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HALE 2B D Na'[FE /7 )V R o W ek AR D 38 LA L5

K OBE, EAN IET®

HEHRE R R B E AT SER, 2 ARE K R et

B =
Na‘/glucose 3L A RIZ /7 3EE D SMCT 2385, bRz MR O AL EC T basolateral membrane &4 72
RS AR D FEFMEMT 2 LA SBN CITV N, B/ ViR BRI R ORCE L B 32 O T 5,

[ FiE] =T AOELE LB IRIZ351F 5 SMCT & MCT O3 BiELAA in situ hybridization 5 & AR L LD fRITL
77

[FESR] SMCT (RIS ARSI DE AT TEILT 228, EITKAGO PR A LA CRILNR 72D, ZOMAITHESEY
FRERALIE —E L TWDZEDD SMCT 23K & BiATeZ L2 X0 HESE (EAE) ORI B 5452 L2 M<Rg L,
MCTL [ ZBHBILETIASIEBLT 273, LIE0 KRG TORBNGERLS, KRG COBBNENROPEALGET D, SMCT 12
VCi3% Na'/glucose Hhiligié (A CdhD SGLTL 1T/ MR TIR<IEHLL Tz, SGLTL ORAGTOIHELLTH, SMCT &
XK BRI T -T2, /INGTTOT I —ADBDIA I E KIGTOREHNENBRD B IA A S EBIT Nat O 5 ) Fd 2 B Eh /) &
LT R, SMCT 1, W LE LN CIEBEIBIZ O A 3BT D, MCT & MCT (Gt 12 7 24 7) DR B4 ik
DI EDY) T > THRBUFNTEAT T2, ZHHOHTHRWIEBLZRL7=D1X, SMCT, MCT2 #LC MCT8 ® 3 fiC
&oTz, SMCT IXEENOREE DM IMNEIZHNT THRELL, —J7 MCT2 & MCT8 I, T ENBEE DI NE L fE T
FRIFL Tz, MCTL OB R =205 AL EFHTNE DD | FEIZROHAVZ, SMCT D5 TR
M DB 43 S2 & SITRRY | BRI R-#%IZ b7z, —J7 . MCT1 D5 SRS IRABAE D S1 43 Hilc, MCT2
DZIUIA~L DT F O FATHILAIBICAFIEL , i EGAIRLE I RTELT=,

[££2] WEE THLBIRICEH WV TH, Na' O E AR ZFIHL C Lt T/ /va—R% Fiit CE/ VRV Z B AT L0
DI Lo TS SUFHLEGE Y, SMCT X° MCT I3 ERRRRIC B W THVRR I VLA MIHET D03, O&DDT
IWARF IV EE S S TOUE, WEORHZIIHHRE DA Z T, ZHhAFIHL T, 340 drug delivery system D
BAENDITHIENTED, — T, ZOERMOEARINHIT, SESFRT /DR BEEIRG ORISR EICE
D, N7V AR—5—DEFRMSRED R E B L OE K O M N EFEI R T 2RIER N ERIN D EE 25N D,

[BM] B/ AR BOEEEICE T 55 21X, H & fF1 D MCT (monocarboxylate transporter) &
VRNV CIRITET S

1. AREM

2003 R [FIE SN2 K IHlE s 1%, 20k
Wy b Na'/glucose $Liigis (A CdH 5 SLC5 7 /L —7(1C
BT HZENDMNY, SLC5A8 L4 &7z (sle: solute

-linked carrier) , SLC5A81ZXY Na*™ Sttt SN A 5VE 1T,

KB CE M HED I 12 Z0 A RS CAE U A 8 E B
e (FERR, BERE, 7' 0E" 4 k) SR8 Ve VR, iR/l D

E)ANVR B TH T (FERFRERE O E N HE:
Miyauchi et al. 2004), 2004~2005 4 F~ |% SLC5A8
DIKRNG F R B L OURAAE OE R R BLIL . Zh
BE IV TEOT A A Z %R LT~ (Takebe et
al. 2005), ZHHDAFTEIZEY  BYRGHED KGR D T8
\ZRDZENBLRERA TELIITeoTe, — ., EF/
TV EDEEIZ BT 55y L LT HYgkAF D MCT
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(monocarboxylate transporter) 233" TIZRES LTz

