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ABSTRACT-Suckling-  and  estrogen-[nduced  prolactin release  from the anterior  pituitary is medlated  by a-
melanocyte  stimulating  hormone <a-MSH) secreted  by the intermediate )obe of the pituitary in the rat,

Melanocortin 5-receptors are  expressed  in the anterior  pituitary and  probably mediate  the a-MSH  functlon. in

contrast, the mouse  anterior  pituitary does not  express  the  receptor.  To  examine  whether  or not  a-MSH

regulates  prolactin release  in mlce,  we  performed cell  immunoblot  assay  using  anterior  pituitary celis from

adult  femaie  mice.  We  found that or-MSH  acted  on  mammotrophs  (prolactin-secreting cells} and  stimulated

pro[actin release  in a  dose dependent manner.  A series  of RT-PCR  using  oligonucleotide  primer pairs spe-
cific for each  subtypes  ot me[anecortin  receptors  revealed  that the melanocortin  3- receptor  is the sole  recep-

tor expressed  in the mouse  antertor  pituitary. These resuits  suggest  that a-MSH-induced  prolactin release  is

mediated  by melanocortin  3-receptors in iemale mice.

INTRODUCTION

   Melanocyte-stimulating hormone (MSH), secreted  from
the intermedLate lobe of the pituitary, regulates  rneianin  pig-
mentation  in mest  vertebrates.  Besides the effects  on  pigment
cells,  mammalian  MSH  is now  widely  knovvn to have  a num-

ber of biolog)cal functions through meLanocortin  (MC) recep-
tors. Five subtypes  of MC  receptors  (MC-1 receptor  - MC-5

receptor}  have been reported,  and  are distributed in various
tissues in mammals  (Cone et aL, 1996). ]n the rat, a-MSH
acts  as  a mammotrophic  factor to augrnent  the release  of pro-
lactin (PRL) release  in lactating female rats (Hill et aL, 1991,

1 993) or estrogen-treated  rat$ (Murai and  Ben-Jonathan, 1 990;

Eilerkmann et al,, 199t, 1992), Recent  studies  on  the tissue

distribution of the MC  receptor$  demonstrated that the MO-5
receptor  is expressed  in the rat and  ovine  anterior  pituitaries
(BaTrett et aL, t9941 Grifion et aL, 1994). These observations

suggest that a-MSH  stimulates PRL  release  through MC-5
receptors  in the rat, However,  the expression  of MC-5  recep-

tor mRNA  was  not  detected in the mouse  pitujtary (Labbe et

aJ,, 1994), and  the effects of a-MSH  on  the release  of PRL, to
our  knowLedge, have been not yet reported  in the mouse.  The
species  difference wjth regard  to the expressLon  of the MC-5
receptor  led us  to examine  whether  a-MSH  i$ involved in the
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regulation  of PRL  release  in the mouse  pituitary.
   1n the present study,  we  examined  effects of a-MSH  on

PRL  release  from single  cells of the mouse  anterior  pituitary

by the celL immunoblot assay, To vatidate  our assay  system,

effect of thyrotropin releasing  hormone  (TRH) on  PRL  release

was  studled,  since  TRH  is known  to stimulate  PRL  release

(Tashjian etaS,, t97t/ Rivier and  Vale, 1974), ln addition, the
type of MC  receptor  expressed  in these cells was  determined
by a series  ot RT-PCR  using  oligonucl  eotide  primer pairs spe-

cific for each  of the MC  recepter,  Our results  indicate that a-

MSH  acts on  mammotrephs  to augmeni  the release  of PRL,
and  that the MC-3  receptor  is the sole  MC  receptor  expresse  ct
in the mou  se  anterior  pitujta ry, suggesting  that a-MSH  stimu-

iates the release  of PRL  frem the anierior  pituitary via activa-

tion of MC-3 receptors  in female mice,  No iunction has been

yet ascribed  to the mouse  MC-3  receptor  in any  tissues, and

thus this Is the first report  on  the physiological relevance  of

the MC-3  receptor,

MATERIALS  AND  METHODS

Animals

  Two  te th[ee month-old  female mice  of the ICR strain  (CLEA
Japan lnc., Osaka, Japan> were  used.  They were  kept in a tempera-
ture-controlled ani,mal rDom  {20-220C; lights on,  07/OO-21/OO), and

given a  commerciai  d[et and  tap water  ad  tibitum. All anima]  care  and

experlments  were  performed in accordance  with  the  Guidelines of
Animal Experimentatlon, Faculty Qf Science, Okayama  University,
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Pituitarycelldissociationandcutture

