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GIANTS' CLASli 

• 
The most Incomprehensible thing about the unlverse 

la that It is comprehensible 

Albert Einstein 

The universe ls not only queerer than we imagine, 

but It la'queerer than we can imagine 

J.B.S. Haldane 

If l have seen .-farther than others, 

it has been by standing on the shoulders of ~iants 

/ 

/ 
/ 

/ 

To aIl those who ~re dedicated 

Sir Isaac Newton 

.to 8 better ulldeystandin g of this un1verse 
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ABSTRACT 

Exper~ents were car'rled out in arder 'ta increase our 

knowledge and understandlng of pr!>l~c:tin rec:eptar (PRL-R) 

Interna11zation and fate, fo110wing PRL bindlng to target 

organe. As a flrst appproach, plastha membrane, Golgi and lyso-
l , , .. 

s,omal fractions of rat liver were preps'red, ln which PRL-R were 

id en ti fied and charae ter1zed. Typlcal seeo!\.dary lysosomes 

contalned very 1itt1e int9-~t PRL-R, whlch were. greatly increas-' 

ed by chlor.oQ"ulne treatment of ,the, anlma):s. There,was also a 

subclass of 11gh tet ve~ icle-s, morphOfogically resemb11 ng 1yso- . 

sames ("prelJ!'sosomes"), with e'levated basal' PRL-R actlvit:y. 

When 125I-oPRL was ln je ct id into r'ats, maximum incorporation ln 
, J Il , ~ 

the t?tal liver homogenate and ,"in the,G?lg1 fraction occured at 

15 min. In contrast, 'peak incorporation ln lysosoma1 fractions 

was at 30 mIn. 

In cultured rat hepatocytes, I?RL' and PRL-R antlbodies 

were able, to regulate PRL-R levels~ Up-regulatlon by nanomolar 

concentrati~ns of PRL could be partlal1y counteracted by cyclo

heximide', but actlnomycin D had little or no effect, suggestlng 

that PRL influences primarily translation. The rnimlcking ef

fect ,of the PRL-R antlbod!~s suggests that the PRL,molecule ls 

not re~uired beyond its interactIon with the receptor to elicit 

these actions. 

We finall,.y at~empted to dlrectly vlsual1ze PRL-R with 

immunocytochemlstry(. V,!<~y sparse lab(!lling was o~served in the 

endoplasmlc reUculul11 ',region, but nevér ln the GolgI o,r in 

lysosomes. 
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RESUME 

Ce travail vise a apporter une meilleure compr'hension 

des ~v'nements relatifs au r{;cepteur de la prolactine (R-PRL), 

faisant suite ~ la l1aison de cette hormone aux tissus cibles. 

Dans un premier temps, nous avons ldentlfl~ et caract~ri8~ des 

R-PRL dans des pr~paratlons de membranes plasmiques, de Golgi 

et de lysosomes de foie de rat. Les lysosomes secondaires con

tiennent normalement peu de R-PRL, mals leur capaclt~ de liai

son est grandement Ciugment~e par un traitement des animaux à la 

chloroquine. Une sous-classe de vlfsicules moins denses, res

semblant morphologiquement aux lysosomes ("prlflysosomes") et 

tr~8 riches en R-PRL a ~galement ~t€ ident1fl~e. L'injection 

intraveineuse de 1251-oPRL disulte en une importante incorpora-

tion. dans le foie, avec un maximum a 15 min dans l'homog~nat 

total et la fraction golgienne, mais Il 30 min seulement dans 

les deux fractions lysosomiales. 

Dans des h~patocytes de rat en culture, la \ PRL et des 

anticorps dirig~s contre son r~cepteur influencent le's niveaux 

de R-PRL. La regulation positive induite par des concentra

tions nanomolaires de PRL est partiellement renvers~e par la 

cycloheximide, mais l'actlnomycine 0 n'a que peu ou pas d'ef-
" fet. Ceci sugg~re que la PRL agit principalement au niveau 

traductionnel. L'effet de l'anticorps anti-r~cepteur sugg~re 

que le m~canisme normal de la PRL se 

avec le r€cepteur. 

limite à son interaction .' 

Notre dernier but ~talt de visualiser les R-PRL direc

tement, en immunocytochimie. Cette approche n'a donn{; lieu 

qu'a peu de marquage dans le r~ticulum endoplasmique, et pas du 

tout dans le Golgi ou les lysosomes. 
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PREFACE 

The reader Is Informed that 1 chose the option of 

lncludlng manuscripts of original papers published in learned 

journals as part of the experimental chapters (Chapters 2 and 

3) of this thesis. Each one therefore has Its own Abstract, 

Introduction, Materials and Methods, Results, Discussion and 

References sections. Chapter 4 represents original work nqt . 
puhlished or to be published elsew~ere. , 

Each of these articles were coauthored by my thesis 

s u p e r vis 0 r , Dr. Pau 1 A • K e 11 y, .8 n d th r e e 0 f the m loi e r e aIs 0 

coauthored by two French scientists with whom our group has 

been col1aborating for severa! years, Ors. Jean Djiane and 

Louis-Marle Houdeblne. These persans contributed with fruitful 

discussi.ons but were not directly involved ln thi.s work. On 

the other hand, Dr: -irz-ira A.M. Rosa participated in the work 
1 

and coauthored the papers dealing with cultured hepatocytes. 

The 1Ist of puhlished papers inc1uded in this thêsis ls 

as followa: 

1. Fer 1 and, L. H • 1 D j I a ~J ., Hou d e b i ne, L • - H. and K e Il y • 

P .A. (1984) The eff~cUf chloroquine on intracellular 

lysosomal prolactin - receptors ln rat li.ver. 

Endocrinology 115: 1842-1849. ( Sec t ion 2. 1 ) 

2. Ferland, L.H., Djiane, J., Houdebine, L.-~l.,;; and Kelly, 

P.A. (1984) Intracellular transformation of prolactln 

followlng Internalizatlon loto rat liver. 

End 0 cri no 1. J 5: ·2 5 - 3 1. ( Sec t ion 2 J 2 ) 

Mol. Celle 
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3. 

4. 

Rosa, 

L.-'1. 

(PRL) 

A.A.M., Ferland, 

and Kelly, P.A. 

binding sites ln 

Iv 

L.H., Djlane, J., Houdeblne, 

(1985) MaIntenance of prolactln 

rat I1ver cells in suspension. 

culture: effects of PRL and of inhibitors· of various 

cellular functions. 

(S e ct i on 3. 1 ) 

Endocrinology 116: 1288-1294. 

Ferland, L.H.,' Ros/l, A.A.M. and Kelly, P.A. (1984) 

InteractIons of prolactln (P~L) btnding sites with PRL 

r e cep t 0 r a n, t i ho ti 1 e s 1 n rat 1 ive r ce Il sin sus pen s ion 
, 

culture: effect of inhibitors of cellular func tions. 

C an. J. P h y"'s i 0 1. P h a r mac 0 1 • 6 2: .1 4 2 9 - 1 4 3 3 • 

3.2) 

( 

(Section 

early experiments on prolactin 

tors anet the modulating effects 

regulation of prolactin 

of the various drugs . , 
For standardization reasons, however, l had (be 1 ng glyen the 

responsihllity of completing these experiments after Dr. Rosa 

left) to perform aIl the experiments from the beginning. The 

resglts presented in Chapter 3 are those of my own experi

ments. Dr. Rosa was a post-doctoral fellow of the Fundaçao ao 

Amparo ao Ensino e Pesquisida do Estado de Sao Paulo, Brasl!. 

For the w 0 r k pre sen te d i n Cr a pte r 4 , Ire ce i ve-d the 

technical assistance of Dr. Jean-Luc Servely for mammary epi

thelial cel1 cuiture and of Mrs. Lucette B~lair for expIant 

culture, and the fruitful advlce from Drs. Mich~le Ollivler

Bousquet, Jean Djiane, Claude Tougard and Isabelle Dusanter-

Fourt. Aisa a professional photographer developed the fllm.B 

and made the prints for the electron micrographs. Part of tlle 

processing of the organelle preparations for the micrographs 

shown ln Chapter 1 was performed by Dr. Georges Pelletier. 
, . 

c 
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Ex cep t for 1: he se, l p e r for rn e d a 1 ~'l'l the rn an i p u lat Ion s for 

all exrperlrnents reported ln this thesls. These inc1ude: 

lysosome, Golgi and plasma membrane isolations. 

- enzyma~ic assays, 

- hormone and antihody iodinations, 

prolactin reeeptor assays and Scatchard analyses, 

t.reatments of the rats (s.e. injections of estradiol, 

b rom 0 cri p tin e ,m e s il a te' and chIo r 0 qui ne; 1., v. 1 n j e c t Ion s ' • ...,/ 

(jugular vein) of 125I-ovine prolact!n; 1.p~ injections 

of Surital or Retalar for anaesthesla; and sacrifice). 

- rat hepatocyte isolation and culture, ineluding aIl 

pharmacologiea! works (sorne hepatoeyte cul tures were 

performed by Ms. Lise Faucher, then an ,l.Indergraduate 

student who worked under rnr, supervisIon during thé 

su mme r 0 f 198 2 ) , .. 
- receptor loeal1zatlon experlments with aIl approaches 

u tilized, includlng processlng of the samples for 

electron microscopy, ultra thin sectLo-n:i-n;g- and opera tion 

of the ele~tron and epifluorescence microscopes. 

- l also worked out myself the me thad s for the 

prepara tian of the lysosomal fractions and the acld 

p ho S ph a tas e a s s a y , and a Il the pro t 0 CiO 1 S for t he 

." locallzatlon experiments presented ln Chapter 4 • 

• 

(d. 



vi 

ACKNOWLEDG EMENT S 

'. 

l would l1ke to grea tefully acknowledge a11 the people 

who ,.helped me, dlrectly or ïndlrectly durlng these past four 

years, in the process of my Ph. D. work. 

In the first phce, Dr. Paul A. Kelly who supervised it 

and progided good advlce on every aspect of my work and ca

reer. l will always rema!n deeply indebted to him. Also, Dr. 

Fernand Labrie, director of the' Laboratoire d'Endocrinologie 

Mol~culaire at Le Centre Hospitalier de l'Universitl! Laval 

(Ste-Foy, Québec), where this work was flsrt undertaken, and 1-

Dr. Harry L. Goldsmith, Director of the Division of Experimen-

tal Medicine, HcGill University. 

laI S 0 a c k n ° w 1 e d g eth e fin a n c i aIs u p p 0 r t w hic h l r.e

ceived in the farlll of studentships by La, Fondation Universitl! 
" 

Laval, La Fondation Dr. George Phl!nix, Le Fonds F.C.A.C. pour 

l'aide et la soutien ~ la recherche (Gouvernement du Qu~bec), 

the Institut National de la Recherche Agronomique (France) 3nd 

the Coopération Franco-QuH€coise dans le Domaine des Biotech

nologies; the funding agencies which support oûr laboratory: 

the Medical Researeh Couneil of Canada, ~he National Cancer 

Instltute of Canada and the United States' Public Health Ser

vice; and th'e !-lationa! Hormone and Pitulta:ry program (NIH) for 

kindly provlding ovine prolactin and human growth hormone. 

l aJTl also indebted to Drs. Mich~le Ollivier-Bousquet 

and Jean Dj iane who supervised the last part of this work, at 

the Institut National de la R'echerche Agronomique (Jouy-en-
/' 

Josas, France), and Drs. Louis-Marie Houdebine from the same 

in'St i tu tion and Claude Touga rd from Le C oll~ge 

contributed with fruitful discussion' and advice. 

, ,~ ... 

( 

de F rance who 

1 a1so had 



---r------------ ----

{ 

1 

" 

vil 

li' the 0 p po r tu nIt Y t 0 ben e fi i t f rom the 0 r e tic al, tee ho 1 cal a n d, 

secreterlal assistance from aIl my colleagues and 10 ",particu

lar, Dorothy Mathieu, H~lllne Garneau l, H€lllne Leclerc and Karen 

Horth and Gilles Leblanc and R~jean Ml!lançon in Qulfbec City; 

Sally Raguet, Guillermina Almazan and Diane D~ziel and' Masao 

Katoh, Joseph Zachwieja, Réjeat:t M~lançon and ~Hans H. Zingg in 

Montrl!alj and Isabelle Dusanter""'Fourt, Patricia Berthon, 

Marie-Christine Lacroix, Ren~e Picart, MichHe Dah,itel, Denise 
, 

Moli tan a and Jose tte Bragnolo and 'Jean-Luc Servely, Guy Kann, 

J,y-en-'Antoine Plfrier, Denis Ser~ent and Jacques Meslin in 

josas. 

aIl 

Flnallr" 

the me mbe r s 

l WO'U Id l1ke to e xpres s aIl my gra t i tude to 
·Il 

of my family and especially ta my parents 
, 

Genevi~ve and Armand who were always there to assist me in my 
"1 

personal developmentj and to my very great friends Marc and 

Toni, Violaine, 

Raymond, Gilles, 

Harie-Chris tine, 

Philippe, Eric 

François, Agnlls, Andr~, Andrl! and Brigitte, 

Isabelle and Olivier, Patricia, Jean-Luc, 

Guy, Antoine, Claire and Denis, Hl!l~ne and 
4If' 

and Christine, G(;rard, Frt!dt!ric and Xavier, 

Fd!d~rlc, F:lorence, Alessandra and Caroline and Violaine who , 

always gave me a hand when l nee?ed one, and also for enduring 

me when l displayed my characteristic "overload of enthusl

asm". Very, very special thaoks to Marc for being such a niee 

guy (and for waking me up every afternoon). 



\ 

vUi 

ABBREVlATIONS 

The abbreviations used throughout this thesls (exclud

lng those directly derived from the SI unit system) are l1sted 

here. In most cases, they are a1so defined at their first 

appearance in each chap ter. 

ACTH 

b 

BSA 

b.w. 

CB-154 

cpm 

E2 

ELISA 

ER 

FSH 

g 

G 

GH 

GH-R 

h 

HEPES 

HMY 
1Ce 

i.d. 

1°50 

19 

l.p. 

i.v. 

lU 

L-l 

'L-2 

adrenocortico trop ln 

bovine 

bovine serum albumin 

body weight 

bromocryptine mesl1ate 

counts per minute 

estradiol 

enzyme-linked immunosorban t assay 

endoplasmic re ticulum 

foll1cle-stimu1ating hormone' 

gravitational acceleration co'nstant 

glUtara1dehyde 

growth hormone 

growth hormone recep tor , 
hour, or human 

lS.. ,. \ 

N -2-hydr 0 xye thy Ip 1 pera z'ln'~-N~' -2-e thane 8 u If on i c sc id 

high molecular welght 

1 mmunocy tochem 1 S try 

inside diameter 

dose inducing a 50% lnhibi tion 

immunoglobulin 

in traper i tonea 1 

in travenous 

ln terna tionaI unI t 

prelysosomal fraction 

mature lysosomal frat:tion' 

. " 
,-

• 1 

r _ 

, . 



LH : 

mAb 

min 

0 : 

P 

PBS 

PBS-S-G 

PM 

PRL 

PRL-R 

RSA 

r. t. 

SAR 
1, 
's. c • 

SEM 

TCA 

TSH 

, -

, , 

luteinizing hormone 

monoclonal antibody 

minu te 

ovIne 

paraformaldehyde 

phosphate-buffered saline 

PBS supplemented with saponin and gelatin 

plasma membrane 

prolactin 

prolactin receptor 

relative specifie actlvity 

room tem pe ra tu re 

serum antl-receptor 

subcu taneous 

standard error of the mean 

trichloroacetlc acid ~' 

thyrold-stimulating hormone ~ 

, 
, '. '"";"'. 

~ 
\, 

\ 
; \ '~\ 
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1.1: Prolactln: Its ubiquitous nature 

Prolactln Is a pltultary hormone whose prlmary actions 

ln mammals Involve the stimulation of mammary gland development 

and of milk production. It is a member of a family of lacto-

genic hormones which also comprises primate growth hormone and 

placental lactogen. 

The first evidence for a role of the anterior pitultary 

on mammary action dates back ta 1928 when Stricker and Grueter 

(159') demonstrated that administration of bovine anterior pitu

Itary ~acts to pseudopregnant rabhits (ovariectomized or 

not) resulted in the onset of' lactation. This was confirmed 

independently by the studies of Corner (28). The term "prolac-

t1n" was introduced hy Riddle et al. 03l) for a fracU"n from 

bovine or ovine pituitary extracts distinct from either growth 

or "sex maturity" hormones and which was capable of inducing 

both the development of the crop gland in pigeons and lactation 

in rodents. 

That mammalian prolactin (PRL) would elicit "lacto

genic" actions (the crop sac of birds is the organ which pro

duces "avian milk") ln species 50 distant phylogenetically 

would suggest that the PRL gene ls very old and especially weIl 

preserved. In fact, PRL has now been detected ln aIl classes 

of vertebrates, including human, sheep, cattle, pig, 

rabbit, dog, chicken, flsh,. horse, whale, eat, guinea 

'hamstei, amphibians, reptiles and birds (revlewed in ret. 

ra t, 

pig, 

86) • 

The mucoproteins which are thought to have been the 

seeretory products of the early adenohypophysls (IIO) were sug

gested to have evolved alang two separate lines: one givlng 

rise to the glycoprotein hormones thyroid-stlmulating hormone 

(rSH), fo111ele-stimulating hormone (FSH) and luteln1zing hor

mone (LH), and the other, to simple proteins. Among these, 



3 

ad renocort tco trop in (ACTH ) , me lanoey te-s tim ula t i ng hormone 

(MSH) and the other hormones of the pro-oplomelanocortin family 

and, on ano the r 1 i ne, prolae ti n, (PRL) and grow th hormone (GU) 

( 11-.0 ). 

Of course, PRL does not induce milk production in aIl 

it elleits a number of different speeies cited above. Rather, 

actions in various species, as opposed to ether pltuitary hor

mones which speciallzed v
'> early ln vertebrate phylogeny for the 

regulation of a 

cesses. Nicoll 

single or at the tnost a few physiological pro

and Bern (l11) classified over 80 specifie 

actions of PRL in cyclotosomes, teleosts, amphibians, rept'iles, 

birds and mammals, into five categories: reproduction and nur

turlng of the offspring, osmoregula'tlon, growth, effects on 

ectodermal structures and synerglsm with steroids. There seems 

to be no "common denominator" for this manIfold of actions of 

PRL (not aIl of which having been demonstrated to be physiolog

Ica 11y re levan t) exce pt, pe rhaps ,~~c ie s adap ta t i on to and 

surviva1 within a given ec010gical niche. The worlç presented 

here is devoted sole1y to PRL in mammals. 

1.2: The control of PRL secretion 

As we have seen, the adenohypophysis ls a gland whieh 

secretes a number of peptide and glycoprotein hor"mones, and it 

does so in response to a variety of stimuli. Pe~haps ~he most 

important effectors involved in the regulation of pituitary 

hormone' secretion are releasing factors secret.ed by the hypo

thalamus and that reach the anterlor lobe via a unique portal 

system (129). Among aIl pituitary hormones, PRL appears to 

represent a special cas,;;' when one considers the mechanisms 

controlling Its secr=!jJm, in that lt appears to be principally 

negatively reg':11ated (102,109). This inhibition is exerclsed 
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a prolactin:"lnhib1t1t\g factor (PIF), identifled as 

(90,91,162 reviewe<Î in reL Ill), whlch 18 released 

1 n t 0 the po r't a 1 ve in. Re c e n t 1 Y , a 5 60 

am 1 no, a cid 

GAP (GnRH-associated peptide), has been identlfied, 

whlch has prolactin Inhibitory actlvity, and may ln fact repre

sent the endogenous PIF (113a). 

\ 

The pl tu 1 ta ry seems to have the inheren t abi! i ty to 

secrete PRL, since pltultary explants dld so when, for example, 

implanted under the kidney capsule, that is, removed fro,m hypo

thalamic influence (23,38). ln,~ddition to producJng PRL, such 

transplants failed to secrete FSH, LH, ACTH and TSH (39)~ When 

retransplanted in vascular contact with the median eminence, 

however, PRL secretion again dropped, whereas gonadotropins 

secretion resumed (1'13). Other approaches of removing the 

pituitary from hypothalamic influence, su ch as median eminence 

leslon {23,100, in vitro culture of pituitary tissue (119) or 

pituitary stalk section (40), yielded siml1ar results. 

Recently, frew 'insights on the mechanism by which dopa

mine (DA) inhibits c PRL secretion have become available (31," 

70). lt is knowrr tbat DA inhiblts aden~?te ~ytlase in homog----.... ' , 

ena tes of pi tu 1 tary gland (52) and lowers cAMP levels in en-

riehed populations of lac,totrops (8,161.). The're ls also evi

dence that DA inhibits the Ca 2+ messenger system (141,163). 

The work of Delbeke and Danoles (31) suggests that both these 

actions of DA are involved ln tts action on PRL release inhibi

t1 0 n sIn cep ha r ma col 0 g 1 cal s t i m u 1 a t ion 0 f bot h 101 a s r e quI r e d i n 

order to counteract DÀ-induced inhibition in perifused rat 

anterior pituitary cella. 

Positive effectora of pituitary PRL secretion also 

exiat. Nicoll 

hypothalamus may 

et al. (112) reported evidence that the rat 

contain both PRL-releasing and inhib1ting 

factors. A number of endogenous substances have been reported 
/-
to atlmulate PRL release. Perhaps the oq.e whlch is the most 
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docu me 0 te d is thy ro trop i o-re 1 easi og 'hormone (TRH) (re v 1ewed in 

ref. 27). However, these au thora have argued' tha t TRH stimula-

tion of PRL ".sçe~retion 18 probably not physiologically relevant 

beeause the're a're several physiologieal or experi,mental states 
" fJ 

where PRL a1td TG~tt are not released together; (I:uckling stimulus, 
"'::,ro-~:J ... 

cold or heat expo8ure, administration of L-DOPA): Also, pa-
Jp .., --... .. , 

tients w1th altered TRH secretion and/or responsiveness to TRH 

generally have normal PRL secretory patterns. 

Serotonin i5 another agent from the bra{n whieh has 

been shown to increase PRL secretion (reviewed in refs. 27 and 

171). It appears to mediate stimulus-eVoked PRL release that 

aceompanies suekling, stress, possibly sleep, and the estrogen-

induced PRL surge on the afternoon 

ever, sinee incuha tion ~f an ter10r 
\ 

has no eff.ect on PRL relesse (13), 

of proestrus 

pituitaries 

in rats. How-" 
J 

with serotanln 

this agent appears to act.as 

a neurotransmitter or a neuromodulator rather than as a neurO

hormone, poss1bly by stimulating the secretion of a PRL-releas-

-lng factor 

polype pt ide 

from the hypothalamus (47). Vasoactlve intesti\laJl ., 
(VIP) also has PRL-releasing actlvity and may" ln 

fact be a true hypothalamie factor, sinee its concentra'tion tri 

portal blood is i9-fold greater than in peripheral circulation 

(135) and low concentrations of VIP were ,showrt to stimulate 

anterior pltuitary PRL release in ----- in a dos e d e pen dan t" vtt'I'O 

manner (132,144). 

PRL release cao also be stlmulated .via an inhibition o"~ 

dopamlnè~ blockage. Such a mechanlsm has been propo~eà by' 
l , 

MacLeod (89) '-t.o explaln. the effects of estrogens on on PRL 

secretf-'0n, via the hy~thalamus. Estrogens, however, a1so 

exert direct stimulatory actions at the plt~itary level '(104). 

A number of other agents have been shown to alter PRL 
., . 

secretion, the physiologiea1 relevance of \Jhich remaihs 'to ~e 

demons tra ted •. These include gamma-aminobu tyrlc Bcid '/ (GABA). 

'1 , 
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prostaglandin El' glucocorticosterqids, thyroxine and triiodo

thyronine, and, as part of the neural information Intergrated 

by the hypothalamus, endogenouB opiates, noradrenergic drugs 

(1n sorne systems), histamine and acetylcholine (reviewed in 

refs. 27 and 171). The mechanisms governing the secretion af 

prolactln therefore appear ',ta be varied and extremely co~plex .• 

1.3: Receptars at the plasma membrane level 

In arder for a molecule dellvering information to exert 

an effeet on a target organ, the message' lt encodes must be 

recognized. The concept that specifie chemical bLnding sites 

exist in lIving cells for such substances was first' proposed by 

J.N. Langley (85) and P. Ehrlich (36) ln the early 1900'8. 

The early works on such "receptive substances" were of pharma

cologieal nature but the concept was soon to be extended to the 

field of endagenous 11gands (hormo~es, neurotransI111tters, 

ete: • ) • Each of these would appear ta have its oW'n specifIe 

receptors 

reae tion. 

c~o r Ionie 

on target cella wlth, hOW'êver, sorne 

For example, luteinlzing hormone 

gonadotropin (heG) are known to 

degree of cross 

(LH) and human 

share a common 

receptor ta which they hin_d with comparable Kd ,(reviewed in 

ref. 133). More relevant, to this work) prIma te growth hormones 

are aIso lactogenic, and exert' this action by virtue of the!r 

interaction with PRL receptors (PRL-R) (66.). Thi s. and the 

recent fintllngs th&'t sorne antibodies to 

m i ID 1 c ho r m 0 na 1 a c t 1 0 n s ( 6' , '3 5 , 6 8 • 7 2 ; see 
, 

hormone teceptors can 

aIs 0 cha p ,t e r 3) a r _g u e 

that it ls the rècepto'r ,systeM rathet" than the chemical nature 

of t"e ligand that determines cellular response. 

The Int.eraetlon of ~ Hgand ,wlth its rec,eptor 18 mûch 

more ~ynamlc chan deplcted' by, the classlcal "lock-and-key" 

mOdel', ,Instead, both the liga'nd and the. receptor are thougbt 

to undergo conformatlonal'=!hanges, resul,ting ln' a tl~ht flç 
r 

'f 1 1 ~~ .. 
'1" 

1 

'. 

" ' , " 
l , , 

, . <. C 
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between the two. Several mathematlcal models have been deslgn-

ed to describe ligand-receptor interactions (revlewed ln refs. 

5, 12), aIl of whlch are related 'to the mass action law. Per

haps the one which ls now the most commonly used 15 that of 

Scatchard (137). This graphieal analysis method consists of 

plottinp, the ratIo of bound i.O free ligand as a function of 

hound ligand. In the simplest case (simple reverslhle binding 

of the ligand to a homogeneous population of receptors), the 

Scatchard plot is llnear and -l/Kd (Kdcdissociatlon constant) 

1s obtained as the slope and Ro (total number of reeeptor 

sites) as the 1ntercept wlth the abscissa. Other equatlons 

were also derived to aecount for more complex systems that 

yield curvilinear plots (presence of non-specifie blndlng 

sites, of two or more classes of receptors or of cooperativlty 

hetween sites; reviewed, for insulin receptors, in ref. 53). 

Thus, the prlmary role of a receptor is to recognize a 

message encoded on a specifie molecule. 

com,e from the exterior of target cells 

stnce these messengers 

(e.g. hlood, synaptic 

clef t, etc.), ft wes suggested that receptors are located at 

the celI surface (71,122). Uotil recently, ft was thought that 

the ligand bound to its specifie surface receptor, thereby 

activatinp, i-t, sop then came off (5). As ls now understood, 

however, receptor dynamics appear to be much more complexe 

Indeed, in addition to recelvlng a message from the 

outside, the receptor a1so has to transmit the message to rele

vant effec tors lns ide the celle This phenomenon is known as 

"transduction", from latin trans [through (the membrane)] and 

ducere [to conduct, or to carry (the information)J. A "mobile 

receptor hypothesis" wss suggested to account for these dual 

roIes of receptors (reviewed in ref. 69). This hypothes1s Is • 

based on the understandlng that ln most systems, these two 

fupet10ns are actually carried out by discrete molecular, entl-

ties. Thls.j{>rovldes for an extra degree of freedom to explain 

l , 



8 

the, complexi ty of recep tor occupa tion versus b 101.og lca1 e f fec ts 

ln data ohserved experlmenta11y. 

The model suggests that both receptors ,and effectors 

(often adenylate eyclase) are able to diffuse freely ln the 

plane of the membrane, with the former facinp; outward (ta he in 
" contact wlth clreu1ating ligand) and the latter, inward (to 

transmit 

sponsible 

tlo41 of 

the message ta intraeellular competent molecules, re-

for the biologieal response). The actual transduc-

the information occurs when a stimu1ated (occupled) 

receptor "meets" a responslve mo1ecule of effector. 

A va rie t y 0 f m 0 d e 1 s ha s e d on' the m 0 b il i t Y 0 f r e ce p t 0 r s 
" has bee" suggested (69), including a three-component modl'!! for 

receptor-adenyIate cyclase systems, comprising a guanine nucle

otlde binding, regulatory component (reviewed ln refs. 62,154, 

155). In addition to their inherènt coherence and the ,fact 

that Buch models are compatible with other observed phenomena 

llke selective desensitization (59,160) and the sharing of a '" 

comman effector (adenylate cyclase) by a variety of receptors 

(30), direct evidence for recep~or movement in the plane, of the 

me m b ra n e 1 s n 0 101 a va tl a b 1 e (1 a 0 , l 3 8 , 1 3 9 ) .' A" d 1 ff u s ton C 0 e f f i -

clent" for a variety' of receptors have heen computed (revlewed" 

in re f. 69) and ha ve heen found ta he ln the ra nge of mos t mem-

hrane' proteins, sugge'sting tnat ligand-receptor complexes dif-

fuse about randomlY,<q7'). 

1.4~ Receptor"medlated endocytos1s' 

However, ligands and receptors do nnt move'only ru 
of th~ m~mhrane. "On the contrary, 

8ccepted that 'hormone and reçeptor internalization o occurs f01-' 
, 0 • 

lowing binding and other cell surface events (for recent re-

vlews, Bee refs. iO,20,57<,117,127,177,179). Among the severaI 

, ", 

, . 
, ' 
l, 
1 
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types of endocytic mechanlsms that have been distingulshed, the , 
.one involving reeeptor-medlated uptake of ligands, a1so termed 

a..dsorptlve endocytosls, Is a means for both selecting and 

eoncentrating specifie extracellular solutes. 

Selectlvity, of course, is determined by the nature of 

the receptors present on the surface membrane of a given cel1. 

Concentration of a clrculatlng ligand Is also related to its 

interaction with cell surface specifie receptors but a1so 1n

vO,lves the Iateral diffusion mechanlsm mentioned ln the prevl-

ous sée tloQ. A1though a special drlvlng force for such recep-

tor movements does not seem to exist: occupied receptors appesr 

to have a special affinity for restricted regions of the celi 

membra~ne~ the "coated pits" (179). These specialized regions 

of 'the plasmalemma, representlng approximately 2% of the total 

'cell surface (2) therefore" net as 8 trap for oceupied recep

tors. let was suggested that immobllization wichin coated pits 

could involve a conformational change ln the r!ceptor molecule, 

res'uhing from ligand bindlng (118,177). Consldering the den

s i t Y 0' f co a t e dpi t son the ce Il sur fa c e and the 'r a t e 0 f d 1 f f u -

sJoo of rac'eptors, it was calculated that a given receptor 

molecule should encounter a coated pIt every 3 to 5 seconds on 

,rgost types of cultured cells (100,139,177). 

