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A B S TRA C T

Á1¤A drenoceptor has been di scovered to ex ist in

m any hum an t i ssues and m ed i at es i m p or tan t
phy siological h actions- m e pmpom of this study
w as to detect the expression, di str ibut i on , and
function of Á 1¤adrenoceptor subtypes in hum an
submandibul ar glands. Á 1A- and Á 1. A drenoceptor
m RN A s w er e i den t i f i ed b y r ev er se- t r ans-
cr ipHOEd;polymeram chain-reaction CRT-PCR), and

É ek protems w ere detected by W estern bl ott ing.
N o expression of the Á 1D-adrenocep tor mRN A

and protein w as found . By in si tu hybr i dization
and imm m ohistochem s® , Á IA- and Á IB-adreEE0¤
ceptor m RN A s and proteins w ere show n to be
w i despread in both ductal and acinar cel l s. B y
confocal m icroscopy , pheny lepk ine (stimulati ng
both Á 1A. an d Á 18¤adrenocep tor s) £r A 6 1603
( Á 1A-sel ect i v e agoni st) i nduced an i ncrease i n

inm cel lular calcium by 23 3 Á 01 8¤fold m d 1.81
Á 0.43¤fold, respectively , w hi le 5¤methy l limpidi l
(Á IA-selective antagonist) par tly blocked calcium

mobi l ity stimulated by pheny lepk ine- TEe msti lts
in d icat ed t h at f unc t i on al Á . . ¤ an d Á . n-
adr en oc ep t or s w er e ex p r essed i n hu m an
submandibular glm ds, m d m ight Þ n´ buô Ø ª e
zegulati on of sal iva synthesis and secmuon-

½ Y W £ RDS: Á 1¤admnØ epw , mcµ Ø r subq é s,

neurotr ansm i tter , submand ibu l ar gl and , t i ssue
dis» ibution-

Rmeiv" AFil 20, m M; Lut mvision EK² , 19, 2Þ 5;
AÞä ± Novmk r 2,2Ø5
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Funcf i£ no l Á 1¤A d ren£cep f£ r

s ubty pes in Humo n

Sub mo nd ib ulo r G lo nd s

lNTR£ DUCTlON
Á 1¤AdmnØ« rplays im mm lesimnMEmmtôamam ÷

f u n c t i o n r eg u l at i o n , en er g y m et ab o l i sm , an d s t r ess r e sp o n se, b y

i n ter ac t i n g w i th c a tec h o l am i n e ( f o r r ev i ew , see D o c h er t y , 19 9 8) . Á 1¤

A dzen ocep to r has b een ch aracter im d ac cor d i ng to b d i f em t am n i t ies fOr

th e c o m p e t i t i v e an t ag o n i s t W B 4 10 1 an d p r az o s i n b y l i g an d - b i n d i n g

(M o rr ow an d C reese, 19 86) , and h as been d i st in gu i sh ed by the selec t i v e

al k y l at i ng agen t ch l om ethy l c l o ni d im in inact i v at ing th e Á 1R, bu t no t Á EA

su b ty p e ( H an e t a t , 19 87) . U n t i l n o w , th r ee d i st i n c t Á - ad r en o cep tOr
sub w p es (Á l f , Á 1B¤, and Á 1D-adrenØ µ to r) h av e b een i den HEed ² r ough

m o lm u lE C1on in g techn i ques and phazm aco lo gical ¡ ay s ( f or m v i ew , sm

G reg ory et a l . , 200 0) . T he CD N A s en cod in g h um an Á u ¤, Á ta¤, an d Á m -

adrenØ ep Ø m hav e also b Å n c l oned ( Sc hw i nn et a l . , 1990 ; H im m w a et ½ ,

19 93 ; W em b er g et a l . , 19 94 ; E sb m shad e et a l . , 19 9 5) , and d i E eren t Á , -

aÉ m Ø epto r su bq pes h av e been lØ al ia d m sev eral hum an o rg an s, such ²

the hear t, l iv er , k i dney , sp l een , and p m su te Ò d Ê et a l . , 1994 ; f b r r ev i ew ,

see R u E o lo et a l . , 199 4) .

I t h as b een suggested ² at ² e sm reto r y a la ct i on o f m am m al ian sal i v ary

g l m ds i s p r i m ar i l y r egu lated t h r oug h t he co m p l i cated act i o n o f d i st inc t
m ep tom such Ê Á -adr m Þ µ tom P-aÉ Ä Þ ep Ø £ , m u sear in i c-cho l in er gi c

m Ø ptom , and pep t iderg ic m Ê pw s ( fo r m v iew , see B aum , 199 3 ; E b ± m

et a l . , 1993 ; B aum an d w el ln er , 199 9) - U e Á - adrenØ ep to r h» bÊ n foun d

to m p laô É e sec r et ion o f f ILai d an d elec t r o ly tÊ aa d m ay hav e m eE ec t on

É e secr et ion of p ro tein in sal i v a (K lein , 2Þ 2) . Secretory r Ê pom es ev ok ´

by sé Ep aÉ et i c n eu rom nsm i tters cou l d be m d iated th rou gh the act i v ati on
o f the Á 1¤adr m ocep to r in b o ² in nerv ated an d dener v ated m t subm and ib u lar

g l an ds (B y l m d et a l . , 19 82 ; E l v erdi n et a I. , 19 84) , and t he sHm u lat ing ef m t
o f the Á 1¤adrm Ø ep tor on m t p aro t id m in ar cel l s w Ø con a m md in viv o b y

m incre ase m p o tassi um re l ease ( I to et a l ., 19 82) . T he p resence o f Á t r and
Á18¤¡ em epw mm hu been connmed in mt SEM andibuw ç Eds
(F au Ã et a l ., 1994 ; R ok osh et a l . , 19 94 ; N ish i um et d , 200 1) . Á tA- an d
Á 18¤M m Ø epto r m ô m h av e k en i den t i a d in m t subm and ibu l ar E lands

and m ac inar cel l l in e ( SM G ¤C 10) (B Ø h 1an et a t , 2 Ø 4) .

