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ABSTRACT

The role of prolactin and androgen in human breast cancer is

not well understood. In human breast cancer cells, the expression of

the prolactin-inducible protein (PIP) gene is regulated by both these

hormones. In addition, the PIP gene is expressed in such exocrine

organs as the sweat, lacrimal and salivary glands in normal healthy

individuals. The objective of this study was to isolate and

characterize the PIP gene, through structural and genetic analysis.

Southern blot analysis indicated that the PIP gene was neither

amplified nor rearranged in breast cancer cells. After the screening

of five human genomic libaries using both a cDNA and a 5' synthetic

oligomer probe, one genomic clone I,EPIP was isolated, that contained

the entire PIP gene. The PIP gene was 10 kb long, and contained 4

exons and 3 introns. The intron/exon boundaries followed the

classical GT/AG consensus sequence of mammalian genes. The

initiation of transcription site was determined by S 1 nuclease

mapping and both the transcription start site and the the translation

start site were contained within the first exon. Many putative

regulatory and hormone-responsive elements were identified in the

5' flanking region of the gene. Somatic cell hybrid analysis and i n

situ hybridization techniques were employed to map the PIP gene to

the long arm of chromosome 7(q32-36). Analysis of genomic DNA

samples from both unrelated and related individuals, revealed a Taq

I and an Rsa I restriction fragment length polymorphism (RFLP) in

the locus of the PIP gene. These studies have provided a basis for
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future studies leading to an understanding of the significance of the

expression of the PIP gene in normal and neoplastic tissues.
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INTRODUCTION

A. The eukaryotic gene: structure and function

The function of most genes is to provide information necessary

for the production of proteins. This occurs by a flow of information

from DNA to RNA and from RNA to protein. From the analysis of a

large number of eukaryotic genes several common features (Fig.l)

have emerged which permit a gene to be divided into three

functional parts: (1) 5' flanking region, (2) the structure transcribed

into pre-mRNA (heterogeneous nuclear RNA, hnRNA), and (3) the 3'

flanking region. The pre-mRNA structure is often interrupted by

intervening non-coding DNA sequences (introns) whose RNA

transcripts aîe removed in the processing of the pre-mRNA, and

whose function, mostly unknown, is just beginning to be elucidated.

Introns are very variable in number (up to 50 in the collagen genes)

and length (up to several thousand base pairs). A consequence of

this is the enormous size of Some eukaryotic genes, such as the

recently described Duchenne muscular dystrophy (DMD) gene

(Monaco et al., 1986), which is over 2000 kb in length.

The structure of pre-mRNA contains, in the order transcribed, a

5' untranslated (5' UT) portion of the mRNA, the codons encoding the

proteins (exons) and the 3' untranslated (3' UT) portion of the mRNA.

These untranslated regions of RNA which flank the mature

messenger RNA are not translated into protein, but usually contain

structures which are involved in the initiation and regulation of

translation as well as signals for the final processing of the mRNA
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itself. The 5' UT contain a structure referred to as the "cap" site, and

the nucleotide immediately adjacent to the "cap" site constitutes the

transcription initiation site. The cap is an added 5' terminal G,

methylated on the 7 - position of the base and linked to the initiator

nucleotide by an unusual 5'-5' triphosphate linkage. The exact

function of "cap" is unknown, but available evidence indicates that

the "cap" site is important for ribosomal binding, and plays a major

role in translation. In addition, it is thought to inhibit mRNA

degradation and function in the transport of the mRNA into the

cytoplasm. In the 3' UT region, most eukaryotic mRNAs end with a

sequence of polyadenylic acid (40-100 residues long) which is added

after transcription and prior to translocation of the mRNA to the

cyroplasm. It is thought that this 3'-poly(A) tail may be associated

with transport of mRNA from the nucleus and may provide increased

stability or function in the attachment of mRNA to membranes.

However not all mRNA contains poly(A) tails (such is the case with

the histone mRNAs). Addition of this tail by a special polymerase, is

triggered by the signal AAUAAA present in the 3' non-coding region

of the mRNA.

In the 5' and 3' flanking regions of genes in eukaryotes are two

DNA sequence elements which are required for the regulation of the

gene; promoters and enhancers. Promoters are located immediately

upstream from the start site of transcription and are typically about

100 bp in length (Dynan and Tjian, 1985; McKnight and Tjian, 1986)'

The promoter is required for accurate and efficient initiation of

transcription. Although promoters for protein-coding genes vary in

Sequence, they are organized according to a common plan. Many



3

promoters have an element called a TATA box, with a consensus

sequence 'TATAAA', located 25-30 base pairs upstream from the

beginning of the transcribed sequence (Breathnach and Chambon,

1931). The TATA box functions primarily to ensure that transcripts

aÍe accurately initiated. Further upstream from the start site of

transcription is a region containing one or more promoter elements.

Some such upstream elements as 'CCAAT' or 'GGGCGG' have now been

found in many different promoters. Upstream promoter elements

increase the rate of transcription. Upstream promoter elements aÍe

principal targets for the action of promoter specific transcription

factors (Dynan and Tjian, 1985). The activity of many promoters is

modulated by an enhancer, which is a separate regulatory element.

They are a common feature of many viruses and some cellular genes,

such aS immunoglobulins, tryrosine aminotransferase and

antithrombin III. Enhancers share a common or core sequence with

the consensus TGTGGAATTAG. The enhancer must be on the same

molecule of DNA, but can be 1000 bp or mole from the promoter,

and may be either upstream or downstream from the transcription

start site (Fromm and Berg, 1933). The distinctive characteristic of

enhancers is that they can act on cis-linked promoters at great

distances in an orientation-independent manner and can also

function downstream from the transcription unit (Serfling et QI.,

1935). Enhancers increase the rate of transcription of a promoter.

Some enhancers ale tissue-specific (Church et aL, 1985) whereas

others mediate transcriptional response of certain genes to steroid

hormones (Chandler et aI., 1983). In either case such cis-acting

Sequences can function to repress or activate transcription.
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B. Eukaryotic gene regulation

Differentiated cells in eukaryotes þossess a remarkable

capacity for selective expression of specific genes. In one cell type a

particular gene may be very active, whereas in others cells

expression of this gene may be undetectable. In fact, a hierarchy of

controls combine to ensure that the right genes aÍe expressed at the

right time in the right amount and in the appropriate cells.

events are associated with the regulated expressionA series of evt

of a eukaryotic gene. Firstly, there is the initiation of transcription.

This is followed by translation of mRNA into protein. Finally, there is

posttranslational modification of the protein.

Although regulation of expression can take place ît one or

more levels current evidence suggests that a major level of

eukaryotic gene regulation involves initiation of transcription

(Derman et aI., 1981).

(1) Transcriptional control

a) Cis- and trans-acting factors

Transcriptional regulation is emerging as a complicated

multilevel process probably involving the interaction of a large

number of trans-acting factors with specific cis-acting DNA

sequences; proteins- can interact with DNA sequences to either

stimulate or repress activity of a particular gene. But changes may

also occur via different usage of promoter, termination and splice

sequences in various tissue to produce different mRNAs from the

same gene.
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Proteins that bind specifically to upstream promoter elements

have been identified by DNA footprinting, gel retardation assays

(Dynan and Tjian, 1985) and affinity chromatography with specific

DNA sequences and molecular genetics analysis. Enhancers also

contain discreet sequence elements that specifically interact with

proteins (Serfling et al., 1985). The type of regulation observed with

cellular enhancers indicate that enhancers can be divided into two

categories: those that respond to changes in the environment

(inducible enhancers) and those that are active at specific times

during development or in specific tissues (temporal and tissue-

specific enhancers). An example of the latter is found in the

immunoglobulin genes (Gerster et al, 1987).

The best understood trans-acting regulatory factors in higher

eukaryotes are the steroid receptor proteins that bind to and activate

the steroid inducible enhancers (Yamamoto, 1985). Several

laboratories have shown that the binding site for the receptor-ligand

complex coincides with the DNA sequences required for the steroid

dependent gene regulation (Chandtet et al, 1983; Slater et aI., 1985

and Janzen et aI., 1987). More recently, the genes encoding many

steroid receptors, for example, estrogen (Green et aI., 1986)

glucocorticoid (Miesfield et al., l9S4) and progesterone (Conneely et

al., 1986) have been cloned and sequenced. Direct evidence that the

binding of the steroid-ligand complex results in activation of

transcription was provided by experiments in which plasmids

expressing a receptor protein and a plasmid containing a steroid

inducible enhancer were cotransfected into receptor negative cell

lines (,Druege et al., 1986; Giguere et al., 1986). Data from these
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investigations aÍe also consistent with the possibility that

receptor is bound to the enhancer in the absence of hormone but

steroid binding induces r conformational change in the receptor

alters its contact with DNA.

b) Alternate promoters, splicing and polyadenylation

There are now several examples of genes where the

transcription start site differs between tissues. They include the

Drosophila actin alcohol dehydrogenase gene (Fischer and Maniatis,

1986), the Drosophila yolk protein genes ypl and ypL (Garabedian et

al, 1986) and the mouse s-fetoprotein gene (Hammer et al., 1987).

The general result is different 5' exons on mRNAs in various tissues

in which the genes aÍe expressed. There are also many examples

both of alternate splicing pathways which result in more than one

mature RNA species from a single pre-mRNA and of different use of

alternate poly (A) sites. Such an example of tissue-specific

alternative polyadenylation is found in the human gene encoding

human albumin (Urano et al., 1986). Alternate polyadenylation

signal can be seen also in the mouse immunoglobulin gene (Early et

a.1., 1980; Maki et al., 1981), and the calcitonin gene (Amara et al.,

1982; Rosenfeld et al., 1984).

Some genes aÍe spliced differently in a tissue-specific manner

despite being transcribed from the same promoter and utilizing the

same polyadenylation signal. Alternate splicing of pre-mRNA

presents a potential mechanism for regulating gene expression'

However little is known about splice site selection (Padgett et al.,

I e86).

the

that

that
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To date, more 'than 50 examples have been found of genes

regulated by alternate mRNA processing pathways. In some

instances even introns can code for proteins, aS with the Dunce gene

and Gart genes of Drosophila (Henikoff, 1986). The mechanisms

involved in these differential processing routes remain obscure.

c) Gene configuration: Methylation

modification
One controlling element in transcriptional regulation is the local

may determine its accessibility to theconfiguration of a gene, which may detefmine its accessrbltrty to tne

various cellular factors required for transcription. DNA methylation

provides one mechanism for stably altering the local structure of the

gene and in this manner may play a role in the regulation of gene

activity in animal cells. Indeed, numerous studies have suggested

that methylation of critical DNA sites can control the relative

expression of certain genes (McGhee and Ginder., 1979; van der Ploeg

and Flavell, 1980; Waalwijk and Flavell, 1978).

Histone modification has been proposed as a possible

mechanism for gene activation (Isenberg ' 1979). Genes (active or

inactive) ale generally packaged into nucleosomes forming

characteristic bead-like stfuctures. However, the organization of

genes that are actively transcribed differ from the organization of

inactive genes. Nucleosome structure is subjected to variation due to

covalent modification - of histones. Histones may vary in their

primary structure or they may be post-synthetically modified

through events such as ADP-ribosylation, methylation,

phosphorylation or acetylation (Leiter et al., 1984).

and histone
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(2) mRNA stabilitY

The steady state levels of functional mRNAs are determined in

part by the rates of decay in the cytoplasm. Hence this process plays

an important role in the control of gene expression. Individual

mRNA species differ widely with respect to metabolic stability, some

as low as 15 min. as with the c-fos gene while others like the B-

globin mRNA appear fully stable (more than 24 hr.). The rates of

decay of some species can be altered in response to physiological

signals such as hormone induction in vitro (Guyette et al., 1979;

Brock and Shapiro, 1983). Recent studies have led to the

identification of structural features of mRNA that determine its

susceptibility to decay, both in prokaryotes and eukaryotes (Burton

et al., 1933). Special structures at the 3' terminus also appear to

protect mRNA chains against exonucleotic attack in eukaryotic cells.

Huez et aI., (1981) has shown that removal of the poly (A) from some

stable mRNAs causes them to be degraded rapidly.

The selectivity of mRNA decay is best explained by the action of

specific factors that reco gnize unique sites on mRNA chains. Indeed

in the prokaryotes, such a regulatory site has been identified next to

the int gene of bacteriophage l. (Schmeissner et aI., 1984). A specific

sequence promoting mRNA decay has been identified in the 3'

noncoding region of a eukaryotic gene (Shaw and Kamen, 1986).

Sequences at the 5' end of mRNA may also be involved in the decay

process. Such sequences has been demonstrated in the human

histone H3 mRNA and also in the c-myc mRNA.
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Information about enzymes and other factors involved in the

mRNA decay process is still very limited and novel approaches

involving the use of cell-free systems and the identification of

cleavage sites that trigger mRNA decay, will be required to achieve

further understanding of this important aspect of gene expression.

(3). Translational control

The control of eukaryotic gene expression at the stage of

translation of mRNA into protein has always been a theoretical

possibility, but recently a few clear examples have been identified.

One known example is the GCN4 (General Control of Nitrogen) gene in

yeast, which is regulated primarily at the level of translation

(Thireos et a1.,1984; Hinnebusch,l984). There afe several examples

of 'masked' or 'sequestered' mRNA in eggs and oocytes; that is,

messages that aÍe very abundant but essentially untranslated until

after fertilization. The mRNA that encodes the small subunit of

ribonucleotide reductase in clam and sea urchin eggs is a very good

example (Kahana and Nathans, 1985). However the complete

Sequence of any of the mRNAs that show this behavior, or any

possible clues as to the mechanism involved, is unknown. Recently

Casey et aI., (1988), reported that regulatory RNA sequences control

mRNAs levels and translation of the ferritin gene. These workers

referred to these. sequences as iron-responsive cis-acting elements,

and these elements were found to have the potential to form a

characteristic stem loop structure. The presence of these elements in

the translated 5' leader Sequence was necessary to achieve

regulation. Another such example was seen with the gene for B -
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Tubulin. Gay et al., (1987), showed that the sequences conferring Þ-

Tubulin autoregulation through modulated mRNA stability reside

within exon I of a P-Tubulin mRNA.

There are still relatively few cases in which specific

translational control have been shown to occur in eukaryotes.

However, with the current techniques available it is expected that

soon many more examples of factors, acting as specific translational

repressors and enhancers, by binding to particular regions of the

primary or secondary structure in the 5' or 3' untranslated regions of

mRNA, will be discovered.

(4) Posttranslational control

One method of gene regulation commonly seen in eukaryotes

is posttranslational control. Many genes are regulated in this

manner. One well example known example is the

proopiomelanocortin (POMC) gene (Lundblad and Roberts, 1988).

The pOMC molecule is posttranscriptionally processed to different

biologically active peptides in different tissues.

C. Restriction Fragment Length Polymorphism

The discovery of what has become known as DNA-sequence

polymorphism has grearly facilitated the genetic analysis of humans.

Examination of DNA from any two persons will reveal variations in

the DNA sequences involving approximately one nucleotide in every

200 to 500 base pairs (Kan and Dozy, 1978). Because polymorphic

restriction sites occur frequently on the human genome' a set of such

sites can often be found in the vicinity of I given gene. Indeed,
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polymorphisms are sufficiently frequent in the human genome to

assume that one will be found adjacent to any randomed cloned DNA

probe several kilobases in length.

Some of these DNA-sequence changes afe detectable by

digestion of DNA with a class of enzymes called restriction

endonucleases, which cleave DNA whenever a specific Sequence

occuÍs (Kan, 1987). Thus, when human DNA from normal persons is

digested with a particular restriction enzyme, fragments of discrete

lengths aÍe obtained. The genotypic differences between individuals

can be visualized by the altered mobility of restriction fragments on

agarose gels followed by Southern transfer and hybridization to the

appropriate DNA probe (Botstein et al., 1980). Variation in

restriction sites around the human B -globin genes have been

estimated to occur once in every 100 base pairs (Jefferys, 1979).

Single base pairs changes may abolish an existing restriction

enzyme recognition site in the human genome or create a new one'

thereby altering the length of these fragments. Deletions, insertions

and rearrangements which either create or destroy restriction

enzyme cleavage sites, or alter the distance between such sites may

also result in altering the length of these fragments (Hill et al., 1982).

Alternately, because the number of tandem repeat Sequences occur

between enzyme cleavage sites, the lengths of DNA fragments by

digestion with the enzyme also vary. The term 'restriction-

fragment-length-polymorphism' (RFLP) has been coined to describe

the variation in fragment length generated through either

mechanism (Kan, L987).
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Restriction fragment length polymorphisms have become

useful as genetic markers because they can serve to identify the

inheritance of the gene of interest. These DNA sequence

polymorphisms are inherited in a Mendelian fashion and can be used'

in conventional linkage studies (Little, 198-1; I;Iill et al., 1982).

One of the real powers of linkage analysis lies in its ability to

pinpoint chromosomal locus in diseases in which the phenotype

provides little clue to the biochemical abnormality and the locus

responsible for the disease is unknown. This idea was first proposed

by Solomon and Bodmet (1979) and later Botstein et al-, (1980) after

the discovery of restriction-endonuclease site polymorphism'

Random DNA fragments isolated from the human genome Serve as

gene probes to search for polymorphic sites. The pattern of

inheritance of these sites is then used in linkage analysis for specific

genetic diseases. Since the chromosomal locations of these gene

probes can be accurately mapped, the disease locus can be assigned

and the specific DNA abnormality defined. Within the last five years

the disease locus in many important genetic conditions such as cystic

fibrosis (Tsui et al, 1985). Duchenne muscular dystrophy (Davies et

a1., 1983) Huntington's disease (Gusella et al., 1980) and A'lzheimer

disease (St George-Hystop et al., 1987) have been defined or have

come close to definition.

Since rhe first DNA polymorphism was identified in 1978 (Kan

and Dozy), thousands of DNA polymorphisms have been reported and

many have been successfully linked to disease loci. Carrier detection

and in utero diagnosis through RFLP linkage analysis are now

possible in many diseases. The exponential increase in the number
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of these genetic markers will greatly expand our ability to diagnose

and understand the mechanism of disease (Kan, 1987).

D. Hormonal influences on the mammary gland (an

oYerview):

The mammary gland is sensitive to a number of hormones

among which aÍe several ovarian, pituitary and placental hormones.

These hormones play a major role in influencing growth and

differentiation of normal breast tissue. Estrogen, prolactin and

progesterone are three hormones which exert perhaps the most

dramatic effect on the mammary gland.

During the lifetime of a female, profound changes occur in the

mammary tissue; these include mammogenesis (the growth and

differentiation of mammary ductal and alveolar tissue), lactogenesis

(the onset of copious milk secretion around parturition), lactation

(the continuing production of milk) and involution (the return of the

mammary gland to a less differentiated state at the cessation of

lactation). Multiple hormonal interactions are known to coordinate

each stage. In general, ductal growth and branching is controlled by

the ovarian steroids estrogen and progesterone (Nandi, 1958;

Vonderhaar, 1984). Lobulo-alveolar development and extensive

growth of alveolar epithelial cells during pregnancy require

prolactin to maintain responsiveness to estrogen and progesterone.

Other hormones such as insulin, growth hormone (GH) and

glucocorticoid aÍe required to obtain the fully differentiated and

functional mammary gland.
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The minimal requirement for ductal growth appears to be sex

steroids (estrogen), lactogenic hormones (growth hormone or

prolactin) and probably one or more growth factors. Neither type of

hormone is effective alone. During pregnancy, ductal and lobular

elements of the breast undergo dramatic changes and levels of

estrogen, plogesterone and prolactin are high. As early as 1937, it

was recognized that the pituitary gland was necessary for estrogen-

induced mammary growth and development in rodents. Latet

studies revealed that in hypophysectomized and castrated rodents

treated with estrogens, the combination of pituitary hormones

responsible for full mammary development, consisted of prolactin

and growth hormone. Prolactin alone was able to induce substantial,

although not complete lobuloalveolar growth (Lyons et al, 1958)'

whereas ductal growth appeared to be largely independent of

thyroid hormones (Sakakura and Nishizuka, 1967) and

progesterone. However maximal ductal growth seemed to require

glucocorticoids. Insulin clearly is not involved in the ductal growth

in vivo (Oka et. al., 1974), although insulin has been implicated in

the mitogenesis of mammary epithelial cells in vitro. Indeed, the

interaction between the mammary epithelium and the stroma in

which they lie are probably mediated by hormones and growth

factors, but understanding in this area is lacking.

On the other hand ductal maintenance seems to have different

hormonal requirementS from ductal growth. Pituitary hormones

apparently are not necessary for maintenance, provided that either

adrenal or ovarian secretion is present.
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Differentiation of the mammary gland seems to be

predominantly influenced by progesterone.. Progesterone is not

required for ductal formation but is required for alveolar growth. It

has been demonstrated that terminal differentiation of mouse

mammary cells ín vítro can be affected by insulin, together with

glucocorticoid and prolactin (Elias, 1957; Voytovich et aI, 1969).

The androgens seem to be involved in the partial or complete

demise of the male mouse mammary gland. Testosterone has been

shown to cause destruction of the mammary epithelial tissue of

male mice during embryogenesis. Experiments done in vitro

demonstrate a direct effect of androgens on the gland (Kratochivil,

1969). However in certain strains of male rats ductal growth

requires both androgen and pituitary hormones (Topper and

Freeman, 1980).

Although it would appear that much is known about hormonal

control of mammary gland function, the regulation of both

mammogenesis and lactogenesis has been a confused issue for

decades. However at present, our knowledge of the mechanism by

which hormones and growth factors regulate the growth and

activities of the mammary gland is gradually evolving.

E. The role of hormones in breast cancer

In view of the importance of many hormones on the normal

function of the breast, it is conceivable that the growth of cancerous

breast tissue might also be influenced by these hormones. Indeed,

many of the same hormones and growth factors involved in normal
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breast development have been implicated in the pathogenesis of

breast cancer (Vorherr, 1980).

A link between hormones and rodent breast mammogenesis

has long been established (Nandi, 1978; Welsch et al, 1985; Topper

and Freeman, 1980).

In humans, approximately 40Vo of breast cancer is considered

hormone dependent. Many hormones, both steroids and

polypeptides, necessary for growth, maintenance and development

of normal breast tissue have also been implicated in breast

neoplasia. Prominent among these hormones are estrogen'

glucocorticoid, progesterone, thyroid hormone, prolactin, and many

growth factors including epidermal growth factor and the insulin-

like growth factors. Removal of endogenous hormones by surgical

ablation (oophorectomy, adrenalectomy and hypophysectomy) were

seen as methods commonly used in treating advanced breast

disease.