   Pitu[tary glands were  femoved,  and  ihe pesterior and  intermedi-

ate  lobes were  disearded, The  anterior pituitary cells were  isolated
according to the method  of  Oomizu  and  Takahash[ (1 996) . The dis-
sociated cells were  suspended  at  a  density of  5 x  tOS ce"slml  in an

1/1 mixture  of Dulbecco's  modLfied  Eagie'$ medium  and  Ham's Fi2
medium  <DMEMIF12, Sigma, St, Louis, MO, USA) with  10%  tetal
bovine serum,  These cells wefe  seeded  in 24-weil culture plates
(Becton Dickinson, Uncorn Park, NJ, USA) and  iacubated at 37CC in
water-saturated  atmosphere  ot 5%  C02 and  95%  air for 3 to 4  days,
before the cell immunoblot assay,  in order  te allow  the cell damage
caused  by the enzymatic  celt dispersion to heal. The cell vj abiiity was

usualiy about  909/e when  assessed  by trypan b]ue exclusion,

Cell immunoblot assay
   Cell immunoblot  assay  was  periormed according  to the method

of  Kendall and  Hymer  (1987} with slight modMcation.  Brietly, the an-

terior pituitary ce)Is  were  harvested from culture  dishes using O,029'o
trypsin-1 mM  EDTA  In Ca2+-Mg?'-free-Hanks' solution containing  20

mM  HEPES  and  bovine serum  albumin  (O,3% wfv,  BSA) at 37"C for5
mLn  and  were  dispersed into single  cells (the cell vlabiljty was  about
90%),  These  cells  were  suspended  at the ceri density of  2 x  1 05 cellsl
m-n  DMEM/F12  with  supplement  (hydrocortisone, 100 mgiml/

trUodthyronine, 400  ng!l; transferrin, 1O mgfml;  bovine g[ucagon, 10
nglml/ parathyroid hormone 200 ngn  and  sodium  selenlte,  5 mglml)

and  secretagogues  (TRH and  a-MSH)  when  needed,  The cell sus-

pen$ions were  immediately used  for the cell immunoblot  assay.  TRH
wasDbtainedfromPeptidelnstitute(Osaka,Japan),anda-MSHfrom

SLgma,
   The polyvinylidene djfluoride transfer membranes  (21 x  28 mm,
lmmobilon, Millipore, Bedford, MA,  USA)  were  used  for the assay.
They  were  prewetted in methanol  for 30 sec,  rinsed  in distilled water
tor 5 min  and  equil[brated  vvith DMEMIFI2  for 60 min  before cel1 blol-
ting, The membranes  were  piaced on  plastic tilm with their vvateT-
repellent  side up, One  hvndred microliters  of  the celi suspensjon  was

dispersed on the membranes,  and  a  cover  slip (18 x  24 mm)  was

gent[yplacedonthecellsuspensian.Thecellsuspensionwasspread
intothecoverslip'sarea,Cellsonthemembraneswereneverbroken
by this operation. The membranes  were  incubated at 370C  in a hu-

miditied  atmosphere  ot 5%  C02 and  95%  air. Aftef the jncubatjon, the

membfanes  were  riBsed  gently in O.Ol M  phosphate-buffe;ed saline

for 15 mln, then treated with  1%  skim  milk  at 40C  for overnlght  to

block unoccupied  sites.

   The  PRL  ab$orbed  on  the transfer rnembranes  was  im-
munostained,  usjng  rabbit  antlbodies  generated agalnst  mouse  PRL

{Shikibo, Kusatsu, Japan) by the avidin-biotin-peroxidase  complex

technique  (Hsu et al., 1980}. The  speciticity ot antibedies to mouse

PRL  was  asce  rtained {Takahashi et  al., 1994}. Immunoreactivity of

PRL  was  finaHy visualized  using  4-chloro-1-naphthol as  chromogen.

