74
1#4 t%ifiﬁﬁi% Division of GastrointestinalPathophysiology

H OB F'EJ% E_.\. Professor Makoto Kadowaki (Ph.D.)

By F AR I\ Assistant Professor Takeshi Yamamoto (Ph.D.)

HEBB  Aims of the research projects
LB, IS R OIS & ORI AR L, 2 hiclS SfEsks s
2O IHRIEERE ORI Z HIEd,

HFEBEE  Research projects

THALE IBEEMRENEZ , RERRNZILICH I 2 D ERENEFE LI WHEETH Y, BN
EEDREHTHIMEREENE MO ANSNTVWEHEEBTHID T, TOLIBEERIIHL, 7
PERFHAETIIEEYHI A # = X A0l S h I HHZE, /NEE 2 3K SR 2 8E L CH
W BEEBEZVTT Y, FIEREETE, HILELEKEEGERHOFERNE3 % ‘[ 2EAHT
—DODVRFLEEZ, BEREFHFRBICIEEV “EELEOBELZSZD " T itk REK
REBFTHEVHIRENRBIAFVBHDET, £DDHICFE, HILERBICHT 5+ E
TR NETH D, BEEWIOREBEESEY, EHEAMESOLAARARTHD £9, FHEE,
MERICBZNFNICEESS D, RSB EBEEDRELEL L TEYIEEICHT ST
EICky, SOIEEBELET A EGEETHEEELTVET,

M LEEEENT T, TEBRENEAM L TE TV 3EEaEEET b b AEEELREJBD)
DEBHREZR, SOWBYTVVF-—E2/REEELTEITCVET, HEBETLCEEFENE
BELTVWI2EEHERERIE, BETHEONEERCEESNh TV 2B TEHEHEOEERTHD
T, BECORBEREAZERET S IBD I L TR, HEOKEREXORELLERIC, KBNS
TEFHREMEC 200 LT, ZORKRPELZERFRERVELRHETHD, Lich->TH
REAHEM L U iBERERETSNTOE YA, £, BY7 VIV F — 3SR G R o K2
INRIC 7 DEENE L, INEORKBHUEBT~OEBIERTHY, S5, WbW3E [TL
WF—<v—F | OF|Z£E LTHEPTOMPENLERBETH D T2, RIEKRDIREETEHSE
IR I N TVEE A,

EENBERTRHRRS SICRHOWR EORBICEERRVW I o X b= 8L hicShTVE
Th, BE TIRAERERHBAERE T 2 MEEEE Z D IcE SRR O FES o TV S
bbb bd, MERER BEMHER HERAMREBECTEBRINS TBESA 5%y
Pl EOVIHENEBLA L SOMFTRIHRNICOBT LT ET, LhB-T, [BEA
YEFIxy M OFFELEVOBES D, BERBEORKE, WEBICHEHAFRIZRZEALEBINTHE
A,

HILEAEZENTF I COMICERL, HEMESR - BEMRERPY v k2077
MR 7S & ORGSR & I EREHIEE ORI, WEEE OREE, BENMIEO 2755 3
FIE > © bEAT 5 C L2 HWE LTWE T, KT, £ OREBAENEEIPHSPICED>DdH
% TRPV1 2#F 2 BE RO EMRE, #MEREAEROEELEZBD ONI =3 F VZBRE%:
NT %3 Y VEGRIE - oS XU PPAR y 2N 2 BURIE - SRS & o®RE offiE % H
e LT, BETFUEEHY (PPARy / v 7 79 b<v R, MLEEEMIDAMNKRIBET 22 EDR
HI N PI3-++ —EXREy 25 E) BEEFHVAHLVEEGEEREEBEOREE F VAT L
TREAEHENAIAAITO, S OICHMERLSY HHERNEEELZAHT 2 EA2HIELTL
9,



