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ABSTRACT

Increased expression of the epidermat growth factor

receptor (EGFR) is a common feature found in many different

tumors, and is thought to play a role in autocrine

stimulation of tumor growth. The mRNA levels for the EGFR

u¡ere examined in a total of 35 benign prostatic hyperplasias

(npn), 3B prostatic adenocarcinomas (CaP), and 2 human

prostatic cell Iines using RNase protection mapping.

Relative values of 8.76+0.47 (SS; 1.=35 ) pg EGFR mRNA/ug RNA

for BPH tumors and II.OB+0.85 (n=38) pg EGFR mRNA/ug RIIA for

CaP tumors were o¡t.in"l, ttte difference being significant

(p<0. oI ) . Increasing extent of caP tumor involvement

correlated with increasing EGFR nRNA leveIs. The human

prostatic ceII lines PC-3 and Dul45 had EGFR nRNA levels of

2L.4}+L.5L (n=2) and 36.59+7.99 (n=2) pg EGFR mRNA/ ug RNA

respectively, these differences being statistically higher

when compared to CaP tumor levels (p<0.005 and p<0.0005

respectively). No evidence of BGFR gene rearrangement or

amplification was seen. fLrese results suggest increased

expression of BGFRs in CaPs may provide prostatic tumors

with a mechanism for autocrine stimulation.
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INTRODUCTION

Prostatic tumors are the most common proliferative

abnormalities found in humans, affecting 252 of all men at

age 40, and increasing to 909 by age 90 (1). While most of

the diseases involving prostate growth are diagnosed as

benign prostatic hyperplasia (BPH), the most common

malignant growths, known as adenocarcinoma of the prostate

(Cap), are the second most common cause of cancer deaths in

males, causing O.022 of all male d.eaths yearly (2).

Since L976 a great deal of evidence has accumulated

implicating protooncogenes and their activated c-onc and

v-onc counterparts in cancer, tumoqigenesis, and cell

growth, and while the role of oncogenes has not been fully

defined, abnormal behavior of cells or tissues is often

accompanied by alterations

expression (3).

in proto-oncogene/oncogene

The sequence homology between the human epidermal

growth factor receptor (hEGFR) and the oncogenes erb B (4)

and neu (5) implies a link between a normal ceII regulatory

mechanism and oncogenic activation (6). Variations in hEGFR

expression have been noted in a variety of human tumors (7

-17) and cell lines derived from human cancers often express

high levels of EGFRs (LB-26) Although the EGFR's

physiological role in prostate biology has not been

determined, studies on the regulation of prostatic EGFRs

(27,28), relationships between EGFR concentrations with



prostatíe oncogene expression and androgen receptor content
(29), and immunohistochemical studies of both EcF (SO¡ and

EGFR (Sf¡ in the prostate, when viewed in light of EGF's

potent mitogenic abilities (32) and the EGFR's potentiar

rore in oncogenesis (33), require that the EGFR be studied
further to exprore its possibre rore in the pathogenesis of
prostatic tumors.

structure of the human epidermal growth facLor receptor.

The EGFR gene spans 52 kb and maps to chromosome 7 (pLa

-pL2) in humans (6,34). Because of its large síze,
restriction fragment length porymorphisms are common, but
generally represent alleric variants rather than gene

rearrangements (35). unlike many eukaryotic genes the EGFR

gene does not have a TATA or a CAAT box, but rather has 5 Gc

rich boxes located L6 to 4Bt bp upstream of the initiation
site, 4 of which have been shown to bind transcription
factor spt (36). rn addition, this 5' region of the EGFR

gene has also been shown to bind other unidentified nuclear
proteins, and contains a DNase r hypersensitive site (36).

The EGFR gene produces 2 major transcripts, 5.8 and

10.5 kb mRNAs, both of which contain the 3.4 kb needed for
the entire coding sequence of the hEGFR, and di ffer in that
the 10.5 kb transcript has much more 3' untransrated
sequen,ce (6). rt should be noted that a 2.8 kb transcript is
also found in A43r epidermoid carcinoma cerrs (6). This 2.8



kb mRNA is likely the result of the rearrangement of the

EGFR gene in 443I, and is thought to code for a secreted I05

kDa EGF binding protein that A43l cells produce, and which

corresponds to a portion of tl-e extracellular domain of t}-e

hBcFR (37).

The EGFR is a I, 186 amino acid, L25 kDa protein, which

is gtycosylated to form a mature 170 kDa glycoprotein. The

full amino acid sequence was d.educed from the EGFR cDNA

cloned from A43f cells (6). The amino terminal extracellular

domain has 62L amino acids, and contains 30- 40 kDa of

complex N-linked carbohydrates, found on 11 or I2 asparagine

residues (6,38). This extracellular domain also Ìras 51

cysteine residues localized in 2 regions, residues L34 313

and 446 6L2, which cooperate to form a single EGF binding

site (6,39). It has been predicted that the extracellular

portion of the EGFR forms a pair of pseudo-synmetrical

domains, similar to the heavy and Iight chains of an

immunoglobulin mol-ecule, with I cysteine rich region in each

half helping to form a parallel p sheet flanked by cv helices

(40).

Amino acids 622 Lo 645 form the hydrophobic 23 amino

acid transmembrane region of this protein (6). The

cytoprasmic carboxyl end of the protein consists of s42

amino acids and has several features. Of the 15 amino acids

following the transmembrane region of the EGFR, 9 are basic,

and probably serve as a membrane "anchor" preventing further



translocation of the protein across the membrane (af¡. fhe

tyrosine kinase portion of the EGFR starts immediately

following the t.ransmembrane regioà, and shows significant

homology with other protein kinases up to residue 944 (4I).

Contained within this region is the highly conserved ATP

binding site gty695-*-gty-x-x-gry-*ro-tyr72L' (6,4r). The

cytoplasmic domain is also noted for many serine and

threonine phosphorylation sites within the kinase region, of

which ttrreonine 654 has been particularity weII studied (6,

37,42). The major EcF enhanced autophosphorylation site is

tyrosine 1173, however self phosphorylation can also occur

on tyrosine residues 1068 and fl48 (43).

Biosynthesis of the hEGFR is similar to that of other

membrane receptors in that a hydrophobic 24 amino acid

signal peptide is present to all-ow translocation of the

protein into the lumen of the endopl-asmic reticulum (6). The

receptor is then glycosylated, routed through the Golgi

complex, and expressed on the cell surface. Tt should be

noted that glycosylation of the hEGFR is important for

acguisition of high affinity EGF binding sites, but not for

tyrosine kinase activity (44).

An oncogene derived from the EGFR is the v-erb-B

oncogene. This gene found in the avian eryttrroblastosis

virus is about 2 kb 1ong, and codes for a 65 kDa

glycoproteÍn that resembles a truncated version of the EGFR,

lacking almost all of the extracellular domain, and the



carboxyl terminus of the cytoplasmic region, including

tyrosine LL73. However, the erb B protein does share greater

than 908 homotogy when compared to the protein kinase region

of the EGFR (4,45) "

In 1985 a new oncogene from rat neuroblastomas was

found which was similar to erb B, and was called c-etb-B2 or

the neu oncogene (5,46) . The neu oncogene mapped Lo q2L of

chromosome 17 in the 'humanr and produced a 4.6 kb transcript

from which a 185 kDa transmembrane, glycoprotein was made,

which was thought to be a tyrosine kinase receptor for an

unidentified growth factor (46,47). While this oncogene had

homology to the EGFR, it also had a unique form of oncogenic

activation, as a frequent substitution of glutamic acid for

valine at residue 664 within the transmembrane region

conferred transforming potential on the neu protein, and

increased tyrosine kinase activity (48).

Function of the human epidermal growth factor receptor.

Although ttre techniques of X-ray crystallography and

nuclear magnetic resonance can noL predict the exact nature

of the interaction between EGF and its receptor yet, it is

known that each receptor binds only I EGF molecule (39), and

EGF residues tyrosine 29 and leucine 47 appear to be

important for this bindingr âs determined by site- directed

mutagenesis (49). EGFRs are randomly distibuted on cell

surfaces, and exhibit both lateral and rotational diffusion



(33). These EGFRs also display 2 dífferent affinities for

EGF, with 5 to IOa of aI] receptors having a high affinity

for EGF, and the remainder traving a Kd tl.at is tO fotd

higher (50). white glycosylation is required for receptors

to acheive a high affinity for EGF (44), lack of

gtycosylation does not account for the presence of low

affinity receptors. Currentlyr there are 2 explanations for

these different affinities:

t. Native EGFRs exist as monomers and oligomers, but

the dimeric form of the hEGFR has higher affinity for EGF

than monomers.

2. Receptor transmodulation occurs, where the EGFR is

altered by phosptrorylation, and this signal is conveyed by

an unknown mechanism to the extracellular domain, causing

loss of high affinity EGF binding sites. This has been

demonstrated when protein kinase C phosphorylates threonine

654, and may also result from phosphorylations of other

cytoplasmic donain serine and threonine residues (33,42).