The first demonstration of hormonal control of breast cancer

was made a century ago when regression of metastatic tumors was

produced by ovariectomy (Beatson, 1896). A connection between

estrogen and breast cancer has since been established. It was later

appreciated that many breast cancers both in human and

experimental animals were estrogen dependent. Since then the

hormone dependence of breast cancef has been exploited in the

treatment of inoperable and/or disseminated disease. It is a tenet

of human oncology that î proportion of mammary tumors respond

to estrogen with increased growth. This has prompted the
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application of estrogen receptor assays to clinical samples to assess

the likelihood of success of endocrine therapy in a given patient.

Nonetheless it is only in the last 10 years that an estrogen-

responsive breast cancer cell system has been described. Since then

the importance of estrogen in the growth of breast cancer has been

demonstrated ín vítro using several human breast cancer cell lines

(Lippman et al., 1976; Darbre et al ., 1988; Soule and McGrath,

1980).

The correlation of estrogen receptor and progesterone

receptor starus is sufficiently high that it has been difficult to

sepalate any independent association they may have with breast

cancer risk factors (McTiernan et al, 1986). However, the role of

progesterone in the growth of hormone responsive breast cancer is

poorly elucidated. Both growth inhibitory and promoting effects of

progesterone have been reported with regard to (a) induction of rat

mammary tumorigenesis by chemical carcinogens (Jabara, 1967;

Gottardis et al., 1983) and (b) growth of established human and

experimental breast cancers both in vitro and in vívo (Horwitz et al,

1985; Ross et al., 1982; Pasteels ef al, 1976).

About 50Vo of human breast cancer biopsies contain

glucocorticoid receptors. As with androgens, a small group of

patients with metastatic breast cancer will have a beneficial

response to exogenously administered glucocorticoid. It is not clea¡

however, the mechanisms which may account for this effect;

whether they be a direct effect or an indirect effect, for example

the modulation of the immune system or the modulation of stroma.

In vítro, glucocorticoid has been' shown to inhibit human breast
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cancer cell growth directly through glucocorticoid receptors

(Lippman et al., 1976).

Results from in vítro fibroblast assays suggest that growth

factors are likely to be involved in breast cancer growth control but

little direct evidence for an in vivo role in tumor growth has

emerged. Two such growth factors are epidermal growth factor and

insulin-like growth factors.

Epidermal growth factor (EGF) has been shown to be growth

promoting for several fibroblast and epithelial cell lines in culture'

It has also been shown to be a mitogen for Some breast cancers

(Imai et al., 1982; Osborne et al., 1980; Barnes and sato, 1979).

Insulin-like growth factors I and II (IGF I, IGF II) receptols

have been found on Some human breast cancers and the

corresponding ligands have been shown to be mitogenic in these

cancer cell lines (Furnaletto et al, t984; Myal et aI., 1984).

It has been demonstrated too that many growth factors are

secreted by breast cancer cells. However, notwithstanding the

unknown features of cell cycle control in breast cancef, a number of

ín vitro studies have examined the secretion of growth factors such

as PDGF, EGF (TGFa), IGF-I, IGF-I1 and TGFp by HBC cells. (Dickson

and Lippman, 1988). It is believed that these growth factors may

act in an autocrine fashion.

Some recent evidence (Ernster et al-, 1987; Petrakis et al''

lg87) suggests that studies of hormone levels in the serum need to

be supplemented by measurements of hormone levels in breast

fluid, since breast fluid estrogen levels may be 5-45 times higher
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than serum levels and the levels in these different tissues are not

correlated.

As mofe is learned about the measurement and storage of

tissue and how these hormones interact with each other, studies on

the levels and metabolism of endogenous hormones may lead to a

better understanding of the mechanism underlying the relation of

known risk factors such aS age at first birth, age at menarche, and

age af menopause, to the development of breast cancer.

(1) Prolactin and breast cancer

Although a. role for prolactin in the induction and progression

of human breast cancer is still contraversial (Vonderhaar et Ql.,

1987), its function in the etiology of mammary tumors in

experimental animals is well established (Welsch and Nagasawa,

lg77). This lactogenic hormone is thought to play a primary role in

the genesis of mammary cancer in mice (Boot, l97O; Welsch and

Nagasawa, 1977: Welsch, 1985). In rats, prolactin is thought to be an

important regulator of breast carcinogenesis. Evidence that prolactin

was a cocarcinogen in rat mammary cancer was presented by

Pearson and colleagues in 1969. They and others found that the

growth of mammary cancers induced by dimethylbenz(a)anthracene

(DMBA, a hydrocarbon carcinogen) was partly controlled by

prolactin. Both hypophysectomy and prolactin-lowering ergot drugs

were found to prevent or inhibit the growth of mammary tumor in

this experimental model, whereas elevations in prolactin stimulated

tumor growth. (Clemens and Shaar, lg72). In addition, Fisher and

Fisher, (1963), reported that in spontaneous rat mammary carcinoma
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prolactin promotes the metastases of the cancer cells. Rat breast

tumors which grew in response to prolactin administration were

found to possess higher levels of prolactin receptors than prolactin-

unresponsive tumors (Holdaway and Friesen, 1977).

In order to evaluate the role of prolactin in human breast

caîceÍ, two types of studies have been undertaken. Firstly with the

advent of improved techniques for maintaining tumor biopsies,

primary breast tumor cells and long term human breast cancer cell

lines in culture, a large number of in vitro studies were pursued.

Secondly many clinical studies have been undertaken to elucidate

the importance of prolactin in human mammary tumorigenesis.

A considerable amount of data from ín vitro studies support

the notion that prolactin is important in some aspects of human

breast tumorigenesis. (1) Several laboratories have established the

presence of specific prolactin receptors in some human breast cancer

biopsies (Shiu, 1979). (2) The presence of prolactin receptors has

been established in as many as 707o of all human breast cancer

biopsies (Pearson et ø1., 1978), and a large number of HBC cell lines

also contained prolactin receptors (Shiu et al., 1987). (3) The

influence of prolactin on anchorage-dependent and independent

proliferation of human breast cancer has been reported (Shafie and

Brooks, 1977; Leung et aI , 1981; Mala¡key et al, 1983; Simon et al.,

1985; Manni et al., 1986; Vonderhaar and Biswas, 1987). Other

cellular responses by HBC to prolactin have been also documented

such as DNA synthesis and pentose pathway activity in human

breast cancer (Salih et aL, 1972; Welsch et al., 1977). Human growth

hormone (hGH) can also compete with human prolactin for prolactin
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receptor sites (Shiu, 1979). This observation raises the possibility

that hGH could have prolactin-like effects in breast cancer cell lines

with high prolactin receptor levels.

Despite the presence of abundant receptors for lactogenic

hormones on these tissues and evidence that prolactin stimulates

growth of some human breast cancer cell lines, a clear and consistent

response has not been established. For example, although many

reports have shown prolactin to be a primary mitogen on some HBC

cells, others have shown some breast cancer cells to be unresponsive

in terms of growth to prolactin (Shiu, 1981; Leung et al, 1981; Shafie

and Brooks, 1977; Jozan et al, 1982). One possible explanation for

these opposing observations may be that the specificity of the

prolactin effect and the possible contamination of the prolactin

preparation with other pituitary-derived mitogens have not been

rigorously checked. Alternately, in laboratories in which no growth

response was observed, the possibility exists that the right

conditions, for example appropriate substrate for growth, may have

been absent. Indeed, prolactin may be a facilitator of the mitotic

actions of estrogen (Muldoon et al-, 1981).

Clinical studies have also failed to establish an unequivocal

role of prolactin in HBC. Reports have been for the most part

conflicting and confusing. A few epidemological studies have

provided evidence -that serum prolactin concentrations are slightly

higher in some groups of patients with breast cancer (Hill et al',

1976) and in daughters of women with breast cancer (Levin and

Malarkey, 1981), but others have been contradictory (Fishman et al',

1978). To date, there is little evidence that patients with
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pathophysiological or pharmacologically elevated serum prolactin

levels are at a higher risk for breast cancer. Treatment of advanced

metastatic breast cancer in humans by prolactin lowering drugs has,

in limited studies, been mostly ineffective. Nonetheless, some of the

clinical evidence that has contributed to the belief that prolactin

plays a role in breast cancer are that:

(a) in responders to ovariectomy prolactin levels decreased

more sharply than non-responders (Sarfarty et aI, 1977).

(b) increased prolactin levels returned to normal after

mastectomy (England and Sellwood, 1976).

(c) a periovulatory rise in prolactin was observed in breast

cancer patients (Cole et al., t977).

Recently, Bonneterre et al, (L987) have suggested prolactin receptor

content of breast tumors to be a useful prognostic index.

(2) Androgen and breast cancer

As with prolactin, little is known about the role of androgen in

human mammary cancer. Evidence exists however to support the

notion that androgens play an important function in rodent

neoplasia. For example, in the rat androgen was shown to cause

regression of a large percentage of carcinogen induced tumors

(Huggins et al., 1961) though this effect is reversed at moderate to

high androgen doses (Heise et aI., 1970), perhaps due to partial

conversion of the androgenic steroid to the estrogenic agonists. This

was again demonstrated in vitro when testosterone was added to cell

cultures of DMBA induced rat mammary carcinoma (Hallowes et al.,
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1977). Darbre and King (1988), have shown that the mouse

mammary carcinoma cell line 5115 is highly responsive to androgen.

Like most other known hormones, androgens affect their target

cells through a receptor mechanism. In humans, about one-third of

breast cancers contain androgen receptors. Apptoximately 77o of

breast cancers are androgen dependent (Hobbs et al., L974).

However, in such patients the levels of androgen aÍe normal. It has

long been observed empirically that some breast cancers will

improve with androgen therapy, although the basis for this response

is unknown. Androgen therapy had frequently been used as a

treatment modality, and a significant percent of human breast

cancers that fail to respond to anti-estrogen therapy benefited from

androgen therapy.

A disturbance of the balance of ovarian and adrenocortical

androgens, mainly a defective adrenal androgen biosynthesis, has

been linked to breast cancer (Maass and Lax, 1972). Androgens per

se and/or their metabolites have been claimed to be carcinogenic or

anti-carcinogenic towards breast cancer. On one hand, a decreased

urinary androgen excretion has been connected with an increased

risk and mortality of breast cancer. On the other hand, since

endocrine ablation produces remission more readily in patients with

high urinary androgen excretion, it has been assumed that androgens

may stimulate breast cancer growth directly.

Recently, a direct growth inhibitory effect of androgen in a

human breast cancer cell line has been reported (Poulin et al., 1987).

However, at present the role of androgen in the development and

spread of human breast cancer is still unproven and unclear.
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F. Breast cancer-associated genes

While carcinoma of the breast is likely to be influenced by a

variety of factors, includi.ng environmental and hormonal ones,

relative unique genetic alterations, such as activation of c-neu/erbB-

2 or c-myc oncogenes, might account in part for the high incidence of

the disease. Genetic changes which contribute to cancer include

altered gene function, altered expression of genes or their loss

(Table 1). The loss of genetic information and possibly the

involvement of a recessively acting cellular gene has been described

by Theillet et al., (1986) in human primary breast carcinomas.

Tumor development in certain types of cancer is thought to be

the result of the unmasking of one or more recessive genes by

mutations. Tang et al., (1988) reported structural aberrations,

including both deletions and insertions of the retinoblastoma locus

(RBI) to be observed in 25Vo of breast tumor cell lines studied and in

7Vo of the primary tumors. This report suggested that the RBI gene

may be the recessive locus that is implicated in breast tumors.

Amplification of c-neu/erbB-2 in human adenocarcinoma

appears to be correlated with the development of mammary tumors

(Slamon et al., 1987) and a poor prognosis. The normal expression of

neu in secretory epithelial cells in animal tissues and amplification of

the human homologue in neoplasms that arise from these tissues

suggest that the product of this gene plays a role in both normal

regulation and neoplastic transformation of secretory epithelial

tissue (Slamon et al., 1987; Kraus et al., 1987). Activation of the c-
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neu gene in these tumors occurs by a single amino acid substitution

in the transmembrane domain of the protein (Bargmann et al., 1986).

Activation of H-ras and K-ras oncogenes has been found in

human breast cancer cell lines (Kraus et a1.,1984; Kozma et al., 1987).

Insertional activation of the int-loci by mouse mammary tumor virus

(MMTV) has been proposed to be an initial step in mammary

tumorigenesis in the mouse (Nusse, 1987).

The c-myc oncogene involvement has also been described.

Amplification of the c-myc oncogene was found in a breast carcinoma

cell line (Kozbor and Croce, 1984) and in about one-third of primary

breast cancer cells (Escot et al., 1986). Genetic rearrangements, gene

amplifications and proviral insertions result in the activation of the

c-myc protoncogene in a variety of malignancies (reviewed by Klein

and Klein, 1985 and Cory, 1986).

It is well appreciated that many breast cancers aÍe dependent

on hormones, especially estrogen, for growth. Many later evolve into

the estrogen-independent phenotype, a change that often marks the

beginning of a more aggressive phase of the disease and makes them

unresponsive to anti-estrogen therapy. Investigations have been

underway in many laboratories for genes or proteins which respond

to hormones.

The human pS2 gene is specifically expressed under estrogen

influence in a subclass of estrogen receptor-containing human breast

cancer (Brown et al., 1984).

In our laboratory, a prolactin-inducible protein (PIP) has been

identified (Shiu and lwasiow, 1985) which is secreted by human

breast cancer cells (T47D) in response to prolactin and steroids, the
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highest level of expression observed when both prolactin

androgen are present (see later section). However as with the

gene, the function of PIP is still unknown.

G. Prolactin and androgen regulated genes

The polypeptide hormone prolactin, is synthesized in the

pituitary gland under multi-hormonal control, and is a member of

the growth hormone family (Nicoll et al., 1986). Over 85 distinct

physiological effects of the hormone have been catalogued (Nicoll,

r97 4).

The current understanding concerning the mechanism of

action of prolactin, is that at the cellular level it initiates its action by

first interacting with receptors associated with the surface

membrane of target cells. The signal is then transmitted across the

cell via a second messenger system (Rillema, L982; Kelly et aI.,

1984; Djiane et aI., 1985; Haldosen and Gustafsson, 1987). The signal

tranduction pathway by which prolactin activates or represses the

genes necessary for cellular differentiation and proliferation is not

known, but has been the subject of intensive study during the past

decade (for review, Rillema et al., 1986). Many second messengers

have been postulated, such as synlactin (Nicoll et al, 1985) cGMP,

cAMP (Rillema, 1986) prostaglandins. (Rillema, 1975), polyamines

(Oka et al., 1975).protein kinase C and Ca ions (Gertler et al., 1985;

Caufield and Bolander, 1986). However, neither one seems to be the

only mediator of prolactin action. Thus, they may all be necessary

but not sufficient for eliciting the prolactin response. A major

difficulty in the study of the mechanism of action of prolactin at the

and

ps2
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molecular level has been the lack of a suitable in vitro cell culture

system.

Recently the cDNA for the receptor for both prolactin (Boutin el

al., 1988) and growth hormone (Leung et al., 1987) has been cloned.

Now, in vitro mutagenesis studies, will facilitate the understanding

of the mechanism of prolactin signal transduction. These studies

involve the alteration of potential regulatory regions and the

introduction of the mutated gene into a recipient cell. Then, any

modification in the hormonal regulation of the gene can be

investigated.

The genes regulated by prolactin in target cells have been

determined in only a few cases. The prolactin regulated genes which

have been cloned are the structural milk proteins, caseins and whey

acidic protein in rats and mice (Hennighausen and Sippel, 1982;

Jones et al., 1985), cr-lactalbumin in several species (Terada et al.,

1983; Nagamatsu and Oka., 1983) and more recently the PIP gene

(Shiu and Iwasiow, 1985). Because of a lack of functional mammary

epithelial cell lines no DNA control elements for either hormonally

regulated or mammary specific expression of milk protein genes

have been yet identified. However sequences in the promoter of

several milk protein genes and the WAP genes are conserved (Lubon

and Henninghausen, 1987) and recognized by nuclear proteins from

lactating mammary glands (Henninghausen and Lubon, 1987)

suggesting that the upstream sequences harbor regulatory elements.

In addition several features of the 5' flanking regions of the casein

gene are noteworthy. These sequences are an AT-rich sequence,

and both o and B casein genes have unusual TATA boxes
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(TTTAAAT), and a repeating sequence (CA)¡q in the rat g-casein

gene (Rosen, 1987; Hamada et al., 1984). With regards to rissue

specificity, a consensus sequence has been identified in several milk

protein genes (Rosen, 1987).

Androgenic steroid hormones regulate the expression of

specific genes within their target organ, the male sex accessory

tissues. Genes encoding secretory proteins that aÍe under androgenic

control in the rat seminal vesicle (Mansson et al., 1981; Williams et

al., 1983) and dorsal and ventral prostate have been identified. In

the mouse, genes for the kidney androgen regulated protein (KAP), p

glucuronidase and ornithine decarboxylase (ODC) are all regulated by

androgen in the mouse kidney. Recently, two androgen-regulated

proteins released by HBc cells have been reported (Murphy et al.,

1987; Chalbos et al., 1987). Genetic regulatory elements through

which this androgenic control are exerted are virtually unknown. The

closest definition of an androgen responsive element has come from

Ham et el., (1988) in which four partial inverted repeats of the

hexanucleotide TGTTCT, were responsible for the androgenic

response in the mouse mammary tumor virus (MMTV). Cell specific

factors required for androgen regulated genes have not been

demonstrated.

The regulation of gene expression by androgen involves events

similar to those observed with steroid hormones (Bardin et al., l98l;
Catteral et al., 1986) In target cells steroid hormones can form

specific complexes with intracellular receptors (Gorski and Gannon.,

1976). The hormonal regulation of gene expression appears to

involvé interaction of steroid receptor complexes within certain
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segments of genomes and modulation of specific gene transcription

(Yamamoto, 1985). Experiments designed to elucidate the detailed

mechanism of androgen action have proved problematic. For

instance, increases in the rate of transcription of genes after

androgen treatment account for. only- a small percentage of

concomitant increases in steady State mRNA levels (Derman et al.,

1981; Page and Parker 1982; Berger et al., 1986; Kulkarni et al.,

19S5). Attempts to detect specific binding of putative regulatory

regions of androgen regulated genes to androgen feceptor

preparations have also met with limited success (Mulder et al.,

1984). Comparison of DNA sequences flanking the 5' termini of six

androgen responsive genes failed to reveal consensus sequences that

might function in the androgenic regulation of these genes (Williams

et al., 1985).

Recently, the androgen receptor gene has been cloned by two

groups (Chang et al., 1988; Lubahn et al., 1988). To understand how

androgens regulate gene transcription, it will ultimately be necessary

to indentify regulatory factors that interact with promoters and

enhancers and to learn how androgen receptors interact with these

regulatory factors.

H. The prolactin inducible protein

The T-47D human breast cancer cell line has been found to

contain both steroid and polypeptide receptors and respond to some

of these hormones with respect to specific protein synthesis and the

conrrol of cell proliferation. The prolactin inducible protein (PIP)

was initially discovered as a unique protein secreted by T-47D
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human breast cancer cell line in response to steroids and lactogenic

hormone. It is secreted when prolactin and androgen are added to

this cell line. Thus the production of PIP by these cells provides a

new potential marker for hormone responsiveness. The secreted PIP

exists in three forms; an 1lK non-glycosylated protein, and two

glycosylated forms resulting in a 14K and a 16K protein (Shiu and

Iwasiow, 1985). A 12.5 kb PIP precursor was determined by in

vitro translation. The 14K form was used to generate polyclonal

antibodies in rabbits (Shiu and Iwasiow, 1985). These antibodies

were later used in the cloning of the PIP cDNA in a ÀGTll expression

vector (Murphy et al., 1987a). The longest PIP cDNA obtained was a

577 bp clone which contained the initiating methionine, but lacked

most of the 5' UT region. With the use of the PIP cDNA as a probe

and mRNA from hormone treated T-47D cells, northern blot analysis

determined the PIP message to be a single transcript approximately

800 bp long. Through a. GENBANK search a partially homologous

sequence (677o) to the human PIP protein has been found to exist in

the mouse submaxillary gland (Murphy et al., 1987a). Indeed, the

mouse submaxillary gland is an androgen target tissue. Expression

studies using the PIP cDNA as well as specific anti-bodies to PIP have

shown that approximately 60Vo of human breast cancer in vívo

express the PIP gene (Murphy et al., 1987b). Varying degrees of PIP

gene expression has been observed in breast cancer cell lines, tumor

biopsies and in benign gross cystic diseases of the breast. The

prolactin-inducible protein, also known as gross cystic disease fluid

protein, was at the same time being investigated by another

laboratory (Haagensen, 1986). Independently, they and us
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determined that the PIP 'gene was expressed in exocrine organs such

as the sweat, lacrimal and tear glands of normal individuals and in

benign and malignant disease of the breast. Normal tissue and

malignant tumors from the bladder, colon, esophagus, kidney, liver,

lung, ovary, pancreas, prostate, skin, stomach thyroid tongue and

uterus do not show any immunoreactivity for PIP/GCDFP-15

(Mazoujian et al., 1983).

In vitro studies have shown that the expression of the PIP gene

in human breast cancer cells is coordinately regulated by

physiological concentrations of androgen and prolactin; androgen

enhances the rate of transcription of the gene while prolactin acts at

a posttranscriptional step, possibly in stabilizing its messenger RNA

(Murphy et al., 1987b).

A direct correlation between PIP expression and the presence

of estrogen receptors (ER) has also been documented (Murphy et al.,

1 987b).

The actual mechanism by which the PIP gene is expressed in

some tissues and not in others and only in some breast cancers has

not yet been elucidated. In addition, the function of the PIP gene is

still to be determined.

I. Research Objectives

The expression of the PIP

human breast cancer cells bY

androgen and prolactin: androgen

of the gene while prolactin acts at

gene is coordinately regulated in

physiological concentrations of

enhances the rate of transcription

a postranscriptional step. This is

an important observation since (i) few known genes are regulated by
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both polypeptide and steroid hormones, and (ii) the mechanism by

which androgen and prolactin interact with their target tissues is

also unknown. Although many laboratories have been searching for

responsive elements for both prolactin and androgen-regulated

genes, still not much is known. In addition, the role these hormones

play in breast cancer is not clear. Thus, the PIP gene is a useful

model to study the multihormonal regulation of gene expression in

human cells.

An essential prerequisite for understanding the regulation of

any gene at the molecular level is the elucidation of its organization

and sequence. Therefore, it is the objective of this study to isolate

and characterize the PIP gene. This is to be accomplished by the

following steps.

