INFORMATION TO USERS
The most advanced technology has been used to photo
graph and reproduce this manuscript from the microfilm
master. UMI films the text directly from the original or
copy submitted. Thus, some thesis and dissertation copies
are in typewriter face, while others may be from any type
of computer printer.
The quality of this reproduction is dependent upon the
quality of the copy submitted. Broken or indistinct print,
colored or poor quality illustrations and photographs,
print bleedthrough, substandard margins, and improper
alignment can adversely affect reproduction.
In the unlikely event that the author did not send UMI a
complete manuscript and there are missing pages, these
will be noted. Also, if unauthorized copyright material
had to be removed, a note will indicate the deletion.
Oversize materials (e.g., maps, drawings, charts) are re
produced by sectioning the original, beginning at the
upper left-hand corner and continuing from left to right in
equal sections with small overlaps. Each original is also
photographed in one exposure and is included in reduced
form at the back of the book. These are also available as
one exposure on a standard 35mm slide or as a 17" x 23"
black and white photographic print for an additional
charge.
Photographs included in the original manuscript have
been reproduced xerographically in this copy. Higher
quality 6" x 9" black and white photographic prints are
available for any photographs or illustrations appearing
in this copy for an additional charge. Contact UMI directly
to order.

University Microfilms International
A Bell & Howell Information Company
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA
313/761-4700 800/521-0600

Order Number 1338076

Molecular mechanism of autocrine regulation by TGF-alpha in
T3M4 human pancreatic carcinoma cells
Glinsmann-Gibson, Betty Jean, M.S.
The University of Arizona, 1989

UMI

300 N. Zeeb Rd.
Ann Arbor, MI 48106

MOLECULAR MECHANISM OF AUTOCRINE REGULATION BY TGF-ALPHA IN
T3M4 HUMAN PANCREATIC CARCINOMA CELLS

by
Betty Jean Glinsmarin-Gibson

A Thesis Submitted to the Faculty of the
DEPARTMENT OF MICROBIOLOGY AND IMMUNOLOGY
In Partial Fulfillment of the Requirements
For the Degree of
MASTER OFSCIENCE
In the Graduate College
THE UNIVERSITY OF ARIZONA

1989

2

STATEMENT BY AUTHOR

This thesis has been submitted in partial fulfillment of requirements for an
advanced degree at The University of Arizona and is deposited in the University Library
to be made available to borrowers under rules of the Library.
Brief quotations from this thesis are allowable without special permission,
provided that accurate acknowledgment of source is made. Requests for permission for
extended quotation from or reproduction of this manuscript in whole or in part may be
granted by the head of the major department or the Dean of the Graduate College when in
his or her judgment the proposed use of the material is in the interests of scholarship.
In all other instances, however, permission must be obtained from the author.

SIGNED:'

\9^av\)V

0

APPROVAL BY THESIS DIRECTOR
This thesis has been approved on the date shown below:

/Murray/Korc
Associate Professor of Internal Medicine

Date

3

ACKNOWLEDGEMENTS

I would like to thank the members of my committee for their useful criticism and
direction.

I would like to acknowledge the support and scientific guidance of my major

research advisor, Dr. Murray Korc. I would also like to thank Dr. Tim Bowden and Dr.
John Duffy for their time and efforts as committee members.
I would also like to thank my coworkers for their support, helpful discussions,
and assistance. I am especially appreciative of Jenny Barff, Mary Krutzsch, Gul Shah,
and Steven Reiser.
I am especially thankful for the support and encouragement from my family and
friends, throughout my graduate studies.

4

TABLE OF CONTENTS

Page
LIST OF ILLUSTRATIONS

6

ABSTRACT

7

1. INTRODUCTION.
Significance of regulated cell growth

8

Epidermal growth factor receptor structure and function

9

Transforming growth factor-alpha structure and biological significance

11

Regulation of gene expression, in particular epidermal growth factor
receptor gene and transforming growth factor-alpha gene

15

Research objectives

19

2. THE EFFECTS OF EGF OR TGF-ALPHA ON THE LEVEL OF TGF-ALPHA mRNA
IN T3M4 CELLS.
Introduction

20

Results

21

Discussion

26

Materials and methods

28

3. THE EFFECT OF REDUCING THE NUMBER OF EGF RECEPTORS, ON T3M4 CELLS.
Introduction

39

Results

41

Discussion

51

Materials and methods

52

5

TABLE OF CONTENTS-Continued

4. CONSTRUCTION OF A T3M4 GENOMIC UBRARY.
Introduction

59

Results

59

Discussion

62

Materials and methods

64

5.

CONCLUSIONS

68

6.

REFERENCES

72

6

UST OF ILLUSTRATIONS
Figure

Page

1.

Diagram of cell-to-cell signaling

12

2.

Illustration of promoter regions

16

3.

Northern blot of addition of growth factors over time and the resulting
TGF-alpha mRNA levels

22

4.

Bar graph of northern blot data of growth factor addition over time

23

5.

Northern blot of growth factor addition at various concentrations for
2 hours, and the resulting TGF-alpha mRNA levels

24

Bar graph of northern blot data of various concentrations of growth
factor addition for 2 hours

25

7.

Diagram of pGem-Herg (-)

46

8.

Diagram of pSVD-EGFR-AS

47

9.

Diagram of pHBAPr-1-neo- EGFR(-)

48

10.

Diagram of pXGH5-EGFR (-)

49

11.

Diagram of pSVd 70pA-EGFR (-)

50

6.

12. T3M4 genomic DNA digested by Sau 3AI restriction endonuclease

60

13. T3M4 size fractionated DNA

61

7

ABSTRACT

The human pancreatic cancer cell line, T3M4, is known to produce transforming
growth factor-alpha (TGF-alpha), as well as overexpress the receptor for this ligand,
epidermal growth factor (EGF) receptor.

TGF-alpha messenger RNA (mRNA) levels

were assayed using northern blot after addition of epidermal growth factor or TGFalpha. The level of TGF-alpha mRNA was found to increase 2-fold at 2 hours and then
return to near basal levels at 10 hours after treatment with either ligand. Both ligands
were also equipotent in a 2 hour dose response assay, with half maximal stimulation
seen at 1 nM and maximal stimulation reached at 4 nM.
be a 2-fold increase in TGF-alpha gene
experiments.

Furthermore, there appeared to

transcription as determined by nuclear runoff

Induction of TGF-alpha mRNA coupled with the overexpression of the EGF

receptor may result in a potent autocrine cycle, which may be found in other cancers.
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CHAPTER 1

INTRODUCTION

Under normal physiological conditions cell growth is a carefully regulated
process that is controlled, in part, by the actions of several polypeptide hormones and
hormone-like growth factors. These extracellular modulators of cell function bind to
specific cell-surface receptors which in turn activate a variety of signal pathways
(1).

Different receptors are coupled to different effector pathways; e.g., activation of
receptors

for

bombesin

or

vasopressin

induces

a

rapid

breakdown

of

phosphotidylinositol 4,5-bisphosphate which generates two second messengers,
diacyiglycerol and inositol 1,4,5 triphosphate (2). These second messengers perpetuate
the signal.

Diacyiglycerol stimulates protein kinase C, while inositol 1,4,5

triphosphate mobilizes intracellular Ca2+ (2).

In contrast, the insulin

or epidermal

growth factor receptors possess ligand dependent tyrosine kinase activity.

When the

ligand binds, phosphorylation of substrates and receptor autophosphorylation occurs
(3).

These phosphorylation events result in increased intracellular Ca2+ levels, a rise

in cytoplasmic pH (4), alterations of gene expression and eventually culminate in DNA
synthesis and cell division (2).
These pathways are complex and carefully balanced for the benefit of the cell.
Deregulation of a receptor and the signals it generates will upset the balance of the cell.
This deregulation may be due to overexpression of the receptor or constitutive signaling
by a receptor.
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Epidermal growth Factor Receptor.
The epidermal growth factor (EGF) receptor is a 170 kilodalton (kD)
glycoprotein and is a tyrosine kinase capable of autophosphorylation.

This tyrosine

kinase has strong sequence homology to the product of the avian erythroblastosis virus
v-erb B oncogene (5)

which has lead to the speculation that the EGF receptor is the

proto-oncogene for erb-B.

Tyrosine phosphorylation is an uncommon biological

occurrence (6) and is essential for the activation of the cellular events that follow
ligand binding of the receptor. The EGF receptor binds either epidermal growth factor
or transforming growth factor-alpha (TGF-alpha)

(7).

Ligand binding

activates the

EGF receptor and leads to autophosphorylation of a tyrosine residue at amino acid
position number 1173 (8). The EGF receptor/ligand complex initiates a cascade of
cellular events which influence cell proliferation and growth (9). Activation of the EGF
receptor

stimulates Na+/H+ exchange, Ca2+ influx,

activation of gene transcription

and inositol triphosphate formation which in turn leads to increased transcription of
responsive genes. These events culminate hours later by bringing about DNA replication
and cell division (10).
The EGF receptor is composed of 1186 amino acids with 40 kD of carbohydrate side
chains.

The amino terminal region is cysteine rich with 51 cysteine residues.

cysteines are concentrated into two regions.

These

These regions act to create the 3-

dimensional structure necessary for a ligand to bind. The 23 amino acid transmembrane
region is hydrophobic and is used to anchor the receptor into the membrane.

The

carboxyterminal region is 542 amino acids and contains the tyrosine kinase activity.
This is also the region of tyrosine autophosphorylation.
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Overexpression of the EGF receptor has been found in several forms of human
cancer such as,
(15) carcinomas.

bladder (11), brain (12), breast (13), epidermoid (14), and lung
A number of cultured human carcinoma cells

numbers of EGF receptor (16-20).

also exhibit increased

It has also been shown that ligand activation of

overexpressed EGF receptor can transform cells (21).

A human pancreatic carcinoma

cell line T3M4 (22) exhibits high numbers of EGF receptors (1.2 X 106 EGF receptors
per cell) while not appearing to have an increased number of gene copies coding for the
receptor (23). T3M4 cells also exhibit increased anchorage independent growth in the
presence of EGF (24).

These observations suggest that T3M4 cells would serve as a

useful model for the study of the relevance of EGF receptor overexpression in relation to
the growth advantage exhibited by cancer cells.
The human EGF receptor gene is located on the short arm of chromosome 7, which
is the 7p region (25, 26).

When giemsa, a permanent dye, and quinacrine, a

fluorescent dye, were used to analyze the chromosome banding pattern of T3M4 cells,
there was a clonal duplication of the 7p region (23, 28). A number of other pancreatic
carcinoma cell lines that overexpress the EGF receptor exhibited alterations of
chromosome 7p (23).

This suggests that overexpression of the receptor gene may be

secondary to this type of chromosomal abnormality.

Although these observations

suggested that a duplication of the EGF receptor gene may be present in these cells,
Southern blot hybridization analysis did not reveal any amplification of this gene within
the sensitivity of the assay (23).

However, it should be pointed out that Southern blot

analysis cannot detect less than 5 gene copies (23).
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TRANSFORMING GROWTH FACTOR - aloha.
There are three general schemes for cell-to-cell signaling by extracellular
chemicals, (Fig. 1). Such signaling can occur over very short distances as in autocrine
or paracrine signaling,

or over very long distances as in endocrine signaling.

In

endocrine signaling, cells release signaling substances which then act on distant targets.
Endocrine hormones

are usually carried from their secretion point to their target via

the blood stream. In paracrine signaling, the target cell is located close to the signaling
cell.

Most paracrine tarpet cells are neighboring cells, such as a nerve cell relaying an

electric impulse to a muscle cell. Autocrine signaling occurs when the signaling cell is
also the target cell.

This system is often seen in tumor cells which secrete growth

factors which in turn stimulate the tumor cell to unregulated growth (28).
Transforming growth factors are biologically

active polypeptides which are able

to confer the transformed phenotype onto untransformed cultured cells, either alone or
in combination with other factors.

If a cell is able to code for these factors or their

receptors, it may have a growth advantage

either by amplifying or negating signals

generated by the cell for itself or other cells regulation and growth. Such autocrine or
paracrine systems are seen in may cancers (28).
The gene coding for transforming growth factor-alpha is located on the short arm
of chromosome 2, close to the breakpoint of the Burkitt's lymphoma variant
translocation (29).

It is coded for by a 4.5 - 4.8 kilobase messenger RNA (30) and

shares a 30% amino acid homology with epidermal growth factor which is located on
chromosome 4q (31).