However, two examples contx;ary to this general model 

can be cited~ 1) There are sorne cases' (such as for the low den

Bit Y 1ipoPfotein receptor, ref. 103)' in whlch receptor occupan

c~ -la Dot requlred for immobllization of receptora; 2} There , , 

are a few' systems ln whlch labelled ligand clusterlng in coated 

pits has'not b~en observed (7,11,21). 

Neverthele~s, coated pits were found ln a1most aIl 

anImal cells (179) and cao tie conaldered to be involved ln rec

ep tor-med la ted endocy tos ~s of a large number o( "llgénds. The 

"coat" Is located on the çytoplaamlc side ol the membrane and 

is predom,lnantly constltuted of a proteln termed clathrin 

6' " 
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(120). On electron microscope preparations, it appears as a 

fuzzy lining on small selected ar~as of the plasma membrane but 

was also found on regions of the trans-reticular elements of 

the Golgi complex and on endocytic vesicles in sorne cell types. 

Although there is general agreement that clusterlng of 

11gand-receptor complexes (and also, ln sorne cases, of free 

receptors) within clathrln-coated pits of the plasma memhrane 

occurs, identification of the specifie structures involved in 

the following steps of internalization remains controversial. 

Many lnvestigators (20,50,55,64,82) claimed that coated pits 

that ,accumulated lip,and-receptor complexes pinch off from the 

plasma membrane and generate intracellular coated vesicles. 

Such vesicles are thought ta 1005e their clathrln coat shortly 

after b,!i!ing formed (20,41), thus becomlng ,uncoated endoeytic 

vesicles. Pastan and Willingham (I17,118) opposed the view 

that the coated veslcles observed near the cell surface were 
> ", 

actually tangential sections through deep (:-~ted pits, 

are stable structures, and suggested uncoated)vesicles 

generated directly from coated pits. 

which 

to be 

Both vlews were convincingly doeumented. For exampIe, 

Kolb-Bachofen et al. (83) and Petersen and van Deurs (121) 

showed coated veslcles very near to or even fused with intra

cellular vesieles and conffrmed these were intracellular by 

seriaI sectf.oning. On the other hand, Willingham and Pastan 

(176) and \Hll1ngham et al. (174,181) interpreted their morpho

logieal data as uncoated vesicles actually being formed from 

the long and tortuous necks of cOBted pits. A pos 8 1 hIe 801u-

tion to this argument could he in slght, however, since K01b

Bachofen (81) recently reported either coated or uncoated vesi

eles to be f.nvo1ved" ln the receptor-medlated endoc)'tosis of 

lactosylated bovine serum alhumln, dependlng on the cell type 

studied. She suggested cell shape was important in determining 

the type'of endocytic vesicles. 

" , 

" 
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In addition to the genera1 term "endocytlc vesic1e", 

variouB ether names have been glven te these organelles, in

cludlng endosome, receptoseme, pinosome or !ntermedia te vesl

cles (64), The compartment for uncoupling of the receptor and 

ligand (CURL) descrlhed by Geuze et al. (50) could a1so be 

related t; the endosomal compartment (sf')elOW>. Newly formed 

uncoated receptosomes are about 250 nm ln diameter (as compared 

to 150 nm for ceated pita), and range in size from 250 to 400 

nm (117). They are smooth membrane-bounded vesicles with a 

prote!n layer to thelr inner surface (probab1y representing 

Il gand-re cep to r com plexes ) 017,176). Other characteristlc 

features of ,receptosomes are that they frequently contain a 

single intralumenal vesie'le, have 'a fuzzy border along a 

s traightened edge of their membrane and are surrounded by other 

smaII veslcular structures with which they may be in contlnulty 

(117,176,177,179), 

Perhaps one of the most important characteristlc of 

endosames, however, Is that their intra1umenal matrlx rapidly 

hecomes acidic, within a few minutes of their formation, with 

an internaI pH approaching that of lysosomes (t68). 

sinee they lack 1ys080l)1a1 enzyme activities (32) and appe 

selectlvely avold fusion with lysosomes (116,177,179), 

cannot he considered as part of the lysosoma1 

Rather, they were observed to fuse only wlth each 

with the trans-reticular elements of the Golgi apparatus 

177 ) • This contrasts with other endocytic components 

in 0 the r for m s 0 f non - sel e c t ive end 0 c y t 0 sis (n 0 t 1 n v o~l n 

C 0 a t e dpi t - end 0 som e pat hw a y ) and w hIc h w e r e s ho w n t 0 f'ù s e r apI -

d1y wlth mature secondary lysosomes 007,116,140,153,158,175), 

Reeeptors direct ligands through the coated pit path-

way. leadlng to internalization. Since the ultimate fate of 

most IIp,ands that enter ce1l8 via receptor-mediated endocytosis 
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18 t.o he degraded within lysosomes (55,57,106,156,177), whlle 

receptors are generally recy<:led back to th'e surface ln arder 

to be reutl1iz'~d (64,73,95,105,142,156,177)L,. l\ means of sepa

raUng the two rn·ust existe The acidlc' envlronment within endo-

somes i5 thought to serve this purpose (48,60,168). lndeed, in 

sorne systems, a low pH Interferes with ligand-receptor interac

tion (64,128,134,J64). Gal,Ioway et al. ('46) recently showed 

acidification of endosomes to be ATP-dependent, prollably In

volving a plasma membrane-derlved proton pump (42) ... 

Wlth ligands dissociated from their receptors, sorting 

of the two hecornes concelvable. Geuze et al. (50) recently 

descrlbed a "compartment of uncoupling of receptor and ligand" 

whlch was interpreted by \Hllingham and Pastan (177) to repre-

sent trans-reticular Golgi elements. As mentioned above (118, 

177), this compartment appears to he a major target for endo-

S 0 me fus ion. The group of Geuze, Schwartz and their col-

leap,ues, using a clever double lahelling method, brought direct 

morphological evidence for th7 segrega tion not only of a ligand 
\ 

(asialoglygoproteins, ASGP) from its receptor (50), but also 

of different receptors that may be taken up together, depending 

on their expected fate (e.g. reeycling for ASGP receptors or 

transey tosis for IgA rece p tors) (SI). 

Tha t such sortIng should accu r in the CURL ls consis-
" tent w i th results fro m the group of Willingham and Pastan, who 

s howed such a raIe for the trans-reticular portion of the Golg i 

(I7]). Thts reglon of the Gal g 1 apparatus (probably tha t ae tu-

ally observed by Camillo GolgI ln 1898, reL 56) is also rich 

in acid phosphatase (54) and was recently shawn to have an 

acidie internaI pH (143). Henee, it was also termed the GERL 

area (Golgl-Endoplasmic Reticulum-Lysosome compartment). 

An important morphologie feature of thls p.orJton of the 
<. 

Golgi apparatus is that it also contains clathrin-coated pit's 
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{44,114),c whlch\ are smaller (70 nm, rets. 173,177) than those 
\ 

locate,d on the \plasma me1lrbrane but appear to have a similar' 

role:o the selection and concentration of given macromolec:.uleg, 

in· ord,er to arrahge' for proper subsequent routlng. Macromole

cules concentratf'd in these small Golgi coated pits appear to 

,be delivered to newly formed lysosomes (172,176,178). lt ls 

not ,clear" however, 

their receptors (seè 

how ligands 

above) are 

that were dissociated 

concentrated withln 

from 

these 

selected areas; aggregation ln the plasma membrane coated pits 

ls dependant upon receptors whlch are able to freely glide in 

the plane of the membrane ano get trapped in coated pits. 

Slnce receptors ,for mannose-6-phosphate and terminal galactose 

in' ASGP (and posslhly also receptors for other sugars) accumu

late in Golgi coated'pits (51,180) and, since the Golgi complex 

ls known to be an important site for glycosylation (54), ~ndo

cytosed ligands could b'e g,1ycosylated upon delivery within the 

trans Golgi ancd boun~ by receptors Interactlng with such carbo

hydrate moieties and which are capable of clustering in the 

Golgi coated pits. 

« ' 
Wh il è li g and s are u s ,u a Il y t ra n s fer r e d f rom the t r ans -

retlcular Golge to nascent lysosomes via the Golgi coated plts, 

their receptors, which do not concentrate in such structures, 

~re not delivered to lysosomes either., ,Several in~irect Hiles 

of evldence suggest that receptors ate recycled back to the 

celi surface (reviewed in refs. JO,55,64,118) and this was con

vlnclngly demonstrated for the ASGP receptor (22,142). It'Js 

interesting to note that the' receptors for lysosomal enzymes 
, , 

c 1 u ste r in the Go 1 g i co a te dpI t s (1 8 a ) , wh e r e Il s ~ h 0 se 'f 0 rot h e r 

ligands and w,hlch are to be recycled, rather th~n ending'u'p in 

lysosomes, are segregated differe.ntl'y (50,51). Also, fn' t,he 

few cases where a ligand ls to, be spared lysosomal degradat10n 
~ , 

( e x a m pIe s are t r ans fer r in, r e f • 7 9 and l g A', , r e f. 5 1 ) , the 

ligan~d-receptot' complexes do not 'dissociate ln the endoBomés 

and both are returned together to the ce11 surface. 

1\ 
, ~ -) , 

.' 



, " 

, " , ( 

J 

14 

Rece p tor- me d la te-d end oey tosi 5 tepre sen ts a con ven ien t 

way by which cells ~8n specifieally take up macromolecules from 

the envlronment. This mechanlsm can be extremely rapid wlth 

clustering of l1gand-receptor complexes in coated pits of the 

plasma m'embrane occurlng withln ~econds" internallzatlon in -1,. 
endosome's within minutes, delivery to thè trans-Golgi elements ~ 

_J 

around 10-15 min. and to the lysosomal eompartment at 20-60 

min. (see rets. 48,55,100,117,118,139,176,177,179), with sorne 

degree 

lngly, 

wi th 

142). 

of variation, depending on the syst~m studied. Accord

receptors ar'e very rapidly rècycled to the' celi surface, 

the round trip sometimes taking ,less than 5 mIn. (l, 

A 1 S 0, the pla s tIc 1 t Y 0 f th i s mec h'a ni sm i s suc h th a t d 1 f -

ferent ligands may enter through this pathway (even ln the very 

same coate"d pit and .endos_orne, refs. 25,99), "yet be segregated 

along the way (51). 

Now that the "how" of receptor-me'diated endocytosis ls 

heginnlng to he understood, the "why" still remaina ,open to 

question. A posSihle role for such processes ls the control of 

cell surface active components including, of course, hor,mone 

receptors. Wlth thls respect, Internalization could serve 

elther a general "housekeeplng" purpose or could he Involved ln 

a more specific "turning off" step in the mechanism of hormone 

action, taklng activ'ated (occupied) receptors apart from thelr 

cell memhrane effectors. A role ln the termlnation of hormone 

actton i9 qulte likely since nearly aIl ligands studied sa far 

end up ln lysosomes and presumably undergo degradation. On the 

other hand, it would be tempting to propose that such a well 

controlled uptake mechan,ism could be Involved in targetlng 

informational molecules to intracellular effectors. However, 

except for the special case of trl1odothyronlne (115,136), 

there i5 as yet no flrm evidence for eventual actions of pep-

tide hormones at intracellular sites. On the contrary, and as 

will be d~scussed in Chapt~r 3, there 19 a great body of evi

dence to sugges t tha t ac tions of polypep tide hormones are elic-

1ted strictly at the plasma membrane levei • 

• 
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1.5: Prolactin receptors 

As is true for other polypeptide hormones, prolactin 

exerts its action on target organs ,via interactIon with specif

ie ce Il surface reeeptors. Prolactin receptors were initially 

identified in mouse mammary gland ln the early 1970's (14,167) 

and sinee then, PRL hinding has been reported ln a wide variety 

of tissues and species (reviewed ln reL 66). The broad dis

trihution of PRL-spec1flc binding sites i9 compatible wit})' the 

uhiquitous na ture of thls hormone, as reported in Section 1.1. 

To date, a true reeeptor function (recognition, hinding 

and transduction) has been clearly established only in the mam

mary gland (149), hut there ia genera} agreement that PRL hind

ing sites observed in most, if not aIl other tissues are 8lso 

physiologically relevant (66,150). Data argulng in favor of 

, th i s vIe w are the h 1 0 che mie a 1 and 1 m m u n 0 log i C'1l 1 sIm il Il rit 1 e s 

found amongst PRL hinding sites in most 'tissues studied (108, 

148, ISO) and the partial blockage of. two dlfferent actt"ons of 

prolactin (lactogenic and luteolytic) observed when anti-recep

tor antihodies were injected iota lactatinp. or normal cyellng 

rats, respectively (18). Therefore, in this work, l shall 

refer to them as PRL hindlng sites or as PRL receptors. 

Some biochemical and physlcochemical characteristics of 

PRL-R are hep,inning to be elucidated. These studies are com

plicate~ by the fact that the receptor molecule has not yet 

been puriflpd to homogeneity, a1though much progress has been 

made during the past few years. A buoyant density of 1. 2-1.4 

g/ml has been reported (66) whlch sugp,es~s that the receptor ,1s 

primarlly protein material. - This view Is ln good agreement 

wlth the fact that proteolytic enzymes aholish PRI:: binding 

(152). However, PRL-R a1so contain carbohydrate molet1es, 

sinee soluhllized receptors bind to con~anavplin A (166). In 



16 

addition, phospholipids are a150 required for PRL receptor 

aetivÙY, sinee phosphol1pase C reduees PRL bindlng (152). 

There has been con tradle tory reports on the molecular 

weight of the prolactin receptor, wlth values ranging from 32-

37,000 09,87,88) to as much as 320,000 (26). Hughes et al. 

'(66) suggested that the detergent used for solubilization may 

he responsible for these discrepancies, with nonlonie deter

gents such as Triton X-IOO resultlng in the formatio~ of hlgh 

molecular weight aggregates, and zwltterionic detergents 11ke 
, 

3- ( 3 - chal am ido pro py l di me thy 1 a mmon i 0 ) -1- p r opa ne su lf on a te (CH A PS ) 

possibly bn;aking apart noncovalently Iinked subunits of the 

receptor moleeule. Although it has not yet been clearly demon

strated wether PRL-R have a suhunit structure [preliminary 

results by Shiu, not yet published but mentio~ed by Hughes et 

al. (66) wou Id suggest sol, it appears that the hinding poly

peptide has a molecular welght in the range of 36-45,000 ln the 

rat, rabbit and mouse 0.9,67,87,88). Recent results in our 

laboratory agree wlth the se values (75). 

Molecular Charge is one physlcochemical datum whieh 

suggests heterogeneity among PRL-R in dlfferent organs. 

Indeed. experiments using analyt:ical isoelectrlc foeusins; 

yielded pl values hetween pH 6 and 7 for the rabhlt mammary 

reeeptor (147) and 5.1 for the hepatic receptor in the same 

specles (169), In the rat, hepatlc and mammary PRL-R also dif

fered by their optimal pH for binding, Ion requirements and 

sensitivity to neuraminldase (152). Heterogeneity for insulin 

receptors has also been reported by several investigators (45, 

63,98, Î83). 

Much attention was also addressed ta the mechanisms 

involved ln the regulatlan ot PRL-R, with a special emphasis on 

receptors in the liver and the mammary gland. RegulatIon of 

receptors is of primordial importance, in addition to circulat-

--' • 
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Ing o hormone levels and, possibly, other regulatory processes 
\ 

which may intervene at post-receptor steps, ln order to strict-

ly control cellular activity. Actually, PRL-R regulation It

self is very complex, with a variety of factors influencing 

receptor levels in target cells. These have been reviewed 

extenslvely (66,108,150,170). 

Sex and development are major factors influencing PRL-R 

levels in mammals, since the most striking effects of prolactin 

in these animaIs are the development of the mammary gland and 

lactation. Therefore, PRL-R levels are slmLlar ln livers of 

young male and female rats (77), but at puberty (around day 40 

in the rat), PRL blndlng capacity ls much hlgher ln the female 

than in the male.- Further sex differences are observed regard

Ing the effects of estrogens in PRL-R tegulation (see also 

helow), ln that these steroids appear to stimulate PRL-R levels 

in livers of male mice hut to reduce them in females (92). 

Sorne physiological 

levels, such as the phase of 
.ra 

hlnding' has been reported to 

conditl'ons may also alter PRL-R 

thE' estrous cycle: rat~iver PR~ 
be higher during estrus and dies-

related to tbe PRL, gonadotropin trus l (76 ~, and this may he 
\, 

and estradio'l- surges whieh occur on the afternoon of proestrus ç 
in female ra ts. 

Otber physiologieal states also influence PRL l'ecep-' 

tors. Durlng pregnancy ,in rats, PRL-R are greatly,increased in 

hoth mammary gland (34,65) and liver (77), althou'gh a lar;ge 

part of these receptors are occupled by endogen'ous lactogens. 

Indeed, it has bee .. shown (78) that the concel}tration of plasm'à 

pro lac tin, and 10 r pla c e n ta lIa c t 0 g en (P L ) t s h 1 g h th r 0 u g hou t " 

pregna oey 1 n 

ec tonty (for 

PRL) results 

. " 

many species, and !luppresslon of thelte by hys~,er

pi.) or administration of ergot derivatlves (for' 
o 

in hi&,her estimates fdr PRL binding. 

• 0 

\ " 
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'A further Increase ln P.-RL-R levels is observed in rat 

mammary gland at parturItion and during lactation. This would 

appear to correlate wlth the rapid decline in progesterone 

levels occuring just prior to parturition. P'togesterone ls 

known to block lactation ln this species (84). However, pro

gesterone administration does not hlock the 1ncrease in PRL-R 

levels ln ovariectomized rats (151). Proges terone may elie! t 

its inhibitory effect on lactation by an action on a post-

receptor event (170). In support 'of this view is the demon--

stration that ovariectomy in pregnant rats -results in lactose 

synthesis (145). Rather, the induction of PRL-R at parturition 

and during lactation in the rat appears to be dependant upon 

the 'suckling-evoked prolactin release (17): not only Moes re

mova1 of the pups abol1sh this PRL-R increase, but ergocornine 

administration a1so "blacks -it in the presence of the aff

spring. 

The situation may be somewhat different in the rabbit, 

since progesterone has been sbown to black the .increase in 

PRL-R l.nduced by PRL administration in this species (33). 

Accordingly, in the 

the rab.bit did not 

studies by Kelly et al. (77), pregnancy in 

resu'lt in increased hepatic PRL-R levels. 

There was actually 0'0 sex dlfference in lactogenic receptor f 

levels 'in arlult rabbits, but such a difference was observed for 

g'rowth hormone recep tors (GH-R) and these were 1ncreased during 

pregnancy ('77). Similarly, in mouse liver, although higher 

PRL-R levels are seen in the adult female than in the adu~t 

male, pregnancy results in an increase in GH-R but not ln PRL-R 

(123). In other studies with guinea pigs, neither GlI- nor 

PRL-R were augmented ln the liver during pregnancy (77,125). 

These studies would suggest that there is a consider

able variation between species in the mechanisms controlling 

PRL-R levels during pregnancy, but it must a1so he kept in mind 

that, as mentlo'lt.d ear1ier (see also reL 150), fallure to 

, 
a 

-
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r:' 
observe elevated receptor levels ln sorne of these studies mlght 

be exp1alned ln part by receptor occupancy by endogenous 1acto" 

gens, since desaturation of the blndlng sites has not been sys·

tematica11y carried out. 

These differences could represent ways by which dlffer

ent specles have tackled the proh1em of promoting mammary 

growth during pregnancy. without 

hypothesis shou1d be consldered 

somatogenic actions of prolactin 

inducing lactation. Such a 

in the view of the reported 

(9,16,24,130) and the abllity 

of placental lactogens of Many species to interaet with somato

gen receptors (165). Thereqore, in sorne species, GH-R rather 

than PRL-R are augmented dU~ing pregnancy, and PRL and/or PL 

may induce mammary development via interaction with these re

ceptors. In sorne other species (e.g. rat). prolactin receptors 

May be able to discriminate hetween PRL and PL binding, the 

latter inducing on1y the growth-promoting effects megiated by 

this receptor [e.e. PRL induces somatomedin release from liver 

(43) 1 • In species not possessing PL (e.g. rabbit), the- post-

receptor 'inhihitory action of proges terone is required ln order 
, , 

to prevent lactation t,,? Decur du rIng pregnancy, hut this would 

he unnessary ( and '" ... does not oeeur) in the rat because eireu1at-

ing PRL levels- are Iowa t this 

ring Just priol' to parturition. 

stage, wlth the PRL ~urge occur-
l, 

Sorne striking differences in PRL-R regulatlon are a180 

s e e n b e t w e-e n 0 r g ans w 1 th i n agi ven s p e cie s • In lactatlng rats, 

for example, PRL-R levels are high in the mammary gland while 

they are low in the 1 i ver (61). Tes tos te rone decrea ses PRL 

bindir,g ln the kidney and adrena1 (97) ànd in the liver (146) 

"' , . 
but increases it in the prostate (80). Prolactin blnding ls 

reduced by glucocorticolds in the kianey and adrenal gland, but 

hepatic reeeptors rel1l.ain unehang~d (96). Thyrold-stimulating 

hormone !nduces PRL-R in the kidney without affecting the adre
t! 

nal (93). 

• 
\ 
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, 
Ther .physiologieal 

re1l\aln 'unclear and better 

~ 'B' 
si gn 1 f 1cà'nce of" ,the-se pro-cesses 

unders>tanding 
, a ' 

will await further 
• 

kT\owledge 00 the l'oIes of prolacti,n I,n these vari!;>uB tissues. 
~ 

If, for example, the reported PRL- (or, lIjaybe PL-) induced 
, c 

L 

generation of somatomedins 'by the livet (43') ls physl010glcally 
~ . 
relevant and is Involved in mammary grpwth during pregna~cy, it 

, 
wou 1 d ber a t ion aIt 0 tu r n 0 f f the se r e p _8" t'i c t; e cep tOI' s a f ter 

parturition (when the mammary gland is f,uLly '<leveloped) blPt to 

k~ep hlgh mammary receptor levels ln 'or'd[~;'"to sustain lacto

genesi,s. This, of course Is highly specula,tive," and the 
, 0 0 

IdenH.fl~·ati9n of the endogeno'Us mediato~s' ~nvolved in, and the 

, elucid'a tion of the , . ~ 

" in PRL-R 'lev~lls'o 

r~8earch. 

mechan i sms 

represent 

, 
governiog" such tight re~ula-t~on 

~ 
a major cha~llenge for ~uture 

<, 

f' ,great 'many Hormones have been shown to be par~ of 

these regu1~ tory ; ~oce s se s. Among the se, e,s.troogens ,'ap poear to 

play a maJor rol~ and this correlates with PRL-R changes with 

re,spec t to sex and Cd~ring the es trous cycle and pr.-é'&nlincy (see 
o , 

above). AIso~ d'irect administration of estradiol or oe,~trone 

results il) a marked incnease ln hepatic PRL oblnding in \,lO'th 

male and femal_e rats, even before puberty (76,125). In ,addi-, 
ti~n, ovarle~tomy reduces lactogen bindlng in femaies and anti~ 

es trog,oens bJock the ~s trad i ol-evoked increase in PRL-R (76). 
J ù 0' r 

Severai 1ines of evidence Buggest that pro'laetin itlself 

may a1so p~ay a key role in the regulation of fts re~eptors. 

Flrs't, injection Qf" PRL into rabblts Induces marnmary re'ceptors 
, 0 

(33). 't Second, hypophyseetomy results in decreased PRL binding 
[) 

(12.5) and administra'tion of hlgh doses of PRL or pituitary' 

irit p 1antg"tion u>nder the kidney capsu"le are able ta p,artlally 
'0 " 

'restore PRL-R in these animaIs 05,29,1'24,126). Third, the 

mec hani sm estrogen ac t ion j ust mentioned could Involve 
c 

induction of PRL release, as thts would agree wlth the repor~ed 

" 

'. 

y c 
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Incr~ase in c,~rculating PRL followlng estrogen administration 

(1'()4) and the fact that hypophysectomy prevents the ability of 
!." j' 

":~stro.ne to t,nduce PRL-R ln 'rat liver (125). Furthermore, pitu-

'itary Imp~ants a1so, restored the response to estradiol in hy:po

physectomlzed rats (124-126). 

In a study by Kelly et al. (74), however, administra

tion of the dopaminergic agonist CB-154 (a less drastic way, of 

blocking, PRL secretion than hypophysectomy) failed to alter the 

resp.onse to estradiol. ln another study (4), large variations 

i~, circulating PRL levels falled 

effect of' castration on hepatlc 

to modUy the 

PRL-R levels in 

stimula tory 

male rAts. 

AIs 0, i,n the i r à for,- e men t1 0 n e d pa p e r , K e Il y e tapI. (7 4) s ho w e d , 

'". that hlghe'r estradiol doses are requlred to signif1cantly 

elevat'e' plasma PRL :than to induce hepatic PRL-R in ,ovarlecto-

" . , 

'mized rats. Therefore, although ,the pitultary ls clearly in-
, ' 

volved in th'e regulation of PRL-R at least ln the mammary gland 
" -,'and in the l1ver, ir. would be possible that PRL itself plays 

'only a permissive role. [It must be-remembered, however, that 

there are conslder'able differences between species or organs, 

in the effects of PRL on It;s receptors. For example, PRL 

. a p p e ars t 0 b e ' t 11 e 0 n 1 y t n duc ,e r ,'" f P R L - R 1 n r fi b bit ma mm a r y g 1 and 

(33) hut t;o h'ave more limtt~d ~ffects ln rat liver (15,29'). 

Note that ln the' latter, st.udles j receptor desaturation has not 

beeh carried out 'prlo,lr to PRL-R 'determination. In vitro evl

den c e for a d ire c tac t1 0 n 0 f P R L ~ n P R L -R lev e 1 !I in cul tu r e d 
, , 

rat l)epatocytes will be; 'pr:;~sented, in Chapter 3; in this system, 

èstradlo1 "fal1ed to' alter PRL hinding (unpublished). J , , , 

Shiu and F'rlesen (150) have gone further ,and suggested 

'that PRI:. may not he t,he Indu',cer of ~RL-R. They, presented sorne 

indirect âa'ta supPo'rtlryg the, vfew that a "feminizing factor" or 

"femlnotropl~'" from ,the pitui tary, 'earlier described hy Eneroth 
" ' 0 

et a1\ (37) and Stenberg,et al. (l57),"could be the true media .. 
o , 

tor of. the change ln P·RL-R levels 'observéd wlth hypophysectomy, 
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pltultary transplants, or o'ther ways o-f tamperlng wlth the 

pltultary. They a1so suggested that thls factor could have 

been present as a contamlnant ln the PRL preparatlons used, for 

injectlons, thus exp1aioing the very high doses (2mg per rat) 

required to indu ce rat liver PRL receptors. 

In an earlier paper (170), on the other hand, the same 

group had evoked the involvement of other known pituitary hor

mones, namely thyroid-stlmulatlng hormone (TSH), adreoocortlco

tropio (ACTH) and growth hormone (GH) ln the regulatioo of 

hepatlc PRL-R. The relevance of these, as weIl as, posslbly, 

pituitary gonadotroplns (via their action on ovarian estro

gens), may accouot for the fact that PRL alone resto~es ooly 

20-30 % of liver PRL-R levels In(\hypophysectomlzed female rats 

(29). 

Thyroxine and estradiol have been shown to be effective 

ln restorlng hepatlc PRL blndlng after thyroldectomy and ovarl-
c 

ectomy, respectively (49). 

(non-lactogenlc) alone can 

Although neither ACTH nor bovine GH 
induce PRL bintilng ln hypophysee-

tomlzed female' rats, théy both synergize with 10w doses of 

ovIne PRL (3). ThIs effeet of ACTH Is, adrenal-depeodant but 

does opt 1nvolve increased corticosterone release. Rather, 

Waters et al. (170) suggested thls actIon of AC TH may be medl

Bted hy adrenal estrogens aod could explain the decrease ln 

PRL-R observed ln livers of normal female rats, fo1lowing adre-

nalectomy (76). In the male, such an effect of ACTH appears 'to 

be largely counteracted by testosterone of both ,testicular and 

adrenal origi~ (170). 

The mechaoisms governing PRL-R regulation are therefore 

quite complex and involve a varlet y of peptide and steroid hor-

mones. The levels ()f these 

physiologiesl condItions wIll 

iog ln sny giveo situation 

·various factors under specifie 

determln~ the level of PRL blnd

wlth, however, responses varylng 
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considerably between specles and tissues. In thls section~ 1 

documented ooly PRL-R regulatlon ln the mammary gland, becauBe 

It is the site of the most 9tudled action of this hormone 

lactation - and ln the I1ver, because this organ received mOBt 

of the attentIon in etudies dealing spec1fically wlth PRL-R 

'regulation, including most of the o'riglnal work presented ln 

thls thesls. 

H' 0 w e ver, s 0 me d a ta are a 1 8 0 a va Il a b 1 e on t li e reg u 1 a t ion 

of PRL binding in many other tissues. These include the te\

tes, prostate, ovary, adrenal and kidney (reviewed ln refs. 150 

and 170). These data highllght further differences between 

tlssue&, whlch may relate to the varlous effects of prolactln 

ln the se tIssues. For example, one of the functions of prolac

tin 19 the control of electrolyte halance (110, Ill) and it may 

exert this action via induction of mineralocorticoid output by 

the adrenal glands (182). Accordlngly, salt-loading, which has 

no effect on kiciney PRL-R, speciflcally increases adrenal PRL 

hlndlng (94), which may be viewed a8 a feedback mechanism, 

classical to hormonal systems. Ànother example of organ-spe

cifie regulatory process for PRL-R relating to PRL function ls 
• the unique interdependancy of prolactln and lutelnizing hormone 

ln the control of each other's receptor in the ovary (see reL 

170) • 

The work which l present in this thesis deals exclu

slvely with hepatic and mammary prolactln receptors and la dl

vided into three major topics. When 1 jolned Dr. Kelly's group 

as an undergraduate apprentiee in the summer of 1980, tissue 

fractionation studies had been undertaken in order to elucldate 

how and where PRL-R are compartmentallzed. Recep tors from 

plasma membrane and Golgi fractions had been identlfied and 

were being characterized. My contribution to these studies 18 

related to PRL-R in the lysosomal eompartment and ls pre8ented 

ln the next chapter. Briefly, PRL-R were found in lysosomal 
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preparations t charaterized uslng the method of Scatchard (I37) 

and compa red wi th plasma membrane and Golgi 'recep tors. Experi

menta were also deslgned to follow the uptake of 125I-lahelled 

PRL Injeeted ln vivo, the d~gradatlon of both PR~'and PRL-R and 

the effect of the lysosomotroplc agent chloroquioe on PRL-R 

levels ln lysosomel sub-fractions. 

