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ABSTRACT

holactin (PRL) gene activity exhibits a high degree of cell specificity being

transcribed in the anterior pituitary lactotrope and the decidualized stromal cell of the

primate endometrium. The production of protein hormones by cells other than those of the

gland commonly associated with that hormone can provide unique insights into previously

unknown functions of various hormones. In an effort to identify expression of PRL or

PRL-like genes in other tissues and cell lines, PRL expression was discovered in the B-

lymphoblastoid cell line, M-9. Interestingly, this phenotype was found to be unique to the

cells in this laboratory and thus the PRl-producing line was designated IM-9-P. These

cells we¡e a variant subline of the classical IM-9 line as determined by HlA-typing, and

analysis of immunoglobulin gene rearangement. Irnmunophenotyping had indicated that

cell lines of the M-9-P clæs had undergone significant genotypic changes which may have

contributed to the ectopic activation of the PRL gene. The clonal IM-9-P3 line was found

to secrete 40-50ng PRl-/106cells24hr which was found to be indistinguishable from its

counterpart normally produced in the pituitary based on immunological reactivity,

bioactivity and electophoretic analysis. The PRL secreted by M-9-P cells did not act in an

autocrine fashion and therefore was not important for the growth and viability of these

cells.

IM-9-P3 PRL mRNA was approximately 150 nucleotides longer than its

pituitary counterpan but identical in size to the decidual PRL message. Sequencing of IM-

9-P and decidua PRL cDNAs demonstrated an identical elongated 5' untranslated region

(UTR). The IM-9-P/decidua PRL 5'UTR extended 41 nucleotides upstream of the normal

transcription sta¡t-site for pituitary hPRL. This was preceded by an additional unique

sequence of up to 93 bases which was not homologous to the published DNA sequence

found 5' to the pituitary hPRL cap site. This elongation of the 5' end was confirmed by

primer extension experiments and identical multiple start sites on the IM-9-P and decidua
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PRL gene were found which produced predominant 5'UTRs of 140-178 nucleotides.

Extensive genomic Southem blot hybridization analysis indicated that the M-9-P PRL gene

was intact and that the unique IM-9-P/decidua 5' UTR was localized as a new 5' non-

coding exon about 5.9kb upstream of the pituitary-specific cap site. It is likely that new

cis-acting elements and corresponding nuclear DNA-binding proteins function in the

vicinity of the new 5' non-coding exon 1a and thus constitute a novel mechanism

conferring decidual and lymphoblast PRL expression. Cell lines of the IM-9-P class

therefore represent a unique and easily manageable model system with which to compare

and contrast the molecular mechanism of ectopic PRL expression with that of the

lactrotrope and uterine decidual cell.
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INTRODUCTION

Preamble

The work presented in this thesis impinges on a variety of diverse subject

maners in cell biology and for the sake of coherence and lucidity a preliminary explanation

of the various introductory sections is necessary. The objective of the research presented

here was to characterize a human BJymphoblastoid cell line, IM-9-P3, that spontaneously

produced PRL. As a logical extension, the molecula¡ mechanism by which this event

occurred was investigated and compared to the molecular features of normal PRL

expression in the pituitary lactotrope and uterine decidual cell. It became evident that the

ectopically produced lymphoblast PRL transcript was identical to the message transcribed

in uterine decidual cells, thus the IM-9-P3 line constituted a convenient in virro cell system

to study decidual-specific PRL ranscription.

To properly prepare the ¡eader for the implications of these results, the

"Introduction" is composed of sections dealing with PRL physiology and secondly with

molecular mechanisms of eukaryotic cell-specific gene transcription. The "lntroduction"

begins with a brief overview of general PRL biology. This is followed by a more

extensive review of the cu¡rent literature on human decidual PRL which is appropriate in

view of the results presented here which show that IM-9-P3 PRL gene transcription is

similar to the decidual mode of transcription rather than mechanism of pituitary PRL

expression. A short section on ectopic hPRL secretion is included to place in perspective

the discovery that a human lympohoid cell line produces PRL inappropriately. Next a

description of the rapidly expanding field of hormone and immune system interaction

seemed pertinent given the fact that IM-9-P3 cells a¡e of B-cell origin and could reflect an

authentic ín yiyo function of leukocytes. In that section a review of the literatu¡e on



2

production of classical ho¡mones by cells of the immune system is featured as well as work

on the effect of lymphokines on pituitary function. This section would not be complete

without a discussion of the recently described putative immunomodulatory properties of

PRL.

The second half of the "lntroduction" deals with the molecular biology of cell-

specific expression since production of hPRL by M-9-P3 cells appears to be an example of

how the molecular constraints on cell-specificity have gone awry. Central to the discussion

of tissue-specificity is the identification of DNA elements which bind cell-specific

transcription factors. A brief introduction, rherefore, into the basal cis-acting DNA

elements of gene transcription is presented followed by examples of how altemative cis-

acting promoters and RNA splicing can facilitate cell-specific gene expression. The latter

subject is directly related to rhis thesis since IM-9-P3 and decidual PRL gene transcription

occur at identical locations far removed from the site of pituiury-specific PRL transcription

initiation. A brief description of how the structural conformation of ch¡omatin affects cell-

specific gene expression is included to complete this section. The last part of the

"Introduction" deals with the current knowledge of the molecular mecha¡isms of lactotrope

PRL gene ranscription in rat and human so as to provide a foundation for comparison to

the unique features of IM-9-P3/decidua-specific PRL gene expression presented in this

thesis.

I trust that these prefatory statements adequately explain the rationale behind the

various topics presented in the following "Introduction".

Prolactin: A Brief Overview

Fundamental to the definition of a mammal is the ability to provide nourishment

to its newbom young in the form of milk produced and released from a mammary gland.
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Clearly, from an evolutionary perspective such a biological function is critical to the

perpetuation of a mammalian qpecies and any biological factor essential to maintain lactation

must necessadly be considered indispensable in the wild. It is now well-established that

one of those mammotropic facto¡s is prolactin (PRL), the existence of which was fi¡st

implied by the work of Strike¡ and Greuter (1) in 1928 when they showed that crude

pituitary extracts initiated lactation in pseudopregnant female rabbits. The term prolactin,

however, was given to this pituitary lactogenic principle in 1932 by Riddle, Bates and

Dykshom (2,3) who were the fnst to demonstrate prolactin as an entity separate from that

of the growth and gonad stimulatory activities of the pituiøry (4). At that time the preferred

assay system involved the differentiation and proliferation of the crop sac mucosal

epithelium in pigeons and doves. The øop sac is an organ of food storage located between

the oral cavity and stomach of birds. The greatly thickened epithelium actually sloughs off

and is the primary constituent of "crop milk" used to feed the hatchlings. The assay simply

invoived weighing of crop sacs afte¡ bi¡ds had been injected intramuscularly once daily for

four days with the test material presumably containing PRL. The pigeon crop assay is still

used as one means of calibrating intemational standards of human PRL (hPRL ) (5). A

second assay employed by these investigators involved injection of pseudopregnant rabbits

or hysterectomized pregnant guinea pigs for a period of seven days. The condition of the

mammary gland was then subjectively assessed with regard to the amount of milk in the

glands. At that time the pigeon crop assay was considered more reliable and quantitative

than the mammary gland assay and became the method of choice.

The purification of PRL from the human pituitary was not accomplished until

the early 1970's, essentially simultaneously by two groups (6,7). One of the major

difficulties in obtaining a purified preparation of hPRL was contamination by the

structurally related and abundant pituitary growth hormone (GFI) at a time when the

prevailing view was that hGH functioned as the hPRL, This concept was reasonable as

primate GHs uniquely among vertebrates also possess lactogenic properties. Moreover,



4

because of the structu¡al similarity of hGH and hPRL and ttre greater abundance of hGH in

the pituitary, separation of the two horrnones proved elusive until a more discriminating

immunological technique was applied. The development of a ¡adioimmunoassay for

hPRL in 1971 (8) proved to be a pivotal breakttrough and catalyst for the subsequent

heightened interest in PRL biology and the hitherto unsuspecred clinical imponance of PRL

was soon established.

ln 1977 Shome and Parlow (9) reported the enthe amino acid sequence of

human PRL as a single polypeptide consisting of 198 amino acids. Then, in 1981, Cooke

and colleagues published the predicted amino acid sequence of hPRL as deduced from its

cloned complementary DNA (cDNA) sequence (10). They showed that the human pre-

prolactin molecule consists of 227 amino acids (25,880 M.W.) of which 28 amino acids

constitute the hydrophobic signal sequence required for sec¡etion into the lumen of the

endoplasmic reticulum. The conected sequence of the matu¡e peptide is 199 amino acids

long and presence of six half cysteines allows putative folding of the molecule into th¡ee

intra-molecular loops in series stabilized by the disulfide brridges.

In serum and from pituitary gland extracts hPRL occurs in th¡ee distinct forms,

namely the monomeric fom, "big" prolactin and "big-big" prolactin which appeared in

protein fractions after gel filuation corresponding ro a Ml of 45,000 and greater than

100,000 daltons, respectively (11,12). These larger forms of hPRL likely represent

polymers of the monomeric form which may or may not be associated with other unknown

proteins. The treatment of these aggregates of hPRL with reducing agents (ß-

mercapto€thanol) results in the ¡esolution of only monomeric PRL (13,14). Other va¡iants

of prolactin in human and rodent species have been described (15) and these not only

include the larger forms but also smaller immunoteactive peptides of Mr 21,000 (16) as

well as 16,000 and 8,000 M.W. (17). The physiological relevance of these smaller

va¡iants was put into question, however, by the recent discovery that they may arise via a

preparative artifact involving a non-specific acid protease cleavage of monomeric PRL
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(18). There is also evidence that rat PRL can be phosphory ?øteÅ invivo to a small degree

(19), the physiological significance of which has yet to be determined.

The best documented variant ofprolactin is a glycosylated form which is found

in ovine, porcine, rodent and human pituitary glands (20). Glycosylated ovine PRL was

the first to be cha¡acterized and was found to contain a carbohydrate unit at asparagine 31

liltked through an N-acetylglucosamine (21). The amino acid sequence of hPRL contains

the same potential glycosylation signal at asparagine 31 and is likely to contain the sugar

moiety at that position. Markoff and Lee (22) showed that in humans the predominant

form of PRL in serum is glycosylated and, interestingly, this post-translational

modification reduces the bioactivity of the hormone in various assays (23). To date no

particular physiological property has been ascribed to the glycosylated variant, although it

appears to diminish in concenration as p¡egnancy progresses (24).

It is well established that PRL is a member of a gene family which includes

growth hormone and placental lactogen (PL) or chorionic somatomammoropin (CS) (25).

These three hormones share considerable amino acid homology, on the orde¡ of 80Va for

hGH and hPL and more than 50Vo for hGH and hPRL when conservative amino acid

changes are included (10). It is believed that PRL and GH genes arose via a common

ancestral gene which diverged approximately ,100 million years ago to give the present day

GH and PRL lineages. In humans the placental lactogen genes, of which there are three,

exhibit very high nucleotide sequence homology (92Vo) with the GH genes and thus it is

postulated that the hPL genes a¡ose from one of the GH genes via an intrachromosomal

duplication event about 10 million years ago (10). Sequencing of placental lactogens from

other species such as ¡at (26) and cow (27) indicated that they were derived from the PRL

gene rather than from the GH gene. It would appe that primate PLs æe unique in that

they are slightly divergent duplicates of GH whereas sequence comparisons of all other

mammalian PLs studied thus far clearly suggest evolution from the PRL gene. Recently

there has been a large expansion of the PRL -GH gene family with the discovery of new
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members expressed in rat (28,29), mouse (30,31) and bovine (32,33) placenta. All of

these newly discovered genes are more highly related to PRL than GH. The mouse

placental members of this gene family are located on chromosome 13 with mouse PRL ,

whe¡eas mouse GH is located on chromosome 11 (34). The most intriguing feature of

these new placental PRL-like proteins is that none of the members a¡e conserved across

species. Each PRL-like protein appears unique and highly related to the other members

expressed in that species but are not conserved across species. It is clear that this is a

rapidly evolving gene family which has undergone divergent evolution. The function of

these proteins has yet to be elucidated and is no doubt the subject of intense investigation.

In the human genome the PRL gene is located on chromosome 6 (35). The

cDNA sequence as cloned from a human pituiøry adenoma library included the entire

protein coding region of 681 base pairs (bp), a 3' untranslated region of 148bp with an

accompanying poly(A) øil and just 3bp of 5' non-coding sequence (10). Truong and

colleagues (36) reported the structure and sequence of the hPRL gene; it spans 10 kilobase

pairs (kb) of DNA and consists of 5 exons split by 4 inuons. It is a single copy gene and

there is no evidence, to date, of a human PRL-like gene family as observed in othe¡

mammalian species.

Although PRL was discovered because of its mammotropic properries, it is also

found in many non-manìmalian species where its functions are diverse. Well over 100

actions have been attributed to prolactin in fish, amphibians, reptiles, birds and mammals

(37,38,20) which ¡elate to osmoregulatory and ectodermal effects, growth and

developmental actions as well as modulation of metabolic and reproductive functions. In

mammals the most established function of PRL is the promotion of mammary growth and

lactation in synergy with esrogen, progesterone, cortisol, and growth hormone. P¡olactin

is particularly important in the development of the lobulo-alveolar ductal system of the

rnammary gland and in lactation or ongoing milk production tfuough stimulation of the milk

protein genes, casein and whey acid p¡otein (39,40) as well as fat synthesis by the
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marnmary gland. In rodents the action of PRL on the ovary is well-documented, being

both luteoropic and luteolytic (37). In human ova¡ian cells, however, the data on PRL

action is conflicting (41) even though specific receptors for PRL have been documented in

the ovary (42). The function of PRL in male mammals is much less clear than in females.

In male rodents PRL receptors have been found in læydig cells and accessory sex glands

(43,44). PRL can promote the synthesis of testoste¡one (45) as well as the growth and

function of the rodent prostate (46). ln the human male the level of ci¡culating PRL is only

slightly lower than that of a non-pregnant, non-lactating female. Evidence for a di¡ect

effect of normal levels of PRL on male reproduction is lacking however. Perhaps the most

inriguing evidence implicating PRL in male reproduction is in the pathological state where

excessive PRL release from an anterior piruitary tumor is associated with a d¡amatic loss in

libido and potency which is accompanied by infertility (47). Although this would imply a

direct effect of PRL on the testes, investigators have shown that increased PRL levels

stimulate dopaminergic neu¡ons in the hypothalamus which in nrm supp¡ess gonadotropin

releasing homone (GnRI{) secretion contributing to infertility (48).

The muitiplicity of PRL actions is mediated through its cell surface receptor

which has been identified in more than 13 different tissues from rodents and rabbits by

classical binding studies (49), These results in some cases have been verified by the

identification of PRL receptor mRNA in prostate, testis, kidney, ovary, adrenal gland,

and mammary gland, and estrogen treated female liver (50). The int¡acellular second

messenger signalling system required to transduce the membrane receptorJigand binding

event into a physiological response is not lnown. The classical intracellula¡ messengers

such as calcium, cyclic nucleotides, prostaglandins, and metabolites of phosphatidyl

inositol have all been implicated but individually cannot completely mimic the effects of

PRL on the lactogenic process (51,52j. Now that the prolactin receptor cDNA has been

cloned, it is conceivable that the post-receptor signalling system can be more closely
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controlled ¡¿ vit¡o cell system with transfected teceptor and appropriate rcporter gene such

as úat for beta-casein.

Human Uterine Prolactin

The production of PRL in subprimate mammals is generally resfricted to

lactotropes of the anterior pituitary gland. Uniquely in humans and other primates, PRL is

also expressed in cellular components of the human uterus. Physicochemical and

biosynthetic data have established that PRL is produced in the myometrium (53), by

uterine fib¡oids (54) and by leiomyoma of the uterus (55). The most comprehensive data

existing for an extra-pituitary source of hPRL involve the endometrial layer of the uterus,

specifically its decidualized form. Before proceeding, a description of this reproductive

tissue is necessary.

Transformalíon of the endometríum leøding to decídualizatìon

The term decidua was introduced by William Hunter in 1774 (cited in 56) to

describe the lining or mucous membrane of the pregnant uterus. In general, the term

decidua has been used to describe material which can be shed, such as baby teeth or deer

antlers. With regard to the uterus, decidualization is the process whereby this organ

undergoes distinct morphological changes under the influence of ovarian steroids in

preparation for implantation of a fertilized ovum or blastocyst. The differenriation of

decidual celts is preceded by a series of cellular changes in the endometrium which are

repetitive and cyclic in nature (proliferation, differentiation and sloughing) and follow the

normal menstrual cycle. In the normal reproductive lifetime of a human female, the

menstn¡al cycle averages 28 days. The fi¡st 14 days, post-menstruation, are generally

refer¡ed to as the follicular or proliferative phase during which there is repair to rhe lining or
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endometrium of the uterus. The endometrium at the beginning of the follicular phase is

thin, there are few uterine glands which are sraight, with little lumen. As this phase

proceeds and ovarian estradiol secretion increases, the thickness of the endometrium

insreases th¡ee to five times. Both the stroma and the glands of the endometrium undergo

mitosis; the stroma which was initially compact b€gins to accumulate interstitial fluid (57-

59). The surface epithelium becomes columnar and the rapidly growing glands begin to

cu¡ve and eventually become tor ous a¡ound day 14. The sromal cells which appear

fibroblastic in nature change such that they have a high nucleus to cytoplasm ratio and are

generally described in many texts as essentially naked nuclei with scanty cytoplasm (57-

60). The length of this søge of the menstrual cycle can be highly variable and is dependent

on the development of the ova¡ian follicle.

In an ideal cycle, ovulation occurs on day 14 and the next 12-14 days of the

cycle are termed the luteal or secretory phase. After ovulation the rise in progesterone

levels from the corpus luteum causes further changes in the endometrium. The uterine

glands become increasingly tortuous and glycogen is accumulated in large vacuoles at the

base of each cell. As this phase progresses, these vacuoles move f¡om the base of the

glandular epithelial cells to the apex adjacent to ttre lumen of the glands resulting in a large

increase in glandular secretion which peaks on day 20. At the same time there is an

increase in stromal edema and the spiral a¡teries continue to elongate and assume a coiled

appearance (57-61). In a normal fenile cycle, blastocyst implantation usually occurs on

day 21,in the absence of this event the corpus luteum begins to slowly regress.

On day 23, a predecidualization stage is evident. This is described as a change

in the stromal cells from being small with dense nuclei and filamentous cytoplasm, to

epitheloid or polygonal in appearance with greatly enlarged and clear cytoplasm. The cells

are proliferating and found surrounding or cuffing the spiral arterioles. This change in the

stroma spreads rapidly tlrough the endometrium and by day 27 there is a continuous sheet

of decidual cells in the upper part of the stroma bneath the endometrial epithelium. At the
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ultrastructural level, the decidualization of stromal celis is easiiy distinguishable and

includes the accumulation of glycogen, enlarged nucleoli, and an increase in polyribosomes

and size of the rough endoplasmic reticulum as well as large Golgi apparatus (57,60).

When conception and implanution do not occu¡ the loss of estrogen and progesterone from

the regressing corpus luteum causes spasmic contractions of the spiral aneries. The

endometrial stromal cells disintegrate and interstitial hemorrhage occurs followed by

sloughing of the superficial endometrial cells as well æ glands along with blood at menses.

Should implantation of a blastocyst occur, the decidualization reaction continues

with the decidual cells becoming binucleate and polyploid (60). At the time of implantation

the endometrium has a thickness of 5-7mm with a su¡face area of about 1,000mm2 and

containing about 15,000 glands (56). The decidualization reaction spreads through the

upper two-thirds of the endometrium and this layer forms the zona compacta of the

functionalis which is that area of the decidua di¡ectly beneath the site of implantation. It is

dema¡cated by a lack of uterine glands and a high density of decidual cells. Beneath the

compacta is a highly glandular mucosal layer with minimal stroma termed the zona

spongiosa and beneath it is the zona basalis which exhibits no hypertrophy or edema. The

placenta, when shed at birth, contains maternal decidua and is thus termed deriduate. The

layer of the decidua overlying and separating the conceptus from the uterine lumen is the

decidua capsularis; it is most prominent around the second month of pregnancy consisting

of stromal cells covered by a single layer of flattened epithelium and no uterine glands.

During the first four months of pregnancy the conceptus is smaller than the uterine cavity

and the rest of the pregnant uterus is lined by the decidua parietalis. The decidua parietalis

and capsularis eventually fuse as the fetus grows to fill the uterine cavity, but by the 22nd

week of gestation the capsularis degenerates due to a ¡educed blood supply, leaving the

parietalis which thins to 1-2mm at full term (56,62,63). As fetal placentation occurs, it is

the decidua functionalis which is extensively inflltrated by trophoblastic cells in the form of
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villi leaving decidual tissue wedges called septa which divide the fetal placenta into 10-38

cotyledons (63).

The physiological significance or function of the decidua and its secretions has

yet to be determined. Many investigators believe that the secretory products are somehow

important in supporting the blastocyst prior to implantation. The decidua may act as a

buffer zone curtailing the invasion of fetal trophoblast. Some believe the degeneration of a

decidual layer may form the cleavage zone to facilitate separation f¡om the uten¡s at

partudtion. Others speculate that the decidua in some way protects the fetoplacental unit

from rejection by the matemal immune system (57).

Decìdual prolactín synthesís and regulalìon

Prolactin is expressed in the decidualized endometrium late in the luteal phase

and on through pregnancy should blastocyst implantation occur (64-66). Endometrial PRL

synthesis is detectable as early as day 22 of the menstrual cycle, which coincides with the

first histological signs of decidualization (67) but can be induced in preovulatory

proliferative endometrial explants and cell culture by progestelone (68-71).

Immunohistochemical studies have localized PRL to the secretory endometrium (72) and

parieøl decidual cells (73). /¿ sitø hybridization analysis of PRL gene expression in these

tissues has not been reported. This latter technique would provide conclusive evidence as

to the specific cell types in the uterus responsible for expression of PRL . The presence of

PRL mRNA in samples of decidua-chorion tissue was demonstrated by Nonhern blot

analysis using the hPRL cDNA as a probe (74). The only other demonstration of PRL

mRNA in human uterus was in RNA isolated from cultured secretory and proliferative

endometrial cells (70). Deciduat PRL cDNAs have been cloned and nucleotide sequencing

has confrmed that the protein is identical to that produced in the pituitary (75). Thus' it

was assumed that the decidual PRL mRNA was identical to its pituitary counterpan and

that the gene structure and transcdption of PRL was not different in these two tissues.
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The regulation of PRL synthesis and secretion by the decidualized endometrium

appears to be different from mechanisms which operate at the level of the pituitary

lactotrope. The classical modulators of pituitary PRL synthesis and release; thy'rotropin

releasing hormone (TRII¡, doparnine and estradiol have essentially no effect on deciduai

PRL secretion (76). As stated above, progesterone appears essential for nonfertile

endometrial PRL secretion. It is not known whether progesterone acts dircctly on the PRL

gene or indirectly by stimularing deciduat differentiation of which PRL gene activation is

an end result. The imponance of progesterone for the synthesis of uterine PRL has also

been demonstrated in non-human primates (77). In combination \rith estradiol and a

synthetic progestin, medroxyprogesterone acetate, the synthesis of PRL by nongestational

endometrial cells in culture was enhanced by relaxin (70). Insulin-like g¡owth factor I

(IGF-l) has also been shown to modestly stimulate the synthesis and release of PRL from

gestational decidual cells in culture after a 48 hour treatment (78). Handwerger and

colleagues (79,80) have shown that decidual PRL synthesis may be controlled by local

factors. A purifred 24,000 M.W. placental protein stimulates the release of prolactin from

decidual tissue i¿ vitro in a dose-dependent manner (79). The identity of this releasing

facror has not been reported. A polypeptide having a molecular weight of approximately

40,000 which is ¡eleased by decidual explants in vitro can inhibit the release of PRL by

such explants (80). Overall, few facto¡s regulating decidual PRL synthesis have been

cha¡acterized relative to the extensive knowledge of and multiplicity of factors controlling

pituitary PRL secretion primarily because there afe no easily manageable human

endometrial cell lines available which express the PRL gene. To date the only known

critical regulatory factor of decidual PRL synthesis remains progesterone'



13

Suggesteil functions of ilecíilual PRL

It is generally accepted that PRL synthesized by the decidua is transported into

the amniotic fluid (AF) of the fetal comparÍnent. Amniotic fluid PRL at ten weeks peaks

at levels (l-2pglrni) approximately 100-200 fold higher than that of matemal serum and

decreases during the latter half of pregnancy (o.spg/rnl). There is no significant conelation

between levels of AF PRL and those of the mate¡nal or fetal circulation throughout

gestation which suggests an alternative tissue source. This was supported by the work of

Josimovich e¡ ¿/ (81) who founcl that radiolabelled PRL injected into the maternal or fetal

ci¡culation of rhesus monkeys did not accumulate appreciably in the AF (<3Vo). That

endometrial decidua is the major sou¡ce of AF PRL became apparent when it was found

that AF PRL concentration continued to rise normally in pregnant women treated with

bromocriptine (82) or hypophysectomy (83) to alleviate pituitary hyperprolactinemia.

Moreover the hypophysectomy of pregna¡t thesus monkeys or death of lhe letus in utero

did not alter AF PRL levels (84). When a large volume of AF in pfegnant Rhesus

monkeys was replaced with saline, the pre-replacement levels of PRL were re-estabiished

within one to two hours. This could not be accounted for by matemal or fetal plasma PRL

levels (81). In addition, two g¡oups (85,86) showed that concentrations of PRL ¡eleased

from decidual tissue paralleled and were highly cor¡elative with AF PRL levels throughout

gestation srongly implying that decidua is the source of AF PRL '

The transport of PRL across human fetal membranes was demonstrated directly

in a device called an Ussing apparatus (87) in which two lucite chambers ale separated by a

piece of biological memb¡ane. Riddick and Maslar (88) found that 40Va of the detectable

pRL in deciduat tissue adherent to fetal membranes placed in an ussing appafatus was

transported across the amniochorion to the other chamber. This result was supported by

McCoshen et al (89) when they demonstrated that tfansport of PRL to the fetal side

requhed the presence of decidual tissue and that the decidua must be in contact with intact

fetal membrane consisting of amnion and chorion. conclusive evidence for the transport of
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decidualty synthesized PRL to the AF was elegantly shown by McCoshen a¡d Barc (90)'

Tritiated leucine was placed on the isolated matemal side of the amniochorion with adherent

decidua, the labelled amino acid was biosynthetically incorporated into PRL which was

then detectable on the fetal side of the membrane within four hours. Thus the

amniochorion facilitates the ransport of newly synthesized decidual PRL to the amniotic

compafûnenl These observations collectively and unequivocally indicated that the primary

source of PRL in the AF is produced locally in the decidualized endometrium surrounding

the fetal membranes in utero ,

The function of decidual PRL has yet to be elucidated although some have

speculated about possible roles (91). The human feus ín utero develops in an aquatic

environment floating freely in AF. It has been well established that PRL functions as an

osmoregulatory hormone in fish and amphibians; therefore, it was suggested by some

investigators that AF PRL may be serving a role in maintaining elecUolyte and fluid balance

of the AF. In order to perform such a function, PRL receptors must be present on the

amnion-chorion membrane. holactin receptors have been identifred on the chorion laeve

of the human placenta (88-90,92-94) and this has been confirmed recently by the detection

of PRL receptor mRNA in this tissue (95).

The fi¡st study to test the effect of PRL on AF homeostasis involved the

intraamniotic delivery of 1 or 10mg of ovine PRL to pregnant Rhesus monkeys (81).

Within two hours a 507o decrease in AF volume was detected; the volume being

ransferred to the maternal extracellular fluid. Moreover when the AF was replaced with a

hypertonic or hypotonic solution, ovine PRL was capable of preventing or reversing

environmental tonicity effects on the fetal extracellular fluid. Leontic and Tyson (96)'

using isolated human amnion placed between two lucite hemichambers, tested the

permeability of this memb¡ane afte¡ addition of ovine PRL, hGH or hPL to one chamber.

At a concentration of 10pg/rn1, ovine PRL caused a significant dec¡ease (657o) in the

permeability to tritiated water of the human amnion after a latent period of about 1.5 hous.
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This effect was specific for the fetal side of the membrane and hGH o¡ hPL had no effect

on permeability. The decreased permeability of the amniotic memb,¡ane in the presence of

PRL occurred tluough the PRL receptor since antiserum to the receptor blocked the effect

(97). ln later studies Tyson and co-workers (98,99) found that the reduction in

fetomatemal water flow due to decreased membrane permeability was dependent on the

membrane used i¡ the experiment. When inøct amniochorion was used instead of just

amnion, the action of ovine PRL was ¡estricted to the maternal side of the memb¡ane and

¡esulted in a reduced membrane permeability toward the fetal direction. The ¡esults of

these latter studies conflict with earlier conclusions, but utilization of an intact fetal

membrane more closely reflects the in yivo situation and these results therefore are more

likely to be physiologically relevanL

In this context, Healy and colleagues (94) have reponed a significant decrease

in the specific binding of hGH to chorion laeve lactogenic receptor from cases of chronic

idiopathic polyhydramnios. This is a condition whe¡e one of the symptoms is excessive

AF volume. The reduced ligand binding was due to a decrease in receptor number and they

postulated that this ¡eduction in receptor number could be a causal factor in the development

of ch¡onic polyhydramnios.

Clearly, the role of decidual PRL in gestation requires funher investigation.

Since dPRL is expressed only in humans and primates, prog¡ess in this field has been

slow owing to the obvious and significant ethical problems associated with the

exp erimental system.

Other extra-pituitary sources of prolaclÍn

Reports regarding the extra-pituitary synrhesis of PRL by organs other than the

uterus sporadically appear in the literature. Recently it has been suggested that PRL is

ubiquitously produced by normal connective tissue of the human body (100). These

investigators did not, however, measure directly the synthesis of PRL by fascial cells.
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The amount of PRL ¡eleased into the cultu¡e medium by fascial cells was inconsistent over

time and extremely low, on the order of 4nglrnl after seven days in culture medium

containing 20Va fetal bovine serum. Another repon claimed the identification of PRL

mRNA in porcine luteal cells using a 30 base oligonucleotide of human PRL cDNA

sequence as a probe in RNA dot blot hybridizations (101). Immunoc¡ochemical evidence

for the presence of PRL specifically in the luteal cells of human corpora lutea has also been

published (102). This form of identification does not, however, prove synthesis. A rathe¡

unusuai report by Roux and colleagues (103) suggested the presence of a PRL-like

substance in the cytoplasm of testicula¡ interstitial cells, Senoli cells and spennatocytes

using immunohistochemical techniques, however, they conclude that the primary result

was artifactual.

The brain has on several occasions been identified as a source of exm-pituitary

PRL, particularly the neurons of the hypothalamus. The majority of these reports rely on

immunohistochemical identification, the first of which (104) stated that PRL-like

immunoreactive material was still present one month after hypophysectomy. In the

majority of subsequent studies, immunohistochemistry remained the primary tool and it

was repeatedly suggested that the PRL immuno¡eactivity in the rat brain was of extra-

hypophyseal origin (105-107), since the content of brain PRL was not dependent on

pituitary or plasma concentrations penurbed in a variety of ways (i.e., hypophysectomy,

pregnancy, lactation). However, in a more recent report, Harlan and co-workers (108)

placed serious doubt as to the authenticity of these data. They discovered that the PRL

antiserum used in the majority of these immunohistochemical studies recognizes a number

of different proteins and that pre-absorption of the antiserum with the 16,000 M.W. N-

terminal fragment of proopiomelanocortin (POMC) eliminated the immunoreactivity. These

investigators had also previously reported the presence of PRL mRNA in the brain (109).

In their more recent work (108), however, it was stated that they have been unable to

detect prolactin mRNA in hypothalamic neuons using ín situ hybndtzation. Despite this
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conEadictory evidence, others (110) continue to repo¡t on the putative authenticity of rat

brain PRL. It is curious that since the first immunohistochemicai description n 1977 no

dbect evidence for the synthesis of PRL by the rat brain (i.e., meøbolic labelling) has been

reported. Hence the concept of rat brain PRL production remains unproven.

Ectopic Prolactin Production

The term ectopic hormone secretion is a phrase used clinically to describe a

situation where a hormone is synthesized by a neoplastic tissue whose normal progenitor

cells do not normally synthesize that hormone. The concept was fi¡st introduced by Liddle

and co-workers (111) in 1965 and has been found to apply to many polypeptide hormones.

Today the term "ectopic" must be used cautiously when describing the production of a

hormone by a cell type which had previously been thought not to be a normal physiological

source of that hormone. With the advent of the powerful and sensitive tools of

recombinant DNA technology, the boundaries delineating eutopic tissue-specific expression

of a particular hormone are continuously being redefined. This has been documented for a

numbe¡ of classical endocrine hormones, most notably for the POMC precursor of ACTII

(112,113) and its releasing factor CRF (114). Given the ever-expanding list of normal cell

types capable of synthesizing classical endocrine hormones, the definition of ectopic or

inappropriate hormone synthesis must be ¡e-evaluated. Howlett and Rees (115) in their

review of the subject make the appropriate suggestion that the term be applied to any

peptide in situations where a "recognizable clinical syndrome is apparent or even when

there is elaboration of hormones in the absence of clinical symptoms". The process of re-

defining ectopic hormone synthesis has been evolving since Baylin and Mendelsohn's

comprehensive review of the topic in 1980 (1 15- I 17). The abnormal expression or ectopic

production of hPRL associated with different tumours in humans is a rare event. Molitch
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and co.workers (l 18) assessed 215 patients with various neoplasms for hyperprolactinemia

and found fifteen patients with above normal levels of serum PRL . However, i¡ the

majority of these cases it was deduced that drugs or physical stress \üas the causal factor

for hyperprolactinemia" They concluded at that time that the¡e was no clear evidence for the

secretion of PRL by the tumou¡. Evidence fo¡ direct synthesis by these neoplasms was not

obtained. Only three other repons exist claiming the inappropriate production of PRL: by

bronchogenic carcinoma (119), renal cell ca¡cinoma (120) and gonadoblastoma (121). In

the latter case, although PRL synthesis was not demonstrated directly,

immunohistochemical analysis of the tumour revealed cell-type specific staining and a

significant PRL gradient between the venous drainage from the tumour and the peripheral

vein PRL concentrations.

With regard to established cell lines, Rosen and co-workers (122) reported the

detection of PRL by RIA in cell extracts when different human malignant cell lines (none of

piluitary origin) were studied. Actual synthesis of PRL by these cell lines was not

measu¡ed and secretion into the culture medium was not detectable. Moreover, they were

unable to confi¡m the identity of the immuno¡eactive mate¡ial as authentic PRL because the

quantity detected (0.l-O.SpmoVmg cell protein) was very small.

Ectopic expression of the srucrurally related GH gene is also a rare event and in

most reported cases the evidence was based on a fall in elevated circulating GH levels after

surgical removal of the neoplasm. GH immunoreactivity has been detected in extracts of

bronchogenic carcinoma and gastric adenocarcinomas, as well as cancen of the breast and

ovary Q23,124). In none of these cases was there any evidence of biosynthesis shown.

In one patient Greenberg et al (125) demonstrated secretion of GH from a lung carcinoma

ín vitro. The ectopic production of the other member of this gene family, hPL, is

somewhat more convincingly demonstrated since normally it is exclusively a fetoplacental

product. Immunoreactive PL has been detected in the serum of patients of both genders

having a variety of rophoblastic and non-trophoblastic malignancies (12GL28).
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It is clear from the literature that inappropriate gene activation of the PRL-GH

gene family does not occur with great ftequency ot is a rare evenl A priori, there is no

obvious reason why ectopic PRL , GH o¡ PL should occu¡ less frequently than fo¡ instance

that of the beta-subunit of human chorionic gonadotropin; the explanaúon potentially lies in

the mechanistic constraints of celi-specific gene activation.

