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L7, #E4R13A H (E13) O~ v R Z 30 T it LR
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E13D /i)l #Hanks’ Blanced Salt Solution (+)
[HBSS (+), FfoJtifiZk, Tokyo, Japan] HIZHLY H L
oo SIHICRENSHHFIUREZRL Lz, WIZE T

PRI 2 FE o TV D M A BRET 5720107 1 A
NR—E (& FEER;, Tokyo, Japan) T1543[#137 °C
TR L7o, IRIRS DT T IR A 0 M HER i 2 8%
by FTBRELE TR ERMAEEO AR LT, &I
Nuclepore™ Membrane (Whatman, Kent, UK) %
K& 7 L — b2 ¥ &, Matrigel® (BD Biosciences,
Bedford, MA) % # . 37°C T 5 4> H{RIE L 7=,
Matrigel® 73 7 /LAb L 7= D & Ttk . B0 T R R AR
Z D, Matrigel* TE HICF D EEE o2, KiEIC
WA 7 2 W L7255 i &2 N2, 5% COof v ¥ =
N—Z—T 3 HEKAE Uiz, B MR LRk O %
BAtE L7 H #Day0 L L C, 240542 3 HH (Day3)
FOHEL, BERE LTz, FEOHREICITEOL
FERBEMET (MZ FLII, Leica) ., 7 7 —HHICCDA A
Z [Q550 (IM50), Leical 2 H L7z, %A TR I 52 Ak
D5 H XImaged 1.49v (National Institute of Health)
TR L. 2O LM OFHE A (Area) %
& L CHAGE A R & HfEf b L=,
3. MMM ERML IBERF

FeHiiZDulbecco’s modified Eagle’s medium and
Ham’s F-12 (Fefiizdk) %M, Zhi20. 1% bovine
serum albumin: BSA (Sigma, St. Louis, MO) . Insulin-
Transferrin-Selenium-G supplement (Thermo Fisher
Scientific, Waltham, MA). 10z M Lysophosphatidic
acid: LPA (Avanti Polar Lipids Inc. Alabaster, AL) %
WL CTHECHERS M & LTz,

HEHEIN 1320 ng/ml NRG1 (human recombinant,
Peprotech EC, London, UK)., 20 ng/ml TGF-«
(human recombinant, Peprotech EC). 500 ng/ml
FGF1 (human recombinant, Peprotech EC) % Z i
MRS IR L TR L 7=,
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D37 CTI05 MR L7, fRIE#S, 000 rpm T 3
4y iz 077 B (HITACHICT15E) L 7=, L& 4T
500 u1 isolation buffer [IB: 1% BSA in HBSS(-)].
6.25 11 Collagenase Il %% (23 mg/ml) (Worthington
Biochemical Corp. Lakewood, NJ). 6.25 11 Hyalu-
ronidase enzyme{&i#% (40 mg/ml) (nacalai tesque Inc.,
Kyoto, Japan). 62.5 u1 CaCl; (50 mM). 6.25 1
DNase (28,000 KU/ml) (Worthington Biochemical
Corp.) # Mz CHifim % %% L37 "C T304 MR L7,
5,000 rpm C 3 5y [z Doy BlE L i 2 #5 T 7z 1%, 500
w1l DIBIZ 2 110 0.5 M EDTA% I 2 7= %k C 2 |1
W L7, LIEA Ttk L mlo IBZ )N 2 #ifa %
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Scale bar: 200 um
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5. 7A—Y Ak AL Y—ITEAL-HE
c-Kit M D72 IZFITC  conjugated anti-CD117
(c-Kit) (Bio Legend, San Diego, CA) %, E-Cadherin
i H @ 7= ¥ |ZPE conjugated anti-E-Cadherin (R&D
Systems, Minneapolis, MN) % . Aquaporin5 (AQP5)
i O 72 | Zanti-AQP5, rabbit monoclonal (NOVUS