After the color  developmemt,  the membranes  vvere  rinsed  twice with

distMed vvater  tor 30 min  and  dried in alr. The specific]ty of  cell

immunoblot was  examined  by omitting  the antibody  and  by repiacing

the antibody  with  normal  rabbit  serum. In both cases  immunoreactive
PRL  was  not  detected.

tmageanalysis

   The immunoreaetivity detected  on the membFane  was  analyzed

with  a Ijght microscope  equipped  with  a  CCD  video  camera  (SONY
XC-O09P, Tokyo, Japan) and  VIDAS  lmage Analysls System (Zeiss/
Kontron,Germany)asfol]ows,(1>UslngaCCDvideocameraablack-
and-white  digital image of the membrane  was  produced at a  resolu-

tjon of 512 x  512 pixels, 8 bits/pjxel =  256  gray levePs, (2) The  back-

groundgrayvajuesweremeasured,{3)TheimmunostainedPRLspots
we  re  detected, and  displayed on  a  monitor  display, Too smaM  objects

er  the obiects touching edge  of  the image frame were  discarded. {4)

The non-PRL  spets, tor example  colored  scratch  or too irreguiar
shaped  objects were  also discarded. {5) Average value  of gray scaie
and  number  ef  pixels of each  spot  were  measured,  The  amount  of
PRL  secfeted  was  determined  as tollows/ PRL  amount  =  {(average
gray value of PRL speO  

-
 (back ground gray value>}  × the number  of

pixels of each  spet. PRL  amount  measured  was  expressed  as per-
cenlages  by regarding  the amount  of controls as  1OO%. In each  as-

$ay  30D blots (PRL ceUs)  vvere  measured,  and  three indepenaent
assays  were  pertormed,

   in our  preliminary study, serially diluted pituitary extracts  were

applied  to the transfer membrane,  and  immunostained to visualize
PRLabsorbed.TheamountefPRLcontainedinthepituitaryextracts
was  analyzed  in our image ana[ys[s  system,  The PRL  amount  esti-

matedwascloselycorfelatedwithconcentrationsotpituitaryextracts,

We  concluded  that the amount  of PRL  secreted  was  able to be esti-

mated  usi ng our eell jmmunoblot assay  system.

Statisticalanalysis

   StatistLcal difierences in the average  among  groups were  ana-
lyzed with  a ene-way  analysis of variance  foilowed by the mvltiple

rangetestotDuncan.Statisticaldifferencesinthefrequencydistribu-

tion of PRL  levels among  groups were  analyzed  with Kolmogorov-
Smirnev'stwo-sampletest,

PCR  primers
   Oligonucleotide prime;s for$pecific ampiMcation  of  each  MC  re-

ceptor were  designed based upon  nucleotide  sequences  of meuse
MC  receptors  reported previously (Mountjoy etal., 1992; Desafnaud

et  aL,  1994; Labbe et ai,, 1994; Kubo  et  at., :995). Since the se-

quence of mouse  MC-4  receptor  gene was  net  available in DNA  data
bases, primers tor MC-4  receptofs were  determined based upon  the
report  by Boston and  Cone  (1996). Amplificatlon of MC-3  receptor

cDNA  and  MC-5  receptor  cDNA  shared  a cQmmen  pri mer  pair. The
presence  of a  Mspl site in the ampljfied  DNA  fragment of the MC-5
receptor  enables  to distinguish it from that et the MC-3  receptor,  The

primer sequences  we  re as  follews/

MC-1 receptor-5i{TCAGAGCCITGGTGCCTGTATGTG),

MC-1receptor-3]{CCAGAAGGATAGTAAGGGTGGCAG},

MC-2receptor-5](AACTCCGAI-rGTCCTGATGTAG),
MC-2receptor-3'{CTT-TTGAATGCATCTCTGAGCTC),
MC-3/5receptor-5'{AACCTGCACTCWCCCATGTACITCT>,
MC-315receptor-3'{GATSACGGAGI-rGCACATGATGAG),

MC-4receptor-5'{ATACGGATGCCCAGAGCT),
MC-4-receptor-3'(AAGAAGCTT-;'AIT-GGGAG),
The length of amplified DNA  fragments oi  MC-1,  MC-2,  MC-3,  MC-4
and  MC-5  receptors  should  be 652, 815, 681, 554 and  675  bp, re-
spectively.