U n t i l n o w , h o w ev er , l i m i t ed i n f o r m at i on ex i st s r eg ar d i n g t h e Á , -

ad r en o c ep t o r su b t y p es i n h u m a n su b m an d i b u l a r g l a n d s , an d t h e i r

ph y sio l ogi cal an d p aú £ l o g i c al si gn i f i cance r em ain s to b e determ ined . h

² i s m p or t, w e hav e detec ted th e ex p ression , d i st ib u t i o rL and h nCHon o f Á ,-

aÀ en Ø µ to r sub ty p es m h um an subm an d ib u lar g lan ds and h av e at tem p ted
to ex p l or e t he po ssib l e r eP latoq h n CHon d Á 1¤d m nocep tor subq pes m

sal iv a sec ret ion .
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T,- hh - --W ô" ¢ ø ¨ ØJiÅ ú É¬ ± Ç M s, Tm
Á· , É» sq ´ ¢ Á¤m TU TAm -3, - 5¤ÁAm Þ ô GTTGCC-3' " 1bp gm
g · , » - s'é Tm G« Í AHCAT-r sq Tm Þ m TACÑ TAJ M bp gpzt
g ML. -- 5'Gë MZÁck¸ CACGCCCGAGhs s-m ÞcÁÒÔ Ø Æ " TC-3' m bp ©©,£ â ? 5'-ATcm cÍ Í Í TTCTACANE÷ Þ GXÀ' 5'q k CATÊTm ®TTW GATÁ Æ ô GC-3' Ø bp a ot

61.6 m [52¤7 1] ; ² me fem b , seven males) mceiving h nc´ om l
neck dissection for pd mMy oral squ× nous cel l carcinoma w ith
negat ive cerv ical lymph node metastasi s. In thi s study , human
m mples were used w i th the patients- in formed consent and the
local ethics committee-s approval - The obtained submandibular

gl× Ð " ssue wÊ hi stolOs cany normal , by hematoxy lin and Ø sin
st ai n i ng , and no c l i n i cal or patho logi cal m et ast asi s and
infh mmaØry cells wm· deô cted-

Reverse-M nk dê £n/ pd é w use ch in-m db n {ô -PCò

Tou l RNA w as isolat± by the T rim l meú ´ , aM Ê ch Mmple
w as quanHtated specwophoØ meM eany at OD 26W280. R1¤.pCR

was carr ied out m Þ rding to É e manufacturef s pmtm¶ l (Gibeo-
BRL , Gai thersburg, M D , U SA L w ith 1.0 Ì g of total RN A . The Á1.

" mnocµ Ør m bÉ pe¤µ eciac pr imer3 Ò able) w em desiS Eed and
w n× × ized (A ok e, Beij ing, Á m a)- M nplineau on of p-actiz1WÎ

per formed for internal standar di zat i on . CDN A s f rom human
submandi bu l ar gl and t i ssues w i thout rev erse- t r anscr i ptase
um m m t and hmnm Á 1¤M mnØ µ Ør mbÉ pe aIl l-lengdE CDN A s

wem m pliaed u negative and pØ iHve Þ nm ls, rÊ pecHvely . The
band densi t i es w ere analyzed semi -quant i tat iv ely by image

analysis a¤ r gel d eem phoregis (LEICA 550IW ).

Prob¤sb h siØw brMin h n
Ç Ee human Á1A¤, Á1B¤, and Á1D-adreIEØ eptor prú ´ com M d of
440¤bp , 528¤bp , and 525¤bp E coR L B amH I f ragm ent s
corresponding to nucl m tidm 962 to 140 1 £f cloned hmm n Á1A-

adrm oceptor CDN A (GÔÉ ± EK L31774), 1028 Ø 1554 of clon´
human Á m-adzenocepØr CDN A (Gm B± µ L 31773), and 1192 Ø
17 16 0f c l oned hum an Á l D- adr enocept£r CD N A (GenB ank
L 31772), m À d vely . They w em linkd Ø ² e pGEM -7Z vm w ,

w hi ch w as conf i rmed by restr i ct i on nuclease d i gest i on and
ident i f ication. A ntisense and sense single-sm nded digox igenin-
l abel ed RN A pro bes w er e gen er at ed f rom l i near i zed Á 1¤

M Em oceptor subq pe CDNA constructs by RN A p£1" nemse T 7
and SP6 by in vi tr o reverse-transcr i pt i© " descr ibed i n the

promega pmØÞ 1s.

h sih, Hybridizd m
Smal l ti ssue b locks w ere qu ick ly excised and f ixed in ¨ eshly
prepared 4% (WN ) p® aformaldehyde in PB S, pH 7.4, at 40C-