(Garcia et al. 1994, 1995) , {H{L& TIE MCT1 23 AFEPHIZ,

MCT2 A EREBEICIRFLCHBLL, et B Rao
RIJELJEE T basolateral membrane (ZJS7ET %, BRI AF
1E3% Na' iR T D SLC5A8 (LA T SMCT LIS
DB ED MfaL ~ VTl VRO LA
D TEDRBLUT e~ T2blF T D, ABFZETIE, (1)
~ 7 ADTHILAE LB 517D SMCT & MCT O3 BAR
BILOWEOIAFERIREZ in situ hybridization 35 & EEHH
WAL EOEENT U=, (2)SMCT 13, B4 AbLi=F/
TV 153 FITKRIL 4 53 F L B Na© 23t 32
DT, EEMEOEIEIT/RD, KEOKPIBENT D, KO
SMCT JZALFHAICHRSFEBLT DT M5, KE Na' DWLIR
AU CIH b A B (GRERTE s O AR B A (2B 5L C
WA EREI T 5,

2. ARAE

SMCT & MCT 7 73U — D FEBU#EHT : SMCT & MCT 1&
T DOFEHFEERAIET adult ~7 A0 LN TR
WMl EME»EZERT 2 AV, in situ
hybridization VEIZLVBIR 7 HBLA R LT, F7=, Hiik
Z Rz TEESEUREIZIY W oL AE BRI
W RTEZ T A LB IR L7, s (R 3 L~
NVTEDRREIAFT 20D EXV ol R FIRRETIHAF
BURMNEL T DD EZEELDHTEE BFEIZ LT,

W8 a7 e —7 13RO
FWHUARIZ, BERD SMCT 569-610 (2% %7 H3Hifk
(RY1617) (Takebe et al. 2005) L="RUHL MCT1 Hifk
(AB1286, #3z1t, Temecula, CA) T, Y H & —Bas
SHOL, EFTF AT I FHARL LUIH=U R
IgY FURESESE T, FARIT, TE DY s~ ULA 4 —
BERIGL, H)O, EXT IR F U THAIET,

THYLO T, ERRbUREEBIC, LA RE T DT80
(2., aquaporin2 (4 &% O~ —7—) . calbindin GE&%& D
~—74—) . CLC-K (L DTFD AT~ —H1—) %
RWT, ZHEEOCHUREICTHRELT,

(s TV,

3. AEHER
3.1 HIEEEELIz SMCT. MCT KU SGLT1 OF
i)

~TADKBHZIBNT, RLR OGN RS T
ZERTEIRSIND, W IOV > TV T %ATU N, SMCT O
FEHL~ULZFEINC (1 em ZX12)in situ hybridization 1
(ZXOIRMTL T, SMCT (XEG ARG H KIFOE NG ET
FHLT D, EITRIGO AT CRUTIE B 872
0. L ETEDORIBEAHEREL T = (Fig. 1), Ko+
WS, IR RRERALIC —F L T B ZEND SMCT @
FEELAIK ST A A L CHESE ([ETEAE) DO RRICIRS B 5
THIEERL TN,

Fig. 1. In situ hybridization of SMCT mRNA throughout the
large intestine. The large intestine of entire length is dissected
out into 6 parts and numbered (from cecum: No.1 to rectum:
No.6). An increased expression starts at the middle of part No.
4 and continues until the anus.

MCTL IXE DAL E TR BT 503, RITV KT
DFEBLGR) ST, FTH, BERRCILALAEM CORBLAN
Xvss 7= (Fig. 3),

SMCT (ZPCiid % Na* BRSOk L T/ na—
@A SGLTL 23, THALE I3 BT %, {HILE TD
Na" gk LTk, SMCT LEBITIRENRELDTH
b, FZ T, SMCT & SGLT ™#8i% in situ hybridization
IETHEELZ, SGLT1 mRNA OFBIZFI LY 7V T
HL72EZ A, SGLTL I IMB R CIRKHEELL Tz, &2
A, SGLTL mRNA DORAFTOFRBLLHI<, SMCT &
KHRAY T -7 (Fig. 3). 7235, SGLT2 DIEBLL L7
Ntz
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Fig. 3. mRNA expressions of MCT1, SMCT, and SGLT1 from the stomach to distal colon of mice. St: stomach, Du:
duodenum, Je: jenunum, tl: terminal ileum, Ce: cecum, pC and dC: proximal and distal colon.