FoIlowing binding of EGF, the receptor must transmit

this information across the cell membrane. There are 2

predominant theories as to how this occurs:

l. An intermolecular mechanism, whereby EGF binding to

its receptor causes clustering and formation of EGFR

oligomers, allowing subunit interaction among cytoplasmic

domains which activates EGFR tyrosine kinase activity

(33,51-53). This theory is based on observations that



treating cells with EGF causes cell surface EGFRs to

aggregate (54,55). Although the mechanism by which

cytoplasmic subunit interaction causes receptor activation

is not fully understood, there is strong evidence to support

this theory. Binding EGF induces phosphorylation of

tyrosine, serine, and threonine residues of EGFRs in a

concentration dependent fashion (33,5I,53,57 '58).
Clustering, caused by EGF, or by crosslinking EGFRs with

antiEGFR antibodies, lectins, or. ctremical crosslinkers,

of ten results in EGFR autophosptrorylation (39, S2,54,59,60) ,

whereas immobilized EGFRs have no tyrosine kinase activity

(52). Once clustered, EGFRs show a higher affínity for EGF

(52,54). Following a receptor-receptor interaction of

intracellular domains brought about by oligomerization, the

EGFR is activated. This process involves self

phosphorylation on tyrosine residue 1f73 of the carboxyl

terminus (43), but if this residue is exchanged for a

phenylalanine, autophosphorylation can occur on tyrosine

residues 1068 and II48, but ttrese receptors have lowered

tyrosine kinase activity, indicating tyrosine 1I73 is the

preferred phosphoacceptor site during receptor activation

(6I). Activation of t}.e EGFR, and subsequent tyrosine kinase

activity requires the ATP binding site remain intact, âs

this site binds ATP and is the source of phosphate groups

for the kinase reaction (62). It is thought that

autophosphorylation of tyrosine residues causes a



conformat.íonal change removing the carboxyl terminus from

the tyrosine kinase region, allowing other substrates to be

phosphorylated ( 33, 53 ) . With this model, it may also be

possible to explain erb B's constituitive tyrosine kinase

activity as l-ack of a carboxyl terminus (compared to the

EGFR) prevents that terminus from blocking the tyrosine

kinase region ( 33, 53, 63 ) .

2. An intramolecular mechanism, whereby the binding of

EGF induces a conformational change which is transmitted

right through the membrane and is responsible for receptor

autophosphorylation and activation (33,52,64) " While this

model is energetically unfavorable and unlikely as several

prolines and many basic amino acids on the extra and

intracellular sides of the cetl membrane respectively would

resist any major conformational changes (6,52), evidence

supporting this model has shown that EGFR monomers can be

activated by EGF (64), and that oligomerization need not

occur to acti,vate the receptor (4S1. Although the nature of

the transmembrane conformatinal change is not understood, a

point mutation in the transmembrane region of the neu

oncogene which causes activation of neu's tyrosine kinase

(48), and construction of chimaeric receptors (66) may

provide further information in this,area.

Once EGF has bound and activated the receptor, the

receptor-ligand complexes, as well as unoccupied EGFRs,

gather in coated pits and are internalized by receptor



medi ated endocyt os i s at similar rates (67 ,68) "

Internalization is controlled by 2 independent mechanisms.

Phorbol esters stimulate protein kinase C to phosphorylate

threonine 654, and cause clustering and internalization of

EGFRs, even though they have not bound EGF (42,69). The

second factor controlling internalization has not been

defined, but as EGF can cause mutated EGFRs with alanine at

residue 654 to internalize, this factor is more likely

controlled by the binding of EcF, ( 70 ) . While in other

systems receptors are usually recycled back to the cell

surface after internalization, it appears that the

EGFR-Iigand complexes are selected for degredation (67).

However, âs unoccupied receptors internalized due to

treatment of cells with phorbol esters are recycled to the

cell surface (69), it is apparent that intracellular routing

is also directed. While biosynthesis of EGFRs, dff init.y for

binding EGF, clustering, and internalization are independent

of EGFR tyrosine kinase activity and setf phosphorylation,

targetting receptor-Iigand complexes to lysosomes does

require these activities as mutations which abolish tyrosine

kinase activity prevent degredation of EGFRs r possibly

implying that an unidentified portion of the EGFR's second

messenger system is activated as a result of tyrosine kinase

activity and specifically targets receptor-ligand complexes

for degredation ( 7f ) .

Tyrosine l<inase activity inítiating signal transduction



is crucial not only for routing the EGFR, but also for

evoking the cellular responses brought about by EGF

stimulation, as loss of tyrosine kinase activity is

associated with the loss of EGF's stimulatory activities

(62,72). It appears that signal transduction from the EGFR

Ís carried out by the inositol phosphate system, âs

stimulation of cells with EGF increases turnover of inositol

phosphates, and subsequently increases cytoplasmic Ic"++]

and protein kinase C activity (53,7.3,7 4) . Unf ortunatelyr âs

phospholipase C and G proleins have not been shown to be

directly phosphorylated by EGFRs, and identification of

substrates phosphorylated by the EGFR is hampered by low

tyrosine content in ceIls, Iinking the receptor to the

phosphatidyl inositol system is difficult ( Sa¡. Proteins

phosphorylated on tyrosine residues by the EGFR are

generally identified by their síze alone, such as the 36 kDa

protein of intestinal epithelia (75) or the 35 kDa protein

of A43I cells (76). Two proteins identified as substrates of

the EGFR tyrosine kinase include ribosomat protein 56, whose

phosphorylation appears to help initiate protein synthesis

(77), and lipocortin, whose phospholipase inhibitory actions

are regutateå by phosphorylation (78). It has also been

shown that EGF stimulates phosphorytation of the serine,

threonine, and tyrosine residues of the IB5 kDa neu protein,

and while the serine and ttrreonine residues are

phosphorylated by EGF stimulated protein kinase C activity,

IO



ít. has not yet been shown íf the EGFR's tyrosine kÍrrase can

directly phosphorylate neu's tyrosine residues (79).

In addition to using protein phosphorylation and the

inosítol phosphate system for second messengers, EGF's

effects may also be mediated by internalization to the

nucleus, as EGF has been shown to specifically bind to DNase

II sensitive regions of chromatin, however this mechanism is

not weIl underst.ood (80).

Effects of epidermal growLh factor

The EGFR, working through a second messenger system

which has not been fully defined, acts as a catalyst for

EGF's powerful mitogenic abilities. EGF has been shown to be

able to function as both a competance and progression factor

for the cell cycle, causing cells to stimulate transport of

ions and nutrients, increase metabolism, and increase

synthesis of macromolecules, êI1 of which are an essential-

part of EGF's abif it.y to accelerate the proliferation and

differentiation of a wide range of cells and tissues (lZ¡.

The fact that many of the changes in transport and

metabolism occur within I hour of stimulation of cells with

EGF, and are not affected by treatment of cells with

cyclohexamide indicates these changes result from

alterations to existing proteins (32), probably brought

about by EGF induced activation of a second messenger

pathway. CelI growth, differentiatíon, DNA synthesis, and

I1



oLher long

tyros ine

are more

(32,62).

transcr ipt
induced i
c-jun ( Br

essent i a1

cel1 cycle

term effects of EGF,

kinase activity to ini

tikely a result of

EGF stimulation of cel

ion of a variety of

ncreases in transcript

) and c-fos and c-myc

role in EGF's abitity

while stiII requiring EGFR

tiate signal transduction,

changes in transcription

Is has been shown to alter

genes (7 2, Bl--85 ) , and EGF

ion of the proto-oncogenes

(72) are likely to play an

to push cells through the

eThe ffects of EGF at the molecular leve1 are much

easier to distinguish than effects at physiotogical IeveIs

because EGF is present at concentrations ranging from I

ng/nL in human plasma, to a high of 30 to 27O ng/nL in human

urine, with intermediate concentrations of EGF being

detected in saliva and mil-k, but not in amniotic f luid (lZ¡.

Some of the ef f ects of EGF not rel-ated to its mitogenic

abilities include inhibition of gastric secretions (86),

stimulation of chorionic gonadotropin secretion (87), and

contraction of guinea pig trachea (ea¡. The fact that the

EGFR has been found in a wide range of normal human tÍssues

(31,89-9I) implies EGF may have diverse physiological roles

in different tissues. As EcF was initialty described as a

factor which promoted tooth eruption and eyelid opening in

mice, and has since been shown to cause differentiation of

epithelial tissues (32), and as EGFRs have been shown to be

developmentall-y regulated in both mice (92) and humans ( 93 ) ,

L2



it is logical to assume EGF also plays a role ín

developmental biologY.

Certain effectq of EGF may also aid metastasis. EGF has

been shown to stinulate production of the secreted protease

transin (84), and in culture promotes anchorage and density

independent growth (94,95), and reduces serum requirements

for growth (95). Treatment of tumor bearing rats with EGF

enhanced. the growth and spread of the implanted tumors (96).

EGF has also been shown to promote viral and chemical

carcinogenesis, and may indirectly assist tumor growth by

suppressing the immune system (95).

Tt should be noted that not all of EGF's effects are

stinulatory. The growth of the A43l ceII line (97), the

breast cancer cell lines MDA-468(19), MCF-7, SK-Br-3, BT-20,

BT-474, HBL-IOO (98), and the squamous cell carcinoma ceII

Iines NA and Ca9-22 (99) are atl inhibited by EGF, even

though the .A431, MDA-468, BT-20, NA, and Ca9-22 cells

overexpress the EGFR (L9,24,26,99). How EGF can cause both

stimulation and inhibition of cell growth is not undersLood,

however A43l cells internaLíze ttre EGFR much slower as more

receptors bind EGF, possibly indicating the endocytosis

system requ].res a cell surface component for

internalization, which is

quickly saturated (100).

only present at low leve1s and is

growth factor receptor.

I3

Regulation of the epidermal



Having turned the receptor ort, it also becomes

necessary to moderate the receptor and turn it off.

Regulation of the EGFR is accomplished through various

processes.

At the pretranscriptional level-, studies have shown

that the EGFR gene promoter is situated close to a DNase I

hypersensitive site, indicaLing the gene is kept "open" so

it can be transcribed (36). White the EGFR appears to be

developmentally regulated in mouse .myoblasts (OZ¡ and human

fetal gastrointestinal tissue ( 93), studies on gene

regulation by DNA modification Ïrave yet to be published.

