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Homer2 regulates amylase secretion via physiological
calcium oscillations in mouse parotid gland acinar cells
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The salivary glands secrete saliva, which plays a role in the maintenance of a healthy oral environment. Under
physiological conditions, saliva secretion within the acinar cells of the gland is regulated by stimulation of specific

calcium (Ca*") signaling mechanisms such as increases in the intracellular Ca** concentration ([Ca

1) via store-

operated Ca®* entry, which involves components such as Orai1, transient receptor potential (TRP) canonical 1,
stromal interaction molecules, and inositol 1,4,5-triphosphate (IP;) receptors (IP;Rs). Homer proteins are scaffold
proteins that bind to G protein-coupled receptors, IP;Rs, ryanodine receptors, and TRP channels. However, their
exact role in Ca*" signaling in the salivary glands remains unknown. In the present study, we investigated the role of
Homer2 in Ca*" signaling and saliva secretion in parotid gland acinar cells under physiological conditions. Deletion of
Homer2 (Homer2™") markedly decreased the amplitude of [Ca®]; oscillations via the stimulation of carbachol, which is
physiologically concentrated in parotid acinar cells, whereas the frequency of [Ca*]; oscillations showed no difference
between wild-type and Homer2”~ mice. Homer2”™ mice also showed a significant decrease in amylase release by
carbachol in the parotid gland in a dose-dependent manner. These results suggest that Homer2 plays a critical role in

maintaining [Ca®"];

. concentration and secretion of saliva in mouse parotid gland acinar cells.
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2HIE =6t ZHMIZ0AE Etbtg=A 0|2(HCO;) 2HIE Z kst
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o= #Eid #%iﬂ%E [Ca”]2l B7t0il ofsh &-A5tHE|0f EfeMol 2
Efet |*‘|°| ’T’a MNSEHE2 OtME ST 22 X7 G-H
o Zgt *RHI(G protein coupled receptor, GPCR)Q| G THo]| Z
&t5t0] phospholipase C (PLC) &3} § phosphatidylinositol
4,5-bisphosphateE 7ts23dA|7 inositol 1,4,5-triphosphate
(IP,)E MAMSICE O|AH MME |Ps= MEZEIZ(endoplasmic
reticulum)Oll U= IP; +=8HE M5I510] MEEISO| M 2
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& 2HIE S8l [Ca™]2 S7tAIZICE 0[2{3t MEEISo| Za 1t

off oJaf EMstele MYU-9|=N Zt& R (store-operated Ca”*
entry)2 MEEIE Z+s MAQl stromal interaction molecule 1
(STIM1)2t &ETkHplasma membrane)2| Orait transient recep—-
tor potential canonical (TRPC) A{E4S0| SHAEIZE M50 &
MqstE|n, S7HE [Ca™]2 L& tHE7IMS EMSIAA sarco/en-
doplasmic Ca*-ATPase (SERCA)2} plasma membrane Ca*'-
ATPase (PMCA)E Soll MEZH HioZ Z&S 0|SA|H 7|N £=Z9
[Ca®].2 Sl=ECH2-5].
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2 X ULt Homer 122 03 749
S 5ol Homer1, Homer2, Homer3& £&F=IC}
Homerla= 414 MIZ0IA X|&& XI=0H| 2ol &

7| TR YiE2 YAHLACH6]. Homerlas
Qe ZE Homer HHISE 21 HERE XL UM SFMZA ©
B0l D2AH U0 ALt Homer HHE2 N-ZHO| Ena/VASP
homology 1 (EVH1) Tl 25 =91 C-ZHE| coiled—coil 2t
(multimerization) =212t 24 X|H(leucine zippenE 7HX|1 U2
i, £3|, EVH1 QI Y& GPCRE, TRPC ZHEE, IP, +32XIE,
ryanodine £=8XE(RyRs), 112|101 AJHZELE ol Shank 12 S
0t 282 g 4 U= ROICH7]. Homer TS MZA M|ILO| A|HA £
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I:IE
dE ZESH= AlfiA Hoz AZFOLE,7], 0|F HIZ MIZ0j
Mo ARES Edll Homer12 TRPC i1t IP, £8X|S9| ZEts
o ZE0 RYUS RHGHI8], Homer2e FIFC ZHMEOAM G
CHeot PLC 2 PE% Sl GPCRE2| Z& s /Y 1= ZEE
ZEGIH[9], OoHd IAM|IZOA= PMCARIR| 5t E4ff [Ca™ 2 &

