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The most incomprehensible thing about the universe

i{s that it is comprehensible
- Albert Einstein
The universe is not only queerer than we imagine,
but it is°*queerer than we can imagine
J.B.S. Haldane
1f I have seen farther than others,
it has been by standing on the shoulders of glants

Sir Isaac Newton

To all those who are dedicated

.to a~better undefstanding of this universe
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ABSTRACT

Experiments were carrled out {in order "to increase our
knowledge aud understanding of ﬁrplactin receptor (PRL=R)
internalization and fate, following PRL binding to target

organs. As a filrst appproach, plasﬁq membqane,’Golgi and lyso-_

somal fractions of rat liver were prepared, in which PRL-R were

identified and characterized. Typlcal secqﬁ?ary lysosomes

contained very little intgét PRL-R, which were greatly increas-'

ed by chloroquine treatment of thexanimaﬁs. There . was also a
subclass of lighter vesicles, morpﬁo;ogicaily resenbling lyso-
somes ("prelgsosomes"), with elevated basal PRL-R activicy,
When 12531-0PRL was 1njecteﬂ into fapé,hmaximum incorporation in
the total liver homogenate and(%ﬁ theaGélgi-fraction occured at
15 min. 1In contrast, peak 1ncoyporatf0n in lysosomal fractions

was at 30 min.

)

B o o

In cultured rat hepatoecytes, ?hi'and PRL-R antibodies
were able. to regulate PRﬁ;R levels, Up-regulation by nanomolar
concentrations of PRL could be partially counteracted by cyclo-
hexiﬁ;de; but actinomycyn‘D had 1llttle or no effect, suggesting
that PRL influences primarily ttanslétion. The mimicking ef-
féct,of the PRL-R antibodies suggests that the PRL nolecule is
not regﬁired beyond fts interaction with the receptor to elicit
tpese actions.

We finally attempted to directly visualize‘PRL—R vith
1mﬁunocytochemistryi V§gy sparse labelling was observed in the
endoplasmic ré;fculum wregiod, but nevér in the Golgl or in

lysosomes.,
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RESUME ' L

Ce travail vise & apporter une meilleure compré&hension
des &vénements relatifs au r&cepteur de la prolactine (R-PRL),
faisant suite 3 la lilalison de cette hormone aux tissus cibles,
Dans un premier temps, nous avons identifié et caractérisé des
R~PRL dans des préparations de membranes plasmiques, de Golgl
et de lysosomes de fole de rat. Les lysosomes secondaires con-
tiennent normalement peu de R—~PRL, mals leur capacité de liatl-
son est grandement sugmentée par un traitement des animaux & la
chloroquine. Une sous~-classe de v&sicules molns denses, res-
semblant morphologiquement aux lysosomes ("prélysosomes") et
tréds riches en R-PRL a &galement £té identifife. L'injection
fntraveineuse de 1251-oPRL résulte en une importante incorpora-
tion dans le foile, avec un maximum & 15 min dans 1'homogénat
total et la fractlion golgienne, mais & 30 nin seulement dans

les deux fractions lysosomiales.

Dans des hépatocytea de rat en culture, 1a'PRL et des
anticorps dirigés contre son ré&cepteur {influencent les niveaux
de R-PRL, La r&gulation positive induite par des concentra-
tions nanomolalires de PRL est partiellement renversée par la
cycloheximide, mais l'actinomycine D n'a que peu ou pas d'ef-
fet, Ceci suggére que la PRL agit }rincipalement au niveau
traductionnel. L'effet de 1'anticorps anti-récepteur suggére
que le mécanisme normal de 1la PRL se limite 3 son interaction
avec le récepteur,

Notre dernjer but &tait de visualiser les R-PRL direc-
tement, en immunocytochimie, Cette approche n'a donn& lieu
qu'd peu de marquage dans le réticulum endoplasmique, et pas du

tout dans le Golgi ou les lysosomes,
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PREFACE

The reader 1s 1informed that 1 chose the option of
including 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 1ts own Abstract,
Introduction, Materials and Methods, Results, Discussion and
References sections. Chapter 4 represents original work not

published or }o be published elsewhere.

Each of these articles were coauthored by my thesls
supervisor, Dr. Paul A. Kelly, .,and three of them were also
coauthored by two French scientists with whom our group has
been collaborating for several years, Drs. Jean Djiane and
Louis-Marie Houdebine, These persons contributed with fruitful
discussions but were not directly involved iIn thils work. On
the other hand, Dr. Alzira A.M. Rosa participated in the work

and coauthored the paperé dealing with cultured hepatocytes,

The 1ist of published papers included in this thesis is

as follows:

1, Ferland, L.H.,, Djiane,\J., Houdebine, L.~-M. and Kelly,
P.A., (1984) The effec f chloroquine on {ntracellular
lysosomal prolactin féceptors {n rat liver.
Endocrinology 115: 1842-1849., (Section 2.1)

2, Ferland, L.H., Djiane, J., Houdebine, L.-M. and Kelly,
P.A. (1984) 1Intracellular transformation of prolactin
following lntegnaligation fnto rat 1liver, Mol, Cell,
Endocrinol. 35: 25-31. (Section 2{2)
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3. Rosa, A.A,M., Ferland, L.,H., Djlane, J., Houdebine,
L.-M. and Kelly, P.A. (1985) Maintenance of prolactin
(PRL) binding sites Iin rat liver cells in suspension ,
culture: effects of PRL and of inhiblitors® of wvarious
cellular functions. Endocrinology 116: 1288-1294.
(Section 3.1)

<>

4, Ferland, L.H., Rosh, A.A.M. and Kelly, P.A., (1984)
Interactions of prolactin (PRL) binding sites with PRL
receptor antihodies {in rat liver cells in suspension
culture: effect of Inhibitors of cellular functions.
Can. J. Phyhsiol. Pharmacol. 62: 1429-1433, (Section
3.2) .

f

Duriy her stay with our group, Dr. Rosa worked out the

"methods for hepatocyte isolation and culture and performed the

early experiments on prolactin regulation of prolactin recep-
tors and the modulating effects of the various drugs tE€5Ted.
For s’tandardization \reasons, however, 1 had (being éiyen the
responsihility of completing these experiments after Dr. Rosa
left) to perform all the experiments from the beginning. The
resglts presented in Ch‘apter 3 are those of my own experi-
ments. Dr. Rosa was a post-doctoral fellow of the Fundagao ao

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

For the work presented 1in Chapter 4, I recelved the
technical assistance of Dr, Jean-Luc Servely for mammary epi-
thelial cell culture and of Mrs. Lucette B&lair for explant
culture, and the fruitful advice from Drs. Michgdle Ollivier-~
Bousquet, Jean Djiane, Claude Tougard and Isabelle Dusanter-
Fourt. Also a professional photographer developed the filmg
and made the prints for the electron micrographs. Part of tf:e
processing of the organelle preparations for the micrographs

i

shoun {n Chapter 1 was performed by Dr. Georges Pelletier,

¢
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Except for these, I performed al‘ufh the manipulations for

all experiments reported In this thesis. These include:

- lysosome, Golgl and plasma membrane 1solat1'ons,

- enzymatlic assays,

- hormone and antibody iodinations,

- prolactin receptor assays and Scatchard analyses,

- treatments of the rats (s.c. injections of estradiol,
bromocriptine mesi{late‘and chlorogquine; {.v. injections o
(jugular vein) of 1251-pvine prolactin; i.p. 1injec tions
of Surital or Ketalar for anaesthesia; and sacrifice), .

- rat hepatocyte {solation and <culture, {ncluding all -
pharmacological works (some hepatocyte cultures were
performed by Ms. Lise Faucher, then an .undergraduate
student who worked under my supervision during the
summer of 1982), '

- receptor localization experiments with all approaches
utilized, 1including processing of the samples for
electron microscopy, ultrathin sectioniwng and operatlion
of the electron and epifluorescence microscopes,

-1 also worked out myself the methods for the
preparation of the 1lysosomal fractions and the acid
phosphatase assay, and all the prot.ocaols for the

4

\/ localization experiments presented in Chapter 4,
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ABBREVIATIONS

The abbreviations used throughout this thesis (exclud-
ing those directly derfved from the SI unit system) are listed
here, In most cases, they are also defined at their first

appearance in each chapter,

ACTH ¢t adrenocorticotropin

b : bovine

BSA : bovine serum albumin

b.w. : body veight

CB-154 : bromocryptine mesilate

cpm : counts per minute

Ey ¢ estradiol

ELISA ¢t enzyme-linked immunosorbant assay

ER : endoplasmic retlcuium ‘

FSH t follicle-stimulating hormone )

g : gravitational acceleration cohst&nfyl !

G : glutaraldehyde o . R
GH ¢ growth hormone I

GH=-R : growth hormone receptor ‘

h : hour, or huﬁan .

HEPES : N—2~hydroxyethylpiperazlnglkf-i-ethanesulfonic dgcid
HMV : high molecular weight ‘ ‘ ‘

ICC ¢ Immunogytochemistry L ‘
1.4, : inside dlameter . - L '
IDgg ¢ dose inducing a 50% inhib{ition ’ o -—

Ig : immunoglobulin ;

i.p. 1 intraperitoneal

1.v. : Intravenous

IU ! international unit

L-1 : prelysosomallfraction

‘L=2 : mature lysosomal fraction i



LH
mAb

min

PBS
PBS ~$-G
PM

PRL

PRL =R
RSA
r.t.
SAR
fnSqC .
SEM

TCA

T5H

luteinizing hormone
monoclonal antibody

minute

ovine

paraformaldehyde
phosphate-buffered saline
PBS supplemented with saponin and gelatin
plasma membrane

prolactin

prolactin receptor
relative specific activity
room temperature

serum anti-receptor

subcu taneous

Sor-
standard error of the mean

trichloroacetic acid /\;\\;
thyroid-stimulating hormone

2
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1.1: Prolactin: its ubiquitous nature

Prolactin 1s a pituitary hormone whose primary actions
in mammals involve the stimulation of mammary gland development
and of milk production, It 18 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 pituitary
on mammary actlion dates back to 1928 when Stricker and Grueter
(159) demonstrated that administralion of bovine anterfor pitu-
ftary gtracts to pseudopregnant rabblits (ovariectomized or
not) resulted in the onset of' lactation. This was confirmed
independently by the studies of Cornmer (28). The term-"prolac-
tin" was introduced by Riddle et al., (131) for a fraction from
bovine or ovine pltuitary extracts distinct from eilither 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 bilrds 1is the organ which pro-
duces "avian milk"”) 1n species so distant phylogenetically
would suggest that the PRL gene is very old and especlally well
preserved. In fact, PRL has now been detected in all classes
of vertebrates, 1acluding human, sheep, cattle, pilg, rat,
rabbit, dog, chicken, fish,, horse, whale, cat, guinea pig,
‘hamstef, amphibilans, reptiles and birds (reviewed in ref. 86).

The mucoproteins which are thought to have been the
secretory products of the early adenohypophysis (110) were sug-
gested to have evolved along two separate lines: one giviag
rise to the glycoprotein hormones thyrold-stimulating hormone
(TSH), follicle~stimulating hormone (FSH) and luteinizing hor-

mone (LH), and the other, to simple proteins. Among these,
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adrenocorticotropin (ACTH), melanocyte-stimulating  Thormone
(MSH) and the other hormones of the pro-oplomelanocortin family
and, on another line, prolactin (PRL) and growth hormone (GH)
(110).

Of course, PRL does not {nduce milk production in all
species cited above, Rather, it elicits a number of different
actlons in varlious species, as opposed to other pituitary hor-
mones which specialized” early {in vertebrate phylogeny for the
regulation of a single or at the fmost a feuw physiological pro-
cesses, Nicoll and Bern (1l11) c¢lassified over 80 specific
actions of PRL in cyclotosomes, teleosts, amphibians, reptiles,
birds and mammals, into five categories: reproduction and nur-
turing of the offspring, osmoregulalion, growth, effects on
ectodermal structures and synergism with steroids. There seens
to be no "common denominator” for this manifold of actions of
PRL (not all of which having been demonstrated to be physiolog-
ically relevant) except, perhapsiﬁdgggcies adaptation to and
survival within a given ecological niche. The work presented

here 1s devoted solely to PRL in mammals. ~°

1.2: The control of PRL secretion

As we have seen, the adenohypophysis 1s a gland which
secretes a number of peptide and glycoprotein hormones, and it
does so In response to a varlety of stimuli. Perhaps the most
important effectors iInvolved in the regulation of pltuitary
hormone secretlion are releasing factors secreted by the hypo-
thalamus and that reach the anterior lobe via a unique portal
system (129). Among all pituitary hormones, PRL appears to
represent a special case,r when one considers the mechanisms
controlling its secriiipn, in that it appears to be principally~
negatively regulated (102,109). This {inhibition 1s exercised



through a prolactin-inhibitidg factor (PIF), identified as
! dopamine (90,91,162»reviewed in ref., 171), which 1is released
tonically {nto the portal vein. Recently, a 56 amino acid
peptidé, GAP (GnRH~assoclated peptide), has been {dentified,
which has prolactin inhibitory activity, and may in fact repre-
" gent the endogenous PIF (113a),

The piltuitary seems to ha;e the inherent ability to
secreté PRL, since pituitary explants did so when, for example,
implanted under the kidney capsule, that 1is, removed from hypo-~
thalamic influence (23,38). In,gdditiog to producing PRL, such
transplants falled to secrete FSH, LH, ACTH and TSH (39)., Whean
retransplanted in vascular contact with the median eminence,
however, PRL secretion agaln dropped, whereas gonadotroplas
secretion resumed (113), Other approaches of removing the
pituitary from hypothalamic {influence, such as median eminence
lesion (23,101), fu vitro culture of pituitary tissue (119) or -
pltuitary stalk section (40), yielded similar results.

Recentiy, ﬁﬁw‘insights on the mechanish by which doﬁa—
mine (DA) inhibits, PRL secretion have _become available (31,
70). It is knowm that DA 4inhibits aden}igte qxclase in homog-
enates of piltuitary gland (52) and l;;;rs cAMfrlevels in en-
riched populations of lactotrops (8,161). There is also evi-
dence that DA inhibits the Ca?’? messenger system (141,163).
The wotk of Delbeke and Dannies (31) suggests that both these
actions of DA are iInvolved in its action on PRL release inhibi-
tion since pharmacological stimulation of both was required 1n’
order to counteract DA-fnduced inhibitionm 1o perifused rat
anterior pituitary cells.

Positive effectors of plituitary PRL secretion also
exist. Nicoll et al. (112) reported evidence that the rat
hypothalamus may contain both PRL-releasing and {nhibiting

*Eactoré. A number of endogenous substances have been reported

to stimulate PRL release. Perhaps the one which 1s the most

kS




documented is thyrotropin-releasing hormone (TRH) (reviewed in
ref, 27). However, these authors have argued that TRH stimula-
tion of PRL secretion is probably not physiologlically relevant
because thef; aéb several physiologic?l or experimental stgtés
where PRL a&gngfﬁ are not released together (£uck1%ng stimulus, -
cold or heat exposure, adg%g&stration of L-DOPA). Also, pé-
tients with altered TRH secretion and/or responsiveness to TRH

generally have normal PRL secretory pattermns.

Serotonin 1is another agent from the brafn which has
been shown to Increase PRL secretion (reviewed in refs., 27 and
171). It appears to medlate stimulus~-evoked PRL release that
accompanies suckling, stress, possibly sleep, and the estrogen-
induced PRL surge on the afternoon of proestrus in rats, ﬁow-f
ever, since incubation af anterior pituitaries with serot;orn:lnvr
has no effect on PRL reledse (13), this agent appears to act.as
a neurotransmitter or a neuromodulator rather than as a neuro-
hormone, possibly by stimulating the secretion of a PRL-~releas-

~ing factor from the hypothalamus (47). Vasoactive 1n£estina@
polypeptide (bIP) also has PRL-releasing activity and may 1in
fact be a true hypothalamic factor, since its concentration irn "
portal blood |is i9-fold greater than 1in peripheral circulation
(135)\ and low concentrations of VIP were showd to stinulate
anterior pltuitary PRL release in vitro 4in a dose dependant”

manner (132, 144). . . . ' ;
. . , L

PRL release can also be stimulatedsvia a; 1ﬁﬁibitlon ogu
dOpaminE‘ blockage. Such a mechanism has been propp%gd by °
MacLeod (89) ~to explain the effects of estrogens onm on PRL
secretfon, wvia the hypGthalamus. Estrogens, however, also

exert direct stimulatof§ actions at the pitﬁitary level " (104). ..

L

»

A number of other agents have been shown to alter PRL ;
secretion, the physiological relevance of which remains ‘to be

demonstrated. * These include gamma—aminobutyric acid ‘&GABA),



prostaglandin Ej, glucocerticosterqgids, thyroxline and triiodo-
thyronine, and, as part of the neural information intergrated
by the hypothalamus, endogenous oplates, noradrenergic drugs
(in some systems), histamine and acetylcholiome {(reviewed 1in
refs. 27 and 171). The mechanisms governing the secretlon of

prolactin therefore appear ‘to be varled and extredely cogplex,

1.3: Receptors at the plasma membrane level

In order for a molecule dellvering information to exert
an effect on a target organ, the message it enéodes must be
recognized. The concept that specific chemical binding sites
exist in living cells for such substances was first proposed by
J.N. Langley (85) and P. Ehrlich (36) 1in the early 1900's,
The early works on such "receptive substances” were of pharma-
cologlical nature but the concept was soon to be extended to the
field of endogenous ligands (hormoqes, neurctransmitters,
ﬁetc.). Each of these would appear to have 1its own specific
receptors on target cells with, howevér, some degree of cross
reaction. For example, luteinizing hormone (LH} and human
chorioniec gonadotropin (hCG) ere known to share a common
“receptor to which they bind with comparable Ky (reviewed in
ref. 133). More relevant to this work, primate growth hormones
are also lactogenic, andlexert=this action by virtue of thelir
interaction with PRL receptors (PRL-R) (66). This, and the
recent fintings that some antibodies to hormone receptors can
mimic horﬁonalxackions (g,35,68,72;1see also chapter 3) argue‘
that 1t is the receptor system réther than the chemical nature

of the ligand that determines cellular response.

( The Iinteraction of a ligand with 1ts receptor is much:
mo%e. @ynamic than deplicted’ by the classical "lock-and-key"
model' Jnétead, both the 1igand and the receptor are thoughtr

to undergo conformational chkanges, resulting in a tight fi¢
. . B , , .
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between the two. Several mathematical models have been design~-
ed to deséribe ligand-receptor interactions (reviewed in refs.
5, 12), all of which are related 'to the mass action law. Per-
haps the one which is now the most commonly used {s that of
Scatchard (137). This graphical analysis method consists of
plotting the ratio of bound Lo free ligand as a function of
bound ligand. In the simplest case (simple reversible binding
of the ligand to a homogeneous population of receptors), the
Scatchard plot 1s linear and -1/Kg (Kg=dissociation constant)
is obtained as the slope and R, (total number of receptor
sites) as the intercept with the absclssa. Other equatfons
were also derived to account for more complex systems that
xield curvilinear plots (presence of non~specific binding
sites, of two or more classes of receptors or of cooperativity

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

Thus, the primary role of a receptor is _to recognize a
message encoded on a specific molecule. Since these messengers
come from the exterior of target cells (e.g. bhlood, synaptic
cleft, ete,), it was suggested that receptors are located at
the cell surface (71,122). Until recently, {t was thought that
the 1ligand bound to {ts specific surface receptor, thereby
activating 1t, and then came off (5). As 18 mow understood,

however, receptor dynamics appear to_be much more complex.

Indeed, fn addition to receiving a message fronm the
outside, the receptor also has to transmit the message to rele-
vant effectors Inside the cell. This phenomenon {s known as

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

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

receptor hypothesis™ was suggested to account for these dual
roles of receptors (reviewed in ref. 69). This hypothesis 1is
based on the wunderstanding that in most systems, these two
fupctions are actually carried out by discrete molecular enti-

ties, This aprovides for 8n extra degree of freedom to explain

=
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the complexity of receptor occupation'versus biblogical effects

ia data ohserved experimentally.

The model suggests that both'receptors,and effectors
{of ten adenylate cyclase) are able to diffuse freely 1in the
plane of the membrane, with the former facing outward (to be in
contact with circulating ligand) and the latter, Iinward (tg
transmit the message to intracellular competent molecules, re-
sponsible for the biological response),. The actual transduc-
tiofi of the information occurs when a stimulated (occupied)

receptor "meets” a responsive molecule of effector.

A variety of models based on the mobility of receétots
has been suggested (69), {ncluding a thre;—component model for
receptor-adenylate cyclase systems, comprising a pguaunine nucle-
otide binding, regulatory component (reviewed 1n refs. 62,154,
155). In addition to their 1inherent coherence and the .fact
that such models are compatible with other observed phenomena
like selective desensitizationv(59,l60) and the sharing of a
common effector (adenylate c¢yclase) b& a varliety of receptors
(30), direct evidence for receptor movement in the plane of the
memhrane 1is now avallable (100,138,139), A "diffusion céeffi-
clent” for a variety of receptors have heen computed (reviewed
in ref. 69) and have‘heen found to be in the range of most mem=
hrane proteins, suggesting that ligand-receptor comblexes dif~

a

fuse about randomly (117).

>

'1.4: Recéptor~med1éted endocytosis

However,\ligands and receptors dq not move only fin t
plane of the membrane., - On the contrary, it 1s“now'un1vefsa1ﬁyr
accepted that hormone and receptorlintanalizationnoccurs fol-’
lowing binding and other cell surface events ({or recent re-
views, see refs. 10,20,57,117,127,177,179). Among the several

1
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types of endocytic mechanisms that have been distinguished, the
.one involving receptor-mediated uptake of ligands, also termed
adsorptive endocytosis, 1s a means for both selecting and
concentrating specific extracellular solutes.

Selectivity, of course, is determined by the nature of
the receptors present on the surface membrane of a given cell,
Concentration of a circulating ligand {s alsoc related to fts
interaction wilth cell surface specific receptors but also in-
volves the lateral diffusion mechanism mentioned in the previ-
ous séctlon. Although a special driving force for such recep-
tor movements does not seem to exist, occupied receptors appear
to hage a speclal affinity for restricted regilons of the cell

membrane, the "coated pits” (179). Thesgse specialized regions

_of the plasmalemma, representing approximately 2% of the total

‘cell surface (2) therefore act as a trap for occupied recep—
tors, It was suggested that immobilization wichin coated pits

could involve a conformational change Iin the r:ceptor molecule,

» resulting from ligand bianding (118,177). Considering the den-

sity of coated pits on the cell surface and the rate of diffu-
sfion of rasceptors, it was calculated that a given receptor
molecitle should encounter a coated pit every 3 to 5 seconds on

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

However, two examples contrary to this general model
tan be cited: 1) There are some cases (such as for the low den=-

g1ty lipoprotein receptor, ref. 103) in which receptbr occupan=

\cy “is not required for immobilization of receptors; 2) There

are a8 few systems {n which)labelled ligand clustering in coated

pits has not been observed (7,11,21).

Neverthelegss, coated pits vere found 1in almost all
animal cells (179) and can be considered to be involved in rec-
eptor-medlated endocytosis of a large number of 'ligands. The

“coat™ 1s located on the cytoplasmic side of the membrane and

. 18 predominantly constituted of a proteln termed <clathrin
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(120). On electron microscope preparations, it appears as a
fuzzy lining on small selected ardas of the plasma membrane bdut
was also found on regions of the trans-reticular elements of
the Golgi{ complex and on endocytic vesicles 1in some cell types,

A
~

Although there 1Is general agreement that clustering of
ligand-receptor complexes (and also, in some cases, of free
receptors) wlthin clathrin~coated pits of the plasma membrane
occurs, identificatlion of the specific structures involved 1in
the following steps of 1Internalization remains controversial,
Many investigators (20,50,55,64,82) claimed that coated plts
that accumulated ligand-receptor complexes pinch off from the
plasma membrane and generate intracellular c¢oated vesicles.
Such vesicles are thought to loose thelr clathrin coat shortly
after being formed (20,41), thus becoming uncoated endocytic
vesicles, Pagtan aund Willingham (117,118) opposed the view

that the coated vesicles observed near the cell surface were

F o,
actually tangential sections through deep coated pits, which
are stable structures, and suggested uncoat:?>vesic1es to be

generated directly from coated pilts.