Recent studies on the EGFR gene promoter (36), and

isolation of an EGFR specific transcription factor (I0f)

will help in determining transcriptional regulation of this

gene. EGF acting on human KB carcinoma cells (82), or on rat

WB epithetial cells (83), estrogen on the rat uterus (I02),

and progestin on T-47D cells (f03) have all been shown to

cause an increase in EGFR nRNA levels. EGF acts

posttranslationally, probably by stabilizing the EGFR nRNA,

to increase its receptor's mRNA levels in KB cells (82).

Ligand binding experiments are often used to

demonstrate regulation of the EGFR. Treatment of human

diploid foreskin cells with glucocorticoids increases

expression of the EGFR (I04). EGFR levels in rat liver also

appear to be maintained by thyroid hormone, ês hypothyroid

rats have low levels of EGFRs, which are increased back to

L4



normal upon treatment with thyroid hormone (f05)" Retinoids

(f06) and transforming growth factor p (f07) have also been

shown to increase EGFR number in certain ceIIs. Heparin

treatment of vascular smooth muscle ceIIs causes loss of

EGFRs (108). While retinoic acid causes a decrease in EGFR

levels in the developing tooth bud (109), in fetal rat lung

retinoic acid has been shown to increase EGFR synthesis

(lI0), probably indicating regulation of the EGFR may be

tissue or species specific. A similar conflicting result is

seen with androgen regulation of the EGFR. In the rat

prosLate androgens suppress EGFR levels, as castration

results in a 3 to 6 fol-d increase

whereas in certain LNCaP prostat

EGFR levels (27,28) ,

cell line subclones

tn

tc

which are selected for androgen sensitivity, and.rogens

increase EGFR levels, however this may reflect a situation

unique to these LNCaP subcl-ones (II1). The levels at which

these factors control EGFR concentration remain to be

e luc idat ed .

At the translational Ievel, EGF has been shown to

stimulate the production of its own receptor in rat WB

epitheliat cells (83), A43t ceIls and human cytotrophoblasts

(II2). Tncreased synthesis of the EGFR in fetat rat lung

cells can be achieved by treating these cel-ls with retinoic

acid (110).

Some

EGFR occur

of

at

the fastest acting forms of regulation of the

the posttranslational l-eveI. Receptor affinity

l5



and tyrosíne kínase act.ívíty are both regulated by EGFR

phosphorylation (33). Following binding and activation of

the EGFR, the inositol phosptrate path is activated, which

stimulates protein kinase C to phosphorylate the EGFR at

threonine 654, and possibly other threonine and serine

residues of the receptor, which, through an undefined

mechanism, causes a decrease in receptor affinity for EGF

(42,LI3,114). PlateIet derived growth factor has been shown

to stimulate threonine 654 phosphorytation of the EGFR and

cause a decrease in receptor affinity, which could be

representative of receptor transmodulation by nonhomologous

tigands (If5). The alkatoid teleocidin B (I16), vasopressin

(II7), and fibroblast growth factor (I1B) have aII been

demonstrated !o cause a decrease in receptor affinity for

its ligand, whether this occurs due to phosphorylation at

threonine 654 has not been determined. As phorbol ester

treatment of cell-s expressing an alanine 654 mutant receptor

still show decreased affinity for EGF, it is likely that

receptor affinity for EGF is controlled by more than I

mectranisn (119). In addition to phosphorylation induced

alterations in receptor affinity, protein kinase C

phosphorylation of threonine 654 reduces the receptor's

tyrosine kinase activity by 608 (tt4), and unlike modulation

of receptor affinity, this activity is solely dependent on

threonine 654 phosphorylation, as .t-654 EGFRs show no

inhibition of tyrosine kinase activity after ligand
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activation ( ffO ¡ " Phosphorylation of the serine and

threonine residues of. the EGFR by cA-lr¡IP dependent protein

kinase has been reported in vitro, but has not been linked

to any regulatory process (I20)

EGFRs are also down regulated. Receptor ligand

cornprexes are internalized at rates simirar to those of

unoccupied receptors, but decreases in EGFR number result

from increased degredation of the occupied receptors ( LzL) .

rnternalization is controlled by at reast 2 mechanisms, I of

which is phosphorylation at threonine 654 (70). Down

regulation of the EGFR can arso be induced with transforming

growth factor cy (722), plateret derived growth factor (123),

and fibroblast growth factor (L24).

Increasing I density also regulates EGFRs by

decreasing receptor affinity ttrrough an unknown mechanism

which is reportedry different from both down reguratíon and

receptor transmodulation (125) .

The net effect of EGFR regulation appears to be in

buffering the ceII from over reacting to EGF. Genetic and

transcriptional contrors would set a basal revel of EGFRs.

On exposure to EGF, receptors lose their affinity for EGF,

have their tyrosine kinase activities dampened, and are down

regulated to protect cells from excessive activity. As down

regulation of EGFRs is accomplished by increased receptor

degredat ion,

production of

EGF also stimulates cells to increase

EGFRs , ensuring the cell wilt always remain
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responsive to EGF without

there is a strong and

( 33, 53, 82, 83, 1L2, LLA, L2L) "

stimulating cell growth unless

prolonged exposure to EGF

Role of increased epidermal growth factor receptor

express ion .

With immunohistochemical techniques and L25:r-EGF

binding analysis, many tumors and cell lines have been

examined for overexpression of the hEGFR. Brain tumors of

nonneuronal origin (7), squamous ceII lung cancers (B),

sqaumous cell carcinomas the larynx, oropharynx, and lymph

node (9), primary esoptrageal cancers (I0), bladder tumors

(II,12), breast cancers (13, t4), gastric and colonic

carcinomas (15), squamous cell carcinomas of the vulva and

cervix (f6), and glioblastoma multiforme tumors (I7) aIl

strow increased expression of the EGFR. Prostatic

adenocarcinomas have been shown to bind more iodinated EGF

than BPH tumors (29).

CeIl lines derived from carcinomas, such as the A49B

cell line from a kidney tumor, the HeLa ceII line from the

cervix ( IB ) , MDA-468 cell Iine from breast cancer ( 19 ) ,

UCVA-I from pancreatic cancer (2O), the urinary bladder

carcinoma cell line 5637 (2L), the NPLC/pF'p/5 hepatocellular

carcinoma ceII line (22), numerous non-small ceII lung

cancer ceII lines (23), the A43I ceII line derived from ttre

vulva (24), the pancreatic cell lines T3M4, PANC-I, COLO
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357, and UACC-462 (25) , two gall bladder cell lines, the

breast cancer cell- Iine 8T20, and the HAl781 glioblastoma

cell line (26) all have greatly elevated levels of EGFRs

when compared to normal tissue.

Expression of the v-erb-B oncogene in human tissues is

rare, and appears to be línited to cells transformed by the

avÍan erythroblatosis virus (4,6). fhe neu oncogene has been

detected in human tissues, and amplified expression of the

c-erb-B2 gene has been noted ín, adenocarcinomas of the

stomach, a gastric carcinoma ceIl line, and has been studied

extensively in breast cancers and breast cancer cell lines

(126-LzB) .

How do cells overexpress the EGFR? Three common

mechanisms that could account for increased expression are:

l.Gene rearrangement, where increased expression of the

rearranged gene may result fron the gene being placed next

to a strong viral or cell-ular promoter t ot perhaps losing a

cis-acting suppressing element. Gene rearrangement of

oncogenes is not uncommon, with the translocation of c-myc

in Burkitt lymphoma (L29) and c-abl in ctrronic myeloid

leukemia (I30) being tl-e best examples. In A43l cells the

rearrangements of chromosome 7 have been characterized, and

it has been found that these cells have two chromosome 7s,

and at least tuJo chromosome 7 translocation marker

chromosomes called Iv14 and M14, with the rearranged EGFR gene

beíng found on M4 (34). Production of a 2.8 kb aberant sized
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EGFR mRNA by A43l cells may be attributed to this

rearrangement, but this would not be an uncommon phenomenon,

as rearranged c-myc genes have also been shown to make

unusual sized mRNAs (f3f). Rearrangements of the hEGFR gene

have been noted ín 4 pancreatic ceII lines (25), and in

glioblastoma multiforme (l-7), but are generally not too

common in human primary tumors (35). Even though gene

rearrangement may occur, it may not always be of

physiological significance. 443.I cells are thought to

produce a 105 kDa EcF binding protein of undetermined

function (37). A human glioblastoma cell line makes full

sized EGFRs which are enzymatically inactive, probably due

to a mutation which has yet to be identified (132).

2.Gene amplification, where several copies of the gene

contribute to increased expression. Amplification of c-myc

(f33) and c-Ha-ras (f34) in tumors has been noted, which may

play a possible role in transformation" Amplification of

the hEGFR is common, and has been found in many tumors

(9, t0,12,L4) and cell lines (rB-20,22,24,26). Whire

rearrangement of the hEGFR gene is accompanied by

ampiÍfication in A43l- cells (e+¡ and glioblastoma murtiforme

tunors (I7), rearrangement without amplification is possible

(25). Increasing the number of EGFR gene copies has been

shown to directly corretate with increased EGFR mRNA and

protein levels in cell 1ínes (24,26).

Gene amplification of the c-erb-B2 gene in up to 408 of
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human breast tumors may play

prognosis of breast cancer (135).

clinical role in the

3.Increased expression which is not due to either gene

amplification or rearrangement. Alterations 1n

transcriptional control due to a variety of reasons, ranging

from mutations in the EGFR gene promoter (36), to the EGFR's

transcription factor ( 10r ) could result in increased

expression. Increased translation (B3,II0,IL2), or decreased

metabolic turnover (I36) nay also explain increased EGFR

Ieve1s. fncreased expression of EGFRs in human tumors

(I0,12,l-6) and cell lines (26) may be explained by one of

these mechanisms.