Hormones and the Immune System

Since this thesis deals in pan with the production of PRL by a lymphoblastoid

cell line, a discussion of the cu¡rent literature regarding homtones and the immune system

is appropriate. Recently this concept has gained credence with the emergence of data

suggesting that cells of the immune system may potentially synthesize what were

previously believed to be classical pituitary derived horrnones. One of the most prominent

laboratories in this field is that of Edwin Blalock and colleagues. These investigators have

reported that human and rodent peripheral blood lymphocytes are capable of synthesizing

ACTII (129), thyrotropin CISÐ (130), chorionic gonadotropin (CG) (131) and GH (132)

when stimulated by various antigens or mitogens. Of these reports only one case, that of

lymphocyte ACTH production has been substantiated by other laboratories. OaÍes et al

(113) provided definitive evidence for the presence of POMC transcripts in EBV-

tansformed B-lymphocyte cell lines and tonsillar B-cells by RNA blot hybridization

analysis. Buzzetti and co-workers ( 133) confrmed these results and went on to prove that

the POMC transcripts were translated into a post-translationally processed polypeptide

elaborating ACTH. In an ea¡lier dissenting report, however, Lacaze-Masmonteil and

colleagues (134) had shown that the POMC transcript in non-pituitary tissues, including the

thymus, was truncated and could not code for a mature ACTH peptide. These uanscripts

were sized at 800 bases, simila¡ in size to those seen in the repons (113,133) described
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above. The norrnal POMC Eanscript is 1200 nucleotides in length. Thus even though

POMC gene activity has been documented in cells of lymphoid origin, it remains

questionable whether these transcripts give rise to a biologically active ACTH-like

molecule. A simila¡ situation has been described for vasopressin mRNA in bovine corpus

luteum (135).

There a¡e relatively few other examples of lymphoid cells producing peptide

hormones or opioids. The expression of preproenkephalin mRNA in activated mouse T-

helper cell lines has been documented (136). Vasoactive intestinal peptide (VIP) can be

synthesized by rat basophilic leukemia cells; it has been purifred and subjected to amino

acid sequencing which revealed structural variants of the VIP normally found in

neuroendocrine tissues (137). The existence of oxytocin and its carrier, neurophysin,

have been documented in human thymus by HPLC analysis and biological assay at

concentrations well above those found in the circulation, thus implying local synthesis. In

a recent review (138), Blalock claimed that lymphoid cells were also capable of producing

growth hormone-releasing factor (GRF) as well as gonadotropin-releasing hormone

(GnRH), although no data was presented to confi¡m those claims. According to Blalock,

cells of the immune system are mini-circulating hypothalamo-pituitary glands. It should be

emphasized, however, that Blalock's results have not been corrobo¡ated in the literaure

and the passive acquisition by lymphocytes from the circulating pool of peptides remains a

possibility.

On the other hand, it has been recognized that interleukin cytokines can be

produced by endocrine glands. A variety of biological effects have been attributed to

interleukin-6 (tL-6) including stimulation of B-cell growth and differentiation, stimulation

of T-cells as well as acute phase protein production. Two groups (139,140) have indicated

that cells of the anterior pituitary in vitro can synthesize IL-6; the latter demonstrated by

biological assay. It would appear that the cells responsible for the ll.-6like bioactivity are

the folliculo-stellate cells which are macrophage-like and form pan of the matrix of the
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pituitary in which the classical hormone-secreting cells are embedded (140). Breder and

colleagues (141), by immunohistochemical means, demonstrated an Il-l-like substance in

the neural elements of the hypothalamus. It should be noted that the synthesis of these

interleukins by cells other than those of the immune system is not surprising as it has been

shown that inte¡leukins can be produced by fib'roblasts (142) and endothelial cells (143).

To date the most srongly documented inte¡action between the neuroendocrine

and immune axes has involved the effect of IL-l on the release of ACTH from pituitary

corticotropes. This effect was fust shown using the pituitary tumour cell line AtT-20

(144). This finding would appear to have been supporred by the work of Bes eÅovsky et al

(145) when they showed that circulating levels of ACTTI could be increased 4- to S-fold

two hou¡s after mice were injected with recombinant human IL-1. However, more ¡ecent

studies from th¡ee different laboratories indicated that IL-l could increase ACTH release

from pituitary corticotropes but in an indi¡ect manner via stimulation of CRF release from

the hypothalamus (146148). The di¡ect site of action of ILl in the hypothalarno-pituitary-

adrenal axis remains controversial with the report of Bemton et al (149) and Fukata ¿¡ ¿i

(150) who have provided di¡ect independent evidence for the stimulation by IL-l of ACTH

secretion fum primary pituitary cell monolayers in the first case and AtT-20 tumou¡ cells in

the latter study. Thus the evidence for a bidirectional communication between

immunomodulatory peptides and classical endocrine facto¡s is conclusive. The precise

natu¡e of this interplay has not been universally confi¡med although the preponderance of

evidence appears to suppon a central mechanism utilizing the hypothalamus as the

Eansducer of the peptide signal from the immune system.

A number of reports have also implicated IL- I as a regulator of steroidogenic

function in mammalian cells in culture. Several reports have indicated that IL-1 can

suppress luteal function. This occurs by down-regulating luteinizing hormone (LH)

Íeceptors in granulosa cells as well as reducing the synthesis of progesterone by these cells

under basal conditions and also after stimulated by LH (151-154). IL-l has a biphasic
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effect on sex-steroid p¡oduction by culnred læydig cells being initially stimulatory and then

inhibitory after a six to eight hour latent period (155,156). While it appears that IL-l is a

major mediator of the putative functional link between immune and endocrine syslems,

more work is required to determine whether interleukins exert a physiological role in

regulating sexual activity or stress ¡esponses typically mediated by classical endoc¡ine

factors.

Prolactìn and the ímmune system

It is only in recent yea¡s that PRL 's role as a putative immunomodulatory factor

has become a subject of popular interest. In general the earlier studies on PRL regulation

of i¡nmune system function utilized supraphysiological doses of PRL in order to obtain a

response. For instance, Harris and colleagues (157) found that a significant decrease in

human lymphocyte chemotaxis could be observed only at PRL concentrations greater than

1000ng/ml. Only pharmacological doses of PRL (i.e., 75nglrnl) were found by Karma-li e¡

a/ (158) to reduce the mitogenic response of lymphocytes to lectin stimulation. The

specificty of PRL action in such studies seems questionable because at such high

concentrations contaminants i¡ the PRL preparation may have played an integral role in the

measured response. This is especially relevant now that IL-ó and possibly others of rhis

group of immune regulators have been found to be actually synthesized by the pituitary.

The wo¡k of Berczi and colleagues (159) made clea¡ the importance of the

pituitary in normal immune function in rodents. In hypophysectomized ¡ats, these

resea¡chers found that the immune response to various challenges (i.e., sheep ¡ed blood

cells or lipopolysaccharide) was significantly suppressed and this could be reversed in large

part by pituitary grafts. Giving back PRL had the same effect which clearly implicated

PRL as a trophic factor of the immune system. In a later publication Nagy, Berczi and

Friesen (160) presented d¡amatic evidence that either GH, PRL or hPL when given

individually were capable of restoring the hypophysectomized rodent antibody response to
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sheep red cell challenge. Although provocative the authors were cautious about suggesting

that the results meant that these lactogenic hormones were acting directly on lymphoid cells

through specific receptors. They concluded that it was more likely that pRL and GH

effects on immunocompetence occurred through some intermediate factors. At that time

there was no good evidence for the presence of GH or PRL receptors on nonnal cells of

the immune system. Additional evidence for a stimulatory ¡ole for PRL on the immune

system was presented by Berczi and co-workers (161) when they showed that low doses

of PRL (z0¡tglday) could reinstate the inflammâtory reaction to painting

dinitrochlorobenzene onto the backs of rats. In hypophysectomized rats, the contact

dermatitis reaction was absent. ln a recent report Kelley and colleagues (162) were able to

reverse the normal atrophy of the thymus in aging rats as well as T-cell function by

implantation of GH3 pituitary tumour cells for 2 months. These researchers suggested that

the principal secretory products of these cells, PRL and GH, may have a direct stimulatory

effect on the thymocyte population. However GH3 cells secrete a number of diffe¡ent

products some of which may be stimulatory to the thymic gland. Moreover, no data

regarding PRL and GH levels in the tumour cell-implanted rats rras given. It is
conceivable that dudng the two month treaEnent period the GH3 tumouß acquired new

secretory cha¡acteristics compatible with restoring thymic activity to old rats. This study

was not sufficiently specific in its design to allow critical conclusions regarding the effects

of GH and PRL on thymic aging to be formulated.

In 1984 Russell proposed that the immunosuppressive agent, cyclosporin, used

extensively to minimize human organ transplant rejection, competed for pRL binding sites

on human lymphocytes (163,164). It was reported that human peripheral blood

mononuclear cells contain approximately 360 high affinity PRL receptors/cell. This

concept r,vas promoted by Hiestand et al (165) who went on to present unconvincing

evidence for the expression of a PRLlike gene in splenic lymphocytes after antigenic

stimulation. The size of the putative PRLlike mRNA was mo¡e than 10kb and more likely
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represented genomic DNA contamination of lymphocyte RNA preparations. Nevertheless,

Russell's group (166) attempted to characterize this putative PRL-lile gene product in

murine peripheral lymphocytes. Hiestand et al (L65) had proposed that stimulared

lymphocytes might produce an autocrine PRL-like facto¡ which could then begin a

stimulatory cæcade on neighbouring lymphoc¡es in an artempt to explain why, when pRL

is reduced to an almost undetectable level, the T-cell mediated immune response is still

completely functional. Russell's group (166) utilized the rat Nb2 lymphoma mitogenic

assay as a method for the detection of a PRLlike molecule in the supernatant of

Concanavalin-A (Con-A) stimulated murine splenocytes. After 48 and 72 hours of

stimulation, supernatânts contained Nb2 lymphoma rnitogenic activity which was as much

as two-fold greater than that produced by a maximum mitogenic dose of rat pRL. In

immunoneutralization experiments of this novel PRLlike activity, rather peculiar results

were obtained. The PRL antiserum (obtained from the MADDK) decreased the mitogenic

effect of ttre Con-A stimulated splenocytes supernatant 507¿ better than the antigen (pRL)

to which it was originally raised. Moreover this antiserum, when applied to Con-A, pRL

or alloantigen stimulated splenoc¡es, caused a severe reduction in splenocyte prolife¡ation.

Russell e¡ ¿/ interpreted these results as indicating the production of a PRL-like molecule

essential for all forms of lymphocyte proliferation. The equally plausible explanation of a

non-specific toxic effect of the antibody on splenocytes or Nb2 cells was not considered

nor \ryere appropriate controls to rule out such a possibility included. It is also noteworthy

that the classical method of obtaining large amounts of interleukin-2 is by Con-A

stimulation of splenocytes. Interleukin-2 is a potenr mitogen of Nb2 cells ( 167). Thus the

results of Russell and colleagues could be due entirely to the production of interleukin-2.

The interaction of cyclosporin with putative PRL receptors on lymphocytes

was challenged by Varma and Ebner using the Nb2 cell line (168,169), the only lymphoid

cell line known to contain an abundance of PRL receptors and which is exquisitely

sensitive 1o lactogens for mitogenesis. These investigators found that cyclosporin could
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indeed inhibit PRL stimulated Nb2 cell proliferation; however, cyclosporin and PRL

clearly did not compete for a common binding site on Nb2 cells (170). Cyclosporin acts to

supp¡ess lymphocyte proliferation at a site downstream of the ligand binding event at the

cell surface. The lack of interaction between PRL and cyclosporin on the PRL ¡eceptor

was also demonstrated using rabbit mammaly gland preparations which contain 
"vell

characterized PRL receptors (171).

Recently the cellular receptor to which cyclosporin binds' cyclophilin' has been

purified and its sequence determined (172). It is a highly abundant, ubiquitously

distributed peptidyl-prolyl c¡,r-trans isomerase whose activity is inhibited by the binding of

cyclosporin (173). In yeast and Neurospora crassa, the cytotoxic effects of cyclosporin are

mediated by cyclophilin (174). It has been postulated that cyclophilin, an enzyme which

facilitates folding during protein synthesis, may be a fundamental component of various

inracellular signal transduction processes. Hence the inhibitory activity of cyclosporin on

Nb2 cell proliferation induced by PRL may be somewhere in the pathway from the ligand

binding event at the membrane to the replication signal in the nucleus.

A ¡ole for PRL in directly regulating the immune system as suggested by

Russell e¡ ¿/ necessarily implies the presence of high-affinity, saturable receptors on the

surface of immune cells. Russell's data on lymphocyte PRL receptors has been

corroborated by one group who even detected PRL receptors on human erythrocytes at

0.247o of total rudiolabelled PRL added to 2x106 cells (175). Others have been unable to

find PRL receptors on quiescent or stimulated rodent splenocytes (176). In addition' PRL

receptor mRNA was not detected in poly(A+) mRNA isolated from rat spleen or thymus

(e5).

Thus, the existence of lymphocyte PRL receptors has not been universally

conf¡med; nevertheless, data continues to sporadically accumulate implicating PRL as an

immunoregulatory factor (177 -179). Of these reports the most provocative 'flas that of

Bernton et al (177). They tested the effect of significantly lowering PRL levels with
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bromocryptine in mice and analyzed macrophage tumouricidal activity, lymphocyte

proliferative responses to T- and B-cell mitogens as well as the production of macrophage

activating factors by T-cells. In general brromocryptine had a significant suppressive effect

on the immune system which could be ¡eversed by adminisEation of PRL . Bemton's

work concurs with the ea¡lier studies of Berczi and colleagues (159-161) and provides

credible i¿ vivo data supporting a rophic effect for PRL on the immune system.

All of the studies ¡eviewed thus fa¡ have dealt with establishing PRL as an

immunomodulatory factor. A reciprocal effect of the immune system on PRL ¡elease from

the pituiury has received little attention. A lone repon has documented that IL-6, which

can be released by the anterior pituitary gland, is capable of stimulating the release of PRL ,

GH a¡d LH from pituitary cells in culture at picomola¡ concenrrarions ( I 80) . The presence

of IL-6 receptors on cells of the anterior pituitary has not yet been determined. Certainly

these ¡esults create an intriguing scena¡io where IL-6 secreted by folliculo-stellate cells of

the pituitary could act in a paracrine fashion to modulate the release of pituitary hormones.

Common Mechanisms of Eukaryotic Cell-Specific Gene Transcriptions

Cís- anil trans-actíng elements

It is generally accepted that the temporal activation of specifîc genes is an

obligatory step which di¡ects the primary level of cellula¡ organization. This process is

manifested as the differentiation of cells into specific types to constitute a tissue of

particulâr function and which in turn develop into an organ component of a physiological

system. An identical complement of genes is found in every cell but each differentiated cell

synthesizes a different set of specialized proteins along with the essential "housekeeping"

gene products (181). This line of developmental progression obviously requires precise
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molecular rcgulatory mechanisms to ensure the switching on or off of the transcription of a

specific complement of genes which results in the phenotypic identity of that cell.

ln recent years there has been an explosion of information regarding the role of

sequence-specific DNA binding proteins in the selective activation of genes in a temporal or

cell-specific mannei. Much of our present knowledge about the transcriptional regulation

of genes in higher eukaryotes has been elucidated from studying the biochemical response

of target cells to steroid hormones. Steroid hormones and other inte¡- and intracellular

messengers exert their conrolling influence over the physiology of a cell primarily by

altering the various steps of RNA metabolism. It is now well established that the first step

in RNA biogenesis can be controlled by these messengers via short DNA sequences called

promoteß and enhancers located primarily 5' to the transcription sta¡t-site of a particular

gene (182-186). These sequences act as recognition sites for binding of proteins which can

then interact with RNA polymerase tr to initiate and modulate the activity of ttre enzyme on

the gene.

The primary or basal promoter region in the vast majority of mammalian genes

studied thus far is located within l00bp of the transcription initiation site and is composed

of at least two easily recognizable motifs. The frst conserved sequence being TATAAG

called the "Hogness" or "TATA" box is usually located about 30bp upsream of the RNA

start site. When this sequence is deleted or mutated a decrease or obliteration of

ranscription initiation occurs (182,186,187), as well as a loss of the fîxed physiological

transcription start site (188-189). It is to this core sequence that general transcription

factors bind in an o¡dered manner to interact with RNA polymerase II and form the

"preinitiation complex". The factor which binds to rhe TATAA core sequence,

transcription factor (TF) trD hasjust recently b€en purified to homogeneity and its cDNA

cloned f¡om yeast (190). TFIID is but one of a number of protein factors designated

TFIIA, TFIIB, TFIIEÆ which interact in a coo¡dinated fashion on the core promoters

centred on the TATA box sequence. These components of the class II transcriptional
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machi¡ery have been semipurified and used in cell-f¡ee systerìs to reronstitute ranscription

initiation. This was done on a defined template in order to determine the sequence of

binding or interactive events which result in a commited transcriptional complex with RNA

polymerase tr (191-193). Buratowski and colleagues resolved seven distinct complexes in

the pathway to the formation of a competent transcriptional apparatus. The binding of

TFIID to the TATA element is the first step in the pathway. This ¡esults in the formation of

a stable so-called "co¡nmitted" complex (194,195) since TFTID will not dissociate readily

from the promoter when challenged with competitor DNA or even nucleosomes (196).

The other highly conserved sequence in the basal promoter is GGþCCAATCT

commonly referred to as the "CCAAT box". Deletion analysis of this sequence indicated

that it functions primarily to set the basal level of transcription (182). The CCAAT

recognition motif is not recognized by a single ubiquitous factor, rattrer there is a family of

CCAAT transcription facton (CTF) which have been isolated and some membe¡s cloned

(197-199). These structu¡ally related CTFs arise by alternative splicing of a single gene.

Numerous other reports have suggested that there exists a very large group of distinct

DNA-binding proteins which recognize the CCAAT motif (197 and refs. therein) such as

CÆBP (200). By cDNA cloning, however, CÆBP bears no homology to the CTFs

isolated by R. Tjian's group. Chodosh et al (199) postulated from the mixing of

chromatographic fractions containing DNA-binding activity, that the CTFs are multime¡ic

complexes composed of heterologous polypeptides thus generating a high degree of

diversity and potential gene-specificity of binding. The specificity of the various CCAAT

binding proteins on different genes is contove¡sial, but there is no doubt a large family of

these proteins which recognize the CCAAT core sequence in the basal promoter of most

mammalian genes.

A growing number of genes have been described as lacking the hallma¡ks of a

basal promoter region (i.e., TATA and CCAAT boxes) immediateiy upstream of the RNA

stan site. Examples of such "TATA-less" transcription units includes the gene for
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transfonning $owth factor-beta (201), human interstitiat retinoid-binding protein (202)'

human c-fms (203), mwine lck protein tyrosine kinase (204), human sex hormone-binding

globulin (205), human nerve gtowth factor receptor (206)' murine thy-1.2 glycoprotein

(207), hCG-ß subunit (208), rat acyl-CoA oxidase (209), human CD3-gamma and sigma

chains (210) and references cited therein. Some of these genes contain another

recognizable binding motif close to the transcription sta¡t site called the GC box

(GGGGCGGGGG) which was originally described in the 72bp repeat of simian vi¡us 40

promoter region (211). The GC box binds the glutamine-rich transcriptional activator,

Sp1, which has been purified and cloned (212). Genes lacking a TATA and CCAAT

boxes but having a number of GC boxes can be generally divided into two groups. One

category consists of genes with constitutive Gc-rich promoters expressed in a wide variety

of tissues which encode proteins that perform housekeeping functions (e.g.' 209);

typically these genes have multiple Spl binding sites and Eanscription initiation sites. The

other group of genes lack any recognizable DNA binding motifs immediately upstream of

the transcription stan site. These genes are typically not constitutively expressed, usually

code for proteins involved in cell growth or differentiation (e.9.,204,213)' and often have

one o¡ a few tightly clustered transcription start sites. These categorizations a¡e not without

exceptions (20L,206). Anempts to characrerize the basal promoter elements of genes

lacking the conventional binding sites have met with little success. Recently Smale and

Baltimore (214) have localized the basal promoter of the mouse terminal

deoxyribonucleotide transferase (TdT) gene to a 17bp region which includes the

Eanscription start site. The acúvity of this basal promoter could be enhanced by the

upstream insertion of a TATA box or Spl binding sites in a srictly position dependent

manner (i.e., TATA box about 30bp and sp1, 40-50bp from the start site). This initiator

basal promoter sequence has not been found universally distributed in mammalian genes;

however, its discovery may help to re-shape our notion of a basal promoter.
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The set of DNA sequences which increase the rate of transcription are termed

enhancers. Unlike the promoter elements described above, enhancers have the unique

property of amplifying transcription from promoters in a position and orientation

independent manner. The¡e a¡e basically rwo rypes of enhancers; those which confer

temporal and/or cell-specific expression (215,2L6) and those that a¡e inducible such as the

cAMP response element (217) and the steroid hormone receptor binding elements (183).

In recent years this has been an extemely active a¡ea of research with cis-acting enhancers

and the corresponding frans-activating proteins having been cha¡acterized for a large

number of genes (218). As stated above enhance¡s can be located almost anywhere relative

to the RNA stan site. Enhancers, which act over very large distances such as the cell-

specific element of the T-cell receptor alpha-locus which exerts its influence over 69kb

(219), can be present in the 3'flanking DNA of a Eene (220-222). Moreover enhancers

and promoters can be located within intonic regions of a gene (223,224) which is not

surprising since for some genes the tenns intron and exon are ambiguous and the same

segment of DNA can function as one or the other. This applies to genes with multiple

nanscripts initiating from heterogeneous points where an intron could potentially contain

promoter and enhancer elements. In emtryonal carcinoma cells the platelet-derived growth

factor receptor mRNA initiates immediately upstream of exon 6 (225); a similar strategy

exists for the transcription of the band 3 anion exchange protein mRNA in ¡at kidney (226).

Traditionally the 5' flanking region of a gene is a good hunting ground for transcriptional

enhancers. It is increasingly evident, however, that one can no longer ignore intemal a¡eas

of a gene as potential regulatory regions. Eukaryotic transcriptional regulatory proteins are

generally thought of as activators; however, equally plausible is the selective repression of

gene transcription via binding of proteins to so-called "silencer" elements. Glucocorticoid

down-regulation of the rat PRL gene is mediated through binding to negative glucocorticoid

response elements which exhibit some homology to glucocorticoid response elements that

activate transcription (227). Other examples of ranscriptional repression include
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glucocorticoid Íeceptor inhibition of human glycoprotein hormone alpha-subunit gene,

thyroid hormone receptor negative regulation of Xenopus vitellogenin gene, and various

combinations of Drosophila homeobox containing tanscriptional regulaton which result in

suppression of a reporter promoter (228). Recently Kageyama and pastan (229) have

cloned a DNA-binding protein that binds to GC-boxes (which are spl activating sites)

causing transcriptional repression in co-transfection experiments.

The complexity of transcriptional regulation is quickly coming to light and it is

appa¡ent that the global regulation of any gene will involve a pyramid of proteins

interacting wittr specific DNA elements æ well as e¿ch other on and off the DNA.

Alternøtíve ptomoter use and RNA processÍng

Another mechanism by which ce -specific gene expression is achieved is by the

utilization of altemative transcription start sites which usually imply the use of alternative

promoter and enhancer elements. There a¡e numerous examples of altemative use of exons

and promoters as a means to generate tissue-specific RNA diversity. This now classical

mechanism is operational on the gene for mouse alpha-amylase 1 (230), Drosophila alcohol

dehydrogenase (231), rat acetyl-co€nzyme A carboxylas e (232), rat gastrin-releasing

peptide (233)' and the rat gamma-glutamyl ranspeptidase (234). rn these cases two

different mRNA species are synthesized having different 5, untranslated regions

ranscribed from separate p¡omoters which are active in diffe¡ent cell types, but dilect the

synthesis of identical proteins. In some cases the distance between the cell-specific

promoters can be considerable. In the human c-fms gene, multiple transcription start sites

facilitate placental rophoblast-specific expression with the inclusion of a unique 5'non-

coding exon located 25kb upstream of the monocyte-macrophage specific cap site (203).

The lck protein tyrosine kinase gene in non-transfo¡med lymphoid cell lines initiates at a

site mo¡e than 30kb upstream of the cap site activated in nonlymphoid tumou¡ cell lines

(23s).
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A variation on this mode of tissue-specific regulatory flexibility is when the

alternative promoter occurs i¡ an intron as discussed in the previous section. In those

situadons multiple forms of a protein can be generated in a cell-specific fashion as is the

case for the cartilage versus calavaria alpha-2(I) collagen mRNAs whe¡e the resultant

cartilage protein is not of the coliagenous type (236). Splicing of a common prima¡y

transcript to yield multiple ploteins in specific tissues can also occur (237 -239)'

Differential splicing coupled with the use of alternative polyadenylation sites allows for the

neuron-specific synthesis of calcitonin gene-related peptide as weil as diffe¡ent

immunoglobulin heavy chain genes in B-lymphocytes (240)'

In the PRL-GH gene family altemative splicing of the hGH-N and hGH-V gene

has been documented. The N-gene primary rancript can be differenrially processed such

thar rhe 5' porrion of exon 3 is deleted to produce a smaller hGH of 20kd (241,242). The

expression and altemative splicing of the hGH-v gene has been detected in placenta and

involves the diffe¡ential splicing of the fourth intron to produce an hGH-V protein

containing a highly divergent and longer cooH+erminal region (243). The selective

retention of intron 4 in a GH hnRNA was initially described for the bovine pituitary

transcript (244). The differential processing of the hGH genes is not consrained by cell-

type since both transcripts are present in transfected cells' However, in vivo hGH-V gene

expression has been detected only in placenta and hGH-N expression is restricted to the

pituitary (245). There appeals to have been no documentation of altemative splicing of

PRL nRNA.

Potential intrínsic gene reguløtory factors

Theconversionofagenefromatranscriptionallyquiescentstatetoalocusof

active tissue-specific expression involves not only cis- and trans-active elements, but also a

structual organization and protein composition unique to acrive chromatin. It may be that

the ability of extrinsic regulators such as steroid hormone receptols to bind to DNA
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depends on the chromatin structure. These structural properties have been discovered

because their presence has been co¡related with actively transcribed ch¡omatin. These

parameters include changes in the packaging of the chromatin, DNA methylation, histone

and non-histone protein alterations and chromatin interaction with the nuclear matrix.

Whether these biochemical changes are a cause or consequence of gene

transcription has yet to be clarified. From the context of tissue-specificity, the role of

methylated cytosine ¡esidues has received considerable attention. There are numerous

examples in the literature which have correlated the expression of a gene in a panicular

tissue with a state of hypomethylation in and a¡ound the gene (?A.6 and references therein).

However, it is becoming clear that this is not a general predictive scheme (247,248). The

effect of methylating cri-active DNA elements on subsequent binding of conesponding

trans-acttng factors has resulted in conflicting data (249,250). Understandably then, only

cautious predictions regarding the functional importance of 5' methyl cytosine in cell-

specific gene expression can be ventu¡ed from such a spectrum of non-uniform ¡esults.

It is well established that the transcriprionally active fraction of the eukaryotic

genome is somehow more susceptible to digestion by DNase I than bulk chromatin. That

chromatin decondensation is associated with the expression of genes in a tissue-specific

manne¡ is indisputable (251). The 5'promoter regions of genes are usually the focus of

attention in studies of DNase I hypersensitivity because nucleosome-free regions of the

chromatin fibre presumably facilitate the binding of cell-specific DNA-binding proteins to

sequence recognition motifs.Regions of DNase I sensitivity can be altered by

transcriptional regulators such as ste¡oid hormone receptors (252). Sites of DNase I

hypersensitivity in the controlling regions of a gene a¡e often set during development in a

cell-specific manner. As is the case of methylation, it is not yet clear whether nucleosome

displacement is a cause of o¡ consequence of othe¡ factors which contribute to cell-specific

gene activation.
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Mechanísms of pítuítary-speci!íc expressíon of lhe rat PRL gene

The prolactin gene has become a popula¡ candidate for defining the molecular

basis of cell-specific gene ranscription since its expression is generally restricted to the

anterior pituitary gland. Using the sophisticated techniques of DNase I footprinting, cell-

transfection assay, ín virro transcription, band shift analysis, and DNA-affinity

ckomatography, a number of crs-active DNA sequences in the 5' flanking DNA of the rat

PRL gene as well as one of the conesponding DNA binding proteins have been isolated

(253-257). The now seminal paper by Nelson e¡ ø/ (253) delineated two clusters of tissue-

specifîc cls-elements lying between -38 to -200 (proximal enhancer) and -1386 to -7728

(distal enhancer) relative to the rat PRL gene start site. The proximal enhancer contained

three binding sites, and the distal, four binding sites consisted of the consensus sequence

A Ah Alr TATNCAT. These sites competed with each other for the binding of a single

factor termed Pit- 1. lnterestingly the binding of this factor could be competed for by the

tissue-specific elements of the rat GH gene. These data were verified in a number of other

laboratories (254-257). Shonly thereafter, Ingraham et al (258) and Bodner et al (259)

cloned the oDNA which conesponded to the ¡r¿ns-acting protein which bound to the tissue-

specific enhancers of the rat PRL and GH genes, respectively. The deduced amino acid

sequence of the 33kd Pit-1/GHF-l contained two domains which exhibited a high degree

of conservation with other DNA-binding proteins. Near the COOH+erminus of the 291

amino acid Piçl molecule exists a 60 amino acid ¡egion strongly resembling the homeobox

domain found in several Drosophila and verteb,rate developmental regulatory proteins. Just

upstream is another region of 67 amino acids which was found to be conserved in tkee

other DNA-binding proteins (Oct-l, Oct-2 and unc 8ó) which was named the POU-domain

(260). The combined POU-homeodomain is required for DNA binding (261), although

others (262) dispute the importance of the POU-subdomain in binding to the Pit-1

enhancer.
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The specificity of Pit-l for PRL and GH gene expression in the ¡at anterior

pituitary has been demonstrated by transient co-transfection assays in heterologous cell

systems in which the amount of Pit- 1 expressed was not supraphysiological (263). Using

ta.nsgenic mice, the Pit-l enhancer regions were shown to specifically tafget the cells of the

anterior pituitary (264). Saturation mutational analysis of the Pit-1 biúding site showed

both in vivo and in vitro that this trans-actTvator interacts with the GH and PRL gene

cell-specific enhancers (265). These results firmly establish Pit- 1 as an essential pituitary-

speci-fic mnscriptional activator of the PRL gene in rodent, but do not discount the distinct

possibility that other yet undiscovered facton are important to set the physiological levels

of PRL and GH gene exPression.

Human prolactín gene transcriptíon

The structure and sequence of the hPRL gene has been elucidated; however,

relatively little work has been done on regulation at the transcriptional level largely because

of a lack of a human cell system. Organ culture of human pituitary adenomas or fetal

pituitaries can remain viable fo¡ up to almost one ye?f Q66-268) but during this time there

is a loss of specific differentiated function, i.e., hormone secretion. As a result the

establishment of human pituitary cell lines has met with little success, and this has been

amibuted to the slow growth of ho¡mone sec¡eting cells coupled with eventual overgrowth

by fibroblastic cells (269). Recently, two gtoups have lepo¡ted the establishment of human

pituitary tumour cell lines that secrete PRL and are responsive to regulation by a variety of

factors (270-271). In the case of decidual PRL , no immortalized cell lines of the

endometrium have been reported to secrete PRL . This is not surprising because the

majoriry of endometrial cell lines available, seven f¡om the American Type Culture

Collection (Rockville, MA) (272), possess epithelial cell cha¡acteristics and not those of

endometrial stoma from which PRL is normally synthesized.
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ln the previous section it is clea¡ ttrat the availability ofrat pituitary tumou¡ cell

lines producing PRL and GH has greatly facilitated the study of the cell-specific

expression of these genes. Truong and co-workers (36) recognized the high degree of

sequence homology that exists in the immediate 5'flanking region between the human and

rat PRL genes. Those sequences in and a¡ound the binding site of piçl in the proximal

enhancer were almost totally conserved. A single report has appeared describing the

interaction of extracts prepared from subclones of a rat pituiury tumou¡ cell line with the 5'

flanking DNA of the hPRL gene. By DNase I footprinting, in vlrro transcription and gel

retardation assays, these investigators showed that the human pRL gene can be controlled

in a tissue-specific manner from enhancer sequences almost identical to those described by

Nelson e, ¿/ (253) in the rPRL gene proximal enhancer. only binding site 2p recognized

by Nelson (253) at -115 to -130 ofttrerpRL gene 5'flanking DNA was nor detected in the

corresponding sequence of the hPRL gene. This site is proposed to be non-tissue-specific

(254). Moreover, Lemaigre and co-workers (273) found that the tissue-specific factor

which binds to the hPRL gene enhancers is competed for by the hGH gene enhancen and

probably represents Pit-I/GHF-l described previously. Thus it is reasonable to assume,

despite the use of heterologous cell system, that the cell-specificity of the hpRL gene is

conferred by a mechanism analogous to that so far delineated for the rpRL gene.

Rationale and Objectives of this Investigation

Initially' the objective of my ph.D. resea¡ch was to focus on identifying the

expression of PRL and PRL -¡elated mRNAs in ¡at and human tissues other than the

pituitary. This was founded on the reports of Duckwonh et at (2g,29) who discovered

t\flo new members of the PRL-GH gene family expressed in rat placenta each of which

possesses 35-45vo anino acid sequence homology to pRL. prior to this point it had been

well established that the rat placenta synthesized rwo othe¡ distinct polypeptides (rat
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placentâl lactogen I and tr) which were considered pRl-like by virtue of the fact rhat rhey

possessed lactogenic activity. In addition to these four new members of the rat pRl-like

gene family, two other distinct polypeptides sharing high homology with pRL were

discovered in the mouse placenta (46,47) bringing the rotal to six pRl.-like proteins

expressed in rodent placenta. The existence of a large pRl-like gene family has also been

documented fo¡ bovine fetal cotyledons (48,49). These pRl-like proteins are not cross-

species homologues ofone another and it appears that this is a rapidly evolving family of

genes.

Given these precedents it was of great interest to determine which, if any, of

these PRL-like genes might have been conserved and expressed by human placenta. The

initial purpose of my investigation was to establish the presence and determine the primary

molecular cha¡acteristics of putative new members of the human pRL -GH gene family. It
was considered that purification of lactogen-like polypeptides, other than human chorionic

somatomammotropin, from the human placenta would have significant clinical

ramifications. As a first step, RNA from a variety of human and rat tissues and cell lines

was analyzed for the expression of PRL o¡ related mRNAs. Extensive low and high

stringency hybridization screening of a number of human term placenta lambda GT10

cDNA lib¡aries with the various rat PRL-like cDNAs as probes did not ¡eveal human

counterparts. Moreover, low stringency genomic southem hybridization experiments with

these rat cDNAs did not show reproducible or convincing cross-hybridizing human

genomic DNA fragments. Therefore, after considerable efforts it was concluded that the

novel PRL -related gene family expressed in the ¡at placenta is either not present in the

human genome or not expressed in term placenta.

During the screening of rat tissues and cell lines for pRL_like mRNAs,

however, what appeared to be high sringency hybridization of the ¡pRL oDNA (274) was

detected to an RNA whose electrophoretic mobility was slightly faster than lgs ribosomal

RNA at approximately 1.6kb. This puøtive pRl-like RNA was found to be ubiquitously
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expressed in rat tissues. In the course of these studies, a number of human cell lines we¡e

also sqeened by Nonhem hybridization with hPRL cDNA and an mRNA was detected i¡

a human B-lymphoblastoid cell line, IM-9, under high stringency conditions. It was a

novel observation that led to the wo¡k described in this thesis for the following reasons:

At the time this work began there were no other human cell lines available

which synthesized and secreted hPRL . The¡efore, this cell line represented a

potentially valuable tool for the study of hPRL synthesis iz virro. Early studies

using human pituitary tumours or fetal pituitaries were very limited because of

scarcity of tissue and because of the gradual loss in culture, over time, of the

PRL producing phenotype.