Both views were convincingly documented, For example,
Kolb-Bachofen et al. (83) and Petersen and van Deurs (121)
showed coated vesicles very near to or even fugsed with 1intra-
cellular vesicles and confirmed these were {ntracellular by
serial sectlioning. On the other hand, Willingham and Pastan
(176) and Willingham et al. (174,181) interpreted their morpho-
logical data as uncoated vesicles actually being formed from
the long and tortuous necks of coated pits. A possible solu-
tion to this argument could be {in sight, however, since Kolb~-
Bachofen (B8l1) recently reported e{ther coated or uncoated vesi-
cles to be {nvolved ian rhe receptor-mediated endocytosis of
lactosylated bovine serum albumin, depending 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 general term "endocytic vesicle®,
varioﬁs other names have been given to these orgaunelles, in-
cluding endosome, receptosome, pinosome or I{ntermediate vesi-
cles (64), The compartment for uncoupling of the receptor and
ligand (CURL) described by Geuze et al, (50) could also be
related to the endosomal compartment (sg;g%elow). Newly formed
uncoated receptosomes are about 250 um lan diameter (as compared
to 150 nm for coated pits), and range in size from 250 to 400
nm (117). They are smooth membrane-bounded vesicles with a
protein layer to their inner surface {probably representing
ligand-receptor complexes) (117,176). Other characteristic
features of receptosomes are that they frequently contain a
single 1intralumenal vesicle, have “a fuzzy border alomng a
straightened edge of their membrane and are surrounded by other
small vesicular structures with which they may be in continuity
(117,176,177,179),

Perhaps one of the most Important characteristic of
endosomes, however, 1s that their Iintralumenal wmatrix rapidly
becomes acidie, within a few minutes of their formation, with
an iIinternal pH approaching that of lysosomes {(168). Howeyer,

since they lack lysosomal enzyme activities (32) and appedr to

selectively avoid fuslon with lysosomes (116,177,179), \they
cannot be coanslidered as part of the 1lysosomal compartmgnt.
Rather, r.he); were observed to fuse only with each other
with the trans-reticular elements of the Golgi{ apparatus (11
177). This contrasts with other endocytic components Iinvolyed
in other forms of non~selective endocytosis (mot {nvolulin
coated pit—endosome pathway) and which were shown to flise rapi-

dly with mature secondary lysosomes (107,1164,140,153,158,175),

Receptors direct ligands through the coated pilt path-
way, leading to internalization, Since the ultimate fate of

most lipands that enter cells via receptor~-mediated endocytoslis
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is to bhe degraded within 1lysosomes (55,57,106,156,177), while
receptors are generally recycled back to the éurface in order
to be reutilized (64,73,95,105,142,156,177), a means of sepa-—-
rating the two must exist. The acidic:environment within endo-
somes 1s thought to serve this purpose (48,60,168). 1Indeed, in
some systems, a low pH interferes with ligand-receptor interac~
tion (64,128,134,164). Galloway et al. (46) recently showed
acidification of endosomes to be ATP-dependent, prohably in-

volving a plasma membrane-derived proton pump (42),

With ligands dissociated from their receptors, sorting
of the two becomes concelvable. Geuze et al. (50) recently
described a “"compartment of uncoupling of receptor and ligand"
which was {nterpreted by Willingham and Pastan (177) to repre=-
sent trans-reticular Golgl elements. As mentioned above (118,
177), this compartment appears to he a major target for endo-
some fusion. The group of Geuze, Schuartz and thelr col-
leagues, using 8 clever double labelling method, brought direct
morphological evidence for the segregatlon not only of a ligand
(asialoglygoprote;ns, ASGP) from {ts receptor (50); but also
of different receptors that’may be taken up together, depending
on theilr expected fate (e.g. recycling for ASGP receptors or

transcy tosis for IgA receptors) (51).

That such sorting should occur {a the CURL is congis-
tent with results from the group of Willingham and Pastan,“who
showed such a role for the trans-reticular portion of the Golgi
(177). This region of the Golgi apparatus (probably that actu-—
ally observed by Camillo Golgi in 1898, ref. 56) is also rich
in acid phosphatase (54) and was recently shown to have an
acldic intermal pH (143). Hence, it was also termed the GERL

area (Golgi-Endoplasmic Reticulum-Lysosome compartment).

An important morphologic feature of this portion of the

Golgl apparatus is that 1t also contalns clathrin-coated pfts

L



13

(44,114), which\are smaller (70 nm, refs., 173,177) than those
located on the iplasma meMbrane but appear to have a similar’
role: the selection and concentration of glven macromalecules.
in order to arra%ge for proper subsequent routing. Macromole=’
cules concentrated in these small Golgl coated pits appear to
+be delivered to newly formed lysosomes (172,176,178). It 1s
not clesar, however, how 1ligands that were dissocfated from
their receptors (seé& above) are concentfated within these
selected areas; aggregation Iin the plasma membrane coated pits
- 1s dependant upon receptors which are able to freely glide 1in
the plane of the membrane aﬁd get trapped in coated pits.
Since receptors for hannose—ﬁ—phosphate and terminal galactose
in ASGP (and possibly also receptors for other sugars) accumu=-
late in Golgi coated -pits (51,180) and, since the Golgi complex
18 known to be an Important site for glycosylation (54), endo-
cytosedtligands could be glycosylated-upoﬁ del{very within the
trans Golgi and bound bf receptors interacting with such carbo-
~hydrate moietlies and qhich are capable of clustering 1in the
Golgi coated pits.

Whifélligands are usually transferred from the trans-
reticular Golgl’ to nascent lysosomes via the Golgt coated plrs,
thelr receptors, which do not concentrate in such structures,
are not delivered to lysosomes eitﬁer.,LSeveral indirect lines
of evidence suggest that receptors' are recycled b;ck to the
cell surfacé (revieved in refs. 10,55,64,118) and this was con-
vincingly demonstrated for the ASGP receptor (22,142), It -1s
interesting to note that the receptors for lysosomal enzymes
cluster in the Golgl coated pits (180 ),whereas those for. other
ligands and which are to be recycled, rather than ending up 1in
lysosomes, are segregated differenély (50,51). Also, fn‘tﬁe
few cases where a ligand 1s to be spgted lysosomal degradatioﬁ
(exa;bles are transferrin, ref. 79 and IgA;f ref. 51), the
ligand-receptor complexes do not dissociate in the endosomés

and both are returned together to the cell surface, ;
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Receptor-mediated endocytosis tepresents a convenient

' way by which cellé can specifically take up macromolecules from

the enviroament,. This mechanism can be extremely rapid with
clustering of ligand-receptor complexes in coated pits of the
plasma ﬁémbran? accuring within {geconds,' internalization in
endosomes within minutes, delivery to the irans~Golgi elements
around 10-15 min. and to the 1lysosomal compartment at 20-60
min. (see refs. 48,55,100,117,118,139,176,177,179), with some
degree of variatiog, depending on the system studied. Accord-
ingly, receptors are very rapidly recycled to ‘the cell surface,
with the round trip sometimes takingr,less than 5 min. (1,
142)., Also, the plasticity of this mechanism i{s such that dif-
fereng ligands may enter through this pathway (even in the very
same cgatéﬁ pit and endosome, refs. 25,99), .yet be segregated

along the way (51).

Now that‘the "hou" of receptor—meﬂiated endocytosis is
beginning to be understood, the "why"” still remains ,open to
question., A possible role for such processes is the control of
cell surface active components 1including, of course, hormpne
receptors. With this respect, internalization could serve
elther a general "housekeeping" purpose or could be involved in
a more specific "turning off" step In the mechanism of hormone
actlon, taking activated (occupified) receptors apart from their
cell membrane effectors. A role in the termination of hormone
action 1s quite likely since nearly all ligands studied so far
end up in lysosomes and presumably undergo degradation, On the
other hand, 1t would be tempting to propose that such a well
controlled uptake mechanism could be involved 1in targeting
informational molecules to lnéracellular effectors. However,
except for the special case of trilodothyronlne (115,136),
there is as yet no firm evidence for eventual actions of pep-
tide hormones at intracellular sites. On the contrary, and as
will be discussed in Chapter 3, there 1s a great body of evi-
dence to suggest that actions of polypeptide hormones are elic-
fted strictly at the plasma membrane level,

-
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1.5: Prolactin receptors

As 1s true for other polypeptide hormones, prolactin
exerts its action on target organs via 1lnteraction with specif-
ic cell surface receptors. Prolactin receptors were {nfitially
identified in mouse mammary gland in the early 1970's (14,167)
and since then, PRL binding has been reported in a wide variety
of tissues and species (reviewed fin ref. 66). The broad dis-
tribution of PRL-specific binding sites {s compatible with' the

ubiquitous nature of this hormone, as reported In Section 1.1.

To date, a true receptor function (recognition, binding
and transductfion) has been clearly established only in the manm-
mary gland (149), but there is general agreement that PRL hlnd—
Ing sites observed in most, If not all other tissues are also

physiologically relevant (66,150). Data arguing 1in favor of

-this view are the hiochemical and immunological similaritles

found amongst PRL binding sites in most 'tissues studied (108,
148,150) and the partial blockage of . two d}ffereng actions of
prolactin (lactogenic and luteolytic) observed when anti-recep-
tor antibhodies were 1injected {into iactating or normal cycling
rats, respectively (18). Therefore, in this work, I shall
refeE to them as PRL hinding sites or as PRL receptors.

Some biochemical and physicochemical characteristics of
PRL-R are beginning to be elucidated. These studies are con-
plicated by the fact that the receptor molecule has not yet
been purified to homogenelity, although much progress has been
made during the past few years, A buoyant density of 1,2-~1.4
g/ml has been reported (66) which suggests that the receptor ds
primarily protein material.  This view is {in good agreement
with the fact that proteolytic enzymes abolish PRE binding
(152), However, PRL-R also contain carbohydrate moietiés,

since solubilized receptors bind to conEanavalin A (166). In
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addition, phospholipids are also required for PRL receptor
activi‘ty, since phospholipase C reduces PRL binding (152).

There has been contradictory reports on the molecular
wveight of the prolactin receptor, with values ranging from 32~
37,000 (19,87,88) to as much as 320,000 (26). Hughes et al,
{66) suggested that the detergent used for solubilization may
be responsible for these discrepancies, with nonionic deter-
gents such as Triton X~100 resulting Iin the formation of high
molecular welght aggregates, and zwitterionic detergents 1like
3—(3—cholamidopropy1dimethylammonio)-l—propanésulfonate (CHAPS)
possibly breaking apart noncovalently 1linked subunits of the
receptor molecule. Althoug‘h it has not yet been clearly demon~
strated wether PRL-R have a subunit structure [preliminary
results by Shiu, not yet published but mentioned by Hughes et
al. (66) would suggest so}, 1t appears that the binding poly-
peptide has a molecular weight {n the range of 36-45,000 in the
rat, vrabbit aond mouse (1_9,67,87,88F). Recent results 1in our

laboratory agrée with these values (75).

Molecular charge 1is one physicochemical datum which
suggests heterogeneity among PRL~-R in different organs.,
Indeed, experiments using analytical isoelectric focusing
ylelded pI values hetween pH 6 and 7 for the rabbit Mmammary
receptor (147) and 5.1 for the hepatic receptor Iin the sane
species (169). 1In the rat, hepatic and mammary PRL-R also dif-
fered by their optimal pl‘l for binding, {on requirements and
sens{itivity to nmeuraminidase (152). Heterogeneity for insulin
receptors has also been reported by several Investigators (45,
63,98,183).

.

Much attentlon was also addressed to the mechanisms
involved in the regulation of PRL-R, with a special emphasis on
receptors {in the 1liver and the mammary glaund. Regulation of

receptors is of primordial importance, Iin addition to circulat-
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1nga’hormone levels and, possibly, other regulatory processes
which may fntervene at post-receptor steps, Iin order to strict-
ly control cellular activity. Actually, PRL-R regulation {t-
self 1is very complex, with a variety of factors Influencing
receptor levels 1n target cells. These have been reviewed
extensively (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 animals are the development of the mammary gland and
lactation, Therefore, PRL-R 1levels are similar !:n livers of
young male and female rats (77), but at puberty (around day 40
in the rat), PRL binding capacity is much higher in the female
than in the male.- Further sex diffelrences are ohserved regard-
Ing the effects of estrogens 1in PRL-R tegulation (see also
below), in that these steroids appear to stimulate PRL-R levels
in 1ivers of male mice but to reduce them in females (92},

Some physiologicai conditions may also alter PRL=-R
levels, such‘ as the phase of the estrous cycle: rat\iver ?RL
binding has been reported to be higher during estrus and dies-
trus I (76§, and this may be related to the PRL, gonadotropin
and estradié‘b surges which occur on the afternocon of proestrus
in female rats, ¢ ‘

- Other physiological states also 1influence PliL recep=
tors. During pregnancy lin rats, PRL~R are greatlylincreaseq in
both mammary gland (34,65) and liver (77), glthou(gh a le;:ge\
part of these receptors a‘rejoccupied by endogenous lactogens.
Indeed, it has bee. shown (78) that the concentration of plasmi
prolactin and/or placental lactogen (PL) s high througfbh’out“,
pregnancy in nmany species, and suppression of these by hyster-
éctomy (for PL) or administration of érgot derivatlves‘ifbr“

PRL) results in higher estimates for PRL hinding.

°
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A fur;her increase in PRL-R levels 1is observed in rat

mammary gland at parturition and during lactation. This would
appear to correlate with the rapild decline in progesterone
levels occuring just prior to parturition. Ptrogesterone {is
known 'tq block lactation 1in this species (84). However, pro-
gesterone administration does not block the 1Increase in PRL-R
levels in ovariectomized rats (151), Progesterone may elicit

its {inhibitory effect on 1lactation by an action on a post-

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

stration that ovariectomy 1ia pregnant rats results in lactose
syathesis (145)., Rather, the induction of PRL-R at parturition
and during lactation 1n the rat appears to be dependant upon
the suckling~evoked prolactin release (17): not only Mdoes re-
moval of the pups abolish this PRL-R increase, but ergocornine
administration also 'blocks ‘it {in the presence of the off-

spring. "

. The situation may be somewhat different in the rabbit,
since progesterone has been shown to block the ,increase in
PRL-R induced by PRL administration 1in this specles (33).
Accordingly, in the studles by Kelly e)t al, (77), pregnancy in
the rabbit did not result in increased hepatic PRL-R levels,
There was actually no sex difference 1n lactogenic receptor
levels ‘in adult rabbits, but such a difference was observed for
growth hormone receptors (GH-R) aund these were increased during
pregnancy (?77). Similarly, in mouse liver, although higher
PRL-R levels are seen in the adult female than 1In the adult

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

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

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

These studies would suggest that there is a consider-
able variation between specles 1in the mechanisnms controll‘ing
PRL-R levels during pregnancy, but it must also be kept in mind

that, as mentioned earlier (see also ref. 150), failure to

ot d
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observe elevated receptor levels in some of these studies might
be explained in part by receptor occupancy by endogenous lacto=
gens, since desaturation of the binding sites has not been sys~
tematically carried out.

These differences could represent ways by which differ-
ent specles have tackled the prohlem of prombttng mammary
/grouth during pregnancy, without i1inducing lactation. Such a
hypothesis should be considered in the view ofv the reported
somatogenic actions of prolactin (9,16,24,130) and the ability
of placental lactogens of many speciles to interact with somato-
gen receptors (165). Therefiore, in some species, GH-R rather
than PRL-R are augmented du‘ing pregnancy, and PRL and/or PL
nfay induce mammary development vi{ia 1interaction with these re~
ceptors. In some other specles (e.g. rat), prolactin receptors
may be able to discriminate between PRL and PL binding, the
latter inducing only the growth-promoting effects mediated by
this receptor [e.g. PRL induces somatomedin release from liver
(43)]. 1In specles not possessing PL (e.g. rabbit), the-  post-
receptor ‘inhibitory action of progesterone 1s required in order
to prevent lactation {; occur during pregnancy, but this would
~be unnessary (and does ‘not occur) in the rat because éirculac-
ing PRL levels are low at ;his stage, with the PRL qurge‘pccu;-

.

ring just prior to parturition.

Some striking differences in PRLjR regulation are also
seen between orgéns within a given species. In lactating rats,
for example, PRL-R levels are high in the mammary gland while
they are low in the liver (61). Testosterone decreases PRL
binding in the kidney and ad{enal (97) and in the }iv€f (l146)
but increases it 1in the prostate (80), Prolactin binding 1s
reduced by glucocorticoids in the kidney and adrenal gland, but
hepati? receptors remain unchanged (96). Thyrold-stimulating
hormone induces PRL-R in the kidney without affecting the adre~
nal (93). ‘ ’
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Thev physiological signifi;kwcé of“ptheée prches§es
remain ‘unclear and better understanding will await further‘
knowledge on the roles of prolactin in thesé various tissues.
If, for example, the reported PRH- (or, maybe PL-) induceﬁ
generation of somatomedins 'by ghe liver (43) is physiologically -
;elevant and 1s involved ian mammary gréwth during pregnamncy, it
would be rational to turn off these hepatic ;Eceptors after

parturition (when the mammary gland is fully developed) but to

(keep high mammary receptor levels ln‘orWér)jo sustain lacto-

genesis. This, of course 1s highly speculafive,t and the
1dent1fication of the endogenols mediators 1nvolved in, and the
eluci&ation of the mechanisma governing’ such tight regulation
in” PRL—R 'Levels” répreseat a major challenge for future

Y P . \

research. |, : . o

2
? -

A great many ﬁormones have been shown to be part ;f
these regulqtory precesses. Among these, estrogens ‘appear to
play a major rolq ahd this correlates with PRL:R changes with
respect to sex and during the estrous cycle and ppéﬁndncy (see~

o

_above). Also, &irect administration of estradiol or estrone

iesults in a marked incnease in hepatic PRL Obinding 16 both
male and femalg rats, even before puberty (76,125). 1In .addi-
tion, ovariectomy reduces lactogen binding 1in females and anti=
estrogens block the gstradiol evoked ifncrease in PRL*R (76).

>
[

Several lines of evidence sBuggest that pr&lactin 1t8?1f
may also p}ay a key role in the regulation of {ts receptors.
%1!3%, injection Qf " PRL into rabbits induces mammary receptors
(33).% Second, h&poppysecgomy results in decreased PRL binding
(125) and administration of high doses of PRL or plituitary
15plant€ti?n umderutpe kidney capsule are able to pertially
restore PRL-R in0 thesg animals (15,29,124,126). Third, the
mechanism of estrggen action just mentioned could 1involve

induction of PRL release, as this would agree with the reported

o
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27, ‘ . ¢+ increase 1in circulating PRL following estrogen administration

v - . (1049 and the fact that hypophysectomy prevents the ability of
v o ~festtqne to induce PRL-R in ‘rat liver (125). Furthermore, pitu-

¢ LT itary implants also restored the respoanse to estradiol in hypo-

physectomized rats (124-126).

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

. tion of the dopaminergic agonist CB-154 (a léss drastic way of
v plocking,PRL secretion than hypophysectomy) failed to aiter the
; - responge to estradiol. In another study (4), large variations

., la ecirculating PRL 1levels falled to modify the stimulatory

] effect of castratlon on hepatic PRL-R 1levels in male rats.
. . Also, 1n their aforementioned paper, Kelly et al. (74) showed
' .- that higher estradiol doses are required to significantly
elevate plasma PRL ﬁhan to 1induce hepatic PKL-R in ovariecto-

-

‘mized rats. Therefore, although 'the pftultary s clearly {in-
) volved inrt%b regulaﬁion of PRL-R at least in the mammary gland
o o ‘and 1n the liver, it would be possible that PRL itself pléys
‘only a pe;missiéé role. [It must be’jemembeted, however, that
o . cthere are cénsiderhble differences between specles or organs,
. inn thé effects of PRL on {its receptors. For example, PRL

., appears to berthe onl&linducer~of PRL=R in rabbit mammary gland

- ‘Q33§ but to HWave more lim{ted effects 1in rat liver (15,29),

j ~ Note }hat in tﬁellatter‘sgudies, receptor desaturatifion has not
oo been carried out prior to PRL-R determination. In vitro evi-
dence for a direct action of Péqun PRL-R levels 1in cultured

" * rat bepatocyteé wii}‘berp;esented‘in Chapter 3; in this system,

estradiol failed to alter PRL binding (unpublished).]

?

s

: t“ ’ Shiu and Friesen (130) have gone further and sugges ted
. ‘that PRL may not be the 1ndu;§r of PRL-R. They presented some

indirect data supporting tﬁérviewothag a "fémintzing factor” or
. . "feminotroplh"Lfrqmcthe pitufltary, earlier described by Eneroth
"et ale (3;) and Stenberg et aI.r(k57)?"cou1d be the true mediar

tor of, the change in PRL-R levels observed with hypophysectomy,

t

e ° - |
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pltuitary transplants, or other ways of tampering with the
pituf tary, They also suggested that this factor could have

been present as a contaminant iIin the PRL preparations used for

injections, thus explaining the very high doses (2mg per rat)

required to Induce vrat liver PRL receptors.

In an earlier paper (170), on the other haund, the same
group had evoked the involvement of other known pitultary hor-
mones, namely thyrold-stimulating hormone (TSH), adrenocortico-
tropin (ACTH) and growth hormone (GH) {in the regulation of
hepatic PRL=R. The relevance of these, as well as, possibly,
plituitary gonadotropins (via thelir action on ovarian estro-
gens), may account for the fact that PRL alone restores only

f
20-30 7% of 1liver PRL-R levels in”hypophysectomized female rats

(29).

Thyroxine and estradioi have been shown to be effective
in restoring hepatic PRL binding after thyroidectomy and ovari-
ectonmy, respectively (49). Although nefther ACTH nor bovine GH
(non-lactogenic) alone can induce PRL binding In hypophysec-
tomized female: rats, théy both synergize with low doses of
ovine PRL (3). This effect of ACTH is adrenal-dependant but
does not 1involve 1Increased corticosterone release. Rather,
Waters et al, (170) suggested this action of ACTH may be medi~-
ated by adrenal estrogens and could explain the decrease 1in
PRL-R observed in livers of normal female rats, following adre-
nalectomy (76). In the male, such an effect of ACTH appears to
be largely counteracted by testosterone of both testicular and

adrenal origin (170).

The mechanisms governing PRL~R regulation are therefore
quite complex and involve a variety of peptide and stero}d hor-
mones. The 1levels of these "various factors under specific
physlological conditions will determine the 1e;;1 of PRL bind-

ing fn any given sftuation with, however, responses varying
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considerably between species and tissues. In this section, 1
documented only PRL-R tegulatioﬁ in the mammary gland, because
ft is the site of the most studied action of this hormone -
léctation - and {n the 1liver, because this organ'recei;ed most
of the attention 1in studles dealing specifically with PRL-R
‘regulation, 1including most of the original work presented 1in

this thesis.

However, some data are also available on the regulation
of PRL binding 1in many other tissues. These include the ted-
tes, prostate, ovary, adrenal and kidney (reviewed In refs. 150

and 170). These data highlight further differences between

tissues, which may relate to the various effects of prolactin
in these tissues. For example, one of the functions of prolac-
tin is the control of electrolyte balance (110,111) and it may
exert this action via 1induction of mineralocortlicold output by
the adrenal glands (182). Accordingly, salt-loading, which has
no effect on kidney PﬁL-R, specifically {increases adrenal PRL
binding (94), which may be viewed as a feedback mechanism,
classical to hormonal systems. Another example of organ-spe-
cific reguiatory process for PRL-R relating to PRL function s
the unlique 1;terdependancy of prolactin and luteinizing hormone
in the control of each other's receptor in the ovary (see ref,

170).

The work which I present In this thesis deals exclu-
sively with hepatic and mammary prolactin receptors and {s di-
vided into three major toplics. When I joined Dr. Kelly's group
as an undergraduate apprentice 1in the summer of 1980, tissue
fractionation gstudies had been undertaken 1in order to elucidate
how and where PRL-R are compartmentalized, Receptors from
plasma membrane and Golgl fractions had been 1dentified and
were belng characterized. My contribution to these studies 1is
related to PRL-R in the lysosomal compartment and {s presented

fn the next chapter. Briefly, PRL-R were found in 1lysosomal
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preparations, charaterized using the method of Scatchard (137)
and compared with plasma membrane and Coigl*receptors. Experi-
ments were also dgsigned to follow the uptake of 1251—1abe11ed
PRL injected in vivo, the degradation of both PRL ‘and PRL-R and
the effect of the lysosomotroplc agent chloroguine on PRL-R

levels {n 1ysosomél sub-fractions.

The second part of my work was devoted to the regula-
tion of PRL-R in rat hepatoéytes 1In primary culture, using a
pharmacological approach, Ino these experiments, which are
reported in Chapter 3,1 monitored the effects of PRL, alone or
in conjunction with various {inhibitors of cellular functions
{(cycloheximide, actinomycin D, dinitrophenol, chloroquline and
colchicine), on total cellular PRL-R levels and used these data
in conjunction with the putative actions of the drugs utilized
to obtain further insfight on the mecﬁﬁn@sm of PRL-R regulation,
including the effects of PRL 1itself. I also studied the
effects of a polyclonal antibody to the PRL-R ian this gystem.

Finally, Chapter 4 18 addressed to my attempts to

directly visualize PRL-R 1in rabbit mammary gland, using a mono-

clonal antibody prepared 1in our laboratory, at the electron
microscopic level. The reason why I turned from studylng re-
ceptors in rat liver to those 1In rabbit mammary gland, 1s that
when these experiments were undertaken, only monoclonal antibo-
dies to the rabbit PRL-R were available. Also, PRL~R 1In this
tissue were already well characterized, as they had received
much atYention from a group of our collaborators im Jouy-en-
Josas, France. The approach primarily ut{lized is immunocyto-~
chemistry with a second antibody (F(ab)'; fragment) 1labelled
with horseradish peroxidase. \
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ABSTRACT

Prolactin receptors have been previously 1dentified in puri-
fied rat liver plasma membrane and Golgl vesicle preparations.
In this study, we report on prolactin receptors located in high-
ly purified lysosome preparations,. These lysosomal prolactin
receptors we;e characterized using the Scatchard analysﬁs and

compared to other {ntracellular and cell surface receptors,

We have identifled two classes of lysosomes, Lighter lyso-
some-1like vesicles, which are greatly enriched in acid phospha-
tase activity (the marker enzyme of ly?osomes), contalin a great
deal of binding activity. This PRL binding was oply slightly
fncreased by pretreatment of . animals with the 1lysosomotropilc
agent, chloroquine, In contrast, mature lysosomes showed very
little binding activity in control animals. but chloroquine
treatment increased binding 7- to 8-fold in these mature lysoso-
mes., We suggest that the lysosome-like structures are immature
lysosomes (namely prelysosomes) towards which the hormone-recep-
tor complex 1s internalized; they appear to bear little proteo-
lytic activity. These structures could play a role in prolactin

receptor recycling.