Reverse transcription and  PCR
   Genomic  DNA  trom  newborn  mice  and  total RNA  from anterior

pituitaries ot adult female mice  were  prepared tollowing the methed

described (Sambrook et  aL, :989}, Approximately 2 pg of the RNA
was  subjected  to reverse  trapscription using  Superscfipt ll Reverse
TranscFiptase (Gibco BRL, Gaithersbu rg, MD,  USA)  according  to the
manufacturer'sjnstructions.Onetenthaliquotofthereactienwasused

in each  PCR  using  prjmer paifs specitjc for each  of MC  receptors.  1n

the case  of PCRs  using  genemic DNA  as a  template, O,8 pg ef DNA
was  used  in each  PCR. The PCRs  were  carried  out  using AmpiiTaq
GoidDNApolymerase(PERKINELMER,ForsterC]ty,CA,USA>and
a  thermal cycfer  (Gene Amp  PCR System 960e, PERKIN  ELMER).
The conditions tor the PCR  were  as  tollows: after  activation of the
DNA  porymerase by incubating for9 min  at 95CC, 40 cycles  of reac-

tions includjng denaturation for 30 sec  at  950C and  exiension  for 1
min  at 600C were  perfermed, foHowed by additional  extension for 1O
min  at 60'C. One tenth aliquot  of each  reaction  was  electrophoresed
on  2,O%  agarose  gel, stained with ethidium  bromide, and  photo-
graphedunderultravioletillumination.EachoftheamplifiedDNAfrag-
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ments  were  subcioned  into pGEM3Zf(+) and  subiected  to sequenc-

ing.Dideoxynucleotidesequenclngwasperformeduslngfluorescent

prirners and  an automated  DNA  sequencer  (Applied Biosystems
373A),

RESULTS

Effects of  TRH  and  or-MSH  on  PRL  release

   The relative amount  of PRL released  during 5-hr incuba-
tion is i)lustrated in Fig, 1 , The PRL  amount  increased as  in-

cubation  was  prolonged, The  rate  of  PRL  secretion  de-

creased  betweeR 2 and  3 hr of incubation, Both TRH  (1 O-7 M)
and  a-MSH  (10" M)  treatment stimulated  PRL  secretion  com-

pared with  controjs. In the following experiments,  1 hr-Incu-

batlon vvas  used  for the measurement  ot PRL  secretlon.

   TRH  signMcantly  increased the amount  of PRL  released

in a dose-dependent manner  <10'"i - 10" M, Fig. 2). Thus,

stimulatory  effect of TRH  en  PRL  release  was  contirmed  in
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our  system,  indicating that the conditions  of cellimmunoblot

assay  in our  study  are  suitable  for analyzing  PRL  release.

   As  in the case  of TRH,  a-MSH  signlficantly increased the

amount  of  PRL  released  in a  dose-dependent  manner  (1o-"d
- 1 O'7 M, Fig, 3>. Figure 4 shovvs  the typicaL frequency distri-

bution of the amount  of PRL  release  from single PRL  cells in

response  to a-MSH  of various  concentfations  {1o"' - 1 O" M).
The trequency distribution of the amount  oi PRL  release  dls-

played a unimodai  right  side-traiiing pattern at any  doses  of

a-MSH.  Although the mode  of the frequency was  not  attected,

the median  value  ot the PRL  amount  at 1O"  M a-MSH  was

shifted rLghtward  compared  with  controls,
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             lncubation Time  (Hr)
Fig, 1, Eftects of TRH  (10 

7

 M) and  a-MSH  (1 e"  M) treatment  on

PRL secretion fFom single ceIls ot aduIt  female mouse  pituitaries dur-
ing  incubation, Each point and  bars depict the mean  and  its standard
error  of the PRL  amount  released  from  about  30D  PRL  cells. TRH

increasedPRLreleasecomparedwithcorrespondingcontrols{"p<
O.Ol), a-MSH  imcreased PRL  felease  cempared  vvith controls [# p c

e.es, ## p < o,o"
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Fig, 3, Effects ot a-MSH  on PRL  secretion from s)ngie  cells of adult

female mouse  pituitaries during 1 -hr incubation. Each column  shows

mean  of three independent  assays  with  standard  errors. 
'

 P <  O.05,
'+p<e.ol.
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Fig. 2, Effects of TRH  on  PRL  secretion  from singie  cells of adult

femaie mouse  piiuitaries during 1-hr incubatbn. Each column  shows

mean  of three independent assays  with standard  errers. 
'
 p <  O,05,

"p<O.Ol.