The ectopic expression of PRL is rare and has never been demonstrated

directly. Thus the production of PRL by the human B-lymphoblastoid line

would be the frst conclusive report of inappropriate PRL secretion.

The most exciting potential use for this PRl-producing B-cell line pertains to

the question of cell-specific gene transcription. As stated in an earlie¡ section

the expression of the PRL gene is highly tissue-specific and significant

progress has been made regarding the mechanism by which this occurs, largely

due to the availability of rodent pituitary cell lines. The PRl-producing IM-9

Iine represents a unique and easily manageable resou¡ce with which to analyze

the mechanism by which human PRL gene transcription is constrained by cell-

type. By studying the presumably aberr¿nt, or at least inappropriate expression

of PRL in these cells, some insight could be gained into how normal cell-

specific PRL gene expression occurs in the lactotrope or uterine de¿idual cell.

J.
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With these facts in mind, the objective of my work was to cha¡acterize the

expression of PRL by the BJymphoblastoid cell line. By analysis of the pRL gene,

mRNA and protein, I hoped to provide some unde¡standing of how the pRL gene became

inappropriately expressed and what effect this phenotype had on the physiology of the B-

lymphoblast. During the course of these studies, it was discovered that the pRL mRNA in

IM-9-P and decidual cells was identical. These studies, therefo¡e, would form the

foundation for further use of this cell line in experiments designed to elucidate elements

which confer transcriptional capability to the PRL locus in uterine decidual cells.
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MATERIALS AND METHODS

Materials

Restriction enzymes, DNA and RNA modifying enzymes were purchased from

Pharmacia (canada) Inc. @aie d'urfe, Quebec) and Boehringer-Mannheim (Indianapolis,

INf ' oligo(dr)-cellulose was supplied by collaborative Resea¡ch Inc. (waltham, MA) and

Pharmacia. The lambda phage packaging kits came from Amersham corp. (Arlington

Heights, IL) as did the nick-ranslation and random-primer DNA labelling kits which

utilized [alpha-32p]¿crp. All radionucleotides we¡e purchased from Dupont-New

England Nuclear (Boston, MA). Reagents for generating [32p]t]'IP labeUed cRNA probes

were obtained from the Pharmacia Transprobe-T kit and homega Biotech Riboprobe Kit
(Madison, wr). Hybridization transfer membrane, Hybond-N marrix was from Amersham

corp., nitrocellulose was from schleicher and schuell (Keen, NÐ and Nitroplus-2000

from Micron separations Inc. (westboro, MA). plasmids (pGEM-3) and DNA sequencing

reagents adapted for double-sranded templates were purchased from promega Biotech.

The B-cell and r-cell-specific human DNA probes were obtained from ceda¡lane

Laboratories (Hornby, ont.). synthesis of oligodeoxyribonucleotides was done on a¡

Applied Biosystems DNA synthesizer Model 3804. unless otherwise stated, all cell lines

were obtained from the American Type Cultu¡e Collection @ockville, MA).

The human and ¡ar PRL cDNAs (10,274) as well as rat GH cDNA (275) were

provided by Dr. J. Baxter (Jniversity of califomia, san Francisco). The hpl- cDNA clone

(27 6) came from Dr. G. saunde¡s (M.D. Anderson Hospital and rumour Institute,

Houston, TX). A recombinant plasmid containing a fragment of the human DNA repeat

element Aluf (277) and the human Y-chromosome-specific DNA probe py3.4 (27g) was

provided by Dr. Yun-Fai [¿u. The rat probasin or M-40 cDNA was kindly provided by
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Dr. R. Matusik (Dept. of Physiology, University of Manitoba) (279). Recombinant

plasmids containing different fragments of the human PRL gene were the generous gift of

Dr. Joseph A. Martial (University of Liege, Liege, Belgium) (36). A 5'end-specific

EcoRI fragment of the hPRL gene þhPRLg2750) was provided and consisted of 978bp of

5' flanking DNA, exon I and approximately 1740bp of intron A. The hPRL gene 3'

specific genomic clone (phPRLg3900), also an EcoRI fragment, spanned 645bp of inron

C, exon 4, inton D, exon 5 and 392bp of 3' flanking sequence. These genomic ftagments

were cloned into the EcoRI site of pBR322. An additional 5' flanking genomic DNA clone

(phPRLga80O) was sent lâter and had been isolated from an EMBL3 genomic library as a

6.0kb fragment whose sequence overlapped with the previously published sequence of the

hPRL gene (280). The most 5'4800 bp SalI-EcoRI fragment was subcloned into pUC19.

Human pituitaries were obtained at autopsy and stored frozen at -70C. Human

maternal decidua was obtained from 9-12 week aboned conceptus. Permission for the

procurement of matemal decidua was obtained from the University of Manitoba Faculty

Committee on the Use of Human Subjects in Research @eference:888:199). Human term

placental tissue was obtained from the laboratory of Dr. Peter Cattini @ept. of Physiology,

University of Manitoba). A lambda GTII cDNA library constructed from human term

placenta was procured from Clontech (Palo Alto, CA). A human uterine decidua lambda

GTII cDNA library (281) was kindly provided by Dr. Olli A. Janne (Population CounciL

and Rockefeller University, NY).

Cell Culture

IM-9 cells, originally supplied by Dr. Ron Rosenfeld and kept in our laboratory

for several years (refened to as IM-9-P) as well as IM-9 cells recently obtained from tkee

different sources, Dr. R. Rosenfeld (Stanford University, Stanford, CA), Dr. Maxine
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Lesniak (NIH, Bethesda, MD), American Type Culture Collection (ATCC, Rockvitie,

MD), were maintained in RPMI- 1640 medium (Gibco, Burlington, Ontario) supplemenred

with 70vo fetal calf serum (Gibco), S0u/rnl penicillin, and 50pg/nrl streptomycin (Gibco,

RPMIÆcs). serum-free medium consisted of RpMI-1640 supplemented with 0.lvo

BSA. cell numbers were determined using a coulter counter (coulter Electronics, Inc.,

Hialeah, FL) and had a coefficient of variation of less than 5vo. For production of

conditioned medium, cells were placed at 1 x lOscelvrnl, incubated fo¡ four days unless

indicated otherwise, and sedimented by centrifugation (500 x gravity) at 4c for 5-10 min,

and supematants were passed through ñlters of 0.45pm pore size to remove any remaining

cells. The following six human lymphoblætoid and leukemic cell lines were obtained from

the ATCC and cultured as recommended by the supplier (RPMI 179g, RPMI 7666, RPMI

6666' RPMI 8226, HS-sultan, ccFR-sB). The Nb2 l1c clone of the rat T-cell

lymphoma line established by Gout et al (282) was cultured in Fischer's medium (Gibco),

as previously described (168).

Small aliquots of the above cell lines were stored frozen in liquid nitrogen.

These aliquots were derived from nearly confluent cell cultures which were centrifuged as

above to facilitate resuspension to a concentration of up to 4 x 106cells/ml in freezing

medium. The freezing medium consisted of 10zo DMSo/902o FCS which was filter

sterilized through a 0.22 micron filter. The spent media was carefully removed from the

cell pellet, the pellet was dislodged and 6nrl of freezing medium was added. The cells were

resuspended by gentle swirling and 2ml dispensed to coming 2ml cryogenic vials

(Corning Glass Works, Coming, NY) and placed at -70C overnight. The next day the

vials were submerged in liquid nitrogen.

Culturing of cells from these f¡ozen stocks was done by quickly thawing the

cells in sterile 37c distilled water. The vial was then wiped with 70vo ethanol, opened and

the cell suspension pipetted into lOrnl of complete medium in a centrifuge tube. The cells

were dispersed by a slow swirling motion, centrifuged as above and the supematant
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disca¡ded. Another 10nrl of complete medium was added to the washed pellet and cells

resuspended by gentle pipetting. cells were then Eansferred to tissue culture flasks for

incubation at 37C.

Cells of the IM-9-P class generally obtained confluency at a concenration of 1 x

l06cells/¡nt with a doubling time of approximately l8hr. All manipulations of cells in

culture were performed under sterile conditions in a lamina¡ flowhood.

All IM-9 lines and the Nb2 cells were tested for the presence of mycoplasma

contamination using the Mycoplasma T.C. Detection Kit purchased from Gen probe lnc.

(San Diego, CA). This test is based on liquid hybridization of mycoplasma ribosomal

RNA in cell cr¡lture medium ro a specific [3IIJ-lab€Ued DNA probe. Only the original pRL-

producing IM-9-P cell line tested positive for mycoplasma contamination and was subjected

to a curing regime dictated by the BM-Cycline kit from Boehringer-Mannheim. This

involved a three-cycle treatment of antibiotics over a four week period from November 7-

28, 1986. The cells subsequently tested negative for mycoplasma using the Gen probe

mycoplasma detection kit.

In February 1987 the original PRl-producing IM-9-p cell line was cloned by

limiting dilution by plating lO0pvwell in 96-well plates of a suspension containing 3

cells/ml. The cloning medium consisted of 607o RPM-1640Æcs and, 40vo conditioned

medium removed from a three-day culture of the parent population. After eleven days of

growth 79vo of the 384 wells seeded showed growth of which 56 clones were tested for

PRL production by RIA. One clone was picked for funher expansion, designated IM-9-

P3, because of its significant PRL production, and another, IM-9-p6, which did not sec¡ete

PRL into the culture medium was also chosen for further experimentation. The IM-9 line

from the ATCC was cloned in the same manner and no PRL producers were found.
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I mmu n op h en oty pi n g

Immunophenotyping of the classical IM-9 cell line obtained from ATCC a¡rd the

IM-9-P3 clonal line was done by assaying for the binding of specific monoclonal

antibodies to cell surface antigen. Monoclonal antibodies to the T8 (suppressor/cytotoxic

T-ce11), 12 (HLA-D/DR), T4 (thymocytes and peripheral T-cells), 81 (B-cells), J5

(common ALL antigen), Kappa @-cells), Lambda @-cells), immunoglobulin M (IgM) and

IgG cell surface antigens r,vere obtained from Coulter Immunology (Burlington, Onta¡io).

Monoclonal antibody T3 ([-cell receptor) was puchased from Onho Diagnostic Systems,

Inc. (Raritan, N). Tests using the above monoclonal antibodies were performed by Dr. E.

Rector (University of Manitoba, Winnipeg, Man.). The following monoclonal antibodies

were also procured f¡om Coulter Immunology: Mol (monocytes and granulocytes), Mo2

(monocytes and macrophages), MY9 (monocytes), NKH- 1 (nanral killer cell), and IL-2R1

(interleukin-2 receptor). Cell surface leukocyte antigens detected by the preceding

monoclonal antibodes were tested by the Immunoprotein Laboratory (Health Sciences

Centre, Winnipeg, Manitoba). Binding to the cell surface was determi¡ed by indirect

immunofluo¡escence, as analyzed by a fluorescence-activated cell sorter. Results were

expressed as the percentage of fluorescing cells corrected for background fluorescence

when second antibody was used alone.

HLA typing was performed by the Transplant Immunology Laboratory (Health

Sciences Centre, Winnipeg, Manitoba), as described previously (283). The presence of

IgG in the culture medium was detected by enzymeJinked immunosorbent assay (ELISA)

as described (284). The labelled antibody was alkaline phosphatase conjugated goat anti-

human IgG antibody and the resulta¡t color reaction was ¡ead at 410nm. The sensitivity of

the assay ranged from approximateiy 50- 1000ng/rnl.
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Nb2 Bioassay

To demonstrate the biological activity of IM-9-p pRL, the ¡at Nb2 lymphoma

bioassay was used. This line proliferates in a dose-dependent fashion in the presence of

lactogenic horrnones eRL, hGH, and hPL) (169) or interleuktn-2 (167). The bioassay for

lactogenic horrnones was ca¡ried out essentially as described (16g). Briefly, Nb2 cells

were grown in Fische¡'s medium for leukemic cells plus 20mÀd beta-mercaptoethanol, l0zo

FCS and 10vo HS and then 18hr prior to assay! cells we¡e transferred to a medium

containing only lÙvo HS and Fische¡'s medium at a density of 1.5 x l0scers/rnl. This was

the arrest procedure and done when cells were confluent in75cm2 flasks (approximately

1.2 x 106cells/ml). one millilitre of the arrested population of cells was counted and then

aliquoted into 24-well plates at lmvwell. standard hormone preparations (pituitary hpRL

exEacted and immunoaffinity purified in our laboratory and standardized against wHo
751504 hPRL or ovine PRL NIAMDD Ps-14) and experimenral samples were added in a

volume of 2í¡tuwell A-11 standa¡d hPRL stocks were dissolved in phosphate-buffered

saline (PBS),0.17o BSA and when added to lnrl ofNb2 cells, ranged from l2.5pg/nrt to

2500p9/ml. Each concentation of standard hPRL and experimental samples \ as tesred in

triplicate. The Nb2 cells plus added lactogenic samples were allowed to grow for three

days after which the cells were resuspended, diluted in 9ml Isoton (Fisher scientific,

Pittsburgh, PA) and cell number determined with a coulter counter. The cell counr in

control cultures with no added mitogen after three days was used to determine fold

stimulation.

For immunoneutralization experiments, 25pl of monoclonal anti-hpRl antibody

9c3 (generated in our laboratory) was added from a 1:100 dilution to give a final dilution

of 1:4000 in each well of cells. To insure that a maximally stimulating dose of IM-9-p

conditioned medium was added, two volumes of conditioned media were chosen (12.5p1
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and 25t¡l) fo¡ addition to Nb2 cells. The hPRL standa¡d was added at a maximally

stimulating quantity of 2.5ng/nrl. After a 3-day incubation cell numben were determined.

hPRL RIA

concentrations of hPRL immunoreactivity in conditioned medium were assayed

by the double antibody RIA æchnique previously described (285). A polyclonal antiserum

to hPRL raised in our laboratory was used at a dilution of l:20,000. The same hpRL

standard preparation as that employed in the Nb2 bioassay was used for the RIA. IM-9-p

conditioned medium was concentrated 5-fold by lyophylization and dialyzed against pBS.

The final IM-9-P sample was in PBS, 0.5% BsA. The within-assay coefficient of

variation was less ¡han 2Vo.

For determining IM-9-P3 hPRL inracellular conrent, log phase IM-9_p3 cells

were centrifuged at 500 x g for I min and washed several times in serum-free medium.

cells we¡e resuspended in PBS-0.27o TritonX- 100 at 2 x lO7cells/ml and kept on ice for

15 min, followed by polytron homogenization (Brinkmann Instruments, Westbury, Ny)
(286) and the resultant supernatants were assayed for hpRL by RIA.

Immunoaffïnity Purification of IM-9-p pRL

IM-9-P cells were $own to confluency in 0.lqo BSA/RPMI 1640 until 400nrls

of conditioned medium (cM) was collected. Hepes was added to the cM to a final

concentration of 10mM to maintain pH 7 .4. An immunoaffinity column of monoclonal

antibody 9c3 coupled to cyanogen bromide-activated sepharose 48 (pharmacia) was

provided by Helle Cosby (Department of Physiology, Univenity of Manitoba). A lmÌ
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immunoaffinity column was equilibrated with PBS, then 400r¡rl of M-9-p cM was passed

through the column ar 4c ove¡ a 2-day period. The flowthrough was checked for hpRL

content by RIA and hPRL was not detectable. The colum¡ was then washed with several

changes of 0.1M NaHCO3-O.5M NaCl (pH 6.8 and pH 8.2, alternarively) at 10 x column

volume until the o.D.2g9 of the eluant was no longer measurable. This was done to

remove non-specifically bound protein. Bound antigen was eluted with 0.2M cH3cooH-

0.5M Nacl, pH 2.5 as 400p1 fractions into 100p1 lM Tris-HCl, pH 9.0 to neutralize each

fraction. Eighteen fractions were collected and 1¡rl of each fraction was assayed by RIA

for hPRL content. Peak fractions were dialyzed for 24 hr against several changes of

0.01M ammonium bica¡bonate at 4c, vacuum dessicated and used for determination of

bioacdvity and electrophoretic mobility. For sodium dodecyl sulfate-polyacrylamide gel

electrophoresis (sDs-PAGE) the immunoaffinity purifred IM-9-p pRL was reconstituted

afte¡ vacuum dessication, in 30¡rl of SDS-sampte buffer. A l/20 volume of ß-

mercaptoethanol was added to each sample, boiled for 5 min and applied to 15zo

polyacrylamide gel slabs (287) for elecrophoretic fractionation. Gels were subsequently

silver-stained (288).

Plasmid DNA Amplification and Recovery

competent bacterial cells fo¡ transformation by recombinant plasmid DNA were

generated using a calcium dependent protocol (289). Briefly, a single bacterial colony was

used to innoculate 5ml of L-broth medium (290) which \ryas grown ovemight in a shaking

incubator at 37c. one ml of the turbid culture was transfer¡ed to l00ml L-b¡oth and

vigorously agitated at 37C on a rotary shaker fo¡ 1.5-2hr or until the O.D.55g was

approximately 0.5. The culture volume was split between two 50ml centrifuge tubes and

cells were pelleted by centrifugation at 1500 x g (4c) fo¡ 15 min, The cell pellets were
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resuspended in half-volume of cold 0.05M CaCl2 and left on ice for 20-30 min. The cells

were centrifuged again as above and the cell pellets resuspended in 6.5m1 of cold 0.05M

CaCi2 and stored on ice until use. The bacterial srrains used in these studies were MVl193

or TGIlamMa .

Transformations were car¡ied out by adding a maximum of 4pl of the plasmid

DNA solution to 100¡rl of competent cells on ice for 45 min. This mixture was subjected to

heaçshock by immersion in a 42C waterbath for 90 sec. Then lml of L-broth was added

to the mixture and the transformed cells allowed to grow for th¡ without agitation at 37C.

Then 100-200p1 of the transformation was spread on L-broth-agar plates (290) containing

the appropriate antibiotics for selection of transformed colonies.

Plasmid amplification and recovery was performed using two different but

related protocols. The fust procedu¡e involved amplification of the transformed bacterial

colony in 500m1 of rich medium according to Maniatis et al (290). Recovery of plasmid

DNA began by cenrifugation of the cultu¡e medium at 1,000 x g (4C) for 10 min, The cell

pellets were resuspended in a total of9.5rnls of ice-cold lysis buffer (0.025M Tris-HCl pH

8.0,0.01M EDTA,0.05M glucose) in the 250m1 centrifuge boules on ice. Then 500¡11 of

cold, freshly prepared 20-50mg/ml lysozyme solurion (in lysis buffer) was added to the

resuspended transformed bacterial cells. Prio¡ to this step the resuspended bacteria had

been transferred to 30ml screw-cap Oalcidge tubes (Nalgene Co., Rochester, Ny) and

placed on ice. With the lysozyme solurion added, the cells were incubated on ice fo¡ 15

min with occasional gentle ¡olling of the tubes. Subsequently lOrnl of 0.2M NaOH, 0.22o

SDS solution was added to the paftially lysed bacterial slurry and incubated fo¡ 15 min on

ice as above, followed by the addition of lOrnl 3M NaCH3COO pH 5.6. This latter

addition facilitated precipitadon of bacterial ckomosomal DNA and was left on ice for 30

min. This viscous slurry was centrifuged at 40,000 x g (4C) for t hr to pellet the bacterial

debris. The approximately 30ml supematant was transferred to a l50ml Corex centrifuge

bottle and allowed to equilibrate to room remperature before adding 0.6 volume of
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isopropanol in order to avoid precipitation of SDS in the supernatant. The isopropanol was

added to precipitate the remaining DNA and left at ¡oom temperatu¡e for about t hr or until

a floculent white precipitate was evident. This was then pelleted by cenrifugation at 9,000

x gfor 20 min at room tempemture. The white pellets were then dessicated and dissolved

in 6ml of sterile TE pH7.5 (0.01M Tris-HCl pH 7.5, 0.001M EDTA) and transfer¡ed to

15ml Coming tubes containing 6.69 of CsCl which was then dissolved by gentle manual

agitation. Five hundred microlitres of l0mg/ml ethidium b¡omide @tBr) was added and

gently mixed and centrifuged at maximum speed in an IEC model HN-S benchtop

centrifuge (Needham Heights, Mass) for 10-20 min. Aspiration of the solid pink pellet

was avoided by using a long glass Pasteur pipet to transfel the supernatant to Beckma¡

quick-seal Ti75 polyallomer centrifuge tubes via a 10ml syringe-16 gauge needle. The

Ti75 centrifuge tubes were filled with mineral oil, balanced and heat sealed. Cenrifugation

was at 55,000rym in a Beckrnan Ti75 rotor at 23C for a minimum of 16hr.

Visualization of the lower plasmid band in the CsCl gradient was performed by

fluorescence under long wavelength ultraviolet light. The air space in the centrifuge tube

was peneEated with an 18-gauge needle and recovery of the plasmid band was facilitated

by insenion of a 3ml syringe fitted with an 18-gauge needle just below the plasmid band.

slowly, the plasmid band (1-1.5m1) was d¡awn into the syringe and then expelled through

its open end into a sterile l5ml glass Corex tube which contained 2ml of water-saturated

butrnol. This mixture was gently mixed and the upper phk organic phase discarded. This

butanol extraction was repeated several times until no pink coloÍ was evident in the upper

phase. The majority of the EtBr having been removed; 2ml of sterile water was added

followed by 2.5 volumes of -20C ethanol @tOH), agitated and placed at -20C for at least 2

hr to precipitate DNA. The plasmid DNA was then centrifuged at 10,000 x g (4C) for

about 10 min, the pellet washed with 70vo EtoH, dessicated and dissolved in an

appropriate volume (100-200p1) of TE pH 7.5 and stored at 4c. The quantity of plasmid

DNA isolated was detemined sPectrophotometrically by abso¡bance at 260nm.
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The other procedure used for large scale preparation was devised by Drs. Paul

Kreig and Doug Melton (Haward University) and presented in the homega Biotech

Sequencing Protocol booklet. This procedure did not involve amplification of the plasmid

DNA. A single bacterial colony was used to innoculate 250m1 of L-broth containing the

appropriate selective antibiotic (ie 200pg/rnl ampicillin) and the cells we¡e allowed to grow

overnight in a shaker at 37C. The cells were then ha¡vested and lysed as described above.

Afte¡ the 40,000 x g (aC), I hr centrifugation the supematant was transferred to a 50ml

polypropylene Corning centrifuge tube to which 50¡rl of lmg/ml RNaseA was added a¡d

incubated at 37C for at least 20 min. This was then extracted with an equal volume of

phenol:chloroform which had been equilibrated with 0.01M Tris-HCl pH 8.0. The DNA

was then precipitated by the addition of two volumes of EIOH on ice for 30 min, followed

by centrifugation at 9,500 x g (4C) for 20 min. The DNA pellet was dissolved in 1.6m1

sterile distilled water, then 0.4r¡tl of 4M NaCl was added, mixed and followed by 2ml of

137o polyethylene glycol (M.IV. 8,000). This solution was mixed and placed on ice for at

least t hour before centrifugation as described previously for pelleting purified plasmid

DNA. At this stage the yield was usually 1-2mg of DNA; howeve¡, it was often

contaminated with bacterial chromosomal DNA. In order to remove the contaminating

DNA, the plasmid DNA solution was made up to 6rnl with TE pH 7.5 and subjected to

CsCi gradient centrifugation as described above. The final yield of plasmid DNA was

somewhat less than without the CsCl purification step but overall this procedure was faster

than the frst protocol described.

Restriction Enzyme Digestion and Agarose Gel Electrophoresis

Purified plasmid DNA was digested with various restriction endonucleases as

dictated by the manufacturer. The total ¡eaction volume consisted of plasmid DNA,
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restriction buffer, r€striction endonuclease, sterile distilled wate¡ and amounted to between

2G40¡rl depending on the quantiry of DNA digested. Appmximately 1pg of plasmid DNA

was completely digested after t hour incubation at37c.

The fragmentation pattern of the restricted plasmid DNA was analyzed by

electrophoresis through horizontal agarose slab gels as described (290). The choice of gel

medium was determined by the molecular weight range of the DNA fragments of interest.

visualization of the resriction fragmentation pattem was facilitated by the addition of EtBr

to the melted agarose gel at 0.5pg/ml of gel solution. The banding pattern was

photographed while the gel was ransilluminated with long wavelength ultraviolet light.

Fragment sizes were determined by plotting the distance travelled (mm) from the gel wells

against the log derivation of the size (basepairs) of the DNA markers which we¡e lambda

phage DNA digested with Hindltr and,Øx174 dtgesred with Haeltr. A best-fir staighr line

was d¡awn through the points and the sizes of the test restriction fragments of interest were

determined given their respective migratory distance through the gel.

Subcloning of DNA Fragments

To facilitate subcloning of DNA fragments from other recombinant plasmids,

the DNA subfragment of interest was purified f¡om low melting point agarose gels as

previously described (291). usually approximately 50pg of plasmid DNA was digested

with the appropriate resricrion enz)¡mes at a ¡atio of 2 unia/pg DNA ovemight in a volume

of 60¡tl. Long thin wells were made in the low-melting point agarose gel to facilitate

loading of the large digest volume and reduce the possibility of smearing of ttre DNA due to

overloading. The purified DNA fragment was quantitated by Azoo. All subcloning was

done into the Promega Biotech vertor pGEM-3. Routinely the ligation reactions consisted

of 200ng of pGEM-3 vector digested to produce compatible ends with the fragmenr to be
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subcloned, from 500ng to 1000ng of the purified DNA fragment, 5 x ligase buffer (0.3M

Tris-HCl pH 7.5, 0.04M MgCl2, 0.005M ATP, 50pM bera-mercaptoerhanol, 250¡rglml

BSA), 0.01M ATP, and l-6 units of T4 DNA ligase in a toral volume of 20¡rl. The

reaction was allowed to proceed overnight at l5C or at room temperatu¡e for at least 4 hr.

The ¡eaction was terminated by incubation at 65C for 10 min. Then 4pl of the ligation

mixnue (up to 240n9) was used to nansform 100p1 of bacterial cells as described above.

The transformed cells (100-200¡rl) were spread on L-broth agar plates which contained

z@¡tg/nn ampicillin. The plate had been previously prepared by spreading 200¡r.l of L-

broth on its surface which contained 50¡tl of 27o X-gal, 20pl of 2Vo IvtG, and 200pg/nrl

ampicillin. The solution was allowed to absorb into the agar plate before plating of the

Eansformed cells for growth at 37c overnight. Bacterial colonies which contained

recombinant plasmid appeared white since the lac-alpha peptide was disrupted by ligation

of the DNA fragment of interest into the multiple cloning site of pGEM. As a result, ß-

galactosidase activity could not be induced by isopropyl-thiogalactoside (IprG) to catalyze

the chromogenic subsrate X-gal to a blue color.

Usually five to ten white colonies (putative subclones) were picked with sterile

toothpicks to innoculate individual 3rrl aliquots of Lb'roth plus 200pg/ml ampicillin. The

subclones were grown overnight in a shaking incubato¡ at 37C and plasmid DNA was

isolated following the alkaline lysis method described (290). The mini-prep DNA was

dissolved in 25pl rE pH 7.5 and 5-10¡rl of this solurion was digested with the appropriate

enzymes to release the subcloned DNA fragment. The digested DNA was analyzed by

agarose gel electrophoresis as described above.

DNA Labelling

During the initial stages of this work purified DNA fragments and intact

recombinant plasmids were labelled with [32p1 by nick-ranslation (292). Usually 100-
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200ng of DNA was used per reaction. Nick-ranslations were performed as described by

the supplier of the kit which contained a solution of deoxyribonucleotide triphosphates a¡d

an enzyme solution consisting of DNA polymerase and DNase I. usually 70-100¡rci of

3000cvmmole [alpha-32P]dcrP was added to each ¡eaction. The unincorporated label

was removed by chromatography of the nick-translation ¡eaction over a 3.5m1 column of

G100 e4uilibrated with rE pH 7.5. The specific activity of the resultanr probe ranged from

1-5 x ldcpm/pg DNA,

The second and preferred method of DNA labetling was by random-primer

labelling kit (293). This method required only 25ng of DNA and 50¡rci of 3,O00cy'mmole

[alpha-32P]dcrP per reacrion. Moreover, the DNA could be labelled while still in a

solution of low-melting point agarose. This form of labelling is based on polymerization

from a single stranded template primed with a random-sequence 6-base

oligodeoxyribonucleotide. Priming and synthesis of DNA by DNA polymerase I (Klenow

fragment) occurs along the entire length of the DNA fragment of interest. unincorporated

label was removed as described above. Routinely a specifïc activity of l-5 x lO9cpm/¡rg

was obtained.

Isolation of Chromosomal DNA

Total cellula¡ DNA was isolated from cell lines and human tissues essentially as

described by Davis et al (294). Tissues were stored frozen at -70c. To facilitate the

exüaction of DNA, the frozen tissue was immersed in liquid nitrogen while the stainless

steel receptable of a small waring blender was also cooled down with liquid nitrogen. Then

the frozen tissue plus a small volume of liquid nitrogen, sufficient to keep the tissue frozen,

was poured into the blender receptacle and the rubber top was held on with an asbestos-

gloved band. The tissue was reduced to a powder with a few shon bursts of blender
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action. With a spoon, cooled by liquid nitrogen, the powdered tissue was removed and

placed in a 15ml snap-top Falcon tube which contained room temperature lysis buffer

(0.iM Tris-HCl pH 8.0, 0.lM NaCl, 0.005M EDTA, TVo SDS and 100pg,/rnt proteinase

K) at a ratio of lml lysis buffer per 0.5g of tissue. This mixture was incubated overnight

n a37C waterbath. Subsequently, RNaseA at 1Omg/ml was added and incubated at 65C

for 30 min. Then iml of sterile TE pH 7.5 was added followed by 2mi of 0.01M Tris-HCl

pH 8.0 equilibrated phenol. The mixtu¡e was gently mixed and then centrifuged at 2500x g

(4C) for 10 min. The agueous phase was removed with a P1000 pipetman (Gilson Medical

Electronics, France) such that the end of the plastic pipet tip was cut off to increase the

diameter of the opening. This was done to facilitate uptake of the very viscous aqueous

phase and to avoid shearing of the high molecular weight DNA. Because rhe upper phase

was often extremely viscous, uptake of the aqueous-organic interface was unavoidable but

this was removed in subsequent organic extractions. The aqueous phase was then

extracted with an equivalent volume of phenol:chloroform followed by a chloroform

extraction. The DNA was then ethanol precipitated ar -20C, cenrrifuged at 10,000 x g (4C)

for 10 min; the pellet washed with 707o EIOH, briefly dessicated and dissolved in a¡

appropriate volume of TE pH 8.2 at 4C ovemight. Ch¡omosomal DNA was isolated from

fresh or frozen cell pellets using this protocol at a ratio of 1 x 109 ce[s/ml of lysis solurion.

The cell pellets were placed directly into the appropriate volume oflysis solution and gently

swirled to resuspend the cells since mechanical disruption was not necessary.

Southern Transfer and Hybridization

Plasmid DNA fractionated by agarose gei electrophoresis was transferred to

nitrocellulose as described by Maniatis et al (290). The nitrocellulose fiirers were

hybridized with [32P]-labelled DNA prepared as described above in an aqueous
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hybridized with ¡32p1-1u6"lled DNA prepared as described above in an aqueous

hybridization solution which consisted of 6 x SSC (SSC=0.15M NaCl-0.015M sodium

citrate), 0.17o SDS, I x Denhardt's solurion (lx=0.2Vo each of BSA, Ficoll, and

polyvinylpynolidone) and 0.lmg/ml of sheared, denarured salmon spemr DNA. The

hybridization reaction was ca¡ried out in plastic "heat-sealed" bags cut to dimensions

slightly larger than those of the nirocellulose filter and containing 100¡rl of hybridization

solution per cm2 of nitrocellulose. The hybridization bag was then incubated in a shaking

waterbath at 65c ovenright. Plasmid southern hybridizations were also performed in a

solution composed of 50Vo deionized formamide, 5 x SSC, I x Denhardt's solution,

0.1m9/rnl shea¡ed, denatured salmon DNA,0.17o SDS, 0.05M sodium phosphate pH 6.5

and 0.002M EDTA. These hybridizations were carried out at 42c for 24 h¡. In both cases

the [32p1-tu*tt* DNA probes were denatured by boiling H2O for at least 5 min and then

plunged into ice for an equivalent period before transfer to the hybridization solution

already in the "heat-sealed" bag with the nirocellulose filter. Usually I x l06cpm/ml or

less of labelled probe was added to each hybridization reacrion.

The nitrocellulose filters were then washed at room temperatue four times in 2

x SCC,0.17o SDS for 10 ¡rin intervals, followed by two washes at 60-65C in 0.lx SSC,

0.17o SDS for 30 min intervals. Blots were exposed to Kodak XAR film at -70C with an

intensifying screen (Eastman Kodak, Rochester, NY) which constituted optimal

autoradiographic conditions.

For genomic Southerns 15-20¡rg of DNA was digested according to the

suppliers insu-uctions with regard to optimum reaction buffer requirements. Two to three

units of enzyme per microgram of DNA was used and digestion overnight was done to

ensure complete cutting of the DNA in a volume of 40-60¡rl. The DNA was rhen

fractionated on 0.87o alarose lels at 28 volts and constant curent ovemight using the TBE

(290) gel running buffer system. The gels were then stained in 1-2 lires of I x TBE plus

O.5¡tg/ml EtB¡ for about 45 min and photographed by ultraviolet ransillumination. The
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gels were then treated 2 x 30 min in 1.5M NaCl, 0.5M NaOH followed by 2 x 30 min in

lM NþCH3COO, 0.02M NaOH; the latter solution was used as the rransfer medium.

southern transfer to nitrocellulose or nitroplus-20OO was allowed to proceed fo¡ at least 20

hr after which the blots were ai¡-d¡ied and baked fo¡ I h¡ at 8oc under vacuum and then

stored at 4C.

Prior to hybridization, the membrane was wet on 4 x SSC. The hybridization

was performed at 42C for 24-48 h¡ in 50Vo deionized formamide, 6 x SCp (lxSCp=0. lM

NaCt, 0.03M Na2HPOa, and 0.001M EDTA pH 6.2), l%o Sarkosyl, 200pg/ml sheared

and denam¡ed salmon DNA, 4 x Denha¡dt's solution and L\vo dextran sulfate. The last

ingredient was dissolved by vigorous agitation at medium heat on a sti¡-plare; the

hybridization solution was then degased. Blots were prehybridized at 42c for a minimum

of I h¡ in the previously described solution without dextran sulfate at a ratio of l00pl

solution per cm2 of nit¡ocellulose membrane. Genomic DNA blots were then hybridized

with 3-7 x lOócpm/nrl of random-primer labelled DNA fragments. The various genomic

hPRL DNA probes described earlier were subcloned into pGEM-3 to facilitate gel-

purification of large quantitites of the fragments of interest. A probe speciñc for the unique

5' untranslated sequence of M-9-P/decidua PRL mRNA was construcred from an EcoRV-

HindtrI fragment of IM-9-P PRL cDNA #3. This 94bp fragment contained 72bp of unique

5' untanslated sequence extending 5' from the EcoRV site and contiguous with 22bp of 3'

untranslated sequence of hPRL oDNA. The 3' non-coding region corresponded to the

sequence between nucleotide 41 and 63 3'ofthe ochre codon. This unusual construction

was due to a cloning anifact which occu¡¡ed during eDNA synthesis and described in the

"Results". This 94bp fragmenr was gel-purified and the HindIrI terminus made flush with

DNA polymerase (290). A large excess of this fragment was ligated into the smal site of

pGEM-3 as described above in order to optimize the formation of 94bp concatomers. A

subclone was isolated which contained a direct repeatirg tetramer of this fragment arid thus

provided a template of sufficient length (31lbp when excised by XbaI-EcoRI) for efficient
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were hybridization signals detected which we¡e attributed to the 22bp 3'UTR sequence of

this probe. This wæ confirmed by hybridization of the genomic DNA blot in question with

a 3' end-specific hPRL genomic probe described earlier.