Increased expression of the hEGFR may also result from

transformation related changes in posttranslationat contror.

The c-Ha-ras proteins, which have been shown to be

overexpressed in tumors (L34) , including prostatic
adenocarcinomas (137), can inhibit cathepsin L fron

degrading the EGFR in a dose dependent manner (I3B).

As increased expression of the hEGFR appears to be a

common occurence in tumors and transformed cell- Iines, it

Ïras been postulated that the EGFR could play a role in

neoplasia. Evidence supporting this comes from experiments

in which NIH 3T3 fibroblasts were made to overexpress the

EGFR, and upon exposure to EGF or TGF g, these cells showed

greatly increased tyrosine kinase activity, increased

prolÍferation of cells and anchorage independent growth, and
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uJere much more likely to form foci on plates or Lumors in

nude mice (f39,140) . fhis effect appears to be ligand

specific, as EGF or TGF O¿ activation of the EGFR is

essential for v-abl transformed ceIIs to be able to induce

tumors (14I). The principle behind this is the autocrine

theory of self stinulation providing a growth advantage to

the ceII (L42). While EGF production is not evident in human

tunorsr production of EGF from a human breast cancer cell

Iine has been found (143), and the production of TGF cl¿ from

human tumors which can activate the EGFR is common (L44).

Evidence that ¡nRNAs for TGF Cv are often expressed in tumors

which overexpress mRNAs for the EGFR provides further

support for autocrine stimulation of tumor growth (f45).

This autocrine model would enable the EGFRs to potentiate

some of the effects of EGF which aid metastasis as mentioned

earlier.

It has also been proposed that increased expression of

ttre EGFR withouL Iigand activation may mimic effects seen

with ligand activation sinply because of increased basal-

Ievels of tyrosine kinase activity (53).

A I90 kDa glycoprotein found in the human glioblastoma

KE cell tine appears to act as a constítuitivety active

EGFR-Iike protein (L46). Peptide mapping, phosphoamino acid

analysis, and immunodetection indicate this 190 kDa

glycoprotein is much more closely related to the EGFR than

the 185 kDa neu protein, except the I9O kDa glycoprotein has
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an extra 50 kilodaltons of protein in the N terminal- region,

and has half as much carbohydrate when compared to the EGFR.

It is theorized that the extra N terminal amino acids

prevent EGF from binding to this 190 kDa glycoprotein, and

that its constituítive tyrosine kinase activity may be

responsible for transformation (L46), analogous to a

constituitively active v-erb-B oncogene (4). This finding

indicates structural mutations of ttre EGFR may possibly play

a role in neoplasia

Like the EGFR, overexpression of the neu oncogene in

NIH 3T3 ceIIs, but without apparent ligand activation, leads

to cellular transformation and tumor forning ability (f47).

If increased expression of the hEGFR can lead to

transformation and tumor formation, then it is logical to

assume that the more EGFR expressed, the more aggresive the

tumor or the greater netastatic potential. Unfortunately

this does not always hold true. Correlations of increased

EGFR expression with tumor grade have been made for bladder

tumors ( L2,L3) , some breast cancers ( 13 ) , and gastric

carcinomas (I5), where increased expression of the EGFR is
associated with poor differentiation of the tumor and

increased invasiveness. Although cell Iines highly

overexpressing the EGFR tend to be growth inhibited by EcF

(L9,97-99) this may be unique to transformed ceII lines. In

fact, increased presence of EGF correlates with increased

EGFR concentration in gastric tumors, and sinul-taneous
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expression of both is indicative of an invasive tumor and a

poorer prognosis (f4B).

A correlaLion of the increased expression of the neu

oncogene with increasing dedifferentiation and poorer

prognosis in breast cancers may arso provide evidence that
increased expression of a proto-oncogene aids tumorigenesis

(L26,L27,135).

Another effect associated with increased expression of
the EGFR is an inverse rerationsh'ip between EGFRs and the

estrogen and progesterone receptors in some breast cancers

(L49) and breast cancer cell tines (t5O). The fact that in
the T47D breast cancer celr rine EGF stimurated growth while
progesterone inhibited it, with EGF's stimulatory actions
overpowering the inhibitory actions of progesterone,

possibly by EGF induced loss of progesterone binding (t5f),
may argue that loss of steroid dependence, combined with
increased. expression of a receptor for a polypeptide growth

factor may provide breast cancers with a mechanism for
malignant transformation of breast tissue (L49-f5I).

Overexpression of the c-Ha-ras or neu oncogenes in NIH

3T3 cells leads to transformation of those cerrs, but cerls
transformed with the neu oncogene product are resistant to
the cytoytoxic effects of tumor necrosis factor cy (r52). rf
comparisons between neu and the EGFR can be made because of
their structural similarity, then this may represent a

mechanism in which an overexpressed receptor courd assist
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tumor igenes i s

systems.

by making cells resistant to host defense

RoIe of the

prostaLe.

epidermal growth factor receptor in the

The prostate is a multilobed exocrine gland which

provides semen with some of its components. It develops from

prostatic buds of the end.odermal urogenital sinus, and. can

first be seen around the tenth week of gestation.

Development is characterized by rapid growth of ducts and

androgen dependence which in the human occurs in 2 stages,

prenatally and pubertally. Many aspects of prostate growth

and development are highly androgen dependent, and loss of

androgens inhibits growth or leads to death of prostatic

ce11s, particularly of epithelial ceIls which Iine prostatic

ducts. The target for androgens appears to be prostatic

mesenchyme derived stromal celIs, which would mediate many

of the androgen dependent actions of epithelial cells (153).

As men age there is an increased chance of prostatic

tumors (I,2). The most common tumors are BpH tumors, which

are thought to refrect a reactivation of embryonic growth

(I53). Much more important are prostatic adenocarcinomas,

which are the second most common malignancy in Western males

(2). CaPs are characterized by uncontrolted growth of
epithelial cerrs, which prefer to metastasize to bone and

brain tissue (r54). The caP tumor itself is a heterogeneous
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mixture of tíssues, each of which may have different growth

kinetics, hormone sensitivities, and ultrastructure (f55).

The traditional treatment for prostate cancer is Ïtormonal

castration, as administration of estrogen decreases

testosterone l-evels and teads to atrophy of the prostate

( f 55 ) . I¡Ihil-e 70-803 of CaP patients respond to this

treatment, 5 years after treatment only 30? of patients are

stiII aIive, indicating most patients will eventually escape

hormonal manipulation (f55). Treatment of CaPs with

gonadotropin releasing Ïrormone agonists and antiandrogens

may prolong survival rate (156).

What could stimulate uncontrotled prostatic growth, or

enable the prostaLe to escape hormonal control? Using breast

cancer models it has been shown that MCFT cells transfected

with the v-Ha-ras oncogene no longer require estrogen

treatment to become tumorigenic (f57). It has also been

demonstrated that epigenetic ctranges can make breast tumor

cells insensitive to steroids regardless of whether

functional steroid receptors are present or not (158). It is
possible sinilar changes nay also occur in the prostate.

Malignant transformation by autocrine stimulation has also

been proposed to explain neoplastic prostatic arowth (159).

The presence of EGF in the ,prostate was determined

immunohistochemically (30), but it is not known if this EGF

is of prostatic origin, as it may represent "backwash" from

high EGF concentrations in the urine. EGF can stimulate
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growth of normal (f59) and BPH (160) prostatic epithelial

ce11s, the androgen sensitive prostatic cell Iine LNCaP

(11I), and the androgen independent prostatic ceII lines

PC-3 ( I6O ) and DuI45 ( 161 ) . Radioreceptor binding studies

demonstrate Dul45 ceIls secrete an EGF-like protein (I60).

Expression of transforming growth factors has not been

examined in prostate tumors, however the prostatic ceII Iine

PC-3 does synthesize TGF CV nRNAs, and at the same time

overexpresses EGFR mRNAs (145). ,TcF cU has been shown to

stimulate growth of the CAPE-I canine prostatic cell l-ine

(29). The presencer production, and stimulatory effects of

EGF and TGF CU in the prostate would tend to argue in favor

of the EGFR mediating the autocrine stimulatory effects of

EGF and TGF cV. This makes it essential to study the EGFR in

prostatic tumors and ceIl lines.

BGFRs have been demonstrated in the prostate by

radioligand binding (27-29,3I,16I) and immunohistochemical

studies (31). A recent report has shown prostatic carcinomas

have higher EGFR concentrations by binding studies than BPH

samples, and that there is a correlation between increased

concentration of EGFRs and increased c-myc proto-oncogene

expression (29), which is known to be elevated in Caps

(L62). Since both EGF and its receptor are present in the

prostate and it appears that CaPs have more EGFRs than BPHs,

then Iigand activation of overexpressed EGFRs leading to

transformation and tumorigenesis ( 139-f4f ) may possibly
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explain malignant prostatic growths.

Overexpression of the prostatic hEGFR may be acheived

by mechanisms similar to those used in other tumors.

Although chromosomal rearrangements in prostatic disease

have been reported ( f63 ) , clinical samples are rarely

karyotyped. Genetic anatysis of. prostatic ceII lines shows

they are aneuploid, with chromosomal modal numbers greater

than 50. but with no apparent abnormalities of chromosome 7

(L64,165 ) . hEGFR gene rearrangements are not too comnon

(35). Amplification of the hEGFR gene leading to increased

EGFR expression is poss ible in tumors, and is highly

probable in the prostatic cell lines as the PC-3 and Dul45

(L64) and LNCaP (165) cell lines are frequently trisomic,

and occasionally tetrasomic for chromosome 7. The most

probable explanation for increased EGFR expression in tumors

would be due to loss of transcriptional control. Androgens

suppress prostatic EGFR levels in rats (27,28), if

regulation of the EGFR gene is similar in humans, then

progression to an androgen insensitive state as in Cap

tumors may result in EGFR induction (27).