Lysosomal prolactin receptors showed curvilinear Scatchard
plots, in contrast to plasma membrane and Golgl counterparts,
which were 1linear over the same range of hormone concentra>
tions. The high affinity site in lysosomes had a K4 comparable
to the cell surface and Golgl receptors. The number of binding
sites per mg protein in prelysosomes and lysosomes was 3 times
greater than that in the homogenate, but Golg! preparations were
3 times as rich as lysosomes. The great number of PRL receptors
in prelysosomes could be attributed, in large part, to the low

affinity sites.
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The Internalization of prolactin into rat 1liver was examPned
following in vivo injection of 1251 -6PRL. The labelled hormone
was found initially in the plasma membrane fraction, after which
it localized preferentially in the Golgl fraction, with maximum
incorporation at 15 min, - post-injection. Substantial radio-
act{vity was observed 1in both classes of lysosomes (L-1 and
L=2}. In contrast to the Golgl fraction, maximum {acorporation
of 1251-6PRL {n lysosomes was at 30 min. This suggests either
that during 4internalization, prolactin first reaches Golgi ele-
ments and {s then transferred to the lysosomal compartment, or
that there are two iundependent pathways of internalizatlon, one
rapiddtowards the Golgi complex (maybe a path of receptor recy-
cling) and the other, towards lysosomes ({probably leading to

receptor degradation). t
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INTRODUCTION

Prolactin receptors have been {identified and characterized
in purtfied Golgi and plasma membrane preparations of rat liver
(5,25). It 1s now widely accepted that after hinding of hormo~
nes to thelr specific plasma memhrane receptors, the hormone-
receptor complex -is incerﬁalized into the cell (1,3,6,{0,11,
13,15,16,26,29,32), Nevertheless: the fate of the hormone-
receptor complex following internalization remains .unclear
(6,7,12,16,26). Xhan et al. (22) recently reported that fnsulin
and lactogen receptors could be found {n a unique vesicle, dis-
tinct from Golgi, lysosomes, or other deflned subcellular ele-
ments,

in tﬁis study, we have i{dentified and characterized‘prolac-
tin receptors in highly purified lysosomes andilight, lysosome-
like structures and compared them with previously characterized
Golgl and plasma membrane receptors. We also studied thé inter-
nalization of labelled prolactin into liver cells by following
fts 1incorporation {in vivo {nto subcellular fractions, 'Oué
results demonstrate that Internalized radioactivity {is obsegved
initially in the Golgi and subsequently in the light lysosomes-
like and mature lysoéomes and suggest a role of lysosomes in the

degradation of the hormone-receptor Eomplex.
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MATERIALS AND METHODS

1. Materials

Female Sprague-Dawley rats (CRL:CS(SD)BR, 200-250 g) wvere
purchased from Charles River Canada Inc. (st. Cons tant,
Québec). Metrizamide (Analytical grade) was from Accurate
Chemical & Scientific Corporation{ Westbury, N.Y.) and reagents
for enzymatlc assays (2-glycerophosphate, 5'-AMP, N-acetyl glu-
) except for [l4c]-uDP-

cosamine) were from Sigma (St. Louls,
galactose which was from Amersham (Arlinyton Helghts, IL; CFB-
129). 178-~estradiol (Sigwa), chloroqulin (Sigma) and CB-154
(Sandéz, Basel, Switzerland) for 1Injection {\to animals were
dissolved {in physiological saline “containing 1% gelatin. Human
growth hormone (hCH;NHS—216OE; 1.7 1U/mg) and oviine prolactin
(oPRL; NIH=P=-S13; 30 IU/mg) were generously suplplied by the
_Natiodal Hormonme and Pituitary Program (NIH). [1251)Nal was

from New :England Nuclear (Boston, MA; NEZ-033H).

2, Tigssue fractionation

Lysosomes and light, lysosome=-1like structures (the L-l,fr;c-
tion from Wattiaux et al., ref. 30) were 1isolated from estra-
dlol-pretreated rat (5 ug, s8.c. twice a day for 7 days) by a
modification of the method of Wattiaux et al, (30). Fresh 1liv-
ers were homogenized in 0,25 M sucrose (7 ml/g liverX and cen-
trifuged and washed at 2000 ~ g for 15 min. The pellet corre-
sponds to the combination of the N (nuclear) and M (m{tochon-
drial) fractions of de Duve et al. (8). The pooled supernatants
were further centrifuged and washed at 17,300 x g for 14 min.
and the pellets rehomogenized in 0.25 M sucrose (! ml/3g fresh
liver) ytielding the L-fraction (1light mitochandrial fraction).
The pooled supernatants constitute the combination of the P (ml-
crosome) and S (soluble) fractions of de Duve et al.(8). L-

fraction was mixed with 2 parts of 85.67% mecrizamide,:lo ml of
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this mixture were placed at the bottom of cellulose nitrate
tubes, and discontinuous density gradlents were prepared by
delicately layering 6 ml of 32.807 metrizamide and 7 ml each of
26,25, 24.43 and 19.70% metrizamide (densities from bottom to
top: 1.329, 1.181, 1,145, 1.135 and 1.109 g/ml). A1l mectriz-
amide solutions had heen previously adjusted to pH 7.4 and den-
sities were verified by optical refraction using a Fisher Sclen-
tific Refractometer (Figher Sclentific, Waltham, MA), After
centrifugation at 100,000 x g in a SU-27 swinging bucket rotor
for 3 hours (particles at equilibrium), L~l fraction and second-
ary lysosomes (L-2) as well as fraétions L-3 and L-4 were remov-
ed from 1nterfakes of the gradients using a syringe fit with a
1.2 mm {.d. needle, Plasma membranes were {solated by the
method of Ray (27) and Golgi fraction by a modificatlion of the
method of Bergeron et al, (5): rats were not given ethanol and
the dens}ty gradient had only three stages {(densities 1.20, 1.15
and 1,03 g/mli, so that all three subfractions described were

mixed together.

3., Protein and enzymatic assays and hormone jodination

Protein determinations were made by the method of Lowry'et
al., (23) using bovine serum alhumin as standard. Assays for
5'-nucleotidase (marker of plasma membrane) and galactosyl
transferase (marker of Golgi) were as described previously (31,
by, Assay for acld phosphatase (marker of lysosomes) was as
follows. M™embranes (20 to 200 ug protein) were incubated for 10
min. at 37°C 1n a medium coptaining 250 mM 2-glycerophosphate
and 200 mM sodium acetate, pH 5.0, in a total volume of 500 pl,
The reaction was stopped on 1lce by the additfon of 500 ul 10%
trichlorocaceti{c acid. Tubes were centrifuged at 2500 x g for 20
minutes and phosphate was determined 1in 500-ul aliquots of
supernatant {n 3.5 ml water: 4 ml of a mixture contalning 1.2 N
sulfuric acid, 0.5% ammonium molybdate and 2% ascorbic acid was

incubated with the 4 ml samples for 30 minutes at 60og, After

~
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cooling, absorbance was read at 820 nm and compared with that of
standards ranging from 0 to 10 ug phosphate. oPRL and hGH were
fodinated using a modification of the chloramine~-T method as

described previously (19).

4, Prolactin receptor determination and characterization

In the first experiment, the presence of prolactin receptors
fn 1lysosomes was demonstrated by radioreceptor assay using
1251 -hGH (specific activity approx. 80 uCi{/ug) as the labelled
hormone. Human GH was used instead of PRL because ith@as shown
to be more stahle than labelled PRL with similar lactogenic
activity in a number of target organs (20,24,25). 1n 'order to
measure total bhinding activity, receptor assays were performed
after desaturation of binding sites by 3 M MgClpy (19). All the
animals had been treated with estradiol for 7 days (5 nug, s.c.
twlce a day) and some were further 'treated with chloroquine (7.5
mg/1C) g b.w,.,, 2h and 5.0 mg/l00 g b.w., 1 h before sacrifice).
The estradiol treatment was shown to enhance PRL receptor number
withount altering 1its other characterlstlés (17,20,24), thus
making the tissue most suitable for these studies. We used 200
ug proteln samples for lysesomal subfractlons, plasma membranes

and Golgl, and 400 ug for other fractions and total homogenate,

Prolactin receptors were characterized using Scatchard anal-’
ysls calculated from competition curves (28) on lysosomal frac-
tion, 1isolated from estradiol- and chloroquiﬁ:}*reated female
rats, The same amounts of receptor preparations~as for the
ravloreceptor assay were {ncubated for 16 hours at robm tempera-
ture with 100,000 cpm (20~40 fmol) 12571-hGH and unlabelled. oPRL
(0 to 1000 rg) in 500 ul of a medium containing 25 mM-TriA'(pH
7.4), 10 mM MgCls; and 0.1% BSA.
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5. *Subcellular localization of prolactin receptors J@ter
T

i

injection of 1251-0PRL 1in vivo

Estradlol—tfeated raté, further treated with the dopaminerg-
_ic agonist, CB-154 [bromocriptine mesilate; 500 ug 24, 12 and '}
hour before Surital anaesthesia (40 mg/kg)] (19), were injected
with 30 x 106 cpm 1251-0PRL (approximately 0.2 ug) via the jugu-
lar veln, To assess non-specific uptake, other animals were
given 500 ng unlabelled prolactin in addiction to the 1labelled
hormone. Animals were killed by perforating the heart and lungs
~at 5, 15, 30 or 45 min. postinjection and 1llvers were rapidly
remerd, cut inte p}eces, and processea for organelle isolation
as describhed above. Samples were pooled from three animals per
group, such that 12 g were frozen and stored at =-80°C for 24
hours for the preparation of Golgi fractlions, 4 g samples stored
at -80°C for 48 hours for the preparation of plasma membranes,
and 10 g processed immediately for the preparation of lysosome
and L~1 fractions. Freezing of the liver pleces did not alter
the biochemical characteristics (Earker enzymes contents) of
Golgl or plasma membrane preparations as {t does for lysosome

"and L-1 fractions.



RESULTS

o
1. Organelle preparations

t .
v

Lysosomal fractions L-1 and L-2, although containing a verwp
small percentage of total thogenate protein, bore somewhat
iarger proportions of homogenate acid phosphatase activity (see
Table 1), L-2 had the highest relative specific activity (RSA;
ratio of specific activity of the fraction over that of the
homogenate), and L-! and L-3 were also considerably enriched in
acid phosphatase. Although <chloroquine had no significant
effect on protein distribution (Table 1), {t markedly reduced
gacld phosphatase activity 1n all lysosomal fractions but not {in
other fractlons,

Contaminat{on of purified fractions of all four organelles
studied by marker enzymes was relatively low as shown in Table
2, Purified lysosome fraction (L-=2) was eunriched 46-fold 1in
~acid phosphatase activgty, with wvery 1little enricﬂme&{ in
5'-nucleotidase or galactosyl transferase. Purified plasma
sembranes (9-fold) and Golgi fractions (28-fold) were also spe-~
cifically enriched in thelr respective marker enzymes. ThevL~1
fraction was enriched 22-fold 1o acid phosphatase, but also
about equally rich Ia 5'-nucleotidase as was the plasma membrane
preparation, Electron microscopic observations (Fig. 1) coa-
firmed these results: the L-! fraction (Fig. 1A) consisted
largely of lysosome-like structures that were rather small 1in
comparison with those of the more puriffed L-2 fraction (Fig.
18). This L-2 fraction was almost 1dentical {in worphology to
the L~2 fraction of the original isolation method (30). Plasma
membrane preparations showed many desmosomes, with occasional
mitochondria and nuclei (Fig. 1C). Finally (Fig. 1D), the Golgtl
fraction consisted of typical very low density protein-contaipn-—
{ang vesicles, comparable to the preparations previously de-

scribed (5). poe

’



TABLE 1 '
. ) Protein and acid phosphatase activity distribution in the fractions ’
— from the {solation of lysosomes
’
{
-~ FRACTION PROTEIN ACID PHOSPHATASE
: Distribution RSA
' Control Chloroquine Control ) Chloroquine Control Chloroquine
\
Homogenate [195.1 % 2,2 |215.5 % 4.1 [100 100 1,00 1.00
NM 31.8 % 0.2 32.2 £ 0.8 23,6 £ 1.2 31.2 % 0.4 0.67 £ 0,02 1.14 £ 0,02 -
L-Total 8.9 % 0.2 7.4 % 0.4 19.9 % 0.4 10,1 % 0.2 3.18 £ 0,05 1.08 £ 0,05
L-1 0.26 = 0.01 0.26 £ 0.03 3.3 * 0.1 1.36 £ 0.03 | 24,7 % 0.4 3.91 £ 0.01
L-2 . 0.14 £ 0,01 0.16 £ 0,01 2.88 £ 0,03 0.68 £ 0.02 | 46,1 £ 0.8 4,26 £ 0.01
L-3 0.20 £ 0,01 0.18 £ 0.01 1.66 £ 0,03 0.34 £ 0.01 25,9 + 0.8 1.83 £ 0,01
L-4 2.04 % 0.06 1.16 x 0,01 1.76 £ 0,05 0.34 £ 0.01 0.74 £ 0,02 0.17 * 0,01
PS 62,2 % 1.1 68,2 * 0.6 26,1 % 0.8 39.6 . 0.9 0.82 £ 0.04 1.03 % 0.02
Recovery %Z |112,9 % 1,5 {107,8 + 1.8 69.6 % 2.4 80.9 % 1.5

o

Lysosomes were prepared as described under “"Materials and Methods™, ylelding the fractions listed. Pro-
tefns are expressed as milligrams per g fresh liver for the homogenate and as the % of the homogenate
content for the fractioms. Distribution of the'acid phosphatase activity is expressed as the % of the

. specific activity of the homogenate, which was 3.15 t 0.04 umol phosphate produced per hour per mg pro-
tein in control’ (estradiol-treated) animals and 2.85 * 0.04 umol/h/mQ for chloroquine-treated animals. .

- Relative specific activity (RSA) 1s the ratio of the specific activity in each separate fraction to that .
of -the homogenate. All values are expressed * SEM and are the average of six separate preparatious.
N4, nuclei and mitochondria (unpurified); L-~total, light mitochondrial fraction from De Duve et al (8);
L-1 to L-4, subfractions from L-total, including purified secondary lysosomes (L-2); PS, microsomes and
solible matrix (unpurified). . "

6S

-
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TABLE 2
a - t :
Enzymatic characterization of subcellular fractlions
X a
1 s i ®
FRACTION ) PROTEIN ACID PuosphATAsg 5'—NUCLEOTIDASE GALACTOSYL TRANSFERASE
Homogenate 219. %17 (7) 1.00 1.00 1.00
L-1 0.35 £ 0.08 (6) 21, %2 (5) 8.0 % 0.7 (2) 4,7 0.3 (2)°
L-2 0.24 = 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 % 0.3 (3) 4,1 £70.8 (3)
Golgi . 0.203% 0.004(3) 1.9 £ 0.2° (3) 1.32 % 0.06(3) 34 17 (2)

Lysosomes were Isolated and acid phosphatase was assayed as described under “"Materials and Methods”.
Other organelle preparations and enzymatic assays were performed as described (4,5,27,31). Proteins are
expressed as milligrams per g fresh liver and enzymatic activities as RSA (see text and Table 1). Enzy-
matic activities in the homogenate were 2.6 ¥ 0,2 and 2.4 ¥ 0.4 umol phosphate producted per hour per mg
protein for acid phosphatase and 5'-nucleotidase (% SEM of 6 experiments), respectively, and 3.2 % 1.8
nnol galactose transferred per hour per mg proteln for galactosyl transferase (¥ SEM of 6 experiments).
All numbers are expressed ¥ SEM except when only 2 values were avallable (% half-range) and are the ave-
rage of the number of experiments indicated in parentheses. le and L-2 are lysosomal subfractlions.
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Electron microscopic view of the four purified organelle prepara-
tions, A) The L-1 fraction consists largely of dense and multives-
fcular bodies that correspond to the description of lysosomes, but
most vesicles are smaller than the typical lysosomes shown in B.
Some undefined long-shaped structures are also seen. B) Hature ly-
sosomal fraction shows the structures expected: (1) rounded, (2)
elongated and (3) ring-shaped dense< bodies, (4) residual bodies and
(5) multivesicular bodies, C) Plasma membrane preparations show
empty vesicles and a great many desmosomes {(arrows), the hall-mark

. of plasmalemma. 0Occasional mitochondria or nuclei {(not shoun here)

were also observed. D) Typlcal Golgl fraction was observed with
the structures of the three subfractions described by Bergeron et al
(5): very low density lipoprotein—containing vesicles of various
shapes and sizes and flattened saccules (dumbbell-shaped elements).

Y
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2. Lysosomal binding and Scatchard analysis of lysosomal

prolactin receptors

, o
Figure 2 shows hGH binding to prolactin receptors in frac-

o
tions from the lsolation of lysosomes. M had little effect
on receptor levels in any fraction, prolably due to the CB-154

treatment of the animals. On the other hand, chloroquine

‘increased hGH binding to prolactin receptors 1{in lysosomal frac-

tions, with the maximum effect {in the most purified fraction
(L—Z),. probably the result of reducing degradation of lysosomal
fecmptgrs. The L-1 f}action was high 1in prolactin blnding ac-—
tiv{ty in cohtrol animals, while othgr lysosomal fractions were
very low. .

Receptors were further characterized using Scatchard analy-
sis (24). They showed curvilinear plots (Fig. 3), suggesting

negative cooperativity between sites or the existence of two

dif ferent classes of binding sitess When analyzed as a two-site

model, both sites showed remarquable constancy for dissociation
constanf; in all fractions (except for L-1 fractlon; sée Table 3
and Fig. 3), but sites'wére more concentrated in fractions L-1
and L-2. Chloroquine, treatment of the animals had no effect on
dissociatlion constants compared to control canimals (data not

show&.

3. 1251-5pRL up take im the liver after injection in vivo

We examined 1251-0PRL up take In various qrganelles from rat
liver, after injection of 30 x 106 cpm 1into the jugular veln.
Maximum Iincorporation in the homogenate was observed at 15 min.
ag previously reported by Josefsberg et al. (ref. 16; see alsd

Fig. 4Aa). It has been previously shown that 1intracellular

rrecentors could account for as much as‘70 7 of the receptors of

the total 1liver cell (5). In this study, we demonstrated that

most' of the labelled hormone was 1internalized into the Golgt
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Livers from female rats treated with estradiol and CB-154 (control
animals) and further treated or not with chloroquine were processed
for lysosome {solation. Each frection and subfraction was assayed
for prolactin receptbrs as described previousity (19), using 400 ug
protein for the homogenate and nuclel and mitochondria (unpurifled;
NM), light mitochondrial fraction of de Duve et al. (8) (L-TOT), mi-
crosomes and soluble matrix (unpurified; PS) fractions, and 200 ug
protein for subfractions L-1 to L-4, All values are expressed per
200 ug protein. MgCly; treatment (19) was performed on geparate ali-
quots, of each fraction to desaturate the binding sites for measure-
ment of total receptors. Values are means i one half~'the range of 2
determinations. HOMO, total liver homogenate; L-1 to L—4, subfrac-
tions of L-TOT, including purified secondary lysosomes (L-2).
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Fig. 3 Scatchard plots of prolactin receptors in lysosomal fractions L-1

)

and L-~2 {solated from livers of estradiol- and chloroqulne—treated
female rats. The assay was made as described under "Materials and
Methods"” and results analyzed as representing two distinct classes

of sites. (A) L-1 fraction, (B) L-2 fraction (lysosomes) See also
Table 3, B/F, bound to free ratio.
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TABLE 3 o
Characterization of prolactin receptors in the fractions
from the {solation of lysosomes

FRAETION - HIGH AFFINITY SITE . LOW AFFINITY SITE®
B K4 " No sites’ ’ K4 No sites

(nM) (fmol/mg) (aM) (fmol/mg)
Homogenate 0.23 £ 0.01 180 + 22 . 2.6 £ 1,6 9%0 £ 500
NM T 0.15 £ 0.01 150 £ 46 3.9 2 1.0 820 t 240
L-Total 0.23 £ 0.02 310 £ 36 - 5.0 £ 1.4 1900 * 640
L-1 0.50 £ .31 560 * 240 14,0 £ 3,3 9200 £ 3300
L-2 0,25 = 0.04 550 = 270 5.6 £ 1.3 3900 % 1300
L-3 0.28 * 0.03 150 £ 43 2.0 £ 0.4 600 £ 140
L-4 0.23 £ 0.04 50 £ 14 - 3.8 % 0.3 - 300 £ 160
PS 0.27 £ 0.03 210 % 52 5.9 £ 1.3 1420 £ 480

(>

) . LY

Livers from estradiol-treated rats further treated with chloroquine were processed for
the isolation of lysosomes as described under "Materials and Methods”, yielding the frac-
tions and subfractions listed. 400 ug protein from each separate fraction or 200 ug pro-
tein from subfractions -1 to iL-4 were used for Scatchard analysis by competition of pro-
lactin receptors as describéd (24). Curvilinear plots (Fig. 3) were analyzed as a two~
site model. These results are representative of three separate experiments. For the
high affinity site, there was no significant difference in the Kg or number of sites a-
mong all the samples. For the low affinity site, K4 and number of sites for L-l1 frac-
tions were significantly different from all the others (p < 0.01). Abbreviatlions are de-
fined in Table 1.



20 A

L

18

R. x 10 %)

SPECIFIC UPTAKE
7
°

(CPM/g

] 18 30 48
. TIME POST-INJECTION (min)

15¢ B
8 min

0
: % 15 min )
‘ 30 min -
N7

40 min

-
o

~
-

SPECIFIC UPTAKE

(CPM/g LIVER, x 10 )

-
P M GOLGT L-1 L-2 |
CELLULAR FRACTION

Fig. 4 Uptake of !251-oPRL In 1liver homogenate (A) and purified fractions

cpm 1251-0pRL
Female rats treated with estradiol

(B) following injection of 30 x 100
pmoles) via the jugular veln,
and CB-154 (see
Surital, the Jjugular veln was exposed, and "the labelled hormone
injected in a volume 6.2 to 0.4 ml. Other animals were given 500 ug
unlabelled prolactin in addition to 1251-0PRL to determine the level
of nonspecific uptake, At the times Indlcated, livers were rapidly
removed, “cut into pleces, weighed, and processed as described (I,
19, "Materials and Methods”). Values are expressed as the counts
per liver specifically bound to the homogenate or to fractions, and
are means * SEM of 4 separate experiments. P.M., plnsma membranes;
Golgi, golgl membranes; !.-1, L-1 fraction; L-2, mature, secondary
lysosomes.

(approx. 7.5

"Materials and Methods”) were anaesthetized with-«~
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(Fig. 4B). About half of the injected radloactivity was taken
up hy the liver at 15 min., 10%Z of which was concentrated in the
Golgt. The 1internalized material could well b? in the form of
hormone-receptor complexes since large amounts of hGH-binding
sltes have been shown to bhe present/?n those vesicles (5). In
contrast to what was observed in the homogenate and {n the Golgl
fraction, maximum incorporation in lysosomes and {n L-1 fraction

was seen at 30 min.
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DISCHSSION

Prolactin receptors have been {identifled and characterized
from the Golgl complex and the ‘plasma membrane of rat 1liver (5,
25). The aim of this &tudy was <o {increase our knowledge of
{ntracellular prolactin receptors by characterizing those loca-
ted in hfghly purifled 1lysosomal fractions and comparing them
with other intracellular or cell surface receptors, Prolactin
recep tors h:;ve been previously observed 1In rat 1liver lysosomes
and tritosomes (22). In the present study, two classes of lyso-
gsome~1like vesicles were {dentified. The L-1 fraction was rich
in acid phosphatase and contained many {ntact receptors. Bind-
ing activity of L-1 fractlon was only moderately aug;,mént:ed by
" chloroquine treatment of the animals, supgesting that these
veslicles bear little degradative activity. Typlcal secondary
lysosomes (L-2 fractlon) were twlce as rich in acid phosphatase
as L-1 fraction, yet very poor In receptors {n” control animals.
The fact that chl‘oroqulne treatment considerably enhanced recep-
tor levels 1in secondary lysosomes (7-8 fold) suggests that

degradative processes may occur In these organelles.

Khan et al., (22) and more recently, Baenzinger and Flete (2)
reported 1nsulin, lactogen and nslaloglycoprote}n%receptors to
be Internalized f{nto uncoated vesicles with a density higher
“than that opf Golpl v‘qé"icles and comparable to that of plasma
menbrane, Khan et al. (I21) reported these veslicles to have
lysosome-11ke features, They <c¢ould correspond to the small,
homopeneous lysosomes with which receptosomes appear to fuse,
about 30 min. after internalizatlon of 1p-macroglotulin (30).
The L-~1 fracrion 1{in the ypresent studies appears to close~1y
resemble these veslcles. ‘Nevertheless, desplte the lysosome-
like morphology of this fraction, it cannot be defined simply as
light lysosomes, since 1t 1s only half as enriched in acid phos-

phatase activity as the " true lysosomal fraction, yet about 7



69"

"

@
timés richer in prolactin receptors -1n control animals and
resistant tg the action of chloroquline, We suggest It may
conslist of immature lysosomes, or prelysosomes, {in which proteo-
lytic acglvity would be less than that of mature, secondary
lysosomes (fraction L=2), Such a hypothesis (s supported by the
facts that the L~1 fractfon s enriched 1in 5'-nucleotidase and

less rich 4np aclid phosphatase activity than secondary lysosomes,

that prolactih receptors remain largely intact, and that recep-

Jjtors are only ‘ninimally affected by treatment of the attmals
with the lysosomotroplc agent chloroquine. In contrast, the
mature Iysosomes (L-2 fraction) are very rich {n acid phospha~
tase activity (and presumably In pgeneral proteolytice activity),
poor {in intact prolactin receptaors fn control animals (due to
degradazive processes occuring within, lysosomes) and rich {n
prolac&ln receptors following blockage of lysosomal degradation
by chlo}oquine. Begause the L~1 fraction consists largely of
~lysosome-1like vestgles, it seems llkely that receptor activity

{n this fraction is related to receptor acti{vity measured in the

lysosomal compartment, \\\;ﬁ )

Hisuka et al. (1%) pointed out that lysosomotropic agents
such as NH4Cl and chloroquine 'increased cell—associated‘lzsl-ﬁGH
in cultured 1ymphoc§ces by a mechanism that” involves Inhibition
of degradation. The present study shows that not only the hor-
mone, but also the internalized receptors that reach the lysoso-

mal compartment are protecfed by chloroquine.