After hybridization, washes were carried out at 65C for t'flo 15 min intervals in

6.6 x SCP-17o Sarkosyl followed by two 1.5 hr washes in 1 x SCP-i7o Sarkosyl. If the

background radioactivity remained high as judged with a hand-held radioactivity monitor,

the blot was washed further in 0.1 x SCP-17o Sarkosyl at 65C until the background signal

was reduced to an acceptable level. Genomic DNA blots underwent multiple separate

hybridizations with different probes and were stripped of residual radioactive signal

between experiments by 2-3 min incubations in boiling, sterile, distilled water. Blots were

subjected to 24h¡ autoradiography to ensure removal of radioactive bands from previous

hybridizations. To determine if common fragments were detected using different probes,

the autoradiograms were aligned at the \rells with the aid of radioactive orientation ma¡ks

placed alongside the blots with radioactive ink. A hybridizing band was considered to be

common to different probes if the band rnas directly superimposable over several different

blots and hybridizations.

Isolation of RNA

Over the course of these studies, three different but related RNA extraction

procedures were used. Initially the method of choice was the guanidine-HCl protocol

which was developed by Protter et al (295) and described in detail elsewhere (291).

Briefly, this method was based on the extraction of RNA from an aqueous-organic

insoluble interface with a buffer containing0.S%o SDS,0.lM NaCl,0.01M EDTA,0.05M

Tris-HCl pH 9.0. The key ingredient in the extraction buffer was SDS since its inadvertent

exclusion resulted in practically no RNA recovery. The second procedure used extensively
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in this work was the guanidinium isothiocyanate-cesium chloride cushion method of

Chirgwin et al (296). The third method utilized for RNA extraction was a modified

venion of that of Chromczynski and Sacchi (297). ln this method the frozen tissue was

homogenized using a polytron in a solution of 4M guanidinium isothiocyanate, 0.0057a

Sarkosyl, 0.025M sodium citrate and 0.007Va voVvol ß-mercaptoethanol at a ¡atio of 0.5-

1.0g tissue/ml. After a brief homogenization (2 x 45 sec), 0.5m1 of 2M NaCH3COO

pH4.7 + 5ml equilibrated phenol + 1.0m1 chloroform/isoamyl alcohol was added and the

solution mixed vigorously. To separaæ the phases, the mixtu¡e was centrifuged at 4000 x

g (4C) for 30 min. The nucleic acid in the aqueous phase was precipitated with an

equivalent volume of isopropanol at -20C for approximately 45 min. The precipitate was

centrifuged for 15 min at 10,000 x g (10C). The resultant pellet was then resuspended in

3ml TE pH 7.5 and extracted r¡¡ith 2rnl equilibrated phenol, 0.3mI 2M NaCH3COO pH

4.6,0.5rnl chlorofonry'isoamyl alcohol and cenrifuged for l5 min, 10,000 x g (10C). The

aqueous phase was then extracted with an equivalent volume of chloroforrn/isoamyl alcohol

and centrifuged as above. The RNA \pas precipitated from the aqueous phase with an

equivalent volume of isopropanol at -20C for 30 min. The RNA was pelleted by

centrifugation at 10,000 x g (4C) for 10 min, washed with 70Vo EIOH, dessicated and

dissolved in sterile distilled water or TE pH 7.5. The yield of RNA was determined by

Azæ.

Poly(A¡+-sruirhed mRNA was isolated from total RNA by one cycle of

oligo(dÐ cellulose chromatography (298) or by batch absorption. In the latte¡ technique,

approximately lrnl of oligo(dT) cellulose slurry was treated r ith 0.lM NaOH by gentle

vortexing and centrifugation at mÐ(imum speed in an IEC HN-S benchtop centrifuge for 2

min. The supematant was poured off and the oligo(dT) cellulose was gently resuspended

in 10ml of sterile 1x TKE (0.01M Tris-HCl pH 7.5, 0.001M EDTA, 0.5M KCl) and

centrifuged as above to remove all traces of NaOH. The oligo(dT) cellulose was

resuspended and approximately 0.25m1 of the slurry was transferred to a sterile 1.5m1
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microcentrifuge tube. Then 1-2mg total RNA in 0.75m1 of TE pH 7.5 was denatured in a

boiling water bath for about 5 min and plunged in ice. when the RNA had cooled down,

0.25m1 of cold 2M KCI was added to give a final concentration of 0.5M KCl. The RNA

was added to the otigo(dÐ cellulose slurry and mixed by manual agitation for about 5 min.

This was then cenrifuged at maximum speed in a benchtop IEC Centra-M centrifuge for 1

min at room temperatu¡e and the supernatant conlaining free RNA was removed. Another

0.75m1 of 1 x TKE \ as added to the oligo(dT) cellulose slurry, mixed gently and

cenfifuged as above. This washing step was lepeated once more to ensure removal of all

unbound, presumably poly(Af RNA. To remove the bound poly(A)+ mRNA, 0.2m1 of

room tempeiature sterile TE pH 7.5 was added to the oligo(dT) cellulose, mixed,

centrifuged as above and the supernatant placed on ice. This was repeated and the

supernatants were pooled and ethanol precipitated at -20C. The quantity of poly(A)+

mRNA obtained ranged from 3-57o of the total RNA.

Northern Transfer

The RNA was fractionaied on 7.3-1.5Vo agarose' 2.2M formaldehyde'

horizontal slab gels containing O.s¡rg/nrl EtBr as described (299). The RNA gel was then

photographed by ultraviolet transillumination and ransfe¡red to nitrocellulose, Nitroplus-

2000 or Hybond-N matrix by capillary action for 24 hours (299). The Nonhem blot was

then air d¡ied and ultraviolet ransilluminated to visualize the EIBR stained RNA; the 18S

and 28S ribosomal RNA were easily visible and thei¡ locations marked on the niEocellulose

with a ballpoint ink pen. The blots were baked for at least 30 min at 80C under vacuum

and stored at 4C until probed.
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cRNA Synthesis

IM-9-P PRL cDNA fragments containing porions of the 5' untranslated

sequence were subcloned into pGEM-3 and [32P]-labelled antisense or sense cRNA was

synthesized using Sp6 or fi RNA polymerase (300) as outlined by the vendor of the i¿

vírro ranscription kit. Complementary RNA was synthesized from a blunt-ended EcoRV-

EcoRI fragment of IM-9-P PRL cDNA IV cloned into the SmaI site of pGEM-3. This

fragment contained the entire 93bp unique 5'UTR of IM-9-P/decidua PRL mRNA and was

sequenced on both strands. Antisense cRNA was synthesized by T7 RNA polymerase on

the HindIII digested template described above. Sense cRNA was also made using Sp6

RNA polymerase on a EcoRI digested template. The unique 5' UTR of IM-9-P PRL

cDNA I-1 was subcloned as a HincII-EcoRI fragment into the corresponding restriction

sites of pGEM-3. The sequence of the 143bp fragment was obtained from both strands

and antisense cRNA was synthesized from an EcoRI digested template using Sp6 RNA

polymerase. The sense cRNA was generated by fi RNA polymerase on PstI digested

template. The size and integnty ofeach cRNA product was anøJyzeÅ by electrophoresis on

a 6Va polyacrylamide sequencing gel adjacent to a sequencing ladder.

Northern Hybridization

Northem blots were prehybridized in a 42C shaking waterbath for at least 2 hr

in the hybridization solution of choice. Two similar hybridization solutions were used, one

was that described by Thomas (299) and the other consistel, of 507o deionized formamide,

0.17o sodium pyrophosphate, 0.025M sodium phosphate pH 6.5, 10 x Denhardt's

solution, 0.27o SDS and 4 x SET (1 x SET=0.15M NaCl, 0.02M Tris-HCl pH 7.8,

0.001M EDTA). Hybridization was performed in "heat-seal" plastic bags containing 100p1
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of solution per cm2 of blotted membrane. The cDNA probes were denatured in boiling

water for at least 5 min and plunged in ice; the CRNA probes were denatu¡ed for 1-2 min.

The hybridization reacrion at 42C rfioceeded for at least 20 hr with the addition of [32P]-

labelled probe at 10ó- lo7cpny'ml to the hybridization medium. Atl Northem hybridizations

ca¡ried out with cRNA probes were done using the 50Vo formamide/SET buffer described

above at 60-65C. l,ow stringency hybridization with cRNA probes was done by lowering

the incubation temperature to 40C.

After hybridization the membrane was washed at loom tempelatufe fouf times

in 2 x sSC,0.17¿ SDS for 10 min intervals, followed by two high stringency washes at

65-70C in 0.1 x ssc,0.17o sDS fo¡ 30 min intervals. Blots were then exposed to X-ray

film as described above.

RNase Digestion of PolY(A) Trâcts

RNaseH will selectively degrade poly(A) tracts of mRNA when it is in a double

stranded form in rhe presence of oligo(dT) (301). Fifty micrograms of IM-9-P total RNA

and 7pg human pituitary tolal RNA were hybridized to oligo(dT) 12-18 (Pharmacia) at a

fatio of 8:1 in 0.1M KCI at 37C fo¡ 30 min, followed by denaturation at 65C for 2 min.

Two units of RNase H (Pharmacia) wefe then added plus one equivalent volume 2 x

Pharmacia RNase H digestion buffer (0.08M Tris-HCl pH 8.0' 0.008M MgCl2' 0'002M

DTT, 60pg/ml BSA), and rhe reacrion was ca¡ried on for 20 min at 37C. This digestion

reaction rflas then extracted with an equivalent volume of phenol-chloroform, ethanol

pfecipiated, and subjected to electrophoresis on denaturing gels, as described above.
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Construction and Screening of cDNA Libraries

Two cDNA lib¡aries were generated from 10pg of IM-9-P lymphoblast

poly(A)+ mRNA template in lamMa GT10 using conventional methods (302). Oligo(dT)

was the first strand primer and the second strand was generated by the RNase H procedure

(303). Approximately lpgof the cDNA lamMaGTl0 ligation reacrion was packaged and

recombinant phage were plated on E.coli M4150. Both M-9-P cDNA libraries contai¡ed

approximately 8.5 x 105 recombinanr phage/pg of DNA. Amplified and unamplified

portions of these cDNA libraries were blotted onro nitrocellulose (304) for screening with

either nick-translated o¡ random-primer labelled, gel-purified fragments of pituitary hpRL

cDNA (10). Hybridizations were ca¡ried our at 42C in 507o deionized formamide buffer

Q99) as described above. Positive clones were purified through three rounds of screening.

A total of 150,000 recombinant clones were screened f¡om the two unamplified libraries.

In addition 100,000 recombinant phage were screened from amplified fractions of each

library in the same manner, Approximately 300,000 phage were screened from an

amplified human placental library (clontech) in E.coli 803 using random-primer labelled rar

prolactin-like protein A (28) and B (29) cDNAs unde¡ moderately stringent conditions of

60C in 6 x SSC, I x Denhardt's solution, 0.lmg/ml denatured, shea¡ed salmon testes

DNA, and 0.17o SDS. These probes were used in an effon to identify human homologues

of the rat genes. Positive clones were then rescreened with random-primer labelled

pituitary hPRL cDNA fragments under high stringency conditions (68C) to identify

decidual PRL cDNAs. An amplified human decidual lamMa GTII library (280) in E.coli

803 was screened with IM-9-P PRL cDNA IV using high sringency conditions identical to

those described for analysis of the IM-9-P lymphoblast lib¡a¡ies. Approximately 500,000

phage from this library were søeened and a final screening of purified decidual PRL cDNA

clones was ca¡ried out to identify those which contained 5'untranslated sequence. For

those isolated from the human placenta cDNA library, a cRNA probe was generated by
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Sp6 RNA polymerase from a recombinant pGEM-3 template which contained an EcoRV-

EcoRI fragment of IM-9-P PRL cDNA rv as described above. This hybridization was

performed af 42c in 507o deionized, formamide solution (299). For the human decidua

cDNA library, 5' specific dPRL cDNA clones were selected from the initial positive

plaques by hybridization with a 31 lbp tetamer of unique 5' untranslated sequence from

M-9-P PRL oDNA #3 described above.

LamMa phage DNA of the positive clones was isolated from confluently lysed

plates overlayed with 5ml sM buffer (2Ð) and shaken ar room temp€rature for 2-24 hou¡s.

The eluted phage was collected from the surface ofthe plate in sM and incubated at 37c for

at least I hr with DNase I (6pc/rnl) and RNase A (3pgrnl). To ¡emove the bacterial debris

the above mixture was centrifuged at 2500 x g (4c) for 30 min. The supernatant was

saved and the phage particles precipitated by the addition of an equivalent v olume of 20vo

polyethylene glycol (M.w. 8000), 2M Nacl in sM. The solurions we¡e rnixed and placed

on ice overnight. The phage were pelleted by centrifugation as above, the supernatant

discarded, the wall of the tube wiped dry of residual supernatant and the phage

resuspended in 0.5m1 sM. RNase A to 400pg/ml was added to the phage and incubated

fo¡ 30 min at 37c; this was followed by 10¡rl of freshly prepared 2Omg,/nìl proteinase K

which required incubation at 65c fo¡ I hr. The phage were lysed by making the mixrure

5ttM EDTA' 0.027o sDS and incubating an additional 30-40 min at 65c. subsequently the

lysed phage solution was extracted with an equal volume of phenol, phenol-chloroform and

lastly with chlo¡oform. The aqueous phase was recovered and the residual polysaccharide

precipitated by ammonium acetate to 2.5M overnight on ice. The precipitate was removed

by centrifugation as above and the lamMa phage DNA in the supernatant was precipitated

with an equal volume of isopropanol. The phage DNA was pe eted by centrifugation,

washed with 70Vo ethanol, dessicated and dissolved in 50-l00pl TE pH 8.2.

The purified lamMa phage clone DNA was digested with EcoRI for size

f¡actionation and subcloning of the cDNA insen into pGEM-3. The EcoRI digest consisted
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of 25pl of phage DNA incubated in a total volume of 50¡tl which contained restriction

buffer, 1¡rl of 10mg/mt RNase A, spermidine to 0.005M and 1¡tl of high concentration

EcoRI incubated ovemight at 37C. The size of the cDNA insen was determined by

electrophoresis on L37o agarose gels as described above. Southern blots were generated

from these gels and probed with pituitary hPRL cDNA.

The EcoRI fragments of IM-9-P and decidual PRL cDNA were subcloned into

pGEM-3 as described earlier using 200ng of EcoRI digested pGEM-3 and up to 600ng of

EcoRI digested lamMa clone DNA in a volume of 20¡rl. Subclones containing PRL cDNA

inserts were identified and the recombinant plasmids amplified and purified as described

ea¡lier.

DNA Sequencing

All nucleotide sequencing of DNA was done from pGEM-3 by the dideoxy

chain termination method (305) in the presence of [alpha-35s]dATP according to the

Promega Biotech sequencing kit protocol. Samples were analyzed in parallel by denaturing

67o polyacrylamide-7M urea gel electrophoresis at approximately 30 watts per gel for 1.75

to 3.75 hours. Sequencing gels were then fixed for 20 min in 107o methanol-l07o glacial

acetic acid and d¡ied using a Biorad model 11258 slab gel dryer. Autoradiography was

performed at room temperature for 72-24ltr.

Primer Extension Analysis

A 21-base oligodeoxynucleotide (5'TGCCACAGCGTGGCCCCCTTG3')

complementary to amino acids +1 to -6 of the human preprolactin molecule was end-
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labelled using [gamma-32p]eTp and T4 polynucleotide kinase (306). The primer was

annealed to samples of total or poly(A)+ mRNA up to 40pg in quantity and primer

extension ¡eactions were carried out essentially æ described by Duckworth ¿¡ ¿/ (28). The

end-labelled antisense primer was separated from unincorporated [gamma-32P]ATP by

chromatography over a 5ml Sephadex G-25 column equilibrated with 0.05M ammonium

bicarbonate. The peak fractions were d¡ied in a Savant Speed Vac and the labelled

oligonucleotide was resuspended in 80pl of 0.4M KCI to a final concentration of 0.25

picomoles/pl. The RNA samples were ethanol precipitated, ai¡ d¡ied and resuspended in

4¡rl of end-labelled antisense primer by repeated pipetting and subsequently hybridized at

37C fo¡ one hou¡ after denatu¡ation in boiling water for 1 min.

Synthesized cDNAs were resolved on a denaturing 67o polyacrylamide gel

described above. A set of DNA sequencing reactions and end-labelled HpaII digested

pAT153 plasmid DNA were run in parallel lanes to serve as size ma¡kers.
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RESULTS

Characterization of Putative PRL-like RNAs in Rat

It had been observed by a number of investigators in D¡. H.G. Friesen,s

laboratory that rPRL cDNA (274) under high stringency condirions hybridized to a

ubiquitously expressed RNA of approximately l.zkb. As shown in Figure l, in those rat

tissues where the 1.7kb RNA was abundant, the presence of a number of other smaller

RNAs was also detected. The most intense or abundant RNA species which hybridized to

rPRL cDNA comigrated with the l.6kb DNA ma¡ker band in good agreement with

previous studies done by other investigaton. The less abundant and smalle¡ RNAs which

hybridized were sized at 1.2, l.l,0.7,0.57,0.5 and 0.3kb. These putarive rpRL RNAs

did not represent non-specifîc hybridization to l8s rRNA as there was no signal obtained

with 5¡rg of ¡ar testes rotal RNA in Figure 1. The EtBr stained gel prior to Northem

transfer to nitrocellulose showed that the RNA samples we¡e intact and verified the

presence of RNA in the testes lane.

The rPRLlike RNA was detected in arl rat tissues examined using 30pg of total

RNA by Northern blot hybridization. This appeared to be an all or none phenomenon since

one group of rats tested did not possess the 1.6kb RNA of interest in any of the many

tissues tested @i9.2). The seven different non-hybridizing rat tissue RNAS analyzed were

obtained from a group of inract, approximately 350gm males which had not been subjected

to any experimental procedure. These ¡esults confî¡med that the l.6kb RNA species was

not l8s ¡RNA since the EtBr-stained gel clearly showed rhe presence ofa strongly staining

18s rRNA band in every lane. Mo¡eover, these results \ryere not due to an artifact of the

RNA isolation protocol since different procedures were used on portions of the same

tissue.
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oligo(dT)cellulosechromatographyoftotalRNAwasdonetodetermine

whether the putative PRl-related 1.6kb RNA contained a 3' poty(A) tail typical of

eukaryotic mRNAs. Two sets of Northern blot experiments were done in which mt RNA

en¡iched in polyadenylated mRNA was isolated and fractionated alongside total RNA and

the oligo(dÐ column flow through (poly(A)' RNA) from the same tissue. Ten different

tissue RNAs were t¡eated in this manner and hybridized with IPRL cDNA under high

stringency conditions. one set of RNA blots contained 1.5-2.0pg poly(A)+ RNA f¡om

various rat tissues which is equivalent to 30pg of total RNA since it is generally accepted

that mRNA comp nses 3-57a of total RNA in eukaryotic cells. Thus the putative PRL-like

1.6kb mRNA hybridization signal theoretically should be of equivalent intensity in

poly(A)+ and total RNA lanes with no signal in the poly(A)- RNA fraction. Another set of

blots were made containing 10¡rg of each poly(A)+ RNA fraction. The resuits of two of

these experiments is shown in Figure 3. In those RNA blots containing 10pg of poly(A)+

mRNA a signal corresponding to the 1.6kb RNA of interest was barely discemible

compared to the strong and equivalent signals in poly(A)- and total RNA lanes (Fig.3a).

That the poly(A)+ RNAs were highly enriched in mRNA was proven when the same blots

were probed with pRP54 cDNA (Fig.3b), an abundant clone isolated from a rat placenta

lambda GT10 cDNA library by Dr. Mary Lynn Duckworth @epartment of Physiology,

University of Manitoba) and found to be ubiquitously expressed in rat tissues. The

approximately 1.Okb pRP54 hybridizing mRNA was p¡esent in the total RNA lanes and

enriched in the poly(A)+ RNA samples as expected for a oDNA isolated from an oligo(dT)

primed cDNA library. These data strongly suggested that the Putative PRl-related 1.6kb

RNA was not polyadenylated. The weak signal seen in the poly(A)+ RNA lanes (Fig.3a)

was most likely due to carry over of non-polyadenylated RNA since enrichment for mRNA

was done by single passage of total RNA ovel an oligo(dÐ cellulose column. ln Figure 3c

sEong and equivalent signals at 1.6kb in total and poly (Af RNA samples were obtained
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with vinually no detectable band in 2¡rg of poly(A)+ RNA which confirmed rhe above

result.

In o¡der to localize the segment of ¡PRL cDNA which confer¡ed cross-

hybridization with the 1.6kb RNA species, purified subfragments of rpRL cDNA were

used as hybridization probes. The rPRL cDNA was divided into three segments: a 5,

229bp fragment, an internal 336bp piece and a 3' fragment of 256bp. Of these fragments

only the intemal fragment encompassing 577o of contiguous coding region did not

hybridize to the non-polyadenylated 1.6kb RNA (Fig.4). Vector DNA, pBR322, also did

not hybridize. It was curious that the non-contiguous 3'and 5' end fragments which

contain only about 25Vo of coding sequence each, could detect the 1.6kb RNA. These

fragments, however, have in common the oligopolymeric tract of GC ¡esidues (l5bp at the

3'and 5'end) which facilitaæd cloning into the PstI site ofpBR322 (274).

The possiblity was tesred that hybridization to the l.6kb RNA was through the

GC+ails and not specific to the ¡PRL coding sequence. A series of identical Nonhem blots

were probed with various cDNAs, some of which were GC+ailed. The results of some of

these experiments a¡e shown in Figure 5. Only the GC-tailed cDNAs of rpRL, probasin or

M-40 (279) and one of rhe ¡at placental PRLlike protein-A (rplp-A,t B) cDNAs, pRp6- 1,

hybridized to the 1.6kb non-polyadenylated RNA. In other experiments done in the same

marner, pRP52 and 524 cDNAs of rat placental lacrogen II (rpLII,26) and pRpg oDNA of

rat placental PRL-like protein B (rPLP-8,29) also detected the l.6kb RNA. These cDNAs

are GClinked as they were isolated from a plasmid cDNA tibrary. The EcoRI linked

rPLP-A cDNA, pRP6-5, did not hybridize nor did the rGH cDNA (275), the rpLII cDNA,

pRP52B or pRP9A, an IPLP-B oDNA. These cDNAs a¡e eithe¡ HindIII or EcoRI linked

to plasmid DNA (data not shown). These results proved that hybridization to the l.6kb

non-polyadenylated RNA r,vas not due to homology with rpRL sequence or a related

sequence. only those cDNAs which contained GC-tails, despite identical overlapping

cDNA sequence (ie. pRP6-1 vs pRP6-5) hybridized, which strongly indicated rhar rhis
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cloning by-producr was responsible for hybridization to the ubiquitous 1.6kb non-

polyadenylated RNA.

Origin of the IM-9.P Celt Lines

During the screening of a number of different human cell lines for the presence

of PRL or PRLrelated molecules, the h'man IM-9 lymphoid cell line in ou¡ laboratory was

found to t¡anscribe an mRNA that hybridized to hpRL cDNA under high stringency

conditions (Fig.6). The IM-9 line was first described by Fahey and co-workers in 1971

(307) as a B-lymphoblastoid line generated from the bone ma¡¡ow of a female patient with

multiple myeloma. over the years this line has been of particular interest to

endocrinologists because it contains a large complement of insulin and GH receptors and

has been an important tool in the development of radioreceptor assays for these hormones

(308'309). A single mRNA species of approximarely 1.0kb was detectable in both totat

and poly(A)+ enriched mRNA samples isolated from IM-9 cells. A difference in the

electrophoretic mobility between IM-9 and human pituitary pRL transcripts was evident

with the lymphoid transcript an estimated 150 nucleotides longer than that of the human

pituitary. since the hybridizations had been carried out at high stringency, it was assumed

that the band detected rep¡esenred authentic hpRL mRNA. Northern blots containing

M-9, rat placenta and human placentâ total RNAs were hybridized under conditions of low

stringency (37 ClSÙVa formamide hybridization solution) with cDNAs of rplp-A (2g),

¡PLP-B (29)' 
'PLII 

(26) and hPL (276) in an effon to determine wherher IM-9 cells also

expressed other members of the PRL-GH gene family. No specific hybridization with

these probes to IM-9 RNA was detected (data not shown). The species specificity of the

Northern blot analysis in Figure 6 was demonstrated by the failure of hpRL cDNA to

cross-hybridize with rat pituitary total RNA. This result eliminated rhe possibility that the
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IM-9 line in our Iaboratory \{as contaminated with a rat pituitary cell line producing pRL.

Interestingly, RNA from IM-9 cells obtained from different sou¡ces did not hybridize with

hPRL cDNA. The integrity of these RNAs was demonstrated by the detection of intact

ranscript for the oncogene, c-myc (310) in those lanes in Figure 6. The pRLproducing

IM-9 cells from our laboratory were designated IM-9-p to distinguish them from the non-

PRl-pnrducing IM-9 lines.

This observation prompted further investigation as to the identity of the IM_9_p

line. A cloned membe¡ of the human interspersed AluI repeat sequence far¡,.ly (277)

hybridized specifically, as a smea¡, to IM-9-P DNA but not rar testes DNA which

confi¡med the human origin of the tine (Fig.7a). A fetal sex test probe, py3.4 which

hybridizes to a chromosome Y-specific repetitive element of approximately 3.5kb in EcoRI

digested human DNA (278) did not hybridize to IM-g-p DNA (Fig.7b) proving that the cell

lines were derived from a human female, in ag¡eement with the original derivation of the

IM-9 line from a female patient.

The original IM-9 line is known ro synthesize immunoglobulins (311).

conditioned media from IM-9-P cells and classical IM-9 cells were assayed for human IgG

by ELISA. Both lines we¡e found ro seffete ?60-880ng/10ø cellsl24fu, consistent wirh

IM-9-P cells being B-lymphoblastoid in derivation. The pRl-producing IM-9-p cells were

tested for the presence of mycoplasma contamination in November 19g6 using a

commercially available assay based on hybridization of mycoplasma ribosomal RNA in cell

culture medium to a specifìc [3l{]-lab€lled DNA probe. A positive control gave 5070

hybridization to the labelled mycoplasma IRNA probe whereas the negative control was

less than 27¿. Duplicate M-9-P cell samples gave approximately 26vo hybndtzaton which

indicated the cells we¡e contaminated. It was not known whether the cells had been

contami¡ated when aliquots had been initially placed in frozen storage or when the line was

thawed and cultured fo¡ these studies. The contaminated IM-9-p cells were treated over a

period of 4 weeks with a series of antibiotics provided in a commercially available kit. The
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IM-9-P cells were analyzed by liquid hybridization for the presence of mycoplasma after

the treaÍnent and æsted negative on two separate occasions. However, after apprcximately

7 months of continuous culture, the ability of IM-9-p cells to secrete IgG was lost, whereas

there was no change in this phenotype for classical IM-9 cells. concomitant with the loss

of IgG secretory ability was a diminished capacity of M-9-p cells to synthesize pRL, as

measu¡ed by Northem analysis.

To recapture a high PRl-production phenotype, the M-9-p line was cloned by

limiting dilution. Approximately 207o of the seeded wells developed IM-9-p colonies of

which 56 were selected for fu¡ther expansion and testing. Two clones were picked for

future experimenration; a high PRL producer, IM-9-p3, and a non-pRl- producer, IM_9_

P6. These IM-9-P clones did not secrete IgG as measured by ELISA.

To confirrn the B-lymphoblastoid origin of the IM-9-p cell rine and the cronal

lines derived from it, analysis of Ig gene rearrangement, a unique characteristic of B-cells,

was performed. Genomic Southern analysis was done using a 5.6kb human DNA

fragment encompassing the joining regions of the heavy chain Ig genes. In an ordered,

step-wise fashion, rearrangement and expression oflg genes includes at the earliest point

the joining of a diversity segment to one of the six joining region genes (312). Ascanbe

seen in Figure 8a, the original IM-9 line has undergone rerur-angement of the joining region

germline 5.6kb band in both alleles to generate two fragments of approximatel y 9.2 and.

4.2kb in BamHl/flindtrI digesred genomic DNA. The pRL producing IM-9-p3 clone, as

well as the parent IM-9-P line, and the non-PRl-producing IM-9-p6 clone have conserved

only the rearranged 4.2kb fragment with an appa¡ent deletion of the 9.2kb fragment. A T-

cell lineage for these cell lines was eliminated in a similar experiment in which genomic

Southern analysis using a DNA probe to the T-cell receptor, ß-chain constant region

detected no rearrangement from the germline configuration (Fig.gb).

A panel of 15 monoclonal antibodies (described in Materials and Methods) to

various human leukoc¡e cell surface antigens were used to delineate the immunophenotype
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cha¡acteristics of the original IM-9 cell line and the clonal IM-9-p3 line. The classical IM_9

cell line tested positive for the monoclonal antibodies 81, kappa light chain, IgG, 12, and

negative for all other antibodies (rable l). These four antigens a¡e cha¡acteristic of the B_

cell lineage. The clonal IM-9-P3 cell line exhibited reactivity with the monoclonal antibody

12 only (Table 1), which recognizes an HLA-D/DR-related, Ia-like antigen. The lack of
reactivity with cell su¡face immunoglobulins conesponded to the previous finding that cell

lines of the M-9-P class no longer secrete IgG. As a funher means of demonstrating or

defining the relatedness of the classical IM-9 line and the pRLproducing IM-9-p3 clone,

the cells were subjected to tissue-typing. By histocompatibiliry antigen testing the classical

IM-9 line and the PRl-producing M-9-p3 clonal line were found to possess identical

haplotypes (Iable I) which indicated a co¡nmon line of parentage.

IM-9-P PRL Immunoreactivity

Human PRL had been previously detected in the cell rysates of various

malignant cell lines but sec¡etion into the culture medium \¡vas not detectable (122). To

determine if the atypical PRL mRNA present in IM-9-p cells was translated into a secreted

product, the presence of hPRL was assessed in conditioned medium. M-9-p cells were

cultured in serum-free medium for four days to eliminate the possibility of cross-reactivity

with bovine PRL and the conditioned medium was analyzed by radioimmunoassay (RIA).

IM-9-P cells we¡e found to secrete immuno¡eacúve hpRL, which exhibited a displacement

curve essenrially identical ro rhar obrained with pituitary hpRL by RIA (Fig.9). The

conditioned media from six other human lymphoid cell Iines showed no cross-reactivity in

the R[4.



't3

Bioactivity of IM.9-P PRL

To demonsrrate the biologicar activity of IM-9-p pRL, we ut ized the ¡at Nb2

lymphoma bioassay. The Nb2 cell line is a ¡at T-cell lymphoma that is exquisitely

dependent on the presence of lactogenic hormones (pRL, hGH, pL) or interleukin-2 for

mitogenesis and shows a dose-dependent increase in cell number upon addition of these

mitogens. Two fractions of immunoaffinity purified IM-g-p pRL as well as c¡ude

conditioned media obtained after four days of serum-free cultu¡e conditions and pituitary

hPRL standard were serially diluted and added to growth-arrested Nb2 cells. The ¡esults

shown in Figure 10a indicated that immuno¡eactive pRL secreted by IM-9-p cells was

biologically active in the Nb2 lymphoma bioassay.

To confirm that no othe¡ facto¡ in M-9-p conditioned medium or co-purifying

with IM-9-P PRL was responsible for the proliferative response of Nb2 cells a

neutralization experiment was ca¡ried out. Two diffe¡ent amounts of IM-9-p conditioned

medium were added to Nb2 cells in the presence or absence of monoclonat hpRL antibody

9c3. Figure 10b shows the ¡esults of these experimenrs. The stimulatory effect of IM-9-p

conditioned medium on Nb2 cell growth was completely and specifically blocked by

monoclonal antibody to hPRL. The concentration of monoclonal antibody 9c3 was

sufficient to completely neutralize the activity of maximally srimulating doses of pituitary

hPRL standard. The monoclonal antibody itself had no deleterious or non-specific toxic

effects on the growth of Nb2 cells and was specific for hpRL as shown by the ¡esults in

the presence of ovine PRL (Fig.10a).

hPRL Secretion by the Ctonat IM-9-p3 Cell Line

The rate of hPRL secredon by the cronal IM-9-p3 ceü rine was meæu¡ed over a

four-day period. IM-9-P3 cells in stationary phase of growth were diluted to 1 x 105
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cells/rnÌ in RPMVFCS and seeded in triplicate 25cm2 flasks. Aftet 24,48,72, and 96h,

lml of cell suspension was removed for determination of cell number. The remaining cells

were pelleted aT 250 x g for 4 min, and the supematants were saved for analysis of hPRL

content by RIA. The IM-9-P3 cell pellets were washed f¡ee of PRL with RPMI 1640 and

resuspended i¡ a reduced volume of fresh medium so as to keep the cell density

unchanged.

As shown in Figure lla, the secretion of hPRL paralleled the growth curve.

The secrerion rate was calculated to range from 4G50ng hPRL/106 celUZ h¡ based on the

assumption of exponential growth of the cells within the 24 hr observation periods.

Extraction of logarithmically growing cells with PBS-O.17o Triton X-100 yielded an

intracellular hPRL content of approximately 2.0ng/106 cels, as measured by RIA.

In a parallel experiment the level of M-9-P3 PRL mRNA was exami¡ed. Total

RNA was isolated from 1.5 x 107 cells on each day of the four-day cell density experiment

and subjected to Nonhem hybridization analysis. It was apparent from the PRL transcript

hybridization signal in Figure 11b that the abundance of this mRNA was unaffected and

correlated with the constant level of PRL secretion by these cells over the same four-day

gowth period.

The Importance of PRL for IM-9-P Cell Viability

To determine the importance of PRL for IM-9-P cell g¡owth a neutralizing

agent, monoclonal anti-hPRl- antibody 9C3, was added over a four-day gowth period.

This monoclonal antibody had previously been shown to completely block the rnitogenic

activity of hPRL on Nb2 lymphoma cells (Fig.10b). As can be seen in Figure12, the

presence of the monoclonal antibody had no effect on the growth of IM-9-P cells (Fig.12).

The successful neuEalization of secreted hPRL was examined in a control experiment
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where the IM-9-P conditioned media collected on day 4 were tested in the Nb2 bioassay

(Fig.12, right panel). A significant stimulation of Nb2 cell growth was obtained using

conditioned media from IM-9-P cells grown in the absence of antibody to hpRL.

However, condirioned media from parallel cultu¡es to which monoclonal antibody 9c3 had

been added exhibited no mitogenic activity above control med.ia from IM-9-p cells on the

day-0 point of the experiment. Thus the PRL sesreted by IM-9-p3 cells was completely

neutralized and this had no deleterious effect on the growth of these cells over a 96 hr

period.

Initial Analysis of IM-9.P PRL Protein, mRNA and Gene Structure

From Figure 6 it was clea¡ that the IM-9-p pRL transcript was rarger than its

pituitary counterpart, yet experiments described above indicated that the protein was

biologically active and immunoreactive. IM-g-p pRL was immunoaffinity purified and

subjected to sDS-PAGE to comparc the size of the IM-9-p secreted hormone to that of the

human pituitary. The results in Figure 13 showed no difference in the mobility of the

principal band in each of the lanes which meant that IM-g-p and pituitary pRL were

identical in size despite the size difference between the conesponding mRNAs.

The difference in 
'RNA 

size could have been due to varying degrees of 3'end

polyadenylation in the different cell types. This possibility was tested by comparing the

electrophoretic mobility of the PRL mRNAs subsequent to removal of the poly(A) tail by

RNase H. As can be seen in Figure 14, digestion of mRNA poly(A) tails did not eliminate

the size differences between M-9-P and pituitary hpRL ranscripts.