5

OFE | |
1) Ishikawa T., Nakayama S., Nakagawa T., Horiguchi K., Misawa H., Kadowaki M., Nakao A.,
Inoue S., Komuro T. and Takaki M.: Characterization of in vitro gutlike organ formed from
mouse embryonic stem cells. American Journal Physiology—Cell Physiology, 286:1344-1352,
2004.
Abstract: Using an embryoid body (EB) culture system, we have made a functional organlike cluster: the "gut" from
embryonic stem (ES) cells (ES gut). There are many types of ES clusters, because ES cells have a pluripotent ability
to develop into a wide range of cell types. Before inducing specific differentiation by exogenously added factors, we
characterized comprehensive physiological and morphological properties of ES guts. Each ES gut has a hemispheri-
cal (or cystic) structure and exhibits spontaneous contractions [mean frequency: 13.5 +/- 8.8 cycles per min (cpm)].
A dense distribution of interstitial cells of Cajal (ICC) was identified by c-Kit immunoreactivity, and specific
subcellular structures of ICC and smooth muscle cells were identified with electron microscopy. ICC frequently
formed close contacts with the neighboring smooth muscle cells and occasionally formed gap junctions with other
ICC. Widely propagating intracellular Ca(2+) concentration oscillations were generated in the ES gut from the ag-
gregates of c-Kit immunopositive cells. Plateau potentials, possibly pacemaker potentials in ICC, and electrical slow
waves were recorded for the first time. These events were nifedipine insensitive, as in-the mouse gut. Our present
results indicate that the thythmic pacemaker activity generated in ICC efficiently spreads to smooth muscle cells and
drives spontaneous rhythmic contractions of the ES gut. The present characterization of physiological and morpho-
logical properties of ES gut paves the way for making appropriate models to investigate the origin of rhythmicity in

the gut.

2 ) Ogura Y., Suruga K., Mochizuki H., Yamamoto T., Takase S. and Goda T.: Postnatal changes
in gene expression of retinal dehydrogenase and retinoid receptors in liver of rats. Life
Sciences, 74:1519-1528, 2004.

Abstract: Retinoic acid (RA) plays important roles in cellular differentiation and proliferation in various tissues in-
cluding the liver. To explore a possible role of RA in the postnatal development of hepatic function, we analyzed
RA-generation enzyme activity and the RA-related hepatic gene expressions in the suckling and weaning rats. At 5
days after birth, retinal dehydrogenase (RALDH) activity in the liver was relatively high. Its activity decreased by
70% until day 17, and then it gradually increased to a high level by the completion of weaning period. Northern blot
analysis showed that RALDH2 mRNA levels decreased in the suckling period, whereas RALDHI mRNA levels in-
creased in the weaning period. Retinoid X receptor alpha (RXRalpha) mRNA levels increased in the suckling period
and attained to a higher level at 17 days after birth. Retinoic acid receptor alpha (RARalpha) mRNA level showed
only a slight and temporary increase on day 13. The mRNA levels of hepatocyte nuclear factors (HNF-4 and HNF-
lalpha) exhibited parallel increases around suckling-weaning period, and the transcript levels of albumin, a typical
target gene of the hepatocyte nuclear factors, increased during the suckling-weaning transition period.
Electrophoretic mobility shift assay using a putative nuclear receptor-binding element on rat HNF-1 alpha gene re-
vealed that HNF-4 homodimer, but not RXRalpha homodimer, bound to this element. These results suggest that
postnatal expressions of hepatocyte-specific genes might be up-regulated by retinoid receptors, which may be related

with the alterations of RALDH expression during postnatal development in the liver.

3 ) Kuramoto H., Oomori Y., Murabayashi H., Kadowaki M., Karaki S., and Kuwahara. A.:
Localization of neurokinin 1 receptor (NK1R) immunoreactivity in rat esophagus. Jounal of
Comparative Neurology, 478:11-21, 2004.