SHIH10l= 40| HoiXch £t SAZ0M Homer2e 2ME 23t
1P St RyRE &% 25 2HIE S7HA7 nuclear factor of acti-
vated T cells type ¢c1 (NFATc1)-QZH MSHLYAZE EMSIA|F |
1[11], Homer22t Homer37} T 2IZ32} TIEMIZOA calcineurin

1t ZHHMOZ NFATO| ZRSHH T MZZe| 24[12] ¥ OSMZE 23}
ZH[13]0]| 2t0{3Ht,

GPCR ZE2M|2| 42[std sk X220 Qo UME= dE MS=
FI|1Moz HigE= ZE TS (oscillations)2| JEHZ LIEILID], 2
2 U(sinusoidal) Z#& XIs1 7|MME M2t 20k(spike)?t UAMEl=
UatM(transient) & TSOE FTRECH £, ZE TS Fh
(frequency)@t TI=Z(amplitude)2 +EX| XI= Z=0f| ofs AHEICt
[14-16]. Z& TIS2 4 Mol MEE S(apical pole) ZOHIA Al
5101 7|1X5 Z(basal pole) ZOZ Zt#& TtE(waves)2| HEHZ Z
HEH[17-19], Z& MSHHQ| 7|2X ’—.":'“' = fﬁf [EIESE=N PN
=0 it BIAE, Hs TS =, &
THOIM FIE MLt EfM MIZZOMC s *._EIJ
EICH5,14,20,21]. 0|23t Z&2| M2 MEE Zof| IR Z

=
OIAXIH[22], HIE ZEA|

& XSS UYF BAO| U= %O
AL A
mo| 4P 2% TS| WA0| FEH I Zo2 I 4+ UL, LA

TS2 NS ZHOM M| SFOH| M2t ChEA| LIEFHTHLT &

X UCH23]. J™0|= S50, HIZE Mo ZE AS FYuHo|
M Homer SS9 A2 05| Het5| LM UKX| oLof & A
OlM= Homer2 QHEXE MAH(Homer2™”) OIRQAE 0|8510{ 0|51A
EAMZOM Ze S U0 ME Zs 3 OFUZIO0rH| 2401 Chet
Homer22| &tS 20t 1AL SHALY.
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Materials and Methods
1. M=

Fura-2-acetoxymethyl ester (Fura-2/AM)= Molecular
Probes (Eugene, OR, USA)HIA bovine serum albumin (BSA)Zt
pyruvic acide= Amresco (Solon, OH, USA)UIA TLIGIKLCE. Colla-
genase type IV, carbamyl choline chloride (carbachol), soybean
trypsin inhibitor, N=[2-hydroxyethyl] piperazine-N'-[2-ethane-
sulfonic acid] (HEPES)2t D-glucose= Sigma (St. Louis, MO,
USA)GIIA T UBHALCE.
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IR Homer2 QA ®ZH(Homer2™") OIRAL= Mal o170
M HE/AIEIQE ASEE(25-28 g)2 AFESIRICH9,10]. ZE A
HAS=E2 SMSty X|2HCHE SSHUM 12A12F /0 &8t 37|
T, EEE |AIGIHM ARt 22 ANRE0| 3ZotH At