Since the IM-9-P PRL protein was identical in size to the human pituitary

protein, it was assumed that the protein coding region of the IM-9-p pRL mRNA was

unalte¡ed. It was thus not unreasonable to postulate that the inrory'exon structure of the
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PRL gene had not undergone a gross r€aÍangement in the M-9-p3 genome even though

the protein was produced ectopically and its ranscript was atypical. To æst this hypothesis

genomic southern hybridization analysis was performed on DNA isolated from a normal

human placenra, classical IM-9 cells, and the pRl-producing IM-9-p3 line digested with

six different restriction enzymes. These DNA blots were probed with pituiøry hpRL

cDNA (10) and DNA fragments of the hpRL gene (36). A cloned 557bp BglrIÆcoRI

genomic DNA fragment covering l65bp of exon 5 and 392bp of 3'flanking DNA was

included in these studies to identify 3' end-specific fragments in the banding pattem and

thus conoborate the experimental data with the published resriction map of the hpRL gene

(see Fig.26). The same rationale applied to the utiliz¿tion of a 5' end-specific genomic

fragment encompassing 978bp of 5' flanking DNA, exon I and about 120bp of inron A.

Moreover, in preliminary studies, and in the literature (35,36), it was evident that the

pituitary hPRL cDNA appeared unable to detect genomic fragments containing only exon

1. Exon 1, including the 5'untranslated sequence is about g5bp in length; however, the

pituitary hPRL cDNA used as a hybridization probe contains only 3lbp of this sequence.

Presumably there was insufficient complementary sequence length to allow stable hybrid

formation between the random-primer labelled hpRL cDNA pstl subfragment and exon 1,

under the stringent hyb'ridization conditions employed in these studies.

In Figure 15a, DNAs had been cleaved with EcoRI, Hindltr, and pstl and

probed simultaneously in "a" with the pituitary hpRL oDNA and the 5' end-specific

genomic fragment. This blot was then stripped of the radioactive signal and re-hybridized

with the 5' specifïc probe alone, the result of which is shown in Figure 15b. This was

done to identify those fragments in each digest which contained the 5,flanking region of
the hPRL gene. The ¡estriction fragment panerns we¡e identical for all th¡ee DNAs in each

digest. The additional under-represented low molecular weight bald found in the human

placenta DNA lanes of Figure 15 was unique to that particular DNA preparation. The
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intensity of some of the bands in a particular set of digests varied because the overlapping

complementary sequence between the hybridizing DNA species wæ short

In other hyb,ridization experiments with different DNA blots the pituitary hpRL

cDNA alone was used as the probe. The hpRL gene restriction fragmentation pattern

obtained with Hindltr in Figure 15 implied that hpRL cDNA hybridized srongly to only

one fragment which comigrated with the 9.4kb ma¡ker. This was confrmed in later

experiments and a very weak signal was also reproducibly observed at approximately

5.0kb. DNA blots probed with the 3'end-specific genomic fragment hybridized srongly

to the 9.4kb Hind Itr fragment as well as to the 5.0kb band seen only faintly with the hpRL

cDNA. The 5.0kb Hindltr fragment represented DNA extending into the 3' flanking

region from a Hindltr site located in the hpRL 3'urR. Experiments performed with pstl

and EcoRI digested DNAs probed with hPRL cDNA alone revealed a simila¡ rend to those

described for HindIII. That is, the 5'end-specific hpRL genomic probe detected DNA

fragments not seen with pituitary hPRL cDNA and these 5' end genomic fragments

corresponded to the bands seen in Figure 15b. As alluded to above, the strongest

hybridizing band in each set of digested DNAs in Figure l5b contained exon I as the only

coding region of the hPRL gene. The weaker band in HindrII and pstl digested DNAs

represented further 5' flanking DNA, the origin of which will be discussed in greater detail

in a later section. In EcoRI digested DNA, the 5'specific genomic probe detected one

srong band of approximately 2750bp which contained exon 1 as the only coding sequence;

this band was not observed when the pituitary hpRL cDNA alone was used as a probe.

The 3'-end speciñc genomic probe did not detect fragments different from those seen wirh

pituitary hPRL cDNA as the probe in pstl and EcoRI digested DNA. This genomic probe

identified the approximately 4.lkb EcoRI fragment and the 1.2kb pstl band as the 3'end

of the hPRL gene. In all experiments utilizing hpRL genomic probes, no bands unique to

IM-9-P3 DNA were detected. Moreover, these experiments confirmed that pituitary hpRL
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cDNA could not hybridize to 5'flanking DNA or genomic fragments containing only

exon 1.

In Figure 15 "c" and "d" the results of simila¡ experiments done using the

enzymes NcoI and XbaI are shown. The nirocellulose filter was initially hybridized with

the pituitary hPRL oDNA alone. The blot was then sequentially stripped and reprobed

separately with the 5'end-specifîc genomic fragment a¡d 3'end genomic fragment. In

NcoI digested DNAs, two extra bands we¡e detected in the 7-8kb range in the human

placenta DNA sample using the 5' specific genomic probe only, otherwise the NcoI

banding pattern amongst the DNAs using the th¡ee hPRL DNA probes were identical

(Fig.15c). The exua bands in the placental DNA sample were not reproducible. A new

high molecular weight band of <1lkb was detected by the 5'end-specific genomic probe

which appeared identical in size in all th¡ee DNAs tested. The hPRL gene restriction map

(36) indicated that this new high molecular weight band contained exon 1 yet it was not

detected with the pituitary hPRL cDNA as seen in other digests above. The approximately

2.9kb NcoI fragment observed with both hPRL probes contains exon 2 and 6 codons of

exon 3. Identical restriction fragment pattems were observed with XbaI among the DNAs

tested (Fig.15d) and it was evident that the 5' and 3' end-specific XbaI fragments of the

PRL gene comigrated at approximately 4.4kb. As a result, it was not possible to

conclusively state that the pituitary hPRL oDNA did not hybridize to the 5' end XbaI

genornic fragments of the hPRL gene. One might expect a very strong hybridizing signal

in the 4.7kb range, indicative of a doublet, if the 5' and 3' end genomic fragments were

both detected by the pituitary hPRL cDNA. From Figure 15d and other experiments it was

clear that a doublet was not detected by pituitary hPRL oDNA which agreed with the results

described above.

For the enzyme BglII, the results were not as straighforward as those described

for the other digests. Non-uniform ¡estriction fragment pattems were obtained fig. 16a)

with the pituitary hPRL cDNA probe such that the lowest molecular r eight band was
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missing from the human placenta pattem, and the approximately 3.5kb band was very

weak in intensity in DNA from the classical IM-9 line obtained from M. læsniak (NIH). If

these results were due to incomplete digestion of the DNAs then one would have expected

to detect larger molecular weight precursor bands; however, none were observed. The 5'

and 3' end-specific hPRL genomic probes revealed no differences in banding pattern

between the human placenta, IM-9-P3 and IM-9 cell DNAs. Thus, by elimination, the

BgIII restriction sites responsible fo¡ the differences seen with the pituitary hPRL cDNA

must lie in the intemal regions of the gene. The 5' end-specific genomic probe identihed

two new fragments. The 1.9kb band in each lane, according to the published hPRL gene

restriction map (36), contained only exon I coding sequence and was not detectable with

pituitary hPRL oDNA as observed in othe¡ digests. The larger molecular weight band

cornigrated with the 23kb marke¡ band and represented futher 5'flanking DNA of the

hPRL gene. These results ¡einforced the importance of including the 5' end genomic probe

in such studies not only to identify the location of a specific fragment in the hPRL gene, but

also to obtain a complete picture of the structure of the hPRL gene in M-9-P3 cells.

Hybridization of a number of different human DNAs revealed that absence of

the smallest molecular weight Bgltr fragment could have been due to a restriction fragment

length polymorphism (RFLP). As can be seen in Figure 16b, peripheral blood lymphoc¡e

DNA from anothe¡ individual also lacked the smallest molecular weight BgIII fragment, a

pattem identical to the human placenta DNA seen in Figure 16a- In confast, DNA isolated

from a human breast cancer cell line and from another normal individual yielded a BgIII

restriction fiagment pattern identical to that seen in the PRl-producing IM-9-P3 line.

Consequently it was unlikely that the non-uniform BgIII banding pattem of the hPRL gene

was due to a gene ¡earrangement. Moreover, no rearrangement or deletion ofthe hPRL

gene was observed using the five diffe¡ent restriction enzymes described in Figure 15. By

elimination then, it was assumed that the varying BgIII banding pattem of the hPRL gene
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was due to restricrion fragment length polymorphism. Further studies, including pedigree

analysis, are required to confirm this hypothesis.

Weak hybridizarion ro the 3.5kb BglII fragment in rhe DNA of IM_9 cells from

M. Lesniat (MH) was reproducible and unique since that fragment was strongly

represented in DNA of IM-9 cells from two other sources (Fig.l6b). This phenomenon

-ay have been related to the putative Bgltr RFLp.

It was important to these genomic DNA hybridization srudies to identify the

bands detected in each digest in order to ensure that the entire hpRL gene was represented

in the fragmentation pattem, only in this way could one conñdently state that the hpRL

gene in IM-9-P3 cells was not rearranged internally or in flanking regions given the.

resolving power of this technique. unfortunately sequence penaining to large intronic

segments of the hPRL gene are not available and the location of some restriction sites

relevant to the above studies remain to be determined. It was possible, however, to

identify the origin of most bands in the various digests by comparison to the rcstriction map

of the gene (Fig.26) and the use of 5' and 3' end-specific genomic probes. The

fragmentation patterns of hPRL gene described above were consistent with the presence of

an intact gene in the IM-9-P3 genome.

Comparison of IM.9-P3 PRL nRNA to that of Uterine Decidua

It has been assumed since the work of clements et at (7 4) that human deciduar

PRL mRNA is identical to the pituirary üanscript. To confi¡m rhis dara and compare the

atypical IM-9-P3 PRL message to that found in the human decidua, a series of Northern

blot hybridization experiments were done. Gestational decidua was obtained from 9-12

weeks of pregnancy and RNA was isolated. The results of one of these experiments is

shown in Figure 17. surprisingly, the PRL mRNA found in normal human decidual cells
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\pas larger than the pituitary hPRL transcript and essentially identical in size to the hpRL

mRNA seen in M-9-P3 cells. In total,21 diffe¡ent decidual RNA samples were analyzed

in this manner, the results of which were identical to Figure 17.

Isolation and Characterization of PRL cDNA Clones

To localize precisely rhe source of elongation in IM-9-p3 and deciduar pRL

mRNAs relative to the pituitary hPRL mRNA, cDNA lib¡a¡ies werc constructed from poly

(A)+ 
'RNA 

isolated from the originar pRl-producing rine, IM-9-p. Both IM-9-p cDNA

libraries (I and II) contained approximately 8.5 x 105 recombinant phage/pg of DNA.

From unamplified ponions of these cDNA libraries, approximately 150,000 ¡ecombinant

phage were screened and a total of 8 cDNAs were isorated (numbers 3,6, 10,7,9,11,rv and

c) and purified by high stringency hybridization to pstl subfragments of pituitary hpRL

cDNA. subsequent screening of amplifred portions of both libra¡ies (100,000 recombinant

phage) yielded 55 strongly hybridizing plaques from library I and 19 f¡om libra¡y rI. All
74 positive phage underwent seconda¡y screening with a 5'untranslated region-specific

cDNA probe in order to further purify and analyze primarily full-length cDNAs. Th¡ee

such cDNAs (14,94 and I- 1) were identified in this manner for a final yield of I 1 putative

IM-9-P PRL cDNAs.

Human decidual PRL cDNA crones were isolated and purified from two

different amplified lambda GTl1 cDNA libraries; one constructed f¡om human placenra

nRNA (clontech Laboratories Inc., palo Alto, cA) and the other f¡om human decidua

'RNA 
(281) provided by Dr. olli Janne (population council and rhe Rockefeller

university' N.Y.). A total of 300,000 phage from the human placenta cDNA library were

screened with rat prolactin-like protein A (28) and B (29) cDNAs. This screening had been

done as par:t of ea¡lier studies attempting to identify human homologues of these rat genes.

since the human placenta at delivery contains decidual tissue on the maternal side due to the
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invasive nature of placental trophoblasts; a cDNA lib¡ary constructed from such tissue

would likely contain deciduat PRL cDNA clones. Rat pRLlike protein A cDNA contains

regions of high sequence homology with hpRL cDNA (2g). using rat prolactin-like

protein A cDNA, under moderately stringent conditions, seven strongly hybridizing clones

were identified of which three were chosen (Fl-a,4a,o) for sequence analysis based on the

amount of 5' sequence present. A human decidua lambda GTl l cDNA library, when

screened with IM-9-P PRL oDNA rv which appeared to contain the longesr 5' non-coding

sequence, resulted in 94 positive plaques which were subsequently narrowed down to 15

clones which contained 5'untranslated sequence. Restriction analysis (EcoRI) of these

cDNAs revealed that only five (194,138,88,24,15A) appeared to possess elongated 5,

ends.

AII nineteen hPRL cDNAs we¡e subcloned and determined to be of independent

origin by differences in the 3'and 5'termini. The majority of pRL cDNAs isolated from

the IM-9-P lib¡aries we¡e nor intact because of inefficient methylation-protecrion of cDNA

EcoRI sites prior ro cleavage of concatinated EcoRI linkers tigated to the cDNA. Human

PRL cDNA contains a single EcoRI site at amino acids glutamine 39-phenylalanine 40; as

a ¡esult one end of almost every cloned hpRL cDNA isolated from these IM-9-p

lymphoblast lib¡aries was generated from this internal EcoRI site. A preliminary

comparison of the IM-9-P and decidual pRL cDNAs was performed by EcoRI restriction

analysis and hybridization with 5' and 3'end-specifîc pituirary hpRL cDNA protæs. From

digestion of a full-length pituitary hpRL cDNA one would expect two fragments; a 5'

cleavage product of 258bp, including the 5'unranslated region (urR), and a 3'fragment

of 628bp plus an unspecifred poly(A) tail. when this form of restriction endonuclease

analysis was applied to the nineteen hpRL cDNAs described above, eleven were found to

contain significantly larger 5'EcoRI fragmens without a major difference in the individual

3' EcoRI fragments. Thus, the elongation of IM-9-p and decidual pRL mRNA resided in

the 5' untranslated sequence relative to the 57 nucleotide 5' non-coding region of the
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pituitary PRL mRNA (36). These analyses also indicated that three of the IM-9-P PRL

oDNA clones possessed an unusual restriction map which implied that these oDNA were

chimeric in nature. This was confrmed by nucleotide sequencing. The stn¡ctu¡e of the

nineteen M-9-P and decidual PRL cDNAs compared to that of a fulllength pituitary PRL

cDNA is depicted in Figure 18.

Nucleotide Sequence Analysis of IM-9-P and Decidual PRL cDNAs

keviously we had shown IM-9-P lymphoblast PRL protein to be essentially

identical to human pituitary derived PRL based on a number of physicochemical criteria.

To confirm these data, all eleven putative IM-9-P PRL cDNAs were subjected to various

degrees of nucleotide sequence analysis, the strategy for which is shown in Figure 18. IM-

9-P PRL cDNA #3 was the largest clone and was sequenced fully on the mRNA strand and

647o on the opposite strand. The porrion that was not sequenced on the cDNA strand was

included in the sequence analysis of the other æn IM-9-P PRL clones and all were identical.

The nucleotide sequence corresponding to the protein coding portion of IM-9-P PRL was

found to be essentially identical (Fig.19) to that previously published for human pituitary

cDNA (10). Two silent substitutions at the third base of the codons fo¡ leucine -8 and

glutamate 162 have been reponed in dPRL mRNA (75); data herein did not agree with

these subsdrutions.

Sequence analysis confirmed that three of the IM-9-P PRL cDNAs were

chimeric. These were rather unusual chimae¡a in that the independent cDNAs were both

derived from PRL mRNA. The generation of these chimeric structures occurred during

construction of the cDNA library since atypical cDNA restriction fragments were observed

on digestion of the original lambda clones. All th¡ee chimeric cDNAs (C,3 and 1A)

contained an invened portion of hPRL 3' untranslated sequence ligated to the 5' end of the
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cDNAs. This peculiar cDNA cloning artifact appears to have occurred via an llbp
sequence (5'GAAGGTccrrA 3') beginning 31 nucleotides 3'of the terminal cysteine

codon which is 907o homologous to sequence located between -ls7 and -L67 of the IM-9-

P PRL 5' untranslated region. This llbp sequence is palindromic and could form an

intramolecula¡ stem-loop strucrtue in the 3' urR. since the junction point in all three

chimeric cDNA clones occurred within this llbp region it was conceivable that sequence

complementarity facilirated the annealing and ligation of independent hpRL cDNAs. There

is no othe¡ sequence homology between IM-g-p pRL 5'and 3'untranslated sequences.

The 5' end of IM-9-P PRL cDNA clones c and #3 were ligated to an adenine residue

located 42 nucleotides 3'ofcysteine 199 in an invened fashion such that 106bp of hpRL 3'

untranslated sequence plus poly (A) tail were present at the 5' end of these cDNAs. IM-9-

P PRL cDNA 1A was of a simila¡ structu¡e except that the junction point occurred at a

cytosine residue located 37 nucleotides 3' of the terminal cysteine codon. These chimeric

hPRL cDNA were isolated from IM-9-P cDNA library I only.

A simila¡ nucleotide sequencing srrategy was applied to the deciduar pRL

cDNAs to compare its sequence to that of IM-9-p pRL mRNA. The dpRL cDNAs purified

from two different libraries were found to be intact and not chimeric. The 3'and 5'non-

coding regions of each dPRL cDNA was sequenced as well as selected portions of the

protein coding region of each clone. Interestingly, the coding region of three of the four

dPRL cDNAs analyzed contained an extra in-frame alanine codon in the hydrophobic leader

sequence between lysine-Z0 and glycine-l9 resulring in a signal sequence of 29 amino

acids.

Eight of the IM-9-P pRL cDNAs contained 3' untransrated sequence which was

essentially identical to that reported for pituitary pRL oDNA (10). Takahashi and co-

workers (75) reported two diffe¡ences in the 3' untranslated sequence of dpRL of which

only one was also found in atl M-9-P and decidual pRL cDNAs; these differences mosr

likely represent allelic variants. only one M-9-p cDNA possessed a 3' end identical to that



85

of the pituitary PRL cDNA reporred by cooke and colleagues (10) while seven cDNAs

contained a 7-14 nucleotide elongation (Fig.20). poly(A) tails were presenr on ten of the

nineteen PRL cDNAs purified from the four different cDNA lib,raries and averaged l gbp in

length. other essentially full-length IM-9-P and decidual pRL cDNAs were truncated

somewhere in the 3'urR. IM-9-P PRL cDNA 9 was truncared at the adenine residue 11g

bases 3' of the termination codon, dPRL cDNA o ended 26bp 3' of the ochre codon, and

dPRL oDNA 4a ended 107 bases downstream of the terminal cysteine codon. Decidual

PRL cDNA 138 contained a 3'end identical to the pituitary pRL cDNA, but did not

possess a poly(A) tail and the¡efore may have represented a truncated cDNA. The 3'end

heterogeneity shown in Figure 20 could not account for the approximately 150 nucleotide

difference between M-9-P PRL mRNAs and the pituitary message.

Five of the IM-9-P PRL cDNAs (IV,3,C,lA,I-l) contained a 5' non-coding

region in which the sequence differed dramatically from that reported for the pituitary

mRNA (Fig.21). Truong and colleagues (36) determined that the 5' urR of pituitary

hPRL mRNA is 57 nucleotides in length. The 5'non-coding sequence shown in Figure 21

is that of IM-9-P PRL oDNA IV which had the longest 5'untranslared sequence at 191

nucleotides. IM-9-P PRL cDNAs 14,3 and c contained 5' non-coding information

identical to that seen in cDNA IV but shorter in length presumably due to premature

termination of reve¡se ranscription during cDNA synthesis. The length of the 5,urR in
IM-9-P PRL cDNAs 14, 3, and c is denoted by the negative number ar the 5' end of each

cDNA in Figure 1 8. The 5' non-coding region of IM-9-p pRL cDNAs contained an extra

41 nucleotides upstream of the normal transcription start-site for the human pituitary pRL

gene (Fig.21). The additional 5'flanking sequence to nucleotide -9g includes the putative

TATA box at position -85. In IM-9-P cDNA tv the exra 41 nucleotides were immediately

preceded by an additional 93 nucleotides which were not homologous to the published

DNA sequence found 5'to the human pituitary pRL gene cap site. The identical 5,

untranslated sequence was found in IM-9-p pRL cDNAs lA, 3 and c (data not shown).
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Moreover the junction point sequence between the unique 5' urR and the previously

published genomic sequence at nucleotide -98 was identical. clearly this consistent unique

5' non-coding structrre could easily account for the size difference between lymphoblast

and pinritary PRL tanscripts.

M-9-P PRL cDNA I-l possessed a 5'UTR very similar ro that described

above with some differences. Initially IM-9-p pRL cDNA I-1 was thought to possess the

longest authentic 5'urR of248bp (Fig.2z). This sequence differed from that described

for the other IM-9-P PRL oDNA 5'urRs in that IM-9-p pRL cDNA I-l contained an extra

45bp at its 5' end ¡elative to cDNA rv and an extra 12bp at the -9g junction point with the

known 5'flanking region of the PRL gene. The unique sequence between these regions

was identical to that seen in the othe¡ IM-g-p pRL cDNAs as shown in Figure 22. Since

the extrâ 45bp at the 5' end of this clone was unique, its authenticity as a region of IM-g-p

PRL mRNA was assessed by Northem blot hybridization. sense and antisense cRNA

generated from the unique 5' urR upstream of -9g in M-9-p pRL clone I-1 was

hybridized to human decidual and IM-9-p RNA. The anrisense probe detected a single

band of approximately 1.0kb which comigrated v/ith hpRL mRNA. surprisingly the sense

cRNA also hybridized ro an abundanr, approximately 500bp mRNA in all RNA samples

(data not shown). This hybridization was due to the extra 45bp at the 5' end of IM-9-p

PRL oDNA I-1 which indicated that this cDNA was chime¡ic. As will be discussed in the

next section, sense oRNA generated from the shorter unique 5' urR of other IM-g-p

cDNAs did not hybridize to any RNA.

An analysis of the 5' ends of severar overlapping dpRL cDNAs revealed

diffe¡ences in the extent of 5' non-coding information (Fig.lg) but showed complete

sequence homology to each other in overlapping regions. The structure and sequence of

the dPRL 5' untranslated region was identical to that described above fo¡ the IM-9-p

lymphoblast mRNA (see Fig.2l) and thus provided the basis for the mRNA size difference

seen when compared with the pituirary transcript on denaturing formaldehyde gel
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electrophoresis. Decidual PRL cDNA 154 represented a distinct, alttrough minor, second

class of elongated PRL mRNA with a 5' untranslated region of 300bp. As shown in

Figure 21, clone 154 contained an additional 148 nucleotides beyond -9g which was

homologous to the 5' flanking DNA of the hpRL gene to -246. This extended 5'flanking

sequence was preceded by 54 nucleotides of unique non-coding information which was

identical to that seen in all of the IM-9-p and decidual pRL cDNAs. This cDNA would

appear to have represented a scarce member of the total dpRL mRNA population since a

hybridizing PRL ranscript 300 nucleotides or more longer than the pituitary mRNA had

not b€en detected on Northems and clone 154 was the only cDNA of this unique stucture

represented amongst the original 55 positive plaques.

Strand-Specific RNA Hybridization Analysis

To confirm that the unique 5' untranslated sequence was indeed an authentic

component of PRL mRNA i¿ vivo, RNA hybridization experiments were performed.

Total RNA from IM-9-P3 cells, individual huma¡ decidual samples and human pituitaries

were electrophoresed on denaturing formaldehyde-agarose gels and blotted onto a

nitrocellulose based membrane. These blots were probed with an antisense cRNA

synthesized from a template gene¡ared from the unique 5'non-coding region of IM-9-p

PRL cDNA IV which was contained in an EcoRV-EcoRI fragment subcloned into pGEM-

3. High stringency hybridization of this cRNA probe to RNA blots containing various

sources of hPRL mRNA showed a single band which exactly comigrated in decidua and

IM-9-P3 RNA at approximately 1.1kb (see Fig.23). No hybridization \¡vas seen to pituitary

mRNA. This RNA blot was then stripped and rehybridized with a random primer labelled

hPRL cDNA probe consisting of only coding region sequence. The latter probe detected

PRL mRNA in pituitary total RNA as expected as well as the slightly larger transcript
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which had been seen exclusively in decidual and M-9-p3 RNA using the unique 5' urR
probe. These results illusaated that the new 5'Lrr sequence was not present in pituitary

PRL mRNA. The differing intensity of the pRL mRNA signal in the decidua lanes, despite

equal gel loading, was due to the inherent variability associated with individual tissue

sampling and was seen over the 27 different decidual RNAs tesred in this manner. contol

experiments performed under low stringency conditions of hybridization (42c,40vo

fonnamide hybridization buffer) utilizing the sense cRNA nanscribed from rhe same

template did not result in any form of consistent, specific hybrridization signal.

Primer Extension Analysis of hPRL mRNA 5' Termini

Primer extension analysis was performed to compare the transcription sta¡t site

in IM-9-P3, decidua and pituitary pRL mRNAs (Fig.24). A 2l-nucleoride primer

corresponding to leucine 1 through cysteine -6 of the signal sequence was annealed to

mRNA isolated from human pituitaries, pooled decidua tissue samples, IM-9-p3 cells and

as a negative conüol, the parental IM-9 line which does not produce pRL. The cDNA

products consistently obtained using many different pituitary RNA preparations are

illustrated in Figure 24 by a broad signal extending from 120-12g bases upstream of the

priming site. on shorter autoradiographic exposure this wide srong signal was discemable

as a series of 6 closely positioned bands of varying intensities which corresponded to 5'

untranslated regions of 55-63 nucleotides in length in pituirary hpRL mRNA. These data

were in good agreement with the results obtained by Truong and co-workers (36) in which

a single distinct fragment coresponding to a 57bp 5'non-coding region was resolved after

s I nuclease protecrion by human pituitary tumou¡ RNA. The pituitary-specific pattem of

cDNA products suggested that ranscription initiation of the hpRL gene occurred over a

cluster of 9 nucleotides located 16bp downstream of the putative TATA box. over 5
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sepffate experiments the most abundant primer extended products represenled a 5' UTR of

55-57 nucleotides. Additional exposufes did not reveal longer cDNA products consistent

with the udlization of start siæs fu¡ther upstream.

The pattem of bands obtained with decidual a¡rd IM-9-P3 RNA were identical to

one another and markedly different from the pituitary products. ln four separate

experiments no primer-extended cDNAs co-mig¡ated with those obtained using pituitary

RNA, even on long autoradiographic exposüe. Using IM-9-P3 or decídual RNA as the

template, a series of seven bands were reproducibly resolved resulting from the primer

having been extended to various positions between 204 nd 244bp upstream of the priming

site. These cDNA products were generally sÍonger in intensity in decidual RNA (Fig.2a)

as compared to the IM-9-P3 products because of the greater abundance of PRL mRNA in

decidua totâl RNA. Of the consistent primer extended products, the largest were the

predominant bands at 265 t 3 nucleotides, indicating a 5'unranslated region of 178 t 3

nucleotides. Two bands were commonly present around 265bp afær primer extension and

may have represented the inefficiency of reverse transcriptase rather than the presence of

two separate 5' ends. The sizes of the remaining six somewhat weaker signals are

provided on the left of the autoradiogram in Figure 24; these bands represented 5'

untranslated regions of 140,154,160 and 162 bases. None of these primer extended

products were generated when RNA of parental IM-9 cells was utilized. Various minor

extension fragments of lower molecular weight were inconsistently generated, but these

likely represented premature stops due to the secondary structu¡e of IM-9-P3/decidua PRL

mRNA.

It appeared that a rather complex series of ranscription stan positions we¡e used

on the hPRL gene which is present in single copy in the human genome. The locations of

these cap sites could be deduced from the sizes of the various primer extended products.

The position of these new IM-9-P3/decidua-specific start sites are labelled on IM-9-P PRL

cDNA IV (Fig.21). The 5'ends of the IM-9-P and dPRL clones as shown in Figure 18
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were very close to these putative strrt sites. The somewhat shorte¡ transcripts seen with the

clones probably resulted from prematu¡e termination of reve¡se transcription. such DNAs

were clearly present on prolonged autoradiographic exposure as seen in the lanes on the

right in Figure 24. The largest of these minor products extended 3g6 bases upstream of ttre

primer and denoted a 5' untranslated region estimated as 320 bases in decidua and M-9-p3

RNA' The size of this cDNA correlated well with the unique sructu¡e of IM-9-p pRL

clone 154 (see Fig.2l) in which the 3' splice juncrion between the unique 5' non-coding

sequence and the known flanking region of the pituitary pRL gene was at position -246,

rather than at position -98 as was seen with the other cDNA clones.

The presence of multiple longer primer extended prcducts generated with IM-9_

P3 o¡ decidual PRL 
'RNA as compared to those derived from the pituitary nRNA was

entirely consistent with the existence of a considerably extended 5' non-coding region

found in M-9-P and decidual PRL cDNA clones. The discovery that a segment of unique

sequence up to 93 bases in length, contributed to this 5' extension, in large part accounted

for the elongated size of decidua and IM-9-p3 pRL message. Inirially, the estimated size

difference between the M-9-P3/decidua pRL message and the pituitary transcript was 150

bases. collectively, the above experiments defined that difference as g3 to 134

nucleotides, a size range easily represented within the broad hybridizing band of decidual

and IM-9-P3 PRL mRNA on Northem blots.

Genomic Localization of the Unique 5' Segment of IM.9-p3/Decidua pRL
nRNA Untranslated Sequence

A series of human genomic DNA hybridization experiments were undenaken to

try to determine the length of the putative intervening sequence between the pituitary-

specific cap-site and the new non-coding exon of the pRL gene utilized in IM-9-p3 and



91

decidual cells. It was also to compare the organization of the DNA surrounding the new 5'

non-coding sequence of the ectopically activated pRL gene in M-9-p3 lymphoblasts to that

found in normal cells. These studies would potentially detect a transposition or

¡ecombination event which may have led to the inappropriate activation of the pRL gene.

In the first set of experiments, DNA samples were digested with EcoRV-

Hindltr. These restriction enzymes were chosen because an EcoRV site was present at -96

of the IM-9-P3/decidual PRL cDNA 5' non-coding sequence (see Fig.19). The upstream

Hindm 5i¡s e¡ inte¡est was located at position -776 relative to exon 1 of the hpRL gene and

together these enzymes ¡eleased a genomic fragment of 6g0bp from phpRlg2750. A

series of 5-7 human DNAs isolated from the general population was included in each

genomic DNA hyb,ridization experiment to distinguish benveen restriction fragment length

polymorphism of the hPRL gene and legitimate recombinatorial events which may have

been detected in the IM-9-P3 DNA. The southem blot was initially probed with the

homologous, gel-purified 680bp EcoRV-HindIII fragment from the cloned hpRL gene 5'

flanking DNA shown schematically in Figure 25. A single band/lane of 6g0bp was

detected for atl DNAs (Fig.25a) whiöh implied rhar the IM-9-p3 pRL gene srruqu¡e had

not been rearranged in the region of the pituitary-specific ranscription start sire. This

region also included the putadve 3' splice acceptor sequence for the processing of the new

5' non-coding sequence. This southern blot was rehybridized with a DNA fragment

containing 3 copies of 72bp of unique 5' non-coding sequence from IM-9-p pRL cDNA

#3. As can be seen in Figure 25b, a signal estimated at l.lkb was presenr in every lane

which suggested that the IM-9-P3 gene structüe surrounding the new 5' non-coding exon

did not diffe¡ f¡om normal human DNA. More importantly these results graphically

demonstrated that the unique 5' untranslated sequence of lM-9-p3/decidua pRL mRNA

was not colinea¡ with the immediate 5' flanking DNA of the hpRL gene and thus located ar

some dis[ance f¡om the pituitary-specific pRL RNA start site.
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The location of this putative 5'non-coding exon of the hpRL gene was furthe¡

confi.rmed and the length ofthe intervening sequence more precisely determined by a series

of genomic southern blots constructed in a manne¡ identical to that described above. These

blots were first probed with a previously described 5' end-specific fragment of l132bp

excised f¡om phPRLg2750 by EcoRI-XbaI digestion (see Fig.26). The DNA blots were

then stripped and rehybridized wirh a teEamer of 72bp of IM-9-p3/decidua-specific pRL 5'

urR. By comparing the resuhant hybridization pattern obrained with each probe on the

same blot it was possible to estimate the distance between the tissue-specific pRL cap sites.

Experiments utilizing EcoRI, HindIII, and HincII digested human DNAs did not

demonstrate linkage between the new 5'urR and exon I of the hpRL gene since common

hybridizing DNA fragments \¡!,ere nor identified using the above probes (Fig.2z). In
EcoRI digested DNAs (Fig.27a) the 5' end-specific genomic probe hybridized as predicæd

by the restriction map (Fig.26) to a 2750bp fragment. when stripped and rehybridized

with the unique 5'urR probe a fragment of approximately 7.0kb was observed in every

lane. In retrospect, this hybrridization could not have shown linkage between the sequences

of interest wirhout a genomic DNA probe 5' to the EcoRI site at -97g relative to the hpRL

coding region. Experiments with such a probe will be discussed below.

In HindtrI digests the 5' end-specific hpRL genornic probe hybridized to two

fragments (Fig.27 c); a strong band of approximately 2.2kb and a less intense signal at

4.2kb. The 2.2kb band represented the DNA sequence extending 3'of the HindIII site at

-758 in the 5'flanking region of hpRL exon I and the 4.2kb band corresponded to the

DNA located to the next unknown upstream HindtrI site (see Fig.26). Therefore the 4.2kb

fragment reached approximately 5.0kb into the 5' flanking DNA of the pituitary pRL RNA

sta¡t site. when this blot was hybridized with the unique lM-9-p3/decidua 5' urR probe a

single band of 1.lkb was seen in each lane (Fig.27d). Therefore the new 5'non-coding

exon was not located within 5.0kb of the pituitary pRL cap site. DNAs digested with

HincII and hybridized with the 5'end-specific genomic fragment resulted in detection of a
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single band of approximately 5.7kb in all lanes Fig.2-7 e). The same blot probed with the

new 5' non-coding sequence probe yielded a band of about 2.1kb in each DNA sample

(Fig.27Ð. These data confirmed those described above with HindIII digested DNA. The

frst Hinctr site of the hPRL gene is located in intron A approximately 2.39kb downstream

of the 5' end of the hPRL genomic clone (see Fig.26). Therefore about 3310bp of the

5.7kb Hinctl framgent was composed of DNA between the 5' end of the hPRL genomic

clone at -978 and the next unknown upstream HincII site. Consequently, the new 5'non-

coding exon could not have been located within approximately 4.3kb of exon 1 of the

hPRL gene (i.e. 3310bp + 978bp).

The next series of genomic blots defined the outer bounda¡y for the location of

the new 5' non-coding exon of lM-9-P3/decidua PRL mRNA. DNAs digested with PstI

demonstrated linkage between the pituitary specific exon I and the M-9-P3/decidua-

specific 5'non-coding sequence (Fig.28). Using the hPRL 5'end-specific genomic probe,

two bands were resolved, an intense 3.2kb fragment and a weaker band which migrated at

approximately 7.4kb (Fig.28e). The strong 3.2kb fragment represented sequence

extending in a 3'di¡ection from the 5'PstI site at -866 to the PstI site in intron A (see

Fig.26). The 7.4kb band consisted of DNA 5' to the PstI site at -886. This band was

relatively weak in intensity because there was only 11 lbp of overlap with the 5' end of the

random-primer labelled, 5' end-specific hPRL genomic probe (1 132bp EcoRI-XbaI

fragment) and thus this ftagment encompassed about 8.2kb of DNA 5' to the pituiury PRL

gene cap site. Subsequent hybridization of this Southem blot with the unique 5' UTR

cDNA fragment revealed strong hybridization to a single band which exactly comigrated

with the 7.4kb fragment detected with the hPRL genomic probe (Fig.28f). This provided

strong evidence for the localization of the new 5' non-coding exon within 8.2kb of the

hPRL exon 1. Similar data was obtained using Southem blots which contained NcoI or

BgIII digested DNAs. In Figure 28a, two NcoI digested human DNA fragments

hybridized to the 5'end-specific hPRL genomic probe in all samples. The smaller more
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intense fragment was sized at approximately 3.6kb and extended from the NcoI site i¡ exon

1 to the next downst¡eam site in exon 3 of the hPRL gene (see Fig.26). The other

hybridizing fragment migrated slightly smaller than the 23kb ma¡ker band and

corresponded to DNA upstream of the exon 1 NcoI site to the next unknown NcoI site.