The precise role of the EGFR in prosLatic tumors is not

1ikely to be determined untir its regulation, function, and

relation to androgen receptors, other oncogenes, and

metastatic potential are better understood.
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Rationale.

Overexpression of the hEGFR is common to many tumors,

implying the EGFR nay play a role in tumorigenesis. As EGF

and EGFRs are found in the human prostater growth of

prostaLic tumors or escape from hormonal dependence may

occur due to an autocrine mechanism of ligand activation of

overexpressed EGFRs. For this reason this study wilI attempt

to quantitate hEGFR nRNA levels in prostatic tumors and cell

lines. As overexpression of the EGFR is often acheived by

gene rearrangement or amplification, prostatic tumors and

cell lines wi]I be examined for these phenomenon.

Objectives.

1.To analyze hEGFR mRNA expression in prostatic tumors

and ceII lines.
2.Io use RNase protection mapping to quantitate hEGFR

mRNA levels in prostatic tumors and cell lines, and

determine if these levels correlate with other parameters of

prostatic disease.

3.To examine the DNA of normal prostate, BPH and CaP

tumors, and prostatic cell lines for EGFR gene rearrangement

or amplification.
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METHODS AND MATERIALS

Initially, a Northern blot containing 60 ug of nRNA

from both a BPH and a CaP was probed with the Z.+ U¡ hEGFR

cDNA insert isolated from the pE7 clone. To quantitate hEGFR

¡RNA levels in a larger sample size of prostatic tumors, a

more sensitive method, RNase protection mapping, was used.

fhis technique required that a portion of the pE7 clone be

subcloned into the pGEM 3Z transcription vector, and

labelted antisense r iboprobes O." prepared f rom this

subclone. This antisense riboprobe was ttren used to

quantitate hEGFR nRNA levels in prostatic tumors by

comparison to a standard also prepared from the pGEM 32

subclone. Following analysis of hEGFR mRNA leveIs, Southern

genomics and slot blots were also probed with the 2.4 kb

hEGFR cDNA insert " Methods and materials for these

techniques are described below.

l. Maintenance of bacterial strains.

Bacteria were maintained on agar plates and as glycerol

stocks as described by Maniatis et aI (166)

2. Large scale plasmid prep.

The method for isolating milligram quantities of the

pE7 clone (24) or the subcloned Bam HI - Pst I 14I bp hEGFR

fragment in pGEM 3Z is described in detail by Davis et al

(L67). This method requires the amplification of plasmid

number by treating cultures with chloramphenicol (f68)- The

plasmid DNA is extracted from the cultures according to the
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alkali lysis protocol of Birnboim and Doty (L69), but

instead of precipitating chromosomal DNA with sodium

acetater potassium acetate was used (L7O) as this salt is

more effective for precipitating denatured chromosomal DNA

and SDS-protein complexes. Further removal- of chromosomal

DNA and proteins is acheived with the use of a cesium

chloride-ethidium bromide density gradient (f71). Extraction

of ethidium bromide, reconcentration of plasmid DNA, and

spectrophotometric determination of DNA concentration is as

described by Davis et al (167).

3. Insert isolation.

To isolate the 2.4 kb hEGFR cDNA insert from the pE7

clone, the plasmid is digested with the restriction enzyme

CIa I in a low salt buffer, insert is separated from pBR 322

plasmid by electrophoresis in a f? agarose 9e1, the insert

band is then excised, and insert DNA is electroeluted out of

the ge1 slice and into dialysis tubing, following which it

is collected and concentrated. fhe procedure is detaited in

full by Maniatis et aI (166), and was originally described

by McDonnell et aI (L72).

4. RNA preps and isolation of mRNA.

Total cellular RNA was isolated from prostatic tumors

and prostatic cell lines according to the protocol outlined

by Maniatis et aI (f66). This procedure was first described

by Ullrich et aI (I73), and was based on the homogenization

of tissue in gaunidinium isothiocyanate to inhibit
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ribonucleases (l-74), followed by ultracentrifugation througtr

a cesium chloride cushion to remove DNA and protein fron the

RNA pelter (I75).

mRNA can be isolated from total cellular RNA with the

use of oligo (dr)-cellulose (L76). Rather than use a column,

poly A* RNA was selected using a batch method described by

Shapiro et al (L77).

5. Northerns.

RNA samples were electrophoresed in a 1.53 agarose

formaldehyde ge1, blotted, and probed according to protocols

in Maniatis et aI ( f66) . The original procedure for

electroptroresing RNA in a denaturing formaldehyde gel was

described by Lehrach e_t aI (I7B). After a photograph of the

geI had been taken, it was blotted onto nitrocellulose using

Thomas's technique (L79). A probe of the 2.4 kb hEGFR cDNA

insert was prepared by Rigby et al's method of nick

translating double stranded DNA (IB0). For this experiment,

the nick translated hEGFR insert DNA had a specific activity

of 2.g7 x fOB Apm/ug. The mRNA blot bras rinsed in 5 x SSPE

(lxSSPE is 0.15 M NaCI, O.Ot M NaHrPO4, I mM EDTA, pH 7.4),

then prehybridized in 5 x SSPE, 5 x DH, 508 deionized

formamide, O.18 SDS, and 2OO ug/mI sheared salmon sperm DNA

at 42oC for 4 hours. The heat denatured probe was added to

this prehyb solution to a concentration of 4.65 x 106

dpm/nl, and the probe was allowed to hybridize to the blot

at 42oC for 42 hours. Four 15 minute washes in I x SSC
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(txssc is 0.15 M Nacl, 0.015 M sodium citrate, pH 7.o), 0.1?

SDS at 22oc, followed by two 10 minute washes in 0.1 x SSC,

O. I3 SDS at 65oc were used to reduce background. The blot

was exposed to f ilm, and 2 and J-7 day autoradiographs vJere

developed.

6. Subcloning.

The procedure for "shotgun" subcloning is described by

Davis et aI (L67), and is based on a method initially

developed by Messing et aI (IBI). Specifically, the pE7

clone was digested with the restríction enzymes Ban HI and

Pst I to generate the Bam HI/Pst I I4I bp hEGFR fragmentr âs

weIl as other fragnents containing plasnid and hEGFR insert

DNA. This mixture of fragments was mixed with Ban HI /pst I

cut pGEM 32 ptasmid (IB2), ligation buffer, and 0.5 units of

T4 DNA Iigase, and orientation specific ligation was allowed

to proceed at room temperature overnight. Please see Figure

I for a map of this subclone. Competant MVtl93 cells were

prepared and transformed with the tigation mixture using the

calcium mediated heat shock method as described by l"lande1

and Higa (183), and modified by Dagert and Ehrlich (184). An

aliquot of the transformation mixture was plated on 2OO

ug/ml ampicill-in LB agar plates overlaid with XgaI and IPTG,

allowed to dry, and the plate was ínverted and incubated at

37oc overnight.

To identify which white colony had the desired

recombinant, white colonies were selected at random, and
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minipreps were done on these subclones, following the

procedure of Birnboim and DoIy (I69) ' as modified by

Ish-Horowícz (170), and treated with ribonucleases A and Tl

(rB5). Possible subclones were then digested with Bam HI and

Pst I and then electrophoresed on a 13 agarose minigel to

determine which subclones contained the L4L bp hEGFR

fragment.

7 " Riboprobe synthesis.

In vitro transcription of RNA from plasmids contaning

SP6 promoters was first demonstrated by Metton et aI (186)'

The protocols used for these experiments are described in

Promega Biotec's Riboprobe System technical manual (18I)' To

construct a 32p labelled antisense RNA probe from the 14I bp

fragment of the hEGFR cloned into the Bam Hl/Pst I sites of

the pGEM 32 plasmid, the subclone is linearízed with Hind

III, and 0.5 ug of this linearized tenplate is then used in

transcription protocol #f of Promega Biotec's technical

manual (IB7), with 2 alterations:

I. 5 units of Í7 RNA polymerase were used instead of

SP6 RNA polymerase.

2. d.-32p-utp (goOo nCi/mmol) was used as the labelled

ribonucleotide instead of cv-32p-c'tp. This also requires that

cold UTP be supplied at. a final concentration of L2 uM

instead of CTP, and that a ribonucleotide nix of ATP, GTP'

and cTP be supplied at a final concentration of 0.5mM

instead of the ATP, crP, UTP mix specified. 32p labelled
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antisense riboprobes made by this protocol had specific

activities greater than 2 x IOB ¿pm/uS.

To construct unlabelled sense RNA probes fron the LAL

bp fragment of the hBGFR cloned into the Bam HI/Pst I sites

of the pGEM 32 plasmid, the subclone is linearized with SaS.

I, and 2 ug of this linearized template r^ras used in

transcription protocol #3 of Promega Biotec's technical

manual (fB7), using 20 units of SP6 RNA polymerase. Figure I

shows trow the 141 bp fragment of the hEGFR cloned into the

Bam HI/Ps! I sites of the pGEM 32 plasmid can be used to

make labelled and unlabelled strand specific transcripts.

After synthesis of the riboprobes, DNA templates were

removed with DNase, proteins removed by extraction, and the

free labeI removed by precipitation of the riboprobe, which

is washed and resuspended in 50 uI of the hybridization

buffer.