This homology is especially conserved in the positioning of the

six cysteine residues which are found in the same positions of the 53 amino acid EGF
molecule and the 50 amino acid TGF-alpha molecule (32). This sequence relationship

12
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Figure 1. Mechanism of cell-to-cell signaling.
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and presumed formation of 3 similar disulfide bonds, in both molecules, provides a
molecular explanation for the interaction of the two growth factors with the same
receptor,

EGF receptor (30).

Transforming growth factor-alpha is synthesized as part of a larger glycosylated
precursor.

The typical proTGF-alpha

molecule is 160 amino acids (33) and varies in

molecular weight from 18-22 kilodaltons depending upon the degree of glycosylation
(34).

The proTGF-alpha molecule is a transmembrane protein with a hydrophobic

leader peptide of 23 amino acids which is cleaved after insertion of the polypeptide into
the membrane (34). The remaining extracellular 80 amino acids contain the 50 amino
acid form of TGF-alpha in residues 40-89 (34).

This polypeptide is released by an

elastase-like enzyme cleaving the alanine in an alanine-valine-valine sequence (35).
The carboxy terminal segment of the proTGF-alpha remains anchored in the membrane
where it is covalently attached to palmitate (33,34,35). It has been determined that the
precursor TGF-alpha molecule is also biologically active while embedded in the cellular
membrane (36). The embedded precursor is capable of binding the EGF receptor and
inducing receptor autophosphorylation which produces a rapid rise in intracellular
calcium (36). The fact that TGF-alpha does not have to be processed to be biologically
active may have implications for other membrane precursors of related growth factors.
These

molecules may have other physiological functions which may include cell

recognition or an attenuated set of biological responses.
Transforming growth factor-alpha and epidermal growth factor often induce
similar effects on cell growth and frequently mimic each other's actions.

However, they

may exhibit differences in time or magnitude of the induced response. Both TGF-alpha
and EGF are capable of inducing gene transcription of nuclear proto-oncogenes c-myc
and c-fos

in

C3H10T1/2 fibroblast cells.

The induction kinetics of c-myc mRNA by

14
TGF-alpha were slower than EGF.

The stimulation of DNA synthesis in these cells

showed similar kinetics for EGF and TGF-alpha, but TGF-alpha stimulation was slightly
greater (37).

TGF-alpha mRNA autoinduction has been demonstrated in normal

keratinocytes. EGF is also capable of inducing TGF-alpha mRNA levels (38).
TGF-alpha mRNA and TGF-alpha protein have been observed in a variety of tumor
cells.

Production of TGF-alpha is often associated with an increase in EGF receptor

number, suggesting an autocrine mechanism of transformation (39).

TGF-alpha mRNA

has also been isolated from developing rat embryos (40) and normal adult mammalian
tissues (38, 41-47). This suggests TGF-alpha may have a role as a fetal growth factor
and in the normal processes of wound repair.
It has been shown previously that both TGF-alpha and EGF significantly enhance
anchorage independent growth of T3M4 cells as well as 2 other pancreatic cancer cell
lines, Panc-1, and ASPC-1. TGF-alpha was found to be 10-100 fold more potent than
EGF in this assay (24).

This would then suggest that the overexpression of the EGF

receptor coupled with the production of TGF-alpha could yield an efficient means for
certain cancer cells to obtain a growth advantage (24). This adds another dimension to
our T3M4 cancer model system.

The cancer model now includes overexpression of the

EGF receptor and production of a ligand which binds to the receptor, namely TGF-alpha.
This

cell line is capable of an autocrine cycle of stimulation

which may result in

unregulated growth.
T3M4 cells exhibit differences in EGF receptor degradation depending upon the

ligand bound.

EGF or TGF- alpha bind, activate,

and cause internalization of the

receptor/ligand complex, and, in most cell systems, the receptor and ligand are
degraded.

When no ligand is bound, the T1/2 (half-life) of the receptor in T3M4 cells

is 16 hours. If EGF is bound, the receptor T1/2 is 4.4 hours. However, if TGF -alpha
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binds the receptor, the receptor T1/2 is 7.2 hours (48). These differences may result
in differential signaling to replenish the EGF receptor on the cell surface.
There are also differences in the ligand degradation patterns in T3M4 cells. TGFalpha is degraded rapidly after binding the EGF receptor and becoming internalized.
EGF, the other ligand for the EGF receptor, is degraded slowly and is released from the
cell in a form which is capable of rebinding to the EGF receptor (48).

Thus one

molecule of EGF can activate more than one receptor. This illustrates a novel example of
ligand recycling, which could have a role in carcinogenesis. This result further expands
our cancer model system.

GENE REGULATION.
The promoter region of TGF-alpha and the EGF receptor are similar to those
found in the simian virus-40 early promoter and the hydroxymethylglutaryl-CoA
reductase gene (Fig. 2) (49, 50).

None of these promoters contains a ATATAA sequence

known as a "TATA box" or a CCAAT sequence known as a"CCAAT box". These consensus
sequences are thought to aid in correctly positioning the RNA polymerase molecules
prior to the initiation of transcription (49).

However, the 5' region of these promoters

is G+C rich and contains repeptitive elements . The EGF receptor contains five CCGCCC
repeats and

four TCCTCCTCCTCC repeats (49). The TGF-alpha promoter contains seven

CCGCCC repeats and a series of imperfect duplications of the sequence TCCC, which is 11
bases in length (50). Most promoters which do not have a "TATA box" or "CCAAT box" to
determine the start of transcription have multiple start sites.

Such is the case with the

EGF receptor which has six transcriptional start sites, the HMG-CoA reductase
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Figure 2. Diagram illustrating the promoter regions of the indicated genes. The
closed box indicates a CCGCCC sequence. The open box indicates a "TATA box". The
arrows indicate transcription initiation sites. The EGF receptor, TGF-alpha, and HMGCoA reductase genes are numbered with the A of the initiator methionine codon as +1.
The SV-40 gene is numbered as per the official number system (49, 50).
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gene has 5 start sites, the SV-40 early promoter has 2 start sites. However, the TGFalpha has a single transcription start site.
EGF is able to induce both EGF receptor mRNA (51) and TGF-alpha mRNA which
may be, in part, due to the similarity of their promoter regions.

It has also been

reported that TGF-alpha is capable of autoinduction, but no work has of yet reported if
TGF-alpha is able to induce EGF receptor mRNA. In the T3M4 cancer model, TGF-alpha
is produced by these cells and is able to act in an autocrine manner.

Therefore, it may

be able to function as a super-agonist and warrants further study.
The human transcription factor Sp1 is found in uninfected cells and binds to
several viral and cellular promoters, among these are the SV-40 promoter.

The Sp1

binds to the CCGCCC sequence found in the 5' upstream promoter region of the SV-40
early promoter and other genes, such as the EGF receptor (52). A current hypothesis is
that some "growth control" genes that contain the CCGCCC repeat in their promoter
region are regulated by binding of the Sp1 protein (57).

It has been found in A431

cells, a squamous carcinoma cell line which overexpresses the EGF receptor, that the
third repeat of the CCGCCC differs from normal epithelial cells (49).

This may also

occur in T3M4 cells, and may allow a stronger binding of Sp1 which would then cause
more transcription of the EGF receptor gene.

T3M4 cells may also have

more

reptetitive sequences in the 5' region of the EGF receptor gene, which allows for more
transcription.

Another possibility is the mRNA rate of transcription for the EGF

receptor gene may be increased in these cells. This would again allow more mRNA to be
made.
Alternatively, the source of increased levels of EGF receptor protein may be due
to some posttranscriptional or postranslational event.

For example, the mRNA may be
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more stable in T3M4 cells which would allow more protein to made from each mRNA
molecule.
It has been demonstrated that ligand activation of overexpressed EGF receptor in
NIH 3T3 fibroblasts resulted in transformation (21).

These cells were then able to

form colonies in a soft agar assay, exhibiting loss of anchorage dependent growth. This
evidence indicates that activation of the overexpressed EGF receptor is sufficient to cause
transformation under certain conditions and in a particular cell type, such as cultured
fibroblasts.

The downmodulation of the EGF receptor number may then be able to

reverse these effects.
The antisense system is a naturally occurring regulatory function seen in many
virus and prokaryotic systems (53-57) and recently reported for TGF-alpha mRNA
regulation (58). Messenger RNA made from the noncoding strand of DNA is referred to
as antisense. This mRNA is of the opposite orientation when compared to the the coding
or sense mRNA. To study the down modulation of the EGF receptor, a plasmid would be
constructed which would be capable of producing an antisense EGF receptor mRNA. This
plasmid would be introduced into a cell which overexpresses the EGF receptor, such as
T3M4.

It is surmised that the antisense mRNA would be able to hybridize to the mRNA

in vivo and selectively inhibit protein production of the EGF receptor. The effects on the
cell would then be assayed. The formation of double stranded RNA by hybridization of the
complementary sense and antisense RNA transcripts is important in the regulation of
gene expression and DNA replication in several viral and prokaryotic systems (53-57),
but the mechanism is uncertain.

The hybridization of the sense and antisense mRNAs

may make the sense mRNA more unstable or the double stranded mRNA complex may be
more sensitive to degradation than the single stranded forms.

It is also possible that the

antisense mRNA may bind the sense mRNA and prevent its complete transcription or
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duplex formation may inhibit transport of the mRNA to the cytoplasm. Finally, it is also
possible that the sense/antisense mRNA duplex may inhibit translation of the mRNA into
protein.

Objectives.
The purpose of this study was to investigate the hypothesis that overexpression of
the EGF receptor when found in a system which produces TGF-alpha, may create an
autocrine or paracrine system in some transformed cells such as the human pancreatic
carcinoma cell line T3M4 (22). Investigation of the possible mechanisms of regulation
of these factors was approached at several levels. The role of EGF on TGF-alpha mRNA
synthesis and stability in T3M4 cells was investigated to attempt to correlate the
findings to a model of autocrine or paracrine action. An investigation was also initiated
to study the role of EGF receptor expression in the transformation of T3M4 cells. This
was approached using two methods: (1) the effect of decreasing the EGF receptor number
in a transformed cell which overexpresses the EGF receptor by introducing a plasmid
which produces EGF receptor antisense mRNA and (2) isolating the 5' promoter region
of the EGF receptor gene and comparing it to the published sequence.
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CHAPTER2

THE EFFECT OF EGF OR TGF-ALPHA ON THE LEVEL OF TGF-ALPHA
mRNA IN T3M4 CELLS.

Introduction
Pancreatic cancer is a rapidly progressive disease with a low survival rate
(22). It is difficult to diagnose at a state at which conventional therapy is likely to be
effective (22).

Knowledge of the biological properties of this tumor have been limited

due to the lack of a suitable experimental model (22).
Overexpression of the EGF receptor is found in a number of human cancers (1115)

as well as in many cultured human pancreatic carcinoma cell lines (16-20), such

as T3M4 (22). The production of TGF-alpha is often associated with the overexpression
of the EGF receptor (39).

The study of the interactions of TGF-alpha, EGF and EGF

receptor may reveal how some cells are able to gain a growth advantage, and lead to the
development of a cancer model system.
This study was undertaken to discern the role of

TGF-alpha and the

overexpression of the EGF receptor in the T3M4 human pancreatic cancer cell line. The
expression and regulation of TGF-alpha mRNA were investigated to further elucidate the
possible autocrine system existing in this cell line.
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Results
Treatment of TiM/t cells with growth factors.
T3M4 cells were treated with 4 nM of either
(Collaborative Research)

or

mouse epidermal growth factor

human transforming growth factor-alpha (Bachem).

The

purity of the growth factors was tested, and the batches of EGF and TGF-alpha used in the
present study were equipotent in displacing

125l-labeled

EGF in a radioreceptor assay.

The EGF was determined to be free of TGF-alpha, and the TGF-alpha was determined to be
free of EGF. Mouse EGF has been shown to mimic human EGF, and this was confirmed
using a competition binding assay (24).

After the cells were treated with either growth

factor, cytoplasmic RNA was isolated every 2 hours over a 10 hour time course. The
RNA was size separated by electrophoresis, and a capillary blotted northern prepared.
The level of TGF-alpha mRNA was then determined by hybridizing the blot with TGFalpha Riboprobe (Fig. 3).

Densitometer analysis of the resulting autoradiograph

revealed that the level of TGF-alpha mRNA was increased 2-fold over the untreated
control at 2 hours and declined slowly to near basal levels over the 10 hour time course
(Fig. 4). Both TGF-alpha and EGF were equipotent throughout the time course of the
experiment.
T3M4 cells were next treated with 0.01 nM - 10.0 nM, concentrations of growth
factors for 2 hours. The cytoplasmic RNA was isolated, electrophoresed, and a northern
blot prepared.