A ) PIP gene isolation and structural analysis

(i) Screening of human genomic libraries to isolate PIP gene-

containing recombinant clones

(ii) Determination of PIP gene structure and organization

through:

(a) Restriction mapping of positive clones

(b) Sequencing of positive clones

Determination of other structural properties of the PIP

gene

(i) Determination of rearrangements or amplification of the

gene in human breast cancer aS compared to normal tissue

B)
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(ii) Determination of gene polymorphism in the human

population

(iii) Chromosomal localization of the PIP gene

The identification and localization of the PIP gene as well as the

determination of any regulatory sequences will be an important step

towards elucidating how prolactin and androgen modulate its

expression. This will facilitate the understanding of the mechanism

by which prolactin and androgen interact with their target cells.
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A. METHODS I: Gene Ísolation and characterization

(1) Bacterial strains:

E. coli 803 [rk-,mk-,sup F+]

E. colí MY1193 (lac-oro AB), thf, sup E (sr l-rec A) 306=Tn 10

(tetr)[F': trad36, pro AB, ladr N15]

E. coli JM 101 [(sup E, thi, del (lac-proAB), (f, traD36, pro AB,

laclqZ-delMl5)

E. coli M8406 [Sup E, recB}l, recC2L, sbcBl5, hflA, hflB, hsdR-]

E. coli DH5cr [F-, endAl, hsdRl7(r-¡m+¡¡ supE44, thi-l, ],-,

recAl, gryA96, relAll

(2) Bacterial vectors:

pUC 19

pvz

pGEM

M13mp18

M13mp19
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(3) Broths (per liter):

LB Bacto-tryptone (10g), Bacto-yeast (5g), NaCl

TB Bacto-tryptone (10g), NaCl (5e).

SOC Bacto-tryptone (20g), Bacto-yeast (5g)' NaCl

(10mM) KCI (2.5mM).

YT Bacto-tryptone(0.87o), Bacto-yeast(0.57o), NaCl (O.SVo).

SM NaCl (5.8g), MgSOa.TH2O (2g), lM Tris-HCl

(pH7.5), 50 ml 27o gelatin (5ml)

The Bacto-tryptone and Bacto-yeast were purchased from DIFCO Lab'

Michcigan. The NaCl, KCI and MgSOa were purchased from Fisher

Scientific Co., New Jersey.

(4) Recombinant DNA probes:

çPIP-8-3: PIP cDNA insert (577 bp), contains all the coding

sequence of the PIP gene.

pcPIP-8-3: PIP cDNA insert in pBR322.

gPIP-|-7: 1.7 kb Xba I genomic DNA, contains exon 2 (106 bp)

and 1.6 kb of intron sequence.

pgPIP-l-7: gPIP-1-7 insert in pUC 19.

gPIP-3-4: 778 bp Xba I/ Eco RI genomic fragment containing

two exons; a 115 bp exon (exon 3) and a 223 bp

exon (exon 4) separated by intervening sequences.

pgPIP-3-4: gPIP-3-4 in PUC 19.

gPIP-1-5: A 1.3 kb Eco RI genomic fragment containing exon 1

of the PIP gene.
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gPIP-2-8:

pgPIP-2-8:

gPIP-4-8:

pgPIP-4-8:
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gPIP-1-5 in pYZ.

A 2.8 kb Xba I genomic fragment containing exon

and 3 of the PIP gene.

gPIP-2-8 in. pUC 19.

A 4.8 kb Xba I genomic fragment containing exon

of the PIP gene and intronic sequences.

gPIP-4-8 in pUC 19

(5) Synthetic probes:

A 17 mer single stranded DNA, 5' GAGCAAGCGCATGCTGG 3'

derived from 5' sequences of the cDNA, was synthesized by Regional

DNA Synthesis Laboratories (Calgary).

A 100 mer single stranded DNA :

5'GTGTTGrcCTGAGCTTTGTI-IGCICCCCCAAC]TCICAGGCAGAGAACCAGGAG

CAGGGTGC'CA 3"

complementary to the 5' Sequence of the cDNA was synthesized

(Regional DNA Synthesis Laboratories, Calgary).

(6) Labeling of probes :

a) Nick Translation

In this method both E. coli DNA polymerase I and DNase I are

used in the reaction. The DNA polymerase I allows nucleotide

residues to be sequentially added to the 3'- hydroxyl terminus of a

'nick' while at the same time eliminating the nucleotide units from

the nicked 5'-phosphoryl terminus. The gPIP-1-7 and the cPIP-8-3

inserts were labeled with Í32P1 by nick translation (Maniatis et al',

1976; Rigby et al, L977) to specific activities of 0.5-1.0 x 109 cpm/ pg
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of DNA. Both insert and plasmid DNA were labeled in this manner.

The insert probes were prepared by digestion of the plasmid with the

appropriate restriction endonuclease, and the DNA fragments of

interest purified by electroelution (discussed in a later section).

Labeting of the reaction was carried out using 32P-dCTP (3000

Cilmmol) and a nick translation kit (Amersham, United Kingdom), as

described by supplier. Specific activities of 3-8 x 108 cpm/pg were

usually obtained.

b) End labeling

This method was used for labeling the synthetic

oligonucleotides. Usually 100 ng DNA was incubated at 370 C for 0.5

hr with T4 DNA kinase and s.32P ATP in the presence of a kinase

buffer t0.66 M Tris (pH 7.5), 10 mM spermidine,0.l M MgC12,0.15 M

dtt, 2 mg/ml BSAI. The reaction was stopped with yeast tRNA

(zpel10p1 final). The tabeled DNA was first extracted with TE

saturated phenol followed by a phenol/chloroform (1:1) extraction,

and ethanol precipitation at -700 C for 15 min. The DNA was then

purified using a NACPAC column (BRL) and collected in 300 pl of TES

solution t0.1M NaCl, lmM EDTA, 10mM Tris (pH 7.4) l.

(7) Screening of genomic libraries:

a) General screening Procedure

Screening of the libraries (Table 2) was carried out as described

by Benron and Davis (1977). Nitrocellulose replica filters were

blotted onto agarose plates containing plaques. Filters were denatured

(1.5 M NaCl/ 0.5 M NaOH), neutralized (1.5 M NaCl/ 1.0 M Tris-HCl)
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and washed with 2 xSSPE. They were then baked for 1.5 hr. at 800 C

in a vacuum sealed oven. Blots were prehybridized for 2-4 hr. at 420

C with the following solution: 5 x SSC, 5 x Denhardt's, 50Vo (vol/vol)

formamide,2O mM Na phosphate (pH 7.0) ) 0.17o NaDodSO+ (SOS) and

0.1mg/ml sonicated, heat denatured salmon sperm DNA.

Hybridization was carried out for 16 hr in a fresh aliquot of the same

solution plus 5 x 1.88 cpm of 32P-labeled DNA probes. After

hybridization the filters were washed twice with 2x SSC and 17o SDS at

room temperature for 15 mins., followed by two washes in 0.1x SSC

and O.lVo SDS at 650 C for 15 min. Air-dried filters were wrapped in

saran wrap and exposed to Kodak X-omat AR x-ray film with a

Dupont Cronex screen, at 700 C overnight.

b) Libraries:

i) Charon 4A

A genomic library of human fetal liver DNA partially digested

with Hae III and Alu I and cloned in bacteriophage t derivative

Charon 4A was kindly provided by Dr. Tom Maniatis (Harvard

University, Cambridge, MA). The 32P-labeled cDNA probe was used to

screen replica filters containing approximately 5 x 105 plaques'

Plaques from the region of a plate corresponding to a positive signal

on the autoradiogram wefe picked and suspended in 0.5 ml SM

buffer. The phage suspension was tittered and the plate containing

about 50 plaques were rescreened. The process of picking positive

plaques and rescreening was repeated until l00%o of the plaques on a

plate gave positive signals after screening. This method of isolation

and plaque purification was according to the method of Benton and
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Davis, (1977). Nine recombinant clones were isolated in this manner.

DNA was prepared from the 9 purified plaques (Maniatis et al, 1982)

and analysed on Southern blots (Southern, 1975) after digestion with

several different restriction endonucleases. The restriction enzyme

maps of the recombinant clones were indistinguishable from each

other, and specific DNA fragments, hybridized to the same cDNA

probe used in the identification of the plaques. One Eco RI fragment

which hybridized strongly to this probe was subcloned into the pUC

19 vector to facilitate additional analysis.

ii) EMBL 3 tibrarY #l-

A human lymphocyte genomic library (Mbo I partial digest,

EMBL 3) was purchased from Stratagene (Califonia) and screened

with both the 32P-labeled 577 bp PIP cDNA insert probe, cPIP-8-3,

and a 5' cDNA-specific synthetic 100 bp oligonucleotide. Five

hundred thousand plaques were plated at a' density of 2.5 x 105

plaques per 137 mm dish. Two positive recombinant clones were

detected. Rescreening of the library with the 100 bp oligomer

produced only one additional positive clone. The physical restriction

map of these three clones, along with Southern blot analysis results,

showed them to be indistinguishable. Several restriction enzyme

fragments were subcloned into the pUC 19 plasmid vector to facilitate

additional analysis.-

iii) EMBL 3 librarY #2

A third human genomic library derived from lymphocyte DNA

(Mbo I partial digest, EMBL 3) was a gift from Paul Wong (University
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of Ottawa). This library was initially screened with the 3zP-labeled

cPIP-8-3 probe. Seven hundred and fifty thousand plaques were

screened and eight positive clones were identified. Further analysis of

these clones determined that only two - were' unique. Positive clones

were rescreened with the 100 mer synthetic probe.

(S) SmaII scale phage DNA preparation (mini-prep):

An appropriate dilution of phage stock was used to infect E colí

803 so that after an overnight incubation at 370C a confluent lysis

would be obtained. Five mls. of SM buffer was added to the plates,

which were then shaken gently for 2 hr. at room temperature. This

srep allows phage to diffuse out from the plate into the buffer. The

buffer was collected and pooled in a 50 ml. propylene tube and RNase

(2p/ml) and DNase (2pglml) added. The tube was incubated at 370 C

for a minimum of 2 hr. then centrifuged at 3000 rpm. for 30 min. at

40 C. Sodium chloride (0.8 gff/15 ml.) and polyethylene glycol (PEG,

1.5 gm[1 ml.) were added to the supernatant and the latter allowed

to stand on ice for at least an hour. After a 30 min. centrifugation at

40 C the phage pellet was redissolved in SM buffer containing

proreinase K (lpg/ml) and SDS (0.1 7o); the solution was vortexed and

incubared at 650 C for t hr. It was then extracted sequentially in TE

saturated phenol and TE saturated phenol/chloroform (1:1). An equal

volume of isopropanol was then added to spool out the DNA. The

tube was centrifuged briefly and the pellet washed in 700 C ethanol

and desiccated. The DNA pellet was redissolved in TE pH 8.0.
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(9) Large scale preparation of phage DNA:

The recombinant phage were amplified and the DNA was

purified. The method was as follows. Five mls. of overnight bacterial

culture was added to a flask containing 500 mls of LB broth, 10 mM

MgSO¿ 10 mM Tris-HCl pH 7.5, 10 rnM maltose. The flask was shaken

vigorously at 370 C until the O.D. was 0.4-0.48. To this, the

appropriate phage stock was added to ensure the multiplicity of

infection equaled 1. The infection was monitored by measuring the

O.D. at I hr. intervals. When the O.D. was approximately 0.3, 5 mls' of

chloroform was added, and flasks shaken vigorously for an

additionallg mins. At this point the protocol followed the standard

liquid lysate method as described by Maniatis et aI, (1982). In short,

the phage was purified by cesium chloride density gradient, treated

with RNase and DNase (to a final concentration of 1p g / m I

respectively) and then taken through a series of phenol, phenol :

chloroform, chloroform extractions. The DNA was subjected to a

series of dialysis steps in TrOE 1 buffer to further remove salts and

inhibitors.

(10) Restriction Endonuclease Digestion of DNA:

a) For genomic DNA: The DNAs were digested with the

following enzymes; Pst I, Eco RI, Xba I, Hind III, Pvu II, Bgl II, Bam

HI, Taq I (Boehringer Mannheim), Eco RV, Sca I, Xmn I, Kpn I' Rsa I

(New England Biolabs) under the conditions specified by the

suppliers. Reaction mixtures were incubated overnight at 370 C using

10 units of enzyme per pg of DNA. Next morning two units of enzyme

per pg of DNA was added for another hour to assure digestions were
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completed. Reactions were terminated by incubating tubes at 650 C

for 5 min.

b) For phage and plasmids: Two hundred nanograms to I pg

of DNA was digested with the appropriate enzyme. No more than a 3

hr. incubation at 370 C was necessary for plasmid or phage DNA. To

inactivate the enzyme the DNA was heated to 650 C for 5 min.

(11) DNA gel electrophoresis:

Separation of restriction endonuclease-digested DNA fragment

were carried out according to the method of Andrews et al., (1982).

Horizontal gels of IVo (w/w, for plasmids) or 0.87o (for phage and high

molecular weight DNA) were made by dissolving the powdered

agarose in TBE buffer (0.089 M Tris-borate, 0.089 M boric acid, 0.002

M EDTA) and hearing to at least 700 C. The agarose was cooled to 460

C before the get was cast. Gels were formed and electrophoresed at

room temperature. The samples were applied and the gels wefe

electrophoresed in TBE buffer containing 0.5 þElml ethidium bromide

(EtBr). Bands were visualized using either short or long wave ultra

violet light (UV) and photographed. The side of the gel

cofresponding to the ì. marker lane was cut at the the left hand

bottom corner to orientate the gel for further analysis.

(12) Southern Hybridization (for phage and plasmids):

After electrophoresis DNA was transferred from gels to

nitrocellulose filter according to Southern ( 1975), without

modifications. Prior to transfer, the gel was soaked for I hr. at room
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temperature in 1.5 M NaCl and 0.5 M NaOH to denature the DNA.

Following denaturation, the gel was transferred to a neutralizing

solution consisting of 1.5 M NaCl and I M Tris (pH 8.0) for 1

additional hour. Next, the gel was placed on a glass plate which was

draped with filter paper, and which, in order to serve the purpose of

a wick, dipped into a dish containing 2O x SSC. Nitrocellulose paper

was then placed on the gel, followed by two more pieces of filter

paper, and a stack of absorbent towels. The wick, being in contact

with the 20 x SSC allowed for a flow of liquid from the reservoir,

through the gel and finally through the nitrocellulose, so that the DNA

fragments could be eluted onto the filter. The DNA binds to the

nitrocellulose in high salt concentration. After transfer, the filter was

baked in a vacuum sealed oven at 800 C for 2 hr. It was then placed

in a Seal-O-Meal bag (Sears, Canada), 10 ml of prehybridization

solution added, and the sealed bag incubated at 420 C for 2 hr.

Prehybridization mixture consisted of 50Vo (v/v) deionized

formamide, 5x Denhardt solution (1x Denhardt=Q.jLVo w/v each of

bovine serum albumin, Ficoll and polyvinylpyrrolidine), 5 x SSPE (1 x

SSPE =1.15 M NaCl,0.1 M NaH2POa, lmM EDTA), 250 mg/ml

denatured salmon sperm DNA and 0.17o SDS. At that point the bag

was reopened, the labeled probe added and the bag resealed once

again. Care was taken that all air bubbles are removed from the bag

before resealing. The probe was boiled for 10 min. and cooled

quickly in a dry ice- ethanol bath immediately prior to it being

added to bag. The blot was hybridized for approximately 16 hr- at 420

C with slight shaking motions. It was then removed from the bag,

washed twice in 2x SSC ( lx SSC = 0. 15 M NaCl, 0.1 15 M sodium
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citrate) / 0.17o SDS for 10-15 min. twice, at room temperature. These

washes were followed by one wash in 0.1x SSC / O.l7o SDS for 45 min.

at 650 C. The filter was dried and autoradiographed OÆ'i at -700 C in

the presence of an intensifying screen.

(13) Electroelution of DNA fragments from agarose gels:

Following electrophoresis, the agarose gel was removed from

the gel box and visualized on a UV transilluminator. The DNA

fragments of interest were excised from the gel with a sterile scalpel.

If not required immediately, the DNA-containing agarose was stored

at 40 C in an eppendorf tube which was wrapped securely in

aluminium foil to protect the DNA from light, which may result in

nicking of the DNA. A fresh l%o a.sarose gel was cast and in it a well

was created large enough to accommodate the piece of DNA-

containing agarose. The gel was returned to the gel box and gel

running buffer and the reservoir was maintained at such a level that

it just made contact with the gel. The well was then lined with

pretreated sterile dialysis tubing and the DNA-containing agafose

placed firmly within the confines of the dialysis tubing. Sufficient

buffer was then added to cover the piece of agarose. A voltage of 100

was maintained, and with the use of a portable UV illuminator, the

progress of the DNA was monitored until it was observed to migrate

from the agarose into the buffer in dialysis tubing. The buffer was

then carefully collected, extracted 2x with isopropanol to remove

EtBr, and precipitated with 0.3 M NaOAc and 2.2 x volume 95Vo

ethanol. The desiccated DNA was redissolved in TE (pH 7.5).
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(14) Subcloning of DNA fragments:

a) Preparation of competent cells

A single bacterial colony was used to inoculate 5 ml of LB and

allowed to grow overnight in a shaking incubator at 370 C. One ml of

this 'overnight' (O/II) bacterial culture was added to 99 ml of fresh

sterile LB in a 500 ml. flask and shaken vigorously for 1.5 hr at 370 C.

The cell culture was then split into two 50 ml polypropylene tubes

and allowed to stand on ice for l0 min. The tubes were then

centrifuged at 30,000 rpm. for 10 min. at 40 C to pellet the bacterial

cells. The pellet was gently resuspended in 20 ml. of an ice-cold CaCI2

(50 mM)/Tris ( pH 7.5) solution and the tubes left to stand on ice for

20 min. After another centrifugation at 3000 rpm. for 10 min. at 40 C

the supernatant was removed carefully, and a fresh 4 ml. of the CaClz

solution gently added to the tubes. The pellet was slowly pipetted up

and down in the solution resulting in a milky suspension. The cells

were now considered competent. The standard procedure (Higa and

Mandel, l97O) for making competent cells recommends that these

cells are best suited to subcloning about 12 hr. after rendering the

cells competent and no more than 24 hr. after preparation. However

a higher efficiency of transformation was obtained if the cells were

used immediately after treatment.

b) Into plasmid vectors

After initial characterization of the À recombinant clones, whole

DNA inserts were subcloned into plasmids vectors. The positive

genomic clone was first digested with restriction endonucleases and

gel electrophoresed on a l7o agarose gel. The genomic fragment of
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interest was electroeluted as previously described. Apptoximately 1

trg of the vector (pUC 19, pGEM, pBr322, or pYZ) was digested with

the same restriction enzyme used to digest the genomic clone in order

to generate complementary ends for liga_tion. . After digestion the tube

was heated at 650 C for 5 min. to inactivate any unused enzyme.

Usually 200 ng of vector DNA was used in the reaction and genomic

DNA was added in about a 5:1 ratio. The ligation was caried out in a

final volume of of 2O pl, in the presence of 4 ttl of 5x ligase buffer

(obtained from supplier) and 1 pl of T4 DNA ligase. The reaction was

incubated at room temperature for 2-16 hr. At the end of the ligation

reaction, the tube was heated at 650 C for 5 min. to inactivate the

enzyme. Four pl of the ligation mixture was added to 2OO pt of

freshly prepared competent cells and the mixture left to stand on ice

for 40 min. The tubes were quickly transferred to a 420 C water bath

and held there for 2 min. This treatment is usually referred to as a

'heat shock' treatment. Two hundred ¡rl. of LB was immediately added

to the tubes and then they were incubated at 370 C with gentle

shaking (200 rpm.) for 30 min. The entire contents of each tube was

spread onto a LB agal plate with the appropriate antibiotics if

required. After the liquid was absorbed into the plates, they were

placed in a 370 C incubator in an inverted position and left to grow

for 12-16 hr. Plates with transformed bacteria cells were stored at 40

c

c) Into M13 bacterioPhage vector

The M13mp18 and Ml3mp19 cloning vectors chosen for

generaüing single stranded DNA template for sequencing were
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designed by Vierra and Messing, (1983). The M13 vectors have

multiple cloning sites to facilate subcloning. Both the genomic clones

and the M13 vectors were cleaved with the same restriction enzymes

in order to make their ends compatible for ligation. Ligation and.

transformation were carried out just as - described in 'subcloning of

plasmids'. However after transformation 3 ml of YT top agarose

(containing X-Gal and IPTG) were added to tube with 'heat shocked'

competent cells and the entire contents of the tube was poured onto

YT agar plates. Plates were turned upside down and left to incubate

at 370 C overnight (OÆ{). Next morning plates were examined for

plaque formation. Recombinant positive plaques were white in color.

(15) Small scale plasmid DNA preparation (mini-prep):

An 'overnight' bacterial culture was prepared by inoculating 5

ml of LB with a single bacterial colony and left to shake overnight at

370 C for approximately 12 hr. One ml. of this culture was transferred

to a sterile eppendorf tube and centrifuged at 12,000 rpm for I min.

The supernatant was discarded and the pellet redissolved in 200 pl of

ice-cold lysis buffer [50 mM glucose; 10 mM EDTA; 25 mM Tris-HCl

(pH 8.0) and 4 mg/ml lysozymel and allowed to stand on ice for 5

min. Next, 200 pl. of a freshly prepared NaOH (0.2N)/SDS (l%o) was

added to the tube and the solution mixed by inverting 2-3X. The

tube was stored on ice for 5 min. before the addition of 150 ¡rl. of an

ice-cold solurion of 3M NaOAc (pH 5.2). The tube was then vortexed in

an inverted position for 5-10 seconds, and stored on ice for 5 min.

before centrifuging at 40 C for l5 min. The supernatant was
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extracted with phenol/chloroform (1:l), ethanol precipitated, and

desiccated before redissolving in 30-50 ¡rl. of TE pH 8.0.

(16) Large scale plasmid. DNA preparation:

Five ml of overnight culture was used to inoculate 500 mls of

LB containing the appropriate antibiotic. This two liter flask

containing the LB and bacteria was then shaken for >l hr at 300 rpm.

unril the growing bacterial cells had reached an optical density

(O.D.600) of 0.6-0.8. Five mls. of chloroamphenicol (4mg/ml) was

then added and the culture allowed to shake slowly (200 rpm.) for 16

hr at 370 C. The chloramphenicol retards bacterial growth while at

the same time amplifies the plasmid. The broth was then centrifuged

at 3000 rpm for 10 min. in a JA-10 rotor. The supelnatant was

removed and the bacterial pellet frozen for a minimum of I hr. This

step helped to lyse the bacterial cells. The bacterial pellet was then

resuspended in 9.5 ml of lysis buffer (25 mM Tris-HCl (pH8.0)' 10

mM EDTA, 50 mM glucose). Next, 0.5 ml of a freshly made solution of

lysozyme (20 mg/ml) in lysis buffer was added and the solution

transferred to sterile 50 ml Oakridge tubes (Nalgene). The capped

tubes were placed on their sides on a bed of ice with occasional

swirling and shaking for 15 min' Ten ml of a NaoH (O'2N)/sDs (0'27o)

was then added. After another 10 min. on ice, a final NaOAc (3M' pH

5.2) solution was added and the mixture allowed to stand on ice for

another 30 min. The -tube was then centrifuged in a JA-20 rotor at

18,000 rpm. for 30 min. at 40 C. The supernatant was transferred to

a 30 ml. siliconized Corex tube and the DNA precipitated with 0.6

volumes of isopropanol. After incubating at room temperature for 15
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min. the DNA was recovered by centrifugation at 15,000 rpm in a JA-

20 rotor for 10 min at room temperature. The pellet was then

desiccated and redissolved in 6.0 ml of TE. Cesium chloride (CsCl,

6.6g) was added to the TE and the tube vortexed until all the salt was

dissolved. The solution was transferred to a Beckman Quick Seal tube

(16 mm x 76 mm), 0.5 ml ethidium bromide (10 mg/ml) added and

enough mineral oit to top the tube. After the balancing and the

sealing of tubes, they were centrifuged at 55,000 rpm in a Beckman

Ti-75 rotor for 18 hr. at 200 C.