BIOLOGICALS, Littleton, CO) & Ziuizxbd 2 Wkt
k& LT, Alexa Fluor®™ 647 conjugated anti- rabbit%
R L7,
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® 1. FTREFBBOENERICET HBIEY 1 ADEIE

Day0 Day1l Day2 Day3 n

NT 133 + 40 98 + 46 65 + 25 46 = 31 6

NRG1 130 + 16 258 + 53** 499 + 155%* 660 = 172** 20

TGF- « 112 = 25 320 = 76%* 558 + 123** 804 = 194** 15

FGF1 141 = 52 289 + 134** 643 + 102** 709 = 187** 5
NRG1+FGF1 121 + 31 270 = 50** 562 + 108** 685 + 173** 20
TGF- « +FGF1 122 + 41 327 £ 92%* 558 + 226** 690 = 245%* 6
NRG1+TGF- « 125 + 28 346 + 73** 574 + 156** 831 = 244** 19

NT: non-treatment (FERERZ D 7Dk R)

e i3Imagedic & % Area A 7 — /L OFEASFIE (HALIE) £ R RIEHERZE 2R T

ARFFETIZEL3%H TR 3 A A Z IRV TR
SDOMEBHER TE TWRNWED, IREBICH 7= DE85y
E/NELIESZ L2 L7z, Kerab™, Steinberg®'™ o
BRIk IR b R AR O TE B R O TR B 2 383 5 7=
WIZ, NRG1, TGF- o, FGF1% 2 M TR L
TS CRE TR AR A 3 BIEIEE R L, BRI (LA
BER LTz, R o 2 Cld, Day3F TIZ B AR
DEMHENRA SN (K 1a) 25, NRG1, TGF-« i
U7z ERHEAE TN EDO IR Bl S (K1 b,
c). FGF1ZRMLZGA X, EFoMENBIZESN
7= (M1 d), LRz#skiTDay4 i Crdmakiccimik
OZERMAHBL L, MDA HNIED HT0, KRk
ETlIDay3E TORRER LTz, ARBFSEICBWTE,
o> 7 N —TF TR EN TN D ZNENOBEFEN T
DBl S iz,

WIZHESHIN 1 2 A O A G oIz X ARk E %
1To 7=, D%, NRG1+ FGF1, TGF- o +FGF1,
NRG1+TGF-a ® £ O AGoH T H /NEDOHGEN
BaEshiz (®1le, [,g), MWERBRGHHIEOZ R
BEIZRELTWEEBEZLNTEY DY e
FR B CHLFGF1IHAM ORI CEERME L7z 2 &
B HERR IR AR & B S 5 IS IXFGF12 A % 72
DOTIERWAEHEI Sz, LaL, FGF1EMO K
# L&V, NRG1SPTGF- o #FGF1 L flAEHHETH
TR 7B OB S o T, BiE LT
R RO O HIE Y A R AT D & AR
DA (NT, £ 1) Tk, 5% LERER (Dayd) Tix
133£40TH > 7273, Day3 TiI46E31& 720 HLEA
FEMR U 7o, SRS IS AE IR 1 &2 WS L 7 3 A
Day3f TE OV A ANRMWR L (F1), EBHE
12, FHEFEIN B THIE D220 ) 8T A b
Vw7 %EkE (Kruskal Wallis H-test) #3272 -
T2 CAFBEENALINIZTZO, I BTN 7R
RBER) T &2 1T > 72, Dayl-3 T4 T OHIENA IR
IMEECNTIZ X L CHBEEDA LA, KHEHHEA T