Hybridization of the northern blots with TGF-alpha Riboprobe revealed

one-half maximal stimulation of TGF-alpha mRNA levels at 1 nM and maximal
stimulation was reached at 4 nM of growth factor (Fig. 5 and 6). Again, EGF and TGFalpha were equipotent in inducing TGF-alpha mRNA, although at 0.1 nM TGF-alpha was
more potent than EGF at inducing TGF-alpha mRNA.
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Figure 3. Northern blot analysis showing maximum induction of TGF-alpha
mANA at 2 hours. The numbers on the horizontal axis denote times of treatment in
hours, with the respective growth factor. Cytoplasmic total RNA was isolated from
T3M4 cells treated with 4 nM EGF (top panel) or 4 nM TGF-alpha (center panel) for
various times. The level of TGF-alpha mANA was increased at 2 hour compared to the 0
hour or control, lane 0 versus lane 2. The level of TGF-alpha mANA then declined to
near basal levels over the time course of the experiment, lanes 4-1 0 hours as the
intensity of the signal indicates. The RNA was electrophoresed in a 1°/o agarose
denaturing gel, transferred to a nylon membrane and probed with TGF-alpha Riboprobe
(3 X 1os cpm) as shown in the top 2 panels or 7S eDNA (5 X 1os cpm) shown in the
bottom panel. The 7S analysis was used to control for loading variations, as determined
by the respective intensity of the 7S in each lane. A representative autoradiograph of 3
experiments is shown. The mANA size was determine by comparison to ribosomal RNA
markers.
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Figure 4. The effect of either 4 nM EGF or 4 nM TGF-alpha on the level of TGFalpha mRNA versus time. T3M4 cells were incubated with either growth factor for the
times indicated. This bar graph is the result of 3 time course experiments, such as that
illustrated in figure 3. The cytoplasmic RNA was then isolated, electrophoresed in 1%
agarose, capillary blotted onto nylon membrane and probed with TGF-alpha Riboprobe
(3 X 10 6 cpm) or 7S cDNA (5 X 105 cpm). The resulting autoradiograph was then
analyzed by laser densitometer, corrected for loading variations using as a standard the
7S values and plotted as % above control. The 2 hour time point is an n=6 and the
remaining time points are n=3. Significance (*) was determined by student t test and is
p<0.05.
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Figure 5. Northern blot analysis for determining maximal induction of TGFalpha mANA . Lane 1 is T3M4 poly A+ RNA isolated from untreated cells. Lanes 3
through 7 were treated with EGF; lanes 9 through 13 treated with TGF-alpha. Lanes 2
and 8 are untreated controls. Lanes 3 and 9 are a.a1 nM, 4 and 1a are a.a4 nM, 5 and
11 are 1.a nM, 6 and 12 are 4.a nM and lanes 7 and 13 are 1a.a nM of growth factor.
Cytoplasmic total RNA was isolated from T3M4 cells treated for 2 hours with the
indicated doses of EGF or TGF-alpha. The isolated RNA was electrophoresed in a 1°/o
agarose denaturing gel, transferred to a nylon membrane and probed with TGF-alpha
Riboprobe (3 X 1as cpm), top band, or 7S eDNA (5 X 1as cpm), heavy lower band. The
RNA size in kilobases was determined by comparison to ribosomal RNA markers. A
representative autoradiograph of 4 experiments is shown.
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Figure 6. Bar graph of dose response of either EGF or TGF-alpha on TGF-alpha
mRNA levels in T3M4 cells. T3M4 cells were treated with varying concentrations for 2
hours. The results graphed here are from 4 experiments, such as that illustrated in
figure 5. The cytoplasmic RNA was isolated, electrophoresed in 1% agarose denaturing
gel, capillary blotted onto nylon membrane and probed with TGF-alpha Riboprobe (3 X
106 cpm) or 7S cDNA (5 X 105cpm). The densitometer values, n=4, were corrected
for loading variations and plotted as % increase above control. Significance (*) was
determined by student t test and is p<0.05.
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The increase in the level of TGF-alpha mRNA could have been due to increased
transcription of the TGF-alpha gene, which would then yield more TGF-alpha mRNA
molecules. It was also possible that the increase in TGF-alpha mRNA levels was due to
increased stability of the mRNA, which would cause an increase in the half-life of the
mRNA. These alternatives are not exclusive, but it was first decided to test the former
option. Nuclear runoff experiments were done to determine if the addition of EGF caused
an increase in the transcription of the TGF-alpha gene. The nuclei were isolated after
treatment with 4 nM EGF, at 30 minute intervals for 2 hours. A 4 hour time point was
also taken.

The results, of two experiments, indicate a 2-fold increase in transcription

of the TGF-alpha gene (data not shown). These data indicate that the action of EGF and
TGF-alpha on TGF-alpha mRNA induction occurs at the level of gene transcription.

Discussion

Cancer cells must have an advantage in order to grow differently under the same
conditions as normal cells. Cancer cells often require less exogenous growth factors than
their untransformed counterparts, because they are able to produce growth factors, such
as TGF-alpha, which they can then utilize (1).

The production of TGF-alpha in a

malignant cell which overexpresses the EGF receptor may be an efficient mechanism for
certain malignant cells to obtain a growth advantage.

This autocrine system is

illustrated by T3M4 cells. They overexpress the EGF receptor and produce TGF-alpha,
a ligand for the receptor.
TGF-alpha exhibits 30% amino acid homology with the EGF molecule (31) and
utilizes the same receptor as EGF (7).

However, TGF-alpha is known to exert greater

stimulatory effects on several biological functions (24,37,38), such as the ability to
induce anchorage independent growth when compared to EGF. TGF-alpha was shown to be
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10-100 fold more potent than EGF at inducing growth in a soft agar assay (24). TGFalpha may be able to activate postreceptor pathways that similar concentrations of EGF
are not able to active. These differences may result in subtle effects on normal cells, but
certain malignant cells may be particularly sensitive to the regulatory growth actions of
TGF-alpha (24).
Overexpression of the EGF receptor is a feature seen associated with some human
cancers. Biopsy sampling of primary tumors has shown increased EGF receptor number
(13,14,15). An increased number of EGF receptors are
carcinoma cells (16-20).

expressed on human cultured

Also, enhanced metastatic potential and tumor invasiveness

is associated with a large number of EGF receptors in human bladder and breast cancers
(12, 11).

The presence of a large number of EGF receptors may cause different effects

on cells in dissimilar states of growth or transformation.

Unrestricted activation of the

tyrosine kinase may allow cells to proliferate in the absence of ligand.

Alternatively,

the production of a growth promoting polypeptide such as TGF-alpha, that binds and
activates the overexpressed EGF receptor may be associated with unregulated growth
and/or malignant transformation (24).
As has been shown here, TGF-alpha mRNA levels are increased by treatment
with EGF or TGF-alpha . This induction is dose dependent and peaks at 2 hours after
treatment (Figs. 4,6).

The increase in TGF-alpha mRNA appears to be due to increased

transcription, as determined by nuclear runoff.

That TGF-alpha is capable of

autoinduction, may yield a potent autocrine cycle when a high number of EGF receptors
are present, as in T3M4 cells.

This autocrine system may be the means by which the

cells were able to gain a growth advantage. This growth advantage may predispose the
cell to malignant transformation and may have implications for other cancers in which
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overexpression of the EGF receptor is seen such as bladder, brain, breast, epidermoid
and lung (11-15).

Materials & Methods
Cell Culture.
The human pancreatic cell line T3M4 (R.S. Metzgar, Duke University)
maintained in RPMI 1640 medium
fetal bovine serum.

was

supplemented with antibiotics, 5% bovine and 5%

The cells were grown at 37°C in the presence of 5% CC>2/95% air

atmosphere.

Preparation of RNA glassware.
The glassware to be used for RNA was washed with soap and water, rinsed in house
distilled water, and rinsed again in double distilled (dd) water. It was allowed to air dry.
Sigmacote (Sigma) was

applied to the inner surfaces of the glassware by swirling the

siliconizing solution around the glass surfaces. The glassware was again allowed to air
dry and rinsed in double distilled water. Aluminum foil was used to cap the glassware
and it was autoclaved for 45 minutes, and then baked in a drying oven at 250°F for 4
hours. At this point the glassware was handled with gloved hands, and placed in a cabinet
with doors to protect it from possible RNase sources.

Preparation of solutions for RNA research.
Solutions used for RNA research must be as free of RNase as is possible. The double
distilled water and other solutions which do not contain Tris (tris [hydroxymethyl]
aminomethane)-TRIZMA

base

or

(tris[hydroxymethyl]

aminomethane-TRIZMA
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hydrochloride, are treated with diethyl pyrocarbonate (depc). Diethyl pyrocarbonate
binds to RNases and inactivates them.
A solution was made and depc was added to 0.1% of the volume. The solution was
allowed to mix on an orbital shake for more than 8 hours. The solution was autoclaved
for 45 minutes to remove the depc.
Solutions which contain Tris could not be treated with depc, as the two interact to
form carbon dioxide and water. Tris solutions were therefore made with autoclaved depc
dd water and the necessary reagents or solutions, and molecular biology grade Tris was
then added and the mixture was autoclaved for 45 minutes, followed by filter
sterilization.

Isolation of DNA from agarose gel by electroelution.

The DNA was digested by restriction endonuclease, using 3 times the recommended
amount of restriction endonuclease. The mixture was extracted with an equal volume of
phenol-chism, and precipitated using 0.1 volume of 3 M sodium acetate pH 7.4

and 2

volumes of ethanol. The DNA was placed on ice for 15 minutes and the DNA collected by
centrifugation at 16,000 rpm in an Eppendorf microcentrifuge, at 4°C. The DNA was
resuspended in water and loaded onto a 0.8% agarose (ultrapure, Bethesda Research
Laboratories) TAE(40 mM Trizma base, 5 mM sodium acetate, 1 mM EDTA, pH to 8.5
with glacial acetic acid) gel. The DNA was electrophoresed until the bands achieved a
desirable separation. The band containing the desired fragment of DNA was cut from the
gel using a new razor blade, keeping the direction of electrophoresis in mind. A piece of
dialysis tubing (#2, Spectropor) was cut slightly large than the gel slice and rinsed
extensively in dd water. One end of the tubing was clamped and the tubing filled with 1X
TAE buffer.

The gel slice was

put in the bag, trying to keep the direction of
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electrophoresis constant. The excess TAE was removed from the bag without introducing
air bubbles. The other end of the tubing was clamped and placed in the electrophoresis
apparatus, with enough 1X TAE to cover the tubing. The gel slice was electrophoresed
in the same direction, using 100 volts for 7 minutes.

The electrophoresis was

monitored by the migration of the ethidium bromide out of the gel into the tubing. The
liquid was removed from the tubing, and placed in a 1.5 ml microcentrifuge tube. The
tubing was rinsed with a small amount of 1X TAE and was added to the previous
supernatant.

The supernatant was spun for 30 seconds at room temperature to pellet

the agarose. All but the last 50 ul were removed to a new tube. Two microliters of tRNA
(10mg/ml stock, Boehringer Mannheim) were
precipitated as described previously.

added to the supernatant and the DNA

The DNA was placed on ice for 15 minutes and

spun at 4°C for 30 minutes at 16,000 rpm. The DNA pellet was resuspended in 21 ul of
TE (10 mM Tris-CI pH 7.5 and 1mM EDTA pH 8.0). The concentration was ascertained
by absorbance 260nm and the following calculation: OD26O

x

dilution factor X 50ug/ml

= DNA ug/ml.

Isolation of DNA from agarose ael bv olassmilk.

The restriction endonuclease digested DNA was electrophoresed on a 0.8% TAE gel
until desirable separation of the bands was achieved.

The band of interest was then cut

from the gel with a new razor blade. The agarose slice was then weighed and 2.5 vol of
6M sodium iodide (Geneclean Kit, Bio 101) solution was added to the gel slice in a
microcentrifuge tube, 1.5 ml or 2.0 ml.

The agarose was dissolved by incubation at

55°C. Glassmilk suspension was then added to bind the DNA in solution (5 ul for the
first 5 ug, and 1 ul for each additional 0.5 ug of DNA).

The mixture was mixed and

placed on ice for 5 minutes. The glassmilk/DNA complex was pelleted by centrifugation
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at 16,000 rpm for 30 seconds at RT.