This latte¡ NcoI fragment was also detected when the same blot was stripped and reprobed

with the new 5' non-coding segment of IM-9-P3/decidua PRL mRNA (Fig.28c). In blots

which contained human DNAs digested with BglII, the 5'end-specific hPRL genomic

probe hybridized to two fragments (Fig.28b). As in the NcoI digests, the smaller BgIII

fragment of about 2.1kb represented DNA which extended downstream from the BgIII site

at -43 of the hPRL gene 5' flanking region to a site in intron A (see Fig.26). The much

larger hybridizing Bgltr fragment comigrated with the 23kb ma¡ker in all lanes and was the

only fragment detected when this blot was rehybridized with the unique 5' UTR of IM-9-

P3ldecidua PRL mRNA (Fig.28d).

The BgIII and NcoI genomic Southem hybridization experiments confirmed the

data obtained with PstI digested DNAs but did not further delineate the outer limit of the

intervening sequence between the IM-9-P3/decidua-specific hPRL cap sites and the

pituitary PRL mRNA start site. These studies demonstrated no major rearrangement in the

DNA surounding the new 5' non-coding exon in the IM-9-P3 lymphoblast genome and

srongly suggested that it was located 5-8kb upsream of the PRL gene exon 1.

In order to more precisely delineate the size of the intron separating the tissue-

specific RNA start sites of the hPRL gene additional 5'flanking DNA to hPRL exon 1 was

required. Such a genomic clone þhPRLg4800) was generously provided by Dr. J. Ma¡tial

(University of Liege, Belgium); the restriction map for which is provided in Figure 29.

This hPRL genomic clone provided in total, about 5.8kb of DNA upstream of hPRL exon

1 and the locations of the HindIII, Hinctr and XbaI restriction sites agreed very well with

the corresponding genomic fragments detected by Southern hybridization above. To

determine if the new 5' non-coding exon was located in the 5'region of phPRLg4800,
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Nonhern and southem hybridization experiments were done with the gel purified, g30bp

sall-Hindlll fragment (see Fig.29). Genomic southern hybridization experimenrs

described above (HindIrI and Hincrl digests) proved that the new 5'non-coding exon

could not have been situated in DNA 3' to the g30bp sall-Hindrll fragment. No

hybrridization to dPRL mRNA or to IM-9-p pRL oDNA clones was obsewed, therefore the

new 5' non-coding exon was located beyond 5.8kb upstream of the pituitary specific pRL

cap site (data not shown).

Nexr a series of genomic DNA blots were sequentially probed with the 5,

830bp sall-Hindlll fragment of phpRlg4800, the ll32bp EcoRI-XbaI fragment of

phPRLg2750 used in the previous studies and the unique 5'non-coding exon. The resulrs

of one such experiment are presented in Figure 30. IM-9-p33 cell DNA, digested with a

variety of enzymes, was hybridized with the unique 5' urR fragment of lM-9-p3/decidua

PRL cDNA. The banding pattern obtained was identical to that obrained in previous

experiments (see Fig.27) with an approximately l.lkb and 2.1kb band resolved in HindrII

and HincII digests respectively (Fig.30b). on this blot double digests including these

enzymes each with Xbar, did not ¡esult in cleavage of the above fragments. The same blot

was then stripped and reprobed with the 5' end-specific genomic fragment (Fig.30a)

encompassing only 978bp of immediate 5'flanking DNA of the hpRL gene and resulted in

the identification of bands which were expected based on the published restriction map (see

Fig.26) and experiments described above (see Fig.15 and 27). when this genomic DNA

blot was subsequently hybridized with the g30bp sall-Hindlll 5' fragment of
phPRLg4800, the restricrion fragmentation panern obtained in all lanes was identical and

directly superimposable with thar seen with the unique 5' urR sequence probe of IM-9-

P3ldecidua PRL mRNA (Fig.30c). This short step along the chromosome i¡ a 5' di¡ection

from exon 1 of the hPRL gene demonstrated linkage between exon 1 and the new 5'non-

coding exon. This had not been previously observed in HinctrI o¡ HindrII digests using
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the 1132bp EcoRI-XbaI fragmenr which encompassed only 978bp of immediate 5'

flanking DNA as a probe.

In other experiments, the 830bp Sall-Hindltr genomic fragment was hybridized

to DNA blots which had been previously probed with the unique 5' untrarslated sequence

of M-9-P3/decidua PRL message or the 1132bp 5' end-specific fragmenr described above.

This was done to corroborate the data presented in Figure 30. An example of one such

experiment is shown in Figure 31 whe¡e the DNA blot in Figure 15 was re-probed with rhe

most 5' fragment of DNA flanking the hPRL gene (830bp SalI-HindIII). In each set of

digests identical bands were observed for all DNAs as seen previously (Fig.3la). In pstl

digested DNAs the 830bp sall-HindtrI probe detected a 7.4kb fragment which was directly

superimposeable with the largest molecular weight band resolved (in Fig.15) in which the

1 132bp 5' end-specific fragment of phPRLg2750 was used as a hybridizarion probe. This

confr¡med the origin and contiguous natu¡e of the two probes. As in Figure 30, the g30bp

sall-Hindlll genomic probe hybridized to a 1.lkb HindIII fragment which had been seen

previously only with the unique 5' UTR probe derived from lM-9-p3/decidua pRL mRNA

(Fig.31a). To illusrate this point and for easy comparison the parallel autoradiogram is

provided (Fig.3lb). The same DNA blot had been probed with IM-9-p pRL cDNA

#3which contained 72bp of unique 5'urR which specifically hybridized ro the 1.lkb

HindtrI band and the 7.4kb PstI band described above. The EcoRI digests in Figure 31a

released a fragment of approximately 7.0kb which hybridized with the 830bp sall-HindtrI

genomic probe. This EcoRI band was also present in the parallel autoradiogram probed

with IM-9-P PRL cDNA #3; its detection was attributed, from previous studies (see Fig.15

nd 27), to the unique 5' UTR of the cDNA. Simila¡ studies were performed with NcoI,

Hinctr and XbaI digested genomic DNA and the rend described above was corroborated

(data not shown), that rend being the identification of identical genomic DNA fragments

(released with six diffe¡ent restricrion enzymes) by the unique 5' urR of lM-9-p3/decidua
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PRL mRNA and the 830bp SalI-HindIII genomic fragment which corresponded to DNA

5.8kb upsream of hPRL exon 1.

Collectively these data, along with the restriction map of the hPRL gene 5'

flanking DNA in Figure 29, allowed a more accurate positioning of the new 5' non-coding

exon relative to exon I of the hPRL gene. One of the genomic HindIII sites which

constituted the 1.lkb HindIII fragment, to which both above probes hybridized, must have

been the same one which released the 830bp 5' fragment along with SalI from

phPRLg4800 (Fig.29). The other HindIII site which released the 1.lkb fragment of

interest must be located 5', approximately 270bp beyond the SalI site which demarcates the

5' end of phPRLg4800. The same rationale could be applied to any of the resriction sites

analyzed in the experiments described above. This line of reasoning in the case of Hindltr,

predicted the location of the 93 or more basepair 5' non-coding exon to the 270bp segment

just 5' of the SalI site of phPRLg4800. Thus the intervening sequence between the IM-9-

P3ldecidua-specific 5'UTR and the pituitary-specific cap site was approximately 5.9kb.

These rcsults necessitate an altemative designation for the fìnt two exons of the hPRL gene

with the new 5' non-coding exon expressed in decidua and IM-9-P3 cells as "1a", the

intervening sequence as "A-1" and the pituitary-specific 5' exon "lb" (Fig.32).
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DISCUSSION

Putative PRL RNA Ubiquitously Expressed in Rat

Rat PRL cDNA was used to investigate the possibility of the expression of

PRLlike genes in a variety of adult rat tissues. The analysis of total cellular RNA from

these different tissues by Northem hybridization detected multiple, distinct RNAs ranging

from 1.6kb to 0.3kb, with the 1.6kb RNA having been the most abundanr @ig.1). These

RNAs appeared to have been ubiquitously expressed and lacked the typical poly(A) tail of

eukaryotic mRNAs since they were not preferentially enriched by oligo(dT) cellulose

chromatography fig.3). This was an unexpected result even though poly(A)- mRNA has

been described previously (313-315). Further investigation revealed that hybridization to

this group of nonpolyadenylated RNAs was not specifïc to the rPRL cDNA and in fact

could be demonst¡ated with a totally unrelated cDNA, probasin (275) (Fig.s). Moreover

within a group of different overlapping cDNAs of the same mRNA (i.e., IPRP-A) only

those that had been isolated from a plasmid library were capable of hybridizing to the 1.6kb

nonpolyadenylated RNA. The common feature among these hybridizing cDNAs was that

they all contained GC-tails which were necessary for ligation of ttre cDNA into the original

plasmid vector. Consequently, it was concluded that the 1.6 to 0.3kb family of

nonpolyadenylated RNAs did not possess nucleotide sequence homology to rPRL mRNA.

Although not conclusively demonstrated it appeared likely that hybridization to these

nonpolyadenylated RNAs was conferred by the CC-tails on both ends of the un¡elated

cDNAs. The identity of these nonpolyadenylated RNAs \llas not pursued even though ir

was clear that the 1.6kb species was not 185 ribosomal RNA (Fig.2). The contribution of

GC+ails to this artifactual hybridization could have been directly demonsrrared by the use

of GC homopolymeric oligodeoxy'ribonucleotides æ a hybridization probe or the placement
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of GC tails onto those cDNAs which did not hybridize to the nonpolyadenylated RNAs of

interest.

This phenomenon occurred under highly stringent conditions and therefo¡e

could be misconstrued at fkst glance as the identificarion of authentic rPRl-related

mRNAs. There have been three recent reports (abstracts) which claim the identification of

a ¡PRL mRNA in rodent lymphoc¡es. Shah and co-worke¡s (316) simply stated that a

1.4kb mRNA was deæctable in murine lymphocytes using rPRL cDNA. Wbldeyesus and

colleagues (317) claim that murine spleenoc¡es contain an mRNA of approximately l.6kb

which can be ¡esolved using a mouse PRL cDNA or an oligonucleotide encoding a portion

of the PRL signal sequence and that the PRL-like mRNA in murine spleenocytes is even

more abundant than the pituitary PRL transcript. The lymphocyte 1.6kb pRl-related

mRNA they observe is constitutively expressed in a number of cell lines including the rat

lVb2 lymphoma cell line described previously. Clevenger et al (318) reported the presence

of a PRL-like 2.lkb mRNA thar was detectable in an undescribed rodent cell line using an

undescribed probe.

These results from various laboratories possess characteristics very simila¡ to

the artifactual hybridization using rPRL cDNA described here. In various experiments it

was found that the 1.6kb nonpolyadenylated RNA was constirutively expressed in Nb2

cells, in serum stimulated normal rat kidney fibroblasts and in estrogen treated rat uten¡s

(data not shown). Woldeyesns et al (317) also found a 1.6kb RNA to be constitutively

expressed in a numbe¡ of different cell lines; their probe is the mouse pRL cDNA which is

aiso GC-tailed (319). In the abstract from Clevenger and co-workers (318) a 2.lkb pRL-

like mRNA would place the band slightly greater in size than IBS ribosomal RNA which is

approximately 1950 bases in rat (320). In each abstract the putative pRLlike mRNA

varies rather significantly in size, from 1.4 to 1.ó to 2.lkb despite the fact that ¡odent

lymphocytes we¡e used in each case. Given these rather cu¡ious cha¡acteristics it would
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seem reasonable to suggest that the 1.6kb nonpolyadenylated RNA described here may

account for the hybridization signal observed by the other investigatoß describ€d above.

Identification and Characterization of hPRL Producing IM.9-P Lymphoblast
Cells

The synthesis of PRL by the human B-lymphoblastoid cell line, IM-9, in our

laboratory was initially discovered by Northem blot hybridization (Fig.6). The original

objective had been the identification of the human equivalent to the putarive 1.6kb

nonpolyadenylated RNA described in the previous section prior to its classification as an

artifact of hybridization. A number of other leukocyre cell lines (RAJI, HL-60, K562,

MOLT-4) as well as normal huma¡ peripheral blood lymphocytes were analyzed in the

same manner and no PRL mRNA was detected. Curiously, the PRl-producing phenotype

wæ not a general characteristic reflected in the IM-9 RNA from cells obtained through three

different laboratories (Fig.6). This unexpected result prompted closer scrutiny as to the

origin of the IM-9 line in our laboratory, Initially the IM-9 line in our laboratory,

designated M-9-P, synthesized and sec¡eted IgG in quantities similar to the IM-9 line from

other laboratories which was clearly indicative of a differentiated B-lymphocyte origin.

The M-9-P cells were shown to be of human female origin as wer€ the classical IM-9 cells

by genomic Southem hybridization (Fig.7). The B-cell lineage of the IM-9-P line was then

confrmed by assessment of rearrangement of immunoglobulin genes and T-cell receptor

genes, only the latter revealed a germline restriction fragmentation pattern (Fig.8).

Moreover it appeared that one of the rearranged Ig bands in M-9-P cells was lost when

compared to the pattern obtained from the classical IM-9 cells (Fig.8) and this cor¡elated

with the loss of IgG secretion by IM-9-P cells afrer continuous culture fo¡ 7 months. This

observation suggested that rhe genome of the PRl-producing IM-9-p cells was in an
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unstable state with the loss of DNA. At that time the IM-9-P line was found to be

contaminated with mycoplasma. It has been well-documented that these small prokaryotes

can promote chromosomal alterations in cultu¡ed mammalian cells (321) and therefore

could have contributed to the loss of IgG secretory ability by IM-9-P cells. The IM-9-P

cells were subsequently cured of this contamination and immunoglobulin secretion was not

regained.

Immunophenotyping revealed differences between the classical IM-9 line from

the ATCC and the cloned PRl--producing line, IM-9-P3. As stated above, those

morphogenetic changes that involved loss of IgG secretion may have continued to occur

and resulted in the loss of cell-surface B-cell specific antigens on IM-9-P3 cells. These B-

cell specific markers were prominently featured on the cell membrane of the classical IM-9

line which was still producing IgG. The loss of the cornmon B-cell marker, 81, on

IM-9-P3 cells was surprising because the B1 associated anrigen, a 35,000 M.lV. integral

membrane protein, is not found on normal T-cells, monocytes, and gtanulocytes or

tumours of these cellular lineages. The only marker held in common was 12, which

according to the supplier, is present on normal B-cells, monocytes and activated T-

lymphocytes. The monoclonal antibody 12 recognizes a cell surface antigen with an

estimated M.W. of 29,000/34,000 and is a member of a set of closely linked genetic loci

playing a central role in transplant immunology, namely the major histocompatability

complex. This epitope has the rather complex definition of an HLA-DiDR related Ialike

antigen. This means that the ântigen to which 12 binds is encoded by a group of genes

located on the centrome¡ic side of HLA-B genes on ch¡omosome ó (322). These molecules

are heterodimeric transmembrane glycoproteins involved in the binding and presentation of

foreign peptide antigens for recognirion by TJymphocytes (322). This particular HLA

antigen is found on a number of different bone-mar¡ow derived cells and thus did not aid in

more precisely delineating the identity of M-9-P3 cells.
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It was not possible from these studies to assign IM-9-P3 cells to a specific stage

along the B-cell differentiation pathway. The loss of the B1 ma¡ker and IgG secretíon,

however, could be indicative of retro o¡ dedifferentiation of the classical IM-9 cells to give

iM-9-P cells. One might then extrapoiate and suggest that PRL production is a

cha¡acteristic of B-cells somewhe¡e very early in the ontogenic pathway in the pre-B-cell

phase where matu¡e B-cell featu¡es a¡e not express ei (323). To accurately assess the stage

of IM-9-P3 B-cell diffe¡entiation and thus the legitimacy of the above hypothesis, funher

study into the presence of cytoplasmic immunoglobulin and isotype switching is required.

As an additional measure of the relatedness of classical IM-9 cells and the PRL-

producing IM-9-P3 clone the haplotype of these cells, commonly referred to as tissue-

typing, was determined. This process involves the identif,rcation of a panicular subset of

cell surface antigens encoded by the major histocompatabiliry complex and function in graft

versus host ¡eactions. Because so many genes are involved, most haplotypes a¡e rare

except within a specific line of inheritance. Mathematically, the chance for two persons to

having a common phenotype is less tha¡ 1 in 20 million. The ñnding that the classical IM-

9 line and PRl-producing IM-9-P3 clone possessed identical haplotypes strongly

supported a common lineage (Iable 1).

In the early stages of these studies a gradual loss of PRL expression by the IM-

9-P line was observed over the latter part of a 7 month period in continuous culture. Prior

to the gradual loss of this phenotype the IM-9-P cells had been cured of mycoplasma

contamination as described in the "Results". The PRL synthesizing variant, IM-9-P3,

regained by cloning exhibited a th¡ee times higher level of PRL secretion. Presumably,

those cells not expressing the PRL gene in the parent IM-9-P population were gradually

diluting the PRl-synthesizing subpopularion. Those morphogenetic changes rhat had

activated the PRL gene locus were thus søbly inherited within the M-9-P3 subpopulation.

The IM-9-P3 line was funher cloned by limiting dilution and all subclones (i.e., IM-9-P33)

produced PRL, albeit at diffe¡ent rates (324). When the classical IM-9 line from the ATCC
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was cloned, no PRl-producing isolates were identiJied. Thus, in the unstimulated, steady-

state population of classical IM-9 cells PRL production was probably not a normal

phenotype expressed by even a small subgroup of IM-9 cells.

Karyotypic analysis confi¡med that the IM-9-P line and its clonal derivatives

were identical and had undergone ¡earangements in 9 of its ch¡omosomes leaving onJy 37

normal ch¡omosomes (325). The classical IM-9 line was shown to exhibit a normal female

karyotype, 46XX. Interestingly, chromosome 6 which contains the pRL gene appeared

normal using the convenrional c- and G-banding techniques in the pRl--producing cells of

the IM-9-P class.

In summary, HlA-typing and the analysis of immunoglobulin gene

rearrangement proved that the IM-9-P3 cells were of B-cell origin and strongly imptied that

these cells were a divergent subline of the classical IM-9 tine. Immunophenotyping and

karyotypic analysis revealed differences between the parental IM-9 line and the pRL-

producing derivatives which could have been attributed to major chromosomal anomalies.

These genotypic alterations included deletion(s) of the immunoglobulin genes which

conelated with the loss of IM-9-P IgG secretion and conesponding cell surface markers. It

is thus reasonable to postuiate that the PRl-producing IM-9 line in this laboratory had

undergone some physiological crisis and the corresponding alterations in chromosome

structure allowed expression of the PRL gene and eventual loss of some B-cell specific

cha¡acte¡istics. This hypothesis was supponed by the karyotyping data and the fact that the

parental and cloned classical IM-9 lines did not synthesize hPRL. Consequently,

expression of PRL by cells of the IM-9-P class was considered abnormal or ectopic and

likely activated by non-specific chromosomal aberrations which were initiated by seemingly

deleterious environmental stimuli (i.e., mycoplasma). Such a conclusion was contra.ry to

the possibility that PRL expression was a latent biological function of mature lymphocytes

and required a specific physiological perturbation (i.e., immune cell growth factor) to

which PRL gene expression was linked. It also precluded a retrodifferentiarion theory
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earlier where an unknown physiologic stimuli caused the IM-9 line in ou¡ laboratory to

¡evert to a pre-B-cell phenot,?e which included pRL expression. Even though the dara

presented here tend not to support such an hypothesis it was not possible to rule out, given

the cellular complexity of the immune system, that a small cell population of the bone

marrow norrnally synthesized PRL during a particular stage of differendation, much like

the well-documented transient expression of cenain cell su¡face antigens (326). other

reports in the literature, which a¡e discussed below, tend to suppon the synthesis of pRL

or PRL-like proteins by normal cells of the immune system.

Comparison to Background Literature

Two reports have recently appeared describing the induction of a pRllike

molecule from mitogen-stimulated rodent lymphocytes. Hiestand and co-workers (165)

claim that proliferating rat spleenocytes contain a mRNA with homology to both rat GH

and rat PRL and is detectable under high sringency hybridization conditions. The majoriry

of this data was obtained by RNA dot-blot analysis using relatively small quantities of total

RNA and the GC-tailed rat PRL cDNA as a vobe (274), The actual autoradiographic

results of these experiments was not shown, therefore it was not possible to assess the

intensity of the hybridization signals above background. Instead, only graphic

representations of arbitrary densitometric scanning units is provided. It is entirely possible

that the signal observed by these workers on RNA dot blots ¡eflected non-specific

hybridization of the GC-tails of rpRL oDNA to the l.6kb nonpolyadenylated RNA

described in an ea¡lier section of this thesis. It is unusual that on Northern hybridization,

Hiestand and colleagues (165) required 25¡rg of poly(A)+ en¡iched spleenocyte 6RNA to
detect a faint, smeared signal for this putative pRl-like mRNA whereas by RNA dot blot

analysis the sigaal was, presumably, clearly measurable with toral RNA from 106 cells. It
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is also somewhat peculiar that the putative mRNA for this PRL-like molecule is at least ten

times larger than that of rat PRL o¡ rat GH, whereas the authentic PRL-like rnRNAs so fa¡

cloned a¡e all in the 1.Okb range (26-33). Hiestand's data (165), although provocarive, is

somewhat contradictory.

Montgomery et al (166) using Con-A stimulated murine spleenocytes,

identified a PRL-like protein based on bioactivity in the Nb2 rar lymphorna mirogenic assay

and Westem dot-blot detection of PRL-like immuno¡eactivity in spleenocyte conditioned

medium. The molecular weight of this PRLlike molecule is 46,000 according to Russell

(327). This has only been alluded to since confirmatory experimental data was not

presented and to date no report supporting the exisrence of the 46,000 M.W. PRL-like

protein has been published. ln any case sequence analysis of the putative <10kb PRLlike

mRNA detected by Hiestand et al (165) will be of great interest in light of the fact that the

putative protein product has a M.V/. of 46,000.

The only other indications of a PRL-like mRNA produced by lymphocytes

come as brief statements in tlree abstracts discussed i¡ the frst section of the "Discussion',.

No complete reports presenting the data to support these claims has occu¡red in the

literature at this time. Moreover, the size of the lymphocyte PRLlike mRNA in the

abstracts varies considerably and with the inclusion of Hiestand's work (165) ranges from

more than 10kb to 1.4kb. Given the controversial and incomplete nature of the work on a

putative lymphocyte PRLìike message, it is reasonable to conclude that the only conclusive

published report of immune cells producing PRL or a PRL-like molecule is described

herein (328-330). Another importanr difference between M-9,P3 lymphoblast production

of PRL and the work of investigators described above was that the IM-9-P3 lymphoblast

phenotype was not considered to be representative of normal lymphocyte physiology but

rather the result of random mutation(s). In addirion the existing repons of ectopic PRL

production (119-122) do not include di¡ect measurements ofPRL synthesis by the tumours
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in question, thus IM-9-P3 PRL expression is the only unequivocal repon of ectopic or

inappropriate PRL synthesis (328-330).

Biochemical and Physiologicat Characteristics of IM-9-p3 pRL

Prolacrin synthesized by cells of the IM-9-p class was indistinguishable from

pituitary hPRL. The conditioned medium of M-9-p cells grown under serum free

conditions contained immunoreactive hPRL, as measured by a st¿nda¡d hpRL RIA (Fig.9).

In conuast, the only previous report of ectopic hpRL production by cell lines (122) found

very small amounts of PRL in cell lysates and none in the culture medium. Further

examination revealed that immuno¡eactive IM-g-p pRL was as active as immunoaffinity-

purifïed pituitary hPRL in the rat Nb2 lymphoma mitogenic assay (Fig.10a). This

biological activity was entirely due to IM-9-P PRL, since the proliferative response of Nb2

cells was completely and specifically abolished by the addition of monoclonal antibody to

hPRL. An appropriate lactogenic control (opRL) was included in these studies (Fig.l0b)

to ensure that the monoclonal hPRL antibody did not have non-specific toxic effects on

these cells. such a phenomenon may have been a factor in the studies reported by

Russell's group (166) where polyclonal rat pRL antibodies severely reduced Nb2

lymphocyte proliferation stimulated with ConA, pRL or alloantigen.

The secretory rate of hPRL f¡om the original M-9-p cells was approximately

30ng/106 cells/day (324). Tbe IM-9-P3 clone secrered hpRL at a rare of approximately

50ng,/10ó cells/day. This seøetion was consrirutive over the IM-9-p3 growth curve a¡d

was paralleled by a constant level of PRL mRNA (Fig.1l). The human pituitary tumour

cell line, HPA, described in 1985, produced 5-lOng pRl,/nrl over a 3 day period in which

5 x 105 cells had been cultured (270). The secrerion rate had fallen from a level of

7 56ng/ml when the pituitary tumour cells were initially dispersed in culture, After about
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130 days in cultu¡e, the production of PRL by HPA cells dropped dramatically to lng/rnl

and subsequently rose to approximately lOng/nrl after 270 days in culture. To date no

other publications describing the use of ÉIPA cells has appeared. Another human pituitary

cell line QIPTI) established from a pituitary adenoma was described by prysor-Jones and

co-wo¡kers in 1987 (271). The quantity of PRL secreted by Flprl cells over a defined

growth period was not provided; however, 5 x 105 cells in a 30 minute incubation

produced an average of 40omu of PRL per ml which is equivalent to 12.3¡tg/rnl based on

32.5 international units = lmg PRL. More recently these investigators reponed the

acquisition ofa second human pituitary cell line, Hpr2, ûom a prolactin-secreting pituiury

tumour (331); however, no indication was given whether these cells seøeted pituitary

hormones. There have been no other reports regarding the establishment of a rapidly

growing continuous culrure of human cells which produce pRL or GH. To date IM-9-p3

cells a¡d HPT1 cells ¡emain the only stable hpRL secreting cell lines.

With regard to primary cell culture, the level of pRL secreted by human

decidual cells obtained from temr placenta at 50-70n9106 ceils/day (332) is simila¡ to that

secreted by IM-9-P3 cells which can range from zf0-80ng/106 cells/day (324). The

majority of studies on uterine PRL synthesis and regulation involved short-term explant

cultu¡es of endometria from diffe¡ent days of the menstrual cycle and therefore a direct

comparison of the PRL secrerory rate with that of IM-9-p3 cells is not credible. under

serum-free conditions I¡win and colleagues (71) cultured dispersed endometrial stromal

cells from proliferative and secretory phases of the menstrual cycle. No pRL secretion was

observed in serum-free medium; however, the addition of progesterone and estrogen

stimulated PRL secretion up to 95ng/107 cells/day. This is slightly less than that seen from

IM-9-P3 cells but the uterine cells cultured by Irwin (71) were probably lacking key facton

present in FCS which normally maintain the cells in a healthier physiological state.

Relatively few repons exist regarding the release of hormone from human pituitary cells in

primary culture as opposed to organ culture. In general, organ culture of fetal pituitaries or
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tumou¡s of the pituitrry can ¡emain viable for as long as 1 year (266-26g) and secrete an

enormous amount of PRL ranging from 0.5 to 20opg/pituiury/day during the early stages

in vitro (333,334,266-268). In dispersed primary cultures of human pituitary cells the

quantity of PRL secreted is at least two orders of magnitude greater than that produced by

IM-9-P3 cells (335,336), but is evenrually lost due to slow growth of the hormone

producing cells.

The intracellula¡ storage of PRL in decidual and pituitary cells is different.

Firstly, the amount stored differs d¡amatically with 2o-50pg pRl/l0omg of pituiøry tissue

(337) and only 0.05-0.10pg PRL/I00mg decidua (338). prolactin in the pituitary

lactotrope is stored in large secretory granules whereas pRL in decidual cells is found,

upon subcellular fractionation, in the post-microsomal supernatant implying that decidual

PRL is not localized to granules (338). The IM-9-p3 inracellula¡ concentration ofpRL

was between 2 and 4ng/1ú cells (329) which was comparable to the storage of pRL by

decidual cells at about 10ng PRU10r6 ceils (339). clearly these characterisrics indicate that

steady-state PRL production by IM-9-P3 cells most closely resembles that of the normal

human decidual cell.

Signifïcance of Secreted PRL to IM-9.P Ceil Viabitity

As reviewed previously, PRL is purported to exert immunomodulatory

influences. The data is controve¡sial yet some investigators believe that pRL can act

directly on lymphocytes via specific cell surface recepron (163-166). It is well established

that prolactin also serves as a growth factor for the Nb2 lymphoma T-cell line that

expresses 12,000 PRL receptors/cell and is widely used for measuring the bioactivity of

lactogenic hormones (169). In view of these reports and a repon on the production of

autostimulatory growth factors by human myeloma cells, including IM-9 cells (340) it
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seemed important to consider a possible autocrine function for PRL secreted by IM-9-P

cells. IM-9-P cells cultu¡ed in the presence of monoclonal hPRL antibody we¡e not altered

in their growth characteristics over a foì¡I. day period (Fig.12). That the hPRL secreted

from IM-9-P cells was completely neutralized was demonstrated by the ilabüity of the

conditioned medium conÉining antibody to stimulate proliferation of Nb2 cells. Similar

and more extensive experiments were ca¡ried out on the IM-9-P3 clonal line (330).

Neutralization of IM-9-P3 PRL did not affect the PRL secretion rate or the growth of these

cells over a 96 hr period. Even the addition of excess hPRL to IM-9-P3 cultu¡es had no

effect on cell viability (324). Based on these parameters it was concluded that hPRL played

no trophic role in the physiology of cells of the IM-9-P class. This was not a surprising

resulr because repeated attempts to identify PRL receptors on IM-9-P3 cells have yielded

negative results (324). IM-9 cells are well known as a source of hGH receptors, carrying

approximately 3500 high affinity binding sites/cell (341). The presence of hGH receptors

on IM-9-P3 cells on the order of 2500 sites/cell having an affînity similar to that of the

parental IM-9 line has been confirmed (324). One might then hypothesize that hPRL

secreted by IM-9-P3 cells could, as a nonpreferential ligand of lower affinity, bind to the

IM-9-P3 GH receptor. This situation would be analogous to the actions of insulin at the

insulin-like growth factor type 1 receptor (342) and based on the high degree of ami¡o acid

sequence homology betwen hPRL and hGH. Lesniak et al (343) has demonstrated'

however, that this is an unlikely possibility because the EC59 for hGH binding to IM-9

cells is 10-9M whereas displacement by one of three preparations of hPRL was

approximately 10-5M and may have b€en due to hGH contamination. Competition binding

studies performed with IM-9-P3 cells as the substrate containing hGH receptors found that

a 500 molar excess of unlabelled hPRL is required to displace the homologous hormone

from its receptor (324). Collectively these data strongly suggested that IM-9-P3 PRL was

not acting in an autocrine fashion on these lymphoblasts. This also tended to support the
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notion that the producrion of PRL by IM-9-P3 lymphoblasts was an innocuous by-prcduct

of the murational events which transformed the classical IM-9 line into M-9-p3 cells.

Analysis of IM.9.P PRL mRNA and Gene Structure

IM-9-P PRL appeared identical to pituitary pRL based on immunological

reactivity and bioactivity, yet the IM-g-P PRL eanscript appeared approximately 150 bases

longer than that of the pituitary (Fig.6). To determine whether this elongation was presenr

in the protein coding ponion of the ranscript, the size of immunoaffrnity purified pituita¡y

and IM-9-P PRL was compared by SDS-PAGE (Fig.13). The lymphoblast pRL

comigrated with its pituitary counterparr at app¡oximately 24,ffi0 daltons which implied

that the mature PRL proteins we¡e identical. slightly higher molecular weight bands were

present in both pituitary and IM-9-P immuno-purified pRL samples and may have

represented the glycosylated form of hPRL. Atæmpts to purify a glycosylated IM-g-p pRL

from conditioned medium by lectin affinity chromatography were unsuccessful.

Since the ectopically produced IM-9-p pRL protein was identical in size to its

eutopic counterpan in ttre pituitary, the va¡iation in length of the M-9-p mRNA could have

resided in the length of the poly(A) tract and/or 5' and 3' urRs. variation in poly(A)

length may conribute to mRNA stability (344) a¡d has been associated with developmental

progression (345), circadian rhythm (346), serum or growth factor stimulation (347,34g)

and cell-type (349). Afte¡ RNase H digestion of mRNA poly(A) tail, rhe M-9_p pRL

mRNA comigrated with intact pituitary hpRL mRNA, but remained larger than RNase H-

reated pituitary PRL mRNA (Fig.14). consequently the difference berween IM-9-p and

pituitary PRL ranscript size was largely due to different 5,and/o¡ 3'UTRs.

with regard to PRL produced by the human uterine decidua, other investigators

have shown it to be essentiatly identical to that synthesized in the pituitary and therefore not

different from rhe IM-9-P3 PRL. In the fusr demonstrarion of hpRL mRNA in decidua,
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Clements et al (7 4) used ovine pituitary total RNA as the positive control and the rrRNA

signal in human decidua-chorion appeared to comigrate with the ovine PRL transcript.

Va¡iation in migration of these transcripts was present but \ as probably due to smearing of

the bands and as a result an accurate size comparison could not be made. Huang and

colleagues (70) studied decidual PRL mRNA levels in response to various hormones by

Northem blot hybridization. ln that report it appeared úrat uterine PRL mRNA was slightly

larger than the pituitary ranscript but this was not noted by the authors. There was no

indication in the literature that decidual PRL mRNA was different from the pituitary

message and therefore should be smaller than the ectopically produced IM-g-p pRL

transcript. To test this hypothesis total RNA was extracted from a number of different

gestational decidual tissue samples and subjected to Northern blot analysis along with

pituitary and IM-9-P3 RNA. Unexpectedly, the decidual and IM-9-p3 pRL transcriprs

appeared identical in size, both being larger than the piruirary pRL message (Fig.17) (350).

This result did not, however, prove ttrat IM-9-P3 and decidual PRL mRNAs were identical

in structure. In other words, the comigration of these hPRL mRNAs may have been

coincidental with the source(s) of the elongation (ie. poly(A) tail, UTRs) having been

different in each mRNA.

There had been no evidence to indicate the use of altemative transcription

initiation or polyadenylation sites in the hPRL gene (10,36,75) which could have been

responsible for the presence of elongated PRL transcripts in decidual and IM-9-p3

cells.Takahashi and co-worke¡s (75) analyzed three cloned decidual pRL cDNA, rhe

longest of which was truncated in the signal sequence. These investigators found

essentially no difference berween decidual and piruirary pRL sequence including the 3'

urR. To investigate the possibility of poly(A) tail length heterogeneiry as the cause of the

size difference, samples of RNA from pituitary, IM-9-P3 cells and decidua were subjected

to RNase H digestion as described in Fig.14. The elimination of 3'poly(A) tails did not

reduce the size difference between decidual and IM-9-p3 pRL mRNA relative to the
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pituitary transcript (350). The poly(A)'PRL transcripts from decidual and IM-9-p3 cells

comigrated indicating no significant difference in the degree of polyadenylation of hpRL

mRNA in these distinct tissue types. Consequently the length of the poly(A) tract, rhe 3'

urR and protein coding region could not account for ttre larger size of the human deciduat

PRL transcript. By elimination, the source of elongation in the dpRL transcript was

probably the 5'UTR.

One might therefo¡e expect to find that the M-9-p3 pRL gene had undergone

¡earrangement, a phenomenon known to activate genes inappropriately (351-355). As

discussed earlier, karyotypic analysis of cell lines of the IM-9-p class indicated the

presence of a number of chromosomal abnormalities. Translocation-type rearangements

could affect the 5' or 3' flanking regions of the IM-9-p3 pRL gene and altÊr the size of the

5' and 3' urR which in turn could derepress or activate transcription of the pRL gene.