: In contrast to what was observed {n previous studles on pro-
lactln receptors from the plasma membrane and Golgl! fractlons
(18), Scatchard plots of lysosomal .receptors showed a curvilin-
ear pattern, Nhen anglyzed as a two~site model, the high affin-~
fty site had a dissoclatlon constant similar to that of the
single sfte ohserved {n Golg!i and plasma memhrane fractlons. It
{s not excluded that the low affinity binding site might arise

in prelysosomes and lysosomes as a result of partlal alteration
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of the high affinity site even 1if the animals were treated with
chloroquine, The high affinity sites were concentrated in puri-
fied prelysosomes and lysosomes rather than 1in fractions of
nuclel and mitochondria or microsomes and soluble matrix (2- to
3-fold), but purified Golgi fractions were still 3 times as rich
as purified lysosomes (about 1500 fmol/mg protein, ref. 32),

As can be seen in Table 3, the {ncreased nudber of. prelyso~-
somal prolactin receptors may be attribuable in large part to
the 1low affinity site. Tt is possible that receptor—-ligand
dissociation may occur in these structures anq‘recycle prolactin
receptors te the cell surface, as has been sug}estgd for asifalo-

glycoproteln receptors (2).

lodinated prolactin was‘taken up Iin vivo by the liver (mdxi-
mum {ncorporation at 15 min. in the homogenate). It was found,
to bhe assocfated with both Golgi, as ffrst reported by Josefs-
berg et al. (l6), and with lysosomes (22). The kinegics of
.Internalization differed between Golgil and 1lysosomes, with a
maximum at 15 min, in the Golgi fraction and at 3N min., {n both
prelysosomes and lysosomes. This suggests elther that 1251-pRL
1s’ sequentially Internalized Into Golgl and then reaches the
1f&osnmal compartment, as suggested by Khan et al. (21) for
1251-{nsulln {nternalization or, alternatively, that there exist
two Independent paths of {internallzation, one towards the Golgil
complex (for receptors to be recycled) and the other going
directly, although less raptdly, towards the lysosomes (for the
receptors to be degraded). Such a model has been suggested by
Geilsow (9) and 1s supported by the high content of plasma mem-—
brane marker enzyme found f{n prelysosomes.( Further studies will
have to be carrled out In order to determine the fate of finter-

nallized prolactin and prolactin receptors.
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ABSTRACT

We {investigated prolactim (PRL) degradation in rat liver
lysosomes both in vivo and in vitro. In previous studies, we
showed that 1in addition to the Golgi apparatus, PRL {8 Iinternal-
ize% towards lysosomes and light, lysosome-like veslcles which
we fdentified as "prelysosomes”, Injected 1251 -0PRL that local-
ized 1in lysosom'es.and prelysosomes at times varying from 0 to 45
min showved significant differences from fresh and plasma men-
brane~ (PM) or Golgi-bound hormone. First, it was more easily
dissociable by 3M Mgélz than Golgi- but less than PM-bound
1257 ~oPRL." Second, it was only in lysosomal fractioms that, as
time following injection increased, a significant part of disso-
ciable radioactivity became mnon-TCA-precipfitable, When MgCl,-
extracted 1251-6PRL was subjected to gel filtration on a Sepha-
dex G-75 fine column, some of the radioactivity, and especially
that extracted fros prelysosomal or lysosomal fractions, eluted
‘ag a high molecular weight (HMW) entity, most co-migrated with
fresh 1251-0PRL and a 1little was found im small fragments., Only
the ce‘ntral peak had any rebinding activity, which wvas compara-

bYe to that of fresh hormone.

In an 1in vitro study, we incubated 125I-hGH with 1lysosomal
fractions for 16h at 25°C. After centrifugation, an aliquot of
supernatant hormone was assayed for {ts binding capacity to
standard receptor preparations, and the rest subjected to gel
f{ltration. Péak fractions were also tested in binding assay.
1257 =hGH that had been in conmtact with prelysosones lost almost
all of its abflity to bind to standard receptors and totally
migrated in the HMYV peak, at the -void voluime of the column.,-
Hormone incubated with lysosomes bound about 65% as well as the
fresh hormone and, correapdndlngly, 35-40% of the rad{ioactivity
was found 1in the HMVW peak and a little as small fragments. It {s
possible that in lysoéones, and especially 1in ptelysésonea,
binding of the hormone to its receptor becomes irreversihle and
the hormone-receptor complex may become parilally golubilized.
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INTRODUCTION

-

) ItNis now established that, after binding of prolactin to
fts cell surface recéptor, the hormone {is ttanslocaéed {nside
the cell (13,21,25). The demonstration by Clark and Harrison
(5) that insulin binds covalently to its receptor, suggests that
it 18 internalized in the form of a ligand-receptor complex,
This point of view is shared by Felhman et al., (9). The results
ﬁresented in section 2.1 and studies by other investigators
(17,22) showed that in rat liver, prolactin \ﬁzes prefgren-
t;ally in the Golgi apparatus and also in 1ly omes and {ian
llght, lysosonme-1like 'vesicles which we termed "prelysosomes”
(see Section 2.1). In this study, we {ivestigated the {integrity
of lysosome-bound’ prolactin either after injection of the label-

led hormone in vivo or after incubation with lysosomal or prely-

. 8osomal preparations in vitro. ) g
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MATERIALS AND METHODS

t

e
l, Materials

Al

Female Sprague-Dauiey rats (CRL:CD(SD)BR; 200-250 g) were
purchaséd from Charles River Canada Inc. (St=Constant, Qué&bec:),
178-estradiol (Sigma, St. Louis, MO) and CB=-154 (Sandoz, Basel,
Switzerland) for injection into animals were dissolved in physi-
ological saline containing ! 2 gelatin to retard absorption,
Actd\phosphatase assays were performed using 2-glycerophosphate
(sigma) as substrate. Human growth hormone, (hGH; HS-2160E; 1.7
IU/mg) d4nd ovine prolactin (oPRL; NIH-P-S13; 30 IU/mg) were
generously supplied by the National Hormone and Pituitary
Program (NIH). [125I)Nal was from New England Nuclear (Bostonm,
MA; NEZ=033H). '

e

L]

2, Assays, lodinations and orgamelle preparations

Protein determinations wer ade by the method of Lowry et
al., (19) using bovine s m albumin as standard. Eﬂzymatic
assays for acld phosphatase (Se®tion 2.1), S5'nucleotidase (28)
and galactosyl transferase (1) were used to assess lysgosome,
plasma membrane (PM) and Golgi preparations purity, respective-
ly. Typical preparations were described in Section 2,1. Binding
assays were performed as described earlier (15); standard recep-
tors refer to rabbit mammary gland microsome preparatiom produc-
ed in this laboratory. Iodination of oPRL and hGH were performed
using low concentration of chloramine=T (475 ng and 609 ng 1q
the 55 ul incubation mixture for hGH and oPRL, respectively) as
described previously (15). Speciffc activities were 80-100
uCi/ug for both hormones. Plasma membranes (PM) .were 1isolated
using the method of Ray (26), Golgi fractions by a modification
of the method of Bergeron et al: (2) and lysosomes ;s vell as
prelysosomes by a modification of the method of Wattisux et al,
(27) as described in Section 2.1.




80 -

3. In vivo experiments

.prolactin receptors preparation.

"Estradiol~treated rats (5 ug, s.ca. twice a day for 7 da§s),
further treated with the dopaminergic agonist CB-154 (500 ug,
s.c. at 24, 12 and }h before Surital anaesthesia, 40 mg/kg) to
reduce eﬁdogeﬁnous PRL circulating levels, were injected wdth 30
x 106 cpm 1251-0PRL (dpprox. 0.2 ug) via the jugular vein. At
times wvarying from O to 45 min, animals were sacrificed by per-
forating the heart and lungs and the 1livers rapidly removed and
processed for organelle isolation as described . in Section 2.1,
In short, for each time point, wve used 6 animals, 3 -of which
were injected with a large excess of .unlabelled prolactin (500
ug) in addition to the labelled hormone in orde'r to assess for
non-specific uptake. The livers from the 3 animals in each group
were pooled, cut into pieces, and 12 g samples were frozen at
~-809C for 24 h before the preparation of Golgl fractionms, 4 g
samples thus frozen for 48 h before the preparation of PM frac-
tions and 10 g samples processed immidiately for the ptepata;lon

" of lysosomal and prelysosomal fractions. As méniioned in Section

2.1, freezing of the liver pleces did unot alter the biochemical
characteristics (marker enzyme contents) of Golgi or PM prepara-
tions, Final- pellets from PM, Golgl, prelysosomal'andvlysoaomal
fractions -were homogenized in 3 M MgCly to dissociate hormone
from the receptors (15) and the suspens’ions counted, centrifuged .
at’ 100,000 x g for 20 min and the supernatant and pellet count-
ed again. An aliquot of the supernatant was assayed for precipi-
tabilicty io 5 2 trichloroacetié acid‘l(TCA).and the rémainder
eluted on a8 Sephadex G-75 fine columt/l/ (0.9 x 100 cm). The ‘peak
fractions were assayed for thefir abi/ylity to ‘bind t8& a standard

s
/

/

4, In yitro exgetijnents /

// . ' ,
In the in wvitro experimentg/, human growth hormoné was used
instead of prolactin because 1;/ has been used in previous stud-

| ‘ o s
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1es i)y various groups and 1V25I-—hGu’ was aﬁo;tn to be more stable

than labelled PRL and to have ainilar lactogenic activity in a’

(16 23, 26)
preparations

400 ug protein samples of

Qunber of target organs
well as L-3 and L-4

lysosome or prelysosome ,(as

-fractions) isolated from estradiol- and CB~154~treated rats were

fnciybated with 800,000 cpm 1"2‘5,I‘—lgncll’fbr 16 h at roonm temperatnre
in a2 25 mM Tris buffer ((pa 7.4) contafning 10 mM’ MgClg and 0.1
Z BSA, 1in a total volume of 1 ul. rienbi‘anes vere centrifuged,
aliquots of the supernatants wene assayed fot binding ability on
standard receptors and t“he rest ptocesbed for gel filtration on
a Sephadéx G-75 fine coiumn followed by bin,ding assay ‘bf peak
fractions. The four “lysosomal" fractions .were derived fronm .the
”Light Mitvochondrial" fractlon ‘of De ¢ Duve et al. (7) with 'L-1
subfraction conaisting maialy of enall lysosone—11ike vesicles

(ptelys&)somea‘ see . Section; 2.1), L-2 fraction consi’sting of

typ’ical, aecondary lyeoaomeg ‘and. L=3 and L4 containing increas~-

- ing proportiona of mitochondria and decreaaing lysosome content

- and acid phosphatase actlvlty (see SectiOn 2, 1, or ref, 27 for a
detailed description’ ‘of these ftactione) .
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RESULTS ‘ : N
- W
1, In vivo ekperiments .
) i:
|

Injected 1257-0PRL had different éharacteristics, depending

on what organelle it n}:as bound to. In addition to being unevenly
disstributed .inside the liver cell (Section 2.1), it was gener~
ally more firmly bound to prelysosomes and lysosomes than to PM
and a little less than to Golgi as shown in Fig. 5. There was
"little variation with time, the radioactivity extractpble with 3
H. MgCly ranging between about 20-35 % from the Goléi, be tween
45-55 % from both iysosomal and prelysosomal fractions and 60-75
% from the PM fraction. (There were two individual exceptious:
' prelysosomes at 45 min and PM at 15 min post-injection that di-
verged from these values). N
= Flgure 6 shows that nearly all of the MgClo-extracted radio~
activity was TCA-precipitable for every organelle at every time
é);cépt for prelysosomes and lysosomes at 45 miun, suggesting that
degradation of 1251-oPRL has begun at this time in these vesi-
) gles. ' a .
Elution patterns of the’MgCIZ-extracted radioactivity (not
shown here) featured a small high molecular weight (HMW) peak
(Table 4), This peak was highest in lysosomes, where it account-
ed for 10-12 7% of the total extracted radioactivity, ‘moderate ia
prelysosomes (6-10 %), smaller Iin Golgi (3-9 Z) and not observa-
ble in the radioactivity extracted from PM. For a given organel-
- le, the height of the HMW peak relative to the total radioacti-
_vity remained relatively:constant at all times assayed. There
vas very little radioactivity eluting at the total volume {(peak
I111), suggesting evéptual. degradative fragments nmay rapidly
leave the"“livei-., This 1s suppor}eg/by the rapi{d clearance of
injected labelled oPRL from rat. liver which was shown im Section
2.1, and by the short half-life of plasma prolactin reported by

&
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CELLULAR FRACTION ' P

Fig. 5 Radioactivity extractable from purified organelles following ' the
injection of 30 x 106 cpm 1251-0PRL in vivo, via the jugular vein.
Animals vere sacrificed at indicated times post-injection, their
livers rapidly removed and processed for organelle {solation as
described 1n Section 2.1, Final pellets were resuspended and homoge-
nized in 3 M NgCly, the total suspension counted, centrffuged and
' the supernatant and pellet counted again. The sum of the supernatant

’ and pellet counts varied from 81 to 102 % of the total suspension
' counts. Values are expressed as I of the radioactivity in the MgCl,
supernatant as compared to the sum of supernatant and pellet,
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Fig. 6 A 500 ul aliquot of the MgClz supernatant, obtailned as described in
the legend to Fig., 5, was mixed with an equal volume of 10 X tri-
chloroacetic acid (TCA). Tubes were counted, centrifuged and the

g supernatant and pellet counted again. Values are expressed as per—
cent radioactivitg in the TCA-precipitated pellet as compared to the
radioactivity iuitially present in the aliquot.
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TABLE 4
Gel filtration distribution of NgCla-extracted 1251-PRL,
that was bound to various liver organelles
following in vivo injection.
. : p;p‘)
Organelle - Time post—injection Radioact’l\éty (cpn)
(min) Peak I  Peak II Peak III
& ’
PM 5 BKG 41,430 BKG
15 BKG 12,580 BKG
30 BKG 14,150 960
45 BKG BKG BKG
Golgi 5 55,330 596, 300 \ 7,090
* . 15 10,090 133,520 15,990
30 : 8,840 322,970 1,530
45 1,700 17,130 BKG \
L-1 5 6,380 50,720 3,310
15 - 16,480 151,190 6,210
30 8,550 131, 760 4,340
45 1,270 13,770 2, 340
L-2 5 1,340 ‘9,700 BKG
15 2,300 15, 250 1, 200
30 . 3,230 26,230 2,820
45 BKG BKG BKG

Female rats were injected with 30 x 106 cpm 1251.4pRL (approx. 7.5 pmol) via

the jugular vein. At the times indicated, the animals were sacrificed and

their 1{vers removed, homogenized and processed for organelle preparation as

described in Section 2.1. Radioactivity from the final pellets was extracted
with 3 M MgCly (15) and processed for gel filtration on a Sephadex G-75

fine columm. Peak I, void volume; Peak II, fresh 125I-hGH peak; Peak III,

total volume, PM, plasma membrane fraction; Golgi, Golgl fraction; L-1, pre-—

lysosome fraction; L-2, mature lysosomé fraction. BKG, background level (ap-

prox. 100 cpm).
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Grosvenor et al, (11), When there was enough radioactfvity,
material from the peaks was assayed for 1its ability to bind to a
standard receptor preparation (data not shown), Radioactivity
from the HMW peak or from peak III (total volume) of any cellu-

., lar fraction at any time was totaily unable to bdind to standard

receptors, but material which co-migrated with 1257 -oPRL alv?ays

yielded binding comparable to the fredh oPRL,

2. In vitro experiments

1257-hGH that had been in contact with a prelysosomal prep-
aration for 16h at 25°C lost neaply all of 1ts ability to bind
to standard receptors as depicted in Table 5, but about 55 2 of
binding capacity remained after incubatfon with mature lyso~
sofres, Chloroquine did not protect the hormone from this {n
vitro transfo'rma.tion {not shown). There was no significant
decrease {n binding capacity when the hormone had been in con-
tactlwit'h lysosomal fractions L-3 or L-4.

All 3f the radiocactivity in the supernatant from the incuba-
tion with pgelys’osomes eluted as a single high molecular .wefight
(HMW) peak (Fig. 7) and radiocactivity from this peak was totally
unable to bind to standard PRL receptors (Table 5). In contrast,
and according with remaining binding ability figures, 55-60. % of
supernatant'tadioaétlvit.y from the {incubation with mature 1lyso-
somes comigrated with and had comparable binding ability to
fresh 125I~hGH (Fig. 7 and Table 5), about 40 X formed the HMW
peak (and was unable to bind to standard receptors) and a little
eluted at the total volume of the column (possibly free 1251
produced by deiodination of the labelled hormone or 125I-fodo-
tyrosine or other low molecular weight degradation products),.
Elution patterns of the ho’rmone' incubated with other lysosomal
fractions were similar to that of the fresh hormone (not shown)
as 18 confirmed by the integrit;v of the ability to bind to stan-
dard recep tors (Table 5). Again, radiosctivity from peaks other
than 1251-hGH showed no binding activity.

Ya



TABLE 5.

- )
Binding ability of 125I-hGH that has been in contact
* with lysosomal fractions,

-

[

% Specific Binding

0

Fraction Supernataat . - ° ° Peak fractions

, o o HMW peak hGH pPgak
Fresh hGH © 35,8 B - 36.5
L-1 : 0.3 - 1.3 . -
L=2 : 18,2 ’ 4.2 33.4
L-3 * . ? 33.& ' uodo ﬂ.d.
L-ll . 3’3.6 uodo nodoﬁ

T LR

1257 —nGH was fincubated with lysosomal subfractions (800,000 cpm correspond-
ing to approx. 200 f£fmol 1251-160 with 400 ug protein in a total volume of
1.0 ml) for 16 h at 259C. Tubes were centrfifuged and an aliquot of each
superndtant was used as labelled hormone for prolactin receptor assay as
described (15) on standard rabbit mammary gland receptors (second colummn),
The remainder of khe supernatants from L-1 and L-2 incubations as well “as
fresh 1251-hGH were processed for gel filtration on a Sephadex G-75 fine
column (see Fig., 7) and radioactivity from the high molecular weight (HMW)
peak as well as that co-migrating with fresh hGH was also-agsayed for 1its
ability to rebind to standard receptors. L~l, prelysosomes; L-2, mature
lysosomes; L-3 and L-4, other lysosomal fractions (see text and Section 2,1
or ref. 27); n.d., not determined. ’

a
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- Fig. 7 Elution profiles of (A) fresh 1251-hGH, (B) 1251~-hGH fncubated with

the prelysosomsl (L-1) fraction or (C) the mature ‘lysosomal (L-2)
fraction., 400 ug protein and 800,000 cpm (approx.. 200 fmol) 125y -ncH
were incubated for 16 h at 25°C fn a total volume of 1.0 ml, Tubes
were centrifuged and the supérnatants were processed for gel filtra-
tion on a Sephadex G-75 fine column (0,9 x 100 cm) and fractions of
0.5 ml were tollected. When theres was enough radloactivity, the four
fractions forming the top of the peak weras pooled and assayed for
binding ability on a standard receptor preparation .(see Table 5).
The profiles presented here are representative .of four separate
N axperiments, ' -
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DISCUSSION

It is now widely accepted that after binding of{prolactin to
its plasma membrane receptor, it is internalized fnto the cell
(6,12,13,17, and Section 2.1). Internalized PRL has been local-
12ed 1in Golgi, lysosomes and prelysosomes of rat liver and PRL
receptors have been localized in these organelles as well as in
another, as yet undefined lysosome-like structure, that appears
to be distinct from classical Golgl or lysosomes (17).

Our previous 1in vitro studies (14) showed that PRL binding
to efther PM or microsome receptors was not freely reversible
with the hormone being more firmly bound as association time
increased., Similar results have been reported for hGH binding
(8,12). In the studies with labelled PRL (14), it was shown that

PRL was more dissociable from PM than from microsomal,reéeptotal

for both short (1 h) and long (10 h)’assbciation times. This was
‘ confirmed {n the present in vivo séudy at very short times, with
.more radioactiVity (that proved to be mainly fntact 125I-oPRL)
being MgClpo-extractable from PM than ff;m Golgi, lysosomes or
prelysosomes (Fig. 5). This 1is 1in good agreement with reports
from other investigators (3,8,20) who demonstrated hGH and {fausu-
l1in receptor heterogeneity and suggested a conversion of 1low
affinity (fast dissociating) cell surface receptérs to high
.affinity (slow dissociating) form, following binding of the hor-
mone, Krupp and Livirgston "(18) actually sebarated\three dis-
tinet insultn biqding components from raé liver plasms membrane,
all with different affinities and association to insulin degra-

dation.

Olefsky et ai., (20) suggested that insulin receptors pro-

tect 1insulin from degradation before conversion to the high

. affinity form, and that they mediate such degradation after-
wards. Again, this 1s consistent with results reported here for

PRL, since hormone bound to intracellular receptors (in particu-'

eh
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lar to lysosomes which are thought to:represent the main site of
hofnone degradation as reviewed by Chertow, ref. 4) was less
readily dissociable than that bound to PM, and kinetics of asso-
ciation to PM was much more raplid as compared to lysosomes, as

shown in Section 2.1).

In addition to studyiﬁg PRL binding strengh in various or-
ganelles following injection of 1251~6PRL in vivo, we examined
the integrity of the extracted hormone using TCA precipitation
and gel filtratfon. A significant amount of radiocactivity became
non-TCA-precipitable only 1in prelysosomes and lysosomes at 45
min post-injection (Fig. 6), suggesting that the ﬂrocesa of
degradation has started in these organelles atlthat time. This
1s correlated with the height 6} peak III of radioactivity
extracted from L~-1 fraction, relative to total radicactivity
eluted (Table 4)., (There.was not enough radioactivity extract-
able from L-2 fraction at 45 min post-injection to carry out a

similar test). On the other hand, a significant amount of radio-

activity extracted from 1ntracg11ular organelles eluted at the
void volume of the column (Table 4), indicating that part of the
injected 1251-0PRL is in a high molecular weight (HMW) form.

A simila; HMW form was also observed by im vitro incubation
of 1251-hGH with prelysosomes and lysosomes (Fig. 7; Table 5),
prelysosomeg altering fhe molecular form of the l1igand to a
point such that it was no longer recognized by-its receptors. We
do not believe this HMW material to gimply consist of aggregated
12571 -nen molecules, as ﬁigher receptor binding could be expected
from such aggregates. Thgse HMW peaks may represent solubilized
hormone-receptor complexes, a fact that would explain the almost
Eomplete lack of binding ability of material from these peaks.

The significance of very tight hormoné-receptor complexes
remalns unclear. The association of tight binding with degrada-
“tion (20) agrees with our finding of such complexes 1in prelyso-

-
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aogmea and lysosomes, but we failed to observe degradation prod-
ucts ;ftet incubating the hormone with lysosomal fractions for
;6°h. Our lysosomal fractions might bHe altered as a result of
the isolation technique or possibly, for 1lysosomal degradation
to occur, extralysosomal factors might be required.

%
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ABSTRACT

An in vitro method to study the regulation of prolactin
receptors has been established using adult rat liver cells cul-
tured in a continuous suspension in L-15 medium,. ) Prolactin
binding averaged 28.2 % 1.8% of the added lgbelled hormone per
106 cells 1n freshly isolated liver cells prepared from female
rats treated with 178-estradiol. When these cells were incubat-
ed at 37°C, binding rapidly declined by 20-50 Z at 10 hours and
80-90 % at 48 hours. T rapid decline could be counteracted
by the inclusion of -ovine ;jofactin (50 nM), which maintained .
initial pfolagtin receptor levels up to 48 hours of culture.
Higher concentrations of prolactin (2.5 uM) {nduced a rapid
down-regulation, apparent at 2 and 10 hours of culture. Cyclo-
heximide (50 ug/ml) induced a slight diminution of control pio-
lactin receptor levels and partially reversed the effect of 50
oM prolactin. Approximately 60% of the'proiactin‘recepcora were
resigstant to the effect of cycloheximide. On the other hand,
actinomycin D (10 ug/ml) had no effect on prolactin receptor
levels in control, and only a very slight effect in prolactin-
treated cells, Dinitrophenol, which blocks metabolic oxidation,
also partially reversed the effect of 50 nM prolactin although
it ‘'was without any significant effect on control levels. Chlo-
roquine (100 uM) and colchicine (1 uM) failed to alter prolac-
tlnpbindlng elither in the absence or presence of 50 nM prolacl\\”,*»/f
tin, KOur results suggest that the éxlstence of regulatory fac-
tors occurring in vive, which are absent in the culture medium,
could be responsible for the decline {in prolactin receptor
levels in the control hepatocytes. Prolactin 1tself coul& be
one of these factors.h On the other hand, #dund in agreement with
the putative actions of the drugs utilized, the mechanism of the
prolactin-induced maintenance of receptor levels appears to lie
in part with an effect on receptor synthesis at the translation~
al (ridbosomal) level but to be independent of ‘internalization or

of lysosomal degradation.
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INTRODUCTION

\

Prolactin binding sites in rattlivet have been shown to have
similar characteristics to prolactin receptors in rabbit mammary
gland (35,40). Hepa}iayprolactin binding 18 sensitive to the
endocrinological mflieu with hypophysectohy regulting 1in an
almost complete loss of binding sites (25).

Prolactin {tself has een shown té- have a stimulatory or
- up-regulatory effect oﬁ\”prolactin binding sites 1in rat liver
’f\~\\\\‘?)zt§o,34) as well as in mammary tissue (10), and to play an
fmportant role in the overall mammary gland developmenf and in
N thg variatioa of PRL receptor 1levels obgserved in this tissue
during pregnancy and lactation (6,11). More recently, a pitu-
itary factor under hypothalamic control has been implicated in
- the regulation of PRL binding in the 1iver (33).

{ SR ' A
In addition to the up-regulatory effect of prolactin, which
™ .required days for 1ts maximal effect to be attained, a rapid

e

A\W/ﬁown-regulation of prolactin receptors has been observed in vivo

in rat liver and rabbit mammary gland (7) as well as in mammary
explants (8). This process of down-regulation of prolactin
-receptors appears to, involve an increased rate of degradation of
prolactin receptors 1in lysosomes (12), as has been shown for
other hormone~receptor systems (1,4,18).
‘ Following binding of polypeptide hormones to receptors lo-
cated on the plasma membrane, there is an internalization of the
hormone-receptor complex " (5,17,39). Prolactin receptors have
x\ been localized inside rat liver cells in Golgi membrames (2,20)
in lysosomes (Chapter 2) and in another, yet undefined subcellu-
lar element (27). Accordingly, intact prolactin can be foundyin
these organelles within 5-30 minutes following in;eétion of the

within the Golgi of mammary cells in lactating rats (32),

( labelled hormomne intravenously (2, and Chapter 2) as well as
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.