The glassmilk/DNA pellet was washed 3 times

with 500 ul of new wash solution. The pellet was resuspended in the wash solution and
the glassmilk/DNA pelleted by centrifugation at 16,000 rpm, at RT for 10 seconds.
After the third wash, the tube was respun and as much wash solution as possible, was
removed. The glassmilk/DNA pellet was resuspended in sterile dd water using 3 times
the volume of the glassmilk added. The DNA was eluted, twice, from the glassmilk by
heating to 55°C for 5 minutes, with vortexing every minute.

The glassmilk pellet and

DNA solution were separated by centrifugation at RT for 30 seconds at 16,000

rpm.

The DNA solution was removed, being careful not to disturb the glassmilk pellet.

The

DNA was then quantitated by absorbance at 260nm and the necessary calculations
performed.

Isolation of RNA.
Cells plated at 5 X 10® per 100 mm dish with 10% serum were grown overnight.
Twenty to twenty-four
washed, 2X

hours after seeding, the media was aspirated.

The cells were

with 2.5 mis of media without serum; and 5.0 mis of media with

0.5% of

FCS was added. The additions began 30 minutes after the media change. Either 4.0 nM
mouse EGF or 4.0 nM human recombinant TGF-alpha was added to the medium.
incubation was terminated by placing the cell plates on ice at 4°C.
aspirated and the cells washed twice with 2.0 ml

The

The medium was

of PD (phosphate buffered saline,

deficient in calcium and magnesium). The cells scraped in 1.0 ml of PD were placed in a
2.0 ml microcentrifuge tube.

The plates were rinsed and rescraped, and this material

was combined with the first.

The tube was centrifuged in an Eppendorf centrifuge at

16,000 rpm for 5-8 seconds.

The supernate was aspirated and the cell pellet lightly

vortexed for 5 seconds. The cells were resuspended in a 0.5% NP-40 lysis solution (20
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mM NaCI, 20 mM Tris-CI 7.5, 2 mM MgCl2. 1% Nonidet P-40, freshly added
heparin(Sigma), 200ug/ml; filter sterilized), lightly vortexed (2 seconds) and placed
on ice for 2 minutes to obtain cytoplasmic RNA. The nuclei and cell debris were removed
by centrifugation in an Eppendorf microcentrifuge at room temperature (RT) for 3
minutes.

The supernatant was transferred to a sterile, labeled 1.5 ml microfuge tube

containing 100 ul of 10% SDS (heated for 1 hour at 68°C), 25ul of 4.0 M NaCI (depc
treated) was then added.

Next, 200 ul of phenol (0.1% 8-hydroxyquinoline, saturated

with 1M Tris-CI 7.6, followed by saturation with 0.1M Tris-CI 7.6) and 200 ul of
chloroform-isoamyl alcohol (24:1, chism) were added, samples vortexed and spun at RT
for 5 minutes. The upper aqueous phase was removed to a clean tube, without disturbing
the interface. The remaining aqueous phase was removed to a 0.5 ml microcentrifuge
tube and spun for 1 minute at RT. The additional clean aqueous phase was removed and
combined with the first aqueous phase, and

extracted as before.

The RNA was

precipitated using 0.15 volumes of 3.0 M sodium acetate pH 5.2 (depc) and 0.6 volumes
of isopropanol.

The tubes were

placed at -80°C for 15-30 minutes.

The RNA was

collected by centrifuging at 16,000 rpm for 15-30 minutes 4°C. The RNA pellet was
washed with 1.0 ml of

ice cold 75% ethanol (100% and depc dd water)/ 25% 0.1M

sodium acetate pH 5.2 (depc)and centrifuged for 5-10 minutes as before. The wash
solution was decanted and the pellet allowed to air dry. The pellet was resuspended in
30-50 ul of depc dd water and placed at -80°C.

Analysis of RNA.
Total RNA was denatured at 55°C for 15 minutes in 2.2 M formaldehyde and 50%
(v/v) formamide solution and then placed on ice prior to loading.

The RNA was

electrophoresed in a 0.8% agarose/formaldehyde gel. The agarose was weighed and added
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to a 250 ml Erlenmeyer flask prepared for RNA work. The depc dd water was added; the
flask was covered with a piece of plastic wrap and microwaved to dissolve the agarose.
The mixture was swirled during the heating cycle of approximately 2 minutes.

When no

agarose was seen, the mixture was allowed to cool to 60°C. The remaining reagents were
added as follows: formaldehyde solution (12.3 M) to 2.2 M and 10X MOPS to
concentration.

1X final

The 1X MOPS buffer contained: 20 mM MOPS, 5.0 mM sodium acetate,

and 1.0 mM EDTA,

pH 7.0, and autoclaved. The relative quantities of RNA were

determined by electrophoresis of the samples with ethidium bromide present.

The

ethidium bromide solution was prepared as follows: 10mg/ml stock solution of ethidium
bromide was diluted 1:5 with 10X loading buffer (50% glycerol, 1mM EDTA, 0.4%
Bromophenol blue, and 0.4% xylene cyanol; filter sterilized and kept at 4°C).

Northern Transfer.
The RNA was capillary blotted onto
um).

nytran membranes (Schleicher & Schuell, 0.45

The gel was equilibrated by soaking in depc dd water for 15 minutes, followed by

soaking in 20X SSC (3.0 M sodium chloride and 0.3 M sodium acetate, pH 7.0) for 15
minutes.

A bridge was formed in a glass dish using plastic containers which were 2/3

the height of the dish with a

glass plate laid across the top of the plastic containers.

Enough 10X SSC was added to fill the dish half full. A prewetted (10X SSC) wick was
placed across the glass plate bridge and the air bubbles removed. Two pieces of 3mm
Whatman, the size of the gel, were also prewetted in 10X SSC and placed onto the wick by
holding the sides and allowing the center to touch the wick, before lowering the sides.
Again the air bubbles were removed.

The gel was turned upside down and placed on the

island of 2, 3mm Whatman pieces. The air bubbles were again removed. The nytran was
prewetted in depc dd water, followed by 10X SSC and placed on the gel by holding the
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sides and allowing the center to touch the gel and then lowering the edges to extrude any
air bubbles. A piece of 3mm filter paper, the size of the gel was prewetted and placed on
the nytran in the same manner.

Parafilm

was used to form a frame around the gel.

Paper towels (7-10 inch stack above the gel) were placed on the gel to draw the 10X
SSC buffer up through the gel. A glass plate was placed on top of the paper towel stack
and the transfer set-up was covered with foil or plastic wrap, a weight was placed on top
of the stack and transfer of the RNA allowed to continue for 16 hours.
diffusion blotting for 16 hours,
and gel were taken apart.

Following

the lanes were marked with a pencil before the filter

The nytran filter was

washed in 5X SSC for 5 minutes to

remove agarose and the RNA covalently linked to the filter by exposure to UV light of
254 nm.

Hybridization Conditions for Northerns.

The resulting filter was hybridized with either; TGF-alpha (Genetech) or 7S-a
mouse ribosomal RNA (Bowden) probes and subjected to autoradiography. Hybridization
of the TGF - alpha

32P-

Riboprobe (Riboprobe kit , Promega Biotec) was performed at

65°C, with shaking, for 16-20 hours, in 50% formamide (ultrapure, Bethesda
Research Laboratories), 0.5% SDS, 5X SSC, 5X Denhardts (50X stock: 1% ficoll, 1%
polyvinlypyrrolidone, 1% BSA pentax fraction V), 250 ug/ml salmon sperm DNA
(Sigma), 50 mM sodium phosphate, pH 6.5 and 10% Dextran sulfate (Pharmacia). The
filter was

washed twice at 65°C

with 1X SSPE/0.5% SDS,

SSPE/0.5% SDS at 68°C. Hybridization of the 7S

32P-

and twice with 0.1X

insert cDNA, radiolabeled using

random oligonucleotides as primers, (Random primed DNA labeling kit , Boehringer
Mannheim) was performed

at 42°C for 16-20 hours.

This hybridization buffer

contained: 50% formamide, 0.1% SDS, 5X SSC, 2X Denhardts, 250 ug/ml salmon sperm
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DNA, 50 mM sodium phosphate, pH 6.5 and 10% Dextran Sulfate. The filter was washed
twice in 6X SSPE/ 0.5% SDS at room temperature, twice in 1X SSPE/0.5% SDS at
37°C, and once at 57°C. The filter was wrapped in plastic wrap, and exposed to XAR-5,
x-ray film (Kodak).
The intensity of the autoradiographic bands was quantified by microdensitometry
(LKB).

Removal of Probes from Northerns.

The filters were placed in a seal-a-meal bag with 0.1 X
volume of the hybridization solution.
100°C waterbath, for 20 minutes,

SSC, using 2-3 times the

The filter with solution was

placed in a 95 -

then rinsed in depc dd water, wrapped in plastic

wrap and autoradiographed to determine if any probe remained. The clean filters were
then used for hybridization with a different probe, as described previously.

Isolation of Nuclei.

The cells

( 5 X 10^/plate, 2 plates/ time point or treatment) were treated and

placed on ice. The cells were scraped from the plate in 1 ml of PD, cells placed in a 13
ml polypropylene tube, and scraped again in 1 ml of PD. These cells were combined with
the first, and the cells were centrifuged for 5 minutes at 500g. The cell pellet was
loosened by vortexing for 5 seconds and then the cells were lysed by adding 4.0 mis of
NP-40 lysis buffer(10 mM Tris-Cl pH 7.4, 10 mM NaCI, 3 mM MgCl2, 0.5% nonidet
P-40), while vortexing the cells.

The cells were vortexed an additional 10 seconds

after the lysis buffer had been added, and placed on ice for 5 minutes.
nuclei were pelleted as before.
lysis procedure was repeated.

The resulting

To clean the nuclear pellet of unlysed cells, the above
However, the 5 minute incubation on ice step was
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eliminated. The nuclei were centrifuged for 5 minutes at 400g. The nuclear pellet was
resuspended in 200 ul of glycerol storage buffer (50 mM Tris-CI, pH 8.3, 40%
glycerol, 5 mM MgCl2, 0.1 M EDTA) using a pipet tip whose tip was cut off, to avoid
damage to the nuclei. Nuclei, thus obtained, were frozen in liquid nitrogen and stored at
-80°C.

Nuclear Runoff Transcription.

Nuclei were placed in a rack at room temperature, 190 ul of 2X reaction buffer (10
mM Tris-CI, pH 8, 5 mM MgCl2, 0.3 M KCI) added with 10 ul of 100 mM nucleotides
(ATP, CTP, GTP; Boehringer Mannheim) and 100 uCi of

32P-labeled

UTP to label RNA.

The reaction was carried out for 30 min at 30°C, with mild shaking. The labeled nuclei
were treated with 0.6 ml of RNase-free DNase solution for 5 minutes at 30°C.
DNase

solution

was made by

The

adding 40 ul 1 mg/ml RNase-free DNase

I

(DPRF.Worthington) and 1.0 ml HSB buffer (0.5 M NaCI, 50 mM MgCI2, 2.0 mM
CaCl2, 10 mM Tris-CI, pH 7.4).

Treatment with 200 ul SDS/Tris buffer (5% SDS,

0.5M Tris-CI 7.4, 0.125 M EDTA) and

10 ul 20 mg/ml proteinase K (Boehringer

Mannheim) followed and the reaction incubated at 42°C for 30 minutes. Phenol extract
the mixture with 1.0 ml

and centrifuge

at 800g for 5 minutes.

The RNA was

precipitated with 2.0 ml depc dd water, 3.0 ml 10% TCA/ 60 mM sodium pyrophosphate
and 10 ul of 10mg/ml E. coli tRNA. The reaction was incubated on ice for 30 minutes
and the precipitant

collected by filtration onto a GF-A (Whatmann, 2.4 cm) filters. The

filters were washed 3
pyrophosphate.

Each

times with

a solution of 5% TCA and 30 mM sodium

filter was then transferred to a 10 ml plastic scintillation vial

(washed with depc dd water) and 1.5 ml DNase I buffer (20 mM HEPES pH 7.5, 5.0 mM
MgCl2, 1-0 mM CaCI2) and 37.5 ul 1 mg/ml RNase-free DNase I added for 30 minutes at
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37°C with no shaking.

The reaction was quenched by adding 45 ul of 0.5M EDTA and 68

ul of 20% SDS. The labeled RNA was eluted from the filters by gently shaking at 65°C
for 10 minutes. The supernatant was removed to a 13 ml polypropylene tube and 1.5
ml of elution buffer added (1% SDS, 10 mM Tris-CI pH 7.5, 5.0 mM EDTA) to each
filter. The RNA was eluted as before and the resulting supernatant combined with the
original. To the 3.0 ml of supernatant containing the

32P-labeled

RNA, 4.5 ul of 20

mg/ml proteinase K was added and incubated for 30 minutes at 37°C, no shaking. The
RNA was extracted with 3.0 ml of phenol followed by extraction with 3.0 ml of phenolchism.