B. RNase protection mapping.

The protocol for RNase protection mapping was devised

by Melton e! aI (186), and is described in Promega Biotec's

Riboprobe System technical manual (fB7). Additions to this

protocol to allow quantitation of transcript mass are shown

in Figure 2"

9. Southerns.

To isolate genomic DNA from prostatic tumors and cell

lines, a combination of BIin' s ( lBB ) and Kafatos ' ( IB9 )

methods were used to avoid dialysis. This procedure is
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32p

in
(2

Figure 2- Flow chart of

labelled antisense EGFR
hybr[dizat ion buffer
x IO" dpn/ug, Sng/ul)

å

ß

H

1T

RNase protection assay"

50 ug RNA ( for gel )
or
25 ug RNA ( for quantitation)
or
25-800 pg unlabelled sense
EGFR transcripts (for standard)

in 30 ul hybridization buffer

mix, B5oc for 5 minutes to denature
+hybridize at 45oc f"ü 12 hours to reanneal
v

RNase at 3ooc for r rrouY in 40 ug/ml RNase A, and
2 ug/nL RNase TI to digest. unprotected RNA

+add 20 ul^I03 SDS, 50 ug proteinase K and incubate
at 37oc for 15 minu[eã to degrade RNases

+
extract in phenol:ctrloroform (t:1)^to remove protein,

and precipitate aqueous phase at -70"C for I hour in I
mI ethanol with 20 ug yeast IRNA as a carrier

$,
centrifuge down RNA pellet, decant, wash, and dry the pellet

for geI ectrophoresis
&redissolve peIlet in 20 uL-

loading buf?er, heat to gOoc
for 5 minutes, load onto a 6Z
acrylanide, B M urea gel, and
electrphorese at 1700 V for 2
hours. Fix 9el, dry ge1, expose
to f ilm

for guantitative analysis-t
vredissolve in 20 uI water

reprecipitate by adding
I mI of 108 TCA, O.lM
NaCl, and chilting on
ice for 12 hours

&
pour through prewet
Whatnann cF/c filters
(prewet in I0? TCA, 0.lM
NaCl) under low vaccuum

&
rinse 4 times wittr I.5
cold lOE TCA, O.IM NaCl
once with cold 7OB EIOH

&
QçV filters, count for--P, subtract background
and average

ml
t
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described in full by Davis et al (L67),

Genomic Southerns were prepared with this DNA based on

the original method described by Southern (190), with the

modification that after denaturing the agarose ge1, the gel

is neutralized and then btotted to nitrocellulose using I M

ammonium acetate, O.02 M sodium hydroxide (I9f), as

nitrocellulose has a higher binding capacity for single

stranded DNA in an ammonium acetate buffer. In addition to

genomic Southerns, genomic slot blots are also prepared

according to the Schleicher and ScTruelI slot blot

instruction manual (L92), which is based on Kafatos' spot

blotting tectrnique (189) .

Genonic and slot btot Southerns are rinsed in 6 x SCP

(lxSCP is 0.1 M NaCl, 0.03 M )Ia2HPO4, I mM EDTA, pH 6.2),

prehybridized in 6.6 x SCP, 4 x DH, L4 nls, 503 deionized

formamide, and 2OO ug/ml sheared salmon sperm DNA at . 42oC

for 4 hours (193). The 2.4 kb hEGFR inserts were nick

translated ,to specific activities of 3 - 5 x ì fOB dpm/ug

(1BO), and then added to the prehyb solution at

concentrations of 3-5 x tO6 dprn/nt, and allowed to hybridize

at 42oC for 42 hours. To reduce background, blots hrere

washed 4 times in I x SSC, 0.lA SDS at room temperature,

once in I x SSC, 0.1å SDS at 65oC for 15 minutes, and twice

in. 0.1 x SSC, 0.13 SDS at 65oC for I0 minutes each tine.

The blots were then exposed to film for 6 days. SIot blots

h¡ere quantitated by cutting out slots, dissolving them in

3B



scintillation fIuid, and counting each sample for 32p for I

minute.
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RESULTS

Northern analYsrs '

Figure 3A and 38 show that both BPH and CaP tumors, âs

well as the Pc-3 and Dul45 cetl lines express the 5'8 and

IO.5 kb hEGFR mRNAs. These 2 sízes are in agreement with

mRNA sizes reported for ceII lines and tumors (6,17-19)' The

high background on these autoradiograms prevents any bands

under the 28s rRNA marker from being seen. Although these

blots were washed as stringentty as the southerns seen in

Figures BA-BC, the high background may be partially due to

the L7 to Ig day exposures. Absence of certain bands, such

as the fO.5 kb band in the CaP lane of Figure 34, or the

IO.5 kb band in the Pc-3 lane of Figure 38 are likety due to

quality of autoradiograms rather than an actual lack of a

band. Once again due to quality of the autoradiograms,

observations on relative intensities of the 5.8 kb band

versus the Io.5 kb band can not be made. As Northern

analysis is not sensitive enough to quantitate EGFR nRNA

levels in prostatic tumors, the more sensitive technique of

RNase protection mapping was required.

RNase protection mapping analysis.

Figures 4A-4C show protection of a doublet of bands

ranging in size from L44-I47 bp in the prostatic tumorsr âS

we1I as normal prostate tissue and normal human liver' In

Figure 4A the four unlabelled sense transcripts show
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'ß0.5 Þ

5.8 ø.

:

Figure 3A- Northern analysis
prostatic tumors.

of I'TEGFR mRNA f rom

rnRNA (6)ug/ Iane) was resolved in a l.5t agarose formaldehyde
ge1. nRNA was traqqferred to a nitrocell-ulose membrane and
hybridized to the uoP laballed c-erb-B cDNA fragment of pE7
in SxSSPE, 5xDH, 508 deionized formamide,^0.J-? SDS, and 2OO

ug/ml denatured salmon sperm DNI at 42aC for 42 hours.
Washing included 20 minutes at 65"C in 0.1xSSC, 0.18 SDS.
Autoradiograms were developed after a L7 day exposure. Sizes
indicated on the Ieft are estimates determined from rRNA
markers.
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PC_3 Du'!45
kb

'fl0.5 p

5.8 ø

Figure 3B- Northern analysis of
prostatic ce11 lines

hEGFR rnRNA f rom

nRNA (lOug/lane) was resorved in a 1.5u agarose formaldehydeger. mRNA was transfçqred to a nitrocerrulose membrane andhybridized to the "op labelleci c-erb-B cDNA insert in5xssPE, 5xDI{, 50å deionized f orrnamide, o. ru sDS, 2oo ug/mrdenatured sarmon sperm DNA at 42"c for 42 hours. wastringincluded 20 minutès at 65oc in O. txSSC, O. lå sDS .
AuLoradiograms were deveroped after a 19 day exposure. sizesindicated on the reft are estimates determineã from rRNA
markers.
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protection of a f6O i:p band, as well as a doublet of bands

estimated at I4I and L42 bp. fhe bands protected are unique

to EGFR mRNAs as bands of corresponding intensity are not

protection of a t6O bp band, ês vJell as, a doublet of bands

estimated at LAL and I42 bp. The bands proLected are unique

to EGFR mRNAs as bands of corresponding intensity are not

seen in the yeast IRNA lane or the lane where the labelled

antisense transcript was added to hybridization buffer

alone. Other bands present in Figures 4A-4C, such as the

band estimated at 157 bp, appear to be nonspecific as they

nay be found in the yeast IRNA lane. Nonspecific protection

of bands using this f4I bp probe in SI nuclease protection

assay has been noted by other experimenters (I50), and may

be due to secondary structure of the riboprobe allowing the

riboprobe to protect itself. Theoretically, only a LAL bp

band strould have been protected, however synthesis of

incomplete transcripts and nonspecific protection of the

additional pGEM multicloning site riþonucleotides on the

ends of the l4I bp riboprobe may account Í.or additional

bands. fhe 160 bp band in Figure 4C corresponds to complete

protection of the entire riboprobe including fragments of

the pcEM mutticloning site, and the I4I and L42 bp bands

likeIy represent protection of a commonly produced

inconptete transcriPt.

While these gels do confirm the presence of EGFR mRNAs

in prosta'bic tumors and cel-I lines, the marked dif f erences
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Figure 4A- RNase protection mapping of hEGFR nRNA.

5 ng (f x 106 cpn) of hEGFR antisense riboprobe was added to
a, hybridization buffer only; b, 20 ug of yeast IRNA; c, 50
ug of human liver RNA; d, 50 ug of BPH RNA/Iane ì e,f, 50 ug
of CaP RNA/l-ane ; g-j, 50, 100, 500, 1000 pg respectively of
unlabelled sense riboprobe; k,i, I0 and 20 ug of PC-3 RNA;
rnr!, I0 and 20 ug of Du-145 Iì.NÄ. After hybridization at
45o¿, samples were RNased at 3oocr precipitãted, and run on
a 62 acrylamide, BM urea gef. Size in bp is indicated on the
left.
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Figure 4B- RNase proLection mapping of hEGFR nRNA.

5 ng (1 x Ì06 cpm) of hEGFR antisense riboprobe was added to
a, hybridization buffer only; b, 20 ug yeast IRNA; c, 50 ug
of normal prostate RNA; d-g, 50 ug of BPH RNA/lane ; h-j, 50
ug of CaP RNA/lane ; k,l, 10 and 20 ug of PC-3 RNA; m,Írr ^10and 20 ug of Du-145 RNÀ. Afler hybridization at 45"C,
samples weie RNased at 30ocr pr€cipilated, and run on a 6Z
acrylamide, BM urea gel. Size in bp is indicated on the
left.
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Figure 4C- Rnase protection mapping of. the hEGFR mRNA.

