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Physiological significance of intercellular communication mediated by tissue-specific membrane
transport systems : insights from heart and inner-ear tissues
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Summary

Intercellular communication has been recognized in various multicellular organisms, and has been implicated in a
variety of those functions and dysfunctions. This review focuses on the intercellular communication mediated by
tissue-specific membrane transport systems in rodent heart and inner-ear tissues. In the heart tissue, vagal nerve
stimulation exerts antiarrhythmogenic effects during acute myocardial ischemia accompanied by prevention of the loss
of gap-junction-mediated intercellular communication. This preserved function may improve ischemia-induced electrical
instability of the heart. In the inner-ear tissue, the cochlear stria vascularis produces the positive endocochlear potential
and high K endolymph. The highly organized tissue structure and the membrane transport system in the stria vascularis
contribute to the maintenance of the unique characteristic of the extracellular fluid. These studies indicate that
tissue-specific functions depend on their structural and physiological integrity related to membrane transport systems.

1. [FL&IC
BHBAEDIBITAHESROR2EBBEIZBNT,
HMBEYs Loala=mr—varydEERERY
kT, B2, AMBEOEITHE L3R
DERREIRICIR, MBRRIZEET 2 EBXEZN
LEmEmERiEsEBE LT, TOBEOR
MMEREA2FERSIERE T, FFE T, EFHES
TAECREDTE-HEREOFTTREBD
DEAERE E NEREREFEMAIE LT, MEBNENR
HEEDFRBEIZIZE D= — 2 RS RHRTE L M
REOHH2EEDO L ABEboTVSZ LT
2WTRMT 5,

2. DEEAASEIZE 1T DR E

2-1. FHEHBRHIC K B RRERER
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Fig. 1. Incidence and onset of the first ventricular
tachyarrhythmia (VT) after the left coronary artery
ligation. Myocardial ischemia rats treated with sham
stimulation (MI-SS) or with vagal stimulation
(MI-VS). (Modified from Ando et al. 2005)

DFBMFEFOREREABFL LTI, B
LD ATP F51BIZ & —E D HER X 5y F 0 B AL
BENRFN2REORMEBEREZY Y b
V-0 LEHERABER RS, LHRHASIRT
W3, ThoBEBESIFOPT, ORIZKEITIHE
BLTWA Xy TRHEFVRIEZ77I)—D
12 THDaxF I 43 (Cx43) OHBREREENK
FEHEFEIROREBFICE Do TINA Z & RS
S, Cx43 O~FT a2 ) v 279 b<wUR
(Cx43*/Cx43") WL HEEZIERT S & FAR
HERTLEMHFEROBERS IFIIHMTE L
(Lerner et al. 2000), MAT=¥F 4 ati




92T =R (Cx437/Cx437) TIIESIEE)
DEMEENAFEBERETTAZ ¢ABEINT
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Fig. 2. Representative confocal images probed with

anti-Cx43 antibody in left ventricles. Positive
immunoreactive signals were concentrated in discrete
dots at sites of intercellular apposition.
Sham-operated rats treated with sham stimulation
(SO-SS), myocardial ischemia rats treated with sham
stimulation (MI-SS) or with vagal stimulation
(MI-VS). (Modified from Ando et al. 2005)
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Fig. 3. Lucifer Yellow dye transfer assay in primary
cultured cardiomyocytes. Each panel consists of
fluorescent and transmission-light micrographs.
Asterisks, dye-injected cells. Arrows, coupled
neighbors. (Modified from Ando et al. 2005)
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Fig. 4. ACh-induced phosphorylation of Akt (A) and
ACh-induced expression of hypoxia-inducible factor
(HIF)-1a (B) in cultured cardiomyocytes.
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Fig. 5. Effect of MG132 on hypoxia-induced decrease
of Cx43 expression in cultured cardiomyocytes.
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Fig. 6. Engineered heart tissues (EHTs) after transfer
in a stretch device to culture under cyclic stretch.

Fig. 7. Ultrastructural relationship between cultured
cardiomyocytes and fibrocytes in engineered heart
tissue. Arrows, gap junction structure.
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Fig. 8. Diagram of a cochlear cross section. The scala
media is filled with the endolymph. The stria
vascularis produces the endocochlear DC potential
and the high K* endolymph.
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Fig. 9. Diagram of the stria vascularis. The stria
vascularis consists of epithelial marginal cells,
intermediate cells, basal cells, and capillary
constituting cells. The interior of the stria vascularis
(intrastrial space) is isolated by two distinct cell
sheets connected by tight junctions; one sheet is the
marginal cell layer, and the other is the basal layer.
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LTW3AZ & (Takeuchi and Ando 1998b; Takeuchi
et al. 2000), BIXUEDEMLRDKF ¥ XN

(Kird. 1) MPEMREICERRLTVWEZ L, 2/
% L7= (Fig. 10) (Ando and Takeuchi 1999), &
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(Takeuchi et al. 2000; Kakigi et al. 2002),

Fig. 10. Immunoreactivity for Kir4.1 in dissociated
intermediate cells. This panel consists of an optical
section of immunofluorescence (leff) and a
transmission light micrograph (right). Note pigment
(arrowheads) and dendrite-like projections (arrows)
of intermediate cells (# nucleus). (Modified from
Ando and Takeuchi 1999)
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RZmZ T, mEMKMERIZE CEORRIILE
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Fig. 11. observation of the

Three-dimensional
vascular networks in the lateral wall of the rat cochlea
duct. A stereo pair of confocal fluorescent images of
capillary networks labeled with blue Mercox resin. To
obtain a stereo image, view the left panel with the left
eye and the right panel with the right eye at a distance
of 30 cm. (Modified from Edamatsu et al. 2012)
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EERLAFURELITY, PRMKELE OB L
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Fig. 12. Immunoreactivity for GLUT1 in dissociated
strial cells. Marginal cell (A), basal cell (B), strip of
capillary (C). The scala media is filled with the
endolymph. Each panel consists of a transmission
light micrographs (left) and an optical section of
immunofluorescence (right). (Modified from Ando et
al. 2008)
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Fig. 13. Representative real-time PCR amplification
plots for the GLUT isoform genes in the stria
vascularis. (Modified from Edamatsu et al. 2011)
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Fig. 14. Immunoreactivity for HMIT in the stria
vascularis.
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