Detection of MC  receptors  by RT-PCR

   Evaluation of the specificity of prjmers used  tor ampliti-

cation  of each  MC  receptor  was  carried  out by a  series  of

PCRs  using  genomic  DNA  as  a  template and  sequencing.  As

$hown  in Fig, 5A, each  primer pairs amplified  DNA  species

with  the expected  length. Digestion of PCR-products  with  Mspl

showed  that the primer pair used  tor both the MC-3  receptor

and  the MC-5  receptor  can  ampPify  both genes with  the same

quantity (Fig, 5B), Sequence  analysis  of each  PCR-amplified

DNA  fragment revealed  that they were  identical to the reported

MC  receptors  <data not shown),  The PCR  using  MC-4 recep-

tor primers generated two specjes  of DNA  fragments. The

nucleotide  and  predicted amlno  acid  sequence  ot the larger

DNA  fragment (554 bp) shared  90.0 and  95.1%,  respectively,

identity with those of the human  MC-4  receptor.  On  the other

hand, the smalier  DNAfragment  (263 bp) was  observed  even

in the absence  of the template (data not shown),  and  had no

homology  with  the human  MC-4  receptor,  suggesting  that the
former is the mouse  MC-4 receptor  gene and  the latter is an

andact  of PCR. The sequence  of the mouse  MC-4  receptor  is

available  from DDBJ, EMBL,  and  GenBank  Data  Libraries

under  the accession  nurnber  ABO09664.

   Using these speclfic  primers for the mouse  MC  recep-

tors, total RNA  prepared from anterior pituitaries ot adult fe-

maie  mice  were  analyzed  by RT-PCR, As  shown  in Fig, 6A,

the amplMcation  of DNA  fragments were  only  observed  in PCR
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Fig. 4. Typical frequency  distribution patterns of  PRL  secretion  from single cells of adult female mouse  pituitaries during 1-hrjncubation, About
300  blots (PRL cells) were  measured  in all groups. The arrow  indicates the median  value  of  PRL  release.  The distribution pattern of PRL
secretion  in or-MSH  treatment  (1 O-7M) statistically differed from that in control (P <  O.O1),
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Fig. 5. Evaluation of  the specificity  of  oligonucleotide  primers, Primers specjfic fer each  MC  receptor  were  designed and  tested against  ge-
nomic  DNA,  (A) SpecMc  amplifications of MC  receptor  genes. Products of PCRs  using  primer pairs specific for the MC-1  receptor  (lane 1), the
MC-2  receptor  (lane 2}, the MC-3f5 recepters Oane 3) and  the MC-4  receptor  (lane 4) were  electrophoresed,  {B) Restriction patterns of the DNA
iragments obtained  by PCR  using  the MC-315 receptors-specific  primer pair. The amplified DNA  fragments were  electrophoresed  intact (lane 1>
or  afterdigested  with  Msp1  {lane 2). In each  case, a 1OO bp ladder was  used  as  a  molecular  marker.
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Fjg. 6. Identlfication of the type  of MC  recepters  expressed  in anterior pitwtaries of adult temale mLce, (A> RT-PCR  analysis ot MC  receptor

expression  in anterior  pitvitaries ot  adult  female mice.  Reaction mixtures oe RT-PCRs  usjng  prjmer pairs specific for the MC-1  recepter  {lane 1),

the MC-2  receptor  (tane 2), ihe MC-3t5 receptof  Clane 3) and  the MC-4  receptor  (lane 4} were  electrophoresed.  (B} Restriction patterns ofthe
DNA  tragments obtained  by RT-PCR  using  MC-3t5 receptof-specific  pfimer pair, The amplitied  DNA  tragments were  elecirophoresed  lntact

()ane 1) or  after  digested with  Mspl Oane 2), ln each  case,  a  1OO bp ladder was  used  as  a molecuiar  marker.  Mspt failed todigest the RT-PCR
product, indicating that cDNA  forthe mouse  MC-3  receptors  was  amplified.

using  the MC-3 receptor  IMC-5 receptor  primers. Inabiiity of

the PCR-product  to be digested with Mspl (Fig. 6B) suggested
that only  MC-3  receptor  cDNA  was  amplifjed  by the PCR.  In

order  to confirm  it, we  performed sequencing  ot the DNA  frag-
ment  and  found ihat it was  indeed a  cDNA  for the mouse  MC-
3 receptor  (data not  shown),  These results indicate that the

MC-3  receptor  is the sole  MC  receptor  expressed  in anterior

pituitaries of adult female mice.

