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Elucidation of mechanism and molecular basis of compensatory hypertrophy in
salivary gland using the intravital imaging and comprehensive gene analysis
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Dysfunction of unilateral salivary glands causes compensatory hypertrophy of

the contralateral gland. We developed a method for real-time imaging of Ca2+ responses with
simultaneous monitoring of salivary secretion in vivo, and found that ligation of main excretory
duct (MED) of unilateral submandibular gland (SMG) induced compensatory hypertrophy in association
with enhancement of low doses of acetylcholine-induced salivation and Ca2+ response. To clarify the
mechanism of the compensatory hyperfunctional SMG, we examined changes in gene expression in SMG
which are induced by MED ligation. Using the comprehensive analyses of mRNA expression, we found
that 6 genes were significantly changed in contralateral SMG. We then examined immunohistochemical
analysis usin? anti-PCNA antibodies, and found that the number of PCNA positive cells was increased
in acinar cells in 3 days. These results suggest that disorder of unilateral SMG causes acinar cell
proliferation at a relatively early stage.

In vivo Ca2+ imaging



IGF1 VEGF TGFB 1 mTOR
Ca2+
ca* YC-Nano50
Ca? in vivo Ca*
Ca2+
[Ca®'1y) ca*
Ca2+
[Ca*];
IP; Stiml Orail
10000
ca* in vivo
(¢)) Ca* in vivo
Ca2+
ca* YC-Nano50
36
In vivo Ca* Ca?
YC-Nano50 ACh ca*
(NIKON AZ100)
AQUACOSMOS/ASHURA)
OMEGAZONE)
ACh
ACh
@ ca*
21
ACh Ca?
(©))
total RNA RNA

C a2+

Ca2+

Ca2+

in vivo

RNA-seq

3CCD

RNA-Seq:



PCR gRT-PCR

gRT-PCR
)
AQP5 AQP5
PCNA
(€D)
21
21 10
( B C 21
30 )
@
21 ACh
10~720 nmol/min
ACh 360 nmol/min
230 ul/10 min ACh
21 ACh 50 EDso
80 140 nmol/min
ACh 1.5
A B sx%78 C wz®218
KR E e 2501 * 207 % SN 4501 B oHRIBE
' has —~ 200 ~ 2001 E 250
£ £ : -
ﬁ 150 ﬁ 150 3:5200* +/ J
g 100 g 100 %150 / //
L | = b R 100- [+
[ | 50 R 501 z /;j
b 4 Iz Ufé_—ﬂqv T
e L
AWmke 210 ')' : FHFI)La)BE (nmol/min)
*p< 005 vs I2/bO—JL
(ENFREEEREICLSIRAMAETIROEELEL (E2) AChIZ & MR 3 i M8 BEAR 4T
(€) Ca*
21 Ca*
_  Ach 60 w321 B : R
nmol/min) Ca FEFLAYY FeFLayy
60 nmol/min 60 nmol/min
Ca2+
W~G) aa B
B | 2
HWM g
ACh ca* =
5 min

C a.2+

(E3)AChIZ £ A HBAN Ca? i 2 LT 43 3 D R B I B



*

9852
57 gRT-
PCR 12 Amyla
AQP5 Dbp EGF Gadd45g Irf7
Amyla EGF Gadd45g Irf7
Amyla
EGF
#*p< 0.05, ® p< 0.01 vs OFA—)L
[EGF] Gadda4Sg
aT] s - éz EE il @6
8 ] A o o g o5
5 5_} 51.5 Eta g15 g15 5,
éwj g_ 1 i § 1 § 1 [ E; 1 El’g
5 % 3 H ] 5 5,
22 £05- 205 205 : Sos 2
& & 3 m - & a2
“& o m R YT— Tz m 0 ? m m 0 f m o 0 l:} o m

I~ & I = =& I~ & =S I~ B~

o o o o o o

£ L ¥ % <L ke il

3 5 A
A . e } 3 :

(F4) MR G F AR EaRT-PCRICE SRRV AHE TR TEIL T HEGTFORE

®)
PCNA
PCNA
@ )
A =T B 5
10 * 10+ * 50,05 vs IkO—)L

o %o

?ﬂf 6 ;ﬁ 6 .

S, 3,

0 T —
avkA—)L % avka—L % avkA—L EF avkE—L &%
Bl Bl Bl bt ]
IREHR EEMR IREMRR BEHmR
(E5) FRIETIRERESAOKRERREEERRICHS To/MRERERFOEL
®)
Amyla EGF
Gadd45g Irf7
10 mg/kg
qRT-PCR
Gadd45g Amyla EGF
Irf7
ACh

ACh

in vivo Ca%*

in vivo ACh Ca?



Amyla AQP5 EGF
Dbp

57 12

-

Amyla EGF PCNA =x i

R

45

o d);iiu 'lz_:
=

&%/

Gadd45g @
ACh

3 ‘BE

“)‘-}JH:I;‘J

BEHREF

Ca¥ G
VIP P ) (@, DRREN?)

K53 T
A2 (Fotl, EHEEREM?)
EEiEm
(LR, REF M 7?)

(Ee) BEEER~OFES

ACh

Nezu A, Morita T, Tojyo Y, Nagai T, Tanimura A. Partial agonistic effects of
pilocarpine on Ca® responses and salivary secretion in the submandibular glands of
live animals. Exp Physiol 100: 640-651, 2015.

Nezu A, Morita T, Nagai T, Tanimura A. Simultaneous monitoring of Ca* responses
and salivary secretion in live animals reveals a threshold intracellular
Ca?" concentration for salivation. Exp Physiol 104: 61-69, 2019.



4 3 0 1

Nezu A, Morita T, Nagai T, Tanimura A 104

Simultaneous monitoring of Ca2+ responses and salivary secretion in live animals reveals a 2019
threshold intracellular Ca<sup>2+</sup> concentration for salivation.

Experimental physiology 61 69

DOl
10.1113/EP086868

152
1P3 2018
Folia pharmacologica Japonica 21 27

DOl
10.1254/Fpj .152.21

22 0 3

Intravital Ca2+

93

2020

Tahmina Akter, Akihiro Nezu, Akihiko Tanimura.

Comparison of acetylcholine-induced salivary secretion in rat strains with different AQP5 expression.

38

2020




Ca2+

61

2019

Akihiro Nezu, Takao Morita, Akihiko Tanimura

Analysis of acetylcholine-induced tissue-widely synchronized Ca2+ oscillations in rat submandibular gland using intravital
imaging

Resonance Bio International Symposium (RBIS)

2019

Ca2+

70

2019

In vivo Ca2+

63

2018




In vivo Ca2+

60

2018

60

2018

In vivo Ca2+

60

2018

Akihiro Nezu, Takao Morita, Akihiko Tanimura.

Simultaneous monitoring of Ca2+ response and salivary secretion in rat submandibular gland in live animals.

WCP2018 KYOTO 18th world congress of basic and clinical pharmacology

2018




Ca2+

2017

Ca2+

59

2017

:Ca2+

59

2017

59

2017




(MORITA Takao)

(20326549) (32667)
(TANIMURA Akihiko)
(70217149) (30110)
(AKAMATSU Tetsuya)
(80294700) (16101)