**p<0.01 (vs. NT) : unpaired, non-parametric
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UHp A = L7y, Mz~ — 2 — QT iV
FGF1& fl A Ao TR 5 iR 1%, LU
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T, NETEDHOCSCHINER A PR | PUARLEE
A (none, M 2- A, B& bl LB L) ZALREE L
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(c-Kit+ E-CDH+) #lja & E-CDHFG %2> AQP5BGE
(AQP5+ E-CDH+) #ilfid @ & & o — & B ik
(double positive cells, X2~ A, B, &/3x/L 425D
T U T O ) OMIFESRE R, MlafEiTiE4
WFRNCIEEAFRIC 3 | 21T, ZORER A 2-
ClicZ/'7 7L LCmL7z, AQP5+ E-CDH+}u D%
4%, NRG1, FGF1Z 2 BEAM O RN TDay0 & i
LCTHMA ARG, FRIZERPRE o ToDIE,
NRGLIEMOFRM T, 29.9 + 4.8% Th-71=, ZDHE|
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2. BTIREREBOMIERE Y —H—IC &k S HMEBHTER

A, B:7u—%A b AR —ZEBRENRER, C: 7u—TA b A N —IZX5EWEMICIFEIFN 72 3 RO

ROV % 7T 7 L LT ERZE & IR L7c b 0, #itlilE, double positive Ml DEIG (%) 2R L T D,

A. c-Kitl I i Alfd, B. Aquaporind (AQP5) (IMERR MM D~ — 75— & L THWZ, AB& b IZE-Cadherin
(E-CDH) 1F LR fifaO~——L LTHW, 4 5FIORIET A 3, FUARILIL (none) ZHA L L Te-Kithiik,

AQPSHUA D 2 Y- X AFERZFE L CIRE Uiz, WIN LA 7 IXMIRT EBY TH Y, HBEMNA
(Day0) & 3 HH (Day3) Ofif% L7, PE: phycoerythrin, FITC: fluorescein isothiocyanate, Alexa647: Alexa

Fluor®647

AliDay0l b # L T3.1F T &H » 7=, cKit+ E-
CDH+faOE A 1L, NRGLEARO FRINT & AN A &
L7253, NRG1+FGF1DO#l A A > CAQP5+ #llfy
DEIEG A LS Tz, BLEOHA D 7 5 L7223,
NTIZH T DD RN ) 2 _F X R w7 ZBERGE
(Kruskal Wallis H-test) #3527 -72 & 2 A, AEE
ITH N7,
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ARGEDORER. ~ U A T EEGHBR O RSMEEIC
B TNRGL EFGF10 2 fEEH O HFEK 1 & f A A
HAHZLICL- T, B~ —T—EEZ 2 T
BeKit™ " 2RI L TV AHENAQPS &3 HL L T
WA OEIA % EEl-> Tz, £72. NRG1OHOD
I CEERR 53 AT O 53k~ — 1 — T d 5 AQP5 % %

BL WDl iMEm s 8l snt, Znb ok
B RFHUSIRINT 2 858K - OfAA b e 22 2
% Z & CHEEBRNE O SR U, MR ARG 2k
B L. MERFICMER WA b 5 2 &
DT X DHMERNMASNG A R 2 EE T & 2 REMED R
i,

NRG1O RN CAQP5+H IS e H G L7228, 2
OFH & L CAQPSHIEIZIRFE I REY " 75 2
ENHIE SN TR Y, NRGUIMAR % CTHRE (13
EHIESE CWEZ EREBE L TEZILND,
FGF1D & O Te-Kit+/ifla 2 i & HEM9-5 & HEH
SN, 2o FHEICK LT, NRGLO & )
NRG1+FGF1DOUsNN Ce-Kit+H#ifE D EIE 2388 L 7=,
ZOFHHELT2Oo0FEENB X HNS, 120X
NRG1D > 7 F )L s e-Kit + i o B GBI L BT db
HAHREMEE . B 9 1 DIINRGLIZ L AR (Mg o
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HREIZ > T B ORE) IZRTET 240 8de-Kit+
A2 L 7= mTRetE T A, FGF1EM ORI X
HEEOMEIL, NRG1% 2 72NRG1+FGF1 T3
ZHINTEY, /INEOGR LR EE SN, T
IZ0kamoto 5 D FE R L b —FH L TV 5D, FEEE c
Kit+#iia i3 RE U8 (2 RIET D alRedE" 0 h3#
HENTWD, WEICRTET 5 e-Kit+HIia 23 s 72
ET D & RS O AR 18 & MR O T )
HEWH ZLITiD, EE UM LS E A R
HEZTRE Mg LiastbZ T BB
UNE) MfkomEEZREIELZENTE R L
WO REDR D DT, EE DD OMER TR O AR
M7RVVIRET O IR EMAI T T X /2% L v o Hiss
b5, TDOILMNDHANTETHNRGLRMNIC & 5 M5
UNEE) DML T, /NEIT RTE T D MER R
i & VG L 72 FIREMEDS B 2 B D,