The aqueous phase was removed to a siliconized 30 ml Corex tube and

0.75 ml

1 M NaOH added. The tube was left on ice for 30 minutes. The reaction was quenched by
the addition of 1.5 ml of 1.0 M HEPES (free acid). The RNA was precipitated by adding
0.53 ml of 3.0 M sodium acetate, pH 5.2, and 14.5 ml of cold 100% ethanol and allowed
to incubate at -20°C overnight. The RNA was collected by centrifugation for 30 minutes
at 10,000 g at 0°C. The ethanol was removed and the pellet resuspended in 100 ul TES
solution (10 mM TES, 10 mM EDTA, 0.2% SDS).

One microliter was counted in 10 ml

toluene scintillation fluid, and the runoff generated RNA used to hybridize prepared DNA
filters.

Preparation of DNA Strips to Analyze Runoff.

DNA specific for the genes of interest was obtained from enzymatic digestion of
plasmids.

The DNA

isolated by glassmilk extraction (Gene Clean, Bio 101) or

electroelution, was resuspended in TE (10 mM Tris-CI 7.5 and 1mM EDTA 8.0) and
quantified by OD260- The DNA was denatured by addition of NaOH to a final concentration
of 0.3 M and heating at 65°C for 30 minutes. The reaction was then allowed to cool to
RT, and 220 ul of 2.0 M ammonium acetate, pH 7.0, was added. The DNA was applied to
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a nytran membrane using a slot blot apparatus (Schleicher & Schuell), 1 ug per well.
The wells were rinsed with 440 ul of 1.0 M ammonium acetate pH 7.0. The filters were
exposed to ultraviolet light at a wavelength of 254, to covalently bond the DNA to the
membrane and the resulting filters used in the nuclear runoff hybridization.

Hybridization Conditions for DNA Strips with Nuclear Runoff RNA.
The filters were placed in 5.0 ml plastic scintillation vials which had been

treated

with depc and autoclaved. Prehybridization of the filters was for 1-4 hours at 42°C, in
2.0 ml of prehybridization solution (50% formamide, 0.1% SDS, 5X SSC, 2X
Denhardt's, 250 ug/ml salmon sperm denatured DNA, 50 mM sodium phosphate pH 6.5).
The filters were then hybridized for 48 hours at 42°C in 2.0 ml of hybridization
solution (50% formamide, 0.1% SDS, 5X SSC, 2X Denhardt's, 250 ug/ml salmon sperm
denatured DNA, 50 mM sodium phosphate pH 6.5, and 10% Dextran Sulfate) with the
denatured nuclear runoff RNA. The RNA was denatured by heating at 65°C for 5 minutes
and subsequent cooling of the RNA on ice.

After hybridization, the strips were washed

twice with 2X SSC + 0.1% SDS for 15 minutes each at room temperature and twice with
0.1X SSC + 0.1% SDS for 15 minutes each at 50°C.

Each strip was transferred to a 10

ml plastic scintillation vial containing 8.0 ul of 10mg/ml RNase A in 8.0 ml 2X SSX.
Incubated for 30 min at 37°C, without shaking. The strips were transferred back to the
wash container, and washed in 2X SSC for 30 min at 37°C.
wrapped in plastic wrap and autoradiographed.

Finally, the strips were
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CHAPTER 3

THE EFFECT OF REDUCING THE NUMBER OF EGF RECEPTORS,
ON T3M4 CELLS.

Introduction

The use of antisense RNA or DNA has proven to be a powerful tool for
manipulation of eukaryotic gene expression (59). The technique is based upon blocking
the flow of information from DNA to RNA to protein, by introducing sequences
complementary to a portion of the mRNA of interest (59). Presumably an RNA/RNA or
RNA/DNA duplex is formed by the hybridization of the endogenous mRNA to the added
antisense. This duplex faces a variety of possible fates. The duplex may be degraded, the
mRNA not processed correctly or not processed at all. The transport of the mRNA to the
cytoplasm may be impaired or the duplex may block translation of the mRNA into protein
(59).
The use of antisense to regulate gene expression was first recognized as a natural
phenomenon of prokaryotes (59).

It has been shown that plasmid replication, plasmid

incompatibility, phage transposition and phage reproduction all utilize the mechanism of
antisense to control these events (60-65).

In addition, eukaryotic systems have also

been identified which produce anti-sense transcripts (59).

Examples of eukaryotic

gene regulation using antisense include the gene expression of TGF-alpha (58), mouse
dihydrofolate reductase (66), Drosophilia dopodecarboxylase (67), and chicken myosin
heavy chain (68-70). How these antisense transcripts function in vivo to regulate gene
expression is still undefined (59).
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There are different antisense forms which can be introduced into cell by a
variety of methods.

The antisense molecule can be an oligodeoxynucleotide prepared

against a known sequence or an in vitro synthesized antisense RNA.

This method is often

used in short term experiments due to their tendency to be degraded with no means for
the cell to replenish them. Another possible antisense molecule which can be used for
both long and short term experiments is the plasmid construct, which is able to
transcribe antisense mRNA in the transfected cell (59).
Antisense molecules or plasmids which produce antisense mRNA can be
introduced into cells by the simple addition of the antisense molecules to the culture
medium of the cells. The nucleic acid material can then be absorbed by the cell (59).
Alternatively, the antisense molecules can be calcium phosphate precipitated onto the
cells, and the cells treated with glycerol or DMSO to allow the nucleic acid material to
enter the cell (59).

Finally, the material can be microinjected into the cells of interest

or the cells can be treated with electric impulses to make pores in the cell wall
(electroporation) to allow the nucleic acid material to gain entry (59).
Once the antisense nucleic acid or antisense producing plasmid has gained entry
into the cell, the cell can be assayed for the effects of antisense transcription. Among the
possible effects are visible morphological changes, alteration in enzymatic activity or
drug resistance, or the appearance or disappearance of a cell surface protein such as a
receptor (59).
Production of antisense mRNA has been shown to reduce thymidine kinase (TK)
gene expression when coinjected with a TK mRNA producing plasmid into cells devoid of
TK activity (71). The TK activity was also found to be reduced in cells which contained
plasmid construct which produced a sense mRNA dihydrofolate reductase(dhfr) gene
coupled to an antisense mRNA TK gene (72). The dhfr gene is amplified by the addition of
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increasing doses of methotrexate.

The dhfr activity was amplified to produce

overexpression by repeated exposure to increasing amounts of methotrexate.

This

resulted in production of high levels of the antisense TK mRNA, and the TK activity of the
cell was reduced 80-90% (72).

RNA/RNA duplexes were detected in the nuclear

fraction and the sense TK mRNA failed to enter the cytoplasm with normal efficacy
presumably due to the duplex formation (72).
Overexpression of the EGF receptor is seen in many types of cancer.

Ligand

activation of NIH 3T3 fibroblasts transfected with an EGF receptor producing vector
yielded transformation. These cells were then able to grow in a soft agar assay, thus
exhibiting loss of anchorage dependent growth. The downmodulation of the EGF receptor
number may cause tumor cells to lose transformed characteristics, such as anchorage
independent growth. The purpose of this study was to transfect cells which overexpress
the EGF receptor, such as T3M4 cells, with a plasmid which produces EGF receptor
antisense mRNA and observe the resulting effects.

Results
Construction of plasmids.

The construction of a plasmid which produces antisense mRNA requires
consideration of several points.

First of all the mRNA to be produced should contain as

many of the characteristics of "normal" cellular mRNA as possible (72), as previously
determined by the work of Kim and Wold (72). These should include a 5' CAP site, a 5'
untranslated region, an intervening sequence prior to the polyadenylation site, and a
polyadenylation signal (73).

These characteristics allow the artificially constructed

mRNA to be capped, that is a 7-methylguanylate added to the 5" end for stability (73).
The untranslated region may also aid in stabilizing the mRNA and may be a signal for
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transporting the mRNA to the cytoplasm or processing of the mRNA as occurs in
eukaryotic cells. Also, the intervening sequence may allow processing of the mRNA as
occurs in the nucleus prior

to transport

to the cytoplasm, and finally

the

polyadenylation signal allows the addition of multiple adenines to identify the RNA as an
mRNA (73). The poly A tail is also thought to be necessary for stability and transport to
the cytoplasm (73).
Secondly, the DNA to be used to generate the antisense mRNA should be of the 5'
region of the gene of interest.

This is to allow hybridization with the first transcribed

region as this has been seen in many naturally occuring antisense systems (59,58).
This may have significance for the success of RNA/RNA duplex formation and subsequent
inhibition of gene expression.
Next, the promoter used may be a constitutive promoter such as SV-40 or human
beta actin or an inducible promoter such as a temperature sensitive heat shock promoter
or

a heavy metal inducible promoter (59).

Constitutive promoters allow transcription

of the antisense mRNA at high levels, while inducible promoters can be regulated and the
transcription of the antisense mRNA turned on when the cells are treated with the
necessary conditions.

Inducible promoters allow the investigator to work on genes

essential for cell growth and also help to rule out that the effects seen are due to the
transfection procedure used (59).

One can also shut off the inducible promoter to

determine if there is reversion of the effects.
Finally, one must be able to select for the cells which contain the antisense
plasmid. The antisense plasmid can contain a drug resistance gene such as one coding for
neomycin resistance, or the plasmid can be cotransfected with a resistance gene. In the
case of the latter, the antisense plasmid must be present in a greater number to increase
the probability that the cells selected for resistance also contain the antisense plasmid.
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Alternatively, the antisense gene can be coupled to the production of a dhfr gene (72).
As seen previously in this system, the process selects for cells which produce the
antisense mRNA as the two are linked behind the same promoter (72).
The EGF receptor cDNA used for constructing the antisense plasmids was an Eco
Rl fragment of 1838 base pairs spanning bases +479 to +2317 on the cDNA sequence
map (Genetech, 74). This Eco Rl fragment was cloned into the Eco Rl site of pGem-3 a
pBr322 cloning vector derivative from Promega Biotec. This resulted in pGem-Herg(-)
plasmid, and the bases of the EGF receptor cDNA were renumbered to indicate the sense
direction of transcription as from 0 to 1838 bases (Fig. 7).

The Eco Rl fragment was

also cloned in the opposite orientation to generate pGem-Herg (+)
other plasmid constructions .

The Bam HI fragment from

which was used for

base number 866 to 1838

from pGem-Herg (-) (74) was isolated and cloned into a plasmid with an
promoter and a dihydrofolate reductase (dhfr) cDNA (Fig. 8) (75,76).

SV-40

This allowed for

the generation of a dhfr sense/ EGF receptor antisense mRNA.
The pSV-dhfr-EGFR-AS was cotransfected into T3M4 cells with
containing a neomycin

a plasmid

resistance gene, using calcium phosphate precipitation (77).

The cells were selected for neomycin resistance (78), but none of the selected colonies
exhibited reduced EGF receptor number.

The EGF receptor number as determine by

binding studies was 157% ± 67 SD of control. Human cells are difficult to transform and
the calcium phosphate precipitation method met with limited success as the number
neomycin resistant colonies were much less than expected from transformations
involving other cell lines. The calcium phosphate method was minimally effective even
when glycerol or DMSO were used to allow the DNA entry into the cells (77).
Electroporation, use of electric current to make pores in the cell wall, was the method of
choice thereafter (79).
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The remaining antisense plasmids used the Bam HI fragment from pGem-Herg
(+), which contains a region more

to the 5' portion of the EGF receptor cDNA. This

region is +479 to +1345 on the cDNA sequence map and contains 21 bases from the
multi-cloning site of pGem-3.

It was renumbered to indicate direction of transcription

as was done for the pGem-Herg (-) construct (74).

The EGF receptor cDNA bases

+479 to +1345 correspond to 0 to 866 on the pGem-Herg (-) map. It was decided to
try a constitutive human promoter instead of the viral promoter seen in pSV-dhfrEGFR-AS plasmid. Therefore, a second construct using the human Beta actin promoter
was created (Fig.9 ) (80).

Also, this plasmid contained a region more 5' on the EGF

receptor cDNA map unlike the former plasmid, which may have pertained to the limited
success seen previously (59).