After centrifugation, the plasmid DNA band made visible by UV

illumination, was removed by needle and syringe and transferred to a

l5 ml sterile polypropylene tube (Falcon). It was then quickly

extracted 3x with isoamyl alcohol to remove the ethidium bromide

which would result in the nicking of the DNA in the presence of light.

The DNA was ethanol precipitated and the desiccated pellet

redissolved in 100 Pl TE (PH 7.5).

(I7) Preparation of double stranded DNA for sequencing:

The same protocol for small scale plasmid DNA preparation was

followed. The DNA (approximate concentration: I pgl10 pl) was then

denatured by adding NaOH to a final concentration of 0.2 M. Five

min. later the solution was neutralized by adding NH4OAc (pH 4.7) to

a final concentration of 0.5 M. The DNA was precipitated by the

addition of 3 volumes of 95Vo ethanol and left at -200 C overnight.

The tube was centrifuged to pellet DNA which was then dessicated

and immediately frozen until required.
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(1S) Preparation of single stranded DNA for sequencing:

One ml of an overnight culture of the bacterial cells JM101

(Messing, 1983) was added to 100 ml of YT broth and incubated with

shaking at 370 C for 1.5 hr. Then, I ml of this culture was placed in a

sterile 10 ml tube and a single phage plaque added. The tube was

further incubated at 370 C for another 4.5 hr with vigorous shaking.

This was ample time to allow for single stranded Ml3 to be generated

from the bacterial cells. This phage preparation was then decanted

into a sterile eppendorf tube and centrifuged at 12,000 rpm. for 15

min. at room temperature. The supernatant was transferred to a new

eppendorf tube and centrifuged further for 1 min. to ensure that all

bacterial debris was removed. This was followed by the addition of

200 pl of NaCl (2.5 M)/PEC (ZOVT). The mixture was left to stand at

room temperarure for 15 min. before centrifuging for another 10 min.

The supernatant rf¡/as discarded and the tube allowed to drain very

carefully so that the pellet would be rid of any residual PEG. One

hundred microliters of Tris (10 mM pH 7.4)IEDTA (0.1 mM) was

added, the tube placed on a vortex for a few seconds, then allowed to

stand for 5 min. at room temperature. One hundred microliters of

warmed saturated phenol was added, the tube vortexed again, and

then left at room temperature for 15 min. After centrifugation, the

solution was extracted with an equal volume of isoamyl:chloroform

0:2Ð and precipitated with 10 pl NaOAc (3 M, pH 5.5) and 250 ¡tl

cold 95Vo ethanol. 
' 

The pelleted DNA was and redissolved in 20 pl Tris

(10 mM pH 7.Ðl EDTA (0.1 mM). The single stranded DNA was now

ready for sequencing.
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(19) DNA sequencing:

Both double stranded (ds) and single stranded (ss) DNA

template were sequenced by a slight modifícation (Duckworth et al,

1981) of the dideoxy chain termination method (Sanger et al., 1977).

This method involves the synthesis of a complementary copy of

the single stranded template (Smith et al., 1980), using the Klenow

subfragment of DNA polymerase I. A primer is necessary for the

initiation of the synthesis of the copy DNA, which is elongated with

DNA polymerase in the presence of all four dNTP's (one which is

radioactively labeled). The reaction relies on specific chain

terminating analogs, dideoxynucleoside triphosphates. Once

incorporated into the chain they result in its termination as they lack

the 3' OH onto which another nucleotide can be added in a growing

chain. Approximately 1 pl DNA (1 pg/pl) was annealed to I pl.

(0.5 pmol/pl) of primer in the presence of 1 pl. of a Tris (100 mM, pH

8.O)/MgClZ (50 mM) buffer in a final volume of 10 pl. The mixture

was incubated in a 650 C water bath for 5 min. and allowed to cool

to room temperature gradually. Two pl. of the DNA mix was

dispensed into 4 tubes labeled G, A, T, C. At the same time 4

siliconized eppendorf tubes, each containing 5 pl of 3sS-dATP were

placed in a "speed vac" for 20 min. to be desiccated; one type of

dNTP (0.5 mM) was then added to each labeled tube, followed by the

addition of the corrêsponding ddNTP (0.25mM ), in a final volume of

10 p t such that only one of the 4 labeled tubes would have

dCTP+ddCTP, while another would have dATP+ddATP etc. The

contents of each tube was mixed by drawing up and dispensing

several times with a "pipetman". Two pl. from each labeled tube was
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added to 2 ¡tl of the DNA/primer mixture. The DNA polymerase I (0.5

u/pl) was added to each tube to initiate the reaction which was

carried on the bench top at room temperature for 17 min. At this

time 2 pl of cold dNTP (10 mM stock) was added and the reaction left

to incubate for another 15 min. Five pl. of formamide dye mix was

added before the tubes were boiled for 3 min. They were then cooled

quickly by placing on ice before applying to sequencing gel. Samples

were then fractionated in parallel by electrophoresis on a 5Vo

denaturing polyacrylamide gel (Biggins et al , 1983). If they were not

required immediately they were frozen at -200 C for no more than 3

days.

(20) Cell lines and cell culture:

The sources, characteristics and growth conditions of all the

breast cancer cell lines used in this study have been described

previously (Shiu, 1979). Treatment of cells with prolactin/growth

hormone (gift from Drs. I. V/orseley and H.G.Friesen) and

dihydroxytestosterone (Sigma) was carried out as described

previously (Shiu and Iwasiow, 1985).

(20) Isolation and

and tissue:

High molecular

lymphocyte, placenta

extraction of DNA from human cell lines

weight human DNA was isolated from cell lines,

and tumors as follows:
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a) Placenta and tumors

Tissues were frozen in liquid nitrogen and crushed to a fine

powder with a. mortar and pestle prior to DNA extraction. After

overnight incubation with 3 volumes.lysis-buffer [100 mM Tris/Cl (pH

8.0), 100 mM NaCl, 5 mM EDTA 1.07o SDS 100 Fglml proteinase Kl at

370 C, 10 mg/ml RNase A was added and the solution heated at 650 C

for 15 min. The genomic DNA was then extracted twice with an equal

volume of phenol (saturated with Tris/HCl 10 mM pH 7.0, EDTA

lmM), then twice with phenol-chloroform (1:1) and twice with

chloroform. Sodium chloride was added to 0.4 M final concentration

and the DNA precipitated with 2.2x volume of ethanol. The

precipitated DNA rwas extracted gently with a glass rod and

transferred to a. clean sterile tube and air-dried. The pellet was then

left to dissolve for 24 hr. at 40 C in a solution of TrisÆICl (10 mM pH

8.0) and EDTA (1 mM) at a final concentration of 4 pelþt.

b) Celt lines

When cells had attained about 75Vo confluency, supernatant was

poured off celt monolayer, cells harvested by scraping with a. rubber

policeman, and pelleted by centrifugation at 1000 rpm for 5 min. at

40 C. The cell pellet was immediately frozen in a dry ice ethanol bath

and stored frozen at -700 C until analysis. The pellet was then

treated with lysis buffer and DNA extracted as above.
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c) Lymphocytes

Ten mls. of blood was taken from healthy individuals or from

breast cancer patients unq collected in heparinized tube. Blood

samples were treated with 5 volumes of NH¿Cl:Tris solution (0.15 M

NH¿CI/ 0.17 M Tris pH 7.6) and incubated at 370 C for 5 min. The

solution was then centrifuged at 2000 rpm for 10 min at 40 C to pellet

the cells. The supernatant was removed and the cell pellet washed

twice with 10 mls. of saline. The DNA was extracted from cell pellet

as previously described under "tumors."

(22) Southern Transfer and Hybridization (for genomic

DNA):

A modification of the Southern transfer technique (Southern,

1975) developed by Smith and Summers (1980)' and Reed and Mann

(1985), was used to prepare and transfer the gels to nitrocellulose

paper. After transfer, filters were baked for ll2 hr. at 800 C under

vacuum. Hybridization of radiolabeled probes was carried out for 16

hr. in 6.6 x SCP, l.OVo N-lauryl sarcosine (sarcosyl), 10 F g /m I .

denatured salmon sperm DNA, 507o formamide (v/v) and lOVo dextran

sulphate, at 420 C. (20 x SCP= 2 M NaCl, 0.6 M Na2HPO4, 0.02 M

Na2EDTA pH 6.2). The filters were then washed twice in 6.6 X SCP,

l.O7o N lauryl sarcosine for 15 min. each at 650C. This was followed by

two washes in lX SCl, 1.0 Vo sarcosyl for 90 min. Filters were

autoradiographed usin! Kodak Omat AR film with intensifying screen

overnight at -700 C. Restriction fragment sizes were determined by
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comparison with marker fragments of wild type lambda phage DNA

digested with Hind III.

(23) S1 nuclease mapPing:

For Sl analysis DNA was 32P-labeled at the Hae III site

(position+ 400, see Fig. 28 in "results") using T4 ploynucleotide kinase.

This site is in the first exon and the probe extend 892 bp upstream.

The RNA was isolated from hormone treated T47D cells by disruption

of the cells in guanidine hydrochloride followed by centrifugation

over a cesium chloride cushion (Chirgwin et al., 1979). Twenty pg of

total RNA was precipitated with I x 105 cpm of probe and the nucleic

acid was redissolved in 80Vo formamide, 0.1 M PIPES pH 6.4, 0.4 M

NaCl and 2 mM EDTA. After heating to 800 C for 15 min., the

hybridization reaction was kept at 530 C for 3 hr. The hybrids were

digested with 300 units of 51 nuclease for 30 min. at 450 C. The

products were electrophoresed on a DNA sequencing gel next to single

stranded M13 which was run alongside as a marker to allow for the

precise determination of the transcription start site. The ss Ml3 DNA

standard was sequenced by the dideoxy-sequencing method (Sanger

et al., 1977).

(24) RNA extraction and Northern hybridization:

Ribonucleic acid was extracted using the guanidine

hydrochloride/ cesium chloride method (Chirgwin et al., lgTg) and,

where indicated, subjected to oligo-(dt) . chromatography to yield

polyA+ RNA (Aviv and Leder, 1972). The RNA was separated by

electrophoresis in l%o agarose formaldehyde gels and transferred to
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nitrocellulose filters (Thomas, 1980). Equal RNA loading was

confirmed by examination of the ethidium stained gels. Filters were

hybridized with 32P-labeled probes labeled to a high specific activity

(1.0 x 109 cpm/pg) by nick translation. Hybridization was done for

18-24 hr at 420 C in 507o formamide, 4 x SSC, 4 x Denhardts solution,

2 mM EDTA, O.l7o SDS, 20 mM NaHzPO¿ and 100 Fglml salmon sperm

DNA. After hybridization, the filters were washed in O.2X SSC

containing 0.17o SDS at 600 C until a, suitably low background was

obtained. Filters were put on Kodak Omat XAR film (Eastman Kodak,

Rochester, NY) and kept at -700 C in the presence of an intensifying

screen.

B. METHODS Chromosome mapping

(1) Somatic cell hybrids:

The hamster-human somatic cell hybrid cell lines and their

chromosomal content have been described previously (Riddell et al.,

1985; Royle et al., 1986).

(2) DNA extraction, Southern blot hybridization, used for

chromosome mapping:

The DNAs 'from one normal human placenta, one hamster

parental line CHW1103 and the human-hamster hybrid cell lines

were prepared by cell lysis, proteinase k digestion, extraction with

phenol and precipitation with ethanol, as described previously. Five



57

to seven pg of DNA were digested with the restriction enzyme Eco Rl

in standard conditions recommended by the supplier (Boehringer

Mannheim, Germany), and separated by electrophoresis in 0.87o

agarose gel. The DNA was denatured and transferred to Zeta probe

membrane (Biorad) as described by Southern (1975). The blots were

hybridized to ¡:zpl-labeled DNA probe at 420 C for 16 hr in 1.5x SSPE,

l07o dextran sulphate, 47Vo (vol/vol) formamide, .lVo SDS, 0.5Vo

BLOTTO (0.57o dried milk powdeu 0.lVo sodium azide) and 200 Fglml

of denatured salmon sperm DNA. After hybridization the filters

were washed twice in 2x SSC, .l7o SDS at room temperature for l0
mins. All remaining washes were done at 650 C forl5 min; once in

0.5x SSC, .17o SDS, followed by 0.1x SSC and 17oSDS. Filters were

then exposed overnight at -700 C with Kodak-Omat AR X-ray film,

using Dupont Cronex lightning Plus GB intensifying screens.

(3) Chromosome preparation:

Prometaphase and metaphase chromosome spreads were

prepared from whole blood cultures of peripheral lymphocytes from

normal male and normal female subjects (Lin et el., 1985). The

cultures were synchronized using bromodeoxyuridine (BrdU).

(4) Otigo-labeling of the probe:

The pgPIP-3-4 and the pcPIP-8-3 probes were labeled with

[3H] by primer extension according to Lin et al., (1985), to a specific

activity of 3.9 x 107 cpm/pg and 1.3 x 107 cpm/pg respectively

using [3H]dATP, [3HJdCTP and [3H]dTTP (Amersham International).
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The procedure used was a slight modification (Lin et al, 1985)

of the technique of Feinberg and Vogelstein (1983). This procedure

involves using random oligonucleotides as primers and polymerizing

with the large subuúit of DNA polymerase I (Klenow Fragment). To a

microtube were added the following reagents in order: (1) 0.75 nmol

each of 3H-dNTP (3H-dATP, 3H-dCTP, 3H-TTP; Amersham, United

Kingdom) added and lyophilized individually; (2) 36.5 pl of water

added and the radionucleotides resuspended (3) 10 pl of oligo

labeling buffer containing 96.8 pM dGTP (4) 0.5 pl BSA (50 mg/ml,

BRL) (5) 2 ttl of pgPIP-3-4 or pcPIP-8-3 (100 ngl¡rl), denatured at

1000 C for 5 min. and immediately cooled in an ethanol ice bath (6) I

pl of Klenow fragment (4pglpl). Total reaction volume was 50 ¡rl. The

reaction was incubated at room temperature for 4 hr. after which it

was stopped by the addition of 10 pl of yeast RNA (10 mg/ml) in TE

(100 mM Tris-HCl, pH 7.6; 40 mM EDTA, pH 8.0) and 5 pl of 0.5 M

EDTA (pH 8.0).

The reaction mixture was separated through a Sephadex G-50

(fine) column, and the labeled DNA was collected, precipitated and

resuspended in a small volume of TE (10 mM Tris-HCl, pH 7.6; lmM

EDTA pH S.0). The labeled DNA had a specific activity of 2.0 x108

cpm/pg.

(5) In sítu hybridization:

In sítu hybridization studies were carried out according to the

methods of Lin et al., (1985); Harper and Saunders, (1981) and Royle

et aI., (1986) as described by V/ang et al., (1988). Before

hybridization, air dried one-week old slides were first RNase treated
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at 370 C for I hr, then washed four times in 2x SSC at room

temperature; followed by dehydration in series in 70Vo, SOVo and 957o

ethanol and air drying. The slides were denatured in 70Vo formamide

l|x SSC (pH 7.0) at 700 C for 2 min., and dehydrated quickly in

ethanol series. The 3H-labeled genomic - probe pgPIP-3-4 and the

cDNA probe, pcPIP-8-3 were ín situ hybridized to slides separately,

at a concentration of 0.1-0.2 pglml for 14-15 hr., in a 370 C moist

chamber. Slides were washed in three changes of 50Vo formamide/2x

SSC (pH 7.0), 5 changes of 2x SSC at 390 C and dehydrated in 70Vo,

80Vo and 957o ethanol at room temperature. Slides were exposed to

Nuclear Track emulsion type 2 (Eastman Kodak Co.,) for 18-21 days

at 40 c.

(6) Chromosome Identification:

The hybridized metaphase cells

Lin et al., (1985), stained for 15 mins.

exposed to long wave ultraviolet light

Giemsa (pH 6.8) for approximately 20

were G-banded according to

in lpg/ml of Hoechst 33258,

for I hr. and stained in 4Vo

mins. before analysis.
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RESULTS

A. Determination of the restriction pattern of the PIP gene

Prior knowledge of 
. 
the restriction pattern of the gene of

interest expedites the identification of genomic clones containing the

whole gene, and in addition, gives an indication as to the size of the

gene. Therefore genomic Southern blot analysis of genomic DNA was

carried out. Ten micrograms of human genomic DNA was digested

with various restriction enzymes and incubated overnight at 370 C.

The DNA was electrophoresed on agarose gel, transferred to

nitrocellulose paper and hybridized with the PIP cDNA probe cPIP-8-

3 as described in 'Methods'. Figure 2 illustrates the results obtained

with these digests. The approximated band sizes are indicated by the

Î" Hind III marker. Eco RI, Xba I, Hind III and Bam HI sites are not

present in the cDNA (Murphy et al., 1987a), though at least one site

for each enzyme is present in the endogenous gene, aS was observed

in these results. The PIP cDNA probe used in these studies (Murphy

et al., 1987a) was not full length as it lacked most of the 5' UT region.

The possibility that these sites may exist in the 5'UT region of the

cDNA cannot be excluded. Otherwise, they must occur within the

intronic regions of the gene.

B. Amplification/Rearrangement Studies

The PIP cDNA was isolated from a [GTll expression library

generated from hormone-treated T47D human breast cancer cell

mRNA (Murphy et al., 1987a). Appropriately, the corresponding PIP

gene should be isolated from a genomic library derived from T47D
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cells. To allow for the' screening of genomic libraries derived from

healthy human tissue, to identify PIP genomic clones, it was

therefore necessary to establish unambiguously that the PIP gene in

human breast cancer was not altered from the endogenous PIP gene

found in healthy normal human tissue. Results from Southern blot

analysis are shown in Fig. 3 and Fig. 4. The restriction pattern of

the PIP gene in human breast cancer was identical to the restriction

pattern of the PIP gene in lymphocyte tissue. Therefore, tro gross

reaûangement nor amplification of the T47D PIP gene was apparent.

C. Lambda genomic library screening and the isolation and
characterization of PIP genomic clones

To screen the libraries, the in sítu plaque hybridization

technique of Benton and Davis (1977) was used. The 32P-labeled PIP

cDNA, cPIP-8-3, was the main probe used in the screening of

genomic libraries. A total of five human genomic libraries were

screened. No positive clones were found in two of these libraries: a

human Cosmid library (a gift from Y. Kan) and a human chromosome

library (chromosome 7) purchased from ATCC (American Type

Culture Collection). The PIP genomic clones were later isolated from

three different libraries; two TXEMBL(I) and l"Charon 4Al contained

clones with the incomplete PIP gene whereas the other, the

ÀEMBL(2) library, had one clone carrying the whole PIP gene.

(1) The Charon 4^ library

The four times amplified library (a gift from Tom Maniatis,

Harvard), was generated from the partial Hae III/Alu I digest of
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human fetal liver cloned in the bacteriophage î. Charon 4A vector

(Lawn et al., 1978). The DNA fragments were inserted into the Eco

RI site of the vector. Five hundred thousand recombinant phage

were screened with the PIP cDNA probe and nine positive clones

were isolated. However, only one unique clone was identified

(ì,Ch23'). Restriction endonuclease mapping was carried out as a first

step in characterizing the human DNA insert sequence within this

clone. After a, combination of single and double digests with various

restriction enzymes, the products were fractionated by agarose gel,

Fansferred onto nitrocellulose filter (Southern, 1975) and hybridized

to the PIP cDNA probe, cPIP-8-3. A physical restriction map was

generated from these results (Fig. 5). The major restriction sites are

indicated. Although the human DNA was cloned into an Eco RI site of

the vector, the Eco RI site to the left of the insert of the clone failed

to be regenerated. The labeled probe hybridized strongly to one Eco

RI fragment approximately 400 bp long. To allow for fine structure

analysis, this Eco RI fragment was subcloned into the pUCl9 vector

and sequenced in both directions (Fig.6). Results showed that the

sequence contained in this Eco RI fragment was identical to base pair

210 to 565 of the cDNA (Fig.6). This represented the 3' end of the

PIP cDNA. No introns were present. To determine if any 5'

information for the PIP gene was present in this clone, a 5' PIP probe

lvas made by isolating the first 90 bp of the cDNA (Fig.6), 32P'

labeled, and used to hybridize to restriction digests of this clone as

previously described. The results were negative; no new

hybridizable bands were observed. When the restriction map of the

clone (Fig. 5) was compared to the restriction pattern of the
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endogenous gene no similarities were observed. On the basis of

these results it was necessary to screen another library.

(2) The EMBL 3(1) library (STRATAGENE)

This library, referred to now as the EMBL 3(1) library (to

distinguish it from another EMBL 3 library later screened) was

purchased from Stratagene (California) and was constructed using

Mbo I digested human lymphocyte DNA, and cloned into the Bam HI

site. Five hundred thousand plaques were initially screened and two

positive clones were isolated. The clones were plaque purified, and

the DNA isolated as described in 'Methods'. Restriction analysis of

these clones ([E1-1, LE2-4) revealed that they were closely related

but not identical (Fig. 7). A Hind III-Sal I digestion generated a 4.4

kb fragment at the 5'end of the l.E1-1 insert, but with the ?'8,2-4

clone, a similar digestion resulted in a 2.0 kb fragment being

generated. The clones were otherwise identical. Thus, the },E 1 - I

clone was 2.0 kb longer than the LE2-4 clone. With the hope of

obtaining more 5' information of the PIP gene, the [E1-1 clone was

selected over the ?'82-4 clone for further analysis. After a series of

single and double restriction digests, followed by electrophoresis, the

DNA was transferred to nitrocellulose and hybridized with the 32P -

labeled cPIP-8-3. Figure 8a shows the ethidium bromide stained

digested DNA pattern of l.E1-1 on agarose gel, after electrophoresis.

The bands which later hybridized to the cDNA probe are shown in

Fig. 8b.