DISCUSSION

   TRH  is well known to stimulate  PRL  secretion  in vivo

(RMer and  Vale, 1974) and  in vitro (Tashjian et ai,, 1971},
Using the reverse  hemolytic plaque assay  CNeill and  Frawley,

ri 983) and  the celI immunoblot assay  (Arlta et a/., 1992), the
stimulato  ry  effect of TRH  on  PRL  relea$e  had been  confirmed

in the rat pituitary. In the mouse  pituitary PRL  re)ease  was

stimulated  by TRH  at conce  ntrations  ranging  from 1 O"  to 1 O'
'
 M, These eftect[ve doses of TRH  on  PRL  Telease  agreed

with  those reported  in the rat  pituitary celLs <Boockfor et al.,

1 986; Luque  et aL 
,
 1 986; Arita et aL  1 992). Thus, the  present

result  jndicates that TRH  regutates  PRL  secretion  in the mouse

pituitary, and  the cell immunob)ot assay  is applicable  for the
measurement  of the amount  ef  PRL  wh[ch  was  released  from
single PRL  cells ln the mouse  pituitary,
   Several re ports indicated that a-MSH  stimuiated  PRL  re-

lease in the  rat  pituitary, and  suckling-induced  PRL  release

was  mediated  by a-MSH  (Hill et  ai, , 1991, 1993). We  demon-

strated  using  the eell immunoblot  assay  in the adult female

mice  that or-MSH  stimu:ated  PRL  release.  Our present result
is in agreement  with  those previous repo  rts. Thus, the present

study  clear)y  showed  that a-MSH  was  also  a  mammotrophic

tactor in the adult  temale mice  p[tuitary, This indicates that

similar regulatory  mecbanism  in PRL  secretion  operates  in
the mouse  pituitary. 

･

   a-MSH  secreted  from the intermediate lobe has to dit-
fuse to PRL  cells of the anterior  iobe as  a paracrine factor,

PRL  cells which  are  adjacent  to the intermediate iobe must

be more  su$ceptible  to stimuij.  ln this view,  it is noteworthy
thatin lactating female rats  PRL cells in a central  area  which

is proximate to the intermedlate lobe become more  respon-

sive  to stimulatory  secretagogues  such  as  TRH  (Nagy et al.,

1991>. PRL  cells exposed  to or-MSH  may  increase PRL  re-

lease as  shown  in the present study,  and  also  may  enhance

the responsiveness  to another  stimuli.

   MC-3  receptor  mRNA  was  detected in the adult  iemale
mice,  indicating that MC-3  Feceptors  expressed  in the pitu-
lta ry, Desarnaud et aL (1 994) demonstrated that the expres-
sion  of the mouse  MC-3  receptor  mRNA  was  detected in the
hypothalamus, thalamus  and  striatum, and  no  signal could  be
detected in the piluitary. The  reason  ior this discrepancy is
not  clear.  It may  be due  to the difference in the sensitMty  of

each  experimental  procedure used.  Alternatively, the expres-

sion  oi the MC-3 receptor  in anterior  pituitary cells may  occuf

only  in female mice,  since  a-MSH-mediated  PRL  release  had
been observed  in lactating or estrogen  treated female rais

<Hill et aL, 1991, 1993; Murai and  Ben-Jonathan,  1990;

Ellerkmann et  aL,  1991, 1992). Our results also  provide pos-
sible  mechanism  for regu)ating  PRL  release  by adrenocorti-
cotropic  hormone  {ACTH) in a  paracrine fashion, because
melanocortin  peptides, including a-, S-, y-MSH and  ACTH,
had been reperted  to bind and  activate  cloned  mouse  MC-3
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receptors  with  simMar  potency order  (Desarnaud etaL,  1994).