3. 2 JHILBLERICEITHE/NILRBEEEIEK SMCT
& MCT1 O BTERML

TRy T ORI RTEIX B B THY ., %
EHOLHUAIBIC I DBIE L S an A MBS IS EBHBIZIC
FoTREERL-, EROBETITE VM apical, &
JECAHI basolateral DV N FUCIELET D, MLEPNE TITE
A A SFEE AN E BN T DT & Tk D mjE L L —h
ERTETHIENTED,

SMCT 1K ER O R R Sefx (hil-1-#%) | e 52
AICAFTEL TV, FEE DR BRI R B To
FEBNHRDN>T2, MCTL 13/ NG TOFRIITI, B
ERITREBLIL ., 22 CIIAILEHE basolateral membrane (2
FOGH RSN, KB TO MCT1L O3EEITFE LA,
KRR F bRz EFa 2 38\ RIS S G O AR IR 3 3R <
YeF >z (Fig. 2),

Fig. 2. Double immunostaining of SMCT and MCT1 in the
cecum of a mouse. SMCT immunoreactivity (red) and MCT1
immunoreactivity (green) are localized at the brush border and
baso-lateral membrane, respectively.
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3. 3 BEIZHIT5SMCTEMCTDHIE

SMCT I ZiH & LIS CIEB I C D 238 B2, Bl T
%, 5D MCT V7247 ORIANRESH TS, Z
NHOEUREREA T 572012, BlCH B 9% SMCT &
MCT G 12 7 2 A7) DR BIAZEBONZ EDOTI R 2 Ak
S TAZY) == T HNTR BT L7 (Fig. 4)

ZNBOHTHRWIEB A RLIZOE, SMCT, MCT2 %
LC MCT8 @ 3 Fi Coh>7-, SMCT IR E BRI D4
HAMNBIZT THELL, —F MCT2 & MCT8 1E, 2

AUBEE DIMEWNIE L BB IZBR L Cuvz, MCTL (3 7S
=D FATHARL LGNS DD | FEIZDHRFEBIL T
AV

ARSI OEIEREZ T 58, (1) BEICIR)R
L7-%8l%&7~x9 MCT1 & MCT8, (2) Fe& L4 o1 @ T
JFIZHHLT % SMCT, MCT5 XN MCT9, (3) i D4+
WIS REHLTDHMCT2 D 37 L —F 1243 bnr-,

SRR LD SMCT, MCT1 BLXO'MCT2 D fF
TEZFERNCIH 72, SMCT D5 RS ITITAL IRAE DD

Fig. 4. X-ray film showing mRNA expressions for SMCT and seven MCT subtypes in the mouse kidney. The intense

expression is seen in SMCT, MCT2 and MCTS8.

-62 -



H 82 & S3 43 HiIBRY | BRI ORI FRD b, — LTz, MCT2 D5 SO E DN R AE 12
77 MCT1 DN TR AE D SLAEINCIRESIL, & @l SHIZiX, RENOHIEIZNT TO IR HiPH TE
TIPS EICEEL S, #6- T, MEIFEFELLRNT AFICHLROLNT-, BEALRME SEAEELIC, LR
L2725, MCT2 (ZAMENIEICHRS, LD ERLE  JeOPREE A MCT2 iz E> T = (Fig. 5).
BOGIEZIAFAE LT, ZHUE, ~r b DT ) EATIICH

SMCT(red)

G

AQP2(green)+MCT2(red) ‘ CLC=K{green)+MCT2(red)