The Xba I digestion of Î.El-l resulted in the generation of three

fragments approximately L.7 kb, 2.8 kb and 4.8 kb in length which
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hybridized with the PIP cDNA probe. Two other Xba I bands did not

hybridize. The Xba I digestion of the ¡,81-1 clone DNA, human

lymphocyte DNA and T-47D DNA were electrophoresed on agarose

gel, side by side, transferred to agaros_e gel and hybridized to the

probe, to determine whether any of the hybridizable bands of the

clone corresponded with the hybridizable Xba I bands of the

endogenous gene. Results showed (Fig. 9), after Southern blot

analysis, that the 2.8 kb and the 4.8 kb Xba I bands were common to

all 3 DNAs. The 1.7 kb band present in the recombinant clone was

absent from both the lymphocyte DNA and the T-47D DNA, indicating

that the Î,E1-1 clone may have had an unusual extra Xba I site.

Again, for fine structure analysis, the three positive Xba I
fragments of the ?r.E1-1 clone, was subcloned into pUC Lg plasmid

vector. To accomplish this, the recombinant clone DNA was digested

with Xba I and electrophoresed on l%o agarose gel. The three Xba I

bands were sized, then electroeluted (as described in 'Methods') and

ligated with the pUC 19 vector. The plasmid was then used to

transform DH5a bacterial cells. These three subclones were then

designated pgPIP-l-7, pgPIP-2-8 and pgPIP-4-8. Since the 1.7 kb

band was not present in the endogenous gene it was important to

determine if it may have been generated by partial or incomplete

Xba I digestion of the recombinant clone. The insert was removed

from the plasmid (pgPIP-l-]), 32P-labeled and used to probe the

other two PIP positive Xba I fragments (gPIP-2-8 and gPIP-a-8) to

determine if any cross hybridization would occur. Indeed, the gPIP-

l-7 hybridized to gPIP-4-8 DNA, but did not hybridize to gPIP-2-8

DNA. This data indicated that strong homology existed between gPIP-
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l-7 and gPIP-4-9. Restriction mapping of all three Xba I subclones

(Fig. l0) gave further evidence that the gPIP-1-7 sequence was

contained in the gPIP-4-8 DNA. Results show that the same

restriction pattern seen in gPIP-1-7 occured in gPIP-4-8.

Since these three Xba I fragments hybridized to the PIP cDNA

probe, this data indicated to us that these fragments contained cDNA

sequences, and thus, coding information from the PIP gene.

Preliminary analysis was undertaken to determine the region of the

the gDNA that was homologous to the PIP sequences within these

fragments. The PIP cDNA was digested with the appropriate

enzymes to give three fragments representing the 5' region (bp I to

90), the middle-5' region (bp 90 to 190) and the 3' end region (bp

430 to 565), (see Fig. 11). These PIP cDNA fragments were labeled

and used as probes to hybridize to multiple restriction digests of the

three Xba I DNAs. The gPIP-1-7 and the gPIP-4-8 DNAs hybridized

to the middle cDNA probe, whereas the gPIP-2-8 hybridized to the 3'

cDNA probe. In addition, both the gPIP-1-7 and the gPIP-4-8

hybridized weakly to the 5' cDNA probe.

Next, each of the Xba I subclones were labeled and

rehybridized to the restriction digests of the IE1-1 clone, for two

reasons. First, to determine whether the gPIP-l-7 and the gPIP-4-8

would recognize identical fragments generated by other enzymes and

if not, how do they differ? and secondly, to determine whether the

identical bands that hybridize to the labeled cDNA probe would

hybridize to any combination of these probes. Results showed that

as expected the gPIP-l-7 and the gPIP-4-8 (data not shown) had

many bands in common. In addition, the hybridizable bands
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obtained with the labeled gPIP-1-7 (Fig. lZa) plus the labeled gPIP-

2-8 probe (Fig. lzb), equaled (Fig. lãc) the hybridizable bands

obtained with the tabeled cDNA probe (Fig. lzd). This data indicated

that these two subcloned fragments may contain the entire PIP

cDNA sequence.

The gPIP-1-7, gPIP-2-8 and gPIP-4-8 fragments were then

used as probes for Southern blot analysis studies with digested

genomic DNA. Southern analysis revealed a smearing pattern with

both the gPIP-2-8 and the gPIP-4-8 probes (Fie. 13). This smearing

pattern obtained was indicative of the presence of repetitive

sequences.

Single bands were obtained with the gPIP-1-7 probe, for both

Xba I and Hind III enzyme digests. This was expected since there

were no Xba I nor Hind III sites within the gPIP-1-7 DNA. These

band sizes were in agreement with bands obtained with the same

digests of the endogenous gene.

When these Xba I probes were used for Northern blot analysis

an 800 bp band was obtained with all three (Fig. l4), this

observation being in full agreement with the 800 bp mRNA

transcript obtained with the cDNA (Murphy et al., 1987a).

The Xba I subclones were then sequenced. Since previous

results indicated that gPIP-1-7 and the gPIP-2-8 may contain all of

the cDNA information, these two subclones were preferentially

sequenced. In addition, -these DNA fragments were not as long as the

gPIP-4-8, and thus would be much easier to Sequence. Also, we now

knew from restriction mapping analysis that the identical sequence

of the gPIP-1-7 may be contained in the gPIP-4-8 DNA. The
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sequencing results are shown in Fig. 15, 16. The whole gPIP-1-7

DNA was sequenced but gPIP-2-8 DNA was only partially sequenced.

The sequencing revealed that two exons of 115 bp and 223 bp were

present in gPIP-2-8, interrupted by 289 bp of intron. A 'poly A'

signal AATAAA was also identified in the 223 bp exon of gPIP-2-8,

indicating the location of the 3' end of the gene. As directed by the

sequence of the cDNA, the gPIP-1-7 contained the adjacent 5' exon

preceded by 500 more bp of intron sequences. No further exons

were identified.

To facilitate finding the 5' region of the gene, a 100 bp

oligonucleotide was made corresponding to bp 2l-120 of the cDNA

sequence (refer to Fig. 11). Preferably, a synthetic nucleotide probe

corresponding to sequences even more 5' than this region, and

extending as far as the transcription start site would enhance the

possibility of finding the 5' region of the PIP gene; but since such a

sequence was not contained in the cDNA clone that was at our

disposal, this probe was the best tool we had at the time.

To test the ability of this 100 mer oligomer to recognize the PIP

transcript, Northern analysis was carried out using the labeled

oligonucleotide. When T47D total RNA was used, the end-labeled

oligomer hybridized to an approximately 800 bp transcript, a

message the same size as the PIP gene transcript (Fig. l7). When

used to probe genomic DNA, a 0.8 kb band and a 1.5 kb hybridizable

band was observed with Pst I and Eco RI digestions, respectively

(Fig. l8). Also a 4.4 kb Hind III band wa.s observed with this probe

(data not shown). The sizes of these bands agreed with bands

obtained with the cDNA probe.
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Next, we hybridized the oligomer to restriction digests of gPIP-

1-'7, gPIP-2-8 and gPIP-4-8. This was done in order to recheck the

specificity of the oligomer and to determine for certain whether the

gPIP-4-8 DNA contained 5' PIP information or not. 'We already knew

the partial sequence of gPIP-2-8 and all of the sequence of gPIP-1-7.

Figure L9 shows, that varying degrees of hybridization to the

oligomer was observed with all three DNAs, the strongest

hybridizable bands observed in the gPIP-4-8 DNA lane. This was

puzzling as the sequence of the gPIP-1-7 DNA did not contain the

sequence of the oligomer, so there appeared to be no logical

explanation for such stfong homology. However, the oligomer must

have indeed recognized similar sequences. The gPIP-1-7 was

rechecked, and evidently some small stretches of bases were

identical with some small stretches of the oligomer sequence, not in

the same order but in random fashion (Fig.20). Nevertheless, this

homology was significant enough to qeate hybridization. It did not

seem probable that the gPIP-2-8 contained any 5' information since

its sequence revealed 3' coding information of the PIP gene. Since all

of the gPIP-2-8 DNA was not sequenced we had to assume that the

same explanation for the gPIP-1-7 homology was also valid here.

The strongest hybridization signal was obtained with gPIP-4-8 DNA,

therefore it seemed reasonable to Sequence this fragment. The

sequencing of this DNA was very difficult as we encountered many

secondary structures along the D\TA. Also, sequencing strategies

which differed from the conventional (as used in the sequencing of

the gPIP-1-7) had to be employed, as this DNA fragment was so

long. The DNA was digested with the Xho I enzyme (Henikoff ,1984)
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and all fragments generated were subcloned into the pUC 19 vector.

Probably due to the presence of many secondary structures, DNA

prepared by mini preparations (as described in "Methods") were not

suitable for sequencing. Instead large plasmid 'preps' of DNA

("Method) were undertaken, and the dsDNA prepared in this manner

was then denatured and sequenced with Sequenase (United States

Biochemical Corporation, Ohio). Figure 2l shows the sequence of the

gPIP-4-8 DNA. The sequence of gPIP-1-7 was confirmed in the gPIP-

4-B sequence. Surprisingly, an Xba I restriction site was located just

5' of the gPIP-1-7 sequence. Therefore the gPIP-1-7 was generated

by partial digestion of the enzyme and was not due to 'star' activity.

The reason why such an event occurred at all may once again be

explained by secondary structures in the DNA. In addition,

immediately following that particular Xba I site (Fig. 21, position

2884) was a, long string of 134 bases. These bases may have been

involved in creating secondary structures or possibly loops, making

it difficult for the Xba I enzyme to have easy access to the site.

From all the sequencing data obtained so far, it was evident

that the 5' region of the PIP gene had not yet been located. The final

restriction map is shown (Fig. 22). When the restriction map of the

î,E1-1 clone was compared to the restriction map of the endogenous

gene although some bands were common, some others were not in

agreement. For instance, the 1.5 kb band observed when Eco RI

digested genomic DNA was hybridized to both the labeled 100 mer

synthetic probe and the labeled PIP cDNA probe, was absent from

l,E1-1. Also, the 4.4 kb Hind III hybridizable band common to both

these probes, was again absent from the restriction map of the î,E I - 1
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clone, but a 4.8 kb Xba I band that hybridized to both probes was

accounted for in the î,E1-1 clone.

In addition, a hypothetical restriction map for the endogenous

gene was obtained by conducting various single and double

restriction digests of human lymphocyte DNA and hybridizing with

probes generated from different regions of the PIP cDNA. The

resulting map is shown in Fig. 23. The 3' region of this hypothetical

gene map agreed with the 3' region of the PIP gene so far identified

in the XEl-l clone. However it seemed that the 5' PIP gene

information was still missing, and may be contained in another

recombinant clone in that same genomic DNA library IEMBL 3(1)].

As a result, the labeled synthetic oligomer was used to rescreen

rhe EMBL 3(1) library. This resulted in the isolation of one more

clone. Again this clone was isolated and plaque purified by the usual

method. However, further analysis of this clone by restriction

mapping analysis, revealed that it was identical to the previously

isolated [E'1-1 clone.

(3) The EMBL 3 (2) library

After the screening of four genomic libraries without much

success in finding the 5' PIP gene sequences, it seemed plausible that

the missing sequence may contain uncommon or peculiar sequences

making their identification difficult. However we had yet another

library at our disposal to screen for the PIP genomic clone. This

EMBL 3 library [referred to now as ],EMBL 3 (2), since a previous

EMBL library was screenedl was derived from the Mbo I partial

digest of human lymphocyte DNA. But, unlike all the other libraries
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Screened So far, this library was constructed in such a manner aS to

optimize for the representation of all clones, thus enhancing the

probability of retaining any clones that may carry unusual

sequences. Wyman et Ql., (1987) discussed such libraries. Seven

hundred and fiftv thousand plaques were screened with the cPIP-8-

3 probe and 8 positive clones were initially identified (Fig. 24). These

clones were immediately rescreened with the labeled synthetic

oligomer and from these 8 clones, 4 positive clones were reidentified

Gig. 2Ð.

By restriction analysis mapping it soon became evident that

only two clones were unique, one hybridized only with the cPIP-8-3

probe (ÀEPIP2), but did not hybridize with the oligomer probe

whereas the other hybridized to both probes (Fig. 25, 26 show

hybridization to both cDNA and 100 mer probe). The latter clone,

which seemed as a likely candidate to contain the 5' PIP sequences

was selected for further analysis and will be referred to as î"EPIP.

Further indications came from Eco RI digestion of this clone. A 1.5

kb Eco RI fragment hybridized strongly with both the PIP cDNA and

the 100 mer probe. Earlier results had shown the 100 mer probe to

hybridize to a 1.5 kb band when the endogenous gene was restricted

with Eco RI. On the basis of these results, the 1.5 kb band generated

from this genomic clone was isolated, and subcloned into the plasmid

vector pVZ. A restriction map of this Eco RI fragment is shown in Fig

27.

Previously, it was also

identified an 800 bp Pst I
Therefore the first step was

observed that the 100 mer probe

fragment digested genomic Dl'{A.

to determine whether the 1.5 kb



fragment contained this 800 bp

the 1.5 kb Eco RI DNA was

hybridized with the labeled 100

800 bp in size was observed..
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Pst I fragment within itself, and so

digested with the Pst I enzyme and

mer. Indeed a band, aPProximately

The double stranded 1.5 kb Eco RI DNA was sequenced by the

standard dideoxynucleotide method. Results show (Fig. 28) that the

100 mer sequence was indeed present in the fragment. However

since we had little knowledge of the 5'UT sequence as we had no

cDNA clone containing this information, we did not know where this

exon terminated and whether any more 5' exons were present in the

gene. To determine whether any other exons were present, and also

to locate the transcription start site, S I nuclease mapping

("Methods") experiments were carried out. V/hen the 892 bp 32P-

labeled 5' DNA fragment (refer to Fig. 29 to see how this fragment

was generated) was hybridized with hormone treated T47D total

RNA, a protected fragment of 400 bp was observed. This protected

fragment consisted of 372 bp of 5' UT region plus 28 bp of coding

sequence. This 400 bp added to the remaining 7I bp that make up

the exon but were not part of the fragment used in the Sl assay'

gave a total exon size of 471 bp. Results show (Fig. 29) the protected

DNA-RNA fragment. The results also indicated that the 5'UT region

and the 5' coding sequence were all contained in one exon (exon I)

and that there were no further exons 5' of that designated exon I.

More hybridization studies were undertaken in order to

determine if the IEPIP clone contained the whole PIP gene. Results

showed that the gPIP-1-7 DNA (which contained exon 2) and the

gPIP-2-8 DNA (which contained exon 3 and 4) hybridized (Fig. 30,
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31) strongly to the I.EPIP DNA. Most importantly, the restriction

pattern of the PIP gene within the X.EPIP clone (Fig. 32) agreed

completely with the restriction pattern of the' endogenous gene (Fig.

2).

In summary, the length of the PIP gene was determined to be

about 10 kb long (Fig. 32) and contained 4 exons, the longest being

exon one with 471 bases and the shortest being exon two with 106

bases (Table 3).

D. fntron-exon boundaries

The intron-exon boundaries followed the classical GT/AG rule

(Breathnach and Chambon, 1981). They are summarized in Table 4.

Two of the introns, A and C, interrupt protein coding sequences.

E. Sequence of the PIP gene and flanking regions

Seven thousand four hundred base pairs of the PIP gene wefe

sequenced of which 807o, including all intron/exon boundaries, 1 kb

of 5' UT and 5' flanking region, was sequenced in both directions.

Comparison of the sequence of the 1.5 kb Eco RI DNA fragment

to known consensus sequences for eukaryotic regulatory elements

revealed several regions of significant homology. Beginning at base

303 is a 9 base sequence matching the canonical TATA box sequence

(cEGTATA+AAâ) at all_positions but two (Corden et al, 1980).

However, since this region is found within the 5' UT region, it may

not be the operational TATA box. The closest TATA sequence to the

'cap' site is found at position -96. The position of the translation

start site is indicated in Fig. 28 (position +373), suggesting that
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transcription initiates at base +1, 372 bases upstream from

initiation codon. The assignment of the transcription start site to

position was primarily a result of S1 nuclease experiments.

Although the TATA box is thought to be the most critical

transcription regulatory sequence (Kozak, 1984), other sequences

also modulate levels of transcription. The 'CAAT box' and the minus

100 region have been shown to regulate levels of transcription of

globin genes (Kozak, 1984). In the PIP gene, a similar sequence to

the consensus minus 100 region sequence [RRCYNCACCC(where

R=purine) Dierks et aI., 1983] was observed at position -44 to -58

(Fie. 28) .

A 4 bp sequence beginning -266 bp upstream from the

putative cap site matches the consensus CAAT box sequence

(GGçCAATCT, Benoist et al., 1980). Again, this sequence may not be

involved in transcriptional initiation since functional promoters

(CAAT, TATA) are usually found within the first 70 bases upstream

of the transcription start site. All CAAT and TATA sequences,

however, in the 5' PIP gene are indicated (Fig. 28). Although there

are no CAAT nor TATA sequences within the first 70 bases upstream

of the transcriptional start site, sequences that stimulate the

transcription of other genes, as the minus 100 region of the globin

gene mentioned previously, are present in this region. Also, a

number of direct repeats, TTTCT, are observed in the 5' region of the

PIP gene. However their significance is not known at the present

time.

the

this
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F. Alu sequences

Earlier studies demonstrate that repetitive sequences are

present in the PIP gene. A computer search was carried out to

compare known PIP sequences and the human Alu consensus

sequences (Schmid and Jelinek, 19SZ) to determine any similarities.

Figure 2l show that within base pair 2580 to 2830 (underlined) of

the gPIP-4-8 fragment there was a, high degree of homology to the

Alu consensus sequence.

G. Mapping of the PIP gene :

Both 32p-labeled cplp-8-3 and gPIP-1-7 were used as probes

in Southern blot experiments. Figure 33a, 33b show the results of

hybridization of the cPIP-8-3 probes to Eco Rl digested DNA from

(i) human-hamster somatic cell hybrids containing different

complements of human chromosomes and (ii) parental human

lymphocytes and (iii) hamster cells. Three hybridizations bands (7.0,

6.0 and 1.5 Kb) were present in human placental DNA (Fig. 33a,

lane l4), but no hybridization signals were detected in the hamster

DNA lane (Fig. 33a, lane 13). The DNA from three of the human-

hamster hybrids (4543, 8005d and 8014c) were positive for

hybridization (Fig. 33a, lanes 3, 8, 9). The same three hybrid cell

lines were positive for hybridization with the genomic DNA probe

gPIP-1-7 (data not shown). No other hybrid cell lines hybridized to

the probes in the 2nd panet (Fig. 33b).

The complement of intact human chromosomes of the

different hybrids \ilas established by isozyme and cytogenetic
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analysis. Table 5 shows that the PIP gene segregates concordantly

with chromosome 7. Among the 22 human-hamster hybrid cell lines

analysed, 2l (967o) were concordant for the presence or absence of

chromosome 7 and the PIP. cDNA probe pcPIP-8-3. One cell line

(45.43) yielded a positive hybridization even though previous

analysis of this hybrid line did not reveal an intact chromosome 7.

However, since this cell line contained some unidentified fragments

of human chromosomes, the hybridization signals were evidently

the result of the presence of a fragment of chromosome 7 in this

hybrid line.

To confirm the localization of the PIP gene locus to

chromosome 7 and to further define its subregional localization, we

carried out tn sítu hybridizations using two [3H]-labeled probes,

pcPIP-8-3 and pgPIP-3-4. After autoradiography, the chromosomes

were stained by G banding (Lin et al., 1985) and metaphase spreads

were analysed for grain localization (Fig. 34). V/ith the two probes,

altogether 181 cells were analysed and 317 grains were identified.

Only grains in contact with at least one chromatid were scored.

Fifteen percent of all the grains (47) were located on chromosome 7

and 57.57o (27147) of these were clustered in the distal one-third of

7q32-36 (Fig. 35, 36). No other region of similar length showed any

significant hybridization with these two PIP probes. Our results that

approximately l57o of all the grains were hybridized to chromosome

7 showed statistical significance and when compared to its relative

mitotic length, the 57.57o silver grain cluster suggests that the PIP

gene is localized in the q32-36 region of chromosome 7.
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H. Polymorphism Studies

The PIP gene has been mapped to 7q32-36. As the long arm of

chromosome 7 is well known to contain fragile sites and many

polymorphic loci (Berger et aI., 1986; Tsui et al., 1985; Yunis et aI.,

1987), the PIP gene locus was examined for RFLPs. Extensive

restriction enzyme analysis of DNA from healthy individuals was

conducted using a total of 15 restriction enzymes. Figure 37

represents some of the results obtained with a few of these

enzymes. As can be seen, no RFLPs were detected, using the pgPIP-

l-7 probe. Six additional enzyme digestions were carried out by

another student (Cindy Bryan) in order to search for RFLPs, and,

using the same gPIP-1-7 probe, no RFLPs were detected once again.

When the complete PIP gene was finally identified, the 1.5 kb EcoRI

fragment, gPIP-1-5, containing exon one, was used as a probe for

RFLP studies. Figures 38 and 39 show RFLPs observed with both the

Taq I and Rsa I restriction digests. The frequency of the RFLPs were

determined by analysis of the Taq I digested DNA from 16 unrelated

individuals, and analysis of the Rsa I digested DNA from 8 unrelated

individuals. The results are summarized in Table. 6.
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DISCUSSION

A. PIP gene isolation and characterization

Human genomic libraries containing inserts of 7 -23 kb have

been constructed in bacteriophage î, cloning vectors and have been

used successfully to obtain full length genomic clones. Southern blot

analysis indicated that there was no distinction between the

structural PIP gene in T47D human breast cancer cells and the

structural PIP gene in normal healthy tissue. Therefore, libraries

derived from normal human tissue were screened. 'We searched a

total of 5 libraries for the PIP gene, two produced clones with partial

PIP gene sequences while another produced a clone containing the

full PIP gene.

Screening of libraries was carried out as described under

'Methods'. By this method, five PIP genomic clones were isolated.

Four clones (ì,"Ch23', î.81-1 , )"82-4, î"EPIP2), contained only partial

PIP gene sequences whereas one clone (},EPIP) contained a full

length genomic clone for the PIP gene. The PIP gene was determined

to be approximately 10 kb long, with 4 exons of 47I bp, 106 bp, 115

bp and 223 bp respectively, interrupted by 3 introns approximately

3.8 kb, 3.5 kb, and 0.289 kb long (Table 3). The sequence of the

exons were identical to the sequence of the cDNA as previously

determined (Murphy et aI., L987). The restriction map of the full

length genomic PIP clone (Figure 32) agreed with the restriction map

of the endogenous gene.
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The screening of the bacteriophage I Charon 4A library with

the PIP cDNA probe produced only one unique PIP positive clone

)rch23'. By restriction mapping analysis it waS evident that this clone

lacked the complete PIP gene but contained a 355 bp Eco RI

fragment that hybridized strongly to the PIP cDNA probe. This Eco

RI fragment was subcloned into M13 mp18 and 19 and sequenced in

both directions.