A f ter bei ng dehydrated w i th a ser ies of ascending grades of
ethanol , ti ssues were embedded in pamm n w Ç , sectioned, and
mounte4 The sections w em deparam aized, ø hyÉ aÇd, digesô d
w ith proteinase k (2 Ì g/mL i n PB SL and f ixed according to
establ ished pm eedures (Y ang et aI., 1999). Subsequentiy , the
sections were hybridized w iú ú e speci n c digoxi gertin- labeled
pmbes m d inØ baÝ d at 420C for 16 hm. A Rer hybridization, the

secti ons w er e b l £cked by t reatment w i th hor se serum and
incubated w ith ant i -digoxi genin-alkal ine phosphatase, prior to
color development w ith nim -blue teM zol imn/5¤bm m04 4 Moro-

L indoly l phosphaÊ m the dart .

l m m u m h i s t u h e m i s t º y

F r o z e n t i s s u e s Ï cd imm m s 5 }Ì L m É iòcd k w e r e p rme pé a zz.ð m e c rÉy oØ s Ù

s e c t i o n s w e r e f i x e d i n a c e t £ n e :£ c thM1d l £ rm£ f £ r m (Ô 1 :Å 1 ) a n d

i ImIn1ImmInm1n1uBmIn1 o s tu a iô rn1e" d wÚ i tÉh É e p d m ® y p" £ lây cd l o¶ nm aÊ l am n t" i  d± i é s d i l u t e d

1̈ :Å 1 O O i n 2 % B S A / P B S f o r Á I f , Á I B ¤ , a n d Á 1 D - a d r e n £ c e p t o r s

( S a n t a C r u z , S a n t a C r u z , C A , U S A L a c c o r d i n g t o r o u t i n e

i m m m o h i s Ø c h e m s w p m Ø Þ l s ( C o h e n e t a l . , 1 9 9 5 ) .

W ´ ù m Bô Òng

Tissues w ere minced in lysis bufrer (pH 7.4) containing 20 mM
Tris, 05 mM EDTA , 25 W mL am É ª , 25 w mL lmw × , 20
Ì g/mL pepMat in A , and 1742 Ì g/mL pheny lmethy l su f ony l
f1110r i de, and hom ogenized at 40C. A fEer centr i fugat ion, the

membrane pel let w Ø solubi k ed h the above buRer containing
05 % sodium deoxycholate, 15 % N P-40, and 0.1% SD S. The

protein conceIWation w Ê determined by the method of Lowry et

al. ( 1951) -
A li× lots (50 Ì g) of É e Ø 1uble pm ô ins w em denaô red in the

loading bufrer and resolved on 10% SDS PA GE gels- Tbe proteins
were then electroblotted onØ PV DF membrane at 1Ø v for 90
min d ® É e gels were ma m e membm es wem probd ovm ight
wi th goat m U4 IK , Á1B¤, aM Á ID-M mnoÊ ptm m HMµdies (dih td
l : 100 i n M ock i ng bu f f er) at 4£C , and then i ncubated w i th

horseradish-peroxi dase-COEEugated aM -g£at IgG antibody . m e

immunoreact ive bands w em v isual ized by chemi luminescence
detñ tion (A memham, Oakvine, ON , Canada).

Submond ibulor Glond Cell Culture
A ci nar cel l s Ý £m human submandibular gl ands w ere freshly
isolated, as descr ibed previously (Horn et al , 1988) , M Etanks-

balanced mlt m lu6on buf ®ed wiÉ EE PES Ø pH 75 (COIIUMing
0.05% BSA , 1Þ U/è¹ Þ 11asmmm , 02 mgj d d hyalmonidase). Th
mm lung cel l sÄ " m b n wÊ Ê nM h ged at 4Þ g for 5 min and
gently re-suspended M DM EM medimn, ² m plated on a 35¤mm
peM d ª Þ atM wi² 50 Ì gjmL poW-b lysine and cultmed h m
ï m gph®e of 5%COz m air M 370C for 12 º 3.

lntm õ llu lo r c o ld um lm og ing
The cultured cells w ere w ashed wiÉ Hm Õ ' balanced salt m lutiOR
then loaded w iÉ 10 Ì M nuo-3¤A M at 370C for 30 miÒ The celh

w ere w ashed and st imul ated w i th pheny l epk ine ( 1 " ,M ) or
A 6 1603 ( 100 Ì M ; Si gma, St . L oui s, M O , U SA L For some
expedmm ü , 5¤medEylurapidi l (0.1 Ì M ) W¸ " ded 30 min befbre
the u-eam ent w i th phenylepk tne. The addition d k Cl (5O mm
w as used as the posiuve conu-01. Calcium fhlorescenee images

w ere ex am i ned by conf ocal m icroscopy and quant i n ed as
described previously (Pmmh m ar and A hem , 20Þ ).

s td isk o l A m Wm

Data w ere analyzd by unpaired Studm f s t test k tween g m ps. A
probabi li ty of less ² m 0.05 Wò ª smned Ø be sip igcant Data

were presented as means ¿ SEM .
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RESULTS
Rewme-Mnscrwm /
p£ â m em se c ho in -m m Ò£ n