Thè second part of my wO'rk was devoted to the regula

tion of PRL-R in rat hepatoéytes in primary culture, using a 

pharmacologiesl approach. In' these experiment9, which are 

r e p 0 rte d 1 n Cha pte r 3,"'" l mon i t 0 r e d the e f f'e e t S 0 f P R J., a Ion e 0 r 

1 n con j une t Ion w i t h var 1 0 u a 1 n h i bit 0 r a 0 f cel 1 u 1 a"t" fun c t Ion B 

(cyclohexlmlde. actinomycln Dt dlnltrophenol. ch1:oroquine apd 

COlchiCine), on total cellular PRL-R levels and used these data 

in conjunction wlth the putative actions of the drugs ut!lized 

ta obta!n further i~Bight on the mechanlsm of PRL-R l'egulatlon. 

Includlng the effects of PRL itself. 1 ala'o studled ttle' 

effects of a polyclonal antlbody to the PRL-R ln thls system. 

Finally, Chaptel' 4 Is addressed to my attempts to 

directly visuallze PRL-R in rabbit mammary gland, uSing a mono

clonal antlbody prepared ln our laboratory, at the electron 

microscopie level. The l'eason why l tul'ned from studying re

ceptors in rat liver to those ln rabbit mammary gland, ls that 

when these expel'lments wel'e undertaken~ only monoclonal antibo

dies ta the rabbit PRL-R were aval1ahle. Also, PRL-R in this 

tissue were all'eady weIl chal'acterlzed, as the y had recelved 

much attention from a group of our collaboratol's ln Jouy-en

Josas, France. The approach prlmarlly utl11zed la Immunocyto

chemlf1try with a second antlbody (F(ab)'2 fragment) lahelled 
. \ 

wlth horseradlsh peroxldase. 
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ABSTRACT 

Prolaetln reeep~ors have been prevlously Identifled ln puri

fied rat livet' plasma membrane and Golgi vesiele preparations. 

In thls study, we report on prolactin receptors locatud ln high

ly pur1fled lysosome preparations. These lysosomal prolactl.n 

receptors were characterlzed uslng the Scatchard analysis and 

,compared to other tntracellular and oeIl surface receptors. 

\Je have Identlfled two classes of lysosomes. Lighter lyso-

àome-like vesLcles, whlch are greatly enrlehed ln acld phospha

tase actlvlty (the marker: enzyme of lysosomes), contaln a great 
( 

deal of blndlng activity. This PRL blndlng was 0':1ly sl1ghtly 

lnc.reased by pretreatment of. anlmals wlth the lysosomotropic 

agent, chloroqulne. In contrast, mature lysosomes 

Uttle hlndlng activity in control animaIs. but 

s h 0 w e d v e'r y 

chloroqu lne 

treatment inere3sed bindlng 7- to 8-fold ln these mature lysoso

mes. We suggest that the lysosome-Ilke structures are im,mature 

lysosomes (namely prelyso90mes) towards whlch the hormone-recep

tor complex 19 internalized; they appear to bear little proteo

lytic activlty. These structures could play a 'role ln prolactln 

receptor recycling. 

Lysosomal prolactln receptors showed curvilinear Scatchard 

plots, ln contrast to plasma membrane and Golgi counterparts, 

which were linear over the same range of hormone concentra'

tions. The high affinity site ln lysosomes had a Kd comparable 

to the celi surface and Golgi receptors. The number of bindlng 

sItes per mg protein ln prelysosomes and lysosomes ,W8S 3 times 

greater thao that ln the homogenate, but Golgi preparations were 

3 times a8 rlch as lysosomes. The great number of PRL receptors 0 

ln prelysosomes could be attrlbuted, in large par.t, ta the low 

afflnity sites. 

1 
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The Intérnalization of prolactln lnto rat llver W8S ex~ed 

following ln vivo Injection of 125r-oPRL. The labelled hormone 

W88 found initlally ln the plasma memhrane fracti~n, after which 

it localized preferentlally ln the GolgI fraction, with maxImum 

incorporation at 15 min.' post-injection. Suhstantlal radio

actlvlty was observed in both classes of lysosomes (L-l and 

L-2). In contrast ta the Golgi fractIon. maximum incorporation 

of 1251-oPRL in lysosomes was at 30 min. This Buggests either 

that durin!!, internalizatloo, prolactln first reaches Golgi .:!le

ments and 18 then transferred to the lysosomal compartment, 0:

that there are two 1.ndependent pathways of Internallzatlon, one 

rapld towards the Golgi complex (maybe a path of receptor recy

cl1ng) and the other. towards lysosomes (probably leading ta 

receptor degradatlon). 

,0 

, ' -
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INTRODUCTION 

Prolactin receptors have been Identlfied and characterlzed 

1 n pur l fie d G 0 1 g i and pla s ma me m b r a n e' pre par a t Ion s 0 f rat 1 1 ver 

( 5 , 2 5 ) • 1 t l s n 0 101 101 1 deI y a c cep t e d t ha t a f ter h 1 n ct l n g 0 f h 0 r m 0,

nes to thelr specifie plasma memhrane receptors, the hormone

receptor complex ,1.9 internallzed Into the celI 0,3,6,10,11, 
, 

13,15,16,26,29,32). ~evertheless. the fate of the hormone-

r e cep t 0 r C 0 m rIe x fol 1 0 101 1 n p, i n ter n a 1 i z a t Ion rem a 1 n s <, u n cIe a r '" 

(6,7,12,16,26). I(han et al. (22) recent1y reportecl that insulln 

and lactogen receptors could be found ln a unique veslcle, dis

tInct from Golgi, lysosomes, or other a-eflned subcellular ele

ments. 

i 
Ji n t h 1 s s t LI cl y, 101 e h a ve 1 den tif 1 e dan d 'c ha r a ete riz e d pro 1 a c -

tin receptors ln highly pur1fled lysosomes and llght, lysoson'le

like structures and compared them wlth prevlously characterlzed 

GolgI and plasma membrane receptor~. We a1so studled the Inter

nalizatlon of labelled prolactln Into liver ce1ls by followlog 

its incorporation ln vIvo ioto subcellu1ar fractions. Our 

resul'ts demonstrate that Internalized radloactivlty ls observed 

Inltla1ly ln the Golgi and Bubsequent1y in the 11ght 1ysoBomes

like aod mature lyso~omes and suggest a role of lysosomes ln the 

degrarlat\on of the hormone-receptor ~omp1px. 

... 

• 
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MATERIALS AND METHODS 

1. Materials 

Female Sprague-Dawley rats (CRL:CS(SD)BR, 200-250 

(S t. 

g) were 

Constant, 

Accurate 

from Charles RIver Canada Inc. purchased 

Qu~hec). Metrlzamlde (Analyt!cal grade) was froID 

Chemlcal fi Sclentific Corporatlon( Westbury, N.Y.) and reagents 

for enzymatlc essays (2-glycerophosphate, 5'-AMP, N-acetyl glu

e 0 s s mIn e) we r e f rom SIg ma ( S t. Lou 1 s , ex cep t for [14 C J - U D P-

galactose whlch was 

129) • 17S-estradlol 

from Amersham 

(Slgtna), 

lIelghts, IL; CFB

(Sigma) and Cn-154 

( San cl li> z t E a s, el, S w i t z e ria n d ) for l n j e c t Ion 1 t 0 a n 1 mal s w e r e 

dissolveci in physiologicsl sellne 'contllining li. Human 
'4 

growth hormone (hGB;" HS-2160E; 1. 7 lU/mg) and prolactln 

(oPRLj NItI-P-SI3; 30 lU/mg) were generously sup lied hy the 

Natlorlal Hormone and Pltultary Program OlIH). [125I)NaI weB 

from New \England Nuclear (Boston, MAi NEZ-033H). 

2. Tissue fractionatlon 

Lysosomes and 11ght, lysoBome-like structures (the L-I ,fr~c

tlon from IJattlaux et al., ref. 30) were lsolated from estra

diol-pretreated rat '(5 ug, s.e. twice a day for 7 days) bya 

modiflclltlon of the method of Wattlaux et al. (30). Fresh liv

ers were homogenlzed in 0.25 M sucrose (7 ml/g llver) and cen-

trlfuged and w8Rhed at 2000 " g for 15 min. 

spo~ris ta the comblnation of the 

drial) fractIons of de Ouve et al. 

N (nuc]ear) 

The pellet corre

and M (ml toc hon-

( 8 ) • Tht> pooled superna tan ts 

were further ceJ'ltrlfuged and washed st 17,300 x g for 14 min. 

and the pellets rehomogenlzed ln 0.25 M sucrose (1 ml/3g fresh 

liver) yleldlng the L-fraction (llght mltochon'drial fraction). 

The pooled B~pernatants constitute the comhlnatlon of the P (ml

crosome) and S (soluble) fractions of de Ouve et a1.(8). L

fr.llctloo was mixerl with 2 parts of 85.67. metrlzamlde, 'la ml of 
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this mixture were plaeed at the bottom of cellulose nitrate 

tubes, and dlscontinuous denslty ~radlents were prepared by 

delicately layering 6 ml of 32.807. metrizamide and 7 ml each of 

26.25, 24.43 and 19.70% metrizamlde (densltles from bottom to 

top: 1.329,1.181,1.145,1.135 and 1.109 g/ml). AU metrlz

amide solutions had been prevlously adjusted to pH 7.4 and den

slties were verified by optlcal refractlon using a Fisher Sclen

tifle Refractometer (Fisher Scientific, iJaltham, HA). After 

ce n tri f u g fi t ion a t 1 00 , 000 x f, f n a S \,/- 2 7 s'w in g i t\ g bu c. k e t rot 0 r 

for 3 hours (particles nt equllibrlum), L-l fraction and second

ary lysosomes (L-2) as weIl as fra~tions L-3 and L-4 were remov

ed from interfaces of the gradients uslng a syringe fit with il 

1.2 mm l.d. needle. Plasma membr-anes were lsolated hy the 

method of Ray (27) and Golgi fraction by a modification of the 

method of Bergeron et al. (5): rats were not Riven ethanol and 

the dens,ity gr?dient had ooly three stages (densities 1.20,1.15 

and 1.03 g/ml), 50 that aIl thret" sllhfractions descrlbed were 

mixed top,pther. 

3. Protein and enzymatic assays and hormone iodlnatlon 

Proteln determinations were made hy the method of Lowry et 

al. (23) using bovine serum alhum1n as standard. Assays for 

S'-nucleotidage (marker of plasma membrane) and galactosyl 

prevlously (31, transferase (marker of Golgi) \Jere as d(>scrihed 

4). Assay for ac1d phosphatase (marker 

• follows. '1embranes (20 to 200 ul:( prote1n) 

of lysosomes) was as 

were Incuhated for 10 

m 1 n • a t 37 0 C 1 n a me d i ume or ta 1 n i n R 2 50 mM 2 - g 1 Y c e r 0 p h 0 s P ha te 

and 200 mM sodium acetat(>, pli' 5.0, in a total volume of 500 )JI. 

The reacUon was stopped on tee by the addition of 500 ul lOt 

trichloroacetic acid. Tuhes were centrifuged at 2500 x g for 20 

minutes and phosphate was determined in SOO-ul allquots of 

supernatant ln 3.5 ml water: 4 ml of a mixture contalning 1.2 N 

sulfurlc acld. 0.5~ ammonium molyhdate and 2~ ascorblc acid was 

Incuhated with the" ml samples for 30 minutes at 60oC. A f ter 
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coollng, absorbance was read at 820 nm and compared with that of 

standards ranp,ing from 0 to 10 ~g phosphate. oPRL and hGH were 

iodlnated uBing a modification of the chloramine-T method as 

described previously (19). 

4. Prolactin receptor determioatlon and characterization 

ln the first experlment, the presence of prolactin receptors 

in lysosomes was demonstrated by radloreceptor assay using 

12.5I-hGH (specifie actlvlty app~ox. 80 uCi/lJg) as the labelled 
... 

hormone. lIuman Cil was used instead of PRL hecause lt wss shown 

ta be more stahle than lahelled PRL with simllar lactogeoic 

actlvlty in a numhe'r of target orgaos (20,24,25). 10 'orde r to 

measure total hindlng activity, receptor s,ssays were performed 

after des~turatlon of binding sites by 3 M MgCl2 (19). Al! the 

animaIs had been treated with estradiol for 7 dsys (5 Hg, S.C. 

twlce a day) and sorne were further 'treated w1th chloroqulne (1.5 

mg/le) g b.w., 2h and 5.0 mg/lOO g b.w., 1 h before sacrifice). 

The estradiol treatment wss shown to enhance PRL receptor number 

Idtho\'t alterinp lts other characterlstics (17,20,24), thus 

m~king' the tissue most sulÎ:llble for these studies. \.le used 200 

ug prote!n samples for lySQSOmlll subfrBctions, plasma membranes 

and Golgi, and 400 ug for other fractions and total homogenate. 

Prolactln rec~ptors were characterlzed using Scatchard a08l

y 8 1 s cal c u 1.'1 t e d f r 0 IR C 0 m p e t1 t Ion c u r ve s ( 2 8) 0 n 1 y sos 0 mal f r a c -

tlon .. lso1ated f rom eslradlo1- and Chl0roqUln~~eated female 

t'BtS. The same amounts of receptor pteparations as for the 

raûloreceptor "::Isay were Incuhated for 16 hours st ro m tempera

ture with 100,000 cpm (20-40 fmol) 125I-hGH and unlahelled\ oPRL 

(0 to 1000 rg) in 500 ,Il of a medium contalning 25 mM .TrlJ, (pH 

7. 4 ), 10 mM ~1 g C 12 and O. U B SA. 

',' \ .' 

') 
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5. Subcellular Iocallzatlon of prolactin receptors 

injèctJon of 125I-oPRL ln vivo 

Estradlol-treated rats, further treated with the dopaminerg

ic, agonist, Cn-154 [bromocriptlnl:' mesilatej 500 'Jg 24, 12 and '1 

hour before Surital anaesthesia ('40 mg/kg) 1 (19), were injected 

with 30 x 10 6 cpm 12SI~oPRL (approxlmately 0.2 ug) via the jugu

lar veln'. To aasess non-s,pecif1c uptake, other animaIs were 

glven 500 )lg unlahelled prolactin ln addl.tion to the labelled 

hormone. AnimaIs were killed by perforatlng the heart arid lungs 

at 5, 15, 30 or 45 min. postlnjectlon and livers were rapidly 

removed, eut lnto p~eces, and proeessed for organelle isolation 

as deserihed ahove. Samples were pooled from three anlmals per 

group, su eh that lZ g were ,frozen and stored at -BOoe for 24 " 

hours for the preparation of Golgi fractions, 4 g samples stored 

a t - 8 0 ° C for 48 hou r s for t'h e pre par a t i (1 n 0 f pla sm a me m b r a n es, 

and 10 g processed Immediatl:'ly for the preparation of lysosome 

and L-l fraction!? Freezlng of the liver pieees dld not alter 

the biochemical characterlstics (market enzymes contents) of 

Golg1 or plasma membrane preparations as it does for lysosome 

'and L-l fractions. 

,,., ,1."""., 

\:.' \, -, 
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RESULTS 

ù 
1. Organelle preparatIons 

.' 
Lysosomal fractions L-l and L-2. although containing a ·ver~ 

.' 
small percentage of total homogenate proteln, bore somewhat 

iarger proportions of homogenate acid phosphat.'lse activity (see 

Table 1). L-2 had the hlghest relative specifie Ilètivity (RSA; 

ratio of specifie activity of thE' fraction over that of the 

homogenate), an~ L-l and L-3 were also considerably enriched in 

acld phosphatase. Although ehloroquine had no significant 

e f f e c ton pro t e i n dIs tri but Ion (·T a b 1 el), i t m B r k e d 1 Y r e duc e tl 

acld phosphatase actlvlty in aIl lysosomal fractions hut not in 

otPp.r fractions. 

Con ta .. L n a t 1'0 n .') f pur if 1 e d fractions of aIl 
/ 

four organelles 

st'udied hy marker enzymes was relatively low as shown in Table 

2. Purified lysosome fraction (L';;2) was enriched 46-fold in 

Be1d phosphatase activ1ty, with very little enrichme~ in 

S'-nucleotldase or galactosyl transferase. Purifled plasma 

,lIembranes (9-fold) and Golgi fractions (28-fold) were also spe

c1fically enrlched in their respective marker enzymes. The L-l 

fraction was enriched 22-fold ln Bcld phosphatase, but also 

about-equally rich in S'-nucleotidase as was the ~l~sma membrane 

prepara tian. 

firmed these 

El e c t r 0 n mie r 0 s c 0 pic 0 b sel' vat ions ( F 1 g • 1) con-

results: the L-1 fraction (Fig. lA) consisted 

largely of lysosome-Ilke strùctures that were rather small in 

comparlson with those of -the more purified L-2 fractIon (Fig. 

lB) • This L-2 fraction was almost Identlcal ln m"orphology to 

the L-2 fraction of the original isolation method (0). Plasma 

membrane preparations showed many desmosomes. with occasional 

mitochondria and nuclei (Fig. le). Finally (Fig. ID), the Golgi 

fraction eonsisted of typical very low denslty protein-contaip-

Lng ~esicles, 

scrlbed (S). 

comparable to the preparations previously de-

1" ( 

l 



......, 

'i 

" 

/ 

'-

\-

FRACTION 

-

Homogenate 
NM 
L-To ta 1 
L-l 
L-2 , 
L-3 
L-4 
PS 
Recovery % 

~ 

TABLE 1 

Proteln and acld phosphatnse actlvlty c1,lstrihutlon ln ,the fractions 
~rom the isolation of lysosomes 

PROTEIN ACIO PHOSPHATASE 

, DIstrIbutIon R S A . 
Control Chloroquine Control Chloroquine Control 

\ 

195.1 ± 2.2 215.5 ± 4.1 100 100 1.00 
31. 8 % 0.2 32.2 ± 0.8 23.6 :!: 1. 2 31.2 ± 0.4 0.67 ± 0.02 
8.9 % 0.2 7.4 ± 0.4 19.9 ± 0.4 10.1 ± 0.2 3.18 ± 0.05 
0.26 % O.Dl 0.26 ± 0.03 3.3 ± 0.1 1.36 ± 0.03 24.7 ± 0.4 
0.14 ± 0.01 0.16 ± 0.01 2.88 ± 0.03 0.68 ± 0.02 46.1 ± 0.8 
0.20 % 0.01 ,0.18 ± 0.01 1.66 ± 0.03 0 .. 34 ± 0.01 25.9 ± 0.8 
2.04-% 0.06 1.16 ± 0.01 1. 76 ± 0.05 0.34 :i: 0.01 0.74 ± 0.02 

62.2 ± 1.1 68.2 ± 0.6 26.1 ± 0.8 39.6 .± 0.9 0.82 % 0.04 
112.9 ± 1. 5 107~8 ± 1.8 .69.6 ± 2.4 80.9 ± 1.5 

-" 

? 

Chloroquine 

1.00 
1.14 ± 0.02 
1. 08 ± 0.05 
3.91 :!: 0.01 
4.26 % 0.01 
1.83 ± 0.01 
0.17 ± 0.01 
1.03 ± 0.02 

Lysos6mes were prepared as deseribed under "Materials and Hethods", yielding the fractions l1sted. Pro-
teins are expressed as mlll1grams pel' g fresh Hver for the homogenate and as the % of the homogenate 
content for the fractions. Oistr!bution of the'acid phosphatase activity Is expressed as the % of the 
specifie ~etlvlty of the homogenate, which w~s 3.15 ± 0.04 umol phosphate produeed pel' hour pel' mg pro
tein in contFol' (estracHol-treated) anfmals and 2.35 ± 0.04 umol/h/m~ for çhloroQuine-treated animaIs. 
Relative specifie activity (RSA) Is the ratio of the specifie actlvity ln eaèh separate fraction to that ~ 
of -the homogenate. AlI values are expressed ± SEH and are the average of six separate preparations. 
NH, nuclei and mltochondria (unpurified); L-total, light mltochondrial fraction from De Ouve et al (8); 
L-1 to L-4, 8ubfractlons from L-total, including purifieo secondary lysosomes (L-2); PS, microsomes and 
soldhle matr!" (unpurified). ~, 

'. 
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TABLÈ 2 
1:. 

Enzymatlc characterlzatlon of subcellular fractJons 

) 

" . , , . c 

FRACTION PROTEIN AGIO PIIOSPIIATASE 5 '-NUCLEOTlDASE 1 GALACTOSYL TRANSFERASE 
, 

t 

Homogenate 219. ± 17 (7) 1.00 1.00 1.00 
L-l 0.35 ;1; 0.08 (6) 21. ;1; 2 (5) 8.0 :1:0.7 (2) 4.7 ± 0.3 (2) <) 

L-~ 0.24;1;0.01(6) 41. ± 2 (2 ) 3.2 ±0.1 (3) 3.08 ± 0.04 (2) 
Plasmalemma 1.68 ± 0.05 (3) 0.28 ± 0.03 (3) 9.2 :1: 0.3 (3) 4.1 ± '0.8 (3) 

Golgi ,0.203;1; '0.004(3) 1.9 ±0.2' (3) 1.32 ;1; 0.06(3) 34 ± 17 (2 ) 

, . . , 
, 

Lysosomes were isolateel anel aeld phosphatase was assayed as described under "Materlals and Methods". 
Other organelle preparatLons and enzymatLe ~ssays were performed as deserlhed (4,5,27,31). Protelns are 
expressed as ml11igrams per g fresh liver and enzymatlc activitles as RSA (see text and Table 1). Enzy
matie actlvities in the homogenate were 2.6 ± 0.2 and 2.4 ± 0.4 umol phosphate producted per hour per mg 
proteln for acld phosphatase and S'-nucleotidase (± SEM of 6 experlments), respectlvely, and 8.2 ± 1.8 
nmo1 galactose transferred per hour per mg protein for galactosyl transferase (i: SEM of 6 experlments). 
,AU numbe'rs are expressed ± SEM except when on1y 2 values, were ava llable (i: haH-range) and are the ave
rage of the number of exp~rlments Indicated in parentheses. L,l and L-2 ar~~~~osomal subfractlons. 
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Fig. 1 Elec tron mlcroscoplc view of the four purif ied, organelle prepara

tions. A) The L-l fraction conslsts largely of dense and multives
icular bodles th~ t correspond to the descrip tian of lysosomes, bu t 
mos t veslcles are smaller than the typical lysosomes shown ln B. 
Some undefined long-shaped structures are also seen. B) r1ature 1y
sosomal fraction shows the structures expected: (1) rounded, (2) 

," elongated and (3) ring-shsped dense'" bodies, (4) residual bodies and 
(5) mu1tivesicular bodies. C) Plasma membrane preparations show 

ü " empty vesicles and a great many desmoBomes (arrows), the hall-mark 
of plssmalemma. Occasionsl mftochondrla or nucle! (not sholo1ll hère) 
were also observed. D) Typical Golgi frac tian was abserved wl th 

.' the s truc tures of the three s~bfrac tions described by Bergeron et !lI 
(5): very low density lipoproteln-contalnlng veslcles of varlous 

<;l s~pes and slzes and flat'tened saccules (dumbbell-shaped elements). 

\ 
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2 • Lysosomal binding and Scatchard anaIysis of lysosomal, 

prolactin receptors 

~ 
Figure 2 shows hGH bindtng to prolactln 

tions f'rom the isolation of lysosomes. H~ 

on r e cep t 0 rIe ve 1 sIn a n y f ra c t ion, pro ys b 1 Y 

treatment of 

increased hGU 

tians, wlth 

the an tmals. On the 0 th'9r 

blnding to prolactin receptors 

the maxImum effect ln the moat 

receptors in frac
,.." 

had little effeçt 

due to the CB-154 

hand, chIo roq u lne 

in lysosomal frac

purlfled fraction 

(L-2), probably the result of reducing degradatlon of lysosomaI 
o * 

rec<eptora. The L-l fraction was high in prolactin hlnding ac-

tivity in coitro~ animaIs, while other lysosomal fractions were 

very low. 

Receptors wete further characterlzed- uslng Scatchard analy-

sis (24). They showed curvll1near plots (Fig. 3), suggesting 

negative cooperativity lletween sites or the existence of two 

different classes of binding sites .. \lhen analyzed as a two-site 

mode!, bot-h 'sites showed remarqua,ble constancy for dissociation .. 
constants in aIl fractions (except for L-l fraction; sée Table 3 

and Fig. 3), but s 1 tes 'w e rem 0 r e con c e n t rat e d i n f ra c ti 0"0 s L - l 

and L-2. Chloroquine, treatment of the animaIs had no effect on 

diss~ciation constants compare<l to control ·animais (data not 

ShOW?, 
3. 125I-oPRL uptake in the liver after injection ln vivo 

\.le examined"125r-OPRL uptake in various qrp,anelles from rat 1 
liver, after injection of 30 x 10 6 cpm lnto the jugular veln. 

Maximum incorporation in the homogenate was observed at IS -min. 

as previous1y reportecJ by Josefsberg et al. (ref. 16; see aIse) 

Fig. 4A). It has heen prevlously shown that intracellular 

rece~tors could account for as much as'70 % of the receptors of 

the total liver cell (5). In this study, we demonstrated that 

most' of the labelled hormone was internallzed into the Gol~i 

1 
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l, 

CHLOROQUINE-TREATED ANIMALS 

Fig. 2" Livers from female rats treated wlth estradl01 and CB-154 (control 
animaIs) and further treated or not wlth chloroquine were processed 
for lysosome isolation. Each frpcUon and subfractlon was assayed 
for prolacUn recept~rs as described previouA1V (19), uslng 400 ug 
protein for the homogena te and nuclel and mitochonoria (unpur i f led; 
mO, l1ght mltochondrial fraction of de Ouve et al. (8) (L-TOT). mi
crospmes and soluble ma trlx (unpurlf!ed; PS) fractions, and 200 ug 
prote!n for subfractLons t-1 to L-4. AIl values are expressed per 
200 ug proteine I1gCl2 treatment (19) WIiS performed on separate ali
quots, of each fraction to desaturate the blnding sites for measure
ment of total receptors. Values are means :1: one half"the range of 2 
determlnatlons. HOMO, total liver homogenate; L-1 to L-4, suhfrac
tlons of L-TOT. Includlng pur1fled secondary lysosomes (L-2) • 

• 
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Fig. 3 Scs tchard plots of prolac tin receptora in lysosomel frac t Ions L-l 
Bnd L-2 lso1ated from, l1vers of estradlol- and chloroquLne-treated 
fetnsle rSits. The sssay wlts made as de/lcrlbed under "Materials and 
Methods" and results analyzed as representing two distinct classes 
of sites. (A) L-l fraction. (B) L-2 fraction (lysosomes). ')ee olso 

, ' 

Table 3. 8/F, bound to free ratio. ..Jo, 
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FRA€TION .-
-

Homogenate 
~ 

L-Tota l 
L-1 
L-2 
L-3 
1. -4 
PS 
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TABLE 3 
, " 

Characterization of prolactin receptors in the frActions 
from the lsolation'of lysosomes 

' IlII;H AFFINI'f't SITE LOW AFFINITY SITE~ 

Kd 
- No sites Kd No sites 

'( nH) (fmol/mg) (nH) (fmol/mg) 

0.23 ± 0.01 180 ± 22 , 2.6 ± 1.6 990 ± 500 
0.15 ± 0.01 150 ± 46 3.9 ± 1.0 820 ± 240 
0.23 ± 0.02 310 ± 86 , 5.0 ± 1.4 1900 ± 640 
0.50 ± b.31 560 ± 240 14.0 ± 3.3 9200 ± 3300 
0.25 ± 0.04 550 ± 270 5.6±1.3 3900 ± 1300 
0.28 ± 0.03 150 ± 43 2.0 ± 0.4 600 ± 140 
0.23 ± 0.04 50 ± 14 . 3.8 ± 0.3 " 300 ± 160 
0.27 ± 0.03 210 ± 55 5.9 ± 1.3 1420 ± 480 

1 

, , 

--

Livers [rom estradiol-tre;\teo C;\ts further treated with chloroqu1ne were processed for 
the isolation of lysosomes ::ts descrlbed under "Haterials and liethods". yleldlng the frac
tions and subfractlons listed. 400 ug proteln from each separate fraction or 200 ug pro
teln from subfractlons 1.-1 ta 1.-4 were used for Scatchard analysls by competition of pro
lactin receptors as descrihE!d (Q4). Curvtlinear plots (Fig. 3) were analyzed as a two
site mode!. These results aTe representr!tive of three separate ex:periments. For the 
high affinity site, there .ras no significant difference in the Kd or numher of sites a
mong all the samples. For the 10101 affinity site, Kd and numher of sites for L-l trac
tions were significAntly different from aIl the others (p < O.Oi). Abbreviations are de
fined in Table 1. 
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L-I 

Uptake of 1251-o PRL in liver homogcnate (A) and purlfied fractions 
(B) followlng Injectf.on of 30 x 106 cpm 1251-oPRL (approx. 7.5 
pmoles) via the juguler veio. Female .rats treated wi th estradiol 
and CB-154 (sec "Naterlals and Hethods") were annesthetized with~,
Surltal, the jugular veln waB cxpoaed, /lnd <the labE'lled hormone 
lnjected 10 a volume 0.2 to 0.4 ml. Other animaIs were p,t.ven 500 Il?, 

unlahelled prolactin in addition ta 125r-oPHL to determlne the level 
of nonspeclfic uptake. At the times Indlcated, livers were rllpUlly 
removed, "'cut lnto pieces, weighed, IInd praccssed as described (1, 
19, "Haterlllis and Nethods"). Values are expressed as the counts 
per liver specltlcnlly bound to the homogenate or to fractions, /lncl 
are means ± SEH of 4 separate experiments. P.M., plasma membranes; 
Golgi, golg1 membranes; r,-l, L-l fraction; L-2, mature, secondary 
lysosomes. 
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4BL "bout half of the injected radioactlvlty was taken 

the 1 ive rat 1 5 min. t 1 O:r. 0 f wh 1 ch wa s con c en t rat e li in the 

The Internal1zed material could well be ln the form of 
1 

hormone-receptor complexes since large amounts of hGII-bind'lng 

sites have becn shown to he present/{n those veslcles (5). In 

contrast to what was observed ln the homogenate and in the Golgi 

fractIon, maximum Incor'poration in lysosomes and ln ,L-l fraction 

was seen at 30 min. " 
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DISC,lJSSION 

Prolactln receptors have been ldentifled and characterized 

ftom the Golgi complex and the "plasma membrane of rat liver (5, 

25). The alm of this study was ,to incr·~ase our know1edge of 

lntraee11ular prolacttn receptofs hy characterizing those loca

ted ln lilghly purlfled lysosomal fractions and cOlnpar1nr. them 

wlth other lntrncellular or celi surface receptors. Pr.olactin 

receptors have becn prevlously observe~ ln' rnt liver ,lysos"omes 

and tritosomes (22). In the present studYt two classes of lyso-

some-like vesicies were Idcntlfled. The .1.-1 fraotion was rieh 

in field phosphatase and contained 

ing activity or L-l fractlon wail 

many 

only 

intact receptors. BI nd-

moderately illlgmènted by 

suggesting thot these chloroqu ine treatment of the animaIs, 

vesicles benr 1ittle deogrndative aetivlty. Typlcal secondary 

lysosomes (L-2 fractIon) were twtce as rich in acirl phosph.lltase 

as L·-l fr~ction, yet very 

The faet that ch1oroqulne 

tOt levels in secondary 

poor in receptors in' control animals. 

treatment cOllslderably 

lysosomes (7-8 fold) 

enhanced recep

Bllflgests that 

degradatlve processes may occur ln thes(! organelles. 