(f x 106 cpn) of hEGFR antisense riboprobe was added to
ug of yeast IRNA; b, 50 ug of normal human prostate

c-f,50 ug of BPH RNA/Iane; g-i,50 ug of CaP RNA/Iane;
10 and 20 ug of PC-3 RNA;^ l,tn, I0 and 20 ug of Dul45
After hybriãization at 45oC, samples were RNased at
precipitated, and run on a 6Z acrylamide, BM urea gel.

in bp is indicated on the left.
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in intensity from tumor to tumor índicate the need to study

alargersanplesize.Themajorbandseeninprostaticcell

lines in Figures 4A'4C is roughly of equal intensity

compared to the BPH and CaP tumors present' but as this

intensity was achieved using onty 2O-4OZ of the RNA used in

the prostatic tumor samples, then the cell Iines appear to

have EGFR mRNA leve1s 2-3 times higher than tumors '

As quantitation of aII the tumor samples by

densitometry would be difficult, a,modified RNase protection

assay was used so the samples could be quantitated by

counting prot.ected transcripts precipitated on a filter. The

four lanes of unlabelled sense transcripts in Figure 4A show

proportionately increasing intensities as more of the

unlabelled transcript was used. The extra I4t and L42 bp

bands present in these lanes also have intensities relative

to t]. e concentration of unlabelted transcript added' As the

intensity of the nonspecific bands appears to remain

constant across alÌ samples, and as the differences in

intensities appear to be determined only be the amount of

unlabelled sense EGFR mRNA transcripts presentr Quantitation

by comparison to a standard of unlabelled sense transcripts

should be valid. Figure 5 confirms the validity of this

metl'rod and shows a linear relationship between amount of

unlabelled sense transcript added up to 800 pg and counts

precipitated on the wtratman filter. The correlation value of

this linear relationship is r=0.983I.
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pg unlabelled hBGFR sense transcript:

Figure 5- Standardization curve for hEGFR mRNA.

^5 ng (1 x IOo cpm) of hEGFR antisense transcripts were added
Lo various pg quantities of unlabelled hEGFR sense
transcripts, allowed to hybridize at 45oc, RNased at 3ooc,
precipitãteO first in çthanoI, l-hen reprecipitated in l0?
TCA, O. IM NaCI at 40C, filtered through Whattman G/C
f il-ters, dried and counted. Background counts were
subtracted from each sample. Correlation value r=0.983I.
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Table t - Statistical breakdown of hEGFR mRNA levels

STD. DEV.i pg EGFR mRNA/ug RNA

2

35

L4

L4

2

B

2

2

3 .28

2.79

5 .22

5.57

4. 89

7 .23

5.22

2.L3

LT.29

2.32

o.47

0. B5

r.49

t.3r
5.11

I. 85

r.51

7 .99

LI.28

8.7 6

Il.OB

9.60

1I.6I

L2.39

r2.50

2L.49

36.59

Normal prostate

BPH tumor
&

CaP tumor

O-252 CaP tumor
*

26-50Z CaP tumor

5L-152 CaP Lumor
' **
76-LOOZ CaP tumor

PC-3 ceII l.inev

Du145 cell Iinevv

* significantly
** significantly

v significantly

vv significantly

higher

higher

h igher

h igher

than BPH

than BPËI

t-han CaP

than CaP

Ieve I s

Ievels

levels

l-eveIs

(p<0.01) .

(p<0.000s).

(p.0.00s ) .

(p.0.0005 ) .

tumor

tumor

tumor

tumor
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Figure 6- Rel.ative mRNA expression Ievels of
hEGFRs.

pros tat i c

Samples were treated and quantibated as described above' N,
normal prostate tissue; B, IIPH tissue; C, CaP tissue; Cl,
C2, C3, C4, are CaP tissue sample subsets where the
adenocarcinoma involves A-252, 26-5Oes, 5I-75¡., 76-1OOB of
the sample respectively; PC-3 and Du-I45 are Prostatic cell
lines. l indicátes a significani: difference when compared to
BpIt samples (p<O.Ol). *)k indicates a highly significant
di.f f .r".,ã" when compared Lo BPI-I samples (p<0.0005 ) . v
indicates a significanL difference when compared to CaP

samples (p<o.oo5). vv indicates a !ighry _gignificant
diflerence when compared i-o Cap samples (p.0.0005). N and C3

are not stabistically significant due to small sample size,
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With the use of this standard, EGFR mRNA levels in

prostate tumors and cell lines and normal- prostate tissue

can be determined. Table I and Figure 6 show that CaPs have

statistically higher EGFR ¡RNA levels than BPH tumors, and

that EGFR nRNA levels increase as the tumor

dedifferentiates. BPH tumor RNA samples have 8.76+0.47 pg ot

hEGFR nRNA/ ug total RNA, which is statistically lower by

student, s T test (p<0. oI ) than caP tumors, which have

1I.08+0.85 pg hEGFR mRNA/ ug total RNA. Due to few normal

prostate samples, classes of CaP turnors are compared to BPH

tumors to determine if there is a significant difference.

CaPs have 9.6O+L.49' tI.61+I.3I, L2-35+5.11, and 12.50+1.85

pg hEGFR mRNA/ug total RNA for 0-252, 26-502' 5L-752,

76-LOOZ of tumor involvement respectively. CaP tumors were

classed according to ratio of prostate chips showing

histological features of cancer in a sample as tumor extent

has been correlated to tumor stage, tumor progression,

patient survival, and histological grade (194). In addition,

ratio of prostate chips with cancer has been shown to be a

more reliable method of grading tumors as histological

grading methods of prostate tumors such as Gleason's method

are more subjective (194). Statistical analysis shows that

tumors with less than 252 of the chips examined positive for

cancer do not have elevated EGFR nRNA levels when compared

to BPH tumors, however samples with 26-50Z and 76-f003 tumor

involvement have elevated EGFR mRNA levels, which by
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Student's T test are significantr P<0.01 and p<0.0005

respectively" Statistical analysis involving normal

prostates and the 5I-75e" CaP tumor involvement category can

not be made due to small sample sizes.

One radioreceptor study using 10 BPH and L2 CaP samples

lras demonstrated that CaPs have 3 tirnes as many EGFRs (29).

While our results show CaPs have more EGFRs at the mRNA

level, it should be noted that at this level a 3 fold

difference may not be required. Tl" radioreceptor study did

not find any differences in EGFR protein levels within CaP

tumor grades (29). Once again differences in the protein

leveIs may not reflect differences at the nucleic acid

Ieve1, and combination of CaP samples for the radioreceptor

assay in that study (29) may have prevented the correlation

of increasing tumor extent with increasing EGFR expression

from being seen.

DNA slot blot analysis.

Table 2 and Figure 7 show analysis of normal prostate

DNA, prostatic tumor and cell line DNA, and pituitary DNA

for gene amplífication. Relative values of EGFR gene number

are 18.42+8.83, I3.71+1.07, L8.99+L.7 2, 2L.87+2.46,

l-4.7L+4.29, 18.BB+4.38 dpn/ug DNA for human pituitary,

normaf prostate, BPH tumors, CaP tumors, PC-3 ceIl line, and

Dul45 ceII line respectively. Although normal prostate

tissue and the PC-3 ceII line appear to have less EGFR DNA
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Table 2 - SLatistical breakdown of relaLive EGtrR gene leveIs.

Í apn/ug DNA I n STD. DEV.SAMPLE

B. B3

r. 07

' L.72

2.46

4.29

4.34

L2.49

1. 86

6 .87

9.54

7 .43

6. 19

T8.42

13.7r

T8.99

2I. 87

L4.7L

IB. B6

2

3

16

15

.)
J

2

I{uman pituitary DNA

Normal prosLaLe D¡qA

BPH tumor DNA

CaP tumor DNA

PC-3 ceII line DNÀ

Du145 cell line DNA
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Figure 7- DNA slot blot analysis.

P, normal human pituitary DNA; N,normal human prostate DNA;
B, BPH DNA; C, CaP DNA; PC-3 and Dut45 are human prostatic
cell lines . L4 ug of DNA was denatured. in .31'4 NaOH at 65oC
for 75 minutes, neutralized by adding 2 M NHTOAc to a final
concentration of lM, and serially diluted so tjhat 2, 4, and
B ug could be applied to Lhe slot l¡lot apparatus under low
vaccuum, and samples were rinsed in I M NH¿OAC 3 times under
a low vaccuum. The nitrocçllulose membrarie from this slot
btot was hybriclized Lo l-he "P labelled c-erb-B cDNA insert
of ptr7 in 6.6xSCP, 4xDH, I.03 nls, 503 deionized^formamide,
and 2OO ug/mt denatured salmon sperm D{A at 42oc for 42
hours. Washíng inclucled 20 minutes aL 65oc in O.lxSSC, O.IB
SDS. Autoradiogram was developed after I day to ensure
background was minimal, then slots were cut out, BJraced into
5 mI of scintil-lation fl-uid, and counted for ""P for I
minute.

cBN
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than other samples, Iorn/ sample siZe prevents these

differences from being significant. Neittrer sample groups or

individual samples are statistically different, indicating

no gene amplification Ïras occured. Chromosomal analysis of

prostatic cell lines shows Pc-3 and Du145 cells Ïrave I to 2

extra copies of chromosome 7 (L64), Ïtowever the slot

blotting technique is not sensitive enough to demonstrate

this, indicating that this method is only likely to detect

gene amplification if there are more than I or 2 extra EGFR

gene copies.

Southern analysis.

