. When expressed in Xenopus laevis oocytes,
hPrC mediated the transport of [3H]prostaglandin E2 (PGE2) in a sodium-independent manner. The uptake of [3H]
PGE2 was not trans-stimulated by PG analogous. Although there are several PG transporters such as multidrug resistan-
ce-associated protein 4 (MRP4), organic cation transporter 1 (OCT1) [solute carrier (SLC) 22A1], organic anion
transporter 13 (OAT13) [SLC22A68], OAT4 [SLC11], OATP-1 (LST-1) [SLCO1B1], OATP2B1 [SLCO2B1],
OATP2A1 (PGT) [SLCO2A1], OATP4A1 (OATP-E) [SLCO4A1］have been isolated and well characterized, our
ˆndings suggest that hPrC functions as a novel transport peptide responsible for PG uptake. Our results should provide
insight into the novel mechanism of the PG transport in the human body.

Key words�drug transporter; prostaglandin; organic solute
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方 法

1. 実験材料 BigDyeTerminatorhv3.1i	


Applied Biosystems�hTokyo, Japani�£�I

c3M13 universal primer úû BamHI 	����

���hOsaka, Japani�£�Ic3RT-PCR

high-plus-kit	 TOYOBO����hTokyo, Japani

�£�Ic3R'�WXhE
ßC
���
�

ç
UV
DC
�
@A
éA
BC
ST
�

èi� total RNA 	 BD CLONTECH �hMoun-

tain View, CA, USAi�£�Ic3Collagenase

A	 Boehringer Mannheim�hMannheim, Germa-

nyi�£�Ic3Clear-sol I	��(9����

hKyoto, Japani�£�Ic3�����µ� 

!¶"�	#$%&��'()����hSaitama,

Japani�£�Ic3PGE2Û5,6,8,11,12,14,15-
3HÜh171 CiØmmoli	P*������hTokyo,

Japani�£�Ic3#�+�,�	w-�,�

Ú.�]�Jc3

2. 実験方法

2-1. ライブラリーの構築 R'ST poly

YA\� RNA 2 mg � oligo dT úû random hexamer

]/É
01��d'2+��3��R'ST

cDNA (94(µ+]��Ic356�7=	8

��î���c39Í] Phage dilution buŠer��

:;I
4�Í] Y1090ZLKKQ�<=I
Top

agarh0.5> yeast extract, 0.5> NaCl, 0.2> MgCl2,

0.7> Seaem AgaroseiKKQ� LB?@h1> tryp-

tone, 0.5> yeast extract, 0.5> NaCl, 0.2> MgCl2,

1.5> bacto agar, 90 mmA15 mmi�BCI
37DC

��¹EF?GIc3

2-2. cDNA の単離 LB ?@�
cDNA (9

4(µ+] 6000080000 pfuØplate �8!�î�B

CI
37DC ���(+�]H�zI�J
KJ1

þ�µ�]��Ic3��µ+L)e��Jc�

d+4	 hOSCP1 cDNAMN]�Jc39�L'dO

�d+��P�,+	
Q94µR9S+TU)9

Íh50> formamide, pH 6.5i�� 37DC 1¹VQ

94µR9WIc30.1> SDS]ÐÑ 2ASSC1X

YI
¹EF�P�Z][\�Jc3]$ c^½

Te���_`w!�(+�]aJ
:¹�d+)

]]c3�d+)	WbcÉ]�J
�)dTµ)

]ÐÑ LB?@h100 mgØmli1¹EF?G¦
�

(�e· DNA]]c3

2-3. 塩基配列の決定 fíghi=	
Big-

Dye Terminator j�3�c3]$ c cDNA 0.5

mg] BigDye Terminator v3.1 cycle sequencing kit]

�J
M13 universal �(9k+�	]$ c

cDNA �Úl�8�(9k+]m8¤¥I
4 

]�Jc3SigmaSpinTM Post-Reader Clean-Up

Columns ]�J���Ic3#�y�] Hi-Di

Formamide 25 ml �no¦
Applied Biosystems 310

p DNAq�T+�")r+��£Mfígh]i

=Ic3

2-4. RT-PCR 法による発現解析 R'�WX

� total RNA ]�J
RT-PCR ��	
]��

c3�(9k+�st	
Primer3 Outputhhttp:ØØ
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primrt3.htmli�r9']�J�stIc3�(9

k+�gh	
 reverse �(9k+v 5w-AAG-

CGCATATGGAGCACTTT-3w1 forward �(9

k + v 5 w-CGCCTGTCTTCTAGGAGGTG-3 w3

PCRxy	z{�³Ic3◯60DC
30�A1 cycle


◯94DC
2�A1 cycle
◯94DC
1�|48DC
1.5�

A35 cycles
◯50DC
10�A1 cycle
◯4DC3

2-5. cRNA 合成と遺伝子発現 Xenopus laevis

oocyte の作製 cDNA] BamHI1}~Ic¦


���+�Ø�dd��Z�ª]��� cRNA��

)�þ+'KIc3T7 RNA polymerase ]�J�

cRNA]��Ic3��Ic cRNA��º	
1.0

mgØmlK8!�î���Ic3��µ� !¶"�

M$�ªIc��� 	���º 2 mgØmlK8!