Khan et al. (22) and more reccntly, Baenzinger o~d Fiete (2) 

re\lurted Insu11n, lactogen and 

he lnternallzed In,to llncoatcd 

~ Hfll<lloglycoprote.1n receptors to 

vesicles wlth a denslty h!.gher 

. t h a Il t Il a t Il foC; 0 1 !; i v'~ tic 1 e Il and c 0 III par a hIe t 0 t h u t 0 f P l il S ma 

mernbra ne. Khan et al. (21 ) repor ted these ves lclcs td ha ve 

lys 0 R 0 [11 e - 1 1 k e f (> 11 t ure s • They cOllld correspond to the small, 

hornoKencous lysoBorncB 

abo~Jt 10 min .. after 

The [.-1 [r!letlon ln 

wl th which rceeptosornes appear to fuse, 

Internalizatlon of "lZ-macroglol\ulin (JO). 

the present studles nppcars to closely 

reselllbie these vesi'cles. Nevcrtheless, despite the lysosome

llke morphology of this fraction, it cannot he defincd simply as 

llght lysosomes, since it is only half as enriched ln acld phos

phatase Ilctivlty as thl>' true lysosomal fraction, ypt about 1 

i 
'/ 

\ 

\ 



tlmes rlcher ln prolactln receptors in control animaIs and 

reslstant t~ the actton of chloroqu!ne. Iole suggeat it may 

consl.st of immature lysosomes, or prelysosomes, ln whlch proteo-

lytlc Bettv! ty would be less than that of mature, second.ary 

lysosomes (fraction L-2). Such a hypothes!s ls supported by the 

fRCts that the L-l fraction I.s enrlched ln 5'-nuclcotidose and 

less 

t ha t 

tors 
9 

r 1 c,À-.~ c i ri p ho a p h a tas cac t l vtt Y th ans e con d a r y lys 0 som es, 

p r ') 1 n ~ ~ ,1 ~ r e cep t 0 r s rem Il 1 nIa r gel y 1 n' t él ct, and t ha t r,e cep -

are only mLnlmally affeeted by treatment of the or\lmals 

witt! the 1j'sosomotropic agcnt chloroqulne. l n con t r Il st, trh e 

mature Iysosomes (L-2 fraction) are very rfch ln Rcld phospha

tase flctlvlty (and presumah1y ln f,pnera1 proteolytlc actlvlty), 

poor ln intact pro1actln receptot's ln control animaIs (due to 

d P. gril <1 El, -t 1 ve pro C' e s ses 0 ecu r 1 n g w 1 th 1 n, 1 Y sos 0 mes) il n d r i chi n 

pro1ùC(in receptors following hlockagoe of 1y90901001 dCRradation 
\ 

by chloroQuine. 13p-~allsf~ the L-l fractIon conststs largely of 

lysosome-l1,ke vesl.cles, it seems l1kely that reC'eptor activity 

ln thls frnctl:ln 15 related ta receptor Ilctlvlty measured ln the 

lysosomal compartment. 

HLsukn et al. (Pl) polnted out that lysosomotropic agents 

sueh as "J1l4C1 anel chloroqulne'lncreased cell-associated' 125 1-hGII 

in cultured lymphocytes by a mechanlsm that- involves Inhlhit10n 

of dep,radatlon. The p'Lescnt sturly shows that not only the hor-

mone, but also thE' internallzecl receptors that reach the 1y5080-

mal compartrnllnt are protected by chloroquine. 

In contrl1st to what \<IdS ohserve<l ln prevlous studies on pro

lactln reccptors from the plasma membrane und Golgi fractIons 

(l8), Sea tchard plots of lysosomal .reecptors showed a curvll1n-
l 

ear pattern. J.Jhen analyzed as a two-site model, the hlgh affln-

Ity site had a dissociation constant similar to that of the 

slnf.~e site ohserve!1 ln GolgI and plasma memhrane fractions. It 

l s n 0 t (> xcI u d e d t h fi t the 1 0 w aJ fIn i t Y b i n d i n g s 1 te m t g h t a rIs e 

ln prelysosomes and lysosomes as a result of partial alteration 

1 

" 
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of the high affinity site even if the animaIs were treated with 

chloroquine. The hlgh affinlty sites were concpntrated in purl-

fied prelysosomes and lysosomes rather than 'In fractions of 

nucle1 and mitochondr1a or m1crosomes and soluble matrlx (2- ta 

3-fold), but pur1fied Golgi fractlo~s were stlll 3 tlmes as rich 

as purlfied lysosomes (about 1500 fmol/mg proteln, reL 32). 

As can he seen ln Table 3, 

somal prolactin 

the low afflnity 

receptors 

site. 

may 

l't 

the Increased number of prelyso

be attrlhuable ln large part ta 

Is possihle that. receptor-ligand 

dissocia tlon may Dccur in these structures and recycle prolaetin 

" receptors t~ the cell surface, as has been suggest~d for 8s1alo-

glycoprotein receptors (2). 

Iodinated prolactin was taken up in vIvo by the I1ver (mâxi

mum incorporation at 15 mIn. ln the homogenate). It was found 

to be assoclated with both Golgi, as first reported by Josefs

berg et al. (1'6), and wlth lysosomes (22). The klnetics of 

_lnternal1zatlon ctlffered between Golgi and lysosomes, wlth a 

maximum at 15 min. in the Golgi fraction and at 3n min. in bath 

prelysosomes and lysosomes. Th1s suggests elther that 12~5I-PRL 

1s' seCjuentlally Internalized Into Golgi and then reaches the 

l~osomal comp.:lrtment, as suggested hy Khan et al. (21) for 

1251-1.05u110 internall.zat~on or, alternatlvely, that there exist 

two lodepen<lent paths of Internalizatlon, one towards the Golgi 

complex ('fqr receptors to be rec,ycled) and the other going 

ctlrectly~ although less ra'pldly, towards the lysosomes (for the 

receptors to he degrarled). Such il model hus heen suggested by 

Gelsow (9) and ls supported by the high content of plasma mem

brane marker enzyme found ln prelysosomes. Further studies will 

have to be carrled out ln order ta determlne the fate of inter

nalized prolactln and prolactin receplors. 

j 
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INTRACELLULAR TRANSFORMATION OF PRÔLACTIN 
FOLLOYING INTERNALIZATION INTO RAT LIVER 
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ABSTRACT 

'le tnves tiga te,d prolac tin (PRL) degrada tion ln ra t Il ver 

lyposomes both ln vlvo and ln vitro. In prevlous studies, we 

showe4 that ln addition to the Golgi apparatus, PRL is Interna1-

1ze~ towards lysosomes and 11ght, lysosome-like veslcles whlch 

we Identlfied 8S "prelysosomes". Injec:ted 125I-oPRL that local-
, . 

!zed ln lysosomes and prelys080mes a t times varylng from 0 to 45 

mIn showed slgniflcant differences froll fruh and plasma mem

brane- (PH) or Golgl-bound hormone. First, It was mQre easlly 

diss oe !able by 3M MgCl2 ,then Golg i- bu t les s than PM-bound 

125I-oPRL." Secood, It was ooly ln lysosomal fractions that, as 

tIme followlng Injectlon lnc:reaaed, a algnlHcant part pf diaso

ciable radloactlv1ty became non-TCA-preclp,ltabie. When MgCl2-

extr.aeted 125I-oPRL was aubjected to gel filtration on a Sepha

dex G-75 fine column, sorne of the radloact1vlty, and espectally 

that extracted fro. prelysosoma1 or 1ysosoma1 fractions, e1uted 

'as a hlgh molecular welght (HHW) entity, moat co-migrated with 

fresh 125I-oPRL and a litt1e was found ln sma11 fragmenta. On1y 

the central peak hsd any rebindlng activlty, which was compara

bllê to tha t of f resh hormone. 

ln an in vitro study, we incubated 125I-hGH wlt'h 1ysoso'mal 

fractions for 16h st 25°C. After centrifugation, an allquot of 

supernatant hormone was aasayed for Its bindlng capacity to . 
standard receptor preparation" and the rest subjec ted ta gel . ' 

filtration. Peak fractions were 8180 tested ln biRdlng 888ay. 

1251-hGH that had beeu ln contact wlth pre1ys080lles 10st aleost: 

aIl of 1 ts abil! ty to bind to 1 tandard recep tors and to talJ.·y 

migra ted ln the 'HHW peak, a t the -void volume of tbe column.' 

Hormone Incubated with 1ysosome8 bound about 65% as weIl as the 

frash hormone and, correspondlngly, 35-40% of the radioactivity 

wa,s found ln the HMW.peak and 8 little as small fragments. lt la 

pos 81 bIe ~,hB t ln lys oàomes, and eapee la11y ln pre1yaosolle&, 

blndlng of the hor~one to 1ts receptor becolles "Irreversible and 

tbe hormone-receptor eOllplex may becolle parttally solub1l1zed. 
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INTRODUCTION 

It la now established that, after binding of prolacUn to 

1 ts cèu surface recêp tor, t.he hormone is trana loca ted "tnside 

~e ceU (13,~1,25). The demonstration by Clark and Harrison 

(5) that l11sul1n blnds covalently to Us receptor, suggests that 

it ia lnternalized in the forll of a ligand-receptor complexe 
, 

This point of vlew la shared by Felhman et aL, (9). The results 

presen ted in sec tion 2.1 and 8 tud ies by 0 ther inves tiga tors 

(17,22) showed that ln rat liver, prolactin ~catea pret.eren

tlally in the Golgi appara tua and also in l~olDes and ~n 
l~ght, lys08ome-like 'veslcles which we termed "prelysosomeÎ" 

(see Section 2.1). In thla study, 'le 1rivestigated the lotegrity 

of lyso8ome-boun~'prolactln elther after injection of the label

led hormone in vivo or after .incubation with lysosomal or prely-

808omal preparations iD vitro. 

4 
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',. ,. 
HATERIALS AND METHODS 

• 
1. Ma teriala 

Female Sprague-Dawley ra ts (CRL: CD (SD )BR; 200-250 g) were 

purchased from Charïes River Cana~a lnc. (St-Constant, Qu'becs). 

l78-estradiol (Sigma, St. Louis, MO) and >CB-1S4 (Sandoz, Basel, 

Svitzerland) for injection lnto animaIs vere dlssolved in physi

ologicsl ssline conta,ioing 1 % gelatin ta retard absorption. 

ACid, phosphatase assays 'were performed using 2-glyceropho8phate 

(Sigma) as substrate. Human growth hormone, (hGH; HS-2160E; 1.7 
" 

lU/mg) and ovine prolactin (oPRL; NIll-P-S13; 30 lU/mg) were 

generously supplied by the National Hormone snd Pitultary 

Program (NIR). [ 1251 1NaI was from New England Nuclear (Boston, 

ru; NEZ-033H). 
----

2. Asssys, iodlnations and organelle preparations 

protein determinatlons 

aL, (19) using, bovine s 

assays for acU phosphatase (S 

ade by the method of L.owr)' et 

standard. Enzymatic 

2.1), S'nucleotldase (28) 

and galac tosyl transferase (1) were used ta asseas ly8080me, 

plasma membrane (PM) and Golgi preparations puri ty, respective

ly. Typical prepara~ion8 were described ln Section 2.1. Binding 

assays were performed as described eariier (15); standard recep

tors refer to rabblt mammary gland microsome preparation produc

ed in th!s laboratory. Iodinatlon of oPRL and hGH were performed 

uslng lov concentraUon of chloramine-T (475 ng and 60~ ng i~ 

the 55 \JI incubation mixture for hGH and oPRL. resp'ec~ively) as, 

described previously (15). Specific activities vere 80-100 

\JC i/\Jg for bo th hormones, Plasma membranes (PH) ,were isola ted 

using the lIethod of Ray (26), Golgi fractions by a mo~lfication 

of the me thod of Bergeron et al. (2) and lysosolle's as weIl as 

prelyaosolRel by a lRodifieation of the aethod of Wattiaux et al. 

(21) a. described ln Section 2.1. 
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3. In viv.o experiment. 

. 
'Estradiol-treated rats (S ug, s.e. tviee a day for 7 days), 

further treated vith the dopaminerglc agonist CB-1S4 (SOQ ~g, 

s.c. at 24, 12 and lh before Surital anaesthesia, ;40 mg/kg) to 
, , ..... ~ 

reduce endoge.oous PRL ctrculating levels, were injected wlth 30 

x 106 cpm 125I-oPRL (approx. 0.2' Ug) via the jugular veine At 

times varying from 0 to 45 min. animals vere saerif1ced by per

forating the heart and lungs and the livers rapidly removed and 

processed for organelle isolation as du.cribed,in Section 2.1. 

In short, foro each time point, we used 6 animaIs, 3 -of which 

were injected" with a large exceS8 of ,unlabelled prolactin, (SOO 

ug) in addition to the labelled hormone ln order ta a88e88 for 

non-specifie uptake. The llvers from the 3 anlmals in each group , . ~ 
were pooled, cu t in to pleces, and 12 g samples were frozen a t 

-80oe for 24 h before the preparation of Golgi fracUop.s', 4 g 

samples thuS" frozen for 48 h before ~he preparation of PH frac

tions and 10 g samples proeessed immidiately for the preparation 

of lysosomal a,nd prelysosolDal fractions. Aa menUoned in Section 

2.1, freezing of the liver p1eces did not al ter the biochemical 

characterhtics (marker enzyme contents) of Golgi or PH prepara-

eluted on a Sephadex G-75 fine column/ {O:9 x 100 
1 

fra'"c tiona were 8Ssayed for thair abVll ty to 'blnd 

/ 1 , prolac t1 n' recep tors prepara tion. 
/ 1 

/ 
/ 

- J 
4. In vitro expert.enta 

;r 

1 

In the 10 vitro experll1ten t/. human grow th hOf1DOné va s uaed 
/ 

tnstead of prol.ctln becau •• i~ Jias beeu used ln previou8 stud-

0, 
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ies by varlous groups and' l'2SI-hQR :~a& ~ho~n to be lIIore atab,le 

tha.n labelled PRL and to bave 8 ~.ll,ar lac togenlc a'cU vi ty II! a 

qUllhr of' tar~et organs 06.; 23, 2Ü. 400"}JI pro,'tein' samples of 

- lysoso.,e or prely8osoIIIe preparatlons (as veU ~s L-3 and L-4 

,fractions) isolated from estradiol- and CB-154-treated' rats, were 

i1acûbated<wlth 800"OOo'c:~m ~2~r~~GH'fÔI' 16 h at roolll temperat~re 
ln a 25 ,mH' Tria buffer (pH 7."4>- couta,tnhg lQ IIH' Hgel2 and 0.1 

% BSA, ln a total volume 'of 1 al" Ke.branes vere ceo tr'Uuged, 

aÙ'quots "of the aupernatants wer~~,as8à1,ed''for blndtng abiUty on 
cl , 

8 tanda,rd, reeep tors 'and ~e rès t pr~c:e's8e'd' for gel fU tra tion on 

a S~phadèx G-75 fine ~olb~n ':(011~~ea.· b1, bin,ding assay i;f peak ' 

frac\lon's. The 'four "lYS080~à1" f.ract{.o~8' ,Wère de~ived, f"rolll .the 

"Ll'ght M'i,t'ocho~d'rlai" fr~c',t'lon 'of De ~'Du~e . et.' al. (7) w:lth,"L-l' 

subfractlon coualst;lng matoly of, 8aa11: lyso8ollie-l1ke vesicles 
.,' 

(pr~lYS()801lleS; ~e,e, Section:'2 .. », 'L-2 fractron cooafsting. of 

typ'ical t secondary, lY8o~~_lles .:andr, L':"o3 .. ~d_ i,::':'4 .cbntaloing increas-
" ; . ", - .. 

. ,1n-g ,proportions o,f 'mitocl101ldria aOd., decressing, lysosollle c9ntent 
1 Va' , 

. and' acld phosphatase' a~t~vlty Csee S~ctlc)n 2.1',' or 'ref. 27 f'or a 
, ..... ,,~ , ' ~ (' , 

detdléd descriptlo~ o'f theae, fractions): 
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Injee ted 125 I-oPRL had d ifferen t charac te ris tics, dependlng 

on what o'rganelle lt was bound tO, In addition to belng unevenly 
\ 

dis.trlbuted.lnslde the l1ver cell (Section 2.1), it wu gener-

ally more' flrmly bound to prelysosomea an~ lysosomes tha.n to PM 

and a l1ttle 1e88 than to Golgi as shown in Fig. 5. Tbere W89 

'Uttle variation with tf.me, the radioactivf.ty extraetrble with 3 

li, MgC12 ranging between about 20-35 % frorft the Golgi, between 

45-55 % from bnth lysosomal and prelysosomal trac,tions and 60-75 

% from the PM fraction. (Ther'e' were tllO individual exceptions: 

prelysosomes at 4S min and PM at 15 min post-injection that dl

\ 

ve:rged from these val ues). , 
'. 'FIgure 6 shows that nearly a11 of the MgCl2-extracted radio

ac tl vi ty wa s TCA-pree 1pl table for every organelle a t every Ume 
1 • 

exc~pt for prelysosomes and ly'sosomes ,at 45 min, suggestlng that 

degradation of 125I-oPRL has begun at th1s tlme in these vesl-

eles. 
f 

Elutlon patternl! of the MgCl2-extracted radloactlvlty (tiot 

shown here) fea tured a small blgh moleeular welght (HMW) peak 

(Table 4). This peak was hlghest in lysosomes, where lt account-
, , 

ed for lO-I2 % of the total extracted rad1oactivlty, moderate in 

prelysosomes (6-10 %), slIIaller ln Golgi (3-9 %) and ,Dot observa

ble in the %adloactlvity extracted from PM. For a gl~en organel

le, the height of the HMW peaK relative to the total radloacU

vlty remalned rela t1vely~ c.ons tant a t aIl Umes 88aayed. There 

was very 11t.t1e radloactlvlty elutlng at the total volullle (peak 

Ill), 8uggestlng eventual. degradat'ive fragments •• y rapidly 

leave the :.11 ver. This is suppor.:e~ the rapld clearance of 

lnjec ted la belled oPRL from ra t, l1ver whlch wu shown in Sec tion 

2.1, and by the short half-Ilfe of pluma prolac:t1n reported by 

... ~ 
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.. 



( 
'-

\ 
1 

83 

.. 

80 IIID 
>' 

5 min. 

t:: ~ 15 min:, 
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0, 
PM GOlGI l-1 L-2 

CELLULAR FRACTION 

Fig. 5 Radtoaeti'l1ty extractable h~OII purlf1ed organelles folloving' the 
injection of 30 x 106 cp. 125I-oPRL in vivo, via the jugular veine 
Ani_la vere ucrUieed at !ndic:ated tlaes post-injection, t'hait 
llve~s rapidly' re.ovec! and procesaed for organelle holatlon as 
described ln Section' 2.1. Final pellets vere resuspended and hOlIIoge
niaed in 3 H MgCI2, the total suapension couoted, ceotrifuged and 

. the aupernatant and pellet counted again. The sua of ~he supernatant: 
and pellee: couot. varled froa 81 ta 102 % of the total suspenslon 
counts. Values are expre .. ed aa % of the radioactivlty ln the HgCl2 
.upernatant as coapared to the SUII! of àupernatant and pellet. 
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IIIJ 5 min. 

~ 15 min. 
120 1130 min. 

El 45 min. 
100 

80 

60 

40 

20 

0 
PM GOLGI L-1 L-2 

CELLULAR FRACTION 

A 500 ul aUquot of the Hgt:12 aupernatant, obtalned aa described ln 
the legand ta Flg_ 5, vas .lxad vith an equal volu .. of 10 % trl
chloroacetlc acld (TCA). Tubea vere counted, centrlfuged and the 
aupematant and pellet counted agalo. Values afe expressed as per
cent radloactlvlt'y in the TCA-prec1pltated pellet 8a compared to the 
radloact1vlty initlal1y present in the aliquote 
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TABLE 4 

Gel filtration distribution of HgClrextracted 1251-oPRL\ 
that was bound to var10uB liver organelles 

following in vivo injection. 

Organelle - Time pos t-injec tion 
(min) 

PM 5 

Golgi 

L-l 

L-2 

15 
30 
45 

5 
15 
30 
45 

5 
15 
30 
4S 

5 
15 
30 
45 

Peak l 

BKG 
BKG 
BKG 
BKG 

5S,330 
10,090 

8,840 
1,700 

6,380 
" 16,480 

8,550 
1,270 

1,'340 
2,300 
3,230 

BKG 

Radioac tJf:~ ty (cpm) 
Peak Il Peak III 

t 
41 ,~30 BKG 
12, 80 BKG 
14,150 960 

BKG BKG 

596,300 " 7,090 
133,520 15,990 
322,970 1,530 

17,130 BKG 

50,720 3,310 
151 t 190 6,210 
131,760 4,340 
13,770 2,340 

'9,700 BKG 
15,250 1,200 
26,230 2,820 

BKG BKG 

• 

Pemale rats were Injected II1th "30 x 106 cpm 125I-oPRL (spprox. 7.5 pmol) via 
the jugular veine At the Umea indlca ted, the animaIs were sscrificed 'and 
~heir Hvers removed, homC)genized and proc8ased for organelle preparation as 
descrlbed in Sec: tion 2.1. Radloactlvi ty from the final pellets W&8 extracted -
\lith 3 H HgCl2 (lS) and procesaed for gel filtration on a 'Sephadex G-75 
flua column. Peak l, void volume; Peak II. fresh 125I-hGH peak; Peak Ill, 
total volume. PK, plasma membrane fraction; Golgi, Golgi fraction; L-l, pre
lysosome fraction j L-2, mature lysoaomé fr!lction. BKG, baCkground level (ap
p~o)C. 100 cpm) • 
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• 
Groavenor et al. ( Il ). When there vas enough radioactlvity, 

ma terla! from the peaks lia 8 88sayed fo'r ita ablllty to bind to a 

standard rece p tor prepara tion (da ta not shovn ). Radioac tivit)" 

frolll the HMW peak or from peak III (to tal volume) of any cel1u-
'. lar fraction at aoy time vaa tota11y unabIe to bind to standard 

receptors, but mater!a! vhich co-migra ted v! th 1251 -oPRL al"ays 

yielded binding comparable' to the fresh oPRL. 

2. In vitro experlments 

1215 I-hGH tha t had been in' con tac t vi th a prelys osoma1 pre,.

aration for 16h at 25°C lost nea1)ly aIl of Its.abillty to blnd 

to standard receptors as deplcted in Table '5, but about 55 % of 

bi nding capac i ty rema ined after incuba tion v!th ma ture lyso

sodl'es. Chloroquine did not protect the hormone from this in 

vitro transformation (not shown). There was no slgnificant 

decrease ln binding capacl ty IIhen the hormone had been in con

tact ,lIlih lys080lllal fractions L-3 or L-4. 

AU ~f the radioac: th! ty ln the superna tan t frbm the incu>ba

tion w!th P~elys"osomes eluted as a single high molecular .weight 

(HHW) peak (Fig. 7) and radloactivity from thl8 peak was totslly 

unabl'e to bind to standard PRL receptors (Table 5). In contra~t, 

and accordi,ng with remaloing blnding ability figures. 55=60. % of 

supernatsnt' radioaètivlty from the incubation with mature lyso

somes comigrated with and had comparable bind1ng abUity to 

fresh 125I-hGH (Fig. 7 a,nd Table 5), about 40 % formed the HMW 

peak (and vas unable to bind to 8tand'ard receptors) and Il 1ittle 

eluted st t'be total volume of th~ column (possibly frei!! 1251 

produced by deiodlna tion of the labelled hormone or U5I-lodo

tyrosine or other low molec ular we 19h t degrada tion prod uc ts). 

Elu tion pa t terns of the bormon~ incuba ted IIi th other ,lysosomal 

frac tions were s imllar to that of the fresh hormone (not shown) .. , 
" 

as 18 confirmed by the integrity of the ability to blnd to stan-

dard recep tors (Table 5). Again, radioac ti vi ty hom peaks 0 ther . 
than 125I-hGH showed no bind Ing ae tl vi ty. 
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TABLE 5, 

J 
Binding ab1l! ty of 12SI-hGH "that bas been ln contact 

, .,ith lysosomal -fractions. 

% Specific Blndin~ 

, 

Fraction Peak fractions 

87 

Superna ta~t 
HHW peak hGH ~ak 

Fresh hGlt 35.8 36.5 
L-1 0.3 l.l 
L-2 19.2 4.2 33.4 
L-3 33.4 n.d. n.d. 
L-4 34.6 n.4. n.d • ... , , 

ét 

, 
12SI-hGH was incuba ted w1 th lysosomal subfract10ns (800,000 cpm correspond
lng to approx. 2,90 ~~ol 1251-hGH .,lth 400 llg protein ln a total volume of 
1.0 ml), for 16 h at 250 C. Tubes were centfifuged and an aUquot of each 
8upernatant was used as labelled hormone fqr prolac:t1n receptor assaf as 
descrlbed (15) on lS tandard , rabbit mammary gland receptors (second column). 
The remainder of .che supernatants from L-l and L-2 incubations 8S weIl "as 
fresh 125I-hGH were procesaed for gel filtration on a Sephadex G-75 fine 
column (see Fig. 7) and radioactivity from the1high molecular weight (HMW.) 
peak as weIl as that co-rqigreting wlth fresh hGH" was a1so· assayed for Hs 
abUity to rebind to standard receptors. L-'I, prelysosomes; L-2, mature 
lysosomes'; L-) and L-4, other lysosomal tractlons (see text and SecU'oD 2.1 
or ref. 27); n.d., not determl~ed. 
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Flg. 7 Elutloll profUes of CA) fresh 125t-hGH. (8) 125~-hGH lncubated vith 
the prelyaolo .. l (L-l) (rection or (C) the .. tuo 'lYI080 .. 1 cL (L-2) 
fraction. 400 ug proteln an~ 8()O,OOO Cpll .(.~prOlC., 2~O fl101) 12.1I-hGH 
were lncubated for Hi b at- 25"C ln a total vo~uaîe of ,10'0 al. Tubes 
vere centrifuged and the aupématan.t. ",ere proce •• ed for gel Qltra
tion on a Sephadex G-7S filU\, coluaa (0.9 x 100 eil) ànd fractions of 
0.5 al vere collected. Vhen tbera val .Dough raélloaetl,vlty. the four 
fractions fonlng the top of the peak vere pooled and a811a,ed for 
blodlng ab1l1ty on • ",tendàrd _rec:eptol" prepa~l\tlon ,(aee Tabl. 5). 
The profll.a preaented he .... are repre8en~t1v" of fou.r aeparate 
experlMllta. 
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DISCUSSION 

1 t la now wldely accepted that after blnding of" prolactin to 

lts plasma membrane receptor, 1t 18 internalized into the cell 

(6,12,13,17, and Section 2.1). Internal1zed PRL has been local

ized in Golgi, lysosomes and prelysosomes of rat liver and PRL 

recep tors have been localized in these organelles as weIl as in 

another, as yet undefined lysosome-like structure, that appears 

to be dlstlnct from classlcal Golgi or lysosomes (17). 

Our previous in vitro studies (14) showed that PRL blnding 

to either Pli or mlcrosome receptors was not freely reverslble 

with the hormone being more firmly bound as association time 

Increased. Simllar results have been reported for hGR blnding 

(8,12). In the studies wlth labelled PRL (14), it was shown tbat 

PRL was more dissociable from PM than fro'm microsomal ,receptors 

for both short (1 h) and long (10 h) 8ss()ciation tilDes. This was 

cOnfirmed in the present in vivo study at very short tlmes, with 

..more radioac::tiVity (that proved to be m~inlylntact 12SI-oPR~)' 

being MgC12-extrac table from PM than from Golgi, lysosomes or 

prelysosomes (Fig. 5). Thh Is ln good agreement vith reports 

from other investigators (3,8,20) who demonstrated hGH and insu

lln receptor heterogeneity and suggested a conversion of low 

afflnity (fast dlBsoclating) caU surface receptors to hlgh 

.. affin! ty (slow dissoclating)' form, fo~low1ng bindlng of the hor

mone. Krupp and Livings to.n 0 (18) ac tually separa ted three di s

tlnct insulin bin,ding components from rat Uver plasma membrane. 

aIl wlth different affinities and association to ineulin degrs

da tian. 

Olefsk.y et al., (20) 8uggested tbat insul1n receptors pro

tect insul1n from degradatlon before conversl()Q te, the high 

_ affinity form, and that they medlate s~ch degradatlon after

wards. Again, thls ls consistent vith reaults reported bere for 

PRL, slnce hormone bound to intracellular recept~rB (in partlcu-· 

-,~, 
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lsr tO,lysosomes whlcb are thought tOirepresent the main site of 

boraone degrada tion as revlewed by Chertow, ref. 4) was less 

readily dl8~oclable than that bound to PH, and kioetlcs of asso

ciation to PH was much more"rapid as compared to lysosomes, as 

ahown in Section 2.1). 