It remains  unclear  at present whether  or not a-MSH  is the

physiologica) agonist  ot the MC-3  receptor  in the mouse  ante-

rior pituitaries, and  that whether  or not there may  be a spe-

cies  difference between mice  and  rats in the type of MC  re-

ceptorsexpressedintheanteriorpituitary,Furtheranalysisis

required  to elucidate  molecular  mechanisms  underjying  the

regulation  of PRL  release  by melanoconin  peptides.

    Recentiy, Zheng et aJ, (1997) demonstrated  that some,
but not all, of mammotrophs  irom lactating rats  blnd radiola-

beiled a-MSH,  This suggests  that a-MSH  receptors  aTe  ex-

pressed in some  ot mamm  otrophs,  We  did not  identlty the cell

types of  MC-3  receptor-expressing  cells, ln ourcell immunoblot
assay  system,  all dissociated pituitary cells were  seeded  in
diluted concentration.  Therefore, there is little possibility that

pituitary cells could  interact each  other  in our  system.  Appar-
ently, a-MSH  acts on  mammotrophs  directly via  a-MSH-spe-

cific receptors,  Therefore, it is highly possible that MC-3  re-

ceptors  are  expressed  in mammotrophs.

   ]n conclusion,  we  demonstrated here that a-MSH  acts

directly on  the mouse  pituitary cells, and  stimulates  PRL re-

lease possibly mediated  by MC-3  receptors.  This is the fjrst
report on  the physiological relevance  ot the  mouse  MC-3 re-

ceptor.

ACKNOWLEDGMENTS

   This work  wes  supported  in part by Grants-in-Aid from ltoh Sci-
ence  Foundatbn and  Ryobi-Tejen Foundation to S, Takeuchi,  and

Grants-in-Aid for ScLentific Research trom the Minlstry of  Education,
Science, Sports and  CuLture ot Japan to S, Takahasbi.

REFERENCES

Arita J, Kojima Y, K[mura F (19g2) Lactotrophs secreting  small

   amounts  of prolact)n reveal  great responsiveness  to thyretrepin-

   releasing  hormone/  analysis  by the $equential cell immunoblot

   assay.Endocrinology130:3167-3174

Barrett P, MacDonald A, HeHiwell R, Davidson G, Morgam  P {1994)
   Ctoning and  expression ot a new  member  of the melamocyte-

   stjmulating  hormone receptor  family. J Mol Endocrinol 12: 2D3-
   213Boockfor

 FR, HoefflerJP, FrawLey  LS {1986) Analy$is by plaque as-
   says  of GH  and  prolactin felease  from indMdual cells in cultuFes
   of male  pituitaries, Neuroendocrlnology 42/ 64-70

Boston BA. Cone RD  (1996) Characterizatlon of melanocertin  recep-

   torsubtypeexpres$ioninmurineadiposetissuesand1mthe3T3-

   Ll cell line, Endocrinotogy 137: 2043-2050
Cone  RD,  Lu D, Koppula  S, Vage Dl, K)ungland H, Boston B, Chen

   W,  Orth DN,  PeutQn  C, Kesteroson R (1996} The melanocortin

   receptors:agenists,antagonists,andthehormonalcontrolofpig-

   menlation. Recent Prog in Horm  Res 51/ 287-318
Desarnaud  F, Labbe  O, Eggerickx D, Vassart G, ParmentierM (t994)
   Molecular cloning,  functional expression  and  pharmacological

   characterizationofamousemelanocertinreceptorgene.Biochem

   J 2991 367-373
EIIerkmann E, Nagy  GyM, Frawley LS (1991) Rapid augmentation  ot

   prolactin cell number  and  secretory  capaclty  by  an  estrogen-in-

   ducedfactorrePeasedtromtheneurointermediateIobe,Endocri-

   nology129:S38-842

Ellerkmann E, Nagy  GyM,  Frawiey LS  (1992) a-melanocyte-

   stimulating hormone is a mammotrophic  factor released  by

   neurointermediate  lobe cells after estrogen  treatment. Endocri-

   nologyt30/133-138

Griffon N, Mignon V, FacchinettF P, DLaz J, Schwartz J-C, Sokoioff P

   (1994) Moiecular cloning  and  characterizatlon  ot the rat fjtth

   melanocortin  receptor,  Biochem Biophys Res Commun  200/
   1007"O14
HillJB,NagyGyM,FrawleyLS<1991)Suckiingunmasksthestimu[a-