This plasmid contained the neomycin resistant gene

under the control of the SV-40 promoter, thus eliminating the need for cotransfection
(80). The plasmid was used to electroporate T3M4 cells as was the sense version of the
plasmid for a control (80). Again, no selected colonies exhibited reduced EGF receptor
number, 99.4% ± 19 SD of control.
It was determined to next use an inducible promoter as it was possible that the
cells which produce antisense EGF receptor mRNA are at a disadvantage during the
neomycin resistance selection process. The cells producing antisense may have been at a
disadvantage as they may have required more growth factors or their growth may have
been contact inhibited (1,81,82).
(Fig. 11) are being made.

Currently, a third (Fig. 10) and fourth construct

The former has a heavy metal inducible promoter (83),

while the latter has a heat shock inducible promoter (84,85).
inducible plasmid, pXGH5 (83),

The heavy metal

will be cut at the Bal I site, and Bgl II linkers added.

The plasmid will be cut with Bgl II to release a 1.1 kb fragment which contains most of
the human growth hormone, but leaves the initiation codon and the polyadenylation
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signal. The Bam HI fragment from pGem-Herg (+) corresponding to bases 0 to 866 will
be inserted in the antisense orientation behind the promoter (Fig. 10).

This will

result in a mRNA which will produce an antisense EGF receptor mRNA, with about 100
bases of growth hormone cDNA before the polyadenylation signal. Diagnostic cuts using
Eco Rl will determine if the orientation of the insert.
The heat shock inducible promoter plasmid, pSVd 70 pA (84,85), will be cut
with Bam HI and the Bam HI fragment from the pGem-Herg (+) plasmid cloned into this
site behind the heat shock promoter (Fig. 11).

The insert will be in front of a

polyadenylation signal so that the resulting transcript may be polyadenylated. There is a
dhfr gene with an intervening sequence and polyadenylation signal 5' to the heat shock
promoter, but this mRNA is under the control of an SV-40 promoter.

If a cell line

which does not produce dhfr were to be used, there would be no need to cotransfect with
neomycin as the dhfr could serve as the selection gene.

Again an Eco Rl cut will

determine the insert orientation . The sense orientation of the EGF receptor will also be
cloned in to the respective sites of each plasmid so that a positive control will be
available.
These plasmids do not contain the neomycin resistance gene, and will therefore
need to be cotransfected with a plasmid which contains this selection gene. Preliminary
evidence indicates that T3M4 cells tolerate the levels of cadmium or zinc necessary to
turn on the heavy metal promoter as determined by visual inspection of T3M4 cells after
7 days of daily treatment with 40 uM cadmium chloride or 100 uM zinc sulfate.

Also,

the T3M4 cells tolerate the 39°C required to turn on the heat shock promoter as there is
no visible sign of stress or reduction in EGF receptor number, 98% of control.

An

inducible promoter is advantageous since the EGF receptor antisense can be turned on
after the cells have been selected.
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Sp6
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Bam HI
EcoRI

1839

mcs|
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/

Bam HI 866

Eco Rl 0

Figure 7. Diagram of the pGem-Herg (-) plasmid. This plasmid has pGem-3 as
the vector (Promega Biotec) and contains the EGF receptor cDNA (Genetech, 74). The
EGF receptor cDNA Eco Rl fragment was cloned into the Eco Rl site of the multicloning
site of pGem-3.

pBR322

Bam HI

polyadenylation
signal

pSVD-EGFR-AS

intervening
sequence
Bgl II/Bam HI

SV-40 promoter

BGFR

enhancer
Bam HI fragment
from pGem-Herg (-)

dihydrofolate
reductase gene

Bgl ll/Bam HI

Figure 8. Diagram of the pSV-dhfr-EGFR-AS plasmid. This plasmid has the
pSV-dhfr as a vector (75,76) and contains the EGF receptor cDNA sequence (Genetech,
74). The EGF receptor cDNA Bam HI fragment from pGem-Herg (-) was cloned into the
Bgl II site of the pSV-dhfr plasmid to create the pSVD-EGFR -AS . The EGF receptor
cDNA is in the antisense orientation relative to the SV-40 promoter.
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EcoRI

Human Beta Actin Promoter
SV2-neo

• CAP site to add 7 methyl guanylate
5' untranslated

region

Intervening
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Bam HI 866

EGFR
polyadenylation

site

Eco Rl

o

Bam HI

pHBAPr-1-neo (-) EGFR

Figure 9. Diagram of the pHBAPr-1-neo (-) EGFR plasmid. This plasmid has
pHBAPr-1-neo as a vector (80) and contains the EGF receptor cDNA (Genetech, 74) in
the antisense orientation relative to the human beta actin promoter. The Bam HI EGF
receptor cDNA fragment from pGem-Herg (+) was cloned into the Bam HI site of the
vector.

ATG

(Bal I) Bgl II / Bam HI
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Mouse Metallothionein - I
Promoter

EGFR

EcoRI
Bgl II / Bam HI

pXGH5

Human Growth
Hormone
polyadenylation signal

mcs

EcoRI

Amp R

pXGH5 - EGFR (-)

Figure 10. Diagram of the pXGH5-EGFR (-) plasmid. This plasmid has pXGH5
as a vector (83) and contains the EGF receptor cDNA (Genetech, 74) in the antisense
orientation behind the mouse metallothionein-1 heavy metal inducible promoter. The
Bal I site of the pXGH5 was cleaved, Bgl II linkers added and the resulting plasmid
cleaved to release a 1.1 kb fragment. The Bam HI EGF receptor cDNA fragment from
pGem-Herg(+) was then cloned into the generated Bgl II site.
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pSVd 70pA - EGFR (-)

Figure 11. Diagram of the pSVd 70pA-EGFR (-) plasmid. This plasmid has pSVd
70pA as the vector (84,85) and contains the EGF receptor cDNA (Genetech, 74) in the
antisense orientation behind the temperature inducible promoter, heat shock protein 70
promoter. The Bam HI fragment of the EGF receptor cDNA from pGem-Herg (+) was
cloned into the Bam HI site of the pSVd 70pA vector.
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Discussion
The association of overexpression of the EGF receptor with transformation has
been reported for various forms of human cancer (11-15) and cultured human
carcinoma cell lines (16-20).

Activation of the overexpressed EGF receptor has been

shown to convey transformed phenotypic characteristics on cells (21). This study was
undertaken to discern the role EGF receptor overexpression plays in transformed cells.
The reduction in the number of EGF receptors on a cell and the observed effects, would
help to reveal the significance of the EGF receptor

overexpression .

If the observed

effects were reversible, this would also be valuable information pertinent to the cancer
model being developed using T3M4.
Currently, the EGF receptor antisense mRNA plasmid constructions using an
inducible heat shock promoter or heavy metal inducible promoter are underway.

The

development of a working antisense system requires analysis of the system on several
levels.

The plasmid may contain poison sequences which do not allow the antisense

transcript to be produced at detectable levels (72). It is also possible that the number
of transcripts being produced is not sufficient to inhibit the EGF receptor sense mRNA
(59).
Technical problems such as the antisense constructs not gaining entry into the
cell or the EGF receptor antisense portion of the plasmid being

expelled during the

selection process are also options which could work together to produce marginal
results.

Alternatively, the first constructs using constitutive promoters did produce

antisense; and the cells were no longer transformed once their EGF receptor number was
downmodulated.

These nontransformed cells may require more EGF or other growth

factors than their transformed counterparts and subsequently died while selection was
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ongoing (1).

Also, if the cells were no longer transformed perhaps they no longer

adhere to the plastic dish and were washed away when the media was changed (81,82).
It is also possible that the downmodulation of the EGF receptor may cause the cells to
become contact inhibited in their growth and thus they would be overgrown during the
selection process by the cells which did not produce the EGF receptor antisense (81,82).
The inducible promoter should alleviate these possibilities as the cells will be selected
and then the plasmid promoter induced to produce EGF receptor antisense. The promoter
can also be turned off and the cells assayed for phenotypic changes.

Materials & Methods
Cell Culture.
As described in Chapter 2 materials and methods.

Isolation of DNA from agarose oel bv electroelution.
As described in Chapter 2 materials and methods.

Isolation of DNA from agarose oel bv olassmilk.
As described in Chapter 2 materials and methods.

Restriction Endonuclease Digestion for Antisense Plasmid Construction.
The vector (20-40 ug) and insert (25-50ug) DNAs were generated by digestion
of the appropriate plasmids with 3-5 times the recommended amount of restriction
endonuclease. The reactions were allowed to incubate for 2-4 hours at 37°C. An aliquot
of 100-200 ng was checked by electrophoresing the cut DNA with an equal quantity of
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undigested DNA and a marker for comparison and size determination. A 1.0 % - 0.8 %
agarose TAE gel with 1 ul of 10mg/ml ethidium bromide was used to check the DNA. If
digestion was not complete, an additional amount of enzyme was added, and the reaction
was allowed to proceed for another 2-4 hours at 37°C and checked as before.
Once the DNA was digested, it was phenol-chism extracted and precipitated using
0.1 volumes of sodium acetate pH 7.4 and 2.0 volumes of 100% cold ethanol.
reaction was placed on ice or at -20°C for >15 minutes.

The

The DNA was collected by

centrifugation at 16,000 rpm in an Eppendorf microfuge at 4°C for 15-30 minutes.
The DNA was allowed to air dry and resuspended in 50-200 ul of dd sterile water. The
DNA was loaded into a large well of a 0.8% TAE gel and run with markers.

When

satisfactory separation was achieved, the desired bands were cut from the gel and the
DNA was extracted using the glassmilk procedure or electroelution.
The DNA was tested for size by electrophoresing 100 ng on a 0.8% TAE with
markers.

If the DNA was contaminated with other species, it was reisolated. The DNA

was quantitated by OD26O

and

the necessary calculations done.

If restriction

endonuclease linkers were to be added to generate compatible sites, it was done at this
point. If the DNA were to be used for electroporation, the DNA would be reprecipitated
and forwarded to the appropriate tissue culture personnel.

Addition of Linkers to DNA for Antisense Plasmid Construction.
The standard reaction involved the following: 20 ug vector DNA, 5 ug linkers, 5
ul 10X ligase buffer, 4 ul ligase (24 Weiss units), and water to make a 50 ul reaction.
The reaction was allowed to proceed for 4.5 hours at room temperature, followed by 2
hours at 4°C. Then 4 ul ligase were again added and the reaction was allowed to go
overnight at 15-4°C.
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The next day the reaction was checked for ligation by running 100-200 ng on a
1% TAE gel, with ethidium bromide. An increase in fragment size compared to unligated
DNA, indicated ligation of linkers and fragments, also a smearing in the 500 base region
indicated linker self-ligation. The reaction was extracted with an equal volume of
phenol-chism, followed by ethanoi/sodium acetate precipitation, as before. The DNA was
collected by centrifugation, as explained previously.
The DNA was resuspended in 50 ul of water and cut with the restriction
endonuciease coded for in the linkers, using a 100 ul reaction and 3 fold excess of
restriction endonuciease. This was to remove the excess linkers on the vector DNA, and
leave the first linker to ligate to the vector.

After 2-4 hours of digestion at 37°C, the

reaction was extracted with an equal volume of phenol-chism and sodium acetate/ethanol
precipitated. After the DNA had been recovered by centrifugation and washed twice with
70% ethanol, it was allowed to air dry and was resuspended in approximately 40 ul of
water and quantitated by OD 260-

Dephosohorvlation of Vector DNA for Antisense Plasmid Construction.
Half of the vector DNA, now in water, was dephosphorylated.

It was very

important that no EDTA be present, or the reaction would fail. The typical phosphatase
reaction contained:

10-50 ug of DNA, 10 ul of 10X buffer(0.5M Tris-CI, pH 9.0, 10

mM MgCl2, 1mM ZnCl2), water to 90 ul and 10 ul of calf intestinal phosphatase (NEN).
The reaction was incubated at 37°C for 30 minutes, and terminated by adding 1 ul of
0.25 M EDTA and then phenol/chism extracted using 100 ul. The aqueous phase was
removed, and the organic phase extracted again by the addition of 50 ul 1X NTE, vortexed
and spun again. This second aqueous phase was combined with the first and precipitated
using 8 ul of 3M sodium acetate pH 4.8 and 320 ul of cold ethanol.

The DNA was
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incubated on ice for a minimum of 15 minutes and recovered by centrifugation in the
cold, for 15 minutes.

The DNA pellet was dissolved in approximately 20 ul and

quantitated by OD260-

Ligation of Vector and Insert for Antisense Plasmid Construction.
Ligation reactions were usually done in 10 ul final volume.