=)
. SMthety HeisE R2IIS|(IACUC 52 15 2010-

3. 0[5k o ZHMIE =2

OlotMe| ZHME 2= SEtAH0[= $3Ht“(collagenase di-
gestion)& 0|85t0 MM AEE YHI SUSHA HAlGH
RACH10]. 222 MEE M2|AH+(140 mM NaCl, 5 mM KClI, 1
mM MgCl,, T mM CaCl,, 10 mM HEPES, 10 mM glucose, 310
mOsm, pH 7.4 with NaOH)0{| 0.1% BSA2t 0.02% soybean
trypsin inhibitorS &7t5t solution A0 ©2 & AI2E WX S
off 225U

MK

4. NZ W & s55(Ca”]) 54
[Ca” 2 HatE £X517| 510 EZI Homer2”™ OFRAO
M 2[5t 0|5t ZMME = ME|MB0M 5 uM Fura-2/AM
1t 0.05% pluronic F-1272 6027t XZ|3tRACt. Fura—29| &
2 Molecular Devices (Downingtown, PA, USA) O|O|& A|AE
2 0|25t¥on, o] DAL excitation IH&H340 nmet 380 nm)t
emission IFEH(510 nm)2 AFR610] 20| HEIE =X6ISHCHRatio =
F34O/F380)- Fura—29| & H3} 0|0|X|E2 =& &0|A(inverted mi-
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croscope, Nikon Instruments Inc., Tokyo, Japan)dil £&t=l CCD
7tH|2H(Teledyne Photometrics, Tucson, AZ, USA)E S50 &
EOA 1X ZHH4OZ 7|251Ct. B E ASXIZ 9 242 MetaFluor

software (Molecular Devices)Z 0|25t

5. OtLUZtOLH| 2HIY =3

HYUSE2 2 T 24412 SO 22 Mot SHAZL 229
EYMZ= ME W 25 58 Al AEE carbachol®| SE2 Af=ot

In

ALt ZMMEELS 60 rpm2| =2 37°C TIE H{7| OLOfA 208
7t carbachol2 2|3t & =2M7|Z &3HAIA 13,000 rpm2| £k
210287t 2aEe & HH= A0
2 YEE ofg2toty s o™
CH24-26]. BT homogenized 0|51 AtZoH 2
37°CHIM 102 S0t 0.5% T (starch)2 X2I5t £ 540 nmOIM &
BT E SHGIAULE. YA LY OtUZIOotH| EHE= [

D= ASIXEO| £X| 22 7K mean) + EE2PXKstandard er—
ror, S.E)Z BEA[SIRACE 2t £X| 71| EAIX R4 HE2 S t-test

£ AASIR2H, p < 0.0501M SAXCZ ROISICHAL HIIGHRAC,.

Results
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M Homer2 Tl 2510| A= Zig LS 23 THESO| Ul Bt
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Fig. 2. Measurements of Ca”'-dependent amylase secretion in parotid
gland acinar cells of wild-type (WT) and Homer2” mice. Amylase release
in parotid gland cells of Homer2” mice reduced an increase of secretions
for carbachol stimulation in a dose-dependent manner compared to WT
mice.

Data were expressed as a percentage of the total amylase activity and are
presented as the mean + S.E. **p < 0.01; ***p < 0.001.
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Fig. 1. Agonist-evoked intracellular Ca®* concentration ([Ca’’];) changes in parotid gland acinar cells from wild-type (WT) and Homer2" mice. (A) Application
of 1.5 uM carbachol produced a [Ca®"]; oscillations and the changes of [Ca”]; fluorescent (Ratio = F,,/Fs,) were traced as a function of WT and Homer2”
cells. (B) Transient amplitude bar graph for carbachol-induced changes of [Ca”]i fluorescent. The transient amplitude by carbachol had no difference be-
tween Homer2” and WT cells. (C) Frequency and amplitude bar graph for carbachol-induced changes of fluorescents by [Ca?] oscillations. The amplitude of
[Ca®]; oscillation by carbachol stimulation reduced in Homer2” cells compared to WT cells.