�î� collagenase A ]/É
OR2 9Íh83 mM

NaCl, 2 mM KCl, 1 mM MgCl2, 5 mM HEPES, pH

7.5i�1/É
P�1 12���KîI
stage V-

VI]ÝÞI�%&�'Ic3cRNA	%����

{1 50 ng]k9�d9)f��TU)Ic3Gen-

tamicinh50 mgØmli]ÐÑ Barth's 9Íh88 mM

NaCl, 1 mM KCl, 0.33 mM Ca YNO3\24H2O, 0.41

mM CaCl22H2O, 0.82 mM MgSO47H2O, 2.4 mM

NaHCO3, 10 mM HEPES, pH 7.5i�� 2��?G

I
�£�b%&��Jc3^_	
	©���~

¤�]�J
Na� �½
pH �½
���

½
ÒÓ�����
_�íÁ���8F�KJ�

��Ic3

2-6. [3H]PGE2 の取り込み �£�b%&	

ND969Íh96 mM NaCl, 2 mM KCl, 1.8 mM CaCl2,

1 mM MgCl2, 5 mM HEPES, pH 7.5i]�J�P�

����c3Û3H[PGE2	���º" 2 nM�8!

�î� ND96 1��Ic3��� KKQ�P�

1 1 ���`�Jc3�`��	
�� ND96 ]

/Éc3��¦
3 ´K¡9��¢�£I
10>

SDS 200 ml]/É�P�1 60���KîI�¤M

�9	�Jc3Clear-sol I]/É
Í�T)¥þ+

TU)�¦),+1��� ���£�5 c©�

§½]7=Ic3�£�b§½	��¨�£©ªI


fmolØoocyteØh1«³Ic3

2-7. Na＋ 依存性 :;Ic��n]-IcÒ

Ó" Na� �½12!MªM]L$M�w!cÇ

�
ND969Í� Na]
# « choline chloride,

LiCl, mannitol, N-methyl-D-glucaminehNMDGi�

N¬�®Ic9Í]��I�%&]��c3

2-8. 時間依存性 :;Ic��n]-IcÒ

Ó"���½12!MªM]L$M�w!cÇ�


2 nMÛ3H[PGE2]��I
P�1 15, 30, 60, 90,

120, 150���`�J
�£�b§½�r�¯~]

��Ic3

2-9. 阻害実験 :;Ic��n]-IcÛ3HÜ

PGE2 ��£�b°±%&	
2 nMÛ3H[PGE2 ]

�Jc3°±�ÁKI� PGE1, PGE2, PGF2a, PGD2

]��I
���º] 200 nMKIc3

2-10. trans-Stimulatory 効果 :;Ic��

n]-IcÛ3H[PGE2��£�b"
ÒÓíÁ#

�Q�]_�íÁKI�J!MªM]��w!cÇ

� PGE1, PGE2, PGF2a, PGD2]�J���Ic3

�'��9ÍKI� PGE1, PGE2, PGF2a, PGD2]

ND969Í1 2 mMK8!�î�����I
�£

�b²³ 1��å����º 200 nMK8!�î�

:;I��`�Jc3KJ1
2 nMÛ3H[PGE2K

hPrCGH��� K] 1���`�Jc¦
�£

�b%&]��c3

結 果

:;Ic cDNA	
MN 2544 bp
,)´�µ¶

·¸ 1431 bp
�e�¹º�¥·»	 477 ]¼I

�JchFig. 1i3�e�¹W¥M$©ªIcº�

¥·��n�	 54.3 kDa 12�c3N-Glycosyla-

tion{|	½8?KQ� §� 1¾)hN215i.

w!4K"¿=� c35c
protein kinase C °

¤{|	 9¾)hS7, T84, S148, S217, T295, T305, T331,

S385, T416i.w!4K"¿=� c3IMI


ATP8F�À�þÁ¥·°¤{|	.I8M�

c3

:;Ic cDNA	R'Â�ZÃ 20ÄÅ�ÆÇÈ

20p11.22 ·¸h20p11.22i�É.I�Jchdata

not showni3#�wÊ�Ë�	
SLC24A3 Ysodi-

umØpotassiumØcalcium exchanger, member 3\,

RPL12L3 Yribosomal protein L12-like 3\, N-acetyl-

transferase 5 YNAT5\ "É.I�Jc3�$�


Ras and Rab interactor 2hRIN2im^_�Ù���

nhCAB66858iKÌJÍ<½]³Ic35c
:

;Ic cDNA 	 RIN2 ��n� intron {|h in-

tron 2i�.I�Jc38�
ExonØIntrongh
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Fig. 1. Nucleotide and Deduced Amino Acid Sequences of the hPrC
The predicted amino acid sequences of single open reading frame are given. Putative transmembrane domains �TMD1, TMD2� are underlined.
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�KJ���Ic3#�°Î] Fig. 2YA\�³Ic3

Figure 2YA\�³w�î�
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Table 1 	
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Table 1. Exon�Intron Organization of the hPrC gene

No. Length �bp� Last amino acid in exon 5�Splice donor Intron length �kb� 3�Splice acceptor

1 �346 D116 CAAATAGgtaagta 14.22 ttggcagATGTGGT

2 306 G218 AACTCAGgtgaggc 1.86 CtctcagGGAGGAT

3 132 G262 GGAGAGgtaactg 4.37 ttttcagGAGGCTA

4 164 Q316 CTTCCAGgtgtgca 3.78 cctgcagAATTACC

5 �493

Exon sequences are shown in capital letters, and intron sequences are in lowercase letters. Splice donors gt and splice acceptors ag are shown in bold.

Fig. 2. Exon�Intron Organization, Phylogenic Tree Analysis
and Proposed Secondary Structure Model of the hPrC Gene

A, Exon�Intron Organization; The gene cording for hPrC contains 5 ex-
ons and total size of 25.67 kb. B, Phylogenic tree of the member of various
human transporter gene families. hPGT, human prostaglandin transporter;
OATP, organic anion transporting polypeptide; LST, human liver-speciˆc
transporter; hOAT, human organic transporter; hOCT, human organic ca-
tion transporter; hOCTN, human organic cation transporter novel; hENT,
human equilibrative nucleoside transporter; hNaDC-1, Na��dicarboxylate
cotransporter; LAT, L-type amino acid transporter; OST, organic solute
transporter; hUST, human uronyl 2-sulfotransferase. C, Proposed seconda-
ry structure model of the hPrC by Kyte & Doolittle hydropathy plot analysis.
hPrC contains 2 transmembrane domains.

Fig. 3. RT-PCR Analysis of the hPrC Gene Expression in
Various Human Tissues

A 484 bp transcript was detected in the brain, heart, aorta, thymus,
breast, liver, stomach, small intestine, colon, kidney, placenta and testis.

1497No. 10
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Fig. 4. Functional Characterization of hPrC in Xenopus laevis Oocyte
A, Uptake of �3H� prostaglandin E2 via hPrC-expressing oocytes. B, EŠect of extracellular cation on �3H� PGE2 in oocyte expressing hPrC. The uptake rates

of �3H� PGE2 �2 nM� by control or hPrC-expressing oocytes for 1 h were measured in the presence or absence of extracellular Na�. Extracellular Na� was replaced
with an equimolar concentration of Lithium�, choline�, mannitol and NMDG. C, Time-dependent transport of �3H� PGE2 in oocytes expressing hPrC. The uptake
of 2 nM �3H� PGE2 in oocyte expressing hPrC was measured during 2.5 h of incubation. Transport activity was determined by subtraction of the uptake rate in con-
trol oocytes from that of in hPrC-expressing oocytes. D, Inhibition of hPrC-mediated the uptake of �3H� prostaglandin E2 by various prostaglandin analogues. The
uptake of �3H� PGE2 �2 nM� by hPrC-expressing oocytes or non-injected oocytes for 1 h were determined in the absence or presence of inhibitors �200 nM�. The
values were expressed as a percentage of hPrC-mediated �3H� PGE2 uptake without inhibitors �open column� �mean�S.E.; n�35�. PGE2, prostaglandin E2;
hPrC, human prostaglandin carrier.
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ê�5�I�J!�MªM]��w!cÇ�


PGE1, PGE2, PGD2, PGF2a] preloadingI���

Ic3Figure 5�³w�î�
hPrC	 PGE1, PGE2,

PGD2, PGF2a .{��J��£�b§½�ë/

	ÛÇ$ 8M�c3

考 察

�ÔÕ	R'ST cDNA library�£ìí��n

]:;I
#�^_�Ú=]��cQ�12!3^

_	
�°Î
Û3H[PGE2ÒÓw!4K"L$MK

8£
�ÔÕ1	4���n]R'p prostaglan-

din carrierhhPrCiKîïIc3

:;Ic hPrC cDNA MN�gh] NCBI �

BLAST����Ic°Î
hPrC	R'Ã 20ÄÅ

�ÆÇÈ p11.22�É.I�Jc34��Ë�	
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Fig. 5. trans-Stimulatory EŠect of Various Prostaglandins on
the Uptake of �3H� PGE2 via hPrC Expressing Oocytes

The uptake of �3H� PGE2 �2 nM� by hPrC-expressing oocytes or non-in-
jected oocytes for 1 h were determined in the absence or presence of various
prostaglandins �200 nM�. The values were expressed as a percentage of
hPrC-mediated �3H� PGE2 uptake without stimulators �closed column�
�mean�S.E.; n�35�.

1499No. 10
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