10 addl tion to s tudying PRL bindtng strengh in various or

ganelles following injection of l25I-oPRL in vivo, we examined 

the in tegri ty of the extrac-ted hormone using TCA precipl ta tion 

and gel filtration. A signifieant amount of radloactlvity became 

non-TCA-pree ip i table only in prelysosomes and lysosomes a t 45 

min post-injection (Fig. 6), suggest1ng that the process of 

degrada tlon has star ted in these organelles a t tha t time. This 

1s corre la ted wi th the helgh t of peak III of radioac tl vi ty 

extrac ted from L-l frac tlon, rela tive to to tal radioac tl vi ty 

elu ted (Table 4). (There _ was not: enough radloac Uvl ty ex trac t-
• 

able from L-2 fraction at 4S min post-injection to carry out a 

slmilar test). On the other hand, a slgniflcant amaunt of radio

ac tlvl ty extrac ted from in trac~llular organelles elu ted a t the 

void volume of the column (Table 4), indlcatlng that part of the 

lnjected 125I-oPRL Is ln a hlgh molecular weight (HMW) forme 

A similar HHW form was also observed by ln vitro incubation 

of 12SI-hGH wi th prelysosomes and lysosomes (Fig. 7; Table S), 

prelysosomes al terlng the molecul..ar form of the ligsnd to a 

point such that lt'was no longer recognlzed by-its receptors. We 

do not bell.ve this HHW material to simply consist of aggregated 

1251-hGH molecules, as hlgher rece~tor bindlng could be expected 

from such aggregates~ Th~se HHW' peaks may represent solubl11zed 

hormone-receptor complexes, a fact that would explaln the almpst 

complete lack of blndlng ability of material from these peaks. 

The slgniflcance of very tlght hormone-receptor complexes 

remains unclear. The association of tigbt blnding vith degrada

tlon (20) agrees vith our flnding of such coaplexea ln prelyso-

-

r' ~ , 
,- " " 

, . 
. ;:";; ....... - ,..,. .. \ 

- ,.' ..,v •• ~~; " t'f' 

, .' 
,- . 

,< , , 

-' -.... -....... 



( 

91 
o 

aomea and lysosomes, but ve failed to observe degradation prod-

uc ta af ter incuba ting the hormone vi th lysosoma1 frac tions for: 

16 0 h. Our lysosoma1 fraC: tioua 1II1ght be al teud as a reaul t of 

the laolatton' technique or pos81bly, for lysosomal degradat;loQ 
to occur, extralyso80mal factors mlght he requited. 

, 0 , 
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SECTION 3.1 

MAINTENANCE OF PROLACTtN BINDING SITES 
t,N RAt LIVER CELLS IN SUSPEN~ION CULTURE: 

ÊFFECTS OF PROLACTIN AND OF INRIBtTQlS 

O~\ VARIOOS CELLULAR, FUNCTIONS 

, , 
" 

\......L , 

t ~jl", ~ 
,OM , .'J

o 

l .. ~ t" .,.. 1 ~ , .' 

l , , .~ 

. , 



( 

( 

98 

ABSTRACT 

An ln vl tro Ille thod ta s tudy the regula tian of prolac tin 

~eceptors has been establlshed using adult rat liver cells cul

tured in a coneinuous suspension in L-15 medium. Prolactin 

b1n'ding averaged 28.2 :t 1. 8% of the added labelled hormone per 

106 cells in freshly isolated liver cells prepared from female 

rats treated with l7B-estradlol. When these cells were'incubat

ed at 370C, bindlng ·rapidly declined by 20-50 % at 10 hours and 

80-90 % a t 48 hou l'S. T~8P.id decline could he counterac ted 

by the incluslon of 'ovine ~olact1n (50 nM), which ma~ntalned 
initial prola~tin receptol' levels up to 411 hours of culture. 

Higher concentrations of prolactln (2.5 uM) induced a rapid 

down-regulation, apparent at 2 and 10 hours of culture. Cyclo

heximide (50 ~g/ml) induced a slight diminution of control pro

lactin receptor 'levels and pS1'tially reversed the effect of 50 

nM prolactin. Approxlmately 60% of the'prolactln'receptors were 

resistant ta the effect of cyclohexlmlde. On the other hand, 

8ct1nomycln 0 (10 ~g/ml) had no effect on prolact1n receptor 

levels in control, and on~y S very slight effect ln prolactln

treated cells. Dinitrophenol, which blocks metabollc oxidatlon, 

a1s9 partlally reversed the effect of 50 n~l prolsctin although 

lt 'W8S wlthout any signiflcant effect OD control levels. Chlo

roquine (100 ~M) and colchicine (1 pM) failed ta alter prolec-

,,~tln· binding either ln the absence o~ presence of 50 I1M prolac ..... ~ 
tin. Our results suggest that the existence of reguletory fac-

f ' 

ors oecurrlng in vivo, which are absent ln the culture medium; 
li ' 

could be respons!ble for the decllne ln p,rolactln receptor 

levels in the control hepatocytes. 'Prolactin iteelf could be 

one of these factors. On the other haod, and in agreement w!th 

the putative actions of the d~ugs utilized, the mechanlsm of the 

prola~tln-induced maIntenance of receptor levels appeara to lle 

ln part with an effect on l'eceptor synthes!s at the translation

al (ribosomal) level but to be Independent of 'lnternall,zat1on or 

of lyaosom81 degradation. 

'.' 
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INTRODUCTION 

\ 

Prolactin b~nding sites in rat liver have been shown to have 

similar characteristlcs to p~olactin receptors in rabbit mammary 

gland (35,40). Hepa U~ prolac tin binding i s sens Hi ve ta the 

endocrinological milieu with hypophysectomy resulting in an 

almost complete loss of binding sites (25). 

ProlacUn itself 

_________ up-regulatory effect 

h~!een shown t6" have a stimula tory or 

on prolac tin binding si tes in ra t l1ver 

in mamma ry tis sue (IO), and to play an 

--

( 

" --c22. • ..,30, 34) as well as 

------important- ,role ln the overall mammary 

the varIation of PRL receptor levels • 

gland developmen t and in 

observed in this tissue 

durlng pregnancy and lac ta tion (6,11). More recen tly, a pitu-

i tary factor under hypothalamic control has been :Lmpllca ted in . 
the regulation of PRL binding in the liver (33). 

In sddition to the up-regulatory effect of prolsctin, which 

,requ.u~'" da ys for 1 ts maximal effec t to be a tta ined 1 a rapid 
,/ 

,~own-regulation of prolactln 'receptors has been observed ln vivo 

in rat liver and rabbit ma~mary gland (7) as weil as ln mammary 

explan ts (8). Thi s process of down-regula tion of prolac tin 

- receptors appears t~ Involve an increased rate of degradation of ~ 

prQlsctln receptors ln lysosomes (12), as has been shown for 

other hormone-receptor systems (1,4,18). 

Followlng bind ing of polypep tide hormones to recep tors 10-

cated on the plasma membràne, there ls an internallzat~on of the 

hor!D0ne-receptor complex' (5,17,39). Prolactln receptors havè 

been localized Inside rat' 11ver cells ln GolgI membrsnes (2,20) 

in lysosomes (Chspter 2) snd ln another, yet undeflned subcel~u-
'" lar element (27). Accordingly, intact prolactin can be found;ln 

these organelles withln 5-30 minutes following injeétion of the 
1 

labelled hormone in travènously (2, and Chap têr 2) as weIl as 

wi tbln the Golgi of mammary cells in lac ta Ung ra ts (32). 
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Al though Dumerous 8 tud les have been conduc ted on prolae tin 

blndlng ln freshly Isola ted ra t Il ver cells tour previous a t

tempts to establlsh primary monolayer cultures of liver cells 

have proven uDsatisfactory (unpubl1shed observations). In a 
). 

preliminary study (37), we have shown ~hat elther prolactin or 

prol~etin reeeptor antibodles were capable of Increasing prolac

tln receptors ln rat liver cell~ in culture. ln thls report, we 

u t111ze this ln vi tro approach to s tudy the regula tioq of pro

lactln hindlng sites in rat liver cells cultured in continuous 

suspension. The res ponse of pthese cells to va rlous concen tra

tions of prolactin as w~ll as to varlous cellular Inhibitors waé 

examined • 

.. , 

.,. 
"' 
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MATERIALS AND METRons 

1. Procedures for cell 1801étlon 

Female ra ts weighing 200 to 250 g were trea ted for 7 days 

twice a day with 17B-estradiol (5 ug) ta enhanee PRL reeeptor 

numbers (22,25,35) and for a 24-hour perlod with the dopaminer

gic agoni'st, CB-154 (br~moc:rYPtine inesilate; 500 Ilg, every 12 
, ' 

hours) ·,to lower clrculatlng leveIs of prolactin (ll). These 

were Injected s.c. in 0.9% sallne containlng 1% gelatin. 
o 

., 
Rats were anesthetized with Surital (40 IIlg/kg). From this 

point on, aIl procedures were performed under sterile" condi'" 

tions, ln a laminarflow hood. Following routine eonvenlent 

aseptic procedures, the abdomen was opened, the 11ver' exposed 

and the he,pattc portal vein was canulated wi,th a butt~~fly No. 

19G (Abbott Diagnostics, North Chicago, IL). The live~ was per

fused u,sing a pump roller (Travenol Ine., Oeerfield, IL) with ' 

700 ml of Ca 2+ free REPES buffe~ (10 mM, pH 7.4, conta~ning lA2 

mM NaCI and 7 mM KCl) ai 370C to break ~esmosomes and to remove 

as much blood as possible. ln order, to avoid distension and 
; 

subsequent rupture of, the liver, juat after the Urst dr.ops of 

HEPES butfer entered the liver, the 8uperiar cava~ vein was eut 

above the dlaphragm" and the rest of this Solution was allowed 

ta pass through the l!ver, over a la-min. periode Cell disso

c:1at;loll was Induced by the perfusion of 300 ml of colÎagenase 

> ~olution (30,000-40:000 lU/r~t ln 10 mM Hepes' bU,ffer, pH 7.4, 

containing 50 mM CaCl2 and 120 mM NaCl) over aIS-min. period. 

This method la. 'a modification of the technique of Berry and 

Frlend (3). The llv&r wss removed ànd place'd in a Petri dish 
.. ----- ~ ,. 

contalning, cold Eagle' s minimum essential medium supplemented 

with 32 mM Triclne and 26 ~H NaHC03 (pH 7.4). The Ilver capsule 

,wés d1sse'cted and wlth the help of light agitation, the hepato-

cytes were d1ssoc:lated ,in a vial contalning suppleménted Eagle's 

,minimum 'èssent1al medlum. 
. 
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Three centrifugations ",ere perfo"rmed at 500-1000 X.8 for 5 

minutes each. After the ftrst, the pellet was gentIy resuspend

ed ln serum-free L-15 culture medium modified with glutamine and 

supplemented with 2.5 mM succinic acid, 10 mM glucose, 100 ~U/lnl 

penlcl1Un ,,a:n-~ 50 )Jg/ml streptomyl!in Bnd buffered to pH 7.4, with', 

150 mM H~'PES'q'l Cells were couoted uslng a hemac,ytometer, .~d 
diluted in~"'Y~fhem,ènted L-15 medIum to a .concentration of "3.3 X 

106 cells per ml. 
t , ' 

Ten ml of the cell suspension wére placed in 50 'ml tr1en

meyer flasks with untightened screw caps and incubated at 37°C,,) 

with normQ'l aeration under continuous shaking (Junior Orbit 

Shaker. La b-Line Ins tru!,\en ts lne., Mel rose Park, IL). Tryp tan 

blue exclusi'on test revealed greater thao SOr. cell vlabi1ity st 

the ou tset of cul ture w 1 th via bUi ty only sl1gh tly reduced (ap-' 

proximately 5%) and e:el1 shape slightly altered at 24'and '4S' 
.! 

hours of culture. Aliquots of cells were removed after, v,arious 
'1 

Urnes of incubation and frozen at -20 0 e until recepto,J" aS88y. 

" 

2. Cell concentration () 

The effèc t of varylng cell e:Qncen trs ti.oo ln the incu'ba ti~n 
t , ' 

medium 00 the maintenance of pro1actin recep'tors was linvestiga,t-
• .. l Q 

ed~ lpcubat'ions at 370C were pe,rformed at cel1 concént~8tions' 

of 0 • .83,. 3 __ 3 and 13.2 x 106 c.ella/ml. , ' 
,0 

3. Hormone lodhiation" 

Human growth hormone (hGH) was la'bell8d wi'th, 125 1 (New , 
England Nuclear, Boaton, MA; or Atomic Eoergy o,f 'C~~a4a, O:ttawa. 

00 tario) uaing low concen tu t.io!! of chloramin~ T 88' pre''{lou sly 

deserlbed (24). Typical specifie:' actlv,lty, was 60-80 )JCi/IJ'g. 

hGH wa s used for PRL recep tor a s say beca.u se i t wa s s:hown' to cube 
• " ~ 1 \ Cl r 

more a table than la"tiel1ed PRI: with s hUa r lac: togenlc ac t1 vi ty , , 
(inc:1udlng b,inding bd PRL rece,pt'ors) in a number'" of; target' 

( 3 5 ) • 
~, '0 
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4. hceptot aaul 

Frozen cella were al10wed to tbaw and the tubes were centrl

fuged et 1500 x g for 15 minutes to remove the incubation me,di

um. th la s tep proved to be Importan t t espec,hlly when eleva ted 

concentrations of prolac tin were Included ln the incubation. 

Following removal of the supernatant, the pellet was resu8pend~d 

in Tris buffer (25 mM Tris-lIel, 10 mM MgC12, pH 7.4) and homoge

nlzed ln a teflon-glass homogenizer at medium apeed for 10 

seconds. 

To tal ce Il ular bindlng was measu red al ter desa tIJra tion of 

the rece p tors: the homogen ized cells we,re cen tri fuged a t 2300 x 

g for 15 minut:es, the supernatant removed by decantatlon and 0.,5 

ml of lM MgCl2 was added to the tube s. Semples were then vor

texed. 4 ml of Tris buffer containing O. lX bo"lne serum albumi!l 

(BSA) was added and the tubes centrifuged as prevlously descrlb

ed (24). 

Cell homo&!'!nate' ~quivalent ,ta 300' 1.11 of the original incuba-:-, 

tion, represent1~g 1~6 tells (or' ,.approximat~ly' 300 ug protein 

measured using nSA as standard;, uf. 29) were Incuba ted ln 

Tris-buffer contain1.ng 0.1% BSA "at l'Qom tempe'ràture (22°C) for 

,~r6 ... 18 hours, with, a'pproxi,mat'el'y 100,,000 cprn [125IJ-labelle'~, 
~ j 1 1 ~ , 

hu man growth hormone,', in the ~resenèe, or a bsen~e of' excess (l 

Il,g) ùnlabelled ovine p'rolac,~in ('oP'RL), i. a tota~ volume of 'soo 
u1'" The rea~tlotl W88 s'toppê~ with 3 ml of CQld Tr1~ buÙer con-' 

talnlng ,0.1":, BSA. Bound and tree horDlones were separated by 

centrifugation for 15 minutes ,'a"t ·2300 x, g. ,The pelle~ 'was 
, ,", ~ C 'J, )' 1 J ~ \ 

'counted in a LKB ~270' bç~g~mma', 'sclntillàt'or from LKB Instru-
, ~'~ j ~ ),,' , 

mente. Inc." (Roekvn,l~'.' HO), (6'6.5% eff-lchncy,). Spec:tf1c bind-, , 

lDcg w,a',è 

'a_nc:~ or 

" , 

calcula te~ , 'as, ~ne -'dUfere,n~e ln C:,pm bo~n,d, ln the 8b~' 
, J, \ 1 

presence of an excess of uo'labelled oPRL, and was ex-
~ ~ ~" '1 l \, i:l • 

pre,ss,ed as a, perc~nt~ge of the to t~l ràdloac tl vit Y .' 8dd~r:l t'o th'a" 

tube. ','l'he r'e'sul ts' are ' pr~8,i!nted "as a pérèen tage of tl\e, ttme' ' ': 
( .J ~ , , ' .. ' 

ze'r,o <spec'lfIc 'bindlng '(,prlpr 'to' Idcubation pr 'the 'c,ells), • 
• \ , " r ,I,"J ~ 0 .'"-' Q,' 1 ~ J,' 

" ' ~.: ' 

, , 
0' , 

'0 
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rta t!stical analyses vere pe rformed using Duncan-Kramer' s mul U

pIe range test after logarithmlc transformation to correct for 

beterogenelty of variance (28). 

5. Chemicals, drugs and hormones 
,. 

HEPES and collagenase (type Specifie Use or Typ--e IV) were 

from Sigma Cbemlcal Company (St. Louis, Mo). Eagle '8 minimum 

eBsential medium (modif1ed) ·and L-15 (modifled with glutamine) 

were trom Flow Laborator1es (Rockville, MD). IH-estradiol was 

from Sigma and CB-154 (bromocryptine mesllste) from Sand oz 

(Ba sel t Swi tzerland). 

AlI drugs tested were from Sigma; chloroquine, colchicine 

and cyclobexlmide were dlssolved in lIater b.ut actinomycin 0 and 

.dinitrophenol (ONP) were dis80lved in ethanol (1% ethanol, final 

concentration in the incubation media)., They were 'compared with 

approprlate control and PRL-treated incubations. Cycloheximide 

'and dini trophenol were renewed after 24 bours of incuba tion 

because the·lr effect appeared ta be short terme 

lluman growtb hormone (hGH; 852160E, 1. 7 lU/mg) and ovine 

prolactin (oPRL; NIH-P-S13, 30 lU/mg) were generously supplied, 

by tbe National Hormone and Pitultary program (NlH). The final 

concen tra tion of ovine prolae tin preaen t in the hepa tocyte cul

ture medium, up' to 48 hours ,of culture was determlned by radlo

Immunoassay (21). 

, \ . 
l", "1 

~ 
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RESULTS 

1. Pro:lactin receptor maintenance 0" 

~ 

The loaa of prolactln blndlag s1te~ in rat liv(!r cella in 

continuous suspension culture as a function of time lB shown tn 

Fig. 8. Tlme zero binding was 28.2 :t: 1.8% which repre'se'nta 330 

fmol per 106 ce11s, as evaluated uslng Scatc:hard "nalys!'s ob, 

competition (38). A rapid reduction of total bi~ding slt-es. was 

observed, with values decl1nlng to 50-80 % at ,10 hours and lO-20 
, 

% of time zero blndlng at 48 hours of culture. A,simlfar loss" 

of blnding si tes was· seen ln 't:a t, l1ver ce1h ~ul tured 'ln mooo

lster in L-15, al though the 'ra té of decline 1~ 4-5 fo1d 'more 

rapld (23). The ra te of decllne' observed in 8uspenaion cul tu~e 

ls very slml1sr to that obs~rved in vivo, f~llowiag bYPo'phys,e'c,-

t'omy (25). .' , , ,:~I 
"'\ ~: , 'c· 

Varylng ,tJ1,Lconcentr~:ltlon of, cells ln the IhcubaUon 'med"1ulli 
"J " ~ .{ • 

,affectéd tb~},màl:lltenanc'e of pro~a(!t1n 'binding ln ra~t "Ù:ve,r cella 

ln culture;'::, ~,;the rate ,of lo:tso'f receptors was hlgh" "he~ ~ell" 
" ,<I!' "~ , 1 -, 

concentration was ten "t,han 'j, x 106 cella/ml, whereas 's,t ,conçetl-

tratioos 'of 3.3 x 10 6 c.eils/ml or gre~te,,:~ 
wUl as the respoose to proiaèt11'l (see.' b~'lo'w) 

" ' 

not shown). 

tbe ma ln,tenance as 
n ,~" ~ 

was i'mproved ,(data 

In a recent s~udy:,''{3?), ve:' .ha~e '~'eporte'd ti?~ ':"Ostlmulà'tory~ 
efféct of nM .conce~b;~~'l;?nS o'f ,prol~cd.n ~n profacUn bl~dlng in 

rat I1vet;'cells 'ia 's-,u'~pe~ston cuh~~e~ 'Fig .. ,8 ',8h~~8 the ~a1nt~-: 
, , ~ ", , ,~ ~ 

nance ef~eet ot' th~ op't!mal ;dose or' prolattln ('SO· nM)' on ,'totêl 
e 0' ' 

prolactin recept'or'leve1s .• This 'eff'ect b'egan 'to 'become' apparen(: 

,.'at: '10 bours of cuft~,re (p ( 'O. os. ànd P'( 0.01 trom 24 h~Ul':8 'on), 
è, " , 

"hen compared to 'control values. T~e effe~t was' specl;f1c tl() 

lactogenl~ hormd'oe's, since S'O nM :nGH' (equ1p~:~~t1t to oPRL ~l'l the, 

rabbi t mammary gland) àlso ~a in talned . PiL reeep to~'8 to tt,me,zero'~' 
'1 0 ~., , " 0 , , , , .,,, " , 

vaIlle s t~rou~ho,u t the 48 hour inc,uba.tl~n "~~u:lôd. ~o ,eft,ect was, " 

'. 
, . , , 

0' 

" 0 

1 f.' 

" 

" 

., 

.. 
o , 
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, ' Fig. 8 CLeft), ProlacUn binding in rat liver cella in suspension culture. 
Values are expre88ed a8 percent of tl_ zero binding (just befOJ:"e 
the incubation) and are meanl ~ SEM of 13 (control and PRL 50 nH) or 
4 (PRL, 2.5 UR) tndependent culturel. Percent sp'eclUe b1ndlng' 'at 
tlae zero IIa8 21.8 t 1.4 and 24.4 ~ 4.2 pel' 106 eells, respective-

~~ ~0(l ., "'Fig. 9 
", , 

, , 

"':' 

" ' 

, e 

" 

" 

, " 

, , . 

l:y. 8: p <0.01 va control. . 
, ---, 

(R,lght) The effect of cyclobexira'lde (50 JJg/lÙ) ,or 8 cOlllblnatlon of 
cycfobexialde IIith the optilllJm up-regulatory concentratlon of pro
lactla (SO nH) on total prol.cUn blndlog ln rat liver cells ln sus-

, penaloll cul ture. Values are eXpr[8Sed 8S percent of, tilDe zero bln
"diqg aQd represent lIeana * sm of flve Independant cultures. TIlDe 

:, zet:0 blndlng of control vaS 2.0.6 , 2..1% pel' 106 ' cells, representlng 
, approl'llll8tély 330 fIIol blnd1!l8 aitean()6 cella. ;~: p < 0,.01 !!. PRL; 
';t.,: p < 0.91 .!! control. ' 
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obaerved wi th the nonlac togenic hormone, bGH, nor oith any other 

pituitary hormone tested (TSH, LH, FSH and ACTH; data not 

shown) • 

In order to induce a down-reguls tion of prolsc tin recep tors 

in vitro, the concentration of prolacUn ln the medium must be 

increased. As shown in Figure 8,' prolactin (2.5 pM) produced a 

drama tic dim inu tian of prolac tin receptor levels ___ a t- 2 hQXIrs of 

cultu're, and at 10 hours, this effect wu s,till ~ign1f'icft (p < 

0.01) No PRL binding sites became measurable ln the~ medium 

during the proc:ess ~f down-regulation (not shown). Th. dawn

regula ted Ievels were observed througbout the 48 hours Jincuba-

tion but were not 

from 24 hours on. 

significsntly dlfferent from control values 

The sh,ort duratlon of the measurable down-

regu1a tory e f fec t ia in good a greemen t wi th previouB reports of 

"thls effect of proiactin ln liver and mammary gland (7,8). 

The ac tuaI prolrie tin concen tra tion preaen t in the cul ture 

me~lum at various times during the 48 hours of culture was mea

sured by specifie radioimmunoassay, (data not shown). At aIl 

prolactin concentrations utl1ized f;"om 2.5 uH (115 ug/ml) to 0.1 

nM (2.3 ng/ml), a pattern of declining prolactin concentration 

trom 2 to 48 hours of cu 1 ture was no ted. A maximal degrada ti on 

fa about 50% of initial values W8S observed, with the degrada

tton being most noticeable at the lower prolactln doses (0.1 and 

1 nM). ,'. 

2. Elf ec t of blockers of cellu lar func tions 

Cyclohexlmide (50 ug/ml) had a slight inhibltory effect on, 

PRL receptors in control hepa toeytes, 88 show,n in Fig. 9'. The 

ef fec t of cyc loheximide was ma st no ticeable when used in combi

na tion wl th 50 nM PRL and compa red- wi th the effee t of PRL alone: 

from 10 hours' on, cyclohextm ide reversed the PRL-ma ln talned 

levela firs t, down to the con trol levela (8 t 10 and 24 hour s) 

, , 

, 
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Ftg. 10 (L~ft) The effect of actlnomycln 0 (l0 ug/III r or a coublna t1~n of 
.c:~lllo.yc1n n and prolaeUn (50 nM) on total prolactln blndlng ln 
rat livet cella ln auapeoslon culture. Values are expressed as per
CeRt of Ulle zero blndlng and' repreaent means :1: SEM of four lndepen
dent cultures. Tl .. zero blndlng of control waa 18.9 :t: 1.4% per 106 

Plg. 11 

ce11s. a: p < 0.05!!. PRL; b: p < 0.01 .!!. control. . 

(Right) The effect of dlnitropheool (DNP; 1 uii) alone or ln associa
tion vith prolact1n (50 nM) on total prolactin receptora in rat li
ver ce1ls in suspension culture. Values are expressed 8a percent of 
tille zero blndlng and represent ,"aus :t: SEM of 8 lndependent cultu
res. TilH zero blndlng of control was 19.8 :t: 1.4% per 106 cella. 
a: p < 0.01.!!. PltL; b: p < 0.01 va control. 
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but only partl2illy·(60%) at 48 hours of culture (p < 0.01 for 

cyclo + paL!.!. PRL a t 10, 24 and 48 hours and cyclo + PU.!.!. 

con trol a t 48 hours). 

On the other band, and as ahown ln Fig. 10, actinomyc1n D 

(10 1Ig/ml). whlch blocks pro.tein ayntheaie at the transcrlption

al levèl, had a sig'lliflcant effec t Cp < 0.05) only at 10 and 24 

bours of incubation on the PRL-maintalned PRL receptor levela, 
1 

and no effect on control cella. 

The effett of prolactin (50 nM) on PRL blndi'ng cao also be 

blocked by 1 mM dinltrophenol, a metabolic uncoupler, as ia seen 

in Fig. Il. ,Tbe reversa! was complete a t 10 hout'B but only par

tial st 24 and 48 hours (p < 0.01 for DNP + PRL !! PRL at 10, 24 

and 48 hours and for DNP + PRL va eon trol a t 24 and 48 hours). - ' 

Flna11Yt we ob~rved no"effect with the lysosomotropic: drugs, 

chloroqulne (lO~lIM)' or NH4C1' (la mM) nor with colchiCine" (1' , . 
, uM), a' po ten t micro tubule-disru p ting agent (da ta not a hown). 

.---------=-
Tbe poss 1 ble a ignif1cance of these 'nega ti ve re au1 ts Is dis cussed 

below. 

\ , 
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DisCUSSION 
, , 

Th" decl1ne ln prolactln blnding in control cultured hepato

cytes suggests\ the lack of a physiologieal factor (probabl'y fro,m 
, \ 

,the", ~1tuitary, \ se~ ref. 3_3), responsible for the regulatio,n' of 

PRL 'Te,ceptor le\vels ln the rat llver. lndeed, this observatidn 

,,1~ ln gooC!, ag,re~m~nt wlth the decline observed in hypophyseet~
lII~zed' animals (25) which first demonstrated, the importance of 

1 

the pltuitary in the maintenance of. liver prolactln receptors. 

In vivo, prolactin has been shown to be' the 'l'actor responsiblè 

for the induction "of hep'aUc prolae tin r-;e~ptors, .firat by the 

transplr:lntation of a pltuitary l,Inder the kldney capsule (34) and 

later by dirèct administt~tlon of ov1ne PRL to'·rats (22,30). 

, , 

Using the .pre,sent in 'vitro m,o'del, prc:'lactin alone w~s ablè 

to eom,pletely malntain (up t~ 48 h.ours of culture) the leve! of 

,PRL blnding present. at the outset of tke c,\Jlture. This model 

" does' not p~rm1t us 'to. ~ufe out tbe pos,siblllty that one or many 

other pituitary o'r extrapitultary faet.ors are involved 'ln the 

malntenance~' of prolactin' receptora fi ~u~an GH, for Instance, 

wbich la both somatogenic ,ind lactogénic, when, adminlstered in 
, -

~ by contlnuous infusion, a180 restored hepatle prolactin 
~ ,~ 1 

bindlng sites in. hyp-ophy~eetom1zed, ~"ats (33) ~nd, waB' ~s potent 

~88 PRL on t'h~ cu'ltur,ed hep~tocyt~a, (not shown). 'Moreover, wé 

used ovine 'proiaetin' ~ith' "l'at ~hepatocytes and ou'I' optj.mal eon-
o ',~ " -' 

centrat·lon (50 DM, equlva1ent' to 1.1, ug/ml) fàr exc:eed's physio-

logieal ci re~la ting PRL éOll.c"en trll"tlon ln t~e nor~al', aetul t female 
'" 0 ~, v 

rat. although it represents' l'evals, of placenta'i'/,lacçogen" a,een 
" 

durlng pregnancy (26). , , " r 

; " 

/' 
We also sbowed a ~educ t,i,on of p rolac tin 'r~c"eptbr leve!s a t 

hlgh prolaetln concentr,tions. The down-r~gulat1on 18' of short 

duration. apparent onLy ~t 2 and 10 hours, (Fi,&". ,8). 'pro~:>llblyo due' 
, <'l r, Î 

to the hct that receptor synthe"da 1s 'oeeurrlng cO'n'comlt~ntly 
'f' '..' Q ~ .., ~ ~ " 

wi th recep tor loss. This effect la ~ilnl1ar to the dow'n-r8'$ula':" 

, 0" 

'"u:' 

, ~ 1 • r '? ." '. . -' ... ~ 
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c , • ~'., o. {j 
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tion observed ln, rat liver, or t:'abblt 'mammary gland models in 

!!!.2. (7) or '~n vitro '(8)'. l,t wou1d ,ppear that simple occupa

tion of tbe blndlng al tes was not respons 1 ble for such down

regulat:ton, ainee reeept9r assays, vere performed after desatura

tion ~f, ~he reeeptora using 3M "gC12 (24). However, we ahowed 

ln Chapter' 2 that following blndlng of the hormone to 1ta recep-
, ," 

tor at the plàsma membrane level, a portIon' of the internal1zed 

prolactin vas eoncentrated in lysosomes. This materlal, when 

dis80clated by 3M HgC12, 'pe'rtly '~luted on Sephadex G-75 column, 

as a hlgh molecular we1ght peak (perhapa the solubUized Mr
mone-Eeceptor complex that could nO,t' 'be di.s8oclated by Mgt12 

trea tmen t) • Therefore, ,the dowu":"regula tlon obeerved ln cul tured 

hepa tocy te a usi ng high concen tu t'idna of PRL could reaul t from 
, ' ' 

the forma tion of ,such, HgC12 oondissociab1e hormooe-receptor 

eOimplexes .' 

tin lnduced 

It ,ls pos-s,l,ble that lower. concentrations of prolac

a s'f.,mllat 'eff'ect, although to"an ex~ent too sma11 to 
,t' , 

be de'tecte4' 0011 ,by me~'s'yri,ng total celi~l~r bindlng. Measure:-
" \ l' ~r.> , 

ment "of PRL, re'ceptors ln ,a pJ1rifled mier0801llal or lysoaomal 

fracttion would be' requir~d' .:to show if this 18 the case. 