To detect Á1¤adrenoceptor subq pes

m human submandibular gl and, w e
d esi gned the spec i f i c p r i m er s
according to their sequences- T he
sp ec i f i c i ty o f t h e p r i m er s w as
conf i rmed by D N A sequencing of
² e corTÊ ponding gene producu and
b y am p l i f i cat i on o f h um an Á 1A¤,
Á 18¤, and Á 1D- adr enocep to r f u l l -

length CD NA s (Figs. 1A , 1B , l C) u
posi tive controls- The ampl i f icm on
em d eneim of the target CD N A s and
P-act i n w ere detect ed at v ar i ous

cycle numbers fkom 3O t0 39 (dau
n ot show n) . Á IA- an d Á I B-

A dr en o cep t or m R N A s w er e
ideati f id in all specimens ô td (n
= 10; Figs. 1D , 1E, l F) . The relative

intensit ies of m nscr ipts for Á IA¤and
Á IB-ad r enocep to r m RN A i n th e

subm andibular gl and samples w em
compamd, ÷ × normal ia tion to É e
house-keep i ng gene P-act in (Fi g .
l G) . Á1A-A É enoceptor mRN A w as

m or e abundant l y di str ibuted than
Á lB-aÉ m oceptor mRN A in human

sub m an d i bu l ar g l an ds. N o
ex p r essi on o f Á lD- adr enocep to r

mRN A w as idenHEed-

h d ô ¬ ù hdm ¤ n

The speciEc probes corresponded Ø
nuc l eot ides that encoded m RN A
f r om th e end o f t he t h i r d
cy t op l asm i c l oop r eg i on o f Á ¸
adrenoceptor subtypes, show ed no
hom ol ogy , and w er e d isti nct f kom
the t r ansm embr ane r eg i on s- T he
CDN A sequencing mSUIts conarmed
É e speci n ci ty of each probe (data
not show nk

H igh exprÊ Sion levels of alpha-

1 aÉ m Ø epØr w ® e observed m the
ac inar cel l s o f the submand ibu lar
g lands. The posi t ive hybr idi zati on
si gnal w as l ocal i zed m ai n l y i n
ac i nar cel l c y t op l asm ( Fi g . 1H ) .
M uch low er level s of labeli ng w em
seen m the sm ated, intemalated, and
excretory ductal cel l s. T he expressi on o f Á IB-adrenocep tor
mRN A had a sim i lar disM bution in m bmandibular glands (Fig.
1I L w as expressed i ntensel y i n aci nar cel l s, and at l ow er
intensit ies m ductd cel ls. N o expreÊ ion of Á lD-adrenoceptor
mRN A w as detected.

lm m Ôn£ h isfochem isfry

I n the ÷ £zen sect ions, the subm andibular glands consisted
mainly of serous aci ni and al l É pes of ducts; a few mucous
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Fi ² r ¤ 1 . Th . 51¤ m i rn o g i n g o n d p m te i n e x p r e ssi m d Á . ¤d re m ce b r su b ty p e s i n h u m o n
Ø M m Ð ib uh r d lo n d s. RT¤Ó R p d uctz h m h tm o n Ø h o nd ;b uh r g b l S w m d ú w h ç d m

£go m " 9d s oÐ visuo lizd w ith d zidium » m id¤- M , ç b rt er {160 ä à A M derJ h lighw
bond is 5Þ ú Ó A ,q Á 1A¤, h -, £Ð Á Ð Û õ µ b r Á ,e m m m , Ò " ´ yd y - M ¢ Å n A ,
B,£Ð C iºÐ ï ô -m M Ø omdi×J h mMmonÁª dm W ´ " » Ó lÀ CN ,
" £ p£Ø ve cmW . tone 2 in A, B, £nd C indm tes b pCR pr£duct w £ ut um ½ er" -
M n m â ¶ , £ s o nä £ five m M . h ç 3 in A , B, £ Ð C M ico fØ ¢ -m ô £ d ud o md is d h n
h u m o r, sÔb ºn o d ib u lo r g l o n d . {D Z ,F} RT- PC R p r£ d uc ts d o - p r o d r e m cep b r o Ed P -Od i n

o mp liW h n iÐ Ô£ ls. lG l Ø n m d m d th e d o tiw  Ø Ö n m p h b m Ð ± µ b r

Ø b v m m Æ A W th h Ð m a p w Ø b w m m RN A - Do b w m ï ô Ø sd o s ºm n A ± {n E 10 , P
´ 0 .0 5 1. " A Á 1A¤ £ rd Á 1² d rm ´ µ b r g m e Æ p m m m b y Ä d É W b d d m ´ m {m m « n ö ô ¢},

ã ó ± Ð y . |n  q b p lo m k ç b Í im Hm W Ð w q s £ b se fv d in o cim r o Ð d ud u l Cd s. " ,ò Á EA-

o nd h d re m ´ b r p m M n Æ p m im b y i m m u n £ h i ô ô i W {f ro z e n ± £ Ð , Ä Õ iVÛh M q w lo m ic o M m ê b ro n - sh in i ng w u s ¶ Æ in o cim r o Ð ö d u l c d ls. {A m w o M õ ô - ,

cd ls, £ rw d ind ica te s d u¤ l d ls.¨ é ¨ ¤ £ n d Á m d ô Õ µ b r w Ø Ø n × p m g m b y W Ø M

b M ð . lnô ¢" Û y im m m fô five » Ð s d 5 5  £ £ Ð Ø ² , Þ m w Ð iÛ b h e Á ¤ « d m ¤
ÕØû ô , w , ¹ ä ± . ¤cmÇÐicofÅ ô ô iM Cý ± , Ý HEK2Ã d lsMJK M A

iFe Æ A S ç ´ iÛ Á 1¤d ç º ó ô " W m . M ¦ 1, 2 , ± 3 in L OM M , ç ô M y , id m ¥

h e m m ssm d Á 1A¤ o n d Á 1B́ rw m ep w z in h m ® ¢ Ø ² £ n d iM o r g lo d s b w n h r" m rm s-