The untreated

phosphorylated vector and insert DNA were added in varying molar ratios with 1 ul of
ligase (New England Biolabs, 6 Weiss units), 1 ul of 10X ligation buffer (0.675 M
Tris-CI, pH 7.5, 0.1 M MgCl2, 0.15 M dithiothreitol, 10 mM spermidine, 10 mM
ATP), and water to 10 ul.

The molar ratios for a phosphorylated vector : insert DNA

were: 1:3, 1:5, 1:10, 1:20 and 1:40. The molar ratios for a dephosphorylated vector :
insert DNA were: 1:1, 1:2, 1:3, 1:5, and 1;10. The ligation was allowed to proceed for 4
hours at room temperature or at 4°C for overnight.

A positive control, such a lambda

cut with restriction endonuclease Hind III, was used to make sure the ligase was okay and
there was no aberrant occurrences during the ligation.

A background control for the

phosphorylated vector, was a ligation reaction with only vector present.
The lambda control was run on a 0.8% agarose TAE gel with 1 ul of 10mg/ml
ethidium bromide, against markers to check for ligation.

If ligation was positive, the

ligation reactions were transformed into competent E. coli cells.

Transformation of Bacterial Cells with Plasmid DNA.
A 5 ml culture of LB (1% tryptone, 1% sodium chloride, 0.5% yeast extract, pH
7.5) with 0.2 % glucose was inoculated with 20 ul of DH5-alpha (Bethesda Research
Laboratories) cell stock, and allowed to grow overnight with shaking at 37°C. The next
day a 2 ml aliquot of the overnight culture was added to a 50 ml culture of LB with 0.2%
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glucose and allowed to shake at 37°C for 2-4 hours, until the absorbance 590 was
between 0.4 and 0.6. When the desired cell growth had been achieved, the culture was
placed on ice for 10 minutes. The cells were collected by centrifugation at 5000g for 5
minutes at 4°C.

The cells were resuspended in 50 ml of ice-cold, sterile 0.1M MgCl2,

and allowed to sit on ice for 20 minutes. The cells were again pelleted as before, and
resuspended in 5 ml of 0.1M CaCl2-

The resuspended cells were kept on ice for one

hour, and then the ligated DNA was added to 0.1 ml aliquots of the cells.

The DNA and

cells were incubated on ice for 45 minutes, followed by incubation in a 42°C waterbath
for 2 minutes. Half a milliliter of LB was added, and the cells and DNA were allowed to
incubate for 1 hour at 37°C before 100 ul aliquots were spread on LB plates containing
the appropriate antibiotic to select for resistance.

The plates were incubated at 37°C

overnight and checked for colonies the following day. If colonies were present they were
picked and grown overnight for mini-lysate analysis.

Mini-Lvsate Preparation of Plasmid bv Alkaline Lvsis.
An overnight culture of

bacteria

is grown at 37°C with shaking, in 2 ml LB with

0.2% glucose and the appropriate antibiotic. The cultures were placed on ice and 1.5 ml
of each transferred to a 1.5 ml microcentrifuge tube.
centrifugation at RT, 16,000 rpm for 3 minutes.

The cells were pelleted by

The supernatant was aspirated and the

pellets lysed with 0.1 ml of lysis buffer (50 mM glucose, 25 mM Tris-CI, pH 8, 10 mM
EDTA and freshly added lysozyme to 5 mg/ml). The tubes were allowed to stand at RT for
5 minutes, when 0.2 ml of solution II (0.2N NaOH and 1% SDS) was added. The tubes
were vortexed and placed on ice for 10 minutes. Ice-cold 5M potassium acetate, pH 4.8
was added to each tube, 0.15 ml, and it was inverted to form a clot. The tubes were
incubated on ice for 20 minutes.

The cell debris was pelleted

by centrifugation at
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16,000 rpm for 10 minutes at 4°C.

The supernatant was transferred to a new

microcentrifuge tube and 0.27 ml of isopropanol was added. The tubes were allowed to
stand at RT for at least 15 minutes, at which time they were centrifuged for 30 minutes
at RT at 16,000 rpm.

The DNA pellet was washed with 70% ethanol (RT), and the

ethanol discarded. The pellet was dissolved in 200 ul TE and extracted with an equal
volume of phenol-chism. The aqueous phase was placed in a new tube and 10 ul of 3 M
sodium acetate and 420 ul of ethanol were added.

The DNA was precipitated for 10

minutes and then collected by centrifugation. The pellet was washed with 70% ethanol,
spun for 5 minutes at 4°C and the ethanol removed. The DNA pellet was resuspended in
40 ul of TE and 5 ul was digested with a restriction endonuclease, as described
previously, to determine the DNA isolated. The digested DNA was electrophoresed, as
previously described, and the clones of interest amplified using a large scale plasmid
preparation.

Laroe Scale Plasmid Preparation bv PEG Precipitation.
A

10 ml culture of LB, with 0.2% glucose and the appropriate antibiotic, was

inoculated with 20 ul of the bacteria containing the plasmid of interest and
overnight with shaking at 37°C.

grown

The next morning a prewarmed 50 ml culture of LB

with glucose and antibiotic was inoculated with 1 ml of the overnight culture, and
allowed to grow with shaking at 37°C, until the absorbance is 0.6 at wavelength 600.
An aliquot of 5 mis was taken from this culture and used to inoculate a prewarmed 500
ml culture of LB with glucose and antibiotic.

The 500 ml culture was grown overnight

with shaking, at 37°C. The next morning the culture was placed on ice for 10 minutes.
The cells were collected by centrifugation at 5,000 g for 15 minutes at 4°C. The cell
pellet was lysed in 12 mis of solution I (25 mM Tris-CI, pH 8, 10 mM EDTA, 15%
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Sucrose and freshly added lysozyme to 5 mg/ml).

The reaction was incubated in ice

water for 10 minutes, when 24 ml of solution II was added (0.2 M NaOH and 1% SDS).
The reaction was mixed by inversion and incubated in ice water for 10 minutes. The cell
debris was precipitated by adding 15 ml of 3M sodium acetate 4.6, the mixture was
inverted to form a clot , and allowed to stand in ice water for 20 minutes.

The cell

debris was pelleted by centrifugation at 25,000 g for 25 minutes at 4°C.

The

supernatant was removed to Corex tubes and RNase A added to a final concentration of 50
ug/ml and incubated at 37°C for 30 minutes. The supernatant was extracted twice using
equal volumes of phenol-chism. The extractions were spun at 5,000 g for 5 minutes and
the upper aqueous phase removed. The aqueous phase was precipitated using 2 volumes
of 100% cold ethanol and placed on ice for at least 30 minutes.

The precipitate was

collected by centrifugation at 9,500g for 20 minutes at 4°C. The pellet was dissolved in
3.2 ml of dd sterile water, 0.8 ml of 4 M NaCI was added, as was 4 ml of 13% PEG
(polyethylene glycol MW 8000, Sigma).
ice water.

This mixture was incubated for 60 minutes in

The mixture was centrifuged at 15,000 g for 10 minutes at 4°C and the

pellet washed twice with 5 mis of 70% ethanol. The DNA pellet was allowed to air dry
and resuspended in 500 ul of TE.
absorbance at 260nm.

The concentration of DNA was determined by
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CHAPTER 4

CONSTRUCTION OF A T3M4 GENOMIC LIBRARY

Introduction
The EGF receptor is often overproduced in a variety of tumor cells (11-15).
This phenomenon is also seen in T3M4 cells (22).
cell line is

This human pancreatic carcinoma

able to maintain 1.2 X 106 receptors on the cell surface without the

apparent benefit of gene amplification (22,23).
of the fact that this cell line

This is particularly intriguing in view

also produces TGF-alpha, a ligand for the EGF receptor

(24,7). The promoter region for the EGF receptor has been isolated from a human fetal
liver library (49).

The promoter contains six transcriptional start sites, but no

"CCAAT box" or "TATA box" sequences (49).
elements (49).

The

investigation of

the

The 5' region does contain 2 repetitive

mechanism of overexpression of the EGF

receptor and receptor regulation in T3M4 cells was approached at the genomic level.
The 5' promoter region was to be analyzed first, for alterations in the sequences of the
repetitive elements or a change in the number of repetitive elements. Construction of a
genomic library was deemed necessary to obtain the 5' region.

Results
Construction of TsM/i genomic library.
The genomic DNA was isolated from lysed cultured cells. The DNA was digested
with Sau 3A1 restriction endonuclease (Fig. 13) and layered onto a size fractionation
gradient to obtain DNA of 10-20 kilobases (Fig. 14). The DNA was then ligated to the
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Figure 12. T3M4 DNA digested with Sau 3AI restriction endonuclease. The
digestion was over a total of 5 minutes with aliquots taken every 30 seconds. The minute
time points are indicated on the horizontal axis. An aliquot was electrophoresed through a
1°/o TAE gel containing ethidium bromide, and the gel photographed. The marker next to
the zero time point is undigested lambda DNA, while the marker next to the 5 minute
time point is lambda DNA digested with the restriction endonuclease Hind Ill.
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Figure 13. T3M4 DNA fractions collected from a sizing gradient. An aliquot of
every third fraction from 1 to 59, as indicated on the horizontal axis, was
electrophoresed through a 1°/o TAE gel containing ethidium bromide, and the gel
photographed. Lambda DNA digested with restriction endonuclease Hind Ill was run as
markers in the first and last lanes.
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lambda cloning vector EMBL3 (Promega Biotec) arms. Lambda EMBL3 is derived from
lambda 1059 and contain multi-cloning sites on either side of the stuffer-central
fragment, which contains the Spi phenotype (86).

The ligations were packaged using

Packagene (Promega Biotec), a commercial packaging kit. The phage were then titered
on a cell line which will not allow the Spi phenotype (nonrecombinants) to grow.

The

total number of plaques obtained were 2.5 X 105, an insufficient number to give a high
probability that the EGF receptor gene was represented. It was determined that 1X 106
were necessary to have a 99% probability of complete genomic representation.

Discussion
Initiation and regulation of mRNA transcription depends upon the coordinated
interaction of several proteins and regulatory sequences in addition to RNA polymerase II
(87).

Currently, it is thought that a variety of sequence elements which make up the

eukaryotic promoter interact with proteins known as transcription factors.
A typical promoter includes a TA rich region designated a "TATA box" and one or
more sequence elements termed upstream promoter elements (UPEs) of 8-12 bases
such as "CCAAT box" sequences (88).

The function of the "TATA box" is to ensure

accurate initiation of transcription, while the UPEs function to increase the rate of
transcription. Other sequence elements known as enhancers are able to act at distances
of more than 100 bp from the promoter and also function to increase the rate of
transcription.
The published sequences of the promoter region of the EGF receptor is similar to
the promoter regions of TGF-alpha gene, SV-40 early promoter and the HMG-CoA
reductase gene (49,50). The promoter regions contain a series of CCGCCC repeats which
are capable of binding the SP1 human transcription factor.

The EGF receptor promoter
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region also contains a TCCTCCTCCTCC repetitive element, and the TGF-alpha promoter
contains a similar element (49,50).

The lack of a "TATA box"

for all of these genes

results in multiple transcription initiation sites for all except TGF-alpha (49,50).
This would indicate a molecular mechanism of transcription regulation unlike a
"typical" eukaryotic promoter.
To obtain the 5' promoter region of the EGF receptor gene from the constructed
library a 5' portion of the cDNA would have been used to screen the library. The EGF
receptor cDNA from

-186 to +289 on the cDNA sequence map (Genetech, 74) would

have been used as it would have given the best possibility of obtaining the regulatory
region of interest.
sequenced, and

The resulting positive clones would have been amplified, DNA

compared to the published normal human 5' promoter region. Sequence

analysis would be for overall homology, in particular the similarity to the repetitive
element sequence as well as the number and positioning of the elements.
Further analysis of the regulatory region could have been obtained by placing the
regulatory region in front of a reporter gene, such as chloramphenicol acetyltransferase
(CAT), and assaying for production of CAT in transfected cells. The basis of this assay is
the production of CAT is dependent upon the activity of the promoter (89).

The

supernatant is removed from cells transfected with the CAT construct and added to
chloramphenicol.

The resulting mixture is then analyzed by thin layer chromatography

to determine if the supernatant was able to acetylate chloramphenicol (89). Acetylated
chloramphenicol indicates that the promoter is able to function (89).

This method is

particularly useful as it allows for the testing of several altered promoter regions
concurrently.

Mutational analysis of the promoter region of the EGF receptor and the

effects of the mutations on CAT production would further define the regions required for
transcription of the EGF receptor (89).
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Finally, with the current published sequences and the technological advances, if
this project were to be revitalized, polymerase chain reaction (PCR) would be the
method of choice (90).