Although numerous studies have been conducted on prolactin

binding 1in freshly isolated rat liver cells, our previous at-
tempts to establish primary wmonolayer cultures of 1liver cells
have proven unsatisfactory (unpublished observations). In a
preliminary study (37), we have shown Fhat efther ;}olactin or
prolactin receptor antibodies were capable of increasing prolac-
tin receptors in rat 1iver cells in culture, In this report, we
stilize this im vitro approach to study the regulation of pro-

lactin binding sites 1in rat liver cells cultured in continuous

suspension. The response of sthese cells to various concentra-

tions of prolactin as well as to various cellular inhibitors was

examined.

ur

.
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MATERIALS AND METHODS
X

i. Procedures for cell isolation

Female rats weighing 200 to 250 g were treated for 7 days
twice a day with 17B-estradiol (5 ng) to enhance PRL receptor
numbers (22,25,35) and for a 24~hour period with the dopaminer-'
glce agonfst, CB-154 (brgmocryptine mesilate; 500 ug, every 12
hours) “to lower circulating levels of prolactin (11). These
vere Iinjected s.c, in 0.9% saline containing 12 gelgtin.

. .

Rats were anesthetized with Surital (40 mg/kg). From this
point ou, all procedures were performed under sterile’ condi-
tions, in a laminar flow hood, Following routine convenlient
aseﬁtic procedures, the abdomen was opened, the liver exposed
and the hepatic portal vein was canulated with a buttexfly No.
196 (Abbott Diagnostics, North Chicago, IL). The liver was per-
fused using a pump roller (Travenol Inc,, Deerfield, IL) with
700 ml of Cal* free HEPES buffer (10 mM, pH 7.4, containing 142
oM NaCl and 7 mM KCl) at 379C to break desmosomes and to remove
as much blood as possible. In order. to avoid distension and
subsequent rupture of the li{ver, just aftéf the first drops of
HEPES buffer entered the liver, the superior cava vein was cut

" above the diaphragm, and the rest of this golution was allowed
to pass through the liver, over a 10-mia. perfiod. Cell disso-
ciation was induced by the perfusion of 300 ml of coliageﬁase

"solution (30,000-40,000 IU/rat im 10 mM flepes buffer, pH 7.4,
containing 50 mM CaCly and 120 mM NaCl) over a 15-min, period.
This method is 'a modification of the techaique of Berry and
Friend (3). The 1liver was removed and placed in a Petr{ dish
contaiﬁing( cold Eagle's minimum essentisl nmedfum’ supplemented
Eith 32 nM Tricine and 26 wM NaHCO3 (pH 7.4). The liver capsule

. was dissected and with the help of light agitatiom, the hepato-

cytes were dissociated in a vial containing supplemented Eagle's

ominimum ;saent;al mediunm.
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Three centri{ifugations wyere performed at 500-1000 x g for 5
ninutes each. After the first, the peliet was gently resuspend-
ed in serum-freé L-15 culture medium modified with glutamine and
supplemented with 2.5 mM succinic acid, 10 mM glucose, 100 IU/ﬁI
penicillin 564\50 ug/ml streptomyc¢in and buffered to pH 7.4 with-
150 mM H@PES.G Cells were counted using a hemacytometer . and
diluted in‘aypflemented L-15 medium to a concentration of 3.3 '«x
106 cells per ml. L '

Ten nl of the cell suspension were placed 1in 50 ml Erlen~-
meyer flasks with untightened screw caps and incubated at 37°C,

with normal aeration under continuous shaking‘ (Junfor Orbit

Shaker, lab-Line Imstruments Inc,, Melrose Park, IL). Tryptan '

blue exclusion test revealed greater than 807 cell viabllity at

the outset of culture with viability only slightly reduced (ap-
proximately 5%) and cell shape slightly altered at 24°and§%8'

hours of culture. Aliquots of cells were removed after various ’

times of incubation and frozen at -20°C until receptor asgsy. :

¢

Ll - yt

2. Cell concentration -

. r : °
& ce Y

.

The effect of varying cell cancentration 1in the iﬁcuﬁatibh
medium on the maintenance of prolactin receptors wasiinvestiﬁak-

ed! Incubations at 37°C were performed at cell concenttacionac

3

of 0.83, 3.3 and 13.2 x 106 cells/ml. >

{ Lo v
~ k]

3. Hormone lodinationm i ° . ° ‘ I Y

-~

9 )
o [

Human growth hormome (hGH) was ldbe}léd with, 1231 (New '

England Nuclear, Boston, MA; or Atomic Energy of ‘Canada, Ottawa,
Ontario) using low concentration of chloramine T aa'pteiiously
described (24). Typlcal specific actlvity. was 60- so‘uc1/u‘g.
hGH was used for PRL receptor assay because it was shown toube
more stable than 1abe11ed PRL with eimilar lactogenic activity
(including binding té PRL tecqptors) fn a number’ of target’

organs (35). | “i ’

' . v

]
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4, Receptor assay

Frozen cells were allowed to thaw and the tubes were centri-
fuged at 1500‘x g for 15 minutes to remove the incubation medi-
um, This step proved to be {mportant, especially when elevated
concentrations of prolactin were included in the incubation.
Following removal of the supernatant, the pellet was resuspended
in Tris buffer (25 mM Tris-HCl, 10 mM MgCly, pH 7.4) and honoge-
nized in a teflon-~glass homogenizer at medium speed for 10

seconds.

Total cellular binding was measured after desatyration of
the receptors: the homogenized cells were centrifuged at 2300 x
g for 15 minutes, the supernatant removed by decantation and 0.5
ml of 3M MgCls; was added to the tubes. Samples were then vor-
texed, 4 ml of Tris_ buffer containing 0.1% bovine serum albumin

(BSA) was added and the tubes centrifuged as previously describ-
ed (24).

Cell homogenate equivalent to 300 ul of the original 1ncuba-
clon, representing 105 cells (or approximately 300 ug protein
measuted using BSA as standatd; Faf. 29) were 1uncubated in
Tris-buffer containing 0.1% BSA -at room temperiture (229C) for

" 16=18 hours, with (ﬂa’pptoxi,maf“elly 100,000 cpnm [1)251]-1abe1,1e"gitr'
~human growth hormone, in the presence or absence of ‘excess (1

ug) unlabelled ovine i)‘rolackt;.in (oPRL), iw a total volunme “of)SOO

ul, The reaction was stoppéd with 3 ml of cold Tris buffer con-

talning  0.1% BSA. Bound and free hormones weare separated by

centrifugation for 15 minuteslat 2300 X B The pellet 'was
counted 1in a LKB 1270 Rhckggmma scintillator from LKB Instru—h‘
ments, Inc., (Rockville. MD), (66 5% efficioncy) Specific bind~ -
ing vas calculated as. the difference in cpm bound, in the ab-’

sgnce or presence of an excess of. unlabelled oPRL, and was ex-
pressed as & percentage of the total r&dioactivity added to the
tube. "“The results’ are- pr¢s_ented as a peréentage of the ciﬂme
zerxq‘sp'epdific dbinding :(apr;p;; ,;0, }dcﬁba,cgpn of \:hé 1c,ells),. S .

v A " ‘ b s -
N ‘ s ¢ 4 s 4
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gta tistical analyses were performed using Duncan-Kramer's multi-
ple range test after logarithmic transformation to correct for

heterogeneity of variance {(28).

S, Chemicals, drugs and hormones

"

HEPES and collagenase (type Specific Use or Type IV) were
from Sigma Chemical Company (St.Louis, Mo),. Eagle's minimum
esgential medium (modified) -and L-15 (modified with glutamine)
vere from Flow Laboratories (Rockville, MD). l78-es tradiol was
from Sigma and CB~154 (bromocryptine megilate) from Sandoz
(Basel, Switzerland).

All drugs tested were from Sigma; chloroquine, c¢olchicine
and cycloheximide were dissolved in water but actinomycin D and
dinitrophenol (DNP) were dissolved in ethanol (1% ethanol, final
concentration in the incubation media).. They were compared with
appropriate control and PRL-treated incubations. Cycloheximide

» and dinitrophen;::l were renewed after 24 hours of 1incubation

because thelr effect appea'red to be short term.

Human growth hormone (hGH; HS 2160E, 1,7 IU/mg) and ovine
prolactin (oPRL; NIH-P-513, 30 IU/mg) were generously supplied,
by the National Hormone and Pituitary Program (NIH). The final
concentration of ovine prolactin present in the hepatocyte cul-
ture medium, up -to 48 hours of culture was determined by radio-

immunoassay (21).
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RESULTS

1. Prolactin receptor maintenance S,

¢4 N o

The loss of prolactin binding sites in rat liveér cells 1n
continuous suspension culture as a function of time is shown in-
Fig. 8. Time zero binding was 28.2 * 1,87 which represents 330

fmol per 106 cells, as evaluated using Scatchard analysis by
competition (38), A rapid reduction of total binding sites was
observed, with values declining to 50~80 % at 10 hours and 10-20

Z of time zero binding at 48 hours of culture, A simtilar loas;

of binding sites was seen in uat4liver cells gulturedoin nono=-

layer in L-15, although the rate of decliune 15 4-5 fold hore.

rapid (23). The rate of decline observed in uuspension culiu;e

is very similar to that observed in vivo, following hypophy&éh-u

tomy (25). B - .

e

J -
o .

Varying nha .concentration of cells in the 1ncuhation medium
affected tha mabntenance of prolactin ‘binding in rat liwer cells
in culture’. The rate of loss of receptors was high’ when eell
concentration vas less ‘than 1 x 106 cells/ml, whereas ‘at -concen=
trations of 3.3 x 106 cells/ml or greatet, the malntenance as
well as the response to prolaétin (See»below) vas 1mptoved (data

¥
5

not shown) ‘

v

- «
3

. In a recent stuai (35). de“ha;eéiéuorted tbe‘ubtimulﬁuory"
efféct of nM concentxatlons of prolactin on prolactin binding in
rat liver cells 'in suspension culture. Figm 8 ahows the malnte-
nance effect of the optimal dose of prolactin (50 nM) on. total
prolactin receptor levels. This effect began to become apparen;
cat 10 hours of cultiure (p < '0.05 and p'< O. 01 from 24 hours’ on)

when compared to ‘control valuea. The effect was speciflc‘tm'

lactogenic honmones, since 90 nM hGH (equipoben; to oPRL in the
rabbit mammary gland) also maintained PRL teceptor% to time zero

valyes throughdut the A8 hour incubation peniod No .effect was -
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PRL RECEPTORS (% OF TIME ZERO BINDING)

140

126

1320

100

0-0 CONTROL
oo PRL (50 nM)

0-0 CYCLOHEXIMIDE (60 pg/mi)
#-8 CYCLOREXIMIDE + PRL

1%0

8

PRL RECEPTORS (% OF TIME ZERO BINDING)
-
o

"ding and represent means * SEM of) five independent cultures,
.. zero binding of control was 20.6
’appto;lmtély 330 fmol binding ‘sites/106 cells. a: p < 0,01 ys PRL;
ar B. p < i

TIME (HOURS) TIME (HOURS)

{Left) - Prolactin binding in rat liver cells lu suspension culture.
Values are expressed as percent of time zero binding (just before
the incubation) and are meaas % SEM of 13 (control and PRL 50 nM) or
4 (PRL, 2.5 uM) independent cultures. Percent apeclflc binding ‘at
time zero was 21,8 £ 1,4 and 24.4 % 4,2 per 106 cells, respective-
1y. a: p <0.,01 vs control.

(Right) The effect of cyclohexinaide (50 ug/ml) or a combination of
cycloheximide with the optimym up~-regulatory comcentratfion of pro-
lactin (50 nM) on total prolactin binding in rat liver cells in sus-

' pension culture. Values are exprzssed as percent of. time zero bin-
Time

2,1% per 106" cells, representing

6.01 Rl control,

*
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observed with the nonlactogenfic hormone. bGH, nor with any other
pituitary hormone tested (TSH, LH, FSH and ACTH; data not

shown).

In order to induce a doun—~regulation of prolactin receptors

in vitro, the concentration of prolactin iIin the medium must be

increased, As shown in Figure 8, prolactin (2.5 uM) produced a
dramatic diminution of prolactiﬂ receptor levels at 2 hourd of
cultufe, and at 10 hours, this effect was still signific?gt (p <
0.01) No PRL binding sites became measurable in the, medium
during the process of down-regulation (not shown). ThT down~-
regulated levels were observed throughout the 48 hours /incuba-
tion but were not significantly different from control values
from 24 hours on. The short duration of the measurable down-
regulatory effect is in good agreement with previous reports of
this effect of prolactin in 1iver and mammary glghd (7,8).

The actual prolactin concentration present 1in the culture
medium at various times during the 48 hours of culture was mea-
sured by specific radioimmunoassay (data not shown). At all
prolactin concentrations utilized from 2.5 uM (115 ug/ml) td 0.1
nM (2.3 ng/ml), a pattern of declining prolactin concéntration
from 2 to 48 hours of culture was noted. A maximal degradation
to about 50% of initial values was observed, with the degrada-
tfon being most noticeable at the lower prolactin doses (0.1 and

1 nH). ~'

2, Effect of blockers of cellular functions

Cycloheximide (50 ug/ml) had a slight inhibitory effect on.

PRL receptors in control hepatocytes, as shown in Fig. 9. The
effect of cycloheximide was most noticeable when used in combi-
nation with 50 aM PRL and compared with the effect of PRL alone:
from 10 hours :on, cycloheximide reversed the PRL-maintained

levels first, down to the control levels (at 10 and 24 hours)

L)

T s
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Fig, 10 (Laft) The effect of actinomyein D (10 ug/ml)’ or a combination of

Fig, 11 tRight) The effect of dinitrophenol (DNP; 1 wM) alone or in associa-

actinomycin D and prolactin (50 uM) on total prolactin binding in
vat liver cells in suspension culture. Values are expressed as per~
cent of time zero binding and represent means * SEM of four indepen~
dent cultures. Time zero binding of control was 18,9 % 1,41 per 106
cells, a: p < 0,05 vs PRL; b: p < 0,01 ys control,

tion with prolactin (50 nM) on total prolactin receptors in rat 1li-
ver cells in suspension culture. Values are expressed as percent of
time zero binding and represent means * SEM of 8 independent cultu-
res, Time zero binding of control was 19.8 % 1.4% per 106 cells.
a: p < 0.0l ys PRL; b: p < 0,01 vs control.
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7 .
but only partially (60%) at 48 hours of culture (p < 0.0l for
cyclo + PRL vs PRL at 10, 24 and 48 hours and cyclo + PRL vs
control at 48 hours).

On the other hand, and as shown im Fig. 10, actinomyecin D
(10 ug/ml), which blocks protein synthesis at the transcription-—
al level, had a significant effect {p < 0.05) only at 10 and 24
hours of dincubation on the Pm..-maintaine/d PRL receptor levels,

and no effect on control cells,

The effect of prolactin (50 nM) on PRL binding can also be
blocked by 1 mM dinitrophenol, a metabgl:lc uncoupler, as 1s seen
fan Fig, 11, The reversal was complete at 10 hours but only par-
tfal at 24 and 48 hours (p < 0,01 for DNP + PRL vs PRL at 10, 24
and 48 hours and for DNP + PRL vs control at 24 and 48 hours).
Finally, weé obgerved no"effect with the lysosomotropic druugs,,
chloroquine (lf%\ubl)‘ or NH4C1 (10 mM) nor with colchicine (1

.uM), a  potent mlctot‘ubule—aisruptinggagent (data wnot shoun).

e

The possible significance of these‘”neg;tive results 1is discussed

.below.

'
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DISCUSSION

[N}

The decline in prolactin binding in contt"ol cultured hepatb-”

cytes suggests, the lack of a physiological factor (probably frolm“
_the pituitary,| see ref. 33) responsible for the regulation of

PRL receptor le\\vela in the rat liver. 1Indeed, this observatisn
g in good agreément with the decline observed in hypophysecto—
nized  animals (25) which first demonstrated the importance of

, the pltuitary in the maintenance of liver prolactin receptors.

In vivo, prolactin has been shown to be the factor responsible
for the induction “og hepatic prolactin receptors, first by the
transplantation of a pituitary under the kidney capsule (34) and

rlat:err by direct administration of ovine PRL to .rats (22,30).

Using the present in vitro model, prolactin alome was able
to completely maintain (up to 48 hours of culture) the level of

‘PRL binding present at the outs:et_of the culture. This model
_does not permit us toorulne out the possibility that one or many

other pituitary or extrapituitary factors are involved 'in the
maintenance  of prolactin receptors. Human GH, for 1Instance,
which 1sa both somatogenic and lactogenic, vhen, adninistered in
!ﬂ.’:’. by continuous {nfusion, also restored hepatic prolactin
binding sites in hypophysectomized rats (33) gnd vas " as potent

as PRL on the cultured hepatocytea (not shown) ‘' Moreover, wé

used ovine ptolactin with rat hepatocytes and our optimal con-
centration (50 uM, equivalent to 1.1 ug/ml) far exceeds physio-
logical circulating PRL coqcentration in the normal adulte female
rat, although it reprgsents Tevels - of placental lactogen seen

during pregnancy (26). N L.

i

5 ¢

Ve also showed a reduction of prolact.in recepcbr levels at
high prolactin concentratious. The down- regulatfon is of short

duration, apparent only at ? and 10 hours (Fig. -8), probably due

to the fact that receptor synthesls is occurrlng cdncomltantly

with receptor loss. This effect is similer to the down-—re:gula-"
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tion observed 1in rat liver . or rabbit mammary gland models im
vivo (7) of in vitro (8). It would gppear that simple occupa-
tion of the binding sitgs was not respounsible for such down-
. regulation, since receptor assays were performed after desatura-
'tion of, ghg receptors using 3M MgCl, (24). However, we showed
in Chapteftz that following binding of the hormone to 1t§ recep-
tor at the plasma membrane level, a‘portion’of the 1ntermalized
prolactin was concentrated 1in lysosomes. This materlsl, when
dissociated by 3M Hg612,=paft1y”e1uted on Sephadex G-75 columnm,
as a high molecular welght peak (perhaps the solubilized hor~
mone-recep tor complex that could not' ‘be dissociated by Hgﬁlz
treatment). Therefore,, the down~regulation observed in cultured
hepatocytes using high concentratinns of PRL could result from
the formation of ,such MgClz nondissociable hormone-receptor
complexes. It 1s possible that lower conceuttations of prolac-
tin 1nducea a similat effect, although to an extent too small to
be detected,only by measvring total cellular binding. Measure~
ment of PRL . receptors in a purified microaomal or lysosomal
ftaction would be’ requited to show 1f this 1is the caae.

Studies were conducted with various inhibitors of cell fune-.
tions., At the doses used, the effects observed are usualiy:r
those which are sought, although non-specific effects cannot 'be
ehtirely excluded. Cycloheximide, an inhibitor of protein syn-
thesis at the trgnalational level, reduced prolactin binding by
approximately 40%, Effects of a similar magnitude vere observed
in the nammary gland in explant culture (8,9) Part of the
maintenance 1induced by prolactin appears to be due to synthesis
of new receptors since cycloheximide reversed 60% of this effect
(Fig; 9)., A similar effect was observed with DNP, a metabolic
uncoupler which 1ndirectly 1nﬁib1ts ATP~consuming processes,

- such as protein synthesia; On the other hand, actinomycin D,
which blocks nuclear transcription, had very little (approxima-
tely 152%) effect on PRL receptor levels so that the involvement
.of protein synthesis in PRL receptor maintenance by PRL appears
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to lie principaily at the translation level. There may be pre-
existing pools of PRL receptor mRNA (which would suggest a long
half-11fe for this mRNA, ref. 9) or of a receptor preprotein

that needs only to be processed to become active.

Recently, 1t has been reported that the addition of cyclo-
heximide to astrocytoma cells treated w‘ith isoproterenol to
down~-regulate the B8~receptors did not prevent the recovery of
recéptora (13), suggesting receptors may not be c'bmpletely
degraded following down-regulation. These studies also demon-
strate that receptor synthesis may not be essential for an 1in-
crease 1in receptor number to be observed. Also, evidence has
recently been presented demonstrating the recycling of insulin
receptors in isolated rat adipocytes (31). In any case, some
complementary mechanism or mechanisms must be operating to ex-
plain the 40-60% of PRL receptors that are resistant -to cyclo-
heximide in the cultured hepatocytes (Fig. 9).

Lysosomotropic drugs have been shown to have an important
role in block:lngye ‘degradation of PRL receptors in rabbit nam-
mary tisaue (9,12) where the rate of ‘degradation is less - -than
t:he rate of occupation and endocytosis of receptors. In the rat

J,iver, we showed that . chloroqu!ne injected in vivo was able to

’considerably enhance PRL receptor concentration in the lysosomal

_compartment {(Chapter 2), Nevertheless, chloroquine showed no

effect on total PRL receptor numbers in cultured hepatocytes or

in our previous im vivo study (Chapter 2; data not shown). °
Therefore, the absence of effect on total binding 1in the hepa to-
cyteg ‘18 consistent wiéh our suggestion that when lysosomal ac-
tion its blocked By chloroquine, PRL receptors that are routed
towards ‘xtl',lese vesicles are elither not degraded to any observable ,

extent, or replaced at the same rate as they are degraded. \

There is substantial evidenée supporting the notion that
colchicine inhibdits endocytot:lc processes by blocl;].ng milcrotun-

¥ a
o
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bule assembdly (36), It was thus surprising that it had no
effect on concentratiom of PRL"receptors in hepatocytes, espe-
clally since transmisslion gignals from peripheral binding sites
‘to the {nterior of the cell was spggested to involve microtu~

bules (l4). 1In particular, colchicine has been shown to block '

_ some of the prolactin-induced actions in the mammary gland such

as casein synthesis" (19). Moreover, in rat hepatocytes, this
drug reduces insulin degradation and fncreasges insulin recep'toz:s
(41). Therefore, the effects of colchicine appear to depend not
only on the tissue, but also on the system examined. As for PRL
receptors 1n rat hepatocytes, regulation of the receptor levels
appears to be in:iependent of microtubule assemhly or of inter-

nalization.

3

e

In conclusion, the results from this study s‘how a direct ac-
tion of prolactin on rat hepatoéytes,‘respousible for the main-
tenance of 1its receptors in serum-free medium. This maintenance
seems to involve, in part, synthesis of new receptor molecules
with 1ittle synthesis of its mRNA, but to be Independent of
internali{zation or lysosomal degradation.

v
-
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ABSTRACT. . - - ﬂ P

Ve h;ve recently demonstrated that ptolactin is able to
maintaln the level of 1ts receptors in cultured rat hepato-
cytes. This effect could be modulated by various inhibitors of
%ellulat functionsqh Ve report here that an antibody developed
agalnst a partially purified prolactin receptor prepatation can
mimic this effect of the hormone (although to a lesser extent)
and that drugs can modulate it in a similar manner. In particu-
lar, cycloheximide (50 ug/ml), yﬁ%ch reduced basal receptor lev-
els by approximately 402 totally reversed the maintenance- 4in-
ducel by the antireceptor serumy kctinomycin D (10 yg/ml), ‘an=
other protein synthesis inhibitor (at The transcriptional lev-
el), had no effect on basal receptor concentration, but counter-
acted by about one-half the antiserum-induced maintenance. This
effect of actinomycin D {is much clearer’ here than the effect
previously observed on prolactin~-induced receptor levels in rat
liver cells 1in culture, The effecﬁloﬁ dinitrophenol (1mM) on
basal levels was of limited anplitude but mhintenance was again
partly reversed by this drug. In eccordance with previous re-
sults obtained with prolactin, chloroquine (100 uM) and celchi-
cine (1 uM) failed to alter prolactin binding either in the ab-
sence or presence of sz antireceptor serum. The .effect of the
antiserum indicates that prolactin {tself is not required beyond
the membrane for fts effect on receptor-regulation to be attain-
ed. These results also confirm our previous results with pro-
lactin maintenance of prolactin receptor 1levels in rat liver
cells in culture, that the mechanism of receptor, maintenance
appears to be due in part to a stimulation of receptor synthesis
but to be ®independent of {nternalization or of lysosomal degra-’

dation.
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INTRODUCTION

Prolactin receptors have been shown to be under regulatory
processes, PRL 1{itself having a stimulatory effect on the rat
liver (20,24,25) as well as in the mammary tissue (7). We have
recently reported (29) that PRL and an antibody developed
against a partially purifified PRL receptor preparationm could both
prevent receptor loss in rat hepatocytes in continuous suspen=-
sfon, In the previous section, we characterized the PRL-induced
maintenance of PRL receptors (with 50 nM PRL) and theﬁe studies
have provided new iansights in the mechanism of action of PRL,

Djiane and al. (8) have reported prolactin-like activity of
anti-prolactin recepto§>antibodies on casein and DNA synthesié
in the mammary gland, and there is abundant literature suggest-—,
ing that 'anti—insulin receptor antibodies can mimic 1insulin
action on the uptake and oxidation of gl cose (1,11,14,15,17,
18). The activity of those antireceptor| antibodies suggests
that the strict action of these hormones couIﬁ be 1limited to the
fﬂteraction with their ylnding sites.

3

»

Experiments were thus designed to, characterize the stimula-
tory effect of anti-prolaétin receptor serum and confirm the

various effects of inhibitors of cellular fuqctions.

( " !
»
H
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\ MATERIALS AND METHODS

\ '1. Hatérials ‘
HEPES (N-2-hydroxyethylpiperazine—N'-2-ethanesulfonic acid)

and collagenase (type IV) were from Sigma Chemical Company (St.
) Louls, MO), MEM (Eagle's Minimum Esseatial Medium, modified) -and
; L-15 (Leibovitz %edium), modified with glutamine were from Flow
Laboratories (Rockville MD)., 178-estradiol (Ej) was from Sigma

' and CB-154 (bromocryptine mesilate) from Sandoz (Basel, Switzer-—
landi. These last two were diﬁjolved in minimum ethanol and

then in 0,.9% saline solution containing 12 gelatin for injection
W) - into the animals. Fenale Sprague-Dawley :Stﬂ/TCRL: CD(SD)BR)
) welighing 200 to 250 g were purcﬁased from Charles River Canada

°

Inc, (St. Coustant, Québec).