ac i n i and m ix ed × in i w em also ob ò " " - A l l µ ecm m s (n =

10 ) sh o w e d s t r o n g i n t r ac y t o p l a sm i c an d m em b r a n e
i m m u n o r eac t i v i t y w i t h sp ec i f i c Á 1¤ad r en o c ep to r su b t y p e

an t i b o d i e s . T h e i m m u n o r eac t i v i t y o f Á u ¤ a n d Á ' " -

adr eno cep tor w as m o st i n t en se in str i ated , in ter c al ated , and

ex Á etor y ductal cel l s Ò i gs. 1J, l k k m e stain ing intm sit y o f

ductal cel l s w as d i st i nc t l y str onger th an É at o f ac inar cel l s. T he

p osi t i v e stain ing o f Á 1D-adr enocep to r w as b arely detec tab le in

bo É m in ar and du c ta l cel l s.
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Western Bh fTing
T he CD N A s encod in g the Á 1¤adren oceptor subty pes w ere

t r ansf eet ed in H E K 29 3 cel l s, and the cel l l y sat es w ere
imZEBunob l otted as a test of É e speci Eci ty of the antibodies.
W e ev al uated qm nt iEcation range by COZEm l l i ng the protein
dependency of the i mm unoreact ion , and i t w as conn rm ed
th at th e r eact i on w as l i near ( data no t sh ow n) . D i st i n c t
immunoreactive bands of 55 kD a m d 6O KD a, cor responding
to the Á lA- and Á 1B-adrenoceptOL respecti vely , w ere detected
by receptor -speci Ec anti sera in human submandibular glands
(n = 3; F igs. 1L , l M K

Introcellulor Coleium lmoging
To determ ine the h acti on of Á 1¤adZenoceptor subq pes, w e

per form ed quan t i t at i ve anal y si s o f i n tr acel l u l ar cal c i um
([Ca21 i) m single cell s. A smal l peak of f Iuomscenee mô m iq

w as observed at about 4Þ sü , and the max imum value w as
reached at abou t 1500 sec afker agon i st treat men t . Ei th er
pheny l ephr i ne ( F i gs. 2A , 2B ) or A 6 160 3 (F i g s. 2C , 2D )
indued a sip i h m t incm se m [Cab ] i by 23 3 ¿ 01 8¤fbld and

1.8 1 Á 0 4 3 ¤f o l d ( n = 10 ce1l s f r om th r ee d i f f er en t

subm andi bu l ar g l ands) , r espect i v el y . T he addi t i on of k C l

Huong ef ol- 2Þ 6J IM F RØ 85{3)

signiEcantly incrõ sed [C ah ] i Ò ig. 2H ) . The pheny lephr im -
induced [Ca21 i W¿ mMkd ly aô nuated by 65% w iÉ the pm-

m am ent of 5¤methy lurapidi l Ò ip . 2E, 2F) .

Dl SCUSSlON
I n th i s study , w e r ep od fo r the f i rst t im e the expressi on,
di str i but i on , and funct ion o f Á 1¤adrenoceptor subtypes in

human submandibul ar glands. The resul ts show ed É at bo²
Á IA¤ an d Á 1B- ad r eno cept o r m RN A s and p r o t ei n s w er e
w i d esp r ead i n du c t al and ac i n ar cel l s, an d no Á 1D-
ad r eno cep t or ex pr essi on w as f o un d . Á 1A- an d Á 1B-

A dr en o cep to r s m i gh t be in v o l v ed i n t he r egu l at i on o f
subm andibul ar gland h nction-

Á ¸ A É m oceptM subw pes have bm n chMacô Ð ed m mm y
m am m al i an t i ssues, but l i t t l e i s kn ow n abou t the hum an
subm andibul ar gl and because of the l i m i tati on of av ai l able
n orm al h um an t i ssu es. I t i s n otew or thy that m ost o f our
experiments w em done w i² submandibular gland ussues Ý£m
p at i ent s under goi ng f un ct i onal neck d i ssect i on f or oral
car ci nom a at the stage of c l i n i cal l y negat i v e ly mph node
metastasi s. B ecause glands excised fo r chroni c sial adeni ti s,
subm an d ibu lar g l an d cal cul us, or tum ors gener al l y hav e
pathological changes, the specimem in our expm mm t µ Ï M
to be the only possible Ø ® ce of nom ml human submandibular
gl and Hssue for mseMch pu× £É S.

Speci es heterogenei ty ex i sts i n the d i str ibut i on o f Á 1.

adrenoceptor subq pes in submandibular d m ds. In the rat, the
expressi on of Á 1A¤ and Á 1B-adrenocep tor m RN A s has been
d et ec ted , and t he m R N A ex p r essi o n l ev e1 o f t he Á 1A-
adrenoceptor w as h igher than that of the Á IB-adrenoceptor
( R o k o sh et a l . , 19 94 ; N i sh i u r a e t a l . , 2 00 1) . Á 1D-

A dregoceptor mRN A w as not detected in prev ious studies,
but has recently been identi f ied by RT -PCR (B Ø kmm et ai ,