S tudles" vere conduc ted wi th var lous iohibi torsot cell furie,,:, 
, " 

t'ions. A t the doses used, the effec te ob$erved are' usua'Uy" 

those which are sought, al tbough non-specifie effec ts canno t 'be 

entlrely excluded. Cycloheximide, 

thesis at tbe translational level, 

an inblbitor of protein 8YO,

redu'ced pro1ec tin binding by 

approxlmately 40%. Effeets of a similar magnitude were observed 

ln the mammary gl~nd ln expiant culture (8,9). Part of the 

lIIa'intenaoce lnduced by prolactin appeara to be due to synthesis 

of new receptors sinee cycloheximide rever-se<1 60% of this effect 

(Fig. 9). A slmilar effect was observed with DNP, a metabolic 

uncoupler wbich indirectly inhlbi ts ATP-coDsumlng processes, 

such as protein synthes1s. On the other hand, actinomycin D, 

whl~b blocks oucleaT trsDscription, had very Il ttle (approxlma

tdy 15%) effect on PRL receptor, Ievela so that the involvement 

"of pro tein synthes la ln PRL receptor maio tenance by PRL appears 

, , 
" 

\ " 
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to Ile princ.1pally at the translation level. Theu May be pre

eX1stlng pools of PRL receptor mRNA (which would suggest 8 long 

haH-life for this mRNA, ref. 9) or of a receptor preprotein 

tha,t needs ooly to be processed to become ac tive. 

Recently, 

heximide to 

1 t has been repor ted tha t the add i tion of cyclo

astrocytoma cells trea ted wi th isoproterenol to 

down-regula te the j3-rec,eptors did no t preven t the recovery of 

receptors (13), suggesting receptors May not be completely 

degraded following down-regula tion. These stud ies also demon

strate that receptor synthesis may not be essent1al for an in

crease in receptor number to be observed.. AIso, oevidence has 

recently been presented demon'strat1ng the recycl'lng of insulln 

receptors in isolated rat adipocytes (31). In any ease~ some 

complemen tary meehanism or mechanisms mus t be opera ting .to ex

plain the 40-60% of PRL recep tors tha tare res i s tao t ,to cye 10-

heximide in the cultured hepatocytes (Fig. 9). 

Lysosomo troplc drugs have been shown to have ao importao t 

roIe in blocklngP.e "degradat1on of PRL receptors in rabblt mam

Mary tis8ue (9,12) where the rate of °degra!iation la less ,t;han 

the ra te of occupa tioo and endocytosi s of recep tors. rn t.he ra t 

l,iver, we showed tha t chloroq u ine Injec ted in vi vo was able to 
, 

'conslderably enhance PRL receptor concentration in the lysosomal 

compartment (Chaptar 2). Nevertheless,' chloroqulne showed no 

effec t on to tal 'PRL recep tor numbers in cul tured hepa tocytes or 

in our previous in vivo study (Chapter 2;, data not' shown). 
; : 

'Therefore, the absence ,,!f effect on total bindtng ln the hepato-

cytesis consistent wi~h our suggestion that when lysosomal ac-

tion 'ls blocked by chloroqulne, PRL recep tors tha tare rou ted 

towards t~ese ·vesic~es are e1ther not degraded to aoy observabl~ 

exten t, 'or r~placed a t the same ra te as they are degraded.' \ 

, ' 

There ls substaotial evldence supporting the notion tbat 

colchic ine inhibi ts eodocytot.ic. proces8eS by 'bloc~lng micro tu-
~ ;', r t 

-
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" bule a88embly (36) • 1t was thus surpr1sing tha t it had no 
, . 

ef.fect on concentration of PRli receptors in bepatocytes, espe-

elally since transmission signaIs from perlpheral binding sites 

,to the Interior of the celi vas s)Jggested to lnvolve microtu

bules (14); ln partlcular, colchicine has been shown to block 

some ot the prolactin-lnduced actions ln the mammary gland 8uch 

as caseln eynthes18 (19). Moreover, ln rat hepatocytes, th1s 

drug reduces Ineu11n degradation and lncreases insulin recepto~s 

(41). Therefore. the effects of colchicine appear to depend not 

only on the tissue, hut also on the system exam1ntld. As for PRL . . 
receptora ln rat hepatocytes, regulatlon of the receptor levels 

appears to be independent of micro tubule assembly or of ln ter

na Il z a t ion. 

In conclusion, the ruults from th1s study show a direct ac

tion of prolactin on rat hepatocytes, respoDslble for the main-
1 

tenance of ,1 ts receptors in serum-free medium. This maintenance 

seems to Involve, in part, synthes Is' of new receptor, molecules 

with little, syntbesis of lts mRNA, but to be lndependent of 

1ttternal1za t ion or lY80somai degrada tion. 

\ 
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INTERACTION OF PROLACTIN (PRL) BINDING SITES 

WITU PRL RECEPTOR ANTlBODIES 

IN RAt LIVER CELLS IN SUSPENSION CULTURE: 

EFFECTS OJ INHIBITORS OF CELLULAR FUNCTIONS 
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4le have recently, de'lDon8'trated that 'prolactin i8 able to 

malntain the' leve! of its 'receptors .1n cultu\,ed rat hepat,o-, , 

cy'tes. This eff~ct could be modulated 'by varlous inhibltors of 
• 
cellular function8~ 

. , 

We repor t here tha t, an an ti ~ody dev~loped 

against a partially puri.f1ed prolactin receptor preparation can 
0, 

mlmlc this effec t of the hormci'ne (a,l though to a lesser u:ten t) 

and that drug! can modu!ate lt ~n a simllar manner. In partlcu

lar, cyclohexlmld~ '(50 \.Ig/ml), which reduced basal receptor lev-
, 0 ' 

els by approximately 40%, tot,ally reversed the maintenance" in-

duceS by the antfrecept"o~ serum .. ; I\'(~tlnomycin D (10 \lg/ml), 'an-
o , 

other protein synthesis inhlbi'tor (st 'the' transcriptional lev-

el), had no effect on basal receptor concentration, but counter-

act~d by about one~half the antlserum-induce~ maintenance. rhls 

effect of actinomycin D is much clearer' here th~n the effect 

previously observed on prolactin-induced receptor levels ln rat 

liver cella in culture. The effecti of dinltroph'enol (lmM) on 

basal levels was of liml. ted amplitude b\lt m'ainte,nance was again 

partly reversed by this drug. In accordance wi th previous re

sults obtained with prolactin, chloroqulne (100 lIM) and colchi

cine (1 l.IM) falled to alter prolactin blnding either ln the ab

sence or presence of 5% antlreceptor serum. The ,effect of the , , 

antiserum indicates ~hat prolaetln itself is not requlred beyond 

the membrane for its,effect on receptor,regulation ta be attain

ed. 'These re'Bults a1so conflrm our previous results wlth pro

lacUn maintenance of prolactin receptor level~ ln rat liver 

cells in culture, that the mechanlsm of receptor, maintenance 

appears to be due in part ta a stimulation of receptor synthesls 

bu t to be Itndependen t of in teroaliza tion or of lysosoma1 degra-' 

da Uon. 
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INTRODUCTION 

Prolae tin reeep tors bave been shown to be under regula tory 

proeessest PRL Itself having a st1mulatory effect on the rat 

llver (20,24,25) as weIl as in the mammary tissue (1). We have 

recently reported (29) that PRL and an antibody developed 

agalnst a partially purified PRL receptor preparation could bath 

prevent reeeptor 10ss in rat hepatoeytes in continuous suspen

sion. In the previous section, we characterized the PRL-indueed 

ma in tenance of PRL recep tors (wi th 50 nM PRL) and these s tud ies 

have provided new insights in the mechanism of action of PRL. 

Djlane and al. (8) have reporte,d prolactin-l1ke activity of 
o . 

anti-prolaétln receptor antibodies on casein and DNA synthesis 

in the mammary gland, and there is abundant literature suggest-, 

iog tha t antl-insulin receptor antlbod1es can mlmic insullo 

action on the uptake and oxldation of glf"ose 0,11,14,15,17, 

18). The ae t i vit y of those an t1 recep torl an t~ bod les Bugges ts 

that the strict action of these hormones coutd be limited to the 

~teraction with their binding sItes. 

Experiments 

tory effect of 

V'arious eff~c.ts 

wete thus designed to, characterize the stim'ula

an ti-prolae: tin reeep tor serum and conf i roi the 

of inhibitors of cellular functions • 
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MATERIALS AND METHODS 

1. Materials 
; 

HEPES (N-2-hydroxyethylpiperazlne-N '-2-ethanesulfonle acld) 

and collagenase (type IV) were from Sigma Chemical Company (St. 

Louis, HO), 'HEM (Eagre's Minimum Essentiel Medium, modifled) 'and 

i.-15 (Lelbovitz ~edium), modlfied with glutamlne were from Flow 

Laboratories (Rockville MD). 17B-estradlol (E2) was from Sigma 

and CB-154 (bromocryptlne mesl1ate) from Sandoz (Basel, Swltzer

land). These last two were dl"solved in minimum ethanol and 

Enen in 0.9% saline solution con;talnlng 1% ~elat!n for injection 

lnto the animaIs. Female Spràgue-Dawley r~CRL: CD(SD)BR) 

weighing 200 to 250 g were purchased from Charles River Canada 

Inc. (St. Constant,'Qu'bec). 

AU drugs tested were from Sigma; chloroqul,ne, colchicine 

and cycloheximide were dlssolved in water but actinomycln D and 

dlnitrophenol (ONP) were dissolv~~ in ethanal (1% ethanol, final 

concentration in the cultu.re media). They were compared with' 

appropria te con troi incuba tions. Cye lohexim ide an~ DNP were 

renewed a f ter 24 hou rs of - incuba tlon because thei r effee t ap-

peared to be short-terme 

Canada (Ottawa, Ontario). 
~ 

[ I2SI} Nal was from Atomic Energy of 

Ovine prolactin (oPRL; NlR-P-S13; 30 lU/mg) and human growth 

hormone (hGH; HS2160E; 1.7 lU/mg) used in the binding sS8ay were 

generously supp 1 ~ed by the Na tional Hormone and Pi tu Hary Pro

gram (NIH). Prolactln receptors for production of. the antlserum 

were partIy purified from cru4e microsomal fractions of lactst

ing rabblt mammary glands, u~ing hGH (RS 19340, 2.6 lU/mg) bound 

to Affigei-IO (BloRad) as dis'crlbed (19,21,31). The partly 

purified receptor fraction WSS\ Injected at monthly intervals 

in to male sheep' a t a concen tra tion of 50 lIg an tigen per injec

tion in Freund 'a complete adjuvant and animais were bled at 

monthly Invervals, 7-10 days after the booster Immunlzatloa. 

JA.. 
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2. 'Liver ,c::ell preparation and culture , 
. . 

Ra t hepa tocy tes were 

method of Berry and Priend 

isola ted by a modifiea tion of the. 

(9) as described in detail in ~Section , 
3.1. In short, female rats pretreated with E2 (5 ll& s~'c>." twièe 

a day foro 7 days) and CB-154 <.500 ug at 24, 12 and t h, before 

"anaes thes la wi th 40 mg/kg SurI tal) had th~lr he pa tic por tal veln 

canulated and the liver perfused Ifuecessively with 700 ml of 

Ca 2+-free HEPES buffer (10 mM, pH 7.4, contèinlng 142 mM NaCI 

and 7 mM KCI) and 300 ml of a collagensse solu tion (30,000-

40,000 lU/rat in 10 mM HEPES buffet, 'pH 7.4, conta'ining 50 mM 

CaCl2 and 120 mM NaCI). The perfus.i'o~ W~"8 carried out st )7°C 

u~ing a peristalt1c pu~p, under sterile conditions in a laminar 

·flow hoo~. The liver' was removed, washed~ with cold MEM supple

mented 'Wlth 32 mM Trici'ne and' 26 mM NaReO).· The liver capsule 

w~~' then" d1ssec ted anf the hep'a'tocytes' hatves ted' by een tr 1 fuga

tl~n at 500-1000 x g lor 5 m!nu~es. The pelleç was washed twice 

ln, serum-free L-15 medl,um mod1fied with glutamln,e' and supple

mented with, 2:5 mM"lJuc~inlc.,acld, 10 mM glucose"J.O.o lU/ml peni,.

él1lin and 50 "lJog/1Dl 'streptomyc'i~ and buffered to pH 7.4 ~lth 150 ., , 
mM HEPES. C'ell~ W,ere'e ~ounted ~s1ng a. hemacytO'meter and d1luted 

in supple men ted . "'L~15" med'ium ,tq' a con'c,en t:ra t 1~n, of: 3.3. x 10 6 
" ,.'.J. '0 1 

cella /ml. C 

, '" 
, , 

Ten ml samples of cell 'suspeJ'aion were ineuba,~d for '48 
4-, , ;1 t>.. / c 

hours in 50 ml Erlen~eye~ flssks with untlghtened scréw~p~, at 
Il' " 

37'Pe wi th 'normal aera tion and under cort tlnuous, gen tle shaking, 
J ",... rI, 

ln the presence or 8b"senc~ (),f the, ser~1Il antl;;'recepto'r (SAR) or 

drugs to be tes ted •. Con.trol cells Vla'bil i ty (assesse4 by Tryp-
, l' 

tan blue exclusion) weB approxlmately 8<l% at the outset' of cul-

tur~ and 75% ~fter 48 hours ~f ineubatiqn. Drugs cpncentrations 

ueed were: SAR, 5%; cycloheximide, 50 llg/ml; actlnomycin D, 10 

lIg/ml; dlnltrophenol, 1 mM; ch1oroqulne. 100 !.lM and colchicine, 

1 J.lM (a11 final 0 concentrations. in the culture media). Three 

'. , 

J 1":1 0 
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hundr~'d ul ali'quots were taken st the outset of the culture {n 

the control Incubation and at 2, 10, 24 and 48 hours ln each 

flaak, and frozen at -20o C unt!l recepto~ aS8ay. Reeeptors are 

stable at -200C for several ~eeke. 

y, .'.' 3. 'Hormone iodina tlon . 
" ' 
' .. , . 

. 
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125t uaing a low C::oncentratlon of 

, ,1 descrlb~d, (22). Typical specific 

,1 , 

h'GU was labelled" with 

chloramine T 8S prevlously 

~~Cil~~ty W8B 60-80 uCi/ug. hGH W8S use:d for PR·L receptor assay 
, > 

" 

, , 

'bee'~uBe, it was shown, ta be more "stable ~Qan labelled PRI,. with 

-' 'similar' lac'toge,nic activl,ty ln a numb,er C)f· ,target organs (26). 

" , 4. 'Receptor 8s8ay, 

PRL receptor aS8ay8 were carried ,out, ss' descrihed earl1er 

(22). The handllng of semples W8B d~~cribed in Section 3.1. In 

short, ft'()zen cells wer~ allowed to thaw and then were centri-
, 

fuged at 2300 x. g for' 15 minutes to remove the incubation medi-

um. The pe'Ü~t was resuspended ln Tris buffer (25 mM Trh-HCI, 
, , 

pH ':4',10 mH'.;MgC12, 0.1% bovine serum albumin) and homogenized 

ln a teflon-glass homogen1zer. ReceptorB were desaturated using.' 

3 li MgCI2, (22') , ln'" Qrde,r ,~o, ~é'asure total blnding sI tes. CelI 

homogenates equlval~~t t6 ~OO'ul of the original incubation (re

presentlng -10 6 celle) we're-'ln~ubated ln T,ris buffer at room tem- \ 

perature fO,r 16 hours, with' approximately 100,000 counts per 

; , 0' ,\ ~lnute (cpm) 125I-labelled hGH, ln the presence or absenee of , 
" , : ~x,ce_s!i (1 ug) unla belled oPRL., in, ~'~9tal voltJm,e of 500 ul. The 

. "' :,1 ,"rea,c'tl~ was stopped wl th 3 ml of cotd ,Tris bulfer. Bound and 

, tree hormone were, sepata ted by centrifu'gll tiqn for 1,5 mlnu tes a t 
" , 

2300" x g. 

Specifie' blnding was, :cillc,ulated 8S the' difference in cpm 

" " llound' "ln tbe 'abs~nce or prè8~tice of excess unlabelled 'oPRL and 

19 expressed as • percentag~ of the total radioact191ty added to 
~ r 1 I~ 
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~he tube. The reaul ts are presen ted 8S, the 'percen tage of time 

zero bindl~g {j ust prior to incuba tion). S ta th tical analyses 

"ere performed using D~ncan-Kramer's mu'lt1pl~ range test (23) 

after logarithmic transformation. 
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RESULTS 

The serum containlng antl-prolactin receptor antibodles can 

prevent part of the loss ,of PRL receptors 'i~' cultured hepato

cytes (fig. 12), thus mimlcklng the effect of 'PRL ltself (Sec

tion 3.1). Maintenance was complete up to 24 hours but slgnlfi-' 

cant decrease (p < 0.05) occuretA at 48 hours with a loss of 25'% 

of the blndlng actlvity orlgtnally present. 

'The following figures show the effects of th,e' vu'lous drugs" 
~ 

'tested, al~ne or ln comblnation witn the optlmumomaintenlng con-, 
} ,1 " 1 

'cenbtration of SAP. (51., see rel. 29). Cy'cloheximide (5,0 ug/ml', 

Fig. 13)', a drug that bl~~ks" proteln "syntbesls ,at the"ribosomal 

levet, lowered basa'l levels 'of PRL ,btnding by about 40% at 10 
, < 

_~ours of ~ultute (~ < 0.01). lt also completl~,cburtteracted the",: 
, ' , ' 

m.aintenance lnduced by tbe anÜserum,' reducin'g ,b1nding to <:011-, 

trol values. Act1nolll~~in D is another Inhiblé'or of protein $yn-

thesls, wbich acts' 'on ''Iwclear transcripti'on. Fig. 14 :S,hOW8 that 

at 10 !Jg/ml, lt had"no effect on basal leveIs of PRLreceptoE-s 

bu t tha t 1 t prov~kéd the 108s of abou t on~ 'haH o'f the- blndhlg 
l r ',. 

• activ!ty that was protected, ~y tbe actfon of the a'n-riserum., 

Dlnlttophenol (DNP) 19 a me~abo1ic,uncouph~J:' "whtch ~ndlrect-1y 

loh! h Us ATP-consumlng proces ses such ~8 p rote,ln" syn thèsls. 

Fig. 15 shows the effect of "1 mM DNP on PRL blnding actlvlty in 

the cultured liver ceUs: no inhibition' (40'- 'ai <4a ohoura) of , . 
basal rec.ep'tor level,s was observed but, a par.tial' reve,raal of the 

,SAR-Induced ma in tenance of PRL recep torS was se~n (p ~ 0,.01 a t 

10 and 24 hou rs and p < O. 05 a t 48 houts'; va lues .at 24 and 48 
, > 1.1,',,", 

houra were a~so 8lgniflcant~y dlfferent from c~nt~ol, P:< 0.01). 
l, • 

On the other hand, and in aceor4ance wi th prevlous reaul tS 

(Sectlon' 3.1)'; çhloroqulne, whlch W8S, shown to pro~ect pat and 
", , 

.JR~ recept~rs from lysosoma! degradatlon.in vivo (Chapter 2) had 

-:,no: effec~ ,(st 100 'uM), on:: basal 'Dor ~n SAR"'protectCe~ levels of 

. PRL h.lnding',(not shown). Colchlélne (1 uH),".a potent mïcrotubu~ 
, ,', ' 
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0-0 CONTROL 

.. 1Wt (0 ") - ... SAR (52') Q J - '0 t!I 
D-O cYCLO!fDIJoIml (00 }'I/ml) t!I Z 

i5 ... 10'0 

~ ~ .... ~CLOIIEXDIIDI + BAR 

.... m m 0 
0 P: 
~ rat 
!al N 
N 

~ ~ ra. ra. 0 0 
~ 

N --fg ~ 
0 110 

t f-o 
Il.t 

rat rat 
t.) t.J 
!al ~ c: 
2 ~ 30 

a:: 
Il.t Il.t 

,0 a 
0 12 Il. 3~' .. 0 12 2. 311 .11 

TIME (HOURS) TIME (HOURS) 

Fig. 12 (Laft) The effect of the serum anti-receptor (SAR) on prolactin bin
ding in rat Ilver cells in suspension culture. Values are ekpressed 
as pereent of tilDe zero binding (just prior to incubation) and are 

-" means :1: SEM of 5 lndependent cultures. Time zero specific hindlng 
was 21.9 ~ 1.6 per 106 cells. a: p < 0.01. 

Fig. 13 (Rlght) The effect of cyclohexlmlde (50 ug/ml), SAR (5%) or a'combi
nation of both on total PRL binding ln rat 11ver cells ln suspension 
culture. Values are expressed as pereent of Ume ~ero bi~dlng and 
represent meana :t SEM of 4 independent cultures. Time zero specifie 
blnding was 21.9 t 2.1% per t06 cel1s. 4: p < 0.05 vs control; b: p 
< 0.01 .!!. SAR; e: p < 0.05 !!. control. -
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0-0 CONTROL 0-0 CONTROL 
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.. DINITROPIIENOL + SAIl 
Z -CEl CEl 
0 0 
Q:: = r.1 r.1 
N N 
r.1 

~ ~ 
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0 0 
~ ~ - -CIl ~ Q:: 
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U U 
r.1 I&l 
Q:: Q:: 

..:a ..:1 20 = ~ A.. 

0 0 
0 12 24 < :UI 4' 0 12 24 38 " 

TIME (HOURS) TIME (HOURS) 

Fig. 14 (Left) The effect of actlnomyclo 0 (10 ug/ml), SAR (?%) or a combl
nation of both 00 total PRL blndlog In'rat llver cells ln suspension 
culture. Values are elCpre88ed as percent pf tlm. zero blndlng and 
represent ~e8n8 * SEM of 4 lndegendent cultures. Tlme zero apeciflc 
bindlng was 18.9 * 1.4% per 10 cells. a: p < 0.01 1/a SAR; b: p < 
0.05 li SAR; c: p < 0.05 !!. control. -

.... " 

Fig. 15 (Right) The effect of dinitrophenol, (ONP; 1 mM), SAR (5%) or a com-
~ binatlon of both on. total PRL bindlng in rat llver cells ln suspen

sion culture. Values are expressed 88 percent of tl~e zero blnding 
and represent,means ~ SEM of 4 independent cultures. Time 'zero spe
cifie blnding was 22.0 * 2.1% per 106 cells. 8: p < 0.01 vs SAR; b: 
p < 0.05 .!!. SAR; c: p < 0.01 !!. control. • -
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le dlsrup·t1ng agènt wh,lch 18 thougbt to Interfere wlth hormone 

interoal1zatlon (28) W4S also 'Without effect. lt 1s important 

to indlcate that ethenol alone (the veblc:le for âctlnomycln 0 

and DNP) lnterfered wltb both basal and SAR-induced receptor 
\. . 

levels (da ta,\ not shown), bu t resul ts for those drugs have been 

compared with con troIs and SAR incubations) c.ontain.lng the ssme" 

concentration of' ethanol • .. 
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DISCUSSION 

Ion 8 recent paper (29), we have l·dentlf1ed PRL and SAR main

tenance ef fec t~ o~ PRL recep t~r levels 10 cul eu red hepa toey tes. , 

Control and PaL-conta i oing Incuba tions have been des crlhed "in 
v , 

detail in Section 3.1. Control incuhtions featured a ,rap1d 
o 

deeline ln bindlng actlvity as opposed to the total maintenance 
\ 

of receptor levels observe'd up ta 48 hours ln incubations con-' 

taini ng 50 nM oPRL. • 

, . ' 

The presen t. resul ts conf! rm the ac tion of the 'antl,-recep tor 
, ' 0 

'serum in mimlcking the efféèt of PRL. It la consls,tent with the 

demonstratlon by Dj1an'e et al. (~) of, the prolaétin-l1ke sct!

vit y of anti-prolactln receptor antlbodles on casetn and DNA 

syùhesis in the mamm~ry gland which 84ggest that t~e prolaet!n 

,molecu,le 1s 'no t, required beyoq.~ the initla'l bindlng',to !ts re

ceptor,'fdJ:l lts',messtSge to rl;!8eh the ,genome., 0, , 

, , 
l' In both modele, lysosomotroplc agents do .not alter t,hè ore~, 

sponse <to 'PRL '(ref. ~8, and Sectio,n 3'.1-) nor t~ SAR', (~ef. 8' and 

these results), sugg~stlng that ly~osomal' degradatlon 'bears 00', 

Imp,ortant .role for PRL action on, elther stlmulablon of caseln 

gêne expreulon or regulation of its own uceptor. In addition" . , . , 
lysosomes appear not to be Involved ln the 108s of binding act!"-. , 

,vit y ln contr~l cells. However, we have $hown in Section 2.~· 
th8~t,u when adl!llnistered in vivo., chloroqulne c:ould 8~imulateO ," 

levels of hepatic ,P'RL reeeptors; Dj1ane et,sl. (9) also showed'a. 

stimulatory, effect of chloroqulne, on PRL rec~ptors in the' cul-
, , 

tu red pseudoP'r~~n8n't rabb 1 t ',Il\amma ry gland. _"The ef fectt of' ehlo

roqulne on PRL snd PRL re'~eptor degradat.1on, therefo"re ,appears to 

vari'f~om ',~~e model to anothe,~. 

'The' respODse to coleh ic ine' be tween r'a t Il ve'r 
, " ,~ ~ c 

, ' 

0' . ' 
ce11s in cu~- 0 

ture and rabblt mammary explants a180 dlffers. Colchicine' had' 0:'0 
, " 

'e"f f é'C e' on PRL ~r SAR-1nduce~ PRL 
o 

, , , 

receptor regula tion (Se,ctlon 

f 

0' 

" ' 

i , 

, ' , ' 

, , 

, , 

, ' . 
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3.1, and· the pr'uent. reau.lts), whUe it' blocRed the1r action on 

, c~se1n'o ~~d' ~NA' ~'yn ~he8'1s" ('8). In aby case, a'lthoY80 i t. h 'no; 

crearIy .. demonstrated tllat for many hor,mone sys.tems,' i,nc.'1uding . 
" prolac tin and 'in1ll1l in" ln terna 1 i za tion of the ,hot:;mon~-re!=ep tor 

complex OCCUJ:'S t'olloJII'1ng blndlng st the membrane levèl (-2,12,13, 
o Il " ~ e, " 

16,27) and that there 18 consldera'ble' evl,d~nce suggestlng tbat 
o , ' 

microtubules are Involved ln the endocytotic processes" (28), 

ibis translocation towards the lnterior df the cell appears not 

to be. Importan,t for a number Qf actions of these two hormones .. 

Cycloheximlde, 

receptor 1evels by 

a translation inhlbitox:, dec'~eased basal 

about 40% (Fig~ 13), suggesting permanent 

synthesis of new receptor,s; contlnuous synthesis and degradation 

(nonlysosomaI) could be organlzed as a dynamlc equili brlulD. 
, " 

S'tmUar effects of' cyclohexlmlde have bun observed in mammary 

gland ,ln explant'culture (5,6). In addition to lU action pn 

basal receptor, levels, cyclohex1m1d.e compleUy reversed the 

SAR-induced malntenance~ suggestihg that' the action of SAR con

:Jlst8 of a stimu1atlon of' '"the ~ransla~lon of the PRL receptor 

mRNA. lt should be nbted that in the prevlous 'section, cyclo-
, 

hexim1de only partial1y 'reversed tbe stimula tion by 50 nM paL, 

which led us to tbe co.ncluslon that there could be' anotner mech-
, , ' 

snism involved ln inc:reaslng 'blndlng sctlvlty ln bepatocytes, ln 

additlQn to .atlmulatlon of translation • 

Ac ~1rtomycln D partially ,r~veued the s Ulllula ted levds, 

Indicatlng 'that nuc1.ear transcription may. pla'y a role in the. 

ln~iptenance of PRt receptors. This effect ls much clearer· than 

peeviou s tesu 1 ta ob ta 11led wi th ,50 ntt PRL-lnduce4, maintenance • 

Tne' fact tbat reversa! la ooly partial ln this case lDlght, be' 

Inferte,d by a relaÙvely 1'01 halt-llfe of the receptbr .mRNA as 

ta suggested'by the ab8~nce f effec't of actlnomycin D OD basal 

'PRi' reèeptot levelà. The ncqupllng action 'of DNP la 1es8 de-

flned and the mechanlsm of lts inhlbitory effects on both "basal 

and SAR-ma1ntalne:d receptor _,le.vels could in'volve intèrferènces' 

, , 

, \' 

'" 1 " ' 

" 
" 
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metabollc processes, lneludlng prote!n synthes!,. lt 

noted • that Costlow and Hample (4) have ob,aerved an 

lncrease in plasma membrane prolaetln binding Induced by DNP ln 

rat msmmary nor~al and tumor cell •• How,ever, they messured on1y 

ce11 surf,aee reeep~ors and thls' ef,fect wss not observed ln the 

llver. 

In conclusion, 1 the r~8ul ts f rom this, s1:udy show tha t an 

antibody éllre~'ted agal~st "P'RL re'ceptors can,mlmic the actIon of 

prolacttn on the maintenance of tts own receptor levels ln rat , , , j 

hep,tocytes. In accprdance, ,with re'sults ,obtalned with PRL," the 

SAR-i,nduced maintenance 8eems to Involve, st least ln pa'~t, "a 

,stimulation of the synthes18 of new, r~ceptor'- molecules, but ta, 

'be 1 nde'J,lenden t of Internaliza t ion or lysosoma 1 degrada tion. " 
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INTRODUCTION 

Raving g~ined some insight into the 

cal1zatio~ of PRL'-R and i ts r~gulatlon and 

PR'Lblndlng, it was of interest to try to 

140, 

in~racel1ular 10-

movement following 

dlrectly vis.ual1ze 
, 1 

receptors. Very few reports of hormone receptor loca1fza'tion 

exist and they are even fewêr for ul tras truc tural loca11za

t Ions. 

The first immunocytochemi'cal demonstration of ,prolactln 
; 

recep,tors (PRL-R) ln the rat mammary gland by' No1h and Wi-

.to-rsch (33) was only indirect, in that they showed an Increaaed 

label1ing of msmmary sections with a PRL antihody when the sec-
, 1 

tlons were pre incuba ted with 'exogenou s PRL. More recently, , 

other 
. . 