( All drugs tested were from Sigma; chloroquine, colchicine
;nd cycloheximide were dissolved in water but actinomycin D and
dinitrophenol (DNP) were dissolved in ethanol (1% ethanol, final
concentration in the culture media). They were compared with
appropriate cgntrol incubations. Cycloheximide and DNP were
reneved after 24 hours of incubation because their effect ap-
peared to be short-term, [1231] Nal was from Atomic Energy of
(Panada (0ttawa, Ontario).

Ovine prolactin (oPRL; NIH-P-S13; 30 IU/mg) and human growth
hormone (hGH; HS2160E; 1.7 IU/mg) used 1in the binding assay were
generously euppl{ed by the National Hormone and Pitulitary Pro-
gram (NIH). Prolactin receétors for production of the antiserum
were partly purified from crude microsomal fractions of lactat-
ing rabbitc mammary glands, using hGH (HS 19340, 2.6 I1U/mg) bound
to Affigel-10 (BioRad) as discribed (19,21,31). The partly
purified receptor fraction was: injected at monthly {ntervals

( into male sheep  at a concentration of 50 ng antigen per injec~-
tion in Freund's complete adjuvant and animals were bled at
monthly Iinvervals, 7-10 days after the booster immunizatioun.
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.2, Liver cell prepardtion and culgu;e

Rat hepatocytes were 1solated by a modification of the

method of Berry and Friend (9) as described in detafl in -Section
3.1. 1In short, female rats pretreated with Ep (5 ug s.e.“twice
a day for. 7 days) and CB-154 (500 ug at 24, 12 and 4 h before

-anaesthesia with 40 mg/kg Surital) had their hepatic portal vein

canulated and the liver perfused successively with 700 ml of
caZt-free HEPES buffer (10 mM, pH 7.4, containing 142 mM NaCl
and 7 mM KC1) ahg 300 ml of a collagenase solution (30,000-
40,000 IU/rat im 10 mM HEPES buffer, -pH 7.4, conidining 50 mM
CaCly and 120 mM NaCl), The perfusion was carried out at 37°C
using a peristaltic pump, under sterile conditions in a laminar
flow hood. The 11ver~w§é removed, washed with cold MEM supple~
mented with 32 mM Tricine and 26 mM NaHCO3. The liver capsule
waélthenwdissected anditﬁe heﬁdéocytes-hafvested‘by centrifuga~
tion at 500-1000 x g for 5 minutes. The pellet was washed twice
in. serum—free L-I5 medium modifieg with glutamine and supple-
mented with,2:5 mM"sucgihicﬂaciﬁ, 10 mM glucose,-.100 IU/ml peni-
c¢illin and 50 wg/ml stteptomycin and buffered to pH 7.4 with 150

"mM HEPES., Cells vete. counted using a hemacytometer and diluted

S

in supplemented - L= 15 medium xo a concentration of: 3.3 x 106

L]

cells/ml, ° o o

2

o [8
o

Ten ml samples 6% cell suspension vere lncubmtgd for’ 48
hours in 50 ml ErlenmeyeT flasks with untightened scréw caps, at
37°C with mormal aeration qndnundgr cpptinuous, gentle shaking,
in the presence or absence of the. serum anti;receptof (SAk) or
drugs to be tested. - Control cells vidbility (aqsesseq_by Tryp~-
tan blue exclusion) was approximately 80X at the outset of cul-
ture and 75% after 48 hours of incubation. Drugs cgncentrationd
used were: SAR, 5%; cycloheximide, 50 ug/ml; actinomycin D, 10
ug/ml; dinitrophenol, 1 mM; chloroquine, 100 uM and colchiciae,
1 uM (all final® concentrations. in the culture media). Three
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hundred ul alifquots were taken at the outset of the culture {n
the control Incubation and at 2, 10, 24 and 48 hours 1in each
flask, and frozen at -20°C until receptor assay. Receptors are

stable at -20°C for several weeks.

3. Hormone lodination

.

hGH was labelled- uith 1257 using a low ¢oucentration of
chloramine T as previously described (22). Typical specific
activity was 60-80 uCi/ug. hGH was used for PRL receptor assay

h because it was shown. to be more stable than labelled PRL with
“similar lactogenic activity in a number gf“iarget organs (26),

o

4.'Receptof ;séhyk
PRL receptor assays were carried out. ae: described earlier

"o, (22). The handling of samples was described in Sectiom 3.1. 1In
short, frozen cells were allowed to thaw and then were centri-
fuged at 2300 X. g for 15 minutes to remove the incubation medi-~
um, The pellet was resuspended in Tris buffer (25 mM Tris-HC1,
pH 7. b 10 mM,ﬁgClg, 0.1% bovine serum albumin) and homogenized
{in a teflon~gleés homogenkzer. Receptors were desaturated using -
3 M MgCly (22) fu order to méasure total binding sites. Cell
homogenatee equivalent to ?OO'yl of the original incubation (re-
preeenting-lo6 cells) were incuybated in Tris buffer at room tem-kk
perature for 16 hours, wiﬁh ‘aﬁproximately 100,000 counts per

" . minute (cpm) 1251-1abe11ed hGH, in the presence or absence of

~ ‘éxcess (1 ug) unlabelled oPRL, in. a total volume of 500 ul. The

’ ﬁ‘reactig\\was stopped with 3 ml of dold Tris buffer. Bound and
free hormone were sepatated by centrifugatiqn for 15 minutes at

2300 X g.

épecifie’hinﬂing was. calculated as the difference in cpm
r; Boundfingthe’absenbe or preaeﬁce of excess unlabelled oPRL and
. 1s expressed aaeé‘percentage of the total radicactivity added to

e
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a

.

the tube. The results are ﬁresented ih.the'percentage of time
zero binding (just prior to Lncubation), Statistical analyses
were performed using Duncan~Kramer's multiple range test (23)

after logarithmic transformation. -

B
1
.
)
«
' . ‘
>
)
:
r
i
'
. o
i -
L
N
+ a
¢ o -
.
. -
. v,
(X ’
5 v ’
R 5 v r :
f 1 N
it M
> - o N
s . -
B . ) o ’ [
e
: 3 . ~
¢ , ,
. ' f
. '
. v L . f
.
“ f
. ¢
ks -
-
’
'
» i
.
¥ °
" - 1 ‘
! 4 *
& ’
° 14
: .
- . , .
i w
: .
3
f
N
. v .
A
B * 1
* *
PPN .
PR [ < . -
“ o .
o Vo
Lot 0
. . -
. )
5
. \
: ~ s
. B . .
‘ ! n " °
' . i
'
vy s ot -
t ¥ ~ L
o
- T v
“ ’ -
10 ’ Al
8
I - ) '
M 1
o I s ' s
v . 3 1 B
wh i '
s :
o ¢ 1
. . A
- t ‘ -
y P . ,
M I v ! . a « .
‘
-t
v ° - IS 2
.o L s « , - -
[ > 5
; .
. /i S . . .
- «
! Y R wood ! * ’
. ) , -
» .
o
- A - < +
N + « f
i ‘ '
)
. . 4 - i
. ' t
1 K ‘ i - - .
.
"‘ i ; ¢
' 5
- S o -
ER r L] +
. ' .
. P -
" Y
”‘ ~ i
» a
¢ f
A >
.
. - \
2, +
3
e
Pas . t ) i
o3
ey ,
e
s "
¢ - N N . .
) «



4

S ° 127
RESULTS
The serum containing anti-prolactin reéeptor antibodies can
prevent part of the 1loss of PRL receptors in cultured hepato-

cytes (fig., 12), thus mimicking the effect of PRL 1itself (Sec~

cant decrease (p < 0.05) occured at 48 hours with a loss of 25%
of the binding activity originally present.

.‘ Ge

The following figures show the effects of the varlous drugs

Fig. 13), a drug that bloeka“orotein‘synthesis at the ribosomal
level, lowered basal levels of PRL .binding by about 40% at 10

‘tion 3.1), .Maintenance was complete up to 24 hours Sut signifi-

‘tested, alome or in combination with the optimum maintening con-n

‘centration of SAR (5%, see ref. 29). Cycloheximide (50 ug/ml

_hours of culture (p < 0.01). It also completlj,cbunteraqted the .

maintenance induced by the antiserum, reducing binding to con-,

‘trol values. Actinomycin D is another 1nhibf tor of protein gyn-—

thes{s, which acts on nuclear transcription. Fig, 14 .shows that
at 10 ug/ml, it had no effect on basal levels of PRL receptors
but that it provokéd the loss of about one half of the binding

- activity that was protected by the action of the enfiserum.l

Dinitrophenol (DNP) 41s a metabolic ‘umcoupler -which indirectly
inhihits ATP-consuming processes such es‘ protein’ ’synthesls.
Fig. 15 shows the effect of 1 mM DNP on PﬁL binding activiéy in
the cultured liver cells: no inhibition (AOZ'at(ASOhours)‘of
basal rec.ep~tor levels wds observed but.a partial reversal of the
.8AR-1nduced maintenance of PRL receptors was seen (p < 0,01 at
10 and 24 hours and p < 0.05 at 68 hours' values at 24 and 48
hours were also significantly different from control, p € O 01).

L.

)n

On the othet hand, and in accordance with prevlous resultse’

(Section‘3.fy, ghloroquine, which was. shown to protect PRL and
.PRL receptors from lysosomal degradation in vivo (Chapter 2) had
no effect (at 100 ‘M) . on. basal nor on SAR»protected levels of

. PRL hinding- (pot shown} Colchiéine (1 uM),“a potent mictotubu-

a
e
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Fig., 12 (Left) The effect of the serum anti-receptor (SAR) on prolactin bin-
ding in rat liver cells in suspension culture. Values are ekpressed
as percent of time zero binding (just prior to incubation) and are

. means %* SEM of 5 independent cultures. Time zero specific hinding
\ was 21,9 £ 1,6 per 106 cells. a: p < 0,01,
Fig. 13 (Right) The effect of cycloheximide (50 ug/ml), SAR (5%) or a-comhi-~

nation of both on total PRL binding in rat liver cells in suspension
culture. Values are expressed as percent of time zero binding and
represent means i+ SEM of 4 independent cultures. Time zero specific
binding was 21.9 + 2,1% per 106 cells. a: p < 0.05 Vs controlj b: p
< 0.01 va SAR; c: p < 0,05 vs control.
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PRL RECEPTORS (% OF TIME ZERO BINDING)
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Fig. 14

Fig. 15

12 2¢° as 48 [} 12 24 a6 48
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(Left) The effect of actinomycin D (10 ug/ml), SAR (5%) or a combi-
nation of both on total PRL binding in rat liver cells in suspension

culture. Values are expressed as percent of time zero binding and '
represent means ¥ SEM of 4 fndependent cultures. Time zero specific
binding was 18.9 % 1.4% per 10° cells. a: p < 0.0l vs SAR; b: p <

" 0.05 v8 SAR; c: p < 0.05 vs control.

F.3
(Right) The effect of dinitrophenmol. (DNP; 1 mM), SAR (5%) or a com-
bination of both on total PRL binding in rat liver cells in suspen-
sion culture. Values are expressed as percent of time zero binding
and represent means * SEM of 4 independent cultures. Time ‘zero spe-
cific binding was 22.0 * 2,1% per 105 cells. a: p < 0.01 va SAR; b:
p < 0.05 vs SAR; c: p < 0.01 vs control. '

+
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le disrupting agant which is thouéht to interfere with hormo&e
internalization (28) was also without effect, It {s 1important
to indfcate tﬁat ethanol alon; (the vehicle for Actinomycin D
and DNP) interfered with both basal and SAR-induced receptor
levels (datgsnot shown), bdut results for those drugs'haveobeen
compared with controls and SAR incubations contalning the same : .

concentration offethanol.&

[<d
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DISCUSSION

°

In a recent paper (29), we have fdentified PRL and SAR main-
tenance effkcta on PRL receptor levels in cultured hepatocytes.,
Control and PRL-c;ntaiging incubations have been described ‘in
detail 1{n Section 3.1. ﬁont;ol incubations featured a .rapid
decline in binding activity as opposed to the total maintenance
of receptor levels observed up to 48 hours in Lincubations con-~:

taining 50 nM oPRL. . ‘ - ¢ ‘ ’

-~ P 4
- »

o, ¢

The present results confitm the action of the ‘anti~ recep tor

'serum in mimicking the effeCt of PRL. It 18 consisgtent with the

demonstration by Djiane et al. (8) o{ the proladtin-like acti-
vity of anti-prolactih receptor antibodies on casein and DNA
synthesis {n the mamnary éland which suggest that the prolactin
molecule is ot required beyond the initial bindingnto its re-
ceptor fdr Lts Message to reach the genone..
S ; " ] ) * ) Y

" In both models, lysosomotrOpic agents &o not alter théﬁtéfﬂ
sponse ‘to 'PRL (ref.,B and Section 3.1) nor to SAR (ref. 8 and
these results), suggestlng that lysosomal degrada tion beags no
impoftant role for PRL action on, efther stimulation of casein
gene exptession or regulation of {ts own receptor. In addition,

lysosomes appear not to be involved in the loss of binding acti*

.vity in contr%l cells, However, we have ghown in Sectfion 2,1

that, when administered in vivo, chloroquine could a;imulété'x

levelg of hepatic PRL receptors; Djlane et.al. (9) alse sﬁowe@*a.
stinulatory effect of chloroquine. on PRL receptors in the cul-

" tured péeudoprégnawt rahbit‘mammary gland, The effect of chlo-

roquine on PRL and PRL receptor degradation, thetefote appears to

vary‘from one model to another. ) .

¢ B

The regponse to colchicine between rat liver cells in cul- o

. ture and rabbit mammary explants also differs. Colchicine had no
efféct on PRL or SAR~1induced PRL receptor regulatiou (Section

¢ ! Y
- L ' ¥

¢ '
s b, b
N

[



. o
¢ .
° . , . ’ Y . K 132’
[ . ' . .
[ . 3 s

: P 5o, 3. 1 and - the present resulta), while it blocked thelir action on VL
, , . caselh: and DNA aynthesis (8). 1In any case, although lt 18’ now
cl“early demonstrated that for many hormone systems, ncluding

° . prolactin and 'Insulin, Internalization of thej hot;moue-neceptor
complex occurs follouing bianding at the menbrane l.evel (2,12, 13,

16, 27) and that there is considetable evidence suggeating that
microtubules are invélved in the endocytotic processes - (28),

: this translocation tovards the interior of the cell appears not

v to be. important for a number of actions of these two hormotnes.

Cycloheximide, a translation 1{inhibitor, decteased basal
receptor levels by about 403% (Fig: 13), suggesting permanent
synthesis of new receptons; continuous synthesis and degradation
(nonlysosomal) could be organized as a dynamic equilibrium.
Similar effects of cycloheximide have been observed 1n'mnmm“ary
gland 4n explant culture (5,6). In addition to 1its action on
j basal receptor . levels, cycloheximide completly reversed the
SAR=-{induced maintenance; suggesting that' the action of SAR con-
sists of a stimu-latinn of 'the translation of the PRL receptor
mRNA, It shnuld be noted thatl in the previous ‘section, cyclo-
heximide only partially reversed the stimulation by 50 nM PRL,'
which led us to the coucluslon that there could be another mech-
anism involved in increasing ‘binding activity 1in hepatocytee, in ‘

"\ - addition to stimulation of translation. , .
: Actinomycin D partlally r\everSed the stimulated levels,
llndicating that nuclear transctiptlon may‘pla"y a role 1in the
' " f lnaintenance of PRL receptors. This effect is much clearer than
, ‘ptteiviqus fesults obtained with 50 oM PRL-inducetl maintenance.
et Th'en fact that reversal i{s only partial in this case might: be’

! inferred by a relatively long half-l11fe of the receptor mRNA as

s eauggested by the absence pf et‘fec{t of actinomycin D on basal
PRL receptor levels. The ncoupling action“of DNP 18 less de-
; “ fined and the mechanism of its inhibitory effects on both 'basal
’ and SAR-maintained receptor ,levels could involve interferences’

v
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with many metabolic processes, 1nc;u&ing protein synthesis, It
should be noted -that Costlow and Hample (4) have observed an
increase Iin plasma membrane prolactin binding fnduced bdy DNP in
rat mammary norwal and tumor cells, However, they measured only

cell surface receptors and this’ effect was not observed in the
liver.

‘ -
v

°
e

In conclustion,: the results from this study show that an

antibody directed against PRL receptors can.mimic the action of

prolactin on the maintenanqe(oﬁ its own reFeptor levels in rat
hepgtocyfes. In accordance with results obtatned with PRL,  the

‘SAR—induced maintenance seems to 1nvolve,‘at least {1in pdgt,“a

pttmuléticn of the synthesis of new receptor-molecules, but to

be independent of ;dternalization or lysosomal degradation.

’ ‘
% 4

T TR R A
D
. Lo



134

~

‘ 1. Baldwin D, Terris S and Steiner DE (1980) Characterizatfon
of finsulin-1like actious of anti-insulin receptor antibo-
dies. Effects on insulin binding, insulin degradation and
Elycogen synthesis in 1solated rat .hepatocytes. J.Biol,
Chem, 255, 4028~4034,

2, Bergeron JJM, Sikstro(m R, Hand AR and Posner BI (1979)
Binding and uptake of 125I-fgsulin into rat liver hepato-
Qytgé ané°endfthe11um.’An ;n{vivo radioiytographic_studi.
J..Cell Biol., 80, 427-443. :

3, Berry MN and Friend DS (1969) High yleld preparation of
. “ . .. 1solated rat 1liver parenchymal cells: a bilochemical and
{ + . . fine structural study. J. Cell Bfol. 43, 506=-520. ..

g, ‘Coltlow ME and Hample A (1982) Prolactin receptors im cul-
‘ tured rat mammary tumor cells. Unmasking of cell surface
receptors by energy depletion. J. Biol. Chem, 257, 6971-

TN

L6977, - . A

BN 5. DjianesJ, Delouis ¢ and iniy PA (1979) Prolactin receptors
?1n organ culture of rabbit mammary gland: effect of ecyelo~
- iheximide and prolactin., Proc. Soc., Exp. Blol, Med. 162,
© o 342-345, 9

+ 6, Djisne 3, Delouis C and Kélly PA (1982) Prolactin receptor
turnover {in explants of pseudopregnant rabbit mammary
~gland, Mol. Cell. Endocrinol. 25, 163-170. .

'

\ ‘”7. Djiane J and Durand P (}977) Prolactin~progesterone antago-
Q L nism in self regulation of prolactin receptors in ;he mam=-
mary gland. Nature 266, 641-643, :

Fl

wabdad B .
SRR R ey, N A

i *'x"."gg%-




n NS

8.

9.

10,

11.

12,

13,

o

l4,

S¢i. (USA) 78, 7445-7448.

135

Djiane J, Houdebine LM and Kelly PA (1981) Prolactin-like
activity of anti-prolactin receptor antibodies on
and DNA synthesis {n the mammary gland. Proc, Natl. Acad.

casein

o

Djiane J, Kelly PA and Houdebine LM (1980) Effects of lyso-
somotroplc agents, cytochalasin B and colchjicine on the
"down-regulation" of prolac;in receptors iﬁ mammary glands
explants., Mol. Cell, Endocrinol, 18, 87-98.

Deleted in proof.

% ’

Flier JS, Kahn CR, Roth J and Bar RS (1975) Antfbﬂdtes that
impair fusulin receptor binding in an unusual diabetic syn-

drome with severe insulin resistance. Science 190, 63-65.

Goldfine ID, Jones AL, Hradek GT, Wong KY and Hooney JS
(1978) Entry of fnsulin into human cultured lymphocytes:
electron mitroscope autoradiographic analysis, Scilence 202,
760-763.

Gorden P, Carpentier Jﬁ, Freychet P, LeCam A and Orci 'L
(1978) Intracellular translocatfon of {odine-l25-labeled

insulin: direct demonstration in 1isolated hepatocytes,
Science 200, 782-785,

Jacobs S, Chang KJ and Cuatrecasas P (1978) Antibodies to

purified i{insulin teceptors have {insulin~like agctivity.
. Science 200, 1283-1284, ;

4

el A




15.

16.

17.

18,

19.

20.

21.

136

- - a

‘Jarret DB, Roth J, Kahn CR and' Flier JS -(1976) Direct

method for detectlion and characterization of receptors for

"in'aulin by mneans of 12571-1abeled antibodies against the

ingulin receptor. Proc. Natl. Acad. Sci. '(USA) 73, 4115~
4119.

“‘r

Josefsberg 2, Posner BI, Patel B and Bergeron JJM (1979)
The uptake of prolactin into female rat liver. Concentra-
tion of the infact hormone {n the Golgl apparatus. J.

Biol. Chem. 254, 209-214, -

K

Kahn CR, Baird CL, Jarret DB and Flier JS (1978) Direct
demonstration that receptor cross-14inking or aggregation.is:

important for insulia action.. Proc, Natl. Acad. Sci.
75, 4209-4213. ’

7

s

Karlsson FA, Van Obberghen E, Grunfeld C and Ka-h‘n cR 1(1979)

Desensitization of the 1insulin receptor at an early post

receptor step by prolonged exposure to(antirecep;or,xahti-f,‘

body. Proc. Natl. Acad. Sei. (USA) 76, 809-813., ~

]

Katoh M, Djtane J, Leblanc B and Kelly PA (1984) Character-

izatfon of antisera to &8 partially purified ptdlacti_n‘re--
ceptor:' effect on binding 1in different target tissues. -

Yol, Cell. Endocrinol. 34: 191-200. 5
Kelly PA, Djlane J and De Léan A (1980) Prolactin receptor
dissociation and down-regulation. Prog. Réplrb"d. Biol. 6,
124-136, o

g ©
1

Kelly PA, Djidne J, Houdebine LN, Katoh M and Rosa AAM-
(1983) Prolactin receptt;r purification and blological ef-
fects of prolactin receptor antibodies, In: Prolactin and
prolactinomas, Tolis G et al, (eds.), Raven Press, New
York, pp 19-2;8.

{(UsA)

’

3



S e FS— T £t B by T ¥ o Stemer g

22.

23.

24,

25,

26.

27,

28,

29,

137

Kelly PA, Leblanc G and Djiane J (1979) Estimation of total
prolactin~binding sites after in vitro desaturation. Endo-

erinology 104, 1631-1638,

Kramer CY (1956) Extension of multiple range tests to group
means with unequal numbers of replication. Biometrics 12,

3o7-310. ¢

Manni A, Chambers MJ and Pearson OH (1978) Prolactin induc-

es its own receptors in rat 1liver., Endocridologl 103,
®63-2171.

Pogsner BI, Kelly PA and Friesem HG (1975) Prolactin recep-
tors {n rat liver: possible induction.by prolactin, Science
188, 57-64,

Posner BI, Kelly PA, Shiu RPC and Friesen HG (1974) Studies
of fnsulin, growth hormone and prolactin binding: Tissue
distribution, specfigs variation and characterization, Endo-

crinology 95, 521-53. o
. ) .
. &

Posner BI, Khan MN and:  Bergeron JJM (1982) End.g.cytosis of

peptide hormones and other ligands, Endocrine Rev. 3, 280-
298,

Posser BI, Verma AK, Patel BA and Bergerom JJM (1982) Ef-
fect of colchicine on the uptake of prolactin and insulin
into the Golgi fractions of rat liver. J. Cell Biol, 93,
560-567. '

Rosa AAM, Djiane J, Houdebine LM and Kelly PA (1982) Stimu-
latory effects of prolactin and anti-prolactin receptor
serum on prolactin binding sites in rat liver cells in sus-
pensfon culture, Biochem. Biophys, Res. Commun, 106, 243~
249,

Lo




138

30, Scatchard G- (1949) The attraction of protein for small
molecules and ions. Ann. N.Y. Acad, Sci. 51, 660-672,

]

31, Shiu RPC and Friesen HG (1974) Solubilization and purifica-
it ) tion of. a prolactin receptor from the rabbit mammary

gland., J. Biol, Chem. 249, 7902-7911.

o

ot




N
. i
.
<
3 " N.
xk R
N .
i .
)
s
3
.
¢ “~
s
N v
" 1
o
.
,
T &
.
9
e - .
‘
s
0
'
.
°
2
f
.
»
"
f
i
.
y
'
N
»
‘ f

&
STUDIES ON
b

PRI ,
“ € {,‘
o f .
: LT ) J
in ’ ,
’ ‘ .
* v
. ) [
v 7 L4
R
! :
! “ I .
LR . P , . .
i R Froe v'.' .
X v
¢ N N . N .
c, y
fa 0 ® ¢ i ¥ . y ‘“
'SP . . , , L5 R ’
s T Lo . . - . s
! B \ ‘o Lo P ; w
- " o 0, .
. ! PRI [ Gt
N ° ! " T .
a sy - 4 A - N
v a 3 L L, .
¢ RV B [ o LY ,
: P 0 ¢ .
" - .
b > 0 il .o o
) 3 P N ]
. SR <. L,
s S o @ LY N o L
. . b il .
- ot N e, O
v, N . e PR
o GO, ST e RO
o d v i T . s, ;
<y ' Y
.o Lo 3 . S L
. L = L d |
‘ 1, = . ;. o PR H
. & . . PN . \
5 N n A ; )
' .ot Vi N e, PN X L
o - ' - o .
) ' . . 8 r o .
! ° ” E I P
. . ) o
. . et ,
’ el i .
, . < LN O ;
. J .
‘CHAPTER S
4 . . X
. )
* v ‘ LIS N .,
t
‘ ’ . P .
. o L .
; L
Ve )
’ e
f . N . o s
. N o
B . k B .
B . - ~

- 5

THEKEDCAETinléﬁ OF PROLACTIN Rﬁciﬁrokg

AT THE ULTRASTRUCTURAL LEVEL ~ *
IN RABBIT MAMMARY GLAND .
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INTRODUCTION

o

. Having ggqined some 1nsiéht into the intracellular lo-
calization of ?RﬁHR and 1ts regulation and movement following
PRL 'binding, it was of interest to try to directly visualize
receptors.’ Very few reports of hormone receptor 1ocalization
exist and they are even few{r for ultrastructural localiza-

tions. -

The first immunocytochemical demonstration of prolactin
reﬁeptors (PRL-R) in the rat mammary gland by Nolin and Wi-

.torsch (33) was only indirect, in that they showed an increased

labelling of mammary sections with a PRL antibody when the sec~

tions were preincubated with‘exogénous PRL. More recently,:

other 1n§estigato:é (1;3,13,15,51;56) used similar protocols

and stained various tisgues for PRL-R. These include mouse,

adrenal, human breast tissue and Qrosiate, rat kidney, 1liver,

adrenal, testis and ghoro{a plexus and dog prostate and mammary

‘gland. There 1s only one repofb on PRL-R localization using a
"polyclonal antiserum taised egainst the receptor 1tself (d4).