2004) . h the humaa submandibul ar gl and, w e found ú ´ ö e
expm sSion of Á IA-adzenoceptor mRN A w as relatively higher
than ² at of the Á l B-adrenoceptor by sem i-quanti tative RT -
PC R , and no ex pressi on of Á 1D- adrenocep tor m RN A w as
i den t i f i ed . T h e ex p r essi on o f Á I A¤, Á IB¤, and Á l D-

aÀ m oceptor pm teim has been detm ted m the rabbit (Piao et
a l . , 20 0 0 ) . Á 1A¤ an d Á 18¤A dr eno cep t o r s, b u t no t Á 1D-

adr enoceptom have been found in mt submandibular glands
(B ock m an et a t , 2004) . U si ng speci f l c Á 1¤adrenoceptor
subtype anHbodies, w e detected the pm m ce of Á1A¤ and Á 18¤

adrenoceptor s in human subm anh ular glands. T hese resul ts
indicated the sim i lar paÇem of expression of Á 1¤adzenocepØ r

subq pes betw een rat and human submandibu lar glm ² .
There has b een no report ab out the d i st r ibut i on of Á 1¤

adr en ocep t or sub t y pe m R N A an d p r ot ei n i n hu m an
submandibular glands. h ou su dy , Á 1A¤ and Á1B-M Em oceptor

mRN A w as local i zed in human submandibul ar glands by in
si tu hybr idizati on . The expression pauem s for Á1A. and Ál B-

adrezzoceptor mRN A s had distinct cel lul ar pm a les, w iÉ m inar
cel l s show ing a v® y intense hybridizaHon siÁ Ê , whi le duct
cel l s sh ow ed a v er y l ow l ev el o f gene exp r essi on . T he
disM but ion of Á 1A¤ and Á1B-adR Imeeptor proteins m human

subm andibul ar g l ands w as not in accord w i th that of their
m RN A , si nc e th e i m m un or eac t i v i t y f o r Á 1A¤ and Á 1B-

admnoceptom w m located mainly m duct cel ls and partly in
m mM Ø Us, Ø determined by mm m oMsØchemU® ¤

It i s know n that É e expression of mRN A may n£t alw ay s
par al l el that o f the protein - N ot al l adr enoceptor m RN A s
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exp ressed st r i c t l y r ef l ec t f u nc t i onal r ecep t or s; si m i l ar
phenom ena can be observed in other ti ssues. For examp le, m
the rabbi t thalamus, the f act that Á 1B b inding si tes w ® e not
detm ô d, despiô ² e expmsSion of Á m-adreaoceptor mRN A , is

si gn i f i cant ( Pi ao et a t , 2000) . T he ex p r essi on var i ance
betw een m RN A and corresponding protein may resul t Ý £m
translat ional efn d eney , hal fLl i fe, or inSU N l i ty o f É e mRN A
(N i sh i ur a et a l , 200 1) . T he exp ressi on o f Á u ¤ and Á tn-

adrenoceptor mRN A s i ndicated their transcr iption in human
subm an d i b u l ar g l an d s; h ow ev er , t h e sy n t hesi s o f t he
adrm oceptor proteins may be inf111eneed Ù ö e m m laHom l or
post² m slati om l level .

I t h´ been demonsm ted that dIe f ormation of plasma-l ike
ini tial sal ivary secretion takes p lace in the acini . Th rough É e
duct systmn of sal ivary glands, the composi t ion of th is in i t ial
sali vary seemtion is Enodi a ed, due to re-absorption of sodium
and chl or ide, and the secretion of potassium and bicaí £naÊ
( f or r ev i ew , see B aum , 1993) . I n the pr ocess o f sal i v ary
secretion, the Á1¤adrenoceptor may hav e an impor tant eE ect
on sal i v ar y g l an d du ct cel l s i n r e- ab sor b i ng f l u i d an d

elä ¡ £l Ï es (K lem, 2002) . T he disz ibti t im of a laetiom l Á . r
and Á 18¤adrenoceptors has been ev aluated in SM G¤C 10, m

ac i n ar cel l l i n e c l on ed f r om r at subm and i bu l ar g l and s,
according to É e di f erent af Eni ty values fbr Á f adrenoeeptor
subq pe selm tive m tagonists (Bockmm et at , 2004) .

I t h as b een r ep o r t ed t h at ac t i v at i on o f t he Á , -
adrenocep tor cou l d i nduce an i ncrease in [c d +L w hi ch

medi ates electroly te m obi l i ty and f111id secret ion (M art inez
and Reed, 1988; Quissel l et at , 1992) - W e ev al uated the
f u n c t i on o f Á IA¤ £ r Á 1B- ad r en ocep t o r s i n h u m an

submandibul ar g l and cel l s using the in tracel lu l ar cal c i um
i m ag i n g i nd i cato r , f l u o L A M . Ph eny l eph r i n e, w h i ch
st i mu l ates b ot h Á - an d Á -adr en ocep t or s, i nduced aIA - jp
si gn i f i cant i ncr ease En [ C a ] i , w h i l e A 6 160 3 , an Á u -adrenocep tor selet i ve agoni st , al so i nduced an increase-i n

[Cah ] i' but the extent of [Ca21 i increase w as low er than ² at

induced by pheny lepk i ne- In addi tion , 5¤methy lurapidi l , the
selecti v e Á 1A-adrenoceptor antagoni st , show ed di st inct but
i ncomp lete inhibi t i on of the increase in [Ca21 i induced by

p h eny l ep h r i ne . T h e r eSUI t s i n d i c at ed t h at t h e Á , A -
adrenoceptor subw pe coul d contr ibute to the regu l at i on -Of

sal i v a sy n thesi s and secr et i on . Si nce the sel ect i v e Á ,n-
adrenoceptor anu goni st at present i s controver si al (Z hong
m d M im eman, 1999) , the h nCHon of Á IB-adrenoceptor in
h u m an sub m an d i b u l ar g l an d s n eed s t o b e f u r t h er
investigated.