Sequencing revealed that this Eco Rl fragment contained, only

coding information of the 3' region of the PIP cDNA from 210 bp to

565 bp. No introns were present. Further hybridization of the

genomic clone LCh23' with a 5' cDNA probe (bp I to 90) resulted in

negative results. Thus, it was evident that this clone did not have

the 5' end of the gene. The }.Ch 23' clone was peculiar in many ways

and was considered not trustworthy for a number of reasons. (a) The

Eco RI site which joined the DNA insert to the long arm (I9.2 kb) of

the vector was destroyed. The destruction of this Eco RI site may

have occurred during the construction of the library and may have

been due to a mutation or rearrangement of the DNA as a result of an

insertion or deletion. (b) Although the sequence of the Eco RI

fragment was identical to the sequence of the cDNA, no Eco RI site,

which could generate such a fragment, was present in the cDNA.

Instead, within the cDNA an Eco RI* site AATT was located just 5' of

this genomic sequehce. It was therefore possible that this Eco RI

fragment was generated by star activity of the Eco RI enzyme. Also,

the possibility that an Eco RI site may be present within an intron to

generate such an exon has now been ruled out, since the restriction

map of the gene is now known. (c) No introns were present in this
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Eco RI fragment. Although intronless genes are not uncommon, for

example, the hamster p adrenergic receptor gene (Dixon et aI., 1986),

guanine nucleotide regulatory protein genes (Kobitka et al., 1987), cr

and p-interferon genes (Nagata et aI., 1980), sea urchin histone genes

(Schaffner et al., 1978), and certain heat shock genes (Mues et al.,

1986), all lack introns in their gene structure. However, in this case,

all evidence indicated that the lack of introns was probability the

result of an abnormality and did not represent the structure of the

endogenous gene.

Restriction mapping revealed that the structure of this clone

differed from PIP recombinant clones, later isolated from other

human genomic libraries. Pseudogenes, functional or non-functional

are known to sometimes lack introns. This apparent lack of introns

may indicate the isolation of a pseudogene or the isolation of a clone

that had undergone some mutation or reaûangement. However some

previously obtained data argue against the presence of PIP

pseudogenes in the human genome. High molecular weight genomic

DNA was obtained from normal blood lymphocytes and digested with

restriction endonucleases known not to cut the PIP gene. Under

conditions of moderate stringency, a single band, each larger than the

gene for PIP, was seen by Southern blot analysis. These data suggest

that the gene for PIP is only present in a single copy. (d) The

restriction map of the LCh23' clone was not at all similar to the

restriction map of the endogenous PIP gene, with all enzymes tested.

Thus, these results made it possible to conclude that some mutation

or recombination had occurred within the sequence of this clone.
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Two PIP genomic clones (XE1-1 and LE2-4) rwere isolated with

cPlP-8-3from the EMBL 3(1) library. As determined by restriction

analysis, l"E1-1 contained more 5' information than the LE2-4 clone,

and was chosen for more detailed analysis. Three Xba I fragments

from this clone which hybridized to the probe were restriction

mapped and sequenced. However only two were unique, the gPIP-1-

7 was a subfragment of the gPIP-4-8 DNA. Therefore it seemed

likely that the gPIP-1-7 was generated by incomplete or partial

digestion of the gPIP-4-8 DNA. However an Xba I site was located

just 5' to the gPIP-1-7 sequence. It was immediately preceded by13

consecutive A bases. This unusual Sequence may have created

secondary Structures, resulting in conformational changes in the

strand structure, making recognition of the Xba I site by the enzyme

difficult. This may explain why partial digestion had occurred.

Exon 2 of the PIP gene was located in the gPIP-l-7 Xba I DNA

fragment and thus also, in the gPIP-4-8 Xba I DNA fragment. It was

106 bp long. Exon 3 (115 bp) and exon 4 (223 bp) were located in

the other Xba I fragment, gPIP-2-8. At the 3' end of exon 4, the

canonical 'poly A' signal AATAAA was found.

Southern blot analysis of high molecular weight genomic DNA

and the three 32P-labeled Xba I fragments gPIP-l-7, gPIP-2-8 and

gPIP-4-8 and revealed the presence of repetitive sequences' as

determined by the smearing pattern observed in both the gPIP-4-8

and rhe gPIP-2-8 DNAs (figure 13). These repetitive sequences were

only located within the introns B and C, and not within the exons.

V/hen the Xba I fragment gPIP-4-8 was subcloned into the Xba I site

of the plasmid vector pUC 19, only one Xba I site was regenerated;
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one was destroyed. Such an event can sometimes be the result of

recombination created by the activities of repetitive sequences. It is

well known that repetitive sequences occur throughout the whole

human genome. Although. the functions of repetitive DNA are

unknown, it has been proposed that dispersed repetitive sequences

may serve as' hot spots' for genetic recombination (Gilbert, 1978)

and that their presence in introns may be responsible for exon

shuffling and gene realrangement (Darnell, 1978). Thus, during the

subcloning process repetitive sequences in the gPIP-4-8 DNA may

have caused a mutation or recombination, resulting in the

destruction of the Xba I site. In addition, restriction mapping of the

EMBL 3(1) library clones, l,E1-1 and L E2-4, revealed that in every

respects they were identical except for the most 5' region containing

the Xba I-Sal I fragment in the l.E1-1 clone which was 2.4 kb longer

than the Xba I-Sal I fragment of the LF,2-4 clone. When compared to

the I.EPIP clone isolated from another EMBL library, IEMBL3(2),

which contained the whole PIP gene' it was apparent that some

insertion event had taken place in these EMBL3(l) clones. The extra

2.0 kb could not be accounted for in the I,EPIP clone. Repetitive DNA

may have ptayed a role in this observed phenomenon'

Much evidence indicated that these two clones ?'.E1-1 and LE2-4

contained a large segment of the PIP gene sequence. 1) Southern blot

analysis of l,E1-1 DNA with the combined Xba I probes, gPIP-l-7 and

gPIP-2-8, showed the s-ame banding pattern as with the cDNA probe'

Since the cDNA had 'all the coding region of the gene' this led us to

believe that those two genomic fragments may contain at least all of

the coding region of the PIP gene. 2) The restriction pattern of l'E I - 1
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and LE2-4 obtained with some enzymes but not all agreed with the

restriction pattern of the endogenous gene aS found in normal

lymphocyte DNA. However by further restriction mapping and

sequencing, it was clear that these clones lacked the 5' end of the

gene. Base l-120 of the cDNA, which included 25 bases of the 5' UT

region was still unaccounted for. To enhance the possibility of

isolating a. new genomic clone that contained missing information, an

oligomer was made from base 21-120 of the cDNA.

V/hen this oligomer was used to rescreen the I.EMBL 3(1)

library, an additional clone was isolated; but restriction enzyme

analysis soon showed this clone to be identical to the ÀE1-1 clone.

Further examination revealed that enough sequence similarity

existed between certain regions of the gene and the synthetic

oligomer to cause much non-specific hybridization. However we

continued to use this probe for lack of a better probe. Because we

re-isolated the À81-1 clone from the same library, using the new 5'

synthetic probe, we concluded that either this particular library did

not contain any clones carrying the 5' PIP gene sequence' of that the

5' region of the PIP gene was interrupted by many introns making

screening by the standard hybridization techniques inadequate. In

such an event other strategies would have to be employed such as

the use of R-loop mapping, or use of RNA sequencing to obtain the

sequence of the remaining 5'UT region make a corresponding

synthetic probe for screening libraries, or even the use of a sandwich

blot experiment, as was employed by Jones et al, (1985) to obtain the

5' rat casein gene sequence. Two additional libraries were screened

with the PIP cDNA probe, but they too failed to isolate the missing 5'
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PIP gene sequences. In fact, no PlP-positive clones were found in

the latter two libraries screened, so no further references will be

made to these libraries.

Another possible reason why all the libraries screened up to

this point lacked the 5' region of the PIP gene may be due to the fact

that the PIP gene may have contained sequences that were difficult

to clone or sequences that were not clonable. Such sequences become

underrepresented in genomic libraries constructed in bacteriophage

L. Wyman et al., (1986) described such non-clonable sequences as

palindromic sequences, inverted repeats and direct repeats. These

workers have demonstrated that the unequal growth and

amplification of individual plaques, cause a, library to deviate in

content from the genome. This discrepancy results in the non-

viability of individual phage clones, where viability is defined simply

as the ability of a clone to form a plaque on a lawn of host bacteria

(Wyman et al., 1986). Certain type of sequences whose non-viability

as X, clones on wild-type hosts have been documented, may be

recovered using mutant hosts which are relatively permissive for

such sequences. Also, there are some sequences which, though

viable, aÍe prone to rearrangements (such as deletions) on wild type

hosts; these clones may be grown on alternative hosts which

maximize stability. Thus underrepresentation of sequences can be

avoided by utilization of the appropriate host. Wyman and Wertman

(1987) described in great detail such cloning hosts and vectors.

One such mutant host was used for the initial growing and

amplification of the î. EMBL 3 (2) library. The E coli strain M8406 is

a recombination deficient host, deficient in exonuclease V and I (rec



85

B-, fec C- sbc B), which circumvents the problems associated with

conventional rec+ hosts, and thus enables the propagation of non-

biased genomic libraries. Screening of this library with both the PIP

cDNA insert probe and the synthetic oligomer to the 5' coding region,

resulted in the isolation of two clones. One of these clones (1" EPIP)

hybridized to both probes and the other positive clone only

hybridized to the PIP cDNA probe. The IEPIP clone was retained for

further analysis. Partial restriction mapping of this clone resulted in

a restriction pattern that was in complete agreement with the

restriction pattern of the endogenous gene. A 1.5 kb Eco RI fragment

which hybridized strongly to the 5' oligonucleotide probe was

subcloned into the pVZ bluescribe plasmid vector. Sequencing of this

fragment revealed the presence of the missing 5' l2O bases of the

cDNA and about 1000 bases upstream of that region. Just as the

sequences described by Wyman et al., (1986) it seemed possible that

clones carrying the 5' PIP gene information may have been

underrepresented in the previous libraries screened.

The S I analysis studies indicated that the complete 5'

untranslated region was 346 bp long and was contained in the same

exon as the 5' coding region. The length of exon one was now

determined to be 471 bp long.

No CCAAT nor TATA boxes were located immediately (that is,

within the first 70- bp) upstream of the transcription initiation site.

This feature is not unique to the PIP gene as many eukaryotic genes'

such as the mouse thymidylate synthase gene (Deng et al., 1986), the

human B-polymerase gene (Widen et al., 1988) and the human

calcyclin gene (Ferrari et al., 1987), to name a few, lack one or both
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housekeeping genes. At this time however,

gene is unknown.
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the PIP

common

function

B" Structural analysis of the 5' flanking region of the PIP

gene (Fig. 28).

Comparison of the 5' flanking regions of similarly regulated

genes have often revealed conserved DNA regulatory elements. The

PIP gene expression is not solely regulated by androgens but also by

some other steroids (progestins, cortisols) to varying degrees

(Murphy et al., 1987b). Thus, the 5' region of the PIP gene has been

searched for hormonally responsive elements such as the reported

binding sites of the progesterone (Mulvihill et al., 1982; Compton et

î1., 1983; Dean et al., 1984) and glucocorticoid receptors (Renkawitz

et al., 1984) as well as a sequence common to estrogen-related genes

(Renkawitz et al., 1984). The hexanucleotide (TGTTCT) common to

the reported glucocorticoid receptor binding site (Renkawitz et al.,

1984) was found four times in the PIP gene at positions -37, -75,

+621 and +759 (Fig. 28). None of the surrounding sequences show

greater than 5O7o homology to any of the four glucocorticoid receptor

binding sites reported by Renkawitz et al. (1984). No sequence

identical to the nanomer common to the estrogen-related genes were

observed.

Computer assisted searches were carried out also to look for

homologies between the 5' flanking sequence of the PIP gene and

specifically those of genes that are also regulated by androgens, with

the hope that any region(s) conserved between androgen responsive
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genes might be functionally involved in mediating the androgen

response. No obvious homology was apparent between the PIP gene

and the 5' of the rat seminal vesicle F and S gene, 3 rat prostate

genes (C1, C2, and C3)(Hurst and Parker, 1983; Parker et aI., 1983)

and the mouse renin gene, Ren I (Field et al., 1984). One region of

rüieak homology (approximately 7l7o) was detected between the PIP

gene (TCTGTATATAAG, position +301 to +312) and the mouse renin

gene, Ren 2 (TGTGTATAAAG, position -34 to -22; Panthier et al.,

1984) both regulated by androgen. However the physiological

significance of these regions, if any, is unknown at the present time.

So far, androgen regulatory sequence elements have not been

found. However, a putative androgen regulatory element has been

described in MMTV by Ham et al., (1988). Four partial inverted

repeats of the sequence TGTTCT function as response elements for

androgen in that system. Also, in the PIP gene this sequence appears

four times. In fact this core hexanucleotide sequence TGTTCT is the

Same sequence common to the reported glucocorticoid and

progesterone receptor binding sites in genes regulated by these

hormone. An important question that remains to be answered is

whether the upstream homology set has a functional role in the

regulated expression of these genes, perhaps in part, to generate a

binding síte for the androgen receptor.

Identification of those structural elements of the 5' flanking

region of the PIP gene which are involved in mediating the androgen

response is still dependent on functional analysis of the PIP gene.

Inspection of the 5' untranslated and the 5' flanking sequences

for similarity or homology to promoter elements of known genes
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such as the GGGCGGG sequence of the Harvey ras gene (Capon et al.,

1983; Reddy, 1983) and the hsp (Wu et al., 1986), or the SV40

sequence (Firak and Subramannan, 1986) did not yield any

significant matches. However, a sequence with high homology to the

homeobox sequence ATTTGCAT recognized by many transcription

factors (Scheidereit et al., 1987 ) was located at position +503 to

+508.

Besides the PIP gene, the milk proteins genes, the more

recently the pigeon crop protein DA4 gene (Pukac and Horseman,

1986) and possibly, the parathyroid hormone-like peptide gene

(Thiede and Rodan,1988), aÍe perhaps the only other known genes

which are believed to be under the regulation of prolactin. The

sequenced 5' region of the PIP gene has been compared to the casein

gene sequences to possibly identify conserved hormone responsive

elements. Several similarities have been observed. The flanking

region of the PIP gene is AT rich rather than GC rich as have been

observed in the casein genes (Jones et al., 1985). Also, in the PIP

gene a TATATAA sequence sequence exists at position +305 to +311,

which is identical to the TATA box of the B-casein gene. In addition,

the hexanucleotide (TGTTCT) common to the glucocorticoid receptor

binding site (Renkawitz et al., 1984) occurs 5 times in the casein gene

(Jones et al., 1985) and 4 times in the PIP gene. However no

similarity can be' found between the putative tissue specific

consensus sequence (RGAAGRAAANTGGACAGAAA-TCAACGTTTCTA)

of the milk proteins genes and several whey protein genes (Rosen,

1987) and the PIP gene.
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some homology (7LVo) rwas also found between one sequence

(TGTCTAGAATT) of the PIP gene (position -364 to -37 4) and a

sequence (TGTCCCCCAGAATT) of the p-casein gene (position -157 to'
L43). A lesser degree of homology (66%) was detected between this

same sequence and a sequence (TGTTTACCCAGAATT) in the chicken

ovalbumin gene (position -184 to -l7l), which has been reported by

Compton et al., (1983). This region has also been shown to be

involved in progesterone and estrogen regulation by deletion

analysis (Dean et al., 1984).

Human DNA consists of about 2.5 x 109 base pairs (Lewin,

1974). Approximately 2O-30Vo of this DNA consists of repetitive

sequences (Schmid and Deininger, 1975; Houch et al., 1979). Nearly a

million copies of the Alu repeated sequences are interspersed

throughout human DNA with an average spacing of about 4

kilobases (Hwu et aI., 1986).

Repetitive sequences were determined in two fragments of the

PIP gene DNA, (gPIP-4-8 and gPIP-2-8), by Southern blot analysis

(Fig.13). Using the human Alu consensus sequences as described by

Schmid and Jelinek, (1982) computer analysis was conducted to

compare these Sequences to the Segments of the PIP gene that was

sequenced. A high degree of homology was found between the Alu

consensus sequence and base pair 2580 to 2830 on the gPIP-4-8

DNA fragment (Fig. 2L). Although repetitive sequences were

determined through Southern hybridization to be present in the

gPIP-2-8 DNA, 1.5 kb of intron within that fragment has not yet

been sequenced and therefore was not available for comparing with

the Alu consensus sequences.
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Alu repeated sequences appear to frequently induce

reafrangement, such as seen in the low density lipoprotein feceptor

gene. Five different hereditary defects causing familial

hypercholesterolemia were a result of deletions or duplications in

which Alu repeated sequences occur at_ rearrangement breakpoints

(Lehrman et aI., 1987). In the PIP gene, the gPIP- 4-8 DNA fragment

has a repetitive sequence (as determined by Southern blot

hybridization and sequencing), which has apparently resulted in the

destruction of an Xba I site.

C. Genetic analysis of the PIP gene.

Chromosomal localization is an important step towards the

characterization of the PIP gene. In the present study analysis of

human-hamster somatic cell hybrids revealed that the PIP gene is

located on chromosome 7. In situ hybridization of human

metaphase chromosomes not only has confirmed the finding that the

PIP gene is on chromosome 7, but has subregionally localized the

PIP gene locus to 7q32-36. This portion of the work was done

with the collaboration of Dr. C. Gregory and Dr. H. Wang from the

department of Human Genetics. Hybrid blots were supplied by Dr.

Gregory.

The PIP gene has now been isolated and characterized.

Southern blot analysis of human genomic DNA revealed the

presence of a single copy of the gene. Therefore, a wider than usual

grain distribution on chromosome 7 is unlikely to be explained by

the presence of pseudogenes, and is probably the result of the
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presence of sequences related to intron regions of the probes used

in the ín situ hybridization studies.

The PIP $ene is abnormally expressed in malignant and

benign diseases of the breas.t (Murphy et al., 1987a; Murphy et aI.,

1987b; Haagensen and Mazoujian, 1986). In addition, in normal

healthy individuals, the gene is expressed in a number of exocrine

organs such as the bronchial epithelium, the sweat, salivary and

lacrimal glands (Murphy et al, 1987b; Haagensen and Mazoujian,

1986). This information suggests a functional role for PIP, perhaps,

in secretory processes such as ion transport (Robertson et al., 1986).

The cystic fibrosis (CF) gene locus is currently thought to be on 7q3I

(Beaudet et al., 1986). Cystic fibrosis patients are characterized by

abnormalities in the transport functions of many of their exocrine

organs (Quinton, 1983; Knowles et al, 1983), organs which also

express the PIP gene. It is possible that the expression of the CF

and the PIP genes may be linked.

Of those genes which lie in the locus close to PIP and which

are relevant to cancer development, the multidrug resistance MDR

gene encoding the P-glycoprotein (Bell et al., 1987) is of interest.

This gene is located at TqZL-3|. The MDR gene is overexpressed in

many multidrug resistant cell lines, including an adriamycin-

resistant breast cancer cell line (Fairchild et aI., 1987).

Coincidentally, the region 7q32-36 contains a number of fragile sites

such as FRATH (Berger- et al., 1985) and FRATI (Yunis et al, 1987).

Fragile sites are frequently at or near breakpoints of chromosomal

rearrangements consistently found in tumor karyotypes (Le Beau,

1986; Yunis and Soreng, 1984; De Braekeleer et al., 1985).
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Correlation between fragile sites and certain disease states,

including breast cancer, has been suggested (Gebhart et al., 1986;

Rodgers et aI., 1984). Thus, the expression of the PIP gene in breast

diseases may be linked to neoplasia-associated chromosomal

breakpoints. In addition, of the few hypervariable loci so far

discovered in human DNA, one (pÀg3) maps to the region of 7q31.3-

qter (Wong et al., 1987) alluding to the fact that the PIP gene and

neighboring genes reside in an alea of the chromosome which aÍe

subject to much instability.

The PIP gene has been mapped to the long arm of chromosome

7 (7q32-36). Common to this region many polymorphic loci has been

determined for several genes such as MDR2, MET, PON and CF (Tsui

et al., 1985; White et al., 1985; Eiberg et al., 1985 and Bell et al.,

1987). Since the importance of determining genetic polymorphism

lies in the ability of restriction fragment length polymorphisms

(RFLPs) to act as powerful clinical tools in the detection of certain

disease states, it was important to determine if the PIP gene was

polymorphic. Initially, using 13 different restriction enzymes, many

commonly used to detect polymorphism, and 52 different human

genomic DNA samples from healthy individuals, no RFLPs were

determined with the gPIP-1-7 and the gPIP-3-4 probes. However

RFLPs were detected using the human genomic DNA digested with

the restriction enzymes Taq I and Rsa I and the 5'gPIP-1-5 probe,

which contained exon I, and the 5' flanking region of the gene.

Interestingly, no RFLPs were detected when DNA digested with these

two enzymes were probed with the gPIP-l-7 and the more 3'probe.

The pattern of inheritance of the Taq I and RSA I RFLP of the PIP
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gene was then studied in 7 nuclear families and 16 unrelated

individuals. Family blots were supplied by Dr. C. Gregory of the

department of Human Genetics. The dimorphic RFLP is defined by

the presence of allelic fragments 5.0 kb (allele 1) and 4.0 kb (allele

2) long for Taq I and 0.5 kb (allele 1) and 0.3 kb (allele 2) for RSA I.

The results of this study showed that the two alleles of the Taq I

RFLP of the PIP gene segregate as codominant traits according to

Mendelian expectations. For a polymorphism to be useful as a

genetic marker the probability that an offspring is informative, the

polymorphism information content (PIC) must be at least 0.15

(Botstein, 1980). The expected value for PIP can be calculated as :

n
1-(Ðp¡

i=1

21Pj
n-l n)-tt
i--1 fi.l

where P, P =frequency of allele

n =# of alleles

ij = alleles

The allelic frequency of the 5 kb is 0.75 which correlates to a

probability that an offspring is informative of 0.29 and is thus

indicative of a useful polymorphism, as defined by Botstein (1980).

The PIC value of the Rsa I RFLP was 0.25 indicating that it too

was as informative as the Taq I RFLP. The probability of missing the

polymorphism in a 20 member panel is <0. 02 making this a very

useful RFLP. The location of the PIP gene on chromosome 7 at band

q32-36 makes this RFLP potentially useful for linkage mapping of

other gene loci on chromosome 7. One such gene is the CF gene
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Interestingly, CF patients have defects

such as the salivary, sweat and lacrimal

the PIP gene.
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7q31 (Tsui et a.l, 1985).

with their exocrine organs

gland, all of which express

D. Significance /Future work

The PIP gene expression is regulated by prolactin and androgen.