The tissue studied 'was the rat oVary and PRL and PRL-R were
found to colocate ugﬂérgall physiological conditions tested, at
the optical microscopic level. The ultraqtructural localiza~

"‘tion of PRL-R, however, has never been reported, nor haa’ the

use of monoclonal antibodies- (mAbs) for PRL=-R 1localization

studiesn

In contrast, several papers have reported -the localiza-

.tfon of ‘receptors for other éﬁdogenous\szbstances; using mAbs.
A great deal of the attention has beendirected towards the '
'estrogen recep tor (17,24,25,28,29,38,40-42, 50 51),but some work

was also‘cqmpleted on receptors for progesterome (37), trans-

ferrin (55), 'gamma-aminobutyric acid and benzodiazepine (47),

acetylcho}iﬁe (2,3), glycine (52a), nerve growth factor (45),
epidermal growth factor (4) and insulin (54). Among all these,

N
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however, ultrastructural = studies were performed ,only for
estrogen (41), ':ctatisfetrin' (55), glycine (52a) and EGF (&)

réceptors.

Motoclonal antibody techniques provi{le an important
advantage compared to their polyclonal counte’rpatts, in that
they represent homogeneous antibody preparations, even when
raised against an impure antigen (PRL-R has not yet beem purf{-
fied to \homogenqity), thus eliminating any cross-reaction with
contamninants that may be present in the antigen preparation.
These .reagents should therefore be much more specific¢ than
polyconal antibodies préeparations and especlally well suited
for localization studies. 7(This, however, 185 not alwvays the
case; see the comment on the incidence of shared epitqpes in

Discussion section.)

 Three mAbs to the rabbit PRL-R have been produced in

"our. labordtory that were available for the localizationm of

receptorsh at the ultrastructural level 1in the rabbit mammary
gland, All three are directed against the binding site of the
receptor molecule, as asséssed by their ahility to inhibit PRL
binding. They have, however, different IDsy values which range
from 0.25 nM for M110 to 2.49 nM fot A82 (21). In addition,
A917 has the interesting feature that 1t can mimmic PRL actions

.on casein and DNA synthesis {n rabbit wmammary gland explants

(12), just as the antireceptor serum mentioned in Chapter 3
!
could mimmic PRL action on PRL-R levels in rat hepatocytes.

M110, with {ts extremely high affinity (actually higher

* than that of PRL itself), w:s the first choice as a tool for
- the localization studies. We used immunocytochemistry as the
' .primary approach, with 2 second antihody coupled té horgeradish
" peroxidase (HRP). Such techniques have been reported to give

very precise localization of antigens with good sensltiv‘lt‘y.

In our case, however, since the number of PRL-R 18 very 1low
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(approximately 1200-2000 receptor ‘molecules per cell have been
reported for cells isolated from the mammary gland of lactating
rabbits, and as low as 600-800 for pregnant animalsl; refs.
2a,51a), some experiments Jwith autoradiography, which has a
better sensitivity but 1s less precise, as well as {mmunofluo~
rescence (highest sensitivity but only at the optical micro-

scopic level) were also carried out.

This work was performed under the supervision of Drs.
Mich&le Qllivier—Bousquet and Jean Djilane at the Laboratoire de

Physiologie de la Lactation, INRA, Jouy-en-Josas, France.

“

-

¥
Eak 2N

—

1 These figures‘appear to be mueh lower than that for rat liv-

er, which had a binding capacity of 330 fmol per 106 cells 1in
cultured hepatocytes (Chapter 3), representing 200,000 PRL=-R

per c .

S,
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MATERIALS AND METHODS o "

¥ ‘
1, Chenicals

Hanks' balanced salts solution and Medium 199 used for
explant culture were from Gibco (Paisley, England), Medium 199
for cell cultures was purchased from BioPro (Strasbourg, Fran-
ce). Chloroquine, saponin and d‘iaminobenzidine“ (DAB) were pur-
chased from Sigma (St‘ Louis, Mo.), as well as bovine insulin
(for explant culture).g Porcine insulin (Actrapic MC) from Novo
(Paris,. France) was used for cell cultures. For both explant
and cell cultures, cortisol was from .Roussel-UCLAF (Paris,
France)'. Bromocryptine mesilate (CB+154) was from Sandoz
(Basel, Switzerland) and was injected as a suspension in 2%

gelatin in physiological saline.

Paraformaldehyde “(polyoxymethylene) was from “Rh8ne>
Poulenc (Paris, France), glutaraldehyde (as a 25% aqueous solu-
tion) from Taab Laboratory Equipment (Reading, England) and
osmium tet‘rayoxyde (0804, s0l11d) from Labosi (Paris, France).
Finally, Epon 812, dodecenyl suceinic an“h_ydride, nadic methyl
anhydride and the DMP-30 accelerator were pulrchased from Polar-

v

on Equipment Ltd, (Waterford, England).

2. Antibodies ., ) O ' \

1

With all approaches, the mAb M110 described earlier
(12,21«) was used as the first antibody., For autoradiographic
studies, M110°was first 1od1nfsted following a modification, of
the ch‘loramin\\e\"r ‘procedure described elsewhere (22), Two dif-
ferent HRP-conjugFated second antibodies were use@. Tge first
was a sheep IgG to mouse IgGC and IgM, H and L chains (IgGaM-
HRP) purchased from Institut Pasteur Production kParis, Fran-
ce). The second was goat F(ab)'2 with the same specificities

-~

&
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» (FpaM=HRP) purchased from Bioart (Meudon, France). 1 also used
the fluorescein isothiocyanate conjugate of this F(ab) 2 prepa-
ration for the immunofluorescence expetiments.

L]

3. Blological materials

Most of the localization experimenis were performed
with fresh lactating rabbit mammary glands betweqn 14-22 &ays
of lactation. At this stage, the animils ylelded 160-230 g of
milk on the morning of sacrifice, as determined b}; their we{.ght -
before and after feeding the pups. In a few cases, lactating
rabbits were given the dopaminergic agonist CB-154 (2 mg/ ani-
mal, s.c. at 36,24 ind 12 h before sacrifice) in order to de-
press ciréulating PRL levels aund therefore, PRL-R occupancy.
This 36 h treatment is not long enough to down-regulate the
PRL - -R but has been shown to induce a 3-fold increase in measur- |
able ‘PRL-R levels in this tissue (11), However, it also af-
fects the ultrastguctural morphology {3&). ' : ; , ‘K

Some Iimmunoperoxidase experiments were performed on

‘'pseudopregnant rabbit mammary gland vexplants in culture. ’'Lac-

tating- tissue could not be used because it {s fully developed
and does not grow well in culture, The explant culture systen
has been described in detail (9). In brief, fresh mam'ﬂ‘lary
glands from” female rabbits ‘at about .day 15 of pseudopregnancy
were cut“into small pi.eces‘ (approximately‘ 1 mm3), placed on
stainless steel gtids and cultured for 24 kL at 379C wurder 5%
C0z, 1n Medium 199 supplemented with 5 ug/ml insulin ‘and 0.5
ug/ml cortisol, in the absence or presence of 1 ug/ml of the .
lysosomotropic agent, chloroquine_. Cultured explants were sub~
sequeritly handled the same wéyl Aa‘ fresh tissue,

The third type of biologicaf specimen used v;a,a 1solated
mammary spitheliai cells. - For the same reason as adove, only

freshly isolated cells could be used when prepared from lactat-

°

.
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e

ing animals. HOwever,-mammary'qells isolated from pseudopreg-

nant aninmals were cultured for 48 h on a collagen matrix in the

same. medium qnd,unaer the same conditions as explants, The
collagenase dispersion followed by a pre-culture on plastic
dishes yieldmd epithelial cell preparatfonsrvlrtually devoid of
fibroblasts. These procedyres are describedsin detall else-~
where (4a,25a),

v

4. ExpetipentaiAproEedures for immunocytochemistry (ICC)
The general pfocerure for ICC experiments is outlined
~in Table 6, Tissuve fragments from. lactating animals were
first 41ncubated ’inl oxygenated Hanks® balanced salts solution
for 20 min a%'3]dc. This procedure has been shown to increase
the fesponétyéhess of mammary epithellal cells to PRL in pre-
vious stq@ies (Michéle 0Ollivier-Bousquet, unpublisheq observa-=
tionY,rpqgﬁumably by dissociating bound PRL and increasing the
-avaiiéﬁifity of cell surface receptors. This step was impor-
‘tanﬁfbécause M110 recognizes the binding site on the receptor

.

. molecule (21): The use of high ifonic strength chaoigggictions‘

which 1s an effective means of desaturating bdund\ieceptors
kéz; see élsoLChapcers 2 and 3) was obviously not appropriate
for these ultrastructural loéaliéatipn studies. This 1initial
step was omitted when tissues from elther CB-lS@-treatedfaﬁi—

mals, cultured expianﬁs or isolated cells were used.

The entire ICC procedﬁrg was performed at room'tempe;a~
ture, under 1light agitation. Tissues were fixed for 2 h in a
mixture of 2% paraformaldehyde (P) 'and 0.05% glutaraldehyde (G)
(or, in -some instances, 4% P alone or 2% P'+ 2% G) in 0.1 M
phosphate buffer, pH 7.2. During this pérfoﬁ,»thé fragments
’wére cut into smaller pileces approx., 0.l mm3. After fixation,
the specdmens were rinsed in the same buffer (2 x 20 min) and
then ia 0.01 M phos}hate buffered saline (PBS; 2 x 10~‘mia).
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TABLE 6

‘Procedurg Epr,imﬁunocyfoéhgmical experiments

* Imcubation 1in Hanks'

Fragments of fresh rabbit mammary gland
BSS
First aldehyde flxatdén;
Incubation in 50 mM NH4C1 .

Incubation in 0.2 i gglatinf

ﬁermeabilizatiow with 0.03 I saponin

Incubation with first antibody fménoclonal)

Incubation with second antibody (HRP conjugate) . ,
Second aldehyde fixation ‘

cut fragnments into amaller\pieces

!‘ 10. Storage overplght 1n isotonic rinse buffer
ll.'Revelatlon of HRP with DAB and Hy02 =~ S : :
12. Post=fixation with 0304 ' o , :
13.'Dehydration dn graded ethanol ) : ‘-é”"
14, Impregnatlon 1n graded propylene oxide'Epon 812
A} s
Day 3 and following days ‘
x 15. 48 h polymerization )
l6. Uitrathin sectioning ‘ .
17. Obgervation under the electron:.microscope . . : o
‘( N . oo o . o A
° " BSS, balanced salts solution; HRP, horseradish pero'xidase;

DAB,

diaminobenzidine = = e \
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¥free sgldehyde groups' from the fixatives were deaétlvatgd by
amidation with 50 mM NH,;Cl for 30 min. This was followed by
saturation of electrostatic charges with 0.2 % gelatin for 30
min in order to mininize non-specific binding of the antibo-
dies. Menbranes were permeﬁbilized with 0.03% saponin as de-
sctlﬁed'by Tougard et al, (52). All three solutions were pre-
pared in PBS,

The fragments were divided (éonttola and samples) in
multivell plates (10-20 fragments per well) and all the follow-
ing steps up to dehydration took place {n a volume of 500 ul
and in the dark. Fragments vere placed in fresh wells after
each step, Samples were incubated with the first antibody (or
the vehicle for controls) for 5 h in PBS containing 0.03% sapo-
nin ‘and 0.2% gelatin (PBS-S5-G). Addition of saponin in the in-
cubations witﬂ the antibodies was necessary because 1its effect
on permeabi{lization was shown to be.short-termed and reversible
(52). M1l10 concentrations ranging from 0.1 ng/ml to 250 ug/ml
were tried, but most of the expefiments vere performed at a
concentration of 10 pg/ml,

]

. After rinsing in PBS-S-G (3 x 20 min), the specimens
(were incubated for 4 h with the second:-antihody in PBS-S-G.
Dilutions were 1:40 for the IQG from Institut Pasteur Produc-
tion and 1:100 or 1:200 for the F(ab)'; from Bioart. Samples
were ringsed as above and re-fixed with 1Z G {n 0.2 M cacodylate
buffer, pH 7.2, for 30 min, rinsed 3 x 20 min in the vehicle
. and were allowed to .stand overnight’in the same buffer supple-
mented with 0,15 M sucrose (isotonic), The second fixation is
{important because, the Kgoz used as peroxide donor for the

1

enzymatric reaction deteriorates lightly fixed tissues.

On the second day, the tissue pieces were transfered to
Tris-HCl buffer’ (50 mM, pH 7,6) and incubated for 1 h with
0.05% DAB in this buffer (500 ul), im orfder to allow for proper

.
e

H
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penetration of the substrate into ‘the specimens. At the end of
this period, 55 ul of 0.1% H20, in Tris buffer (0.01% fimal)
were added to each well and the reaction was allowed to procéeﬁ
for 15 min, s8still at room temperature, in the dark and under

constant agitation.

Following this, the samples were rinsed 3 x 20 min with

the same buffer, post-fixed-for 1 h with 1% 0804 in 0.1 ¥ caco-
dylate buffer, pH 7.2, and rinsed again several times in wa-
ter. anally, samples were dehydrated with graded ethanol (70,
90 and 100%; 10 min each), tranafered to glass dishes, briefly
dipped into propylene oxide and impregnated with graded Epon :
propylene oxide mixtures (1:2, 1:1, 2:1; .30 min each). The
final impregnation bath 1in pure Epon lasted at least 5 h at
room temperature. The resin was allowed to polymerize for 48 h
at 55°C. 1iIn some cases, the specimens were stalned "en bloc"®
with 47 uranyl acetate during the 10 min bath in 9da ethanol,

in order to 1increase contrast.

Ultrathin sections (silver to light\yellow) were pre-
pared using a LKB Ultrotome III ultramicrotome and observed on .

a Zeiss EM-10 electron microscope set at 80 kV.

£

N
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RESULTS . v .

The early experiments were performed on fixed pileces of
lactating rabbit mammary gland, using a total IgG (IgGaM=-HRP)
as second antibody. Only extremely discrete labelling (if any)
could sometimes ba seen on ama%l intracellular vesicles, with
both 4% P alone and 2% P + 0.05% G as fixatives (not shown).

In contrast, some intense reaction could be seen at the periph-

_ery of epithelial cells on both apical (Fig., 16) and basal

(Fig. 17a) membranes, as well as on casein micelles (Fig. 16).

2

2

v

even on samples incubated only with the secdénd antibody (Figs.
l6a and 17a).| In Fig. 18 are shown basal and apigal regions of

.a 8pecimen incubated in the.absence of efther - the first or

second antibody (2% P + -0,05% G uxauén) The' absence of

‘ labelling confirms that the reaction seen on ‘Figs. . lea and 17a
~‘:"as a result of the non-specific binding of the\second anti—

bod}'.' ﬁr . ’, ' i . ) e et

We hypothesized that this non-specific reaction might
be due 'to, the’ ifnteraction of the IgGup-HRP with ?c recep;ors
{non species-specific), located on the surfuce’of epithelial
cells. Therefore, experiments ‘were perférmed using a bivalent

Cantibody fragment «(F(ab).'3; devoid of the Fe regipn) to mouse
- 186G, coupled to HRP. (FzGM-HR?). This teagent fulfilled its

role perfectly.’ Fig. 17 shous basal regions of samples facu=-
bated with IgGaM~HRP (Fig. 17a) or anﬂ HRP . (Fig. 17b), without
prior incubatfon with M110, The ‘latter did not display the
strong reaction seen bith IgGaM~-HRP, thus. supporting our
hypoghesis.‘ S ' ) ‘

.;Usiig this system, some very sparge Iintracellular
sfguctures were ;abelled; Fig. 19 shows labelling in the endo-

b - v
N : U
.

An {mportant observation affecting thesp and perhaps .
+ other experiments {s that such peripheral labelling was seen

o



f

-

S R SIR T TR e

e
X e ESRR
{edrn,’ 5
EEYAY X

¥, 8L b

2

- ,"g
{3 g

“ .
t‘srn
L)

. -
& 5%
b

2

Fig. 16 Intense reaction on the apical side of lactating rabbit mammary epi-
thelfum incubated with (A) a total IgG molecule coupled to horse-

. " radish peroxidase (IgGaM-HRP) or’ (B) M110 and IgGaM-HRP., Note the . -

:labelling om the digitations and on casein micelles, 4I P fixa-
tion. Bar, 0.5 um.
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Fig. 17 Comparison of the background reaction observed with (A) a total IgG

.

molecule or (B) a F(ab)'y fragment coupled to HRP, when used without
prior incubation with M110, on the basal side of epithelial cells in
fragments of lactating rabbit mammary gland. Note the strong reac-
tion in panel A and the complete absence of such reaction on panel
B. A, 42 P fixation; B, 2X P + 0.05% G fixation, Bars, 0.5 um



Fig. 18 (A) Apical and (B) basal
N mammary gland incubated w
tion., Bar, 1 um,

152

X

3

regions of a fragment of’lacta;ing rabbit
ith neither antibody. 2X P + 0.05% G fixa-

S
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plasmic reticulum (ER) region. Though the morphology 1is not
very good 1in this particular sample, ribosomes, a zone of
smooth membranes (lower right), a mitochondrion (lower left
corner) and a nultivesieular body (upper edge) are_easily rec-
ognized,. The morphology of the specimen shown in Fig., 20 1s
much better. The absence of coloration makes the reaction in
the vesicle more striking than for the previous figure, but
does not allow for the actual i{dentification of ribosomes on
néarby vesicles. It has, however, the general appearance of
the ER., Another slightly labelled structure (from a different
fragment of the same sample) 1s.shown on Fig. 2i, still in the
ER region ’(ribosomes are seen on the nelighboring membranes)

near the apex of the cell,

Labelling was not inhibited by an excess (100 ug/ml) of
a heterologous (goat) IgG and'cau therefore not be attributed
to interaction of the first antibody with Fc receptors, In
addition, no labelling was observed when: M110 was replaced by
another mouse mAb, purified from ascites fluid produced by a
n;gative clone ({.e. a hybridoma that did not produce antibo-

dieé that give a poalitive ELISA test using partially putifiqd

PRL~-R as antigen). Thirdly, no reaction was seen when M110 was
1ncupated in conjunction with an excess (lug/ml) of ovine PRL.
This reaction would thus appear to be a specific labelling of
the PRL-R, , ) ‘ -

In a parallel series of experiments, we used the same
ICC protocdl*on mammary explants from pseudopregmant rabbits.
This model has been used for many years for the biqchemical
study of the regulatiou of PRL-R levels, and is therefore fair-
ly well characterized. on the other hand, mammary tissue at
pseudopregnancy is obviously not as rich 1n PRL=R as that {in

lactation,
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Fig. 19 Intracellular labelling (endoplasmic reticulum region) of a sanple

of lactating rabbit mammary gland incubated with M110 and. FoaM-HRP,
Intracellular organelles are recognized. ‘2% P + 0.05% G fixation.
Uranyl acetate.colsterstain. Bar, 0.3 um,
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Fig. 20 Sharp intracellular labelling in what appears to be the ER réegion.
Numerous mitochondria are seen, but ribosomes cannot be distinguish-

ed. 2% P + 0.05% G fixation. Bar, 0.5 um.

@
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\
\ .
Fig. 21 Intracellular structure slightly stained (arrow) after incubation
with M110 and FoaM-HRP, in a region of rough membrane, in ptoximity
to the apex. 2% P + 0.05% G ‘fixation. Bar, 0.5 um.

'
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Fig. 22 shows a general view of an acinus in a control
explant (fusulin + cortisol) incubated with M110 and FpaM-HRP.'
The reaction 1is testrlqted to membrane invaginations on fibro-
blasts (one arrow) and the edge of acini, all along the basal
membrane (two a}rows), and even on myoepithellal cells (palr of
arrows to the right), Note that at this stage, the Golgl {s
poorly developed. As shown on Fig. 23, again, the labelling
waé very°sparse, Many vesf%les are seen close to the cell sur-
face wf . fibroblast.“ However, only one 1is heavily laQelledaf
It might jusdt be closing off, TFig. 24 shows another fibroblast
with collagen fibers actually protruding from it (upper right
corner). Im this case, a labelled'vesicle 1s seen farther from
the surface than previously, but serial sections were not per-
formed to Yerify_whegher this structure is 1In contact with the

-

outside.

Other explants were treated with chloroquiae, This
lysosomotrphicaagent was shown to result fin a 3-fold 1iuncrease
in PRL-R levels in cultured explants -(as determined By radio-
receptor assay), probably by protecting them from lysosomal
degradation (10). Labelling similar to that seen‘in control
explants wés ob;erved: on membrane invaglinatious or small vesi-
cles located near the surface, of fibroblasts (not shown) and
aiong phe basal mgﬁbrane of acini (Fig. 25 and 26),

! x

Fig. 25 shows morphological features that appear to be
characteristic of chloroquine~-treated Explants (arrows). These
rolled up structurés could be attributed to the lysosomal com-
paftment} their content being protected from digestion by the
action of chloroqﬁing (acid phosphatase localization was not
performed to 6efify this hypothesis). Fig. 26 shows a higher
magnification qf the periphefal labelling. ,Note the total

~ absence of reacfion product fnside the cell.
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N ? : - i"”
22 Explant of pseudopregnant rabbit mammary gland cultured in control
mediun” (insulin + cortisol) and redacted with M110 and .FpaM-HRP,
Note that the labelling is restricted to a membrane Invagination om
a fibroblast (arrow) and along the basal membrane (pairs of arrows),
at the exclusion of any intracellular labellimg. 2Z P + 2% G fixa-

tion, Bar, 3.0 um.

" il
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Fig. 23 Haighe::' maénification of the fibroblastic. labelling 1n a control
. psendopregnafit mammary explant like that shown on Fig.

22, Note
that the staining is ‘highly regionalized and locates solely in ome
of these vesicles, 2% P + 2Z G fixation, Bar, 0.3 um.

4.

.
[
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Fig. 24
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Another” sharply labelled invagination (or small vesicle near the
cbel,.l surface) on a fibroblast from the same sample as in Fig, 23.

Collagen fibers can be seen protruding from _the cell. 2X P +2% G
fixation. Bar, 0.3 um,
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General view of a pseudopregnant rabbit mammary explant cultured im
the presence of 1 ug/ml of chloroquine. Some new morphological fea—
tures (not seen in the control explants) are observed, as well as
fibroblastic {(mot shown) and basal staining comparable to that

observed in explants not cultured with chloroquine. 2% P + 2% G
fixation. Bar, 1.0 um. '
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Fig. 26 Hig"h :gagnification of a pseudopregnaant rabbit manimary explant treat-
ed with chloroquine, showing a reaction all along the basal membra-

ne, Note, however, the complete absence of intracellular label-
1ing, 22 P + 22 G fixation. Bar, 0.5 um.

.
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" 1In order to retain the best possible -morphology, these
explants were fixed with 22 P + 2Z G. The absence of intracel-
lular lahelling could have been due to membranes which, because
of the strong fixation, were too rlgid and did not permit the

reagents to diffuge inside, even in the presence of sapounin.

"Other experiments were thetefore performed with the less severe

fixation used with fresh lactating tissue (22 P + 0.05% G).

Under these conditions, not only did I faill co‘pbse:ve intra-
cellular localization of PRL-R, but also the positive reactions
on fibroblasts and basal membranes were absent (not shown). As
expected, the control’ moufe mAb yilelded no observable reac-
tion, ’ x !

' @
i

Other experiments were pefformed using differeant bhio-
logical materials (fresh mammary glandn from lactating rabbits
treated with CB-154, 1isolated maﬁmary epithefial cells from
both lactating and pseudopregnant ' rabblts) and with different
approaches (counting radioactivity‘ autoradiography and immuno-
fluofescence). These approaches éed their results are discuss~-

ed in the next sectlog,

e - - a  — T S



DISCUSSION ' .

o I8

Our early rvesults showed that an 4intact IgG molecule
cquld not beéused as a Qecond Ab for tﬁ;_immgnocytochemical lo~
calization of PRL-R in the mammary gland. This ~problem had
previously been met by other {nvestigators (15,31,33,41,51) who
overcame {t by preincubating the tissues with.a .heterologous
Ab. This is consistent with the concept that Fc }ecEptors are
present on the surface of mammary epithellal cells and is fur-
ther supported by the absence of non-specific reaction when a
F(ab)'y was used as second antibody. In fact, milk has been
shoun to coatain immunoglobuling that are not prodﬁced in the
mammary gland (44), Therefore, these Fc¢ receptors could be
physiologically relevant 4in that blood-bJFrne tmunoglobulins
would be taken up by the mammary epithelium (via 1nteract£on§éf

their Fc region with corresponding recepiors), éndocytosed and

. cast into the lumen, with other milk constituents.