FIE BV OPRET A REEL AniZan
7= O EDiE, NRG1+FGF1DO RN X 5 c-Kit + Al
ORI 700, NRGLFINT & 2 MR 53 st o
b~ — 71— T o 5 AQP5 -+l 5 By 72 EE N o3k
BBENZ L TH D, AW THWIZEEFER T LIS
b, JBREPMERIRIZEEI L, FERICT 7 —EB & 500
T HER DGR ET AFRICB N T STV LA
-+ (Noggin, R-spondin, Wnt-3A, Nicotinamide®s) *,
cKitd V 7> KT 5 stem cell factor (SCF) ' <2FI%2
JEARREHIEL N 1 C 3 % Carbachol (CCh) ™" 45 & fidifi
KT LTAEBRPT LTS MERHS LB T
o

I B, HEERAROESMIE~ — 7 —1Z DWW T HRFHT
NIRRT I TW D, ARHFETlde-Kit % HEHE it
Al OREm~— A —& U TR L7222, Zhid
UTFDSESOMBIZHESN TS, 1) MERIRE R
FLlev v AZeKitHillla 2 B3 5 & £ OiREN
BIE 22 &Y, 2) MERIRAIERIL O~ — o — & LT
Cytokeratin-5 (K5) & Cytokeratin-14 (K14) 3 [F] & &
Tk, L5 beKittfl oL ICE £h
20 ThbH, L, cKitbighizh, CD24,
CD29, CD49f% 78 it i jJa ~ — U — T & % W #E
PO RME XN TCN D, LIzDS o THEE - DR
Mz ko> T b DeKitbhsh o~ —J — DI HL L
Nt A O B 2 a4 D B B D,

B BIIAMTE T R E L7ZNRGL+FGF1% fl A&
DT, single celllZ 4y Bl L 7= M AR s A i &
FEWIRMkREEET DN TE D0, 2, TO#%
NRG1D ZOEEHN L7258, WERE 3 Wi~ 1k
PE ISR D DN WS NS EET S5 TETH
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ABSTRACT

Radiotherapy for head and neck cancers and/or chemotherapy can cause salivary gland dysfunction
and subsequent xerostomia, leading to poor quality of life (QOL) in cancer survivors. To understand the
molecular mechanism of the salivary gland dysfunction and develop a preventive care, we are trying to
establish an ex vivo salivary gland culture system. To develop the culture system, we tested the effects of
growth factors on cultured epithelia of mouse embryonic submandibular glands by morphological
observation and flow cytometry.

Neuregulin 1 (NRG1) or transforming growth factor alpha (TGF-« ) caused branching of the lobes
and fibroblast growth factor 1 (FGF1) caused the elongation of the stalk when added to the cultures.
These morphological changes were comparable to those reported by other groups. The data by flow
cytometry showed that the population of c-Kit positive (c-Kit+) cells, which could be stem cells,
increased when NRG1 alone or a combination of NRG1 and FGF1 was added. However, the population
of aquaporin 5 positive (AQP5+) cells, which are differentiated cells, increased by adding NRG1 alone.

This study showed that it is possible to establish the ex vivo salivary gland culture system which can
maintain c-Kit+ cells by adding NRG1 + FGF1 and differentiate into AQP5+ cells by removing FGF1

whenever necessary.

Key words : xerostomia, ex vivo salivary gland culture, neuregulin 1, fibroblast growth factor 1, cell
differentiation