However the mechanisms of action of these two hormones in

regulating gene expression are unknown. The identification and

localization of the PIP gene as well as the determination of potential

regulatory sequences will be an important step towards elucidating

how prolactin and androgen modulate its expression.

In addition to being expressed in the sweat, lacrimal and

salivary gland of healthy individuals, the PIP gene is expressed in

malignant and benign tumors of the breast. Thus an understanding

of the regulation of the PIP gene will potentially lead to to an

understanding of the role of prolactin and androgen in human breast

cancer.

The localization of the gene to chromosome 7 and the

determination of RFLPs in the locus of the PIP gene can now allow

for linkage studies to be carried out to determine whether the PIP

gene is linked to any other gene in that vicinity.

The present availability of the human PIP gene should allow the

investigation of several important issues concerning structure-

function relationship and tissue-specific regulation of the gene.

Experiments involving deletions and mutations of 5' flanking

sequences may reveal several cis-acting sequences that are specific
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for PIP gene regulation. This information could allow for DNA

footprinting studies which would lead to the determination of

potential trans-acting factors that interact specifically with the gene.

The function of PIP is still unknown. Irr the last few years the

transgenic mice model has been successfully used to determine the

function of specific proteins and their genes. Similar studies, using

the PIP gene in transgenic mice can be conducted to examine the

function of the PIP gene.

The proximity of the PIP gene locus (7 q32-36) to the CF gene

(7q31) and the detection of RFLPs in the PIP gene locus can now

allow linkage studies, to determine how these genes segregate.
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Somatic cells

Altercd gcne product mutatcd oncogenes, for cxamplc,
ras, ilelt

Altered gene expression
Increase oncogcnes, for example myc, erb-B

Decrease or loss 'lumour suppressor genes'
losses dctected:
cytogenetically 

-'deletions'by DNA polymorphism -'allele loss'

cnt of canccr

-

Germ line

?metabolic polymorphism
?others not yet described

Inherited cancer syndromes, for
example, retinoblastoma

Syndromes of defective DNA
repair: for example, Xeroderma
pigmentosum, Bloom's.

'I'al¡lc I Ifx¿rnlnlcs oI scnc(ic cltan!.c which contributc to thc clcvclo

t
I

Source: Ponder, B. (f988).
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TabLe 2 : Summary of libraries screened for the human PIP gene.

Library Vector Vector Bacterial Insert I n s e rt
cloning host E. coli size

site (kb)

Charonl Charon 4A Eco RI 803 HaeIII/AluI 9-23
human fetal
liver DNA

EMBL 3(1)2 EMBL 3 Bam HI 803 MboI digested 9-23
human
lymphocyte
DNA

Cosmid3 cosmid Ba¡ HI 803 Mbol/human 30-42
leucocyte
DNA

chr74 Charon 214 Eco RI L8392 hamster- 4
hum an
hyb rid
DNA

a

EMBL 3(2)- EMBL 3 Bam I M8406 lvlbol digested 9-23
human
lymphocyte
DNA

1. Lawn et al., 1978
2. Stratagene
3. Lau and Kan, 1973
4. ATCC, ID LAOTNSOI
5. PI^l
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Table 3 : Lengths of PIP gene introns and exons (in base
pairs) as determined by restriction enzyme
mapping and DNA sequencing.

47r

3800

106

3s00

115

289

223

The sequence of all three exons was identical to the sequence
of the cDNA as previously determined (Murphy et al.,L987a).
Two of the introns interrupt coding sequence.

A

B

c

4
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Tabte 4: Intron-exon organization of the human PIP gene.

Exon Exon size
no. (bp)

5'-splice
donor

3'-splice
acceptor

Intron Amino
size acid
(kb) interrupted

47r

106

115

224

A CAA CA Cglgagcc at---cccac aatcag.TCGGAA

G CATG GTGglaagtaga- --tcaccagGTTAAAAC

A C C A A CA gLagata- - - - --ttttttcsgGAACTGTG

Th-r3.8

3.5 Val

0.289 A-rg

4

The positions at which introns interrupt the human PIP nRNA and protein
sequehce are indicated. Exon seguences are in capital letters; introns in
lower case letters. The sizes of introns I and 2 were determined by
¡estriction mapping and partial sequencing, while the size of intron 3 was

determined by sequencing.
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Table 6: Frequencies of polymorphic alleles

Enzyme #unrelated freqÈencies comments
individuals allele I allele 2

Taq I 16 0.7 0.3 8 families; 57 ind;
scored 8 sets of
P arents= I 6

Rsa I 8 0.8 0.2 4 families; 25 ind;
scored 4 sets of
P arents= 8

ind=individuals
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Figure 1: Eukaryotic gene structure. A typical gene is characterizedby a promorer
region at the S'-end and the presence of introns. Eñhancers are commonty iouìa at the
5'-end of the gene although they may be internal or downstream of ttre tenå. Transcription
lactor binding sites are also found at the 5'-end of these genes and-in some cases the
CAAT and TATA consensus sequences are absent. The te"it ¡unciion t.pli." donor) and
right ju.nction (splice acceptor) consensus sequences are shown tog.tfrãi*ith the splicecitec I | \v.rvv \ | /.

Source: Beebee, T. and Burke, J. (1988).
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Fig. 2: Restriction enzyme analysis of the PIP gene

region. Total genomic DNA isolated from human

lymphocytes was cut with restriction enzymes as

indicated, electrophoresed on I7o agarose gel, blotted

onto nitrocellulose and hybridized with the 32P -

labeled PIP cDNA probe as described in 'Methods'.

Size markers aÍe fragments of Hind lll-digested L

phage DNA. Lanes l=Eco RI; 2=Pst I; 3=Xba I; 4=Hind

III; 5=Bam HI; 6=Xba IÆco RI; 1=Bam HIÆco RI;

8=Hind III/ Eco RI.
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Fig. 3 Lack of amplification or rearrangement of the

PIP gene in human breast cancer cells (I). Total

genomic DNA isolated from human lymphocyres (Lym)

and T47D cells (T) was digested as indicated,

electrophoresed on 0.\Vo agarose gel, blotted onto

nitrocellulose filter and hybridized with the 32p -

labeled PIP cDNA probe. No difference in band

intensities nor band sizes was apparent. E=Eco RI;

H=Hind III; P=Pst I.
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Fig. 4: Lack of amplification or rearrangement of the

PIP gene in human breast cancer cell (II). Total
genomic DNA isolated from human lymphocytes (Lym)

and T47D cells (T) was digested as indicared,

electrophoresed on 0.ïVo agarose gel, blotted onto

nitrocellulose filter and hybridized with the 32P -

labeled PIP cDNA probe. No difference in band

intensities nor band sizes was apparent. L=lymphocyte

DNA; T-T47D DNA.
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Fig.5: Restriction map of the 7,,Ch23f recombinant

phage clone. The locations of the cleavage sites of

restriction endonucleases ate presented. The scale is

in kilobases and the black box delineates the exon

region. The restriction sites ate indicated as follows:

E= Eco RI; K= Kpn I; S= Sal I; B=Bam HI; H=Hind III.
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Fig. 6: Nucleotide sequence of the Eco RI fragment in
the î,Ch23' recombinant clone. The DNA was

sequenced by the dideoxy method (Sanger et al.,

1977). The enrire sequence is identical with rhe plp

cDNA 3' sequence from base pair 210 to 565. The poly

A signal is indicated (.....).



5t TGAAAGAATG

TTAACTATAA

TTTACACCAA

TCTGCCCTGA

TCCTAAAGGT

AGAAACTTGG

CATGGTGGTT

GTATACTGCC

CAGAACTGTG

TGATGCTGCT

AGAATAATGG

CTGGAATTTC

AAAACTTACC

TGCCTATGTG

CAAATTGCAG

GTAATCCCCA

AAGCCCTGTC

TGCTGTGGTC

TCATTAGCAG CATCCCTCTA

ACGACAATCC AAAAACCTTC

CCGTCGTTGA TGTTATTCGG

TCAAAAACAA CCGGTTTTAT

TGTTTGCCAC ACCCAGGTGA

TATAA+4,.T.4+. A C T T C T TAA C

138

CAAGGTGCAT

TACTGGGACT

GAATTAGGCA

ACTATTGAAA

TTTCCTCTAA

ATGCTT 3'
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Fig.7z Restriction mapping and the alignment of two

genomic clones, ÀEl-L and LE2-4, containing

PIP sequences. The locations of the cleavage sites of

restriction endonucleases are presented. Restriction

fragments are delineated by vertical bars. The clones

were aligned with respect to their Eco RI, Bam HI, Hind

III, and Kpn I sites. Fragments in each clone were

ordered by restriction mapping and hybridization to

the PIP cDNA probe cPIP-8-3. Clone î,E1-l was

mapped in greater detail to determine sites useful for

Mp13mp18 and 19 and pUC 19 subcloning. Restriction

enzymes abbreviations are; S= Sal I; E= Eco RI; H= Hind

III; K= Kpn I; B= Bam HI; and X= Xba I. Fragment sizes

are given in kilobases.

EMBL 3 vector DNA.

represents L
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Fig. 8: Restriction endonuclease cleavage analysis

of cloned human DNA and identification of

fragments containing PIP-related sequences.

(A) ÀE1-1 DNA was digested with various restriction

endonucleaSes and the products wefe electrophoresed

on a O.6Vo agarose gel and visualized by staining with

ethidium bromide (EtBr). The uppermost bands in all

digests result from limited annealing of the cohesive

ends of bacteriophage ì. DNA. Restriction endonuclease

digestion products of QX174 DNA (Sanger et al., 1977)

and À DNA (Wellauet et al., I97 4) were

electrophoresed as size standards. The position and

size (in kb) of some of the markers are indicated. The

enzymes are denoted as follows: S=Sal I; E= Eco RI;

X=Xba I; B=Bam HI; H=Hind III; K= Kpn I. (B) The DNA

from the gel in (A) was transferred to nitrocellulose by

the merhod of Southern (1975) and hybridized with

32P-labeled cPIP-8-3 DNA as described in 'Methods'.
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Fig. 9z Southern blot analysis of cloned and genomic

DNA. The DNA from T47D cells, normal lymphocytes

and the recombinant phage IEl-l were digested with

the following enzymes: Xba I (1); Eco RI (2) and Xba Il
Eco RI (3). Fragments were separared by gel

electrophoresis, transferred to nitrocellulose and

probed with nick translated PIP cDNA probe, cplp-8-3.

Size markers are Hind III digested ì" phage DNA.
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Fig. 10: Alignment and restriction mapping of three

Xba I subclones. The subclones gPIP-1-7, gPIP-2-8

and gPIP-4-8 were aligned with respect to their Xba I

sites and by restriction mapping and hybridization to

cPIP-8-3. The identical restriction sites of gPIP-1-7

aÍe found within the gPIP-4-8 map. Predicted exons

ale indicated (black boxes). The restriction enzyme

abbreviations are: X=Xba I; H=Hind III; P=Pst I; Sp=$p¡

I and A=Acc I.
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Fig. L1: Nucleotide sequence of PIP cDNA and derived

amino acid sequence. The numbers on the right

refer to nucleotide positions. The numbers on the left

refer to the amino acid position. The presumptive

initiation codon ATG and the termination codon TAA

and the 'poly A' signal (AATAAA) are underlined.

Source: Murphy et al., 1987a



1¿r8

C ACA TTG CCT TTT GTT TTC TCC AGC ATG CGC TTG
tãt Arg Leu

CTC CAG CTC CTG TTC AGG GCC ÀGC CCT GCC ACC CTG
Leu Gìn Leu Leu Phe Ar9 Ala Ser Pro Ala Thr Leu

CTC CTG GTT CTC TGC CTG CAG TTG GGG GCC AAC AAA
Leu Leu Val Leu Cys'Leu Gln Leu Gly Ala Asn Lys

GCT CAG GAC AAC ACT CGG AAG ATC ATA ATA AAG AAT
Ala Gln Asp Asn Thr Arg Lys lle lle lle Lys Asn

TTT GAC ATT CCC ÂAG TGA GTA CGT CCA AAT GAC GAA
Phe Asp lle Pro Lys Ser Yal Arg Pro Asn Asp Glu

GTC ACT GCA GTG CTT GCA GTT CAA ACA GAA TTG AAA
Val Thr Ala. Val Leu Ala Val Gln Thr Gìu Leu Lys

GAA TGC ATG GTG GTT AAA ACT TAC CTC ATT AGC AGC
Glu Cys ilet Yal Yal Lys Thr Tyr Leu lle Ser Ser

ATC CCT CTA CAA GGT GCA TTT AAC TAT AAG TAT ACT
lle Pro Leu Gln Gìy Ala Phe Asn Tyr Lys Tyr Thr

GCC TGC CTA TGT GAC GAC AAT CCA AAA ACC TTC TAC
Ala Cys Leu Cys Asp Asp Asn Pro Lys Thr Phe Tyr

TGG GAC TTT TAC ACC AAC AGA ACT GTG CAA ATT GCA

Trp Asp Phe Tyr Thr Asn Ar9 Thr Val Gln lle Ala

GCC GTC GTT GAT GTT ATT CGG GAA TTA GGC ATC TGC

Ala Yal Val Asp Yal Ile Arg Glu Leu Gly Ile Cys

CCT GAT GAT GCT GCT GTA ÂTC CCC ATC AAA AAC AAC

Pro Asp Asp Ala Ala Val lle Pro lle Lys Asn Asn

CGG TTT TAT ACT ATT GAA ATC CTA AAG GTA GAA TAA
'Arg Phe Tyr Thr tle Glu Iìe Leu Lys Yat Glu

TGG AAG CCC TGT CTG TTT GCC ACA CCC AGG TGA TTT

CCT CTA AAG AAA CTT GGC TGG AAT TTC TGC TGT GGT

CTA TAA AAT AAA CTT CTT AAC ATG CTT AAAAAAAAAAAA

34

l6

28

40

52

64

76

88

100

It2

124

136

7?
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112

178

211

250

286

322

358

394

430

466

502

538

577
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Fig. L2z Restriction endonuclease cleavage analysis of

î.81-L DNA and identification and comparison

of fragments containing cPIP'8-3' g PIP'1-7

and gPIP-2-8 sequences. [E1-1 DNA was cut with

various restriction enzymes electrophoresed on

agarose gel and transfered to nitrocellulose filter The

blot was first hybridized with cPIP-8-3 (D). It was

then stripped and rehybridized with gPIP-1-7 (A). It

was again stripped and rehybridized with gPIP-2-8

(B). Autoradiograms from (A) and (B) were then

overlayed (C). Results show that the pattern obtained

with (A) + (B), that is (C), is virtually identical to the

pattern obtained with the cDNA probe (D). One

extraneous band (indicated by arrow) exists in (C).

Lanes are as follows: 1= Sal li 2= Eco RI; 3= Xba I; 4=

Hind III; 5= Kpn I; 6= Sal I/ Eco RI; 7= Xba I/ Eco RI;

8= Hind III/ Eco RI; 9= Kpn I/ Eco RI; 10= Xba I/ Sal I;

11= Xba I/ Hind III; 12- Xba I/ Kpn I.
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Fig.13 Genomic Southern blot analysis of the Xba 1

subclone probes. Ten p g of genomic DNA was

digested with Hind III and Xba I and hybridized with

32P labeled gPIP-1-7 (c), gPIP-4-8 (b), gPIP-2-8 (a). A

smearing pattern, indicative of repetitive sequences in

the probes was observed with gPIP-2-8 and gPIP-4-8.

A 10 kb Hind III band and a 4.8 Xba I band was

obtained with gPIP-1-7. There were no indications of

repetitive sequences in the latter probe.
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Fig.14 Northern blot analysis of RNA from T47D cells

using gPIP-L-7. The T47D cells were rreared with

hormones as described in Materials and Methods.

Twenty micrograms of roral RNA (right lane) and 5 pg

poly A (left lane) were anaLyzed. The blot was probed

with nick rranslared pgplp- 1 -7, pgplp-2-g and

pgPIP-4-8. An 800 bp transcript was observed with

all three probes. only the results obtained with the

pgPIP-l-7 are shown. The uneven signal in the right

lane is due to unequal transfer of the RNA.
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Fig.15 Nucleotide sequence of gPIP-1-7. The gplp-1-7

DNA was sequenced by the dideoxy sequencing

method (Sanger et. al., 1977). The exon (exon Z)

present is indicated (shaded region), as well as the

exon/intron boundaries (closed triangles).



5' AAAACACACT AGAAAAAAAT TTGGAAAAGA

TCAGCTTTCC TAGGACCAAG TCATTGAAGT

AATATGGAGG TGAACATCAG AAAAACTGAA

GTACAGTAGA ATTTAGGGTT AGTAAAGAAA

AGCACGTAAT ATTTAAAAAG TAAAGTTTAT

ATTATCAATG CTATAAACAA CCCAGATAAG AAAAATCGCC CATGGATTTG

ACTGAACACA

ATGCAAAAAG

ATCGGAAATC

GGGACTAATG

AAATGAAAAA

GCATAGTATA

CTGCTAACTC

GCTTTTAAAA

CTTTTCATTA

AGAAGGAAGT

156

AGTGATATTT

AAGAATAAGA

ATTATCTCTG

TAAGCACATT

CTTTATTAAT

ATGAATAAGA

CATGGGATCA CAAGGCCTGA TGCCTACCTC CCTGCAGAGG GGTGAGGAGT AAAGGAAAGG

Y .......................................

AAACTATTGA TTTAGATCCT ccTcTTCTGA TCTCTCTTCC CACAATCAGEI;::SüÉ.AAC#.tfi4

,Ëffif ffi::::::fF+rç*C$r,,HiiilgGÊIi .$iEßrc::i::$Àü,t$ß$ffii:i[GÆGÄHti$Êi:::;AêffiË#Ë,$GÊ

TCAAAGATAA TTCAACTCTT GATTATAACA

CAGTGTACTT AATGAACATT CTCACTTATG

GGATCCTCTA GAGTCGACTG CAGCATGCAA

CAGATGACTT CTCATTTTCC AGATGAAGAA

AgAGGAAAGG AAAGAAGGAA TAGGAAgTCa

AGggggCTAG TAGAGAAGAG TAGAGTCCTT

AGGAGGGAGG GGAGTgCggA GAAGAGAAAG

GTGGGcAGAA GAGGACATCC AGGATATGAC

CTACTGTCCT CTTGCTTCTT CcTCcTCCnn

CAGCCTCCCA CCTGACAAGG AGCTCGTAAT

CTGAACAAGG TCAGAGGTTC AAATGGTAAT

TTCAGAGTTT CATTCAGCAG GTCTGGGGAG

CcAAGGTACA CCAAGGCTGT GCCCAAAGGA

ATTATCCCCT CCTGgTCTAG CTGCCAAGGG

ATCCACAGTG ACTCTTCCCT GGGACACTGG

TAGAGGACTG GGGCGTGACT

CTCTCACTTT AATTAATGTA

GAGACTCAGA CACTGTGCAC

CATGTCATAG CTGTCTGGGA

AGAGAAGTCT AGGATAAATA

GAAAAAGAAA AAAGTGTAAG

GAGCATGTTT cGTTUeGATG

ACACCATAGG TTCGAGGTGG

CAGTAeAGCa cTGAGCGACT

ACCAGAAGTG GACTCTTGTT

TCCCACGTCA GAAGTAATCT

CACTCGGGGA TCTGTTAAAA

TTCTTGATTT TAACAGACGC

GAGCAGcTTG GGATTAGAGC

ATAGACTTAT GCAGTTATTA

TTTTCCTAGT CATTGATCTC

TAAATTTAAT

TATGCTACTT

GCTTGGCTAT

GTTCggATCC

GAGAAAGAGG

CCAAGGTCCT

CAGCAACcCc

TCCTCCccTC

CTCTCGGgTC

CATCTCTCTT

GTCTAAAACT

AGATTAGAAC

TCACATTTTT

CAGAAGTCAA

TGTTGTGTCC



AGATGTCACA

TCTCCCATCT

CACAAGTATT

ACaTGTAAAA

AGCATGCAAA

CCCCTACTCC

TCCTTACAAC

CAACATTGAG

cTGCCCCCAC

CTCCCCAGAC

ATAAGTTTCC

AACATGAAGA

TACCTTTGTT

CCTTCATGAA

TAATTCAAAT

TTGCTATCAG

CTAGGGCCAA

GGACACCTCC

GAGACTTAAG

TeAACTGCaT

I57

GACCCATGCA

TATCAGGCAG

GACAATGATT

CTAGAGTGgC 3t
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Fig.16 Partial nucleotide sequence of gPIP-2-8. The

2.8 kb gPIP-2-8 sublcone was partially sequenced by

the dideoxy sequencing method. The two 3' exons are

indicated (shaded area). Exon 3 is 115 bp long and

exon 4 is 223 bp long. The exon/intron boundaries are

indicated (closed triangles) as well as the determined

'poly A' signal, AATAAA (....).



5' ATTTTCAGTC

ATAATTTTTC

ATGTACATAA

TGGTAGTGGT

IGCGCTTTTG

CTTTAAAGCC

CAAGAATCTG

AACTCTGTAT

TGTGTACATA

AGGTATAATA

CGATTAATAA

TCTAAGTCAC

AGACATGTAC

TTTgTTTATC

AAATTTTTGC

AGATATCGTT

AGTATGCTTT

ACTAAGATAG

ACTAATTTGG

ACAAACACAG

GAAAATGGTG

TGATCAATAA

AAGCATCATG

AACTTGCTAC

GGTAGGAGCA

GTGAGAATGA

GTTCTGGTGG

AATTACATGT

CTAGTACTCT

TGCTTCGCAT

159

AGGCTGAATC

GAATAAGAAC

TAATAGTTAA

GACATAATTT

AAATAAGCAT

GAATATTCG.