h conclusion, w e have presented hm ² e amt ev idence of
the expression of f unctional Á 1A¤ and Á 1B- adrenoceptors in

hm Im submandibular glands, w hich may be signiEcant for our
understanding of the involvemen t of hum an Á 1¤adrenoceptor
subq pes in sal ivary synthesis and sm muon-
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Fhgum 2 . Efh cts cf Á 1.£dê £@pb r suW m sek tive og£ni× ond

onô gm ist £ n iCO ç ; }n humon suº no ni ibulo r g lond cells. iA,C,El
Flu£ " " em e imoge d HØ -3AM -lÞ dd cells bd b re âØ h ent wifh

f h± Å Ð A Ô 0 3, ï h eh Ú µ d il N £ cM nge in [Cd q
u£ rescenee mù nsi m w o s £ bsew d o f fer pm ¤â ô ô ent w ith 5 ¤

mefhy lum p id il lEi There w m m morkd d ih m cÊ in Fl omÞ g A ,
C, £nd E The max imum d Fl wo s £bÒ WÐ " obØ 15Þ Þ £h r
og£nisf â m h ent- " ,Di A signif icant incrÄ " in [ c d ç i Fl o t the
ind iv iduo l cell leve l o ft¤r trØ tment w ith fh ny lep }wine h Ì M i w
A 6 160 3 { 100 Ì Ý , m sm d vely . F i A miô incrÄ " in i c d +l f l of
the i nd iv id uo l cel l level w it h 1 Ì M d p hen l¤p hr ine £ hU p r¤-
â M M Æ f w ith 5¤md Ú um p id il {0 1 Ì M i lG} The dyrmmics d h of
the ind iv iduol cell level trØ fed w ith pheny4ep}Trine, A 6 160 3 , £ r 5 ¤
methy lurop id il p lus phØ ylephd ne in the h mon stJbmoºÀ ibulo r gloÐ
cel l s. lHl Flu£ rescenee i rno ge d Hu£ -3A M -l£ £ded ce|l s w id KCl
stimulotim {50 mM i -



256

REFERENCES

B au m B J ( 1993) . Pri nc ip l es o f sal iv a secreti on . A nn N Y A cad Sci
694 :17.23.

Baum B J, W elh ® RB ( 1999) . N emB1 mm han ism s of sa1iv ary glm d

sm muon : rñ eptm 3 in sal iv ary glm ds. In : Front Oral B iol . G× m t

JR , EU ù ú n J, A ndm m L C , d m m. B asel : k aEEer, " - 44 58.
B ock m m C s , B r uch as M R , z en g W , 0 'C om el l K A , A b el PW ,

Scon eld M A , et a l . ( 2Ø 4) . Subm and ibu lar g l and m inar cel l s
m pmÊ mu16ple alpha1¤M mnm µ W SÉ q pes- J m am acoI E ×

m g 3 11:364.372.

B y tuM D B , M artinez JR, Pierce D L ( 1982) . Regulat ion of autonom ic
rï ° ptom in mt subEBandih Alar gland . M ol Pham acol 2 1:27¤35 .

Cohen RE, N oble B , N eidem M E, Ø m m u RL ( 1995) . M ononuclear

cel l s m sal ivary gl ands of m m al and isoproterenol ² eatd rats-
Am h ü a I BioI 40 :10 15. 102 1.

D ocher ty JR ( 1998) . Subw pes o f h m u onal al pha 1¤ and alpha2¤

M m m m ptom h v iewl E w J P hw m coI 36 1:1¤15.

Ek str 6m J, H d and er H F , T ob in G ( 1993) . Parasy m pathet i c non-

adrenerg ic , non-cho l iner gi c m echan i sm s in ref Iex secret ion of

m m tid acim r g m u lÊ M conscious mts. J Physio l 472 :233¤244 .

Elv md M JC , L uchel l i J on is M A , Ste² no FJ, Pemc CJ ( 1984) . A lpha- 1

adrenoceptors mediate seemtow msponsm to nom pinepk ine in

innervmed and dm ervatd mt submandibular glands. J PM m w ol
& p m er 229:26 1¤2" -

E sbensh ade T A , H i r asaw a A , T suj i m o to G , T anak a T , Y ano J,
M im em an K P, et a l . ( 1995) . C loning of the hum an alpha l d-

adrenerg ic m ceptor and i ndueib l e ex pression of three hum an
m bw pes m s k -N -M C cell s. M o I Pham acot 479 77¤985.

F aur e C , P i m ou l e C , A rb i l l a S, L ang er SZ , G r ah am D ( 1994 ) .
E xp ressi on £ f alp ha 1¤adr enocep t or sub t y pes in r at t i ssu es:

i m p l ic at i on s f o r a l ph a 1¤adr en oc ep to r c l assi f i cat i on . E ur J

Phu macoI 268:14 1. 149.

G regory A M , D av id T P, D ebm A S ( 2000) . A l pha 1¤adr energ i c

recep to r r egu l at i on : b asi c sc i enc e and c l i n ic al i m p l i cat i on
h v iew1. Pham zacoI TEe 88:28 1¤309 .

H an C , A b el PW , M i m em aa k P ( 19 87) . A l ph a1¤adr enoc ep to r

su b t y p es l i nk ed t o d i f f er en t m ec h an i sm s f o r i nc r easi ng
mm cel lu l× CaZ+ in m Þ th muscle- Na tw e 329 :333¤335.