Data are depicted as the mean + S.E. ***p < 0.001.
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= 5E921 1.5 uM carbachol XI=20f| 2J5H [Ca*]2l &7t & 7|1 £
Z9| [Ca™]2 SOIRX| %1 B7tE MHE QX[ots 22U Z& T

F

50| LIEfLHE Z4g SQIGIACHFig. 1A). X2 01F 27| [Ca™] 2|
St= UMM ZIZ(transient amplitude) 22 LIEFHOMH, Xt
Homer2™”" DIRA BE0A HS5HH BHEE|ACKFig. 1B). 0[2{st 2
2% UE TIS2 Yo FME 7K1 REEE HH, XS XF
2 Homer2”” DFRAQ| IAN|ZO|A SIX5| ZAE|0 LIEHI= HS
310151ACHFig. 1C). 0|2{3t ZAH=2 Homer2 THHH0| [Ca*] ol =X

2 EATE ASS MALSIT
2. =5 2IEX O1ZEtotH|Ql 2|7 et

Homer2 Tl 2ot X0 (2 O[Sk ZMZLM|AQ] OFZI2tOLR|
ZH|of Tt %‘% ZAFSIRALE. 2t OFRA0[ Ofokd EHMIZE0| 1 X

107, 5 x 107, 10,3 x 10°, 1 x 10° M2| carbachol2 X
2|5t f”'ﬂfofﬁl°| EHIZ SXot Z1}, IR OLRAQ| 0|5 A|

EOﬂM Sk AEHOZ OtZEf0LH| 2H|7H S7tEl= S &lstiTt.
2, Homer2”” OFRA2| 0[5HM KIZL0{A 2| OFUZHOLH| EH|= X
T0l| HI3H $XI5| ZAE= 22 HRISIAUCKFig. 2). Ol [Ca™] =X
Off et Homer2 THO| Z4Z0] OFZ2tOH| 2H|7|S ZE0|E 2H0ie
= AALHT

Discussion

2 o7l Efol 2H|S ZBhs 0[5H TAKIZOIA Homer2 Tt
0 Z& MSHYUT} EfY SH|7|5 ZH0| O|X|= Ik Ma[s =
ZO| A HIZ ARSI TAIBIICE. Homer2 THEHS O[5t TALIZ
OlM 42|t A= =2 carbacholOf OIOH 2 s IS =
S ZHGIN, 2 AS0| G2 U= B 2H|, E5| OU2IOLK| &
HI7 |50l Q&H2 0|Xl= %S oI5t

0|M9| HATZE0AM Homer2 THEHO| Hisd XH2 |, 4

7180l FYS DIXIK|= X2 Q| ZAMIOA SERCA2
WSS THGIK [Ca™] S ZH5IL, M2lsHd = 52 GPCR &
2H| M2| Al regulators of G-protein signaling proteins (RGS)2t
PLCB2| GTPase-activating proteins®| &4 XS Salf XAF=20|| T
gt QIUEE S7HAZICHE BT} QIUCHI]. ESL 0[5HIQ] IAA|
L0ll= PMCAS| C-ZTHof TSt ANEE CHHlS0| A 5= U=
PDZ Z=0|2(PSD-95/Dlg/Z0-1 domain)0| &|X|5tH, PDZ =M|Q!
1t Homer1a2| Zgts Salf PMCAL| Udl 371 A MIZE L Z& MA
L2 A7 BHH PMCAL| N-ZITH0]| 2{X[gt EVHT EH|Q12
PPXXF SAt ZE|EQt Homer27} Z&5H0 0|E13._ HSSS UM}

I:.I'

8o w

T2 o Hlof0] A1 B ATHOR HOIE 7 ATie ST,
U MIE QEOIN [Ca™]ol Hts X3 Y0 Of2f T B

Ceo] NI L SIXIQt HRBH0Y 2 RISO| MLt AIZO| HEfR
CiotA AZLE| LIEFE 4= QICH2,27-30]. £3l, NFAT, nuclear