Fig. 5. Doube staining of SMCT, MCT1, and MCT2 with markers. SMCT immunoreactivity is seen in the brush border (a).
A superimposing of a phalloidin reaction on Fig. 1a shows the existence of SMCT-negative proximal tubules close to
glomeruli (G), namely S1 (b). Double staining of SMCT and MCT1 in the mouse (c) and rat (d) shows that two
immunoreactivities are differentially expressed. MCT2 in the cortex of rat kidney is localized in the distal convoluted
tubules (DC), which are negative for SMCT (e) (PC: proximal convoluted tubules). Connecting tubules (CNT) in the rat
kidney, labeled with calbindin antibody, are partially immunoreactive for MCT2 (f). Aquaporin2 (AQP2)-immunoreactive
colleting ducts in the inner medulla of rat kidney are immunoreactive for MCT2 with selective labeling in the basal surface
of cells (g), while CLC-K-immunoreactive thin ascending limbs are negative for MCT2 (h). Bars 50 mm.
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4. & =&

BYIRRHEN NG N T A 52 ) CREAE SN DR, 7 e
AW, BERR ISR R S, BB 0L O
BLOVERIZES THERT VX —JRIZRD, Fv 7=
TUT S TTy MTRIBHED A>Tk &2 5 TR
R ®RIEE DL —E RO BDIBHEE LT RRDDT,
L B BRHEDME IO LR D B AL > TUWAE
EZ D, FHHIRIAEE DB A BAERE DAL R
R THST2), ZIUTTHEE OE PN R B3 515 4R
BIHREARS F E STV -T2 Thh D, 2003 4EIC
720 KIGDAANHIE T O OE SN RIESIT-, T D1
{EFPEMIIEE | Na'/glucose HL#fikiAkTénsd SLC5 2
N—TNBTHTENIDY, SLCEA8 (SMCT) & S
7= (Lietal. 2003), =L T, 2004 4E(ZHFZE53HE DEND
23, SMCT (Z XV REBNAICHRIE S L SV E I TR BEN IR
ELE R, iR THhHZEE & LD T (Miyauchi et al.
2004) , AHFZEZLD ., SMCT 25K bRz A oo 4 e
fafEl R B  FHIRNAER DO BVIA A > TNDZEN
e FIZ o7, LA D S DIV T e Bl 23 K5
FEDVAY T 77 B —% PP DR ES DL BRI K
5 s AR D BE B & ]~ D 2\ o T B D3 B H L FE I

T&EDHIIR 0T, ORI, EHIENEE. B EE,

FLERLSMZ 7 NARICH BURIEZ D D | RN O FSHOE
I ANV DR S TS ERb IS,

SMCT (ZR DI IR DOBEN A, 1E->C, EIEND
K3 ERINT HERBE T2, 5 EOMZE T, SMCT O
FEBDBRL A2 DI L HBRE AL DT —ELL Qe &
1%, SMCT DK BIABBED RN 2 LA TR SFF T2,

BIEOLEZA, IHE CEENC BT DM —DE /7
JVIR U ERHRERIE SMCT O AT AR I HE LT 50
X MCT1 2E THEED MCT 7730 —0 M MEY4 LT
Wb, — 5, Zva—AORVIAITFEIT/NEGTERID,
BN TS SGLTL NEEARNT L AR—Z—Th
By T /INBTOZ NN a—ZAD AT E RS TDLE
PENBR O BDIA AN, EHIZ Na* ZBFEh /1L TD R
VREBRTZR

SMCT XA TIT RS BB FE AT ELT 5,
gD SMCT 13RI ICSRIET H2ZEMb, JRIRFOE
JHNRUEE, BHICHIEAZ BRINL TWDEEbs,
SRERASIEE T OFLERD 90% DL IR g RIS L

HENDIVTND, BRI 2T, SGLT LD BIfRIE
BRI G 724D, FRMIE TiE SGLT2 MFEHIL ., Ziuidar
PEPRAE DREED OISy 780 H S1 A EICIRRL T
B, o T S Iy va—2% S1 OEIC T, Ales
S2-S3 S3FiZEBUNT, EBIT Na' RTFEICERDIAT 28I
725, MEE CTHREIRICB W TH, Bt/ va—2%F
WTE /IR Z B IAT LD DD Y25 T
2o