H imsaw a A , H m ie k , T anaka T , T Ë ap M K , M Wï M , Y ano L d al.

( 1993) . C loMng , × nctiom l eµ rØ Sion and t i ssue dist iM Uon of
hum an CD N A fo r t he alpha1C - adr energ i c recep tor - B i ochem

Biop hys Res cb mm m 1959 028 Ø .
I to H , H oopes M T , Baum BL Ro² G S ( 1982) . K + ml eM e Ý£m rat

pam t i d cel l s: an alpha1¤adrenerg ic m ed i ated ev ent . B tochem

p hmwmcoI 3 1:567.573.
Hom V L B aum BL A m budk ar IS ( 1988) . B eta-adz-ener gic recepØ r

st im ul at ion induces inosit o l t ri sphosphate product ion and c a2¤

mob il izat ion in m t pa Ø id ° in® cel ls. J B toI Chem 263:12454¤

Huong ef ol- J Ih nf û 85(3} 2Þ 6

124Ø -

K lein RM O Þ 2). D eve10Á neat, sm Id un and h act ion of É e ó l iv u y

g l ands. I n : O ral dev elopm ent and h isto ry . 3rd ed . A v ery JK ,
edm r. Stut tsar t : m im e, pp. 32 1¤330 .

L ow ry O H , Rosebrough N L Farr A L , Randan RJ ( 195 1) . Protein
mem w Ønent w ith the fol M phenol rÄ gent - J B iol c hm 193 :265¤

275.
M an im z JR , Reed P ( 1988) . EE m t of alpha-reü " £r sUmu lat ion on

C1¤ » m spor t by rat SUMm adh ul ar acini . J D OU Ru 67 :561¤564 .

M on ow A L , CrÀ ¿ I ( 1986) . c haracterim u on of alpha 1¤aÉ m ergic

rØ µ ô r m bw pÊ in mt bIBin : a mevaluat ion of P H ]W B4 104 m d
PH ] F E OSM binding. M ol p ham acoI 29 :321¤330.

N i gh ium T , G ao C , N m X , A M K (2Þ 1) . Expression and w stm tal

c h an g es o f ad r en er g i c r ecep t o r sub t y p e m RN A i n r at
submandibular g lands. Ar ch Á zzI B id 46 :573¤584 .

Pi ao R T aniguchi T , N akazn® a S, a u J, Sua k i F, M k mØ D , a al .
( 2000 ) . C l on i ng o f r ab b i t al p h a( 1b ) - adr en oc ep t or and

phar m aco l o g i cal com par i son o f alpha( 1a) ¤, alpha( 1Ä ¤ and

alpM O d)¤× k m Þ µ tom m rB it Eur J Pham m ot 396 :9»17.

Premk um ar L S, A hem G P (2Þ 0) . I nduct ion of v aEti l l o i d m u pØ r
channel M t iv iq by pm bein k inase C . Natzare 40 8:985¤" £ -

Pr ice D T , L efk ow i tz RJ, Caron M G , B erk ow i t z D , Schw izm D A
( 1994 ) . L ocal i zat i on o f m RN A f o r t h r ee d i st inc t a l pha 1¤

adm Bergic m ceptor subw pes in human t i ssues: imp l icat ions º r
hm m zalpha-adrï m gic physiolog - M ol m am ac0145:17 1¤175.

Q u i ssel l D O , W atson E , D ow d F J ( 1992 ) . Sign al t r an sduct i on

mechanisms involv ed in salivazy gland mgulaÇ d ex ocyØ eis. CMt
Rev OVal B ioI M ed 3:83. 107.

Rokosh D G , B ai ley BA , Sw art A F, K E ns L R, l m g Cs , Sim" £a PC

( 1994) . D UM but ion of alpha l C ad rmBerg ic m ceptor mRN A in

M LIl t mt t i sm Ê by RN ase F O¤ tion Ê say m d Ø mp× " £" Ö ²
alpha 1B and alpha 1D . B iocho n Biop hys Res Commun 200 :1177¤

1184 .
RUE d o RR Jr , Stadel JM , H ieble JP ( 1994) . A lpha-adrenoceptors:

mü nt × ve10pmm ts h v iew l M ed Ra Rev 14 :229¤270.

s chM EIn D A , L omasa® JW , I A r enz W , SZKlut PJ, Fremeau RT Jr ,
Y ang-Fens T L et d . ( 19¶ ) . M olm lar clon ing and exm sSion of

² e CDN A º r a m vel aIpha L M rm ® Eic mm ptor m bq pe. J B tol

c he ,, 265:81838 189 .
W einb er g D H , T r i v ed i P, T an C P, M i t r a S, Per u ns-B ar row A ,

B orkow sk i D , et al . ( 1994) . Cloning, expm SSion and chameter-

m uon of humm atpha1 " mn® g c rñ epØ m alpha 1A , alpha 1B
and alpha l C . Btm hem Btop h¨ Ru cb mmun 20 1:12% ¤1304.

Y ang H , W anner IB , RÕ er SD , Chatbdhar i N ( 1999) . A n opu m iz´

m ethod f or in si ô hy br id izat ion w i th si gnd am pl i f i cat ion É at

al low s t he detect ion o f r am m RN A g- J H tstochem Cy tochem

47 :4314 46 .
Zhong H , M inna m n K P ( 1999) . A lpha1¤M m nÞ ä tor subÉ é S. Eur J

PM m acol 375 :26 1¤262.