(l;~, 13,15,31~56) investiga toç's used simllar protocols 

aod stained various tls,ues for PRL-R. Thése include mouse, 

adrenal, human breast t'Lssue and prostate, rat kidne,j, liver, , 
adrenal, testis 'and çhorO.f.,d plexu's and dog prostate and mammary 

~ t l ' 

'gland. There Is oo1;y one re,por't-, on'PRL-R. local1zation using a 

'polyclo,nal antiserum raised '.again~t, ,the receptor ltself ('.14). 

The tissue studied 'was the rat,",!vr,.ry and PRt. and PRL-R' were 

found ta coloc:ate un'der.'all physiological conditions tested, at 

the op t i cal m'i c: ro,sc,?p ie level. The ultras tru c tu ra 1 loca liza

tion of PRL-R, however, has never been report'ed" o~r 'has' the' 

use of monoclonal aotibod1es' (mAbs) for PRL~R local1zatlon 

studie,s • 

In a·ontrast. several pape'rs ,have reported ,the localiza

,tton of, 'receptors for other in'dogeoous subse~nees', us1ng mAbs. " ' A g~eat deal of the attention has been~directl!d, ,towards the 
, , 

estrogen receptor (17,,2.4t25,,28.29,38,40-4~,50,51),but' some wo,rk 

IIIa8 a1so, c~mpleited on rec-ept~rs for progesterone (37), trans

" ferrin (55)", 'gamma-aminobutyr'lc acl'd and benzodiazeplne (47), 

acetylcholine (2,3), glycine (52a), nerve growth factor (45), 

epidermal groIIIth factor (4) and Insulln (54). Among a11 these, 

'( 

, , 

\ 
" 
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howeve'r, ul tras'truc turai stud les wet'e pedormed ,o'nlY ~or 
estrogen (41), ',';;ansfel;'rln' (55), glycine (52a) and EGF (4) 

~ " ,1 

r e,c e p t 0 r s • 

Monoclonal antibody techniques provide an important 

advantage compared to their polyclonal counterparts, in that 

they represen t homogeneou s an ti body prepa ra tion s, eve n when 

rahed against an impure antlgen (PRL-R has not yet been purt

f'led to homogen~1ty), thus el1mlnating any cross-reaction with 

contatninants that may be' present ln the antigen preparation. 

These : resgeuts should therefore ~e much more spec1fié than 

polyconal antibodies preparations and espe,cially weIl auited 

for locallzatlon studies. (This, however, le not always the 

case j see the commen t on the inc ldence of s h,ared epi topes in 

Discussion sec tion.) 

'Three mAbs to the rabbi t PRL-R have been produced ln 

our, laboratory that were aval1able fdr the ~oc$l1zatlon of 

receptors a't the ultrastru'ctural level ln the rabblt mammary 

gland. AlI three are directed against the blndlng site of the 

receptor mOlecul~; as ass~ssed by their abiitty to inhiblt PRL 

bindlng. They have, however, dlfferent ID 50 values which range 

from 0.25' ~'M for MllO to 2.49 nM for A82 (21). In addition, 

/.917 has the interestlng·feature that lt can mimmlc PRL actions 

.on caseln and DNA synthesls ln rabblt mammary gland explants 

(12), just as the antireceptor serum mentioned ln Chapter 3 
1 

could m,lmmlc PRL action on PRL-R Ievels in rat hepatocytes. 

MIlO, with lts extremely high afflnlty (actually hlgher 
'Il 

thàn that of PRL Itself), was the first choice 8S a tool for 

the localizatlon studies. We used immunocytochemls try as the 

,primary approach, wi th a second an tlhody coupled ta horlleràdish 

peroxlda se (HRP). S uch tec hnlques have been repo,r ted to give 

very precise localizatlon of antigens with good sensitiv,itY. 

In our case, however, sinee the number of PRL-R Is very 1011 
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(approxlmately 1200-2000 receptor 'molecules per cell have been 

reported for cells isola.ted from the mammary gland of lacta ting 

rabbits, and as low' as 600-800 for pregnant animals I ; refs. 

2a,518), sorne experlments ,vith autoradiography, which has a 

better sensltivity but is,less'precise, as wel1 as immunofluo

resceoce (highest sensit1vity but ooly at the optlcal micro

scopie level) were also carried out. 

This work was performed un der the sup:ervislon of Dr's. 

Mich~le ql1ivler-Bousquet and Jean Djian.e at the Laboratoire de 

Physiologie de la Lactation, INRA, Jouy-en-Josas, France. 

" 

" 

1 These figures appear to be mu,h lower than that for rat liv

er, wb,ich 'had a binding capacity of 330 fmol per 10 6 cells in 

cul tu ~ed hepatocy tes (Chap ter 3), represen tlng 20~, 000 P~L-R 
per c)u. 

a • ,'" 
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MATERIALS AND METHODS 

t, 

1. Chemicals 
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Hanks' balanced salts solution and Medium 199 used for 

expIant cultu're were from Gibco (Paisley, EnglBnd). Medium 199 

for cell cultures was purchased from llioPro (S trasbourg, Fran

ce). Chloroquine, saponi.n and diaminobenz idine - (DAR) were pur., 

chased from Sigma (St Louis, Mo.)" as weil a8 bovine insulin 

(fo]: expiant culture).' Porcine insullo (Actrapic MC) from Novo 

(Paris,. France) wes used for cell cultures. For both expiant 

and cell cultures, cortisol was from ,Roussel-UCL~F (PariS, 

France). ~tomoc ryp tine mes ila te (C~154) was from Sandoz 

(Basel, Swltzerland) and was injected as a suspension ln 2% 

gelatin in physiologieal saline. ' 

Paraformaldehyde '(polyoxymethylene) was from "Rhene.l.. 

Poulenc (Paris, Franc~), glutaraldehyde (as a 25% aqueous solu

tion). from Tub La bora tory E quipmen t (Reading, England) and 
> 

osmium tetraoxyde (OS04, solid) from Labosi (Parla, France). 
" 

F Inal]:y, Epon <,812, dodecenyl euceinie anh,ydride, nadic me thyl: 

anbydride and the DMP-30 aecelerator were purehased from Polar

on Equipment Ltd. (Waterford, England). 

2. An tibodlea 

'\ , Wi'th a11 approaches, the mAb MIlO deacribed earlier 

(12,21) was used as the first antlbody. For autoradiographie 

studies, MilO "was first lodinated following a modification. of 

thé chlor8min~ \ T 'procedure describ~d elsewhere (22). Two dif-

ferent HRP-conjugcated second an,tibodles were use~. T.!,te firat 

wu a sheep IgG to mou-se IgG and 19M, H and L chains (IgGaM-

RRP) 

ce~., 

\ " 
'l, 

. ," 
purebased from Ins tl tut Pasteur Produc tian (Pari s, Fran-

Tbe second was goat F(ab)'2 with the same specificities 

'. 



, 
1 

144 

'(F2aM-HRP) purchased from B10art (Meudon. France). il also used 

the fluor'esceln lsothlocyaDate conjugate of th1s ~(ab)' 2.prepa;

ra tlon for the Immunof 1 U oresèe nce exper.1men ts., , " 

3. B 101081ca1 ma terlal s 

Mos t of the locallza tion experlments were performed 

wlth fr~sh lactatlng rabUt mammary glands between 14-22, da ys 
, ( , 

of lactation. At this stage, the animals yielded 160-230 g of 

milk on the morning of sacrifice, as determined by their we~8ht 

before and after feeding t~e pups. In a few cases, IJlttàting 

ra~blts were given the dop'aminergic agonf.,st CB-154 (2 mgl ani

mal, S.c. at 36,24 ilnd 12 h before sacrifice) in order to de-
J' 

press clrculatlng PRL levels and therefore, PRL-R occupancy. 

This 36 h treatment i8 not long enough to down-regulate the 

PRL-R. but has ,been shown to indu ce a' 3-fold i~crease in measur

able 'PRL-~ le'vels ln thls tissue (Il)., However, 1t a1"8o af

(ects the ultrast1;tuctural morphology (4). 

Som~ immunoperQxldase experimen ts were perforrbe4' on' 

'pseudo.pregnant rabbit mammary gland explants in culture. '~ac-

1 tat~ng' tissue could not he used because' it 18 fully develO'ped 

and does not grow weIl in tulture. The ,e'xplant cultu.re sy~tenl 

has been descrlbed ln de'tall (9). In brie!" fresh mamtilary 

glands from'" female rabblts 'at abo:ut .day 15 ot' I?se~dopregn~ncy 
J '. '3 

we~e eut into ema11 pieces (appr~xlmately 1 mm >. placed on 

stainless steel grids and cul tured for 24 ~ at 37 0 C under 5% 

C02, in Medium 199 supplemented with 5 ushnl lnsulin 'and 0.5 

ug/ml co~t1so1, 1,n the' ab~ence or p~esence of 1 IJg/ml of the' 

lysos omo trop le age,n t , chloroqu 1 ne. c~ l tu red', exp!an ts were su b-
, . 

sequently handled the ssme, way as' fresh tissue. 

The third type of biologiea! specimen used w8;s 1solated 
, 

mammary epithelial cells. 0 For the same reason as 8~ove, only ., 
freshly isola ted cells could be used when preps.re,d from la.cta t

~ 

" ( 

, , , 

., " 
'~ , 
.','~" 

, '" " , 

" , 

, \ ,~ 

" ~ , LI 
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" , . 
l,ng atllm811~. Hc>wever,. mammary cells isolsted from pseudopreg-

nsnt anlnl81,s were cultured for 48 h on a collag'en .mstrlx in the 

same, medlu m and unéÎer the aa'me con di tions as explan ts. The 

collagenase dispe'rsfon followed by a pre-culture on plastic 

d iShe,s y1el'ded ep t thelia! eell prepa ra ti'ons' vir tua lly devold of 
, , 

fibroblasts. These proeedqus are descrlbed in detal1 èlse-

where (48,25a). 

,4. Experimental procedures for immunocytochemistry (ICC) 
, i " 

The general Pfocerure for IeC experlments 18 outlined 

in Table 6. Tissue fragments from. lactatlng animaIs were 

first lncubated 'in oxygenated Hanks l, 6alanced salts solution 

for ZO min s't -~,7°'C. This procedure ba,s been shown t.o increase 

the tespon~i,~êhess of mal'llmary epithellal cells to PRL in, pre

viaus st~~,~es (Mich~le Ollivier-Bousquet, unpublished, observa-

. tion)'.' pr:'e'sumably by dhsociating bound PRL and increaslng the 

) -svatiahiÙty of cel1 surface receptors. This step was impor-
1 "" 

tSl'It:"because ~1l0 recognlzéS the binding site on the recept'or 

, molecule (21). The use of high fonic strength chaotropic lons' 

which, ls an effective means of desaturatlng bo'und, receptors 

(22; see aIso ChaRters 2 and 3) was obviously nO't approprlate 
, , 

for, these ultrastructural local12:ati,on etudies. This inltial 

step was omitted ... ben tissues from aither CB-154-treated ani

mals, cultured expianl:8 or isolated cella were used. 

The en tire ICC procedüre wt's pe~formed 8 t roomtempera

ture, under, light agi,tatton. Tissues were fixed for 2 h in a 

mixture of 2% pa.rafot:maldehy'de (P) 'and 0.05% glutaralaehyde (C!) 

(or, 1~ "sorne instances, 4% P alone or 2% P' + 2% G) 'in 0.'1 H 

phosphate buffer, pH 7.2. ,During this p'erio~, ·t,h~ fragments 

were eut into small"er pie ces appr'ox. 0.1 mm 3 • After fixation, 

the specimens were rlnsed in the same buffer (2 x 20 min) and 

thell in 0.01 H phosphate buffered saline (PB$; 2 x 10, min). 

, , 

\ ' 
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TABt.E 6 

; '~ , 

Day 1 

1. Fragmentl!' of ,fresh rabblt mamml;lry gland, 

2.' Incubation in Hanks' RSS 

146 

3. First aldehyde fixatoionj cut fragments into smallér pieçes 
,~ 

4. l'ncubation ln ,50 m," NH4C1 

5. Incubation ln 0.2 % gelsHn,' 
, " 

6. Perll'leabllh:ation' wlth O.Q3% 8ap~nln 

7. Incubation wlth flrst ant1~f)dy ~oclonal) 

8. Incuba't,lon wlth "se~ond 8'ntÜody (HRP conjugate,J 

9. Second a1'de hyde f lxa tian 

10. Storage over,nlght in lsatonic rinse buffer 

Day 2 

" . , 

Il. 'Re~e'là t,1'c;>n: of RRP wi th DA'B and' H~02 , 
'12. 'Post''':'flxat1.,on wl·th Os04' 

13 .. 'Dehyd~aH,on "ln' graded et~8:nol 
14~ Imp'regnatioo' ln' graded' Pfopy:leoe '~xlde:Epon 812 , , 

" , 

D,y 3 and" followlng days 

; 15. 48 h polymer,l'zatlon 

16. Ultrathln sectionlng 

17. Observa tion under' the elec tron ')1I1crosc:ope 

'6 " " 

l., 

BSS. balanced saI ta 8olution;, HRP~, oborsuadish pero~xldas'e; 
, , 

DAB, diamlnobenzld1ne 

, ' 

\ ~ . . 
0' 

.0 
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Free'11debYde groups from the fixatives ",ere deact1vat~d by 

amida Uon w1 th 50 mM NH4Cl for 30 min. This wes followed by 

satueation ,of elec:trostat1.c c:~srges w1th 0.2 ,% gelsUn for 30 

min ln order to minl'mlze non-spec:lfic bindlng of the antibo

dies. Membran'es were permeab1l1zed w1th 0.03% saponln as de

scrlbed 'by Tougard et al. (52). A11 three solutions vere pre

pa red ln PBS. 

The fragments were dlvlde,d (contraIs and samples), ln 

multlwell plates (10-20 fragments per weIl) and aIl the fol10w-

lng steps up to dehydratlon took place ln a volume of 500 ul 

and in the dark. Fragmenta were placed ln fresh wells sfter 

each step. Samples were Incubated wlth the flraE antlbody (or 

the veh,lcle for controls) for 5 h ln PBS c:ontalning 0'.03% sapo

nln 'and O.lt gelatln (PBS-S-G). A~dltlon of saponln ln the 10-
, . 

cubations wlth the antlbodles was necesssry because Ha effect 

on permea bU ha tlon was shown to be, sbort- termed and reversl ble 

(52). MilO ,concentrations ranging from 0.1 ng/ml to 250 }Jg/ml 

wer, trled, but most of the experiments were performed st a 

concentra tion of la ug/ml. 

were 

After rlnslng ln PBS-S-G 

lneubated for 4 h wlth the 

(3 x 20 min), tbè spec imeus 

second 'antihody in PBS-S-G. 

Dilutions 101ère l!~O for the IgG from Institut Pasteur Produc:·

tian and 1: 100 or 1: 200 f,or the F(ab) 1 2 from Bloart. Samples 

wet'e rlnsed 8S above and re-flxed with 1% G ln 0.2 M cacodylate 

buffer, pH 7.2, for 30 min, rlnsed' 3 x 20 min ln the vehicle 

... and were allowed ta ,stand overnigbt ln the same butter supple

men ted wl t,h 0.15 H BÙcrose (isoton le). The second fixa tlon 1s 

important because. the 8202 used 8S peroxlde donor for. the 

enzyma tic reac: tian de terlors tes ligb tIy fixed tissue s. 

On the seconc:l day, tbe't1s8ue plec:es were transfered to 
\ 

Tris-HCI bufbr' (50 mM, pH 7~6) and Incubated for 1 b with 

0.05% DAB 1~ this buffer (500 ul), in o,rder to --allow 'for .proper., 

"'~ 
\1 ' 
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penetration of the substrat'e into 'the spè~imens. At the end of 

thla period, SS \JI ()f o..t'X H202 in' ''Iris buffer (0.01% final) 

were added ~o each weil and' the reaction was allowed. to procee,d 

for 15 min, still st room temperature, in the da,rk and' under 

constant agitation. 

Followlng this t the, samples were rlnsed lx 20 min wi th 

the same buTfer, post-fixed-for 1 h wlth 1% OS04 ln 0.1 H caco

dylate buffer, pH 7.2, and rlnsed again several tillles in wa

ter.' Fi\tally, samples were dehydrated with graded ethanol (70, 

90' and 100%; '10 min each), tranafered to glass dishes, brlefly 

dlpped !n'to propylene oxlde and Impregnated vith graded Epon : 

propylene oxUe mixtures (1: 2, 1: 1, 2: 1.; .30 min each). The 

final Impregna tion ba th in pure Epon las ted a t leas t S h a t 

room tempera ture. The redn was allowed to polymertze for 48 h 

a t 55 0 C. In sOllle cases, the specimens, were s ta ined "en bloc" 

with 4% uranyl acetate during the 10 min bath ln 90%._ ethanol, 

~P order to Increaee contrast. 

Ultrathln sections (s11ver ta light yellow) vere pr~" 

pared uslng a LKB Ul tro tome Il l ui tramlcro tome and observed on 
, 

a Zeiss BK-10 electron microscope Bet àt 80-kV • 

. ' 
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,RESULTS 

The early experiments were performed on fixed pieces of 

lactating rabblt ,memmary gland, using a total IgG (IgGaH-HRP) 

as second antibody. Only extremely dis,erete labeIllng (if any) 

could sometlmes be seen on sma~l intracellular veslcles, wlth 

both 4% P alone and 2% P + 0.05% G 88 fixatives ,(~ot shown). 

In contrast, sorne intense reaction,couid be seen ~t the perlph

ery of eplthel1al cells on both apical (Fig. 16) and bassl 

(Fig. 17a) membr'anes, as well 8S on casetn micelles (Fig. 16). 

t> , 

At} I,l1Ipo\"tant observation af,fect1n~ thes'e and perhaps, 

.:' 0 ther exper'l'men ts i s the t Bueh peripheral labelling was seen 
, ' 

even on samples 'incuba ted only wi th the second an tl body (F Igs. 

16a and 17a). In Fig. 18 are shawn basal and aplÏ:al regions of 
" , 

,.a specimen' incubàted ln the. absence of elther' the fir,st· or 

" second antibody (2% 'p + ,,0.05'% G fixation)'. The' absence of 

labefU,ng confirma that the reacetion seen on'Pig ... ,'I&a and 17~,. 
,was a result oi the' t:l0n-speeific bindin'g of the sec~nd, a,nH-,' 

" 

body •. 
J ... "L 

loIe hypothe~.1z,ed that this ,:tt~n-8~ec.l.f~C. r<e"ac.tl'on '1I\lght 

be due tOll! the' ln terse'tlon of· the I~G'CJrt-HRP Wit~ .. 'rc', :tecep~ors ' 

(non sp-ecles-spec1flc)," 10c~ted, o ri' t1:t~""So~'rfa,ce, of'> ep'lthe:Ùal' 
.. ", " 

cells. , There foreu exp'er lm"en ta :were p~'r~,ormed us lng 8 bl vahn t 

,antl~OdY, ~ra,gment ',(F(ab).'z; aevoid of the Fc regl~ii) to mouse 

IgC, co:uphd cO RRP. (F2CJH:-HRP). T'hls re~gent fulfllle.d it~ 
• , 0 

role perfectly.' Fig. 17 shows baul regions of semples l:ncu-

bated wlth" IgGCJM-RR.? ('i~. 17a) ~r F2CJM-HRP ,O:ig. 17b), wlthout 

~'r1.or incubation with H110. The 'latter dieS not display the 

st'rong r88ct10n seen with 19CaM-RRP, thus" aupporting our 

hypothe,sis. 

, U s1ng thls sys ,tem, some very Iparae ln trace llular 

structures were labelhd.. '.1g. 19' shows labelltng ln the endo-

o 

.. 
, " 
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Pig. 16 Intense reacUon on the apical side of lactating rabbit mamalary epi
thellum ineubated with (A) a total IgG 'lIOlecule coupled to borse
radlsh peroxldase (IgGaH-HRP) or' (B) KIlO and IgGaH-HRP. Note the,

<labelling on the digitations and on casein micelles. 4% P fixa
tion. Bar, 0.5 lIm. 
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,Fig. 17 Comparison of the background reactlon observ~d with (~) a total IgG 
Molecule or (B) a F(ab)'2 fragment coupled to HRP, when used without 
prlor incubation with MllO, on the basal side of epithelial cells in 
fragments of lactat1ng rabbit mammary gland. Note the strong reac-

'! , ' tion in panel A and the complete absence of such reactlon on panel 
B. A. 4% P fixation; B, 2% P + 0.05% G fixation. Bars, 0.5 J,Im 
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Fig; 18 (A.) Apical and (B) basal reglons of a fraglDent of laata.ting ràbblt 
mammary gland lncubated wlth nelther antibody. 2% P + 0.05% G fixa-
tion. Bar, 1 Pli. ' 
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plasmic reticulum (ER) reg~on. . Though the morphology 18 not 

very good ln th1s partlcular sample, ribosomes, a zone of 

smooth membranes (lover rlght), a mltochondrion (lower left . 
corner) and a multivesleular bC?dy (upper edge) are~ rec-

ognized. 'l'he morphology of the specimen shown in Fig. 20 Is 

mueh be t ter. The ab1lence of colora tlon makes the reac tion ln 

the vesiele mor,e. striking than for the previous figure, but 

does not allow for the actual identification of ribosomes on 

n~arby ve'sicles. It has, however, the generai appeàrance of 

the ER. Another slightly labelled structure (from a different 

fragment of the same sample) ls shown on Fig. 2i, still in the 

ER region -( ri bos ornes are seen on the ne 19hbor ing membranes) 

near the apex of the cell. 

Labelling was not inhlbited by an excess (100 ug/ml) of . 
8 heterologous (goae) IgG and can therefore not he attr:lbuted 

to interaction of the firat antibody with Fc. receptors. ln 

addi tion t "no labelling was observed when < MllO was replaced by 

another mouse mAb, purifled from ascites fluid produc'ed by a 

negative clone (i.e. a hybridoma that did not produee antlho

dies that give a positive ELISA tes't using partlally pur1fied 

PRL-R 8S antigen). Thlrdly, no reaction was seen when MIIO,was 

incubated in conjunctlon with an excess (lpg/ml) of ovlne PRL. 

This reaetloo would th1,ls appear ta be a specifie labelllng of 

the PRL-R. 

ln Il parallel series of experiments, we us-ed the same 

Iee protoco"l' on mammary explants from' pseudopregnant rabbi ts. 

This model has been used fo~ Many yeats for: the bi~chemlca'l 

study of the regulation of PRL-R Ievela, ,and la therefore fair

ly weIl charae ter i zed. On the other hand, mamma ry tissue a t 

pseudopregnancy i8 obviously not as rich °in PRL-R as that in 

lac ta tion. 

.. 
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"Flg. 19 Intracellulat labe111ng (endoplasmlc retlculum reglon) of a ssmple 
of lactatlng rabblt ma~~ gland Incubated wlth MIlO and,F2aH-HRP. 
Iiltracellular or&an~l1es are recognlzed. '2% P + 0.05% G fixation. 
Uranyl acetat~,.~.O:li!,~rstain. Bar, 0.3 lIm. 
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Flg. 20 Sharp intJ;'acellular labelling in what âppea,rs to hé tbe ER région. 
Numerous mitochondria are seen, but ribosomes cantlot hé distlnguish
ed. 2% P ... 0.05% G fixahon. aar, 0.5 lIm. 
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Fig. -21 In t,race-11U1ar 8 truc ture sl1ghtly 8ta,ined (arrow) at ter incuba tlon 
with M110 a~d F2aM-HRP, in a reglon of rough membrane, ln proximl~ 
to the apex; 2% P + 0.05% G 'fixation. Bar,' 0.5 J,lm. 
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Fig. 22 shows a general vlew of an acinus ln a control 

exp,lant Onsu11n + cortIsol) Incubated with MIlO and F2ŒM-HRP.' 

The reactlon is restrlcted to membrane invaginations on fibro

blasts (one arrow), and' the edge of acIni, aIl along the basal 

membrane (two arrows), and ev~n on myoepithelial cells (pair of 

arrows to the rlght). Note that at this stage, the Golgi Is 

poorly deve loped. As shown on Fig. 23, agaln, the labelling 
o 

was veryOsparse. Many veslcles are seen close to the cell sur-

face "Of ... fibroblast. However, only one ls heavlly labelled. i' , -, 

lt might ju~t be closing off. Fig. 24 shows another flbroblast 

with collagen fibers actually protruding from it (upper right 

corner). In this, case, a labelled' vesicle Is seen farther from 

the surface then previ·ously, but seriaI sections were not per

lormed to verlfy.",he~her this structure is in contact with the . 
outside. 

Other explants were treated wlth . 
lysosomotr,opic agent "las shown to result 

ln PRL-R levet',s ln cultured explan,ts '(as 

receptor assay), probably by protectlng 

degra4ation (10). Label11ng simllar to 

chloroquine. ThIs 

ln a 3-fold increase 

d~termlned ~y radlo

them from lysosomal 

that seen in control 

explants was observed: 00 membrane invaginations ir small vesl

eles "locat'ed near the surface" of fibroblasts (not shown) and 

alang ~e basal membrane of acinI (Pig. 25 and 26). 

Fig. 2S shpws m'orphologlcal. features that appear to be 

,. characteristlc of ehlo,roquine-treal:ed 'explants (arrows). These 

rolled up structures could be attributed to the lysosomal com-

partmeo t', thelr con ten t helng protee ted from digestion hy the 

action ~f chloroquin~ (acid phosplta tase loealiza tion was not 
.' 

performe,d to verity thls hy pot h es 1s ) • Fig. 26 shows a hlgher 

lIIagoU iea tion of the peripheral labell1ng. Note the total 
0 

" absence of reaction product Ins'ide the celi. 

... 
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F1.g'. 22 ExpIant of pseudopregtiant 'rabbi t mammary glan<l cul tured in control 

medium" Jinsul1n + cortisol) and reàcted wi th H110 and _ F2aN-HRP. 
Note the t the labelling i8 res tricted to a membrane I:nvagina tion on 
a' fibroblaet (arrow)- and Along the basal membrane (pairs of arrows). 
at the' exclusion of any intracellular, labelling. 2% P + 2% G fiKB
tion. Bar, 3.0 um • 
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Fig. 23 H,lgher magnlflcatlon of the f1broblastlc. labelling in a control 

pseudopregna6t mammary expIant 'llke that shown on Fig. 22. Note 
that the stalnlng 18 'highly reglqnal1zed and locates solely in one 
of thes~ v.eslc:les. 2% P + 2% G fixation. Bar, 0.3 lIm. 
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Fig. 24 Anoth~ sharply labelled invagination (or small vedc1e near the 
c~~1 surface). on a flbroblast froll th!! same s8mple 8S in Fig. 23. 
Collagen flbers cao be seen protruding froll the ce1l. 2% P + 2% G 
fixation. Bar, 0.3 pm. " ' 
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Pig. 25 General vlew of a pSf!udopregnant rabbi t mammary e~plant c:ultured ln 
the presence of 1 ug/ml of c:hloroqu1ne. Some new IIIOrphol'oglcal fea
tures (not seen ln the control explanta) are obaerved, as well, as 
fibroblastic (not shown) and basal sta1nlng comparable to' tftat 
observed 1n explants not cultured with c:hloroqutne. 2% P + 2% G 
fixation. Bar, 1.0 \lm • 
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'\ 

Hig'h IDSgnif1cation of a pseudopregnant rabbit mammary expIant treat
ed wi th chloroquine, sbowing a reacUon aÙ along thEt, basal membra
ne. _ Note, . however, the complete absence of intracellular label-
11ng. 2% P + 2% G fixa tion. Bar, 0.5 Jill. 
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, In order to retait') the best possible ··morphology, these 

ex'pl~nts were fl~ed with 2% P + 2% G. The absence of"'i-ntrace1-
, , 

lu1ar' lahelling could have been due to membranes which, because 

of the s'trong fixation, were tao rigid and did not permit the 

réagents to diffu,e inside, even in the presence of saponin. 

'Other experlments'were therefore performed wlth the less severe 
l" ' 

fixation used wlth freah laêtatlng tissue (2% P + O.J!5% G). 

Under the-se conditions, not on1y did l fall to ',observe lntra

ee1lular locallzatlon of PRL-R" but a~so the positive reactlons 

on fibroblaste and basal membranes were abe~nt (no~ ·shown). As 

expected, the control' mouse mAb yielded no observable reac-
( 

tian. 

o ther experlmen ts were performed uaing di fferan t bio-

10giea1 ma tarials (~h mammaty glands from lac ta tlng rabbI te 

t'rea ted w;i th CB-154, isola ted ma,mary ep 1 thefial cell s from 
l ' 

bath lactating and pseu40pregnant ;rab,bits) and with ditferent 

app~~aches (eounting radloactlvlty( autoradiograph; and immuno-

flluor'e'scence) • These approaches and their resul ta are dlscuss-

ad in the next sectIon. 
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DISCUSSION 

Our early results showed that an intact IgO Molecule 
~ 

could not be used as a ae.cond Ab 'for th)-imll!':Inocy'tochemlcal 10-

callzation of PRL-R ln the mammary gland. T~1s .'problem had 

previou 81y been me t by 0 thel' lnves tlga tors (1'5,31,33,41,51) .,ho 

overcame 1t by preincuha ting the ,t1ssues w,ith dl ' heterologous 

Ab. This is consistent ~ith thé eonc::ept that Fe reeeptors are 

present on the surface of mammary eplthel1al ce1ls and Is fur

thet supported by the absence of non-specific reaction when a 

F(ab)'Z was used as second antibodY. In fact, milk has be,en 

shown tn eontain Immunoglobul1ns that are not produced ln the 

mammary gland (44). Therefore, these Fc receptors could be 

phyB101og1eally relevant in that blood-bJrtie Imunoglobul1ns 

would be taken up by the mammary epithelium (via interaction.Qf 

their Fe reglon wl th eorrespondlng receptors), 'endocytosed and 

cast into the lumen, with other mllk constituents. 

The Importancé of thls observa tion Js tha t If thls 

hypothesls la correct, then 00 antlge'n can he studied ln this 

tIssue uslng a total Ig Molecule as second antlbody. Thère 

does not seem to be a prohlem with the first antibody (an 
• 

excess of a heterologous Ig doe's not compete for MIlO reaetlon 

and a control mouse mAb gave no observable reactlon), presum

~bly becausta a mueh lower concentration ls used and. these re

,gents bind .preferably (hlgh affinlty) to thelr specifIe 

antlgen. 

The second observation of practlcal importance ls that 

strong fixation never permltted Intracellular labe111pg. :l'his 

W8S shown for pseudopregnan t' ~rabbl t mammary gland explan ts 
~I 

(Figs. 22-26), and slmilar experiments were performed with 

fresh lactating rabblt mammary tissue with the same result, 

that h, no labell1ng was observed either superficially or 

, 
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intraeellularly at the' electron microscopie level. lt la pos-' 

s!ble that a strong fixation renders the membranes too rigid to 

sHow for the proper diffusion of the antibodles insld,e the 

cella. 