THILRE LB CRF IR BLT 2 SMCT 1, 32T
HARNRRHENGD, SMCT 1 IRRERR#ICRB W T
REINVEAVIAET DN, OLODHILRFI L EEY
STHHIE, BEOREIIHLBREDERMEE RT,
NEFIFAL T, EY D drug delivery system D EIZAE
DFHZENTED, — T, ZORERBOERI NI
(2, SESFRE ANV ARCBREEFORHLFZEZIZLY,
T AR — 52— D AR RE O R E I LOEI S O
FANZREICERTRIERA N ERINDEE 2 DD,
VERZPED | /IR R EFE DS AFAET D03,
T HNRAENT VAR —F— D T E G RE A R &
AL, NI AR—2 — DO ReRE E A 5 [ EE 23 3K
DFFENE G725 (Itagaki et al. 2006) , SHIZ, DX
FLASRE R E A B 9 D72 O XL D B2 o7
IFBIENTES,

5. SEDFEE

SMCT (37K DRIz 8L T, FHIZ AU 5L Tnd
ZENTRESNT=D T, AT AR —H2—D L ER -
T, R (T 2R CEDDERDIEE TEL T
7S, BIRIPNIZ AT R e o7z, ZORRERZ & T,
TNVIRF IV B A DR I (T 2= LT ae
) 1%, SMCT GG T 2D AR, ZIHOEIK
bl EN T AR —F —DFE A MIUIEVIA A, ERICE
STHIATHDHE ) IIVIR L BEOE R EA 5| E 90
HTHD, DGR MR IBGHER % HER
B L, BB A e, 27— BRI S A EE TS
DTN ETHEL TS, RO THIGERE KRR
FRICw DT 2ETy b W T, ZRBHOREITER GEME) 0 &
U NT AR —2 =0 5552 L% SMCT OILE TH
0. IKDOWIRZARHE T DR e A VW CERET 228
DA% DIRFETRE T D,
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Summary

Expression analysis of transporters selective for monocarboxylates such as lactate and ketone bodies in the
intestine and kidney contributes to understanding the energy metabolism and the role of sodium in the transport of
monocarboxylates. Distribution and expression intensity of a sodium-dependent monocarboxylate transporter
(SMCT) and proton-coupled monocarboxylate transporters (MCT) were examined in the mouse intestine and
kidney. Short-chain fatty acids (SCFA) are monocarboxylates produced by bacterial fermentation that play a
crucial role in maintaining homeostasis in the large intestine.  Two major transports for SCFA exist in the digestive
tract. The expression of mucosal MCT1 in the mouse was most intense in the cecum, followed by the colon, but
low in the stomach and small intestine. Among other MCT subtypes, only MCT2 was detected in the parietal cell
region of the gastric mucosa. SMCT had predominant expression sites in the distal half of the large bowel and in
the most terminal ileum. The mucosal MCT1 was localized in the basolateral membrane of enterocytes, while
SMCT was restricted to the apical cell membrane, suggesting the involvement of SMCT in the uptake of luminal
SCFA, and of MCT1 in the efflux of SCFA and monocarboxylate metabolites towards blood circulation. The
large intestine expressed both types of the transporter, but their distribution patterns differed along the longitudinal
axis of the intestine and along the perpendicular axis. In situ hybridization survey in the kidney detected
significant mMRNA expressions of SMCT and MCT-1, 2, 5, 8, 9, 10, and 12. Among these, signals for SMCT,
MCT2 and MCT8 were predominant; transcripts of SMCT were restricted to the cortex and the outer stripe of outer
medulla, while those of MCT2 and MCT8 gathered in the inner stripe of outer medulla and the cortex, respectively.
Immunohistochemically, SMCT was present at the brush border in S2 and S3 of proximal tubules, suggesting the
active uptake of luminal monocarboxylates here. MCT1 and MCT2 immunoreactivities were respectively found
baso-laterally in S1 and thick ascending limbs of Henle’s loop. The cellular localization of transporters suggests
the involvement of SMCT in the uptake of filtrated lactate and ketone bodies and that of MCTs in the transport of
monocarboxylate metabolites between tubular cells and circulation, but the different distribution patterns do not
support the notion of a functional linkage between SMCT and MCT1/MCT2.
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