I'

factor-«xB (NF-«B)2t Z2 LIS TAt QIXHE, calmodulin kinase
2t 22 A5-2Zd 845, J2|1 DIEZEL|0te] Zg =2 DI
FOf-2 QITYE| 0 LIEHATH30]. £ 2
& IIE9| XIZ1} NF-«B/signal transducer and activator of tran—
scription 3 At QIXte| EMZ 2l LS [Ca*]e| B7t AI™MK|
o Z& ﬂf5 X|% AlZHduration)0] ZFEH| XZ0i| 2ISt ALt X
M5tH[27,31], [Ca™ ]2t IP, +2H|2| &4 M=o w2t
—.0| H3LE|0] LIEFE = QUCH14,20,22,32]. Yang &
[10]9| EI’_OH O|5HH O[SHAQ| ILAM|ZL0A Homer2 THill H2idd x|
ZEEX0 T IP; M4, 1P, =8X[Q] eadnt ZHZ0] Ciolf Of
Fo= OIRIX] 2T, D=0l ZEH| X120 of$t [Ca™] 2l &
it HIRSIRCL, 2 MA So= 545 SAEICL 0f
2ot ZiEE Homer2 HHHHO| O|SHA IHMZON 15Tl ZEH|
XE=0i| Cist [Ca*,el B7t 'IE = Z& 3710l et SYEL XMs
ol 2R =0l thet & A Ol ZIHMZ H0{ot0], Za
HS-9lEA Ef 2H|0| FYE = 7tsd0| /UBS *I*fé._ f. g
FEC| EYMI0IM GPCR Z8HI2| Mz X=01 2ol HaE Za
OS2 Homer2 4Wad X0 2l5f GPCRE| RIZE=7t 7f0f01 L
OE9| o7t S| S7HEIACH[9], RGS4 Eed AX|0f| 2JSHM =
e ItEQ| Fi7/t 5245| S7t(0f OfUZIOtH| 2HIE S7HAIZILE
[26]. O]2{gt Zit= 2 AT ARt= XI0|E HO|=H|, Yang S[10]
o H1E 2ol R& E0|H Htg9| A E O{7{ZICt.

HIS2H MZS0M 2F K=o EHE.J Jk|2°| 3712 AISHH
HolE2 2H| 8nt Uy 0[2{st [Ca™]2| 7=
|P301| olst MEETIE W Zs 1’81'01|A‘|9| Zs 2t Yo &

& MESS 8¢ 2y FUCE 2. §5|, MEHI=9 IP, &
R7(1|01| Ofah [Ca™]; AlZ2| THA|2t THEIO| HBHX|H, MIZE L§ Z&2 @
U2 MET-oZ=N UE QY 7|1H0f sk [Ca™]ol 71t Ef°“ =
HIE XIEA7 e Y EYEHTH4,14,16,33]. O|EH 2H| MEES
[Ca™], AMZo| MMt ZZS DIMGHH ZH5HH ME2| 7|53 'é.“é*o}

K2 MIZZO| £40[Lt 7|s OfY, Zet SOl st #ZH=S0|Lt A7t

o
ZE E2 ks RIE0

_I

I OH

EAS|
7

N

WA Hoel ATH SF(Sjégren’s syndrome) 52| At0| A5}
Al =Kt 9], 0|2{8t 7|5 O|A2 STIM12 TRP {21} 22 & M
S QIXIEQ] sint 7|5 HStof 7[QISHCH33]. O™ B Eqt 8 2
o1710| ZTSS £610] Homer2 TS STIM1, TRP A2t 242 X
HD-olFN Za Q9 71H0 o5 2 MS0| NS TSI L
NSNS Sof Bl 2H7ISS TS HOR O{AEICH7 8], 2
=22 Homer2 EHH0| HEMOZ AR L Zt& ASHL 7|X0f
S SAI0] Efo} 2H7]5 EA0|E BOISIHE LIS Yats| 20
21 IO, FYAUXST 22 Ay A0 2 £80| 2 202 42
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