Abstract: The aim of the present immunohistochemical study was to investigate the localization of neurokinin 1 re-

ceptor (NK1R) in rat esophagus and examine the relationship between NK1Rs and intrinsic cholinergic, nitrergic, or
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substance P (SP) neurons. NK1R immunoreactivity (IR) was observed on the nerve cell bodies in the myenteric gan-
glia throughout the esophagus, but not on striated muscles and smooth muscle cells of the muscularis mucosae. The
frequency of occurrence of NK1R neurons was highest in the cervical esophagus and lowest in the lower thoracic
esophagus. Considerable immunoreactivity was seen on the nerve cell surfaces and was also present in the cytoplasm
of cell somas and in the initial part of the axons, but not in any other nerve fibers or terminals. Dogiel type I-like
morphology was observed in some of the NK1R neurons; however, the majority exhibited polymorphic morphology.
Double immunolabeling indicated that a majority (77%) of the NKIR neurons were immunoreactive for choline
acetyltransferase (ChAT), while a minority (23%) were immunoreactive for nitric oxide synthase (NOS)-IR. Most
of the NK1R neurons (92%) were innervated by the SP nerve fibers. Triple immunolabeling indicated that 70% of
the NK1R neurons were associated with intrinsic SP nerve fibers (without CGRP-IR), 59% were associated with ex-
trinsic SP nerve fibers (with CGRP-IR), and 35% were associated with both intrinsic and extrinsic SP nerve fibers.
These results suggest that SP/tachykinin released from the SP nerve fibers of intrinsic and/or extrinsic origin acti-
vates the predominantly intrinsic cholinergic neurons via NK1Rs to influence neuronal transmission or motility in

rat esophagus.

4 ) Kadowaki M., Kuramoto H. and Takaki M.: Combined determination with functionnal and
morphological studies of origin of nerve fibers expressing transient receptor potential
vanilloid 1 in the myenteric plexus of the rat jejunum. Autonomic Neuroscience-Basic &
Clinical, 116:11-18, 2004.

Abstract: The aim of this study was to determine the action of capsaicin in isolated rat intestine and the origin of
nerve fibers expressing transient receptor potential vanilloid 1 (TRPV1: capsaicin receptor) in the rat jejunum by
combination of functional and immunohistochemical experiments. Capsaicin (1 microM) produced a prolonged re-
laxation response (52. +/-15.3% of the relaxation response to papaverine, mean +/- S.D., n=27) of the isolated jeju-
num in the presence of atropine and guanethidine. Pretreatment with the TRPV1 antagonist, capsazepine (10
microM) and ruthenium red (3 microM) significantly reduced the relaxation response to capsaicin by 78% (P<0.01)
and 38% (P<0.05), respectively. Tetrodotoxin and calcitonin gene-related peptide (CGRP)-desensitization signifi-
cantly reduced the response to capsaicin by 72% (P<0.01) and 42% (P<0.01), respectively. Therefore, we investi-
gated the distribution of TRPV1-immunoreactivity (IR) in the myenteric plexus of the rat jejunum. Using antisera
raised against either the N-terminal or C-terminal domains of rat TRPV1, TRPV1-IR was present in the nerve fibers,
but not in the cell bodies of myenteric neurons. These TRPV1-immunoreactive nerve fibers were running in
myenteric ganglia and their interconnecting strands. Most TRPV1-immunoreactive nerve fibers showed CGRP-IR,
whereas few VRI-immunoreactive nerve fibers showed substance P-IR. After chronic denervation of the extrinsic
nerve supply to the jejunum, both the relaxation response to capsaicin and TRPV1-immunoreactive nerve fibers
completely disappeared. These findings indicate that these TRPV1-immunoreactive nerve fibers in the rat jejunum
derive from extrinsic neurons and that activation of TRPV1 produces the relaxation response in the rat jejunum, at

least in part, through the release of CGRP from nerve fibers expressing TRPV1.
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