........v
T#CTAGATAC

ATAAACAGAA

AGAAGGGAGG

GGCATGAGTG

GAACCCCAGG

AGAAGTTGTC

ACAGAAACAT

GAGGGAAGAG

CAAAGTGTCA

GGCAGATGCC

AAGGAGGGAA

GGCTGCGAAC

CATnGGGAGA

AGAGACAATG

TGATATGAGT

CTACCCACCA

CGAGCAGGAC

GCAGATGGGA

CAAGATGGAC

AGAAAAAGAC

GCCACCAGGG

CAGGACCTCA

ACGCCAGGTT

TGACGCGTGA

AGGATTTTTT

AGGAGAAACT

GGGCAGAAAC

CTAAGACAGA

.ìÈ:lnt¡frlfññ:4{:¡rÆU

i:$66fiÀce,rfi ÆiilBfr îþü,qffis$A;¡;¡;*e,ffi CænGs'''.,.l::p8,eeÆs$s

16E lffi :i:::fi sffi tr' n tjiii$rcê$r c r c c ATGTT c rc rr c rAT c r c cee

AATCTGCTCC TGAAGAACCC CAGATTACCT GAAATTTCTA GAGTCGA 3'
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Fig.17 Northern blot analysis of RNA from T47D cells

using the 5' 100mer. The blot was probed with the

end-labeled 5' 100mer synthetic oligonucleotide. An

approximated 800 bp transcript was observed, and is

indicated. The uneven signal in the right lane is due ro

the uneven transfer of the RNA.
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Fig. L8 Southern btot analysis of genomic DNA using

the labeled L00mer oligonucleotide. The DNA

samples were digested with the restriction

endonuclease Eco RI and Pst I. After gel

electrophoresis and transfer to the nitrocellulose filter,

the fragments were hybridized to the end-labeled 100

mer synthetic probe. A 1.5 kb band was obtained

with the Eco RI digested DNA and an 800 bp band

obtained with the Pst I digested DNA.
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Fi g. L 9 Southern blot analysis of Xba I subclones using

the labeled L00mer oligonucleotide. The 3 Xba I

subcloned fragments were electrophoresed on agarose

gel and transferred to a nitrocellulose filter. The filter

was hybridized to a 32P-labeled 100 mer probe. The

strongest hybridization was observed with gPIP-4-8

DNA.
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Fig.20 Comparison of homology between the gplp-l-7
sequence and the 100mer sequence. a)

Sequence of the 100 mer oligonucleotide highlighting

(-) identical regions found in rhe gplp-l-7 DNA and

b) restriction map of gPIp-1-7 shows the random

order in which the highlighted sequence from a)

appears in gPIP-1-7. c) A number of direct repeats

within the 100 mer sequence is highlighted. The exon

is indicated (black box). The restriction sires are: X =

Xba I, Sp = Sph I, P = Pst I.
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Fig.21 The nucleotide seqeunce of the gPIP-4-8 DNA.

The sequence presented here was derived from the

4.8 kb Xba I fragment of the Î"E1-1 clone. The coding

sequences are shaded. The Alu repetitive sequences

are underlined. The intron/exon boundary is

indicated (closed triangles). The vertical line indicates

the location of the gPIP-1-7 sequence within the gPIP-

4-8 DNA. The 'As' located just 5' of the gPIP-1-7 are

boxed in. The lower case letters indicates uncertaintv

of base assignment.



5' TCTAGATCTT

TATTATTTAG

ACTAGCCTTA

CCAAAAATCC

TTTATAAAAT

TTTTTACAAA

TATAGATACA

TCTAGTCGGA

CCcAGTATGT

AGATCACAGT

CATTGGAGGC

óór CTTAAATCAA

TGATTTCTGG

GGGTGTGATC

ATTGGGCAGG

GTCTAATTTT

CAATCATTTC

AAcGTATGGT

TTGAGGTGAA

CATATgATGG

ATTGCGCTGT

GAAGAATGTC

AGCTAGATAA

AAGAAATAAA

TGTAGATATC

CACTCTTTAA

GATCACAAAG

ACATTTGTAA

GGGACTTCCC

ATGCAATAGT

o^hõ^^^ñm^
J,¿r.I J.fI(,.fTI I¿\

GCTGCTTATT

ATCAACCTCT

ACACATAAAG

CTTGGAGTTG

TGAATATnTG

GTTTCAAATA

AACTTGGGAT

ACTTATCCAT

CCCAGCCATT

CATGGTCACA

TATTTTCAGA

TTACTTGAGT

AAAAAATGAT

AAGCTTTGGA

TTCAAGATG;\

GATAGTGATT

AAAGAATCAA

ATCTCATATA

AGATGTGAAG

CTAGTAAGAC

CACTATGTCT

CTACCTTAGC

TCTTGCTATA

GATTCTATGA

AGAAATTGcA

TAAAATTTTT

CCAATGAGCT

CAAGAAATGA

ATTATGTTAG

GGTCTTTGAG

GTAGAAGGCC

GTGGCTCAGG

CTTTCTGCAA

ATCTAAAGCC

CATTTTAGAT

TCATATCAIC

GAGATAACTC

AGGTCAAcCA

AGATGAAATA

TAGTGGCACA

TTAAATAGTC

TATCTTTGCA

ACTGAGCCAC

ATAAAACGgA

GCATTGATAT

CAATTTTCTT

TGTGTTTTCA

TTGTTAGGCA

TTGTCATCAG

GACTCTAAAT

AAGACTAAAG

TATgCTTCCC

ATATATGCTG

GCATATAGAA

TGGGGGCCTG

GACTGGGGAT

AGAGGAAATG

AACTATACTA

CAAGGACTGT

AAATGAAGGT

AGGAGTTCAG

AAGTTAGAAC

GAATCCAAAG

GTGAAGAAAG

TAGGAAAAAC

ACAGTCCTAA

TGAGATGTTA

TTCAGTTTAA

TTTTICTACA

GGTATCAGAA

AGCTAAACAC

AAGATAAAGA

AAAaTGgAGA

AAGGTTTCAT

ATAATACACT

ACAAACTAAG

GTACATCCAA

TCTGAAGGTT

TGGTTGGGCA

CACCAAAAGA

ACCTTTAAAG

AACAGCAAAT

TTATTCTTTA

GAAAAATAAA

CAAACTAAaT

AGAAAATGAA

AATAAATAGA

ACATATCTCT

AAAGATTAAC
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ATGGCAGGTA

GATGTAAGGA

CAGTTTTATT

AAAGTAAAAA

CACCcATGAG

AATTCAAATG

GTAGCGCATA

TGTATCTAGG

AGGTGGTATA

ATACAGTATG

AGTTTTACTT

ATAAACCAAA

GTTAATAAAT

GAGAAATTGA

GAACATAAAG

TTCTAGCAGA

TATAaTGACA

GTTGCcTTTC

GCAAAGAAAA

CCAGGAGTTA

TGGGCTCcAA

ATGACTAAGA

TTTTnCCATC

AGCAACAAAA
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ATATAGAAAG CCATGACCCA AATATGAAGC AAACTAAAAT GTAGCATGAT TTTAAGACAT

TTATTAACCA TAAGTAAAAG GAATCCCTTT ACCCTGAACA GTAGAAACAC TTGCTTTAAA

GTccAcAAAT crrAAcATcA GATCCATAGA AAAGAAaTGA cTcAGcAcAG TTCrggccTT

TGCAGTGAAT CCTATTTCAC AGTCATAATg ACGTAAATCC TCCTTATTCA TTTTTAGTTT

TTAGAAAAAA GTGAACAAaa CCTGGACGAC TAATTGTTAC AAATCAGAGT ATAAGTGTCA

TCTAAAGTîG ATAGAGCCTG GGAAGTGCAA GAGAATAAGG AGAGAGAGAG AGGGAGGGAG

ATACAGAGAC ACTTTTGTGG CCTTTTGTGG AAATTCAGTG GTAAGCCAAG AGATACCTGT

CTCTTTTTTT CeTTTTTAAT TTTGTGTTGT AAATACTGGT CAATTATATT TTGGTTTTTT

ACATTTTCTC AAAGAATGTA TCGATAAAGT TTTCTGCTTA TTTTTAAATC AAAGTATATA

CTTTGACAAG CATTTGAGTG AATAAAAACT TGGGTGCTTT CACAAGCATT CAAAAGCTTT

ATCTTCAAGG GTACTCAAAT CTGCAAGATC ATAAAATAGA AATTTAAGTG GATGATTTqG

TTATAAAGGC AACCAAATGT ACTAGTTAAA ATTAAACTTg ATCTGCAaGC AGCAAAGACC

CCAGATAGCA GTGGCTTATG CAAAATAAAA ACTTATTTCT CTTTCATGTA AAAACCTTGG

GCAGAAAAGA AGTCCAGAAC AGGCCTGGCA GTCTAATTTA CAAAGTCCTC AGGGACTTAG

ATTTATCTCG TTTTGTTÎCT TIGCTGCGGG AGTCATCTCT CAAGTTTCAT TTATTGTCCA

AAATAGCCAC TTGAACTTCA GCAATCATGT CTGCATTCCA ACCAGCAGAA AGAAGGAAAG

GATACAACAA GAACCCACAC TCCACATAAA GTGATTTTTT AAAGTCCCTA GAAGCTGCAC

ACAGCTTTGA TTCTTAATGT TATAAGGCCA AATCTTGGTC ACGTAGCCAC ATCTAGGTAC

AAGGAAAGCT GGGGAATGTA CTTATTCTAT AAATCTAATT GTGTTTTATT TIATTTATTT

ATTTTGAG

CATTGCACGT TGACTCCAGA CTCAAAGCAT CTCTGCTACT CAGTAGCTGT ACTACAGGEA

TGTGCACGTT CCCAGCTAaT GATTTTTIAT TTTATGTAAA GAGCTA¡ATC TCCTATGTTC

CGATCTCCTC TTGAGCTCTG TCAAGCATCC CTCCCTCCGT TGTCCTCCGT CAGGTACTAG

TATTTATAGG CATGAGCCAC TGTGCCACGC TGCTGCAAAT CTAAAATC1ilÃ:ffi

ê TAGATCTA GATTCTGCTG TGATGATGTT TGGGAACAAT TAGCAGTATT TGTÎTCACAA



AAAAAAACAC ACTAGAAAAA

TTTTCAGCTT TCCTAGGACC

AGAAATATGG AGGTGAACAT

CTGGTACAGT AGAATTTAGG

ATTAGCACGT AATATTTAAA

AATATTATCA ATGCTATAAA

AGACATGGGA TCACAAGGCC

AGGAAACTAT TGATTTAGAT-

,fCæmf ffi ::i:::ËÀ$.ï$,f,ffffi ::i.

,teç; feme#ii:i:S A#ii:i

ACTTCAAAGA TAATTCAACT

GTACAGTGTA CTTAATGAAC

CACGGATCCT CTAGAGTCGA

GGACAGATGA CTTCTCATTT

ATAAgAGGAA AGGAAAGAAG

AAGAGggggC TAGTAGAGAA

ATGAGGAGGG AGGGGAGTgC

TGGGTGGGcA GAAGAGGACA

ACTCTACTGÎ CCTCTTGCTT

GTTCAGCCTC CCACCTGACA

TCTCTGAACA AGGTCAGAGG

AAATTCAGAG TTTC-ATTCAG

CGCCcAAGGT ACACCAAGGC

AGCATTATCC CCTCCTGgTC

TTAATCCACA GTGACTCTTC

T7T

AATTTGGAAA AGAACTGAAC ACAGCATAGT ATAAGTGATA

AAGTCATTGA AGTATGCAAA AAGCTGCTAA CTCAAGAATA

CAGAAAAACT GAAATCGGAA ATCGCTTTTA AAAATTATCT

GTTAGTAAAG AAAGGGACTA ATGCTTTTCA TTATAAGCAC

AAGTAAAGTT TATAAATGAA AAAAGAAGGA AGTCTTTATT

CAACCCAGAT AAGAAAAATC GCCCATGGAT TTGATGAATA

TGATGCCTAC CTCCCTGCAG AGGGGTGAGG AGTAAAGGAA

CCTGGTGTTC TGATCTCTCT TCCCACAATC trC$ACCAÍIUN

egrcuu.ffisiiii:û.agitæer#uiiii * *tii*u*u*
............. .. Y
AfôUT.TGT AAGTAGAGGA CTGGGGCGTG

CTTGATTATA ACATAAATTT AATCTCTCAC TTTAATTAAT

ATTCTCACTT ATGTATGCTA CTTGAGACTC AGACACTGTG

CTGCAGCATG CAAGCTTGGC TATCATGTCA TAGCTGTCTG

TCCAGATGAA GAAGTTCggA TCCAGAGAAG TCTAGGATAA

GAATAGGAAg TcaGAGAAAG AGGGAAAAAG AAAAAAGTGT

GAGTAGAGTC eTTCCAAGGT CCTGAGCATG TTTcGTTIcG

ggAGAAGAGA AAGCAGCAAC cCcACACCAT AGGTTCGAGG

TCcAGGATAT GACTCCTCCe eTCCAGTAeA GCacTGAGCG

CTTCcTCcTC CnnCTCTCGG gTCACCAGAA cTccACTCTT

AGGAGCTCGT AATCATCTCT CTTTCCCACG TCAGAAGTAA

TTCAAATGGT AATGTCTAAA ACTCACTCGG GGATCTGTTA

CAGGTCTGGG GAGAGATTAG AACTTCTTGA TTTTAACAGA

TGTGCCCAAA GGATCACATT TTTGAGCAGc TTGGGATTAG

TAGCTGCCAA GGGCAGAAGT CAAATAGACT TATGCAGTÎA

CCTGGGACAC TGGTGTTGTG TCCTTTTCCT AGÎCATTGAT
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CTCAGATGTC ACAAGCATGC AAACTGCCCC CACTACCTTT GTÎCTAGGGC CAAGACCCAT

GCATCTCCCA TCTCCCCTAC TCCCTCCCCA GACCCTTCAT 
.CEECCACACC 

TCCTATCAGG

CAGCACAAGT ATTTCCTTAC AACATAAGTT TCCTAATTCA AATGAGACTT AAGGACAATG

ATTACATGTA AAACAACATT GAGAACATGA AGATTGCTAT CAGIcAACTG CaTCTAGAGT 3l
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Fig.22 Physical restriction map of l"E1-1 clone. The

clone contained a large portion of the PIP gene. Three

exons are present (black boxes). The regions

sequenced are indicated. The restriction enzymes are

abbreviated as follows: S= Sal I; E= Eco RI; H= Hind III;

K= Kpn I; B= Bam HI; and X= Xba I; A=Acc I.
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Fig.23 Proposed structure of the endogenous PIP

gene. DNA from several single and double digestions

of human lymphocyte were electrophoresed on

agarose gel, transferred to nitrocellulose paper and

hybridized with the intact PIP cDNA probe, cPIP-8-3,

and with various fragments of the PIP cDNA probe.

The 5' and 3' regions were assigned and the restriction

map shown was deduced from these results.
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Fig.24 Autoradiogram showing PIP positive plaques.

Nitrocellulose filters were blotted onto agarose plates

containing recombinant phage DNA from EMBL3 (Z)

library. The filters were hybridized with rhe plp

probe cPIP-8-3 and the 100 mer oligonucleotide.

Autoradiogram of one filter (A) rhat was negative with

the labeled 100 mer probe was positive with the cDNA

probe (B) and another filter thar was positive for both

the 100 mer probe (C) and the cDNA probe (D).
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Fig.25 a) Restriction enzyme cleavage pattern
(stained with ethidium bromide) of ÀE P I p

clone. The î"EPIP clone was digested with Sal I (Lane

1); Eco RI (Lane 2); Bam HI (Lane 3); Hind III (Lane 4);

Kpn I (Lane 5); Sal I/ Eco RI (Lane 6); Sal I/ Bam HI

(Lane 7); Sal IÆIind III (Lane 8); Eco RI/ Bam HI (Lane

9); Eco RI/ Hind III (Lane 10); Eco RI/ Kpn I (Lanell);

Hind III/ Bam HI (Lane 12); Hind III/ Kpn I (Lane 13);

Sal I/Kpn I (Lane 14) and electrophoresed on O.6Vo

agarose gel. ?' Hind III DNA standards and Hae III
digested QX were used as size markers.

b) Genomic hybridization of Southern blot

gel shown in (a). The PIP cDNA

probe, and the lanes are in the same

shown in (a).
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Fig.26 Restriction endonuclease cleavage analysis of
cloned human DNA and identification of
fragments containing PIP-related sequences.

A. Digestion of ÀEPIP clone with various restriction

enzymes. The lanes are as follows: Sal I (Lane l); Eco

RI (Lane 2); Bam HI (Lane 3); Hind III (Lane 4); Kpn I
(Lane 5); Sal I/ Eco RI (Lane 6); Sal I/ Bam HI (Lane

7); Sal lÆIind III (Lane 8); Eco RI/ Bam HI (Lane 9);

Eco RI/ Hind III (Lane 10); Eco RI/ Kpn I (Lanell);

Hind lIIl Bam HI (Lane l2); Hind IlIl Kpn I (Lane

13); Sal I/Kpn I (Lane l4). The producrs were

electrophoresed on O.6Vo agarose gel and stained with

ethidium bromide.

B. The DNA from the gel in (A) was transferred to

nitrocellulose by the method of Sourhern (L975) and

hybri dized with the end-labeled 100 mer

oligonucleotide as described in 'materials and

methods'.
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Fig.27 Restriction map of gPIP-1-5. partial restricrion

map of the gPIP-1-5 subclone which contained the 5'

PIP gene sequences. The fragment is l.3lZ kb long.

The restriction sites aÍe indicated.
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Fig.28 Nucleotide sequence of the upstream region of
the PIP gene. Sequences were determined from

clone gPIP-1-5 using the dideoxynucleotide chain

termination method. The cap site (+l) is indicated (r*)
as well as the exon/intron boundary (closed triangle)

and the initiation codon (open triangles). The 5'

flanking region has been numbered negatively. Four

sequences are outlined in bold type: the TATA boxes

(full line), the CAAT boxes, the ARE/GRE/PRE core

sequence (full line) and the homeobox sequence

(double underline). The closesr TATA and CAAT boxes

to the transcription start site are indicated (double

bold). Exon I is also shown (shaded area). The plp gene

sequences homologous to the p casein sequences

(double overline), the globin gene -100 sequence (r-r)
and the R2 gene (........) discussed in rext, are indicated.
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Fig.29 sL nuclease mapping of the s' terminus of the

PIP gene mRNA. The 5' terminus of the plp gene

was identified by prorecrion of a 5' end-labeled g9z

Hae IIIÆco RI fragment using mRNA isolated from

hormone-treated T47D cells. To generate this

fragment, the gPIP-l-5 DNA (see Fig. 27) was digested

with Hae IIIÆco RI, and religated into the Sma IÆco

RI site of the Pvz plasmid vector. To regenerate this

fragment with a 5' 'overhang' for end-labeling, the

vector was digested with Eco RI. The resulting

fragment was 892 bp long. The mRNA-DNA hybrids

were treated with S 1 nuclease and analyzed by

polyacrylamide gel electrophoresis. A protected

fragment 400-bp long was observed.
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Fig.30 southern blot analysis of î,Eprp recombinant
phage clone using 32p-labeted gplp_1-7. After
restriction endonuclease digestion, l,EpIp DNA was

electrophoresed, transferred to a nitrocellulose filter
and hybridized to 32p gplp-l-7. Auroradiogram shows

the resulting bands. Hind Ill-digested À was used as a

molecular weight marker. Restriction enzymes used

were Sal I (Lane 1); Eco RI (Lane 2); Bam HI (Lane 3);

Hind III (Lane 4); Kpn I (Lane 5); Sal I/ Eco RI (Lane

6); Sal I/ Bam HI (Lane 7); Sat lÆIind III (Lane 8); Eco

RI/ Bam HI (Lane 9); Eco RI/ Hind III (Lane 10); Eco

RI/ Kpn I (Lanetl); Hind III/ Bam HI (Lane r2); Hind

III/ Kpn I (Lane 13).
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Fig.31 Southern blot analysis of ÀEPIP DNA using 3zp-

labeled gPIP-2-8. After restriction endonuclease

digestion, î,EPIP DNA was electrophoresed, transferred

to a nitrocellulose filter and hybridized to 32p gplp-l-
7. Autoradiogram shows the resulting bands. Hind

III- digested l, was used as a molecular weight

marker. Restriction enzymes used were Sal I (Lane 1);

Eco RI (Lane 2); Sal I/ EcoRI (Lane3); Bam HI (Lane 4);

Xba I (Lane 5); Xba U Eco RI (lane 6 ); Xba I/ Sal I
(Lane 7).
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Fig.32 Physical restriction map of the PIP gene region

and structural organization of the PIP genomic

clone LEPIP. The entire PIP gene was contained in

the recombinant phage clone I,EPIP. The position and

sizes of the exons (black boxes) are drawn

approximately to scale. Restriction sites are specified

as follows: H = Hind III, E = Eco RI, B = Bam HI, P = pst

I, Sp =Sph I.
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Fig.33 a) Southern blot analysis of S-7 p g Eco RI

digested genomic DNA derÍved from human-

hamster somatic hybrids and hybridized to the

PIP cDNA probe pcPIP-B-3. The hybrids conrained

different compliments of human chromosomes. The

lengths of the DNA bands are shown at right of figure

as determined by size markers. Lanes: l-lZ, hybrid

DNA; 13, hamster DNA; 14, human placental DNA.

b) Southern blot analysis of DNA from the

remaining hybrid cell lines from the hybrid
panel. A hybridization signal was observed only in
the human placental DNA lane (lane 26).
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Fig.34 Part of the G-banded cell showing grains

hybridized to 7q32 and 7qter. The arrows

indicate the position of individual grains which were

clearly visible by light microscopy.
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Fig.35 Hybridization of the genomic probe pgPIP-3-4

( r ) and the cDNA probe pcPIP-8-3 ( o ) to

normal lymphocytes. Schematic represtentation of

bromodeoxyuridine synchron ized Giemsa-stained

metaphase chromosome indicating the postions of all

the grains observed in the analysis of metaphase

spreads from normal lymphocytes following in situ

hybridization to 3H-labeled probes. A total of 317

grains were counted.
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Fig36. Idiogram of chromosome 7 showing a grain

cluster in the region of 7q32-36. Fiftheen Vo of

the grains were observed on chromosome 7 and 57.5Vo

of these were observed between 7q32-36.
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Fig37. Lack of variants as determined by genomic and

cDNA probes. southern blot analysis of human

genomic DNA of random unrelated individuals.

A) Hind III digested genomic DNA was

hybridized to the 32P-labeled gplp-l-5.

No RFLPs were detected.

B) Hind III digesred genomic DNA was

hyrbidized to the 32P-labeled gplp-l-7.
No RFLPS were detected.

C) Eco RV digested genomic DNA was

hyrbridized to the 32P-labeled cplp-8-3.

No RFLPs were detected.

D) Eco RV digested genomic DNA was hybridized

to 32P-labeled gPIP-1-7 No RFLps were

detected.

slight variations in intensities of bands due to minor

variations in the amount of DNA loaded onto the gels.
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Fig.38 RFLP analysis of PIP locus. Southern blot analysis

was conducted using 10 p g of Taq l-digested

lymphocyte DNA and hybridized with 5' PIP probe

gPIP-1-5. tr = males, o = females. The two alleles are

identified in this family of 7.
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Fig.39 Variants identified by gPIP-1-5 probe in RSA I

digested DNA from four familes. Ten pg DNA was

applied to each lane. Filters were washed to I x SSC

and autoradiographed for 72 hours. tr = males

o = females.
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