Such rearrangements are characteristic in several types of matignancy of the hematopoietic

system such as the c-myc translocation to the immunoglobulin heavy chain locus in most

human Burkitt lymphomas (356), the BCR-ABL gene fusion in chronic myeloid leukemia

(357), and the BCL2 and BCLl fusion to the immunoglobulin joining region genes in B-

cell lymphoma (358,359). In multiple myeloma, the B-cell neoplasia from which the

classical IM-9 cells were derived, karyotypic abnormalities have been documented;

however, these abnormalities are not consistent (360), In a recent abstract, shadle and

colleagues (361) reported a genomic alteration in the first c-myc exon in g of 13 multiple

myeloma patients, Although the karyotypic ma¡kers of a c-myc translocation have not been

described in multiple myeloma, other chromosomal changes beyond the resolution of

karyotypic analysis may occtrr at the c-myc locus in some cases of multiple myeloma.

This is relevant to the discussion here because conventional karyotypic analysis of IM-9-p

cell lines revealed no gross changes of chromosome 6 which contains the hpRL gene

(325). Obviously this does not preclude the possibility of smaller deletions or insertions i¡
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and around the M-9-P3 PRL gene which could be detected as a loss, gain or alteration of

hPRL gene fragments by genomic Southern hybridization analysis.

The IM-9-P3 hPRL gene resriction fragment pattem was compared to ttrat of a

normal human placenta and the classical, non-PRLproducing IM-9 cells using 6 different

restriction enzymes (Figs.15 and 16). No deviant ¡estriction fragment patterns compared to

the other human DNAs were detected with five of the six rcstriction endonucleases. The

enzyme which did show a djfference in fragmentation pattem of the hPRL gene was Bgltr.

This difference was probably due to a RFLP of the hPRL gene since the BgIII pattem seen

in IM-9-P3 DNA was also observed in brain DNA from a normal individual and DNA from

the T47D breast cancer cell line @ig.16b). The altemative Bgltr pattern seen in the human

placenta DNA contained an exrra low molecular weight band of about 2.9kb and was also

observed in DNA from anothe¡ normal individual (Fig.16b). According to the published

hPRL gene sequence and restriction map (Fig.26) there are five BgIII sites in the gene.

The 5'BglII fragments conesponded to the 23kb and 1.9kb fragments (Fig.16a); the

fragment which encompassed a porrion of exon 5 and 3'flanking DNA was the 4.lkb band

which was the la¡gest molecular weight fragment seen with pituitary hpRL cDNA as the

probe. The Bgltr fragment extending from the site in inron C to the site in exon 5 (Fig.26)

is approximately 2940bp according to the map of Truong et al (36). This, however, is

only an estimate since a large portion of inron D (2040bp) has not been sequenced ard

presumably sized only by gel mobility. The remaining BgIII fragment of the hpRL gene

extends from the restriction site in inron A to the site approximately 6.0kb downsream in

inron C according to the published sequence; yet a BglII fragment of that size was not

detected in any of the DNA samples tested. Conversely the 3.5kb BgIII fragment seen in

Fig.16 was not predicted by the reported hPRL gene sequence. Thus it is conceivable that

the 3.5kb and other BgIII fragments were generated from the non-existenr ó.Okb band by

polymorphic restricrion sites located in the unsequenced regions of introns B and C. Such



rl4

a hypothesis was not tested since cloned hPRL gene fragments which conesponded to the

intronic regions of interest were not available at that time.

In summary, these genomic Southern hybridization studies identified new

hPRL 5' flanking DNA fragments released by Hindltr, NcoI, PstI and BglII. The

exorvinron structure of the IM-9-P3 PRL gene appeared intact supponing the hypothesis

that the elongation of IM-9-P3 PRL mRNA was not due to a change in the complexity of

the protein coding region. Moreover the genomic fragments which corresponded to the

immediate 5' and 3' flanking DNA of the IM-9-P3 PRL gene did not appear altered in size.

This implied that putative altemative transcription initiation and,/or polyadenylation sites of

the IM-9-P3 PRL gene responsible for the atypical transcript size were not induced by a

gross rearangement of the flanking DNA.

Identification of an Elongated 5' UTR in IM-9.P and Decidual PRL mRNÄ

The observation that IM-9-P PRL mRNA was about 150 nucleotides longer

than its eutopic counterpart was made even more inriguing when it wæ discovered that the

normal decidual PRL transcript resembled the ectopically produced PRL mRNA. In order

to obtain di¡ect evidence for the presence of elongated untranslated regions, the IM-9-P and

decidual PRL messages were isolated as cDNAs and sequenced. In this way unambiguous

evidence was provided thar the distinctly larger transcript detected by Northern

hybridization studies in IM-9-P cells was authenric PRL and not a ner¡!' membe¡ of the

PRLCH gene family analogous to the recently described PRLJike genes expressed in rat,

mouse and bovine placenø (26-33).

A total of eleven IM-9-P cDNA clones from two different libra¡ies were isolated

and sequenced, showing a protein coding region identical to that previously described for

the pituitary protein (Fig.l9). The protein coding sequence of decidual PRL nRNA has
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been published by Takahashi er a/ (75); no major diffe¡ences were detected in comparison

to the pituitary transcript. In the srudies described here, eight distinct dpRL cDNAs r,vere

purified from two different libraries and panial sequence analysis confi.rmed the previously

published data (75), although three of these cDNAs contained an extra alanine codon

between lysine -20 and glycine -19 of the signal sequence. This region of the Ieade¡

sequence constitutes the splice junction between exon I and 2 of the human pituitary pRL

gene (36). The 3' end of exon 1 terminares in a G residue which normally combines with

the 5'end of exon 2 to complete the GGG codon for glycine -19. It appeared from

decidual PRL cDNAs 2A, 15A and o, that occasionally an altemative 3' splice juncrion at

the intron Alexon 2 boundary is utilized such that an "AG" dinucleotide located two

nucleotides 5' of the normal 3' splice acceptor site was recognized as the splice junction for

exon 2. As a result the 3'G ¡esidue of exon 1 combined with the ',CA', at the 3'end of

intron A to generate the extra alanine codon "GCA". The adjacent c rcsidue which usually

formed the 3'terminus of intron A reads in-frame with the "GG" residues at the 5'end of

exon 2 to form the glycine -19 codon. The hydrophobic nature of the signal sequence is

likely not altered by the extra alanine residue which contains a nonpolar R group. This

same phenomenon has been described for rat pRl-like protein B (29) and rat pRL mRNA.

The 3' unranslated sequence of decidual and IM-9-p pRL transcripts did not

differ markedly from the pituitary transcript. The 7-14 nucleotide elongation ¡elative to the

pituitary transcript was probably not unique to decidual or IM-9-p3 pRL messages. The

sequence of only one pituitary hPRL CDNA has been published (10). Had more cDNAs

been analyzed it is likely that the pituitary hpRL mRNA possesses a 3'terminus identical

to that of decidual/IM-9-P3 PRL transcripr. wirh regard to the 3' end of these pRL

transcripts, previous studies using RNase H degradation of poly(A) tails ¡esulted in

essentially the same size differential between pituitary and M-9-p3/decidual pRL mRNAs.

Thus there was no appreciable poly(A) tail length polymorphism which contributed to the

ranscript size difference.
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The absence of an obvious cell-type specific difference at the 3' end of the

hPRL mRNAs suggested that the atypical size of the IM-9-P3 and decidual mRNAs

¡esulted from structural alte¡ations elsewhere in the mRNA, namely the 5' end. The

alignment of nucleotide sequences of IM-9-P PRL cDNA-IV, containing the longest 5'

non-coding segment, with that of the PRL gene provided evidence for the unmistakable

elongation of the ectopic PRL transcript (Fig.21). The 5'untranslated region of human

pituitâry PRL mRNA is colinear with the region of genomic DNA immediately upstream of

the translation initiation codon. Clearly the M-9-P PRL cDNA sequence diverged from the

immediate 5' flanking sequence of the hPRL gene at a position 98bp upstream of the

coding sequence. At this position the M-9-P PRL cDNAs contained a common 5'

untranslated region which extended for 93 bases in the longest clone and whose sequence

was not colinear with the genomic PRL sequence 5' of -98, Five independent IM-g-p pRL

cDNAs contained the identical 5' UTR structure. Furthermore, six distinct dpRL cDNAs

from two different cDNA libraries also possessed a segment of unique 5, UTR completely

homologous to that found in IM-9-P cDNAs. Hence the basis for the difference in

electrophoretic mobility berween the pituitary PRL message and that of IM-9-p3 and

decidual cells lies in a unique 5'UTR structure found exclusively in the latter two species

ofPRL mRNA.

As further proof of the authentic narure of this unique 5' UTR, Northem blot

hybridizations using antisense cRNA corresponding to this sequence identified only the

larger IM-9-P3 and decidual PRL ranscript (Fig.23). Primer extension studies confirmed

these results by demonsuating that decidua and IM-9-P3 PRL mRNAs do not iniriare at the

same position as the pituita¡y gene but rather possess a somewhat complex set of

predominant 5'ends ranging from 83 to 121 nucleotides longer than the pituitary-specific

5' UTR. The pattern of primer extended bands was identical using either decidual or M-9-

P3 RNA (Fig.24). That only a single broad band of hybridizing PRL mRNA was seen
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with IM-9-P3 o¡ decidual RNA on Nonhern blots would be explained by the lower

resolving power of this technique.

In addition to the seven closely spaced principal 5'ends, the primer extension

studies showed that the M-9-P3 and decidual PRL mRNA population contained members

which had even longer 5'UTRs. The largest of these minor members possessed a 5'non-

coding region of 320 bases as determined by prolonged exposue of primer extension

polyacrylamide gels (Fig.24). Interestingly the estimated size of the longest primer

exrended product conelated well with the 300bp 5' UTR of dPRL CDNA 154 (Fig.21).

This decidual clone was unique among all of the PRL cDNAs isolated, in that the greater

proportion of the 5' UTR was colinear with the genomic PRL sequence. At position -246

relative to methionine I, the 5' UTR of clone 15,A diverged into novel sequence identical to

that seen at -98 of all of the other IM-9-P/decidua PRL cDNAs. This unique sequence

extended for 54 nucleotides before terminating 20 bases short of the largest primer

extended oDNA. This 20 base diffe¡ence could have been easily accounred for by

premature termination of ¡eve¡se transcription since IM-9-P PRL cDNA IV contained an

additional unique 39 nucleotide 5' extension ¡elative to the 5' end of clone 154. The

existence of cDNA 15A, and the multiple primer-extended cDNA products suggested that

either PRL gene transcription began at multiple points in decidua and M-9-P3 cells or that

the new 5' non-coding exon was spliced to multiple acceptor sites. The latter possibility

appears to occttr, albeit at a very infrequent rate with clone 15Á, was the sole representative

of this novel extended 5' UTR structure among the large population of IM-9-P/decidua

PRL cDNAs isolated.

The structure of IM-9-P PRL cDNA I-1 was another potential example of the

use of diffe¡ent splice sites. In this case, however, the variation was in the 5'splice donor.

In all of the IM-9-P and decidual PRL cDNAs which contained the unique 5' non-coding

information, the sequence at the junction with -98 of the known 5' flanking DNA of hPRL

exon 1 or 5'splice donor was identical. In IM-9-P PRL oDNA I-1 this 5'splice junction
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was different and contained an exta 12 nucleotides which may have constituted the use of

an alternative 5'splice donor sequence. The unique 5'untanslated sequence upsEeam of

the extra 12 nucleotides of interest in IM-9-P cDNA I-1 was identical to that seen in the

otlrer cDNAs (Fig.22), Therefore it was reasonable to suggest that the extra 12 nucleotides

at the splice junction was colinea¡ with the upstream novel sequence and not an insenional

cDNA cloning a¡tifact. Unfortunately, this latter possibility appeared somewhat tenable

since clone I-1 was shown to have been chimeric and contained a 45bp 5'end sequence

linked in the opposite orientation to the novel 5' UTR of JM-9-P/decidua PRL mRNA.

Confi¡mation of the former explanation requires the isolation of genomic clones

encompassing the novel 5' untranslated sequence of lM-9-P/decidua PRL message.

The predicted length of the 5' untranslated sequence of lM-9-P/decidua PRL

mRNA from primer extension studies ranged from approximately 1¿10 to 178 nucleotides of

which 42 to 80 nucleotides was unique sequence. The outer limit on the size of the unique

5'untranslated sequence was extended by 13bp in IM-9-P PRL cDNA fV. This was not

surprising since primer extended products beyond a 178 nucleotide 5'UTR we¡e evident,

but less abundant, by primer extension analysis (Fig.24). Collectively the IM-9-P and

decidual cDNAs indicated that the 5'end of the hPRL message in these cell types were

generated by multiple clustered nanscription sta¡t sites and by the use of altemative splice

sites, the latter having been a much less prominent mechanism given the scarcity of the

exemplary cDNAs.

Localization of the New 5' Non-coding Exon of the hPRL Gene

As alluded to above, the segment of unique 5' UTR found in the decidualM-9-

P3 PRL mRNA was not present in the immediate 5' flanking region to -978 of the PRL

gene. The fact that this novel 5'UTR existed as a new 5'non-coding exon located at some

distance upstream of the pituitary hPRL RNA start site was proven by genomic Southem
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hybridization analysis (Fig.25). In an effon to define the length of this i¡tron, designated

A-1, a series of genomic Southern hybridizations were carried out. The objective was to

identify cornmon fragments using a DNA probe, described previously as the 5'end-

specific genomic probe, which extended to position -978 relative to the translation initiation

site (Fig.26) and a 72bp segment of the novel 5' non-coding exon. In this way the size of

intron A-1 was estimared at 5-8kb (Figs.27 and 28). To bridge this distance genomic

clones extending funher upstream of the pituitary hPRL ranscription start site were

needed. Such a genomic clone, which overlapped with known hpRL sequences, was

isolated by Dr. J. Martial (Jniversity of Liege, Belgium) (280) and extended approximately

5.8kb upsream of the origin of piruitary transcriprion. The most 5' 830bp salvHindrll

fragment of phPRLg4800 was used in these studies. By sequential hybridization using this

more 5'genomic DNA and the 72bps of novel 5'non-coding cDNA it was shown (Figs.30

and 31) that these divene probes hybridized to the same sized genomic fragments over six

different restriction digests. These experiments strongly suggested that the new 5'non-

coding exon of the PRL gene was located just beyond the 5, end of phpRlg4800 which

made intron A-1 approximately 5.9kb in lengrh.

This form of gene analysis based on the demonstration of comigrating

superimposable resriction fragments found upon hybridization with different regions of the

hPRL gene, was open to two possible sources of misinterpretation. Fintly, a comigrating

band identified by two distinct probes might be found simply because one of the probes

happened to detect a ¡estriction fragment of the same size in a panicular digest. secondly,

identical sized restriction fragments in some cases could have been due to a coincidental

genetic variation or genetic polymorphism (RFLP). This latter possibitity was ruled out in

these experiments because 5-7 DNAs from normal individuals was included in each set of

restriction digests so that a DNA polymorphism would likely have been detected, as was

the case for Bglrl. Furthermore the utilization of 6 different restriction enzymes in single

and double digests made a coincidental demonstration of linkage between diverse segments
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of the hPRL gene highly unlikely. Most imponantly, the results of initial experiments

(Figs.27 and 28) which utilized only 978bp of hPRL 5' flanking DNA were confirmed

with another fragment of hPRL 5' flanking DNA located approximately 4.2kb upstream

(ie. 830bp SalI/FIindItr fragment).

In addition these studies indicated that no major reanangement had occu¡red

specifically in the DNA surrounding the novel 5' non-coding exon in the IM-9-P3 genome.

Therefore, it was unlikely thar a vi¡al insertion event (353,362,365) or other major

reÍurangement in the immediate vicinity of the IM-9-P3 PRL gene could explain how it was

activated such that a decidual-type mechanism of hPRL transcription was initiated.

Analysis of the IM-9-P/decidua PRL cDNA sequence provided two possible

inte¡pretations with regard to the use of consensus splice site sequences. At fust glance it

appeared that the processing of the new 5'non-coding exon la occurred via variant 3'

splice acceptor sites. In the majority of IM-9-P and decidual PRL cDNAs the unique

5'UTR spliced into -98 relative to rhe translation start site and rarely at -246. The

dinucleotides preceding this splice junction, as deduced from the published genomic

sequence (36), a¡e AA and TA respectively and thus do not obey the universal GT/AG rule

(366). If, however, the guanosine nucleotide at -98 and -246 actually reptesented the last

base of the new 5' non-coding exon rather than the fhst base of exon lb, then the GT/AC

rule would have applied to both sites. This latter placement would make the adenine at -97

or -245 (see Fig.2l) the fust base of exon 1b and allow the adjacent 5' AG dinucleotide to

function as the canonical 3' splice acceptor. Whichever hypothesis proves correct, the

polypyrimidine ract which constitutes the remainder of the consensus 3' splice accepto¡

site was essentially missing from the sequence preceding -98 and -246 ofhpRL exon lb.

A clue regarding the 5'splice site may have been gleaned from IM-g-p pRL

cDNA I-1 which contained an extra twelve nucleotides 3'ofthe splice jucntion utilized in

the remaining IM-9-P and decidual PRL cDNAs (Fig.2z). If it was assumed that this extra

12bp was colinea¡ with the preceding unique 5'untranslated sequence of IM-9-p/decidua
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PRL mRNA then a GG dinucleotide occupied the "invaria¡t" position of the consensus 5'

splice donor sequence rather than the canonical GT. Alternatively the guanosine nucleotide

at position - I 10 of IM-9-P PRL cDNA I- i (see Fig.22) could have represented the lasr base

of exon la in the majority of M-9-P/decidua PRL cDNAs. This would designate the next

3' dinucleotide as the 5'splice donor sequence which was a GT and thus followed the

GT/AG rule. As in the other cDNAs, the last base of the unique 5'UTR of IM-9-P PRL

clone I-1 could have been the guanosine nucleotide at -98 (see Fig.22) which would then

place the immediate upstream AG dinucleotide in the hPRL gene sequence in the i¡va¡iant

3'splice acceptor site. The nucleotide sequence which sunounded the putative 5'splice

site as deduced f¡om clone I-1 did not resemble the consensus sequence

(NAGGTA/CAGT) determined for mammalian genes (366). Shapiro and Senapathy's

(366) analysis of 3700 splice sites resulted in the identification of only four non-confirming

3' splice acceptors of which one contained a¡ AA or TA dinucleotide at the so-called

"invariant" 3' end position of the intron (367,368). Another example, however, of a GG

dinucleotide replacing the invariant GT at the 5'splice donor is found in the mouse

immunoglobulin active heavy chain gene (366). The genomic sequence of the new

upstream exon 1a is required to accurately identify the splice site sequences involved in its

processing. A human genomic DNA library (ATCC number 37458) has been sc¡eened

with the 31lbp tetamer of unique 5'UTR described previously and several strong positive

plaques were identified. Curiously however, these positive clones proved impossible to

purify. It is possible that the DNA surrounding hPRL exon 1a contains sequences (i.e.,

inverted and/or direct repeats and palindromic sequences) which reduce the viability of the

host bacte¡ium and make the phage very difhcult to propagate. Cosmid human DNA

libra¡ies will be screened in a attempt to circumvent this putative problem.
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Significance of the lM-9-P3/Decidua PRL Novel 5' UTR Sequence

Several examples exist in the literature which suggest that the secondary and

tertiary structures of a nRNA can play an important role in determining its translational

efficiency (369-372). In some instances the effect on translation is inhibitory and ca¡ be

correlated to the predicted secondary structure in the 5' UTR of the nRNA. Sretches of

nucleotides possessing a high probability of forrning stem-loop structues in the 5' non-

coding region can lead to diminished mRNA nanslation in vitro (370) and can be the

binding site of a cytosolic repressor protein (373). Translational regulation of decidual

PRL has not been leported. Nevertheiess the new 5'UTR sequence of IM-9-P3/decidua

PRL mRNA was analyzed for the presence of palindromic sequences which might form

stemJoop structures; no such obvious sequences were found.

Another mode of translational ¡egulation affo¡ded by the 5'UTR of a mRNA is

the occurrence of initiator AUG codons which could be recognized by the ribosome

upstream of the primary open reading frame. This ¡esults in the presence of short open

reading frames which are postulated to impede the translational efficiency of the

downstream rcgion (37 4-37 6). A search of the unique 5'UTR of IM-9-P3/decidua PRL

mRNA revealed no ATG triplets. On the other hand, the hPRL genomic sequence between

-98 and -248 relative to the Eanslation sta¡t site, contained nine ATG triplets. Recall that -

98 is the splice site joining the unique 5' untranslated sequence of lM-9-P3/decidua PRL

message to the flanking DNA of exon lb. It is noteworthy that the extended 5' UTR of

decidual PRL cDNA 154 (Fig.21) contained 5'flanking DNA of exon lb up to -246. T'he

nine ATG triplets within this region, which is GC-rich, were not found in the consensus

sequence for initiation in higher eukaryotes (376). These ATG triplets were embedded in

AT-rich sequence and it was therefore highly unlikely that they could act as preferential

translational initiation sites on a decidual PRL mRNA having the extended 5'UTR of clone

154. In any case, clone 154 was a very rare member of the PRL mRNA population and
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the¡efo¡e the significance of the nine potential ATG transtation start codons was diminished

even mole.

It will be of interest to determine if the sequence of the optional exon is

conserved in non-human primate decidual PRL mRNA. Conservation of nucleotide

sequence and altemative splicing pattem of PRL exon la across species might suggest a

functional role for this exon.

Implications of the Novel 5' UTR of lM.9.P3/Decidua PRL mRNA for

Tissue-Specific PRL Gene Expression

As discussed in the "Introduction", there are numerous examples of altemative

use of exons and promoten as a mea¡s to generate tissue-specific RNA diversity and new

modes of conEol of gene expression. The now classical examples of such mechanisms

include the mouse alpha-amylase 1 gene (230) and the Drosophila alcohol dehydrogenase

gene (231). In both cases two different mRNA species are synthesized having different 5'

UTRs transcribed from separate promoters which a¡e active in different cell types. The

studies presented here clearly demonstrated that the hPRL gene also subscribed to such a

mode of tissue-specific regulatory flexibility. These data suggested that altemative c¡,s-

acting sequences and corresponding nuclear Ûans-acting factors constituted a novel

mechanism which conferred decidual and lymphoblast PRL gene expression. This had

evolved by the inclusion of a new 5' non-coding exon to the decidual and IM-9-P3 PRL

gene. An analogous precedent for such an hypothesis is the gene for macrophage colony

stimulating factor (c-fms) receptor. In human placental cells, transcription of the c-fms

receptor gene begins at a series of clustered sites located approximately 25kb upstream of

the monocyte-macrophage specific cap site (203). This results in a much extended 5' UTR

by the inclusion of a 197bp 5'non-coding exon as defined by S1 nuclease and primer-
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extension experiments using human placental RNA. As appears to be the case for the

pituitary PRL transcript, the myeloid-specific transcription start site of the c-fms recepto¡

gene occurs within the non-coding region of exon 2 which contains the translation initiation

site (203).

To date several labo¡atories have confirmed that Pit-1, a POU-homeodomain

trans-actin9 factor expressed exclusively in the anterior pituitary, is sufficient to allow

tissue-specific expression of the ¡at PRL gene (253-258). The conesponding Pit-1 DNA

binding sites are located within 1.8kb of the rat pituitary PRL RNA stan site. The 5'

flanking region of the human pituitary PRL gene is highly homologous to that of the rat

gene and contains a cluster of sequences which fit the canonical Pit-1 recognition site (36).

læmaigre and colleagues (273) have demonstrated that these putative Pit-1 sequences in the

hPRL gene will indeed interact in a functional manner with the ¡at Pit-1 molecule. The

possibility that Pit-l or a related protein may have evolved to activate decidual PRL gene

expression at sites about 5.9kb upstream of the pituitary-specific cap site was an intriguing

hypothesis. To this end human decidual poly(A)+ mRNA was analyzed in collaboration

with Dr. H.P. Elsholtz (Banting and Best Diabetes Centre, Univenity of Toronto) for the

presence of transcripts containing the highly conserved POU-homeodomain sequence

(260). He et al (377) have been successful in isolating new members of the POU-

homeodomain gene family of transcription factors using degenerate primers homologous to

the POU-homeodomain boundary sequences in polymerase-chain amplification of

hybridizing cDNAs from various ¡at tissues. The same highly sensitive technique was

employed in the quest for Pit-l like factors which might be implicated in decidual PRL gene

expression. After thiny cycles a single distinct band was resolved, cloned and when

sequenced found to have represented the POU-homeodomain of the ubiquitously expressed

transcriptional activator, Oct-1 (378) (data not shown). Thus Pit-1 or other closely related

POU-domain fr¿ns-activators may not have been involved in conferring decidual specific

transcription of the hPRL gene. It cannot be ruled out, however, that the presence of a
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decidual-specific trans-actvator containing a more poorly conserved POU-homeodomain,

such as that found in the liver-specific transcription factor LF-BI, was involved in hPRL

gene expression (379).

It has been well-established that the classical regulators of pituitary PRL

synthesis do not affect the expression of decidual PRL (91). Although there are a

multiplicity of reasons to explain this fact, it seems that the explanation could reside in the

structu¡e of the PRL gene. It has been shown that those cis-acting elements responsible for

transducing regulatory signals (i.e., epidermal growth factor) from the cell membrane to the

rat pituitary PRL gene are located in the immediate vicinity of the ranscription initiation site

associated with Pit-1 response elements (380-382). Hence it seems unlikely úat those

frdns-activators associated with the hormonal control of the human pituitary PRL mRNA

synthesis could exen a controlling influence over the initiation o¡ rate of PRL gene

transcription initiated at the decidual çecific site about 5.9kb upstream.

A large battery of potential regulators of PRL synthesis r¡ras tested on IM-9-P3

cells, the most significant response was obtained with the synthetic glucocorticoid,

dexamethasone (329,330). Dexamethasone inhibited PRL release and mRNA abundance

by significantly reducing the half-life of the mRNA f¡om about l7h¡ to 3.6hr after 16hr

exposure (330). Studies of this type are necessarily limited by the complement of receptors

expressed by the cell of interest In the case of IM-9 cells, the parental line of the IM-9-P3

variant, receptors for a number of diffe¡ent hormones, have been identified (cited in

¡eference 330). It is not known whether the PRl-producing IM-9-P3 cell contained a

similar complement of receptors, therefore, its usefulness as a model system to study

decidual-specific PRL gene regulation is limited.

The initial objective, when the studies which constiture this thesis were

undenaken, was to gain some insight inro the mechanism by which the hPRL gene was

ectopically activated in IM-9-P cells. The preponderence of evidence indicates that the

inappropriate activation of the lymphoblasr PRL gene occurred via a mechanism which
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selected the decidual mode of transcription. The question remains as to whether this

activation event was mediated by promiscuous lymphoid-specific nuclea¡ transactivato¡s o¡

by decidual-specific factors which had also been ectopically generated in IM-9-P3

iymphoblast ceüs and then act on a receptive chromatin template. Other potential scenarios

include point mutations in the 5' flanking region of the lM-9-P3/de¿idua specific hPRL

exon 1a which could enhance binding of a promiscuous activating transcription factor

(383). Conversely, point mutation(s) might have abolished the binding of a critical

suppressor factor (384). Whatever the case, the IM-9-P3 lymphoblast cell line provides an

easily manageable and unique resource with which to delineate the elements and regulatory

mechanisms which confer cell-specific expression of the hPRL gene to decidual cells and

pituitary lactotropes. It will be of considerable interest to identify the essential regulatory

elements and c¡itical trans-acting factors of the M-9-P3 PRL gene to gain some

understanding as to the nature of the recent evolutionary event by which primate uterine

de¡idual cells acquired the abilty to express PRL.

Future Prospects

The existence of the PRl-producing IM-9-P3 clonal cell line, the IM-9-p6 line

which does not synthesize PRL and the IM-9 progenitor line constitute the first

homologous experimental system with which to analyze the molecula¡ mechanism of hpRL

gene transcription. The expression of the rat PRL gene has received considerable attention

in the field of cell-specific regulation, to the point where ar least one of the pituiøry-specific

transcription factors (Pit-I/GHF-1) has been purified and cloned (253-259). Relatively

little work has been done in this area on the human PRL gene largely because of a lack of a

human cell system and the fact that the hPRL gene is also expressed in the decidualized

endomeu-ium has been virtually ignored. Reasonable evidence exists to suggest that huma¡
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pituitrry PRL gene ranscription follows a mechanism essentially identical to that described

for the rat PRL gene (273). CleaÄy these data cannot be simpiy advanced to the human

system in the case of the decidual PRL gene since work described here has shown that the

5' flanking DNA of interest is located at least 5kb upsrream of the pituitary-specific cls-

acting promoærs. Given the identical structure and transcription sta¡t sites of the IM-9-P3

and normal human decidual PRL ¡¡RNAs described herein, it is plausible that the IM-9-P3

cell line conøins unique rrans-acting DNA binding proteins essential fo¡ decidual-like PRL

gene expression. The putative DNA binding proteins would presumably be inactive or

absent in the non-PRl-producing cell lines IM-9-P6 or the classical IM-9 line and these

lines would therefore act as convenient negative controls. These assumptions are based on

the fact that the rat PRL pituitary-specific transcription factor, Pit-1 is solely sufficient for

transcription of a marker gene containing rât PRL tissue-specific enhancer elements in

heterologous cell systems (256,258). Moreover, others have shown that loss ofrat GH

expression in somatic cell hybrids is strictly conelated with the loss ofpositive cell-specific

ranscription facton (385,386). There a¡e also numerous examples where cell lines which

ectopically synthesize a hormone, have been utilized to compa¡e and contrast the

transcriptional regulation of the ectopic hormone gene to its normal counterpa¡t in the

eutopic tissue source (387-390).

Lymphoblast specific PRL transcription could be demonstrated using gene-

fusion plasmids containing 5'flarrking DNA of the M-9-P3/decidua PRL gene transfected

transiently into IM-9-P3, P6 and classical IM-9 lines. In this way cds-acting DNA

sequences will be identified which interact in trans with nuclear factors to stimulate the

lymphoblast (and presumably the decidua-l-specific) expression of the hPRL gene. Having

identified the cell-specific enhancers of lymphoblast PRL transcription, the IM-9-P3 cell

line becomes a homogeneous source from which the conesponding trans-activator proteins

could be purified and cloned. These DNA binding proteins could then be characterized for

their ability to dÍect decidual-specific gene expression in various human endometrial
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tumour cell li¡es which have not been shown to synthesize pRL. It may be that these cell

lines contain decidual speciftc tans-acting factors necessary for hpRL gene transcription

but fail to express the PRL gene due to epigenetic influences such as inappropriate

methylation of DNA recognition elements. on the other hand, the endometrial cell lines

may simply lack the appropriate rrans-activating factors.

The synthesis of PRL by secretory endometrium has been shown to coincide

with the initial appearance of decidual cells in late luteal phase of the menstruai cycle

(66,67,70). Thus the initiation of decidual pRL gene expression could be considered a

marker for the terminal differentiation of endometrial stromal cells to decidual cells. Since

the specific complement of genes expressed by a cell dictates its phenotype, one could

envisage the activation of decidual PRL gene transcription intimately linked to the

endometrial differentiation process. should the above studies indicate that IM-9-p3 pRL

gene transcription is analogous to the mechanism operating in decidual cells, then the

biological reagents (i.e., rrars-acting positive transffiption factors and ttreir genes) obtained

from IM-9-P3 cells could be used to analyze, in a retrograde fashion, the cascade of

genomic events leading to the appearance of uterine decidual cells. By understanding the

molecular regulation of decidual-specific transcription factors, a better understanding of the

remarkably regular physiological trigger of endometrial turnover could be obtained.

kogesterone is the primary stimulator of decidual pRL rerease and can increase

the relative abunda¡ce of the corresponding transcript (67,70). By transfecring IM-9-p3

cells with a plasmid expressing the progesterone receptor, one might demonstrate

regulation of the endogenous PRL gene and identify the level of RNA biogenesis at which

the progesterone receptors act to increase pRL ranscript levels. If the progesterone

receptor were found to regulate the rate ofPRL tanscription from the decidual-specifrc start

sites, then one could determine if the regulation was direct by measuring the time cou¡se of

induction in the presence and absence of protein synthesis inhibitors. The logical extension

of this wo¡k would focus on the identification of progesterone response elements a¡ound
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exon la of the hPRL gene by co-transfection of reporter fusion plasmids and a

progestetone receptor expression vecto¡. The cell lines of the IM-9-P class 
"vould 

then

provide a model sysæm with which to analyze the interaction of the progesterone lecepto¡

with cell-specific trans-actvators and potentially provide some insight into the mechanism

by which the decidual PRL gene is normally activated.

Another potentially interesting series of experiments would focus on

determining whether lymphokines can modulate PRL gene expression in IM-9-P3

lymphoblasts. As discussed earlier there is growing support for PRL as an

immunomodulatory factor; howevet, the¡e is little direct evidence of immune cell factors

regulating PRL expression. In recent years it has been reported that many of the va¡ious

lymphokines are produced by the uterine decidua and/or placenta and the presence of

corresponding receptors has also been documented (39i-396). Thus it would seem

worthwhile to test the ability of various lymphokines (i.e., colony stimulating factor-1) to

modulate transcription of the IM-9-P3 PRL gene from the transcription staft sites held in

cornmon with the dPRL gene. Such studies are limited by the complement of receptors

expressed by IM-9-P3 cells. Neve¡theless the identification of dramatic regulation of IM-9-

P3 PRL gene expression by a single or group of lymphokines would prompt one to

investigate whether a simila¡ form of regulation occur.s in viyo during gestation in decidual

cells. This could be demonstrated by ín vito cell cultu¡e of gestational decidua (71). The

function of dPRL is unknown, but evidence that lymphokines can directly regulate dPRL

gene expression would imply that a role for PRL exists in maintaining the local

immunological milieu during pregnancy.

The cloning of the pituitary-specific PRL transcriptional activator, Pit-1, opens

the door to a number of unique experiments using IM-9-P3 cells. These experiments

would be designed to examine the interaction of two different mechanisms of tissue-

specific ranscription on one gene in a particular cell type, in this case, IM-9-P3 cells. An

expression plasmid containing the Pit-1 cDNA would be ransfected into cell lines of the
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IM-9-P class and primer extension experimenß performed to determine if the piruitary cap

site is utilized in ransfected lines. In classical IM-9 cells and the non-PRl-producing clone

M-9-P6, one might expect to observe activation of the PRL gene from the pizuitary specific

RNA start site in IM-9-P6 cells and no activation in the progenitor cell line, IM-9. This

hypothesis is based on the fact that IM-9-P6 cells are, for all intents and purposes, identical

to the PRl-producing IM-9-P3 cells except for the abiliry ro express the PRL gene. This

suggests that the PRL gene in IM-9-P6 cells is in an open chromatin conformation but lacks

the necessary factors for active transcription. The progenitor IM-9 cells would likely

contain a repressed PRL gene inaccessible to modulation by Pit- 1. A positive result would

be the fust demonst¡ation in intact cells that Pit-1 is sufficient for expression of ân

endogenous human PRL gene in a lactotrope-specific manner. In M-9-P3 cells the results

of such an experiment are unpredictable and may depend on the suength of the upstream

decidua,/IM-9-P3 specific enhancers and the dose of Piç1 cDNA transfected. Nevertheless,

these experiments would be a lot of fun and isn't that what science is really all about!
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F i g, 1 . Size determination of putative rPRl.like RNAs.

Twenty micrograms of total RNA isolated from va¡ious rat tissues was

denatured and fractionated through a 1.5Vo alarose,2.2M fomaidehyde gel' A

photograph of the EtBr-stained gel is shown on the right and the sample in each

lane was as follows: A, kidney; B, testes 5¡rg total RNA; C, [32P]-end-

labelled lambda DNA digested with HindIII; D, uterus; E, heart. The RNA

was capillary bloned to nitrocellulose prehybridized and probed with nick-

rranslated [32p]-labelled IPRL cDNA (3x106cpnr/ml) at 42C in 507o

formamide/SxSSC hybridization solution for 24 hours. Final washing of the

biot was at 53C, twice for 30 minute intervals in 0.1xSSC,0.17¿ SDS. The

blot was exposed to X-ray fîlm at -70C with an intensifying screen for 4 days.