PCR makes possible the in vitro amplification of specific DNA

segments which are bounded by oligonucleotide primers on each strand.

During

successive cycles of denaturation and extension from the primers using heat stable Taq
polymerase, large quantities of amplification product can'be generated from a few copies
of template DNA (90).

Therefore, construction of a library would not be necessary.

Materials & Methods
Isolation of Genomic DNA.
Cultured T3M4 cells (100 X 10®) were washed with PD and then removed from
the flask with 0.25% trypsin.

The cells were washed with PD and then aliquoted into

0.5 ml volumes. The cells were lysed in 0.5 ml of lysing solution (10 mM KCI, 10 mM
Tris-CI 7.5, 1.5

mM MgCl2, 0.5% NP40), vortexed and spun for 2 minutes in a

microcentrifuge in the cold. The nuclear pellet was resuspended in 0.5 ml of 10 mM
Tris-CI 8.0, 10 mM NaCI, 10 mM EDTA by vortexing and vigorous pipetting. The pellet
was made 10 ug/ml DNase-free RNase A using 10 mg/ml stock, and then incubated at
37° C for 10 minutes. SDS (10%) was added to a final concentration of 0.5% and 5 ul of
10 mg/ml Proteinase K added.

Extracted once with an equal volume of phenol

[equilibrated with 25 X NTE (250 mM NaCI, 250 mM Tris-CI pH 8.0, 125 mM EDTA pH
8.0); followed by equilibration with 1X NTE].

The DNA was then extracted twice with

equal volumes of phenol-chism, followed by extraction twice with 1X NTE saturated
ether. The DNA was the lower phase in the ether extractions. The tubes were allowed to
stand open for 2 hours.

The DNA was dialyzed against 1X NTE for 4 hours and two
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changes of TE: one for 4 hours and the other overnight.

The DNA was quantitated by

OD260> triplicate readings averaged, using the following calculation: OD26O average X
dilution X 50 ug/ml = DNA ug/ml. The integrity of the DNA was checked on a 0.5% TAE
gel.

Enzvmatic Digestion of DNA for Genomic Library.
The DNA was chilled on ice for 10 minutes prior to restriction endonuclease
addition.

Typically, 40 ug of DNA was digested in a volume of 600 ul with 5.0 units of

Sau 3AI (New England Biolabs) restriction endonuclease. Time points were taken every
30 seconds from 0 to 5 minutes.

The reaction was stopped by quick-freezing on dry ice

or the addition of phenol. The DNA was extracted, an aliquot analyzed on a 0.5% TAE gel,
precipitated with 0.15 volumes sodium acetate pH 7.4 and 2 volumes of cold 100%
ethanol for 30 minutes on ice, spun at 4°C at 16,000 rpm for 15 minutes and allowed
to resuspend in STE (10 mM NaCI, 10 mM Tris-CI 7.5, 1.0 mM EDTA) overnight

Size Fractionation of DNA.
The digested DNA was size fractionated on a continuous sodium chloride (1.25 M to
4.0 M) or sucrose (10% to 40%) gradient.
prior to loading on the gradient.

The DNA was heated to 65°C for 5 min

The sodium chloride gradient was run in an SW27.1

rotor (Beckman) at 16,500 rpm, 19°C, for 16 hours. The sucrose gradient was run in
an SW41 rotor (Beckman) at 25,000 rpm, 19°C, for 24 hours.

The bottom of the tube

was punctured with a 21G needle and 180 ul fractions were collected.

An aliquot of

every third fraction was run on a 0.5% TAE gel to determine the size. An equal volume
of water was then added to the remaining sample and precipitated by adding 1.0 ml
ethanol and incubating on ice for 2 hours.

The DNA was pelleted by centrifugation at
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16,000 rpm for 30 minutes at 4°C. The DNA was resuspended in 15 ul TE and every
fraction 10-20 kilobases was

reanalyzed by electrophoresis (0.5% TAE).

Ligation Conditions for T3M4 Genomic DNA with EMBL3 Arms.
Typically, several ligation conditions were performed at the same time.

The

vector (EMBL3) DNA was at a concentration of 200 ng/ul, and the insert (T3M4) DNA
was at a concentration of 50 ng/ul. The reactions were in 10 ul volumes using 6 Weiss
units of ligase, the equivalent of 1 ul (New England Biolabs). The amount of vector DNA
was constant at 1 ul or 200 ng per tube. The insert DNA was added to individual tubes in
the amounts of 0.5 ul, 2 ul, 4 ul, and

6 ul, and one tube contained only vector DNA for

background. The concentration of DNA was preferred to be more than 200 ug/ml so that
the DNA would ligate end to end to form a continuous strand, which was preferred by the
packaging reaction.

The reactions were allowed to proceed for 3 hours at room

temperature and then the DNA packaged into phage heads.

Packaging of DNA.
The commercially obtained packaging extract (Promega Biotec) was thawed at
room temperature. The substrate DNA was then added, usually this entailed the entire
10 ul ligation reaction.

The tube was stirred 50 times clockwise, and 50 times

counterclockwise using a sterile Pastuer pipette with a flame sealed end. The mixture
was

allowed to incubate for 2 hours at room temperature.

Half a milliliter of SM-

phage dilution buffer (0.01 M Tris-CI, pH 7.9, 0.1 M NaCI, 0.01 M MgSC>4) was added
to each tube , gently vortexed by tapping the tube and 25 ul of chloroform was added to
each tube, and again gently vortexed. The packaged phage were assayed by titering.
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Titerina of Phaae.
An overnight culture of the bacterial cell line NM539 was grown in LB with 10
mM MgS04 and 0.2% maltose. This cell line is used as it does not allow nonrecombinant
phage to grow, those without the T3M4 insert DNA. The phage were allowed to adsorb to
the bacterial cells by mixing 0.35 ml of diluted phage with 0.35 ml of NM539 culture.
The phage and cells were mixed gently and allowed to incubate for 20 minutes at 37°C.
The phage were diluted by taking 10 ul of the original packaging reaction and adding it to
1 ml of SM which results in a 10"2 dilution. Each packaging reaction was diluted: 10~2,
10*4, 10"6, 10"8, and 10"10, so that a statistically accurate count would be
represented on one of the plates.

The phage/cell mixture, 200 ul, was added to 3 ml of

42°C top agarose (LB with 10 mM MgSC>4 and 0.75% agarose, Bethesda Research
Laboratories)

and poured onto

and 10 mM MgSC>4) plates.

prewarmed to 42°C LB-Mg (LB broth with 1.5% agar

The top agarose was allowed to harden and

the plates

incubated overnight at 37°C. A negative control for the packaging was titered also, this
consisted of a packaging reaction that had no DNA added to it. Another negative control,
was the SM buffer alone to make sure the buffer was not contaminated by phage. These
two plates should have yielded no plaques. The next day the plaques, or clear areas in the
bacterial lawn, were counted and the number of phage per milliliter calculated.

The

count must have been between 30-300 plaques per plate to have been statistically
accurate.

The plating would be repeated in triplicate if a packaging reaction titered 1 X

106, to achieve an accurate titer.
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CHAPTER 5

CONCLUSIONS

Normal cell growth is an elaborate and carefully regulated process (1).

The

complex interactions of hormone-like growth factors and polypeptide hormones with
their specific cell-surface receptors function to modulate the signals necessary for
controlled cell growth (1-4).

Deregulation of a receptor or growth factor may upset the

signaling balance present in the cell. Transformation of a normal cell into a cancerous
cell is often associated with overexpression of a cell-surface receptor and/or the
unregulated expression of a growth factor (11-21,39).
This study analyzed a transformed cell line, T3M4, which exhibits several
characteristics often associated with transformed cells. Previous work had shown that
T3M4 cells overexpress the EGF receptor, produce TGF-alpha, and exhibit growth in a
soft agar assay in the presence of TGF-alpha or EGF (22,24). These events may result
in an autocrine cycle in the cell (28). To achieve a better understanding of these
characteristics and how they contribute to transformation, we investigated several
aspects of T3M4 cells. The results of this investigation may have implications for other
transformed cells with similar characteristics.
In chapter 1, the effect of growth factor addition to T3M4 cells was investigated.
Data was obtained after the addition of EGF or TGF-alpha. This treatment revealed that
TGF-alpha mRNA is induced by these growth factors.

The growth factors produced

similar time courses of induction with the maximum effect seen at 2 hours, declining to
basal levels over the 10 hour time course.

TGF-alpha and EGF were shown to be
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equipotent in inducing TGF-alpha mRNA in a dose response assay, with half-maximal
induction seen at 1 nM and maximal induction reached at 4 nM of ligand. The induction of
TGF-alpha in a cell which overexpresses the receptor for this ligand may suggest a
superagonist role for TGF-alpha (24).

It is possible that the cell is able to stimulate

production of a growth factor which is capable of binding to an overexpressed receptor.
The similarities of the promoter regions of EGF receptor and TGF-alpha
have implications for EGF induction of TGF-alpha (49,50,51).

may

The Sp1 binding sites

which are found in both 5' regions suggests similar modes of induction (49-52).

The

ability of TGF-alpha to have a single transcription initiation site suggests that the other
repetitive sequences present may have some importance in aligning the polymerase
molecules.

The EGF receptor, having 6 transcription initiation sites, may have less

stringency associated with the alignment of the polymerase molecules.
Both TGF-alpha and the EGF receptor increase the level of transcription of their
respective mRNA when EGF is added to the cell (51, presented data).

The existing

similarity of the promoter regions and the fact the EGF induces both of these molecules,
coupled with the auto induction seen by TGF-alpha, implies it may be possible for TGFalpha to induce transcription of the ^GF receptor gene (38,49-52, presented data).

It

is a known mechanism of cell surface receptor replenishment for a ligand to stimulate
the transcription of the receptor gene (51).

With this in mind, once the TGF-alpha

molecule is activated, it may then be able to maintain the cycle of autoinduction by
inducing its own transcription as well as that of its receptor, and push the cell to
transformation.
Future directions of this work include further analysis of the mode of TGF-alpha
mRNA induction.

Currently, the cells have been treated with actinomycin D in the

presence and absence of EGF.

Preliminary results indicate the accumulation of TGF-
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alpha mRNA in the presence of actinomycin D. The addition of EGF abrogates this effect.
This suggests that EGF may destabilize the TGF-alpha mRNA even though it increases the
level of transcription of the TGF-alpha gene. RNase protection assays are necessary to
further determine the

effect.

Similar experiments are being done with the addition of

TGF-alpha.
Another set of experiments to further elucidate the mechanism of TGF-alpha will
include cyclohexaminde additions with and without EGF or TGF-alpha.

These

experiments will possibly reveal the level of action of the growth factors, mRNA
synthesis and/or translation, and what conditions may be

necessary for TGF-alpha

mRNA induction.
Future aims also include the continuation of the EGF receptor antisense project.
The third and fourth constructs will be completed and used to transfect T3M4 cells. Once
the selection process is complete, the resulting clones will be exposed to the necessary
conditions to induce the promoters and in effect turn on transcription of the EGF
receptor antisense mRNA.

The cells will be observed for morphological changes and

assayed by binding studies for reduction of receptor number.
If the cells exhibit loss of transformed phenotypic characteristics and reduction
in EGF receptor number, the conditions can be changed to shut off the promoters. This
will allow the EGF receptor sense mRNA to be transcribed and processed presumably
without interference.

The cells will then be observed for the same alterations in EGF

receptor number and morphological changes. This work will reveal pertinent data as to
the role of EGF receptor in cell transformation.
The cDNA coding for the EGF receptor from T3M4 cells is currently being
sequenced. This data should determine if there are any differences between the EGF
receptor of this cell line and that of published sequences. Phospho-amino acid analysis
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and peptide mapping are also being studied. This work in conjunction with the sequencing
should illuminate the structure of the EGF receptor in this cell line and determine if
there are key differences which are unknown and may aid this cell in obtaining a growth
advantage.
The role of EGF receptor in the transformation of a cell is complex. The ability
of the receptor to bind two ligands, as well as its similarity to the erb-B oncogene,
suggests an important role in cell regulation.

Further investigation of the similarities

of the promoter regions for the EGF receptor and TGF-alpha and the possible roles
transcription factors Sp1, Ap1 and fos gene product have in the regulation of these
promoters, may yield some answers as to the mechanisms involved in the regulation of
gene expression and cell transformation. The potent autocrine system represented by
T3M4 cells may be useful as a model for the investigation of other forms of cancer in
which overexpression of the EGF receptor is seen with the production of TGF-alpha.
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