Figures BA-BC show three genomic southerns probed with

the 2.4 kb p}.7 cDNA insert, which corresponds to t}^ e entire

coding region of the hEGFR gene. The Hind III digested DNA

in Figure BA shows 3 predoninant bands at 9.8, 4.7, and 2.9

kb which have been reported by other investigators (34,35)"

Other bands reported for the hEGFR gene when digested by

Hind III and probed with a cDNA clone to the entire coding

region of the BGFR gene are 3.4, B.B, 1I, 12, and f6 kb

(34r35). Low resolution, pOOr transfer, or too short an

exposure may account for the inability to see these other

bands. Band intensit.y differences are due to loading errors'

Comparison of banding patterns of prostatic cell Iines and

tumor samples, normal prostate tissue and pituitary DNA show

no apparent gene rearrangements.

55



qE¡

tu
ß

(J
Ltur

€\ü 6Ð

tuturgru
UçJ

F €\{rtrtutum nÍ)

kb

tL

kb

-10,2

- ó.]

- 4.1

- 3.1

9.8* W

2-9*

qr@,,'¡2.æ ....

4.4* "*,...1::4..44L

Figure BA- Hind III genomic Southern.

:À

"&

- 2.0

- t.ó

- t.0

Genomic DNA (tOug/tane) was digested with Hind rrrrestriction endonucrease, and sepaiated by etectïõþäor"=i=in 
_ a re agarose 9er, and transfãrred to a nitrocerr_urosemembrane. Dut45 and pc-3 are human prostatic cerr lines, cap1-3 are 3 different cap tumor DNA sãmples, BpH r aird 2 are2 dif f erent BpH i-urnor DNA sampres, ñp is normal prostateDNA, and Prr is normar human p1!"itary DNA. This genomicbl-ot was hybridized with thet rzp raLer_led c-erb-B cDNAinsert of pE7 in 6. 6xscp , 4xDH, 50å deionized f orinamide.1'03 nls, and 2oo ug/ml denatured sarmon sperF rue af Ãtócfor 42 hours. washes incruded 20 minutes at-65oc i; o.rxssc,
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Figure BB- Eco RI genomic Southern.

Genomic DNA (1Oug/rane) was digested with Eco Rr restriction
endonucl-ease, and separated by erectrophõFesis in a lB
agarose gel, and transferred to a nitrocerlurose membrane.
Du L45 and PC-3 are human prostatic cell lines, cap 1-3 are
3 different caP tumor DNA samples, BpH l- and 2 are 2
different BPH tumor DNA sampres, Np is normal prostate DNA,
and Prr is normal.þuman pituitary DNA. This genonic blot washybridjzed with "p labelred c-erb-B cDNA iñsert of pE7 in
6.6xSCP, 4xDH, 5OZ deionized formamide,^1.03 nIs, and 2OO
ug/mr d.enatured salmon sperm DItrg at 4zac f or 42 Ïrours.
Washes included 20 minutes at 65uC in O.lxSSC, O.lB SDS.
Autoradiograms were deveroped after 6 days. sizes in kb areindicated on the left, and are determinãd from DNA markersindicated on the right.
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Figure BB shows Eco RI digested DNA samples of prostate

tumors and cell lines, and compares them to normal human

prostate and pituitary DNA. L.4, T.6, L"9, 2"O' 2"4, 2"8,

3.0, 4.7, and 6.2 kb bands are seen, many of which have been

reported by other investigators (35). Differences in Eco RI

banding patterns reported here and in tl-e IiLerature may be

explained by differences in resolution" Loading errors

explain intensity differences, and no gene rearrangement is

seen

. Figure BC shows Bam HI digested DNA samples" I"7, 3'I,

3.7, 4.L, 5.3, 6.9, and 9.0 kb bands are seen on this

gen6mic Southern. No gene rearrangement is seen, and

intensity differences are explained by loading errors.

No gene rearrangement is seen in Figures BA-BC, which

is consístent $rith other human primary tumors as gene

rearrangement is not common in truman primary tumors (aS¡. In

addition, rro restriction fragment length potymorphisms for

the hEGFR gene are noted for Hind III, Eco RI, or Bam HI,

which is in agreement with other investigators ( 194) .

Discounting loading errorsr no gene amplification is seen in

these samples.
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DI SCUSSION

The levels of EGFR nRNA in Ïruman prostatic tumors and

celt lines has been studied. BPH tumors have 8"76+0.47 pg

EGFR mRNA/ug RNA, and CaP tumors have tI.0B+0.85 pg EGFR

mRNA/ug RNA, the difference being statistically significant

(p<0.0f)" As CaP tumors are an admixture of normal, BPH, and

CaP tissue (I55), and as EGFR mRNA levels measured in CaP

samples probably included some normal or BPH tissue, it is

Iikely CaP EGFR mRNA IeveIs .T. actually higher than

reported Ïrere. These findings are in agreement wittt other

researchers who have found increased EGFR protein levels in

CaPs (29). White prostate ceII lines have been demonstrated

to bind and respond to EGF (29,L6O,161), only the PC-3 ceII

line has been shown to ?rave higher EGFR nRNA levels in

comparison to the low EGFR mRNA levels found in a

fíbrosarcoma cell line (145). These experiments demonstrated

that the PC-3 and DuI45 cell lines have 2L.49+L.5L and

36.59+7.99 pg EGFR mRNA/ug RNA respectively, and these

levels are higher than CaP tumor EGFR nRNA levels, the

differences being significant r p<0.005 and p<0. OO05

respect iveIy.

An autocrine mechanism has been proposed to explain how

tumor cells may become growth facLor independent, and may

self-stimul-ate growth (L42). Atthough EGF production from a

primary human tumor has not been reported, in many tumors an

autocrine funcLion for TGF Cy has been proposed (I44,L45).
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EGF or TcF activation of overexpressed EGFRs in EGFR

transfected NIH 3T3 ceIIs caused transformation and aided

tumorigenesis (I39,I40). Veiwed in Iight. of increased levels

of EGFRs in human tumors (7-f7) and cell lines (18-26), this
points to a rore for the EGFR in neoprasia. production of

TGF ¿y and an EGF-like protein from the androgen independent

cell Iines PC-3 (L45) and Du145 (16I) respectively, and

increased presence of EGF in marignant cap celrs after

androgen deprivation (SO¡ further support an autocrine loop

enabling CaP tumor growth and escape from androgen

dependence. The increased EGFR mRNA levels for CaP tumors

and prostatic ceIl lines reported herein may províde the

mechanism by which autocrine stimulation by EGF and

EGF-related peptides in the prostate are mediated.

rncreasing EGFR mRNA leve1s with greater tumor extent

is reported. CaP samples with 26-50Z and 76-LOOZ tumor

involvement have EGFR mRNA leve1s which are statisticarry

higher when compared to BPH EGFR mRNA levels (p<0.0f and

p<0.0005 respectivery). Tumor extent is related to tumor

stage and progression, histological grade, and patient

survivar (r94). samples with high tumor involvement tend to
be much ress differentiated, and indicate a poorer prognosis

for the patient, than sampres with low tumor involvement. rt

has been found that invasive human bradder tumors have more

EGFRs than superficial bradder tumors, and that there are

increased EGFR revels as ttre invasive tumors become ress
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differentiated (ff). Increased presence of EGFRs on breast

cancer metastases compared to primary tumors ( I3 ), and

increased EGFR leveIs in the absence of receptors for

estrogen (I3) and progesterone (L49) in human breast cancers

have been reported. EGFR expression has been shown to

increase as the stage of human gastric carcinoma tumors

progressed (15). These observations indicate increased

presence of EGFRs may be casually associated wittr greater

metastatic potential or poor differentiation. Similarily,

the higher EGFR nRNA levels in CaP samples with increased

tumor involvement suggest increased EGFRs in prostatic

tumors may also be associated with loss of tumor

di f f erent iat ion,

therapy.

Ínvasiveness, or escape frorn hormonal

Increased expression of the p21 ras protein in CaPs has

been shown to correlate with tumor grade, with poorly

differentiated CaP tumors expressing the highest levels of

the p2L ras protein (137). Although this experiment

correlated EGFR nRNA levels to tumor extent, âs tumor extent
is closely related to tumor stage and histologicar grade in
the prostate (f94), l-ike p2I ras proteins, the EGFR nRNA

levels may be used as an indicator of tumor progression in
the prostate "

Elevated EGFR expression in human tumors and cell Iines

may have been a result of gene amplification

( 9, l-0 , L2, L4, ]-B-2O) , or gene rearrangement (I7 ,24,25) .
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Increased expression not involving gene amplification or

reaarangement has been reported (I0,12,16,26), and may have

resulted from possibte abnormalities in EGFR gene regulaLion

(36), Íncreased EGFR synthesis (83), or decreased metabolic

turnover ( f36) . DNA slot blot analysis shows no gene

amplification has occured in prostate tumors or ceIl lines

when compared to normal DNA. The hEGFR gene is located on

chromosome 7 (34). Although the prostatic ceII lines PC-3

and Du145 are trisomic, and occasionally tetrasomic, for

chromosome 7 (L64), the slot blotting technique was not

sensitive enough to demonstrate this. Genomic DNA digested

with Hind III, Eco RI, and Bam HI and probed with the entire

coding region of the EGFR cDNA clone failed to show gene

rearrangement in prostatic tumors and cell Iines when

conpared to normal samples " For these 3 restriction

endonucleases, no EGFR gene restriction fragment length

potymorphisms were seent er have been reported (195). It has

been proposed that androgen deprivation may induce EGFR

expression, äs castration resulted in an increase in EGFR

levels in the rat prostate (27).

In conclusion, EGFR mRNA levels are higher in

pre-androgen ablatíon therapy Cap tumors than in BPH tumors.

There are increased levels of EGFR nRNA with increasing

tumor extent. Human prostatic cell lines have EGFR mRNA

Ievels higher than CaP or BPH tumors. This increased

expression is not due to any obvious gene rearrangement or
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amplification. Further studies to determine the role of the

EGFR in prostate cancer are warranted.
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