The importancé of this observation 1s that {f this
hypothesls 18 correct, then no antigen can be studied in this
tissue using a total Ig molecule as second antibody. Theére
does not gseem to be a problem with the first antibody (an
excess of a heterologous Ig does not compete for M110 reactfon
aud a control mouse mAb gave nuno obsé;vable reaction), presum-
ably because a much lower concentration 1s used and. these re~- -
agents bind preferably (high affinity) to thelr specific
antigen,

The second obsgservation of practical importance i3 that
strong fixation never permitted intracellular labellifig. This
was shown ,for pseudopregoant .rabbit mammary gland explants
(Figs. 22-56), and similar experiments were performed with
fresh lactating rabbit mammary tissue with the same result,

that 1is, no labelling was observed either superficially or
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{ntracellularly at the electron microscopic level., It {s pos~

‘sible' that a strong fixation renders the membranes too rigid to

allow for the proper diffusion of the antibodies inside the

cells.

&

@

On the other hand, loss of antigenicity after fixation
is not uncommon and has been shown for a great number of anti-

gens (18,43). A variety of other fixatives (in particular

. non-aldehyde ones, 1ike Nakane's 1lysine periodate fixative)

should therefore be tried in' future experiments on thelPRL-R
localization. A fixation step, however, remains necessary 1in
order to retain ‘good morphological features and perdit fdenti-
fication of the ultrastructures. ‘

.Some surface labelling which would appear to be sgec!.f-
ic )for 110" (not seen with the control mAb) was obaerved’r how-
ever, 1in cultured. pseudopregnant tiasue, with the strong fixa-
tion used 1in this study. The structures wditli the strongest
label were membrane invaginations or small vesicles 1located
near the cell surface of fibroblasts. A positive reactlion was

‘also obgserved along the basal membrane, but not inside the

cells, Previt;us studies (23,39; see also Chapter 2) have gshown
that PRL-R are mainly 1located in 1ntraée11ula'r organelles,
especi;allj the Golgl complex, at least in the Iliver ‘and the
lactating mammary gland. It 1is, however, possible that during
pseudopregnancy, PRL receptors are located grincipally ’ﬁeriph-

. erally since the Golgl apparatus {s poorly developed and PRL is

not present in large co\ncentrations to stimulate receptor endo-~

c¢ytosis. N

The fact that peripheral 1labelling 18 restricted to
certain areas on fibroblast membranes contrasts with the local-
fzation on the epithelium which was all along the basal mem~
brane, These observations do not correlate‘ vith any physiolag-

fcdlly relevant model for PRL~R distribution. Also, no label-

e
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ling was observed in the lightly fixed explants (see Results)

.and standard binding procedures falled to show any 125[—M11Q

specific binding to cultured fibroblasts removed duriang pieudo—

pregnancy (not shown),.

\Nevertheless, the highly regionalized fibroblastie
labelling pattern does not se;m to represent mere non-specific
adhérence of the antibodies, especially since such a reaction
was not obspgrved with the cSntrol mAb. Other investigators
(18,26,35, 46

nize more than &7

recently reported that mAbs may sometimes recog-

éntigen. The immunofluorescence demonstra-
tion by Saegusa et al, (46) that mAbs to various hor@ones spe-
cifically label various structures Iin tissues where these anti-
gens are not present 1is particularly convincing. Since mAbs
ate‘thought to be specific with regard to their eplitope, it was
suggested that epitope sharing by various molecules may ‘explain’
such non-specific reactions. Hollmann et al., (18) and Shaw et
al. (49) actually demon;ttated the existence of such epitopes,
shared ﬁy two or more totally unrelated proteins. This could
possibly explain the unexpected labelling on fibroblasts ob-
served with M110 in this study. \\‘\~

‘ It would not’explain, however, that with the lighter
fixation, faint reactions were occasionnaly seen {n the ER
region (Figs. 19-21), but never in the Goléi complex, lysosomes
or lysosome—1ike vesicles, where PRL-R wvere shown to be present
using other methods (23,39 and Chapter 2), As mentioned earli-

er, it is possible that the site of the receptor molecule rec=-

-ognized by the mAb was ‘destroyed by fixatlon, with the nascent

receptor molecules 1n the ER reglion not being affected to the
gsame degree for some reason, On the other hand, evidence 1is
rapidly accumulating that a monoclonal antibody often recog-
nizes its specific epltope only under certain particular condi-
tions. For example, some mAbs were reported to recognize
phytochrome (6,36) or maize leaf nitrate reductase (5) either

o
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only in the native state or when denatured by SDS. 1In our case
too, M110 was found not to bind the denatured PRL-R (unpublish- \\\]
ed observation), Itlﬁas also shown that even a physiologi-
ca11§-re1ated transformation of an antigen, e.g. phosphoryla-
tiod of rhodopsin (32), transformatioan from inactive to sctive
forms of phytochrome (6,36) or binding of the activated ‘comple~
ment component 1 to plasma éallikrein (7) may affect fts bind-
ing by a mAb. This, h&uever, probably doesﬂnot account: for the
absence of labelling with M110 in the ﬁresgnt study, since M110
has Q demonstrated biological activity, hamely, inhibition of
PRL binding and of PRL-induced casein and DNA éynthesis in 1
rabbit mammary gland explaat cultﬁre (12), It should also be 1
underscored that very 1little labelling was observed ian the
present study, suggesting that the small number of PRL-R, even
in the alactatlng rabbit mammary gland (1200-2000 receptors/
cell, refs, 2a,5la), may be close to the detection 1limit of
this immunocytochemical approach. If this 1{s true, it would
"also imply that the absence a of reaction with the control
mouse mAb and with PRL competition does not definitely as&u*e

3

the specifiiity of this labelling.

V;rious other approaches were tried to visualize recep-
tors, These 1include ultrastructural autoradiography using
1251-q110 and, at the optical level, immunofluorescenc; using a
F(ab)', to mouse IgG and IgM labelled with fluorescein. In
both cases, the reaction was too light and/or the bhckgtoﬁnd
too high for positive localization. l

Both immunoperoxidase and augoradlographic expeéiments
were also performed oun lactating rabbit mammary glands from
animals treated with CB-154 and on isolated mammary epithelial
cells, The use. of these biological materials was theoreti-
cally Bromlsing: mammary glands from CB-l54~treated animals
représent the richest tissues for PRL-R known to this date and

the use of 1solated cells would rule out eventual problems"of
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penetration of the reagents within tissue fragments (the mamma-
ry gland has a very tight- matrix of connective tissue), De-
_spite those high egpectations, no~specific labelling could be

'seen in thege materfals yiqh'eithet approach,

Overall, there*is very little available information on :

'"" . ' the immunocytochemical localization of an antigen using mono-

" clonal antibodfes. It should be pointéd out that, as discussed
‘iaboveh the ‘use of mAbs ralses eoﬁe ney problems. Nevertheless,

it should noi be concluded that éhese reagenég are “unsuitable

for immunocytochemistry since several 1nvestigators have used

E ’ them successfully (2-4,17,19,24,25,27 29,37,38,40-42,45,47,48,
50,5{,52a-55). Among these studies, some (4,@1,523,55) vere

performed at the ultrastructural level.

In concluslion, it {is imgorfant to note that a high

reactivity of a mAb {n .an ELISA (the most commonly used screen-

o\ - ing test) or a binding {nhibition assay does not always corre-

-

late with good reactions in toto. Therefore, in addition to
Mvh}toua fixation procedures as discugssed above, other hybrids
»should 8lso be investigated when the immunocytochemical local-
ization of any given antigen is attempted, even ‘clones with

, lower ELISA réactivities. Eventual sharing oftgpecific epito-
pes by molecular entities omheg than the antigen for which lo- =
calizgtion 1suattemptéd should be verified. Finally, some of

- the problems discussed co&ld possibly be overcome by using a

mixture of several monmoclonal antibodies.
, P
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Implicit. to the ‘mechanism of receptor-mediated endocy-

tosis delineatdd 1in Chapter 1 13;\ the notion that ther&#must

exist pogls of intrace}lular rec%ptors. This work addressed
the prolactin receptor, its subcléllulgr localization and 1its
intracellular -path and fate -following binding of the hormone,
I also studied the fate of lthe prolfctin molecule itself.

The hypothesis that the process of endocytosis via
cog;é_d pits and endosomes involves delivery of the 1ligand to

lysosomes (for degradation) and recycling of the receptor to

pthe cell surface (for reuse) following segregation of the two

at an early stage; would suggest sbecific locations .for the
receptor [plasma membrane, endosomes, trams-Golgl a;xd the pro-
posed compartment for recycling (wh;ch could be the sanme as
that for exocytosis,‘ see ref. 43)] to the exclusiom of any

other (reviewed in refs. 40,41). ' '

’

Our observation that PRL-R are present in 1lysosomes
(Chapter 2) contrasts with this view. It is true that PRL
binding was au;all in mature ly/soaomes in control animals (Fig.
2)., The 7- to 8-fold increase {n chloroquine-treated animals
was ioterpreted as a direct protective.effect of the drug at
the lysosomal level but recently, acidic vesicles other than
lysosomes were shown to acccumulate sugh "lysosomotropic” weak
bases (35). Thus, 1t would be possible that the neutralization
of an acidic compartment distinct from lysosomes could be re-
sponsible for this increase, For eéxample, {f the sequence of
events proposed by Willingham and Pastan (Aq,lol) holds for the
prolactin system, .neutralization of endosomes [which were shown
to be. acidic (20,28,30,36)], would prevent the dissociation of

hombﬁe-receptor complexes and could alter further routing,

R Thus, one of tyo things may happen: either the receptor
follows the 1ligand in 1ts normal path, or the 1ligand follows
its receptor. The first case would explain the appearance of

- 9
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PRL-R 1in putative lysosomes (L-2 fraction, see Chapter 2) when
animals are treated with chloroquine.. The alternate view would
suggeat that binding activity observed in lysosonal fractions
is actually due to a contaminant found in these fractiouns, pos-
sibly the “unique™ vesicles described by Khan et .al. (27).

This nev compartment remains to be 1dentif1ed. On 'the
ground of thelir enzymacic contents and morphological feetutea,
we tentatively {dentified the L-1 frnction (not much affected
by chloroquine treatment of the aninals) as being related to
the lysosomal compartment ("prelysosomes”) and the L-2 fraction
(in which PRL-R are deamatically au‘f’gentgd by chloroquine) a3
being highly purified, putative seco;ldaty 1fsosomes. This,® and
the kinetics of im vivo uptake of 1251-0PRL in L-1 fraction
(see Fi1g. 4), would agree with the delivery of endocytosed
Iiga“nd to smail uniform lysosomes between 15 and 30 minutes
after internalization, as deséribed by Willingham and Pastan
(39). However, the lysoaom’al compartment 1a~;\morpholo'gically
héterogeneous and 1t wasa shown that vesicleq‘” not comntaining
acid hydrolases can easily be unistakenly identified as lyso-
somes using such criteria. (41). ’

Another pgssibility 1s that these vesicles represent
another co;upartnent involved in intracellular routieg of endo-
cytosed naterials. Because of the kinetics of imncorporation of
12571-oPRL within the L-1 fraction (makimum at 30 minutes post-
injection, Fig. 4), 1dentif1cation of these veaicles as endoso~

"mes can be r:uled out, Thus, these vesicles could tepresent the

recycling compartment for PRL-R. A major difficulty with this
hypothesis 1s the presence of the hormone in these f\:::ctlons,
because ligands are expected to "be destined for delivery to
lysosomes, A third possibility 1is that they might represent =a
class of vesicles responsible for the transfer of endocytosed
materials from the Golgi complex to lysosomes but this would
not be compatible with the view that lysosomes form directly
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from the coated pits of the GERL area, where lysosomal enzymes
and their receptors '(manuose—(:-phosphate receptors) were found
to accunmulate (32,42), In additiomn, if receptors are to be
recycled, they should not be f;»und in such structures. ‘

The real difficulty, then, 1s that PRL and PRL-R were
found to co-locate at a8 time wvhen the proposed model for
receptor-mediated endocytosis would predict dissociation and
segregation had already occured. Dunailf et al. (16) also found
PRL and 1{its r.:ecgptor to.always co—locate in rat ovary. Al-
though the model has 'been convincingly demonstrated by the

‘ groups of Willingham and Pastan and that of Geuze and Schwarte
t.o hold for s numbet of 1ligands, these include only few hor-
mon 8 or growth factors [insulin, ttiiodothyronine and epider-
/fgrowth factor (33) and glucagon (3)]; most of the other
examples are various plasma proteins such as agp—~macroglobulin
/and low density lipoprotein (33,37), immunoglobulins (2, 34),
/tranaferrin (—6,19,24), serun albumin (l1), asialoeglycoproteins
(38) and interferon (46) or lysosomal enzymes, toxins and vi-
ru;es (reviewed in ref., 33). Even ferritiau, which is a broadly
.o ,7‘. used mafker for electron mictoséopy, was observed to cluster
/ "within coated ,pits (7). On the {)ther hand, this was never
| observed for prolactin and one should consider the possibility
/ that this ligand does not fit the general model,

o
I The mdédel of Willingham and Pastan has been challenged
; on aspects other than whether endosomes are coated or not (this
: point has been discussed in Chapter 1). Some authors (7a,2la,
: 36a), for example have reported that endosomes fuse d\ireccly
with lysosomes. Ggrden et al., (2la) monitored l.nterualization
of 1251-1ggultn by electron microscopic autoradiography, and
found that it is {nitially bound to the plasma membrane and
subsequently associated with lysosomes, but they were unable to
show any labelling in Golgi elements, endoplasmic reticulum or
nuclef. A likely hypothesis to explain this 13 that they re-
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stricted their localization experiments only to samples exposed
to the tracer for 5, 30 or 60 minutes (7a), therefore omitting
the intermediate time point (15 min), when 1ligand accumulation
is maximal in the 'Goléi. It should also be remembered that the
model of 1internalization depicted in Chapter 1 is specific for
recebtor-mediated endo;:ytosi.s, at the exclusion of general pino-
cytosls or phagocytosis. In the work of van Deurs apd Nilausen
(36a) for example, internalization of cationized ferritin was
moni tered. This ligand does not have specific receptors but
binds to cell surface aniondc sites,. Accordingly, they devel-
oped a model 1involving a direct membrane shuttle between the

plasma membrane and the lysosomal compar tment.

Herman and Albertini (22a) directly monitored endosome
and lysosome movements by time-lapse video image intensification
microgcopy. In'these studies, they used labelled 1low—density
lipoprotein (LDL; a 1ligand that most authors agree follows, the
coated pit-endosome pathway), followed {ts entry via endocytic
vesicles, and 1dentified 1te end target to be lysosomes (as
stained\by acridine orange). The most striking result was that
‘the pattern of iabelled LDL movement is8 biphasic along 1its way
to lysosomes. In the first phase, the label undergoes cemtripe~
tal saltatory motion until, after 20lm1n, it aligns in a peri-
nuclear area. From there on, 1t moves more progressively
towards the center of the cell and finall'y locates 1in acridine

orange-positive vesicles,

L 4

It would be tempting to conclude on such grounds that
endosomes fuse with 1ysoeom;s. Sugh disagreement wit‘h the model
amply discussed above could, however, arise simply from the
formal definition of the term “endosome”, In this thesis, ny
discussion implied a functional definftion, " that.  is, I define
endosomes as vesicles generated at the cell surface and fnvolved
in the actual process of éﬁdocytoels (restricted, however, to
receptor—mediated phenomena; oatherwise, one should refer to

“»
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pinocytfc or phagocytic vacuoles). The change in the type of
motion observed by Herman and Albertini (22a) could represent a
change .i‘n vesficle type, such that during the second phase of
endocytosis, the labelled 11gand 1s no longer 1n endocytic vesi-
cles, but rather in an intermediate compartment with which endo-
somes would have fused. Both the time (20 min of exposure with
»the ligand) and the general region r"S’{zligmnenl': in a periduclear
area) where this occurs would agree with the general i{dea that

this target compartment i{s the Golgi complex. .

! Bergeron et al., (4a) have recently reported that thﬁs@
distinct types of endosomes exist. One class consists of heter~
ogeneocus and lysosome—1like wvesicles which accumulate chloroquine
by virtue of their low intraluminal pH. This description agrees
very wvell vith that of other groups (see Chapter 1 and refs,
therein). The other two classes consist firstrof small vesglicles
probably origimating from -or close to- the cell surface and
e possibly 1including coated vesicles, and secondly of 1larger
structures, oftell vesicular and not accumulating chloroquine,

" i

It 1is po‘saible that the 1dentification of these frac-
tions as endosomes arose from the nodified difference 1ia the
definltion of the endosomal compartment by these authors, They
‘identify as endosomes, "all of the intracellular non-lysosonal
‘components {nvolved im the uptake of exogenous substances into
cells”, This definition is less resatrictive than the functional
one mentiéned above, since 1t also includes the Golgl complex
or any other non-lysosomal compartment with which et;;iaocytic veg-

] fcles fuse. 1Indeed, in the original -articles to which they
refer (also reviewed in ref. 33a), they document 1insulin and
lactogen uptake in fractions termed "Golgi vesicles”™ which are
enriched in galactosyl transferase (GT) and incorporate labelled
ligands with a peak around =15 min. It should be underscored,

. however, that in the” above-mentioned paper (4a), these authors
describe a fraction highly enriched in GT (RSA=120) with a max-
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imun incorporation of 125I-{ngulfin at 5 min. after 1i,v. {njec~-
tion, which is totally no)uk

-

There sare some data wh:lchbsuggest that PRL-R are recy-
cled to the cell surface after internalization, such as the fact
that cycloheximide and actinomycin D only partially reverse the
PRL~induced maintenande of its receptors in our experiments (see
Figs. 9 and 10)., The subpopulation of receptors which is resis-
ts;xt to these drugs could be postulated to represent partial
recycling of receptors., However, and as discrussed £n'~Chapter 3,
the partial resistance to actinomycin D could also be explained
by the -demonstrated 1long half-life of the receptor mRNA (13).
Resistance of the PRL effect to 'cyclohexi'mide could be relate
to’ unmaasking of a pool of ci'yptic receptors, sin.ce such recep-
tors vere shown to be present and induced by estradiol im mouse
liver (4) (all our animals were primed with estradiol) anmd, mos t
importantly, to be ,regulgized by PRL {n mammary tumor cells

(10). 1In addition, 1in our hands, ‘lysosomes dppedar to be the .

final sfte of localization (Chapto:ger 2). L

1

Another fact suggesting the absence of PRL-R recycling

is their rapid down-regulation 1in hepatocytes incubated with .

large concentrations of prolactin (Fig. 8). Under tHese condi-
tions, receptor levels wvere already mi:ni.mai at the first time
point and stable until the end of the incubation, with no sign
of replenishment., This suggests that follojwihn’g ligand~induced
fnternalization, PRL-R are not reused, which 18 compatible with
the- view that they are\delivered to aund degraded within lyso-
somes, It is also consistent with the high molecular weight
form of PRL observed both after im vitro incubation with lyso~-
somal fractions (Fig. 7) and after in vivo uptake within these
organelles (not shown). This:high molecular weight material was
suggested to represent hormone-receptor complexes whi:ch appear

-

to have a tendency to dissociate in mature lysosomes (Fig. ‘7c)

but mot 1in prelysosomes (Fig. 7b), perhaps reflecting the pH

L3

€
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status of these vesicles. In any case, even firm Nemonstration
of PRL-R recycling would not necessarily fimply thit.the general
model : for receptor-mediated endocytosis is rele‘;ant to prolac-
tin and {tg receptor. i
. S

The 1lack of effect of colchicine and the mimicking
effect of the anti-receptor serum reported in Chapter 3 both
sdggeat that prblactin may not be required beyond 1its 1interac-
tion with the plasma membrane receptor for its action on PRL-R
regulation to be elitlzited.'# This raises the question as for a
role of internalization in hormonal action. As discussed by
\'Jillingham and f’astan (41), there i3 yet no evidence for such a
role of endocytosis in the mechanism of polypeptide hormone
action., It 1s possible that endocytosis actually serves only
for the clearance of circulating hormone (including delivery to
lysosomes) and regulation of cell surface receptors. On the
other hand, colchicine inhibits some é;:tions of PRL other than
recep tor regulation, such as casein and 'DNA synthesis in rabbit

mammary explants (23).

_Another interesting result is the relative stabliliza-
tion of the prolactin interaction with {ts intracellular recep-
tors as compared to the cell surface binding sites. This was
reported earlier by our group (26) and furtl!grfévldence is
presented in Chapter 2 when less 1257 -oPRL was MgClo-extract-
able from Golgli or lysosomal receptors than from plasma mem-
brane receptors (Fig. 5). Also, and as mentioned above aund iu
Chapter 3,: nondigsociable prolactin-receptor complexes, espe-
cially after 4internalization, could explain the rapid down-~-
i‘egulation of PRL~R obsetved in cultured rat hepatocytes (see
Fig. 8). Other investigators have reported covalent binding to
occur between insulin and 1its receptor (8,9) and si;nilar re-

sults were recently obtained for PRL binding. (45). This repre-

sents an additional argument for the view that PRL-R may not

recycle as some receptors have been shown to do (revlgwe'd ’fu
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refs. 21,22,40,41). On the other hand, there is some reported
evidence for insulin receptor recycling (18).

Prolactin receptor regulation appears to be quite com-
plex. 1Indeed, the mechaniswm of PRL message transduction across
the membane of target cells remains to be elucidated, as inves—-
tigators are still looking for an intracellullar mediator of
PRL actions,. The receptor moleculq itself is complex, with a
binding site consisting of at least two functionally distinct
loci: one for hormone recognition and binding and another for

the generation of the i{ntracellular signal.

This point 1is reinforced by the discrepancy between the
biological activities of.the various monoclonal antibodies to
the Einding site éf the PRL-R which were produced in our labo~-
ratory (l14). All three clonepg studied were able to occupy the
receptor, as assessed by their ability to 1nh1b1t PRL binding
(25), byt only one was capable of "activating”, leading to bio-
logical responses expected f;om the hormone (14). Also, there
i3 a difference in the extent of the action of cycioheximide on
PRL- or antireceptor serum-induced maintenance of receptor lev~-
els in cultured hepatocytes: this agent totally blocks the ac-
tion of the antiserum (Fig. 13) but only partially 1inhibits
that of prolactin (Fig. 9). Prolactin effects on receptor lev-
els were therefore interpreted to involve, in addition to stim-
ulation of de novo synthesis of receptor molecules, either re-
cycling of internalized receptors or, as previously discussed,
unnmasking of a cryptic pool of PRL-R. Thus, it can be suggest-
ed that the 'stimulation of the receptor by the antiserum turns
on only part of the PRL-induced mechanisms, which would also

point out the complexity of the transduction mechaunisnm,

As mentioned above, the physiological significance of
internalization or of intracellular receptors remains unclear.

Although a large proportion of PRL~R were shown to be intracel-.
~

1

K

e

ST L

ey it



= g bR s N o AR s T

187
)
lular (5), precise localization is still lacking because of the
indirect approaches used, namely tissue fractionation (5,27 and
Chapter 2) or morphological experiments using ‘the labelled
ligand (1,12,15,17,29,31,44). Clearly, a system was needed to

directly and precisely localize \the receptor.

. To our knowledge, therg¢ 1is o’nly one repoz'\; of PRL-R
visualization using an anti dy directed against the receptor
itself (16) aﬁd these experiments were carried out at the opti-
cal microscopic level, thus not permitting precise identifica-

tion of the compartments where these Eeceptors preflerentially
loéalize. Our attempts to localize this antigen at the elec-
tron microscopic level using monoclonal antidbodies to the re-
-ceptor are reported and thoroughly discussed in [Chapter 4.
This represents a novel method which still has to |be refined
before it can yield the expected results,

Work 1in this direction 18 s8till iIn progress wﬂich
should provide definite data on prolactin receptor localization
and newhlnaights in receptor movements and compartmentation in

various physiological or experimental conditions. |Ultimately,

these studies should help to better understand |the overall
. mechanism of prolactin actionis.
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CLAdIMS TOKORIGINAL RESEARCH

The following is a 1list of the novel observations and

findings which arose from the studies presented in this thesis,

5.

Identification and characterization of prolactin receptors

(PRL=R) 1in lysosomes of rat liver. (Figs. 2-4, Table 3).

Protective effect of chloroquine administration on lysosom-

al PRL-R. (Fig. 2) ‘ .

»
o

Differential kinetics of 1acorporation of 1251 -oPRL by
Golgi and lysosomal compartments of rat liver. (Fig. 4)
Identificatton of a subclass of small, 1light 1lysosomes
(prelysosomes) which also contain PRL~R and take up circu-
lating PRL. (Figs. 2-4, Table 3)

Differéntial strength 1; PRL binding with respect to ifatra-
cellular compartment. (Fig. 5). There had been a previous
report that PRL binds more firmly to rat liver micrdsomes
than to plasma membrane; hoﬁevery work on purified Golgi
4nd lysosomal or prelysosomal fractions is original. o

Intracellular transformation of PRL following uptake from
the circulation by the liver, and f{ncorporation into the
lysosomal compartment. (Figs. 5,6;JTab1e'4). -Likewise, in

vitro transformation of 1251-9PRL by lysosomal and prelyso-

somal fractions. (Fig. 7, Table 5)

Total maintenance of PRL-R levels by a direct action of
oPRL on cultured rat hepatocytes. (Fig. 8). Evidence :for
the involvement of de novo synthesis (especially
translation) of receptor molecules in this - action of PRL.
(Figs. 9,10).



N % ar e e DR e mewi s g v o v o

10.

11,

» . 196
Further evidence for heterogeneity between tissues, species
or mechanisms of the different actions of PRL: absence of
effect of colchicine on the PRL-induced regulation of PRL~-R
in rat hepatocytes (Section 3.1), in contrast to its previ-
ously reported counteracting effect on PRL stimulatlon‘of

casein synthesis in rabbit mammary gland.

Mimicking effect of PRL action by antibodies to PRL-R, 1in
the regulation of its receptors. <(Fig. 12). Sdch a mim-
icking effect had previouély been observed for PRL-induced
casein and DNA synthesis in rabbit mammary explants.

Close resemblance of the modulatory actions of various
pharmacological agents on PRL- and receptor antibody-
evoked maintenence of éRL-R. (Chapter 3).

5 E)

Fi;st.attempt to localize PRL-R at the ultrastructural lev=-
el; using a monoclonal antibody to the receptor. Identifi-
cation, along with several other authors, of some of the
specific problems which may arise from such experiments.
(Chapter 4). :