   tory effect of dopamine on  prolactin release/  possible rote for a-

   melanocyte-stimulatinghormoneasamammotroperesponsive-

   ness  factor. Endocrinology 129/ 843-847
Hill JB, Lacy ER, Nagy  GyM, GOrcs TJ, Frawley LS <1993) Does  a-

   melanocyte-stimulating  hormone from the paFs intermed ia regu-

   latesuckling-inducedprolactinrelease?Supportiveevidencefrem

   morphologicalandfunctionalstudies.Endocrinobgy133/2991-

   2997Hsu
 SM, Raine L, Fanger  H (198e) The use  of avidjn-biotin-peroxi･

   dase complex  {ABC} in immunoperoxidase techniques: a com-

   parisonbetweenABCandunlabeledantibody(PAP}p[ocedures,
   J Histochem  Cytochem 29: 577-580
KendallME,HymerWC(1987)Celiblotting/anewapproachtoquan-

   tity hormone secretion  from individual rat pituitary cells, Endocri-

   nology121/2260-2262

Kubo  M, lshizuka T, Kojima H, Kakl numa  M, Koike T (1 995)  Cloning

   of a  mouse  adrenocorticotropin  receptor-encoding  gene. Gene
   1531 279-280
Labbe O, Desarnaud F, Eggericku D, Vassart G, Parmentier M  (1994)
   Molecularcloningofameusemeianooortin5receptorgenewidely

   expressed  in peripheral tissues. Biochemistry  33: 45434549
Luque EH, Munoz de Toro M, Smith PF, Neill JD  (1986) Subpopula-

   tions of lactotropes detected with  the reverse  hemolytic plaque
   assay  show  differential responsiveness  to depamine, Endocri-

   nology 130/ 3167-3174
MounljoyKG,RobbinsLS,MortrudMT,ConeRD<1992}Thecloning

   of a  famHy ot  genes that encode  the melanecortln  receptors.

   Science257/124S-1251
Murai l, Ben-Jonathan N {1990) Acute stimulation  ofprolactin  release

   by estradiol:  medjation  by the posterior pituitary. Endocrinoiogy
   12613179-3184
Nagy GM, Boocktor FR, Frawiey LS (1991) The  suckling  stimuius

   increases the responsiveness  of  mammotropes  located exclu-
   sivelywithinthecentralregtonoftheadenohypophysis.Endocri-

   nology  128: 761-764
Neill jD, Frawley LS (1983) Detection of  hormone release  from indj-

   vidual  cells in mixed  popuFatLons using  a  reverse  hemol ytic plaque
   assay.  Endocrinology 112: 1135-1137

Oamizu  S, Takahashi S (1 996) lnsulin stimuiates the proMeration of
   mouse  anterior pjtuitary ceils in vitro, Biomed Res 17: 365-371

Rivier C, Vale W  (1 974)  ln vivo  stimulatbn  of pro:actin secretlon  in

   the rat by thyrotropin releasing  factor, related  peptjdes and  hy-

   pothalam]c extracts. Endecrinology 95: 978-983
SambrookJ,FritschEF,ManiatisT(1989)MelecularCloning-ALabo-

   ratory  Manual. Cold Spr]ng Harber  Laboratory Press, New  York
Takahashi S, Oomizu S, Kobayashi Y O994) Pfoliteration of pituitary
   ceNsinstreptozotocin-inctuceddiabeticmice:effectofinsulinand

   estrogen.  Zool Sc"  1: 445-449

Tashjian JrAH, Barowsky NJ, Jensen DK  {1 971) Thyrotropin releas-

   ing hormone: direct evidence  for stimulation  oi prolactin produc-
   tion by pituitary cells  in culture, Biochem Biophys Res Commun
   43I 51 6-523
Zheng T, VMalobos C, Nusser KD, Gettys rw,  Faught WJ,  Castafio

   JP,FrawleyLS{1997>Phenotypiccharacterizationandfunctional

   cerrelation  of  a-MSH  binding to pituitary cells, Am  J Physio[ 272:
   E282--E287
                       '

(Received February 25, 1998  fAccepted March 30, 1998)

NII-Electronic  