" On the other hand, 108s of a.ntigeniclty after fixation 

la nnt uncommon and has been shown for a great number of anti

gens (18,43). A variety of other fix&tives (ln particular 

non-sldehyde ones, l1ke Nakane's lysine pedodate fixative) 

sbould therefore be trled ln' future experiments on the PRL-.R 

locallzation. A fixation step, however, remains necessary in 

order to' retsin good morphologieal features and perJtlit identi-' 

fication of the ultrastructures. 

,Some S,u rf ace la belli ng whie h would ap_pea r to be sllee 1 f-, 
ic for MllO' (not seen with the control IIIAb) was observedf how",: 

ever, in cu'ltured. pseudopregnant tissue, with the 'Strong fixa

tion used in thls study. The structures with the strongest 

label vere membrane invagina tions or sma11 vesic1es loea ted 

Dear th6 celi surface of fibroblasts. A positive resetion was 

also o'bserved along the basal membrane, but nnt Inslde the 

cells. Previous studies (23,39; Bee also Cbapter 2) have shown 

that PRL-R are mainly loc8ted ln intraéellula,r organelles, 

especlally, the Golgi complex, at least in the l1ver and the 

1actating mammary gland. lt Is, however, possible that' durlng 

- pseudopregnancy, PRL receptors are located prinelpally ~erlph-, 

era11y sinee the Golgi apparatus 18 poorly deve10ped and PRL ls 

not present in large concentrations to stlmulate receptor endo-

cyt081s. 
, ... 
\ 

The fact that peripheral labelling i8 restricted to 

certain sreas on flbroblast membranes contrasta with the loeal-
, 

lzation on the epithellum whlch was aIl along the basal mem-

brane. These observations do not correlate "'ith any physiolog-

lcally relevant model for PRL-R distribution. AIso, no labef-
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ling wu observed ln the Ughtly f ixed explan ta (see Reau 1 ts) 

,and 8 tanda rd bin.ding ~proeedu res fa iled to show any 1 ~51 -M 110, 
specifie blndlng t? cultur,ed flbroblasts removed durlng pseudo-

~ ~ 

'pregnancy (not shown). 

'\ 
Nevertheless, the highly regional1zed fi broblas tic 

labell1ng pattern does not seem to represent mere non-specifie 

adherence of the antibodles_ especlally slnee 8uch a reactlon 

was not obs~ved with the control mAb. Other investlgators 

08,26,35,46 recen,tly reported that mAbs may sometimes recog-

nlze more than Ol antlgen. 'the Immunofluorescenee demonstra-
,[ ~ y. 

tion by Saegusa et al. (46) that mAbs to varlous hor~ones spe-

elflcally label varlous structures ln tIssues where these anti-

gens are not present Is partlcularly eonvineing. S Ince mA bs 

arè 'thought to be specifie with regard to thelr epltope, it was 

suggested that epitope sbar.lng by varlous molecules may 'explain 

such non-sopec1fic reactions. Hollmann et al. (18) and Shaw et 

al. (49) actually demonstrated the exiStence of. such epitopes, 

sl1are9 by two or more totally unrelated proteins. This could 

possibly exp.1'ain the unexpected label1ing on fl,broblasts ob

served 'with MllO in this study. 

lt would net'explaln, however, that with th'e lighter 

fixation, faint reacttons were occaslonnaly seen in the ER 

region (Figs. 19-21), but never in the Golgi eomplex, lysosomes 

or lysosome-like vesicles, where PRL-R were shawn to be present 

using other methods (23,39 and Chapter 2). As mentioned. earl1-

er, it Is possible that the site of the receptor malecule rec-
, 

,ognlzed by the mAb was "destroyed by fixation, with the naseent 

receptor moleeules ln the ER region not being affected ta the 

same degree for sorne reason. On the other hand, evidence ls 

rapldly accumula ting tha t a monaclona.l an tibady ofteh recog

nlzes its specifie epltope on1y under certain particular condi

tions. Far e~ample, sorne mAbs were reported te recagnize 

phytochrome (6,36) or malze leaf nitrate reduetase (5) either 
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ooly in the nat\ve state or when èienatured by SOS. In our case 

too, MIlO was found not to blnd the denatured PRL-R (unpubHsh-

ed observation). lt was also shawn that even a physiologl-
) 

cally-related transformation of an a_ntigen, e.g. phosphoryla-

tion of rhodopsin (32). q'ans forma tion f-rom inac ti ve to 8cH ve 

forms of phytochrome (6,36) or -bind!ng of the activated 'comple-: 

ment component 1 to plasma kal11kreln (7) May affect its blnd

ing by a mAb. This, however, pr:obably does not account' for the 

absence of labelling wlth MllO' ln the pres~nt study, aince M110 

has a demonstrated biological activity, 'namély, inhibition of 

PRL binding and of PRL-lnduced case in and ONA syn,thes la in 

rabbit marnmary gland expIant culture (12). It shou'ld a1so be 

underscored that very little labelIlng was observed in the 

present study, suggestlng' that the smaii number of PRL-R, even 
• 

in the lac ta t lng rabbi t mammary gland 

cell,) refs. 28,51a), may be ,close to 

thls immunocy tochem Ica 1 approac h. If 

(1200":'2000 receptorsl 

the detectlon limit of 

this 

, a1so imply that the absence a of reactlon 

1s true, 1 t would 

wi th the con troi 

mou se mAb and with PRL competition does not deflnltely assure 

the spec.ific! ty of this labelllng • 

. 
Varlous other approaches were trled to visualize recep-

tors. These lnc 1 ude ultras truc tura 1 au toradiography us ing 

125I-MIIO aqd, at the optical level, lmmunofluore$cence using a 

F(ab)'2 to mouse IgG and 19M labelled with fluorescein. In 

bo th cases, the t'eac tion was too. llgh t, and lor the background 

tao high for positive lo~alizatlon. 

, 
Both immunoperoxldase and a,utoradiographic experlments 

were a1so performed on lactating tabb-it mammary glands from 

animais treated wlth CB-154 and on Iso1ated mammary epithel18l 

cells. The use_ of these biologieal materials wes theoreti

cally ~r-OmlSing: mammary glands from CB-154-treated animaIs 

represent the richest tissues for PRL-R known to this date and 
" 

tbe use of Iso1ated cells would rule out eventual prob1ems of 
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peue tra t ion of the reagen ta, 111 thin Us sue fragments (the maJl\ma-

l'y gland h1l8 a very tight- matrlx of connective tissue). De

spite those high e~pectat1.on8, -no" specifiç labelling could be 

"seen in thelie materials Wlt.h either approach. 

Overall._ t.here·is very little avallable ,information on 

the ,lmmunocytocbemlcal localization of an antlgen ùshig mono

clonal allttbodié~. It should be pointed out that, as disc,ussed 

':,above,. the 'use' of mAbs ralses some oéw problems. N~verthelesst 
\ 

lt should pot be concluded that these réagent~ are~unsultable 

for, ilnl'lll,lnocytochemistry slnCé several Investigators have used 

th e m suc ces s full y ( 2 - 4, 1? , 1 9', 24 , 2 5 , 2 7 

50, 51,52a-55). Am,ong t~se s tudles, 

performed at the ultrastructural level. 

29,37,38,40-42,45,47,48, 

sorne <4,41,52a,55) wer~ 

In concl-U"S1on, it Is important to note that a high 

rea,ctlvity of a mAb in .ao' .ELISA (the. Most comm~nly used sereen

,- lng test) or a bindlng fithlh-Itlon assây does Dot always eorre-
r!f .. '., 

late with good reactions in' toto. Therefore, in addition to 

v'arloua fixation procedures aa discu8sed abo've, other hybrids 

.,should Blso be investlgated wh en the immunocytochemical loeal

lzatlon of àny given antlgen, ls attempted., eve,n lelones wlth 

lower .ELISA reacUvltles. Eventual sharlng of '~peclf1c eplto

pes by molecular enti ties o.ther than the a'nt1g~n for which 10-
o • " " 

calization is 'attempted should he verified. Flna"lly, s.ome of 

the prohlems 'diacussed cowld posslbly be overcome by us~ng a 

mixturé of several monoclonal antlbodles. 
r 

,fi 

'. . c 
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Impliel t. to the 'm'eehanlam of reeéptor-medla ted endoey-
1 - r~, b.jo,),. 

tosls delineatt!d in Chapter 1 laI the notion that therBmust 
tl 
" exis t pools of in traeellular rec~p tors. This work addl'e s sed 

• - 1 
the prolàctin, receptor. 'lts sUbe~lluI~r locallzat1on and Us j 
intracellular -path a~d fate .'followlng blnding ~f the hormoue. 

" i alao studl~d the fate of the I?rolactin mo1ecule lUe}.!. 
" l 

The hypo thes is tha t the proces s of endocy tosls via 

coa,J:èd pt ts and endosomes involves deU very of the ligand to 
"II • 

lysosoal1lB (for degrada tion) and reeycl1ng of the receptor to 

the cel! surface (for reuse) f'ollowiog s~gregatloo of the two 
, 

a t an early s tsge t would sugges t specif le loca tions .for the 

recep tor [p.l'asma membrane, endosoDles, trans-Golgi and the pro

posed compartment for recyellng (wh~ch could, be the same as 

that for exocytos1s, see ref. 43)î to the exclusion of *loy 

other (reviewed' ln refs. 40,41). 

Our observa tian , . that PRL-R .are presen t 10 lysosomes 

(Chaptel:' '2) contrasts wlth 'tbla vlew. .I t la true tha ~ PRL 

binding was small in ma ture lysosolles ln control animais CF Ig. 

2). ~he 7- ta 8-fold increase ln chloroqulne-treated anima la 

t'88 interpreted, as a dl~eet protectlve,effect of t;he drug at 

the lysosomal level but rec~nt1y, acidlc veslcles other than 

lY80so_e8 were shown ta acecullluiste su~h "lysoaolDotroplc" weak 

bases (3S'). Thus, 1t would be possible that the neutral1zation 

o( an acldic compar'tmen t dis tinct from lysosolles could be re

sponslble for thls iocrease. For èxallple. if the sequepce of 

eveots proposed' by Wll1ingha. and Pastao (4Ç, 41) holds for the 

ptolac tIn system, .neu tra 11za tlon of endosolles (whieh were shown 

to'he, actdi~ (20,28,30,36»), wopld prevent the dissociation of 

hOfllone-reeeptor c'oDlplexes' and .could al ter. furthe r rou ti ng. 

Th.ua, one of. t1fQ. ...t:bings· .ay happen: e1ther the receptor 

follows the l1gan,d ln 1 ts normal pa th, or the ligand follow8 

1 ta receptor. The Brs t case would expia ln the appearance of . ", 
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PRL-R in putative lysosolles (L-2 fraction, see Chapter 2) when 
1 

animaIs are treated with chloroquine., The alternate view would 

sugges t tha t bind ing, ac thi ty obaerved {n lysosomal- fractions 

la actually due to a, contaminant found ln these fractiolls, pas

dbly the "unique" vesieles described ~y Khsn et -al. (27). 

This new compar talent remUns to be iden tifled. On the 

ground of their enzymatic contents ~n1i 'Ùlorphological features, 
,. " " 

we ten ta ti vely iden tHied the L-l fr'a'c tion (no t much aff'ec ted 

by chloroquine t'reatment of t,he animaIs) as belng relaua to 

the lys080mal compartment ("prelysosomea") and the L-2 fraction. 

(ln which PRL-R are dramatically atfgmentt!d by chloroquine) as . -

being highly purified, putative secondary lysosomes. This,' and 

the killetics of III vivo uptake of 125r-oPRL ln L-l fractIon 

(see Fig. 4), would agree w t th tbe dellvery of endocytosed 

ligand to small unlfo~m lysosom~s' be tween 15 ànd 30 minu tes 

aftêr Internallza tion, as described by Vlll1ngham and Pas tan 

(39). Hovever, the lysosomal compartment 1B~~ morphologically 

h~terogeneou8 and it vas shown that ve8icles~ not containing 

acid hydrolases can easily 1)e mis takenly id'entlfied as lyso

soaes usIng such criteria. (.41 )'. 

Another PQsaibillty la that these vesicles represent 

anotber cOalpartllen t Invol ved ln in tracellular rou ting of endo· 

cytosed I118ter1als. lecause of the, kine~ics of incorporation of 

12SI-oPRL vlthln the L-l fraction (maUmu. at 30 minutes post

injec tion, FIg. 4), iden tiflca ~ion of these vesiclea as endoso-
, 

mes can be ruled out. Thua, these ves1cles could represent the 

~ecycllng cOllpart.ent for' PRL-R. A lIajor difflcul ty vi th this 

hypothesls 18 the presence of the hormone in these frac tions, 
'--

because ligands are expected to ~e destlned for dell.very to 

lysosomes. A third p088ibllity la that they might repreSént a 

C188S of ves ic1es responsible for thé transfer of endocytosed 

ala tarlals froa the Golgi cOllplex to lY8(18oaes bu t thls would 

not be cOllpa tible vith the vlew tha k~~so.es for. direc tly 
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from the coated pits of the GE.RL area, where lysosomal -enzymes 

and their recep'tors '(mannose-6-pho8phate receptors) were found 

to accumula te (32,42). In addition, if receptors are to be 

recycled, they should not be found in sucb structures. 

found 

The reaJ. difflculty, theo, la. tha t PRL and PRL-R were 

to co-loeate at a tlme when the proposed model for 

reeep~or-medlated endocytosls would predict dissociation and 

segregation had already occured. Dunalf et al. (16) also found 

PRt and its receptor to.always co-locate in rat ovary. Al

though the model bas 'been convinc log1y demons tra ted by the 

groups of Wl1lingham ,and Pas tan and that of Geuze and Schwartz 

to hold for a oUlIlbe1r of ligands, the se include only few bor-
! 

,onfs o'r growtb fae tors [1nsulln, tr Uodo thyronl ne and epider-

taf' growth fac tor (33) and glucagon (3)]; mos t of the 0 ther 

,examples are various plasma proteins such as (J2-macroglobulin 
1 

land lov density lipoprotein (33,37). immunoglobulins (2,34), 

/ trans ferrio (6,19,24), serum albumin (11), 8slalGglyeoprotei ns 

1 (38) and Interferon (46) or lysosomal 'enzymes, toxins and vi-

ruses (~viewed in ref. 33). Even ferritin, whieh la a brosdly 

'.!- used marker for electron microscopy. was observed to cluster 

within coated,pits (7). On the ~ther hand, this was never 

obaerved for prolae tin and one ahould cons ider the pos s ibUi ty 

tha t this ligand does no t fi t tbe general model. 

Cl 

The m6del of Wlllingbam and Pas tan has been c:hallenged 

on aspee ts 0 tber than whe ther endosomes are eoa ted or no t (this 

point haa been diseusud in Chap'ter 1). Some suthora (7a,21a, 
\ 

36a), for example have' ,reported that end080lles fuse directly 

wi~h lysosomes. Gqrden etaI. (21a) 1II0ni tored ln ternai izatlon 

of 125 1-1n8ullo by elee trot! micro8copic au torad 1ography, and 

fouud tbat 1 t la 1nitially bound to the plasma membrane and 

subsequently a8soeiated with lysosomes, but they were unable to 

show Any labell1ng in Golgi elementa, endoplasmic reUculull or 

nuclel. A llkely hypothesls to explain this 18 e-ti'at they re-

, , 

• • 
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strlcted their localization experiments only to samples exposed 

to tbe tracer for 5, 30 or 60 minutes (78), tber~fore omltting 

the intermediate tlme point (15 min), wben ligand accumulation 

18 maximal in the Golgi. l t should also be 'remembered tba t the 

mode 1 of in ternaliza ti on de p le te d ln Chap t,er 1 is specl fic for 

receptor-med18 ted endocytosl s, a t the exclusion of general plno

cytosls or phagocytosls. In the work of ,van Deurs and Nllausen 

(36a) for example, internallzatlon of cationized ferritln was 

monltered. This ligand does not have specifie receptors but 

blnds to eeU s urfac'e anlon-Ic si tes. Accord 1 ngly, they devel

oped s model involving a direct membrane shuttle between the 

plasma membrane and the lysosomal compar tment. 

Herman and Albertlni (22a) dlrectIy monltored' endosome 

and lysQsome movements by tlme-Iapae vldeo image intensification 

mlcroscopy. In these studies, they used labelled low-denslty 

Il popro te ln (LDL; 8 11ganû tha t mos tau thors .agree follows. the 

coated pit-endosome pathway), followed fts entry via endoc:ytic 

veslc:les, and Identifled It. end target to be lysosomes (as 

atalned by acrldine orange). The most striklng result was that , 
. the pattern of labelled LDL movement ls blphasie along 1 ts way 

to lysosomes. In the firs t phase, the ~abel undergoes cen trlpe-
1 

tal saI ta tory IDO tion until. after 20 min, it aligns ln a perl-

nuclear area. From there on. lt moves more p rogre s s 1 vely 

towards the cen ter of the ceU and flneUy loc:ates in acridlne 

orange-positive veslcles. 
• 

l t would be temptlng to conclu de on such grounds that 

endosames fuse wi th lysosome 8. 

a_ply 

formaI 

dlsc:ussed above 

defini t1.on of 

could, 

the ter .. 

SU9h disagreeaaent wi th the model 

however. arise si.ply from the 

"endosome". In thls thes.la, my 

discussion imp1ied a fune t 1. onal defln1. tion, . that" Is, l deUne 

endosomes as vesicles generated et the cel1 surface and Involved 

in the ~c tuaI proees s of ~~doey tosLs (res tr lc ted. however, to 

receptor-media ted phenollene; 0 therwise f one shou 1 d re fer to' 

/ 
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pinoc:ytI'c or phagocytic vacuoles). The change in the type of 

motion observed" by He~man and Albertini (22a) could t:'epresent a 

change in vesl cIe type, such th'a t dur l'ng the second phs se of 

endocytosis, the labelled ligand is no longer ln endocytic veal

cles, but rather in sn Intermediate compartment wlth which endo

somes vou!d have fused. Bo th the time (20 mJ. n of exposu re vi th , 
the ligand) and the genera! raglon (allgnment in a perinu.clear "'.-
area) vhere this occurs, would agree vi th the genera! ides that 

this target compartment 18 the Golgi c?mplex. 

Bergeron et al. (4a) have recently reported ....-tha t thre& 

distinct types of endosomes existe One class consists of heter

ogeneous and lysosome-llke vesicles which ac:c:umulate chloroquine 

by vlrtue of their low Intraluminal pH. This descr Ip tion agree's 

very weIl with that of other groups {aee Chapter 1 and reis. 

there1n 1. The other two classes conalst firat of small vesicles ~ 
cr 

probably originating from -or close to- the ceU surface and 

poe s ibly including coated vesicles, and secondly of larger 

structures, of tell vesicular and not accumulating chloroquine • 

• 
It 1s possible that the identification of these frac-

tions as endosomes arose from the modified difference ln the 

defini·t~on of the endosomal compartment by these 8uthors. They 

~ IdentHy a's endosomes, "aIl of the Intracellular non-lysosomal 

'componen ts involved in the uptakè of exogenous subs tances into 

cells". This definition is lesa restrictive thsn the functional 

one mentioned above, slnce It also lncludes the Golgi complex 
~# a • 

or any 0 ther non-lys>osomal compar tmen t w 1. th vhich end oey tic ves-

lcles fuse. Indeed, ln the original -articles to whlch the y 

refer (also rev1ewed in ref. 33a), they document insulln and 

lac togen uptakè in fractions termed "Golgi vesicles" which are 

enrlched in galactosyl transferase (GT) and incorpors te labelled 

ligands wi th a peak around -15 min. l t should be ·underscored, 

however, that in the" above-mentioned papel (4a), these Ruthou 

describe a frac tion highly enrlched ln GT (RSA-120) wi th a max-

\ 
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imum incorporation of 125r-insulf.n st 5 min. after 1.v. Injec

tion, whlch Is total~y no~ 
" 

!) 

There are some da ta whlcn sugges t tha t PRL-R are recy-

cle-d to the 'ceU surface after Inte~Œal1zatlon, such as the fa.et 

tha t cyc lohex 1 mide and ac tlnomyc ln D only ,pa rti'ally reve rse the 
1 • • 

PRL-induced maintenanèe of lts r~ceptorsc 10 our expe,riments (see 

Flgs. 9 and 10). The 8ubpopulatlon Qf receptora which ls reses

tant to these drugs could be postula ted to r~present partial 

recycllng of receptors. However, and as discussed ln'" C~ap ter 3, 

the partial res1stsnce to actlnomycin D cou1d alao be expl"à1ned 

by the ~demons trated long haH-life of the recep tor mRNA <i 3). 

Resis tance of the PRL effec t ,to cyclo he~{mlde could be rela te\ 

to' unmaosking of, a pool' of' cryptic rec!Bptors, 811u:e such recep

tors were 8hown to be present and Ind~ced by estradiol in !D0use 

li ver (4) (all our anJ,mals were prlmed with es trad loI) and, mos t 
, ~ 

lmportaQ tly, to be regula ted by PRL tu mamm,ary tumor cells 

(lO). In addition, in our hands, 'lyso'somes appeàr ~o be the l 

f tnâl 8i te o{ locallza tion (Chapter 2). ,1 
, D 

. , 
"nother fact 8uggestlng the absen<:e of PRL-R recycllng 

18 thel r rapld d9wn-regula tion ln hepa.tocy tes incuba ted wi th 

large c,oncentratlons of prolactin (Fig. 8). Under tllese condl-,-
tions, receptor levels were already mi"nimal at the Brst time 

." 

point and stable unti1 the end of the ineubatlon. wlth no aign f 

of replenlshment. This suggests that follo"wing ligand-induced 

Internal1zatlon, PRL-R are not reused. whlch 18 compatible wlth 
, . 

the- vlew that they 'are\de1ivere~ to and degraded wtthin lyso-

somes. It la also consistent wlth tbe hlgh molecular welght 

-form of PRL observed both af ter in vi tro incuba tion wltlt 1yso

somal fractions (Fig. 7) and after ln vivo uptake withln these 
\ . 

organelles (not shown). This" hlgh molecular weight .aterla1 was 

auggeated to represen t hormone-recep tor complexes which appear 

to have a t~ndency to diaaociate in mature lysosomes (Fig. '7c) 

bu t not 1.n prelysos01Des (F 19. 7b), perhaps refle,e ting tbe pH 

, , 
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." 1 
status of these vesicles. In any case, even firm lemonstratlon 

of PRL-R recycllng would not necessarlly Imply th"~,,; the general 

model· for recep tor-med la ted elldocy tosis la rele van t to pro.lac

tin and 1 ta recep tor'. 

The lack of effect of colchicine and the mlmicking 

effect of the an ti-receptor serum reported in Chapter 3 both 
. ' 

suggest that prolactin may not be requlred beyond Its interac-

tion vith the plasma membrane receptor for Its action on PRL-R 
. ,J 

reguls tion to be ellci ted. This ra lae8 the que s tion as for 8 

role of lnternallzatlon in hormonal action. As discussed by 

Willingham and Paatan (41), there la yet no evidence for such a 

role of endocytos ls ln the mechanlsm of polype p tide hormone 

action. lt 1s possible that endocytos1s actually serves only 

for the clearance of clrculating hormone (lncluding delivery to 

lysosomes) and regula tion of celi surface recep t.orll. On the 

other hand; colchic loe Inhibl ts some sc tions of PRL 0 ther than 

recep tor regula tion, su ch aa caseln and DNA syn thes ta ln rabbi t 

mammary explants (23). 

Ano ther ln teres tlng resul t ls the réla ti ve s'ta bUiza

tlon of the prolac tin in ter,c tion wi th i ts in tracellulsr recep

tors as comparect to the cell surface bind 1 ng si tes. 'l'his w.as 

reported earlier by our group (26) and fuu~er' ,evidence ls 

presented in Chapter 2 when le,sa 125I-oPRL was MgCI2-extract

able from Golgi or lysosomal recep tors than trom plasma lIlem-. , 

brane receptors '(Fig. 5). Also, and as mentioned above and ln: 

Chapter 3,.~ nondiasociable prolactin-receptor complexes,' espe

cially after internaliza tion, could expia ln the rapld down

regula tion of PRL-R obse rved ln cul tured ra t hepa tocy teE! ,( aee 

Fig. 8). 0 ther loves tiga tors have reported covaien t bindlng 'to 
1 

occu!!' between insulin and !ts receptor (8,9) and a1mllàr re-

sulta vere recentiy obtained for PRL blndingo (45). This repre-, 

sents an addl tiona! argument for the view, that PRL-R may not 

recycle aa some receptors have beeu shown t,o do (revlEA~ed 'ln 

0, 
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refs. 21,22,40,41). On the other haud, there Is some reported 

evideuce for insulln receptor recycllng (18). 

plex. 

Pro lac tin reeep tor regula tion appears to be qu 1 te com

Indeed, the m~chaulsm of PRL message transduction across 

the membane of target cells remains ta be elucidated, as inves

tigators are still looking for sn Intracellullar medlator of 

PRL ac tions. The reeep tor mo1eeule 1 teel f is complex, wi th a . ' 
bindlng site conslst1ng of st lesst two functlonslly distinct 

loci: one for hormone recognl tion and bindlng and another for 

the genera tion of the in trace1lulsr signal. 

This point lB relnforced by th~ discrepsncy between the 

biologies1 ac ti vi t les of the various monoc 10nal an t1 bodies to 

the ~indlng si te of the PRL-R whieh were produced in our labo

ra to~Jy (14). AlI three clone, s tudi~d were a,b1e to occupy the 

receptot', as asseased by their ability to ~nhibit PRL blnding 

(25), bl,lt only one was capable of "activating", leading to blo-
1. _ 

logleal responses expec ted from the hormone (14). Also, ehere 

ls a differenee in the extent of 'the action of cyc10heximide on 

PRL- or antireceptor serum-induced mainten~nce of reeeptor lev

ela in cultured hepatocytes: this agent totally blocks the ac

tion of the ant1serum (Fig. 13) but only psrtlally Inhlblts 

that of prolactln (Fig. 9). Prolaetin effects on reeeptor 1ev-, 
els were therefore Interpreted to involve~ ln addition to stim-

ulation of de novo synthesis of receptor molecules, elther re~ 

cycling of Internalized rec~ptors or, as previously dlscussed, 

unmasking of a cryptic pool of PRL-R. Thus, it can be suggest

ed tha,t the' 8 timula tion of the recep tor by the an tiaerum turns 

on only part of the PRL-induced mechanisms, which would also 

point out the complexity of the transduction mechanism. 

As men tioned above, the pbys iological a 11lniflcance of 

internalizatlon or of intracel1ulat' receptora remains unclear. 

Although a large proportion of PRL-R vere ahown to be intracel- . 
... 

\ 
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lular (5), preelsé loealization la still lacking beeause of the 

indirect approaehes used, namely tissue fract10nat10n (5,27 and 

Chapter 2) or morphological experiments using ,the labelled 

ligand '0,12,15,17,29,31,44). Clearly, a system was needed to 

direc tly and pree lsely locald,Z e the recep tor. 

1'0 our knowledge, ther 18 0'n1y one repor~ of PRL-R 

vlsual1zation using an anti dy directed against receptor 

itself (16) and these exper1ments were earried out a the optl

cal ~lcroscop,ic leve1 t thus no t permi tUng prec Ise den tifica

tion of the compartments where these receptors pre erenUally 

loeallze. Our attempts to locallze thls anUgen at the elec

tron microscopie level using monoclonal an tlbod les to the re-

.ceptor are reported and thoroughly dlscussed in Chapter 4. 

This represents a novel method which still ,has to be reflned 

before 1 t can yield the expec ted reaul ts. 

Work ln this direction la still 19 
1 

should provlde deflnite data on prolactln receptor 

l'es s which 

ocalizatlon 

and new Insights ln receptor movements and compart entatlon ln , 
varlous physiological or experimental cpndltlons. Ultimately, 

these studies should help tq better understand the overall 

<, mechanlsm ef prolac tin ac tlon-;'.,~ 
? 

, 
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The following is a list of th~ novel observations and 

findings which arose from the studies presented in this thesis. 

1. lden tif ica tion and charac teriza tion of prolac tin recep tors 

(PRL-R) in lysosomes of rat liver. (Figs. 2-4, Table 3). 

2. Protective effect of chloroquine administration on ly~osom7 

al PRL-R. (Fig. 2) 

3. DifferentiaI kinetics of incorporation of 125I-oPRL by 

Golgi and 1ysosoma1 compartments of rat liver. (ilg. 4) 

4. Identification of a subclass of smaU, light lysosomes 

(prelysosomes) which also contai~ PRL-R and take up circu

lating PRL. (Figà. 2-4, Table 3) 

s. Differêntial strength in PRL blnding with respect to intra

cellular compartment. (Fig. 5). There had been a prevlous 

report that PRL binds more firmly to rat liver mlcràsolles 

than to plasma mellbrane; however, work on purif ied Golgi 

And lysosomal or prelysosômal fractions Is original. 

6. In tracellular transforma tion of PRL followlng up take from 

tl'ie circulation by the liver, and incorporation into the 

lysosomal compartment. (Figs. 5,6; 'Table"4). "L~kew1se, !!!. 
vitro transformation of 125I-oPRL by lysosomal and prelyso-

, 
somal fractions. (Fig. 7, Table 5) 

7. Total maintenance of PRL-R levels by a- direct action of 

oPRL on cul tured ra t hepa tocytea. (F 19. 8). Evidence ,for 

the involvement of de novo aynthesls (especially 

translation) of receptor Ilolecules in this· action of PRL. 

(Figs. 9,10). 
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8. Further evidence for heterogeneity between tissues, speeies 

or mechanlsms of the different ections of ~RL: absence of 

effect of colchicine on the PRL-indueed regulatlon of PRL-R 

in rat hepstocytes (Section 3.1), ln contraat to its previ

ously reported coun terae ting effee t on PItL stimula tion of 

casein synthesia in rabbit mammary gland. , 

9. Mlmicking effect of PItL action by antibodles to PRL-R, in 

the regula tion of i ts reeep tors. (F ig. 12). Such 8 mlm

lcklng effect had previously been observed for PRL-lnduced 

casein and DNA aynthesls in rabbit mammary expI8n~s. 

10. Close resemblance of the 

pharmacologieal agen ta on 

evoked maintenenee of PItL-R. 

modula tory ac tions of various 

PRL- and recep tor an tibody

(Chapter 3). 

Il. First.attempt to locallze PRL-R at the ultrastructural lev

el, uaing a monoclonal antibody ta the reeeptor. Identifi

ca tion. along wi th several a ther au thors, of some of the 

specifie probleals whleh may arise from such experiaents. 

(Chapter 4). 
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