The sizes of the DNA marker bands are given in kilobases (kb) next to each

band. The location of 28S and 18S ribosomal RNA is denoted by the arrows.
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Elimination of intact 18S ribosomal RNA as the molecule to which

rPRL cDNA hybridized.

Total RNA (20pg) was isolated from lung and skeleral muscle of rwo

separate goups of adult Sprague-Dawley rats. The RNA in lanes A and D were

isolated from normal l50g female rats using the guanidinium

isothiocynate/CsCl cushion method described in the "Materials and Methods,'.

The remaining lanes contained RNA exracted from approximately 3509 male

Sprague-Dawley rats. RNA in lanes B, E and F was purified using the method

described above while the RNAs in lanes C and G were isolated following the

guanidine-HCl procedure as described in the "Materials and Methods". These

RNAs were f¡actionated, blotred to nirocellulose and hybridized with ¡pRL

cDNA as described in Fig. 1. The photograph on the righr shows the EtBr-

stained gel prior to transfer to nitocellulose. The location of 28S and 18S

rRNA is provided. Autoradiography was for 4.5 days under optimal conditions

defìned as incubation at -70C wittr an intensifying screen.
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Identification of putative rPRl.like RNAs as non.polyadenylated

species by Northern btot hybridization.

Lanes marked T contained 30¡rg of total RNA and those labelled A-

contained the same amount of RNA which did not bind to oligo (dT) cellulose.

In "a" the lanes labelled A+ contained 10pg and in "c" approximately 2pg of

RNA en¡iched in polyadenylated mRNA speries by chromatography over oligo

(dT) cellulose. The RNA blots in "a" and "c" were hybridized with 3.5 x

lOócpry'nrl and 2.5 x lOócpm/rnl of nick-tanslaæd ¡pRL cDNA respectively at

high sringency. Final wash of these blots rras at 50C in 0.1xSSC,0.1Zo SDS

for ¡po 30 min inrervals. The blot in "a" was stripped and rehybridized at high

stdngency with nick-translated pRP54 cDNA ("b"). All blots underwenr

autoradiography for four days at optimat condidons. The migration of 18S and

28S ribosomal RNA is indicated by the arrows.
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Fig. 4. Localization of the rPRL cDNA sequence responsible for

hybridization to the l.6kb family of non-polyadenylated RNAs.

A Nonhem blot containing multiple 20¡rg lanes of rat ovary (O) and

hea¡t (Ð total RNA was cut into five strips containing a lane of each source of

RNA. These stdps were individually hybridized under high stringency

conditions with gel-purified, nick-translated pBR322, the entire 823bp rPRL

cDNA, and subfragments of rPRL cDNA: a 3' 256bp BgIII/PstI fragment, an

internal 336bp AccVBglII product, and a 229bp AccI,/PstI fragmenr. A partial

restriction map of IPRL oDNA is shown schematically below indicating the

restriction sites used to genemte the above probes. The 5' and 3'untranslated

regions are represented by the striped bar and the solid bar denotes the coding

region. The GC-tails which faciliøted ligation to plasmid DNA a¡e shown ar

the 5' and 3' ends of the cDNA diagram. The probe used in each hybridization

is given at the base of each strip. Each hybridization contained 4-9 x

106cpm/ml of probe. The final post-hybridization washes were at 55C in 0.1 x

SSC, 0.17¿ SDS. The blots underwent autoradio$aphy for three days at

optimal conditions. The location of the 1.6kb RNA signal is given relative to

18S and 28S ribosomal RNA.
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Identification of putative rPRL.like non-polya denyla ted

transcripts as artifactual hybridization.

Identical Northem blots containing 20¡rg each of ¡at hean (H) and

kidney (K) or brain (B) total RNA were individually hybridized at high

stringency with nick-translated plasrnids of probasin (M-40), rPRL, and ¡pl-p-

A (pRP6-1 or pRPó-S). The amount of radiolabelled probe in each

hybridization rânged from 5-9 x 10ó cpm/nrl. All blots we¡e washed at 50-55C

in 0.1 x SSC, 0.17o SDS for I h¡. Autoradiography under optimal conditions

was fo¡ 4 days. The position of the 1.6kb RNA signal is indicated relarive to

the location of 18S and 28S ribosomal RNA. The cDNAs of probasin, rpRL

and pRPG I contained GC-tails.
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Fig. 6. Detection of PRL nRNA in a human B.lymphoblastoid celt line,

IM-9-P, by Northern blot hybridization.

A Northem blot was constructed containing 10¡rg of total RNA from rat

pituitaries (lane rat pil); and 50pg of roral RNA from IM-9 cells obtained from

each of the American Type Culture Collecion (Rockville, MA) (lane ATCC),

M. Lesniak (NIH) (lane LES.), and Dr. R. Rosenfeld (Stanford University)

(lane R.R.); 50¡tg total RNA from IM-9 cells from our laborarory (lane M-9-

P); 3.0pg of human pituitary total RNA (lane hum.pit.) and 15¡rg of poty(A)+

enriched mRNA obtained by single passage over an oligo(dT) cellulose column

(lane IM-9-P*). Simulraneous hybridization with nick-translated hpRL cDNA

and the human c-myc gene was done at high stringency. The blot was then

exposed to X-ray film at optimal conditions for one day. The hPRL and c-myc

mRNA bands a¡e identified relative to the migration of l8S ribosomal RNA.
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Fig. 7. Human female origin of IM.9-P cells determined by genomic

Southern blot hybridization.

Five micrograms of tat testes DNA (rat), nonnal human peripherat

blood lymphocyte DNA (HUM.PBL), ATCC IM-9 DNA (M-9), and

IM-9-P DNA (IM-9-P) were digested with AluI, blotted and probed

under high stringency conditions as described in the "Materials and

Methods" with a human AluI repetitive element DNA, pBLUR-8.

LamMa phage DNA cleaved with HindIII and ØX174 digested with

HaeIII served as DNA markers, the sizes of which in kilobases (kb) is

indicated on the autoradiogÌam. Only the human DNA hybridized to

this probe. The photograph of the EtBr-stained gel demonstrates the

presence of rat testes DNA in lane (rat).
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Fig.7. Human female origin of IM-9-P celts determined by genomic

Southern blot hybridization.

Ten microgram aliquots of IM-9-P DNA, ATCC IM-9 DNA, and human

male peripheral blood lymphocyre (PBL) DNA were digested with

EcoRI (E), HindIII (FI) and BgIII @). The resultanr Sourhern blot was

hybridized under high srringency conditions with a human y-

chromosome-speciñc repeat element DNA, pY3.4. The sizes of HindIII

digested lamMa phage DNA in kilobases is provided as is the estimated

size of the major hybridizing band in human male pBL DNA digested

with EcoRI.
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Fig. L Confirmation of the B.cell lineage of IM.9.P cell lines.

147

Approximately 20¡rg samples of BamHVHindl[I-digested genomic

DNA were transfened to nitrocellulose and subsequently probed with a

5.6kb DNA fragment encompassing the joining region of the human

heavy chain immunoglobulin genes. Lanes A, B and C contained DNA

isolated from the IM-9 line obtained f¡om M. Læsniak (MÐ, the ATCC

(Rockville, MA) and Dr. R. Rosenfeld (Stanford University),

respectively. Lane D contained DNA from the PRl-producing IM-9-P

line, lane E from the PRl-producing IM-9-P3 clone and lane F from the

non-PRl-producing IM-9-P6 clone. Lanes G and H show the 5.6kb

germline band in human placenta and human peripheral blood

lymphocyte DNA, respectively. The sizes of HindIII digested lamMa

DNA in kilobases (kb) is indicated.

Approximately 20pg samples of EcoRl-digested genomic DNA from

sources described above were used to make a Southem blot which was

hybridized under high stringency conditions with the human T-cell

recepto¡ beta-chain constant region genes. Lanes l,2and3 contained

IM-9 cell DNA from the sou¡ces described above in lanes A, B and C.

Lanes 4, 5 and 6 contained IM-9-P3, IM-9-P and IM-9-P6 DNA

respectively and lanes 7 and 8 contained the control DNAs described

above in lanes G and H. According to the restriction map of the human

T-cell receptor ß-chain locus two non-rearranged EcoRI fiagments,

l2kb and 4.2kb should be detected using the constant region probes.

DNA ma¡ken were those described above.
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Fig.9. Detection of PRL in the conditioned medium of IM-9-P cells.

IM-9-P cells were culflued in RPMI 164010.17a BSA; 4 days later the

medium was hawested, concentrated 5-fold, dialyzed, and assayed in a double

antibody hPRL RIA. Immunoaffinity-purified pituitary hPRL was the

standard. The conditioned media from six other human lymphoid cell lines

(RPMI 7666, 6666,8226, and 1?88; CCRF-SB; and HS-Sultan) as wetl as

that f¡om IM-9 cells obtained from th¡ee different sources showed no cross-

reactivity in the RIA. B/Bo, Bound to free ratio.
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Fig.l0. Bioactivity of IM-9-P PRL.

The biological activity of crude conditioned medium from M-9-P cells

and that of M-9-P PRL purified from this medium were analyzed and

compared to that of pituitary hPRL in the Nb2 Iymphoma bioassay.

Conditioned media from the IM-9-P line was raised by culturing the

cells in RPMI 1640 and 0.17o BSA for 4 days. Immunoaffinity

purification of IM-9-P PRL was done as described in rhe "Materials and

Methods". The two peak purified fractions, as well as crude serum-free

IM-9-P conditioned medium and pituitary hPRL standa¡d were serially

diluted and added to growrh-a¡rested Nb2 cells. After three days cell

numbers were determined. The top point of the purified IM-g-p pRL

cu¡ves and that of the M-9-P conditioned medium curve represented the

undiluted samples.

Serum-free conditioned medium (CM) from IM-9-P cells was assayed

in the Nb2 lymphoma bioassay in the absence and presence of

monoclonal hPRL antibody 9C3. The stippled bar represents the level

of Nb2 cell $owrh in the absence of mitogens. The open bars denote

the Nb2 cell response in the presence of added mitogen and the striped

bars, the response upon addition of lactogen plus monoclonal hpRL

antibody. oPRL, Ovine PRL; Vo, percent of Nb2 cultu¡e medium

volume-

a.
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Fig.11. PRL secretion and nRNA accumulation over the IM-9-p3 growth

cu rve.

Cells in late log phase of growth were washed and plated at a density of

1 x 105 cells/ml. Daily lml aliquots (days 0-4), were removed for

determination of cell number ( f ) and 0.5 ml of culture medium was

uken for hPRL determinarion by RIA (o) after cells had been pelleted.

The secretion rate of PRL averaged berween 4}-SDngllúceltsl24hr.

The coefficient of variation was less than 57o for cell counts and less

lhan 2Vo for the RlA.

The relative abundance of PRL mRNA over rhe growth curve (tr) of a

separate experiment was analyzed by Nonhem blot hybridization.

Every 24 hou¡s, 1.5 x 107 cells were harvested for RNA extraction, of

which 40¡tg were loaded in each lane and subsequently hybridized with

hPRL cDNA at high stringency. Equal RNA loading was confirmed by

examination of the EtBr-stained gels prior to transfer.

B.
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Fi g. I 2 , Effect of neutralization of secreted PRL on IM-9-P cell growth.

IM-9-P cells were washed and placed in RPMI 1640/107o ho¡se serum

at a density of 1.25 x 105 ceils/ml. To one set of cell cultures, monoclonal

antibody (9C3) to hPRL was added on day 0 and day 2. On day 4, M-9-p cell

numbers were determined (left panel) and conditioned media harvested. In the

right panel, the effective neutralization of sec¡eted IM-9-p pRL was

demonstrated. Conditioned media from IM-9-P cells cultured in the absence of

antibody gave a significant stimulation of Nb2 cell growth (507o of a maximalty

stimulating does of hPRL), whereas conditioned media from cells grown in the

presence of antibody exhibited no stimulatory effect. Data represent the mean *
SEM of triplicate determinations. d, day of experiment; Ab, antibody; O,

represented the growth of Nb2 cells in the presence of RPMI 1640110%o horse

serum.



15ó

lM-9-P cell growth

:-o
f
o
¡

=.3c
ó-
õ'
-ã
zq

x.'
I

o

o

rô
'og
x

Eó
ct
c

ã1

d0

D
m

Blo¡ctlvlly of
condltloncd medla

d1 0
conditioned medium
from lM-9-P cells

conlrol calla

c.ll. erorn ln th. Þr.t.nc. ot ¡ntl hpF! AÞ

d4



157

Fi g. 13 . Molecular weight determination of IM-9-P PRL.

IM-9-P PRL was isolated from pooled conditioned medium by

immunoaffinity chromatography, as described in "Materials and Methods". The

two peak fractions were ¡econstituted in SDS-sample buffer and

electrophoresed on a 15Va SDS-polyacrylamide gel, which was subsequently

silve¡ stained. Lane A contained 2pg pituitary hPRL. In lanes B and C, 1.0

and 0.9pg were applied, respectively, of the two peak fractions of purified IM-

9-P PRL. Kd, kilodaltons.
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Fig.14. Northern btot hybridization analysis of IM-9-p and pituitary

hPRL transcripts after removal of poly(A) tracts.

Oligo(dT) was hybridized to RNA samples of IM-9-p cells and human

pituitary (Hum.Pit.) and the RNA was subsequently treated with RNase H (+)

to remove poly(A) tails as described in the ,'Materials 
and Methods',. Untreated

RNA samples O showed ttre native size of the pRL transcript.
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Fig.15. (a & b) Genomic Southern btot analysis of the IM-9.p3 pRL

gen e.

DNA samples (20¡rg) from a human placenra (A), IM-9-p3 cells (B),

and classical IM-9 cells (C) were digested by PstI (p), Hindm (Ð or EcoRI

G) and ransferred to nitocellulose. The blot was hybridized at high stringency

with pituitary hPRL cDNA and a I 132bp hpRL genomic fragment

encompassing 978bp of 5'flanking DNA, exon 1, and 126bp of int¡on A. In
"a" the blot was hybridized with the above probes simultaneously; after

autoradiography, the blot was sripped and rehybridized with the 5, end-specific

genomic probe only, "b". The low molecula¡ weight band seen in the human

placenta DNA lanes was unique to that sample of DNA and not reproducible.
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Genomic Southern btot analysis of the IM-9-P3 pRLFig.15. (c & d)

gene,

The genomic DNA blots in "c" and "d" were probed individually with three

different DNAs. After each hybridization the ¡adioactive signals were stripped

f¡om the nit¡ocellulose. The ¡esultant autoradiograms have been dissected,

aligned at the wells and rearranged fo¡ easier comparison of the fragments

detected with each probe. In this way a direct compa¡ison of the same thtee

lanes of digested DNA with th¡ee different hpRL DNA probes was achieved.

The identity of the DNAs in the lanes A, B and C are described above. The

NcoI "c" and XbaI "d" digested DNAs were present on the same nitrocellulose

filter and hybridized frst with pituitary hpRL cDNA (hpRL cDNA), then with

the 5' end-specific hPRL genomic probe (5, specifîc), and lastly with a 3' end-

specific hPRL genomic probe covering a portion of exon 5 and 392bp of 3'

flanking DNA. The 5' and 3' end-specific hPRL genomic fragments

hybridized to comigrating DNA fragments in XbaI digests. In other

experiments utilizing longer gels these bands could be differentiated wittr the 3'

end genomic fragment migrating slightly faster than the 5'end genomic

fragment.
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Fig.16. Genomic Southern hybridization analysis of the IM-9-P3 pRL

gen e.

DNA samples (20pg) from a human placenra (A), IM-9-P3 cells (B),

and classical IM-9 cells (C) obtained from M. Lesniak (NI[I) were

digested with BglII, fractionated and transferred to nitrocellulose. As in

the previous figure, this blot was sequentially hybridized with pituitary

hPRL cDNA, the 5' end-specific hPRL genomic fragment (5' specific)

and lastly with the 3'end-specific hPRL genomic probe (3'specific).

The blot was stripped between each hybridization. The autoradiograms

were dissected and arranged to provide easy comparison of the

restriction fragmentation pattern obtained with each probe,

Approximately 20pg samples of various human ch¡omosomal DNAs

were digested with Bgltr and used to construct a Southem blot that was

hybridized with pituitary hPRL cDNA. DNA was isolated from va¡ious

sources: P6, non-PRl-producing IM-9-P6 cell line; p3, pRL-

producing IM-9-P3 cells; PL, human placenta; R.R., IM-9 cells from

Dr. R. Rosenfeld (Stanford University); AT, IM-9 cells from the

American Type Culture Collection (Rockville, MA); LES, IM-9 cells

from M. Lesniak (MÐ; PBL, peripheral blood lymphocytes of an

individual; T47D,'f 47D breast cancer cell line; BR, a human brain.

The restriction fragmentation pattem seen in the various lanes may be

indicative of a BgIII restriction fragment length polymorphism. No

rearrangement of the hPRL gene was observed using the five different

¡estriction enzymes described in Figure 15.

a,

b.
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Fig.17. Size comparison of IM-9.P3 PRL nRNA to the human decidual

PRL transcript,

Total RNA (30¡rg) from two different human gestational decidua

samples, huma-n pituitaries (Hum.Pit.) and IM-9-P3 cells was fractionated and

blotted to Hybond-N matrix as described in the "Materials and Methods,,. The

blot was hybridized at high stringency with random-primer labelled pituitary

hPRL cDNA. IM-9-P3 and decidual PRL transcripts comi$ated in rhe

denaturing formaldehyde-agarose gel at a larger size than pituitary hpRL

mRNA. The location of 28S and 18S ribosomal RNAs is indicated by the

¿uTows,
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Fig.18. Comparison of the IM-9-P and deciduâl PRL cDNA strucfure to

that of the human pituitary and sequencing strategy of the non-

pituitary PRL cDNÄ clones.

A diagrammatic representation of a full-iength pituitary hPRL cDNA

excluding the poly(A) tail is shown at the rop. Aligned below are the srrucrures

of IM-9-P and decidual PRL cDNAs isolated f¡om four diffe¡ent libra¡ies.

Nineteen hPRL cDNAs were purified and eighteen are presented here; IM-9-p

PRI- cDNA #7 was found to be identical to IM-9-P PRL cDNA #6 by

¡estriction enzyme analysis and not pursued furthe¡. The striped area on each

schematic represents the 5'untranslated sequence (5'UÐ, the length of which

in nucleotides is given as a negative number on the left end of each cDNA. The

contiguous thick black area represents the prorein coding region, 3' untranslated

sequence and poly(A) tail. The designation of each cloned cDNA is given at the

3' end. Only M-9-P PRL cDNA #9A, was intact, almost all other IM-9-p pRL

cDNAs were truncated at the unique intemal EcoRI site because of inefficient

methylation-protection of EcoRI recognition sequences during iibrary

construction. IM-9-P PRL cDNA 3, C and A were chimeric having a portion

of PRL 3'UTR cDNA ligated to the 5'end as described in the "Results',. The

3' UTR portion of chimeric clones C and 1A is depicted as separate cDNA

aligned with the 3' end of pituitary hPRL cDNA and separated f¡om the 5'

region of the clone by a gap. IM-9-P PRL cDNA I-1 was also chime¡ic and

contained 45bp of foreign cDNA ligated to the 5' end which is represented by

the thin black line. Decidual PRL cDNAs we¡e intact and not chime¡ic. The 3'

EcoRI subfragment of dPRL cDNA 2A and 154 \rere present in the original

lambda phage clone bur not subcloned and analyzed. Decidual pRL cDNA Fl-a

was prematurely truncated during cDNA synthesis at cysteine -6 of the signal
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Fig.18 (cont'd)

signal sequence. The arrows beneath the schematic indicate the d.i¡ecdon and

distance of sequencing ¡ea*ions performed such that the enti¡e IM-9-p pRL

cDNA sequence was obtained of which SBZo of the protein coding region was

determined from both strands. The 5'and 3' untranslated regions ofindividual

cDNAs we¡e totally sequenced. Whenever possible, sequences were obtained

using the indicated mapped restriction sites. Sequences whose origin do not

coincide with these sires were obtained from rhe 5'end of different cDNAs or

the EcoRV site at 96 and the BgIII site at -42 of the 5' non-coding region. The

ba¡ at the bottom represents the length of 100 basepain (bp).
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Fig.19. Nucleotide and translated amino acid sequences of IM-9-p pRL

cDNA #3.

M-9-P PRL cDNA #3 wæ rcleased from the lambda GT10 clone by

EcoRI digestion and subcloned into pGEM-3. Various cDNA fragments were

then subcloned and sequenced on both strands such that the entire sequence was

determined. The 5'and 3'UTRs a¡e shown as contiguous sequence and the

protein coding region is broken up into codons with the corresponding amino

acid three letter designation below each codon. The 28 amino acid signal

sequence is double underlined and leucine I of the manre polypeptide is boxed

as is the termination codon. The single base difference seen with pituitary

hPRL cDNA in the 3' UTR is bolded. The length of the 5' UTR was 167bp

and that of the 3'UTR, 148bp with a 3'poly(A) rail of approximately 45 bases

denoted by Ax+s. The putative polyadenylation signal is underlined and the

sites of restriction endonuclease cleavage used for sequencing are indicated by

the arrowheads: E, EcoRI; P, PstI; B, BgIII; H, HindIII; D, DpnI; EV,

EcoRV. The 3' UTR sequence which may have facilitated the chimeric

constn¡ction of IM-9-P PRL oDNA 3, C and 1A is indicated by the broken

underlining. M-9-P PRL cDNA #3 was 996bp excluding the poly(A) tait.
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Fig,20. Alignment of the 3' untranslated sequence of IM-9-p and decidual

PRL cDNAs with the corresponding region of the hpRL gene.

Sequence alignment begins at the cytosine residue l10bp 3, of the

terminal cysteine codon. Sequence upsream of this point amongst the decidua

and IM-9-P PRL cDNAs was complerely homologous with pituitary hpRL

cDNA. The dotted nucleotide indicates the single base difference berween IM-

9-Pldecidua PRL 3' UTR and that of the pituitary pRL mRNA. The

polyadenylation signal is underlined in the hPRL gene sequence and the poly(A)

tail on the 3' end of the cDNA sequences is denoted by A¡1. M-9-p pRL cDNA

had a 3' end identical ro that seen for human pituitary pRL cDNA. IM-g-p pRL

cDNAs 10, ll, 94, C and 14, as well as dPRL clones 88 and Fl-a, contained

identical 7bp elongarions relative to the 3'end of pituirary hpRL cDNA.
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Fig,21. Comparison of the 5' untranslated sequence of IM-9-P PRL cDNA

IV and decidual PRL cDNA 15.A with the immediate 5' flanking

DNA of the hPRL gene.

Alignment of these sequences begins at the initiator methionine codon of

the preprolactin signal sequence ald extends in a 5'direction to position -300 of

the human genomic PRL sequence. The 9bp region over which pituitary-

specific transcription begins is bracketed and the putative TATA box is

underlined. The new 5'unganslated sequence in the M-9-P and decidual PRL

cDNAs which is not homologous to the corresponding hPRL gene sequence is

indicated by white letters. The 5' UTR sequence of M-9-P PRL cDNA IV was

representative and identical to that found in nine other IM-9-P and dPRL

cDNAs. The 5' UTR structure of decidual PRL cDNA 154 indicated that the

unique sequence (in white letters) was spliced into the 5'flanking DNA of PRL

exon 1 at -246. the diamonds give the location of the predominant 5' termini

of M-9-P and decidual PRL mRNAs based on primer extension studies. The

dotted dinucleotides in the hPRL gene sequence denote the putative va¡ia¡t 3'

splice junction between the unique 5' non-coding sequence of the cDNAs

presented and the 5'DNA flanking the PRL exon 1. The negarive numbers

shown above each block of sequence are residue numbers fo¡ the 5'flanking

DNA of PRL gene exon 1.
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Fig.22, Comparison of the 5' UTRs of IM-9-P pRL cDNAs IV and I-1

with the hPRL gene sequence,

Alignment of these sequences is as in Figure 21. The new 5,

untranslated sequence commonly found in the IM-9-p and decidual pRL

cDNAs which is not homologous ro the coresponding hpRL gene sequence is

borde¡ed by the broken line. The exra 12bp sequence unique to oDNA I-1 at

the (-98) junction point with the known 5' flanking region of the hpRL gene is

indicated by the dashes in the IM-9-P PRL cDNA fV sequence below. The

extra 45 bases at the 5'end of cDNA I-l is underlined and represents foreign

cDNA sequence ligated to the IM-9-P pRL cDNA presumably at -203 in an

inverted orientation during cDNA library construction, as described in the

"Results". The negative numbers shown above each block of sequence are

¡esidue numbers for the 5' flanking DNA of hpRL exon 1. The b¡acketed -191

designates the 5' end of the IM-9-P PRL cDNA IV which did not contain the

extra 12 nucleotides at the -98 splicejunction.
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Fig.23. Tissue specificity of the new 5' untranslated sequence of IM-9.

P/decidua PRL mRNA.

Total RNA was isolated from human decidual tissue, IM-9-p3

lymphoblast cells and human pituitaries obtained at autopsy. Total RNA

(l00pg) aliquots from 5 individual decidua and IM-9-P3 cells as well as 3pg of

human pituiury toral RNA was electrophoresed, photographed a¡á blotted onto

Hybond-N matrix. Equivalent loading of decidua and M-9-P3 RNA was

assessed by ttre intensity of ethidium b¡romide staining of the l8S ¡RNA band in

each lane. Autoradiogram "a" is an approximately 2.5 day exposure after high

stringency hybridization with a [32P]-labelled antisense oRNA corresponding to

the 93bp of unique 5' non-coding sequence in IM-9-P PRL cDNA IV. The

faintly hybridizing low molecular weight bands are due to non-specifîc

hybridization. This blot was then stripped and re-hybridized "b', under

stringent condirions with random-primer labelled 555bp pstl fragment of

pituitary hPRL cDNA as described previously (18). The locations of the l8S

and 28S IRNA bands is indicated.
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Fig,24. Primer extension analysis of hPRL mRNAs,

Primer extension was performed as described under "Materials and

Methods" using a 21-base oligonucleotide whose complementary sequence in

hPRL mRNA relative to the pituitary-specific 5' end (57) is indicated in the line

diagram below the autoradiogram. The primer was annealed to 40¡rg aliquots

of batch-prepared poly(A)+ enriched mRNA isolated from IM-9-p3 cells, non-

PRL producing IM-9 cells and two different pools of decidual tissue as well as

lspg of total RNA and 2.5pg of poly(A)+ enriched mRNA (pituitary*) from

human pituitaries. The lengths of the extension p¡oducts a¡e indicated at the left

in nucleotides; only the sizes of the predominant and reproducible cDNAs a¡e

given. These sizes we¡e determined by comparison of the band mobilities with

the adjacent nucleotide sequence ladder and end-labelled Hpall digesred pATl53

in la¡e M. Only the size, in nucleotides, of the relevant DNA ma¡ker bands are

provided next to the corresponding fragment in lane M. A number of

termi¡ation points between 140 and 149 nucleotides was obtained with total or

poly(A)+ enriched mRNA samples from human pituitaries. The primary

exposure time was 24 hours at -70C \xith an intensifying screen, the last two

lanes on the right are the result of an extended exposure of 4 days. The

prolonged exposure was necessary to more clearly visualize the minor primer

extended product ar 410 nucleotides in decidua and IM-9-p3 RNA.
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Fig.25. Localization of the unique 5' non-coding sequence relative to the

human PRL gene exon I by genomic Southern hybridization

analysis.

Human genomic DNA (20¡rg) from seven individuals (A-G) as well as

DNA from the parental IM-9 line, the cloned IM-9-p6 (p6) non-pRl producing

line and the PRl-producing clones IM-9-P3 (p3) and IM-9-p33 (p33) were

digested with va¡ious restriction enzymes. These DNAs were cleaved with

EcoRV and HindtrI. An EcoRV site is located at the juncion berween the

previously described 5'flanking DNA of the hpRL gene and the additional

unique 5' non-coding sequence found in IM-9-p3 and decidual pRL ranscripts.

In "a", the resultant genomic Southern blot was hybridized, as describ€d in the

"Materials and Methods", with a 680bp EcoRV-HindIII fragment of the hpRL

gene 5' flanking DNA shown above schematically. The blot was then stripped

of the radioactive signal and hybridized with a 3l lbp probe containing three

copies of a 72bp portion of the unique IM-9-p3 and decidual pRL 5' UTR

("b"), as described in "Materials and Methods". The DNA ma¡kers used were

lambda digested with HindIII and ØXl1 4 with HaeIII; sizes are given in

kilobases.
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Fig,26, A partial restriction map of the hPRL gene redrawn from Truong

et øl (36),

b.

This schematic covers approximately 1l.lkb of the hPRL gene

including 978bp of 5'flanking DNA and 392bp of 3'flanking DNA.

The estimated sizes of the introns are as follows: intron A - 217 6bp;

intron B - 1788bp; intron C - 2660bp; and intron D - ?A.24bp. Exons I

and 5, as depicted in this diagram, include the 5' and 3' UTRs,

respectively. Only the restriction sites pertinent to the work described

herein are indicated. The restriction enzyme designations are: E,

EcoRI; P, PstI; H, HindIII; B, BgIII; H2, HincII; N, NcoI; X,

XbaI. The bar below represents the length of 444bp.

This schematic is an enlargement of the 5' region of the hPRL gene

extending from the 5'EcoRI site to the XbaI* site in inuon A. This

region encompasses 978bp of 5' flanking DNA, exon 1, and 126bp of

intron A. The dotted area of exon 1 represents the 5' UTR of 57bp as

determined by Truong et al (36). The adjacent darkened a¡ea of exon 1

denotes the frst 28bp of hPRL coding sequence. This 1132bp EcoRI-

XbaI fragment was used extensively in the studies described here and is

referred to as the 5'end-specific hPRL genomic p¡obe. The ba¡ below

represents the length of 50bp on the diagram.
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Fig.27, Localization of the unique 5' non.coding sequence of

IM-9-P3/deciduâ PRL mRNA beyond 5.0kb of hPRL exon 1.

Human DNAs described in Fig.25 were digested with EcoRI (',a" and

"b"), HindIII ("c" and "d") and HincII ("e" and "f'), bloned and probed first

with the 5'end-specific genomic fragment of the hPRL gene containing 978bp

of 5' flanking DNA, exon 1, and 126bp of intron A. The resultant

autoradiorams a¡e shown and "e", respectively. The blots were

stripped and reprobed with the 31lbp tetramer of unique 5, non-coding

sequence described in the "Materials and Methods". The ¡esults from this

second hybridization are shown in 'b", "d" and "f". The varying band

intensities from lane to lane were indicative of unequal sample loading. DNA

ma¡kers were as described for Figure 25.
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Fig,28. Determining the outer limit size of the intron befween hpRL gene

exon l and the new 5' non-coding sequence.

Human DNAs described in Figure 25 were digested with NcoI ("a" and

"b"), BgIII ("c" and "d") and PstI ("e" and "f') and hybridized as desc¡ibed in

Figtre 27 with the 5' end-specific hPRL genomic probe and then with rhe

311bp tetramer of unique 5' non-coding region of lM-9-p3/decidua pRL

nRNA. The autoradiograms and "e" ¡esulted from hybridization

with the hPRL genomic probe and those in "b", "d" and ,'f ' werc generated by

hybridization of the same blot with the IM-9-p3/decidua 5' UTR cDNA

sequence. The very weak band which comigrated with the l.35kb marker in

"b" was due to hybridization of the 22bp of 3, UTR sequence found in the

M-9-P3/decidua unique 5' UTR probe due to a cDNA cloning a¡tifact. This

was confirmed by hybridization of this blot with a 3' end-specific hpRL

genomic probe described previously.
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Fig.29. Partial restriction map of additional 5' ilanking DNA of the hpRL

gen e.

Human genomic clone phPRLg4800, provided by Dr. J. Martial

(University of Liege, Belgium), conrains an additional 4800bp of DNA 5' to the

EcoRI site at -978 of phPRLg2750 described in the "Materials and Methods".

The 2620bp SacI-EcoRI fragment was sequenced by membérs of Dr. J.

Martial's laboratory and a panial restriction map for the 5' portion of the clone

was also provided. The locations of the HindIII, Hinctr, XbaI and MspI sites

were more precisely localized by adrìitional rcstriction digests and are indicated

on the map. The thin black line denotes the previously reponed 5,portion of

the hPRL gene (36) (see Fig.26), the thicker black line extending 5'from -97g

rep¡esents the additional 4800bp of 5'flanking DNA to -5280bp. The broken

black line upstream of -5780 conesponds to DNA which has not yer been

cloned. The location of the 830bp SalI-HindIII fragment containing DNA from

the 5' end of phPRLg4800 and used in experiments described herein, is also

indicated. The bar at the bottom r€presents ttre length of 290bp.
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Fig.30. Identification of common genomic fragments with the unique 5'

UTR of lM-9.P3/deciduâ PRL nRNA and a genomic probe

extending 5.8kb upstream of the pituitary pRL cap site.

Appmximately 15pg of M-9-P33 cell DNA was digested with HincII

(lane 1); HincII/XbaI (lane 2), HindIII (lane 3), HindIII/XbaI (lane 4) and

fractionated, blotted to nitrocellulose and probed frst with the 3l lbp teramer of

M-9-P3/decidua PRL unique 5' UTR ("b") described in the ',Materials and

Methods". The blot was then stripped and rehybridized with the 1l32bp

EcoRI,rXbaI genomic fragment (see Fig.26) conraining 978bp of 5'DNA

flanking exon 1 of the hPRL gene ("a"). Lasdy, this blot was stripped and

probed with an 830bp SaII-HindIII fragment encompassing the 5' end of a

genomic clone (phPRLg4800) extending 5.8 kb upstream of the piruitary pRL

RNA start site ("c"). The hybridizing bands in autoradiogram "b,'comigrate

and were di¡ectly superimposable with those present on auto¡adiogam "c'.
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Fig,31. Direct linkage between the unique

9-P3/decidua PRL nRNA and the

196

non.coding sequence of IM-

flanking DNA of the hPRL

5r

5r

gen e.

These autoradiograms resulted from hybridization of the same genomic

DNA blot described in Figure 15 with an 830bp Sall-HindtrI genomic fragment

("a") which represented the 5'end ofDNA extending 5.8kb upsueam ofhpRL

exon 1 (see Fig.29). The autoradiogram in "b" resulted from a previous

experiment in which this DNA blot had been hybridized with IM-9-p pRL

cDNA #3 which contained 72bp of unique 5' UTR. The genomic fragments

detected in common by these probes are indicated by the arrowheads on the

autoradiogram in "b". DNA fractionated in lane A was isolated from a human

placenta, in lane B f¡om IM-9-P3 cells and in lane C from parental IM-9 cells.

These DNAs wøe digested with the indicated resriction enrymes.
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Fig.32. A schematic representation of the revised structure of the hpRL

gene 5' end.

The 5' non-coding sequence is indicated by the hatched lines and the

thick black line represents the coding region of the hpRL gene. The top

diagram depicts the operational strucrure of the pituitary pRL gene with the

RNA sta¡t sites around -57 (perpendicular arrow) relative to the initiator codon

(ATG) of exon 1b. The schematic below shows the multiple, clustered srart

sites of the M-9-P3/decidua PRL gene in the new 5' non-coding exon la

located approximately 5.9kb upstream of the pituiøry specific start site. The

size of exon la is shown as 93bp which corresponds to the longest unique 5'

urR found in M-9-P PRL .DNA [v. primer extension studies indicated that

the size of exon lb may be larger. In IM-9-p3 and decidual cells, inron A_ 1 is

processed such that exon la is spliced to -98 ofexon lb and rarely at _246, the

latter location of which is represented by the thin broken line. The bar at the

bottom represents the length of 32bp which pertains to the exons; intron A_ 1 is

not dÌawn to scale.
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