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It has recently been shown that the epidermal growth factor (EGF)

molecule is capable of positive regulation of immune function by inducing

the production of gamma interferon (IFNY), establishing a functional

relationship between nonhematopoietic growth factors and the immune

system. In order to study this relationship further EGF and EGF-related

growth factors, transforming growth factor a (TGFa), and vaccinia virus

growth factor (VGF), which all exert their effects on cells through the

EGF receptor on cells, were studied for their functional and physicochem¬

ical effects on IFNY production at the receptor level.

IFN yproduction requires T helper (Tg) cell function. Both purified

murine EGF and recombinant human EGF were capable of restoring competence

for IFNY production by murine spleen cell cultures depleted of Tjj cells.

In agreement with this observation, anti-EGF antibodies were capable of

specifically neutralizing the EGF effect. Interestingly, EGF receptors

are not constitutively expressed on normal or primary lymphocytes. We

observed that treatment of lymphocytes with T-cell mitogens induced the
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expression of the EGF receptor, analogous to the induction of the high

affinity receptor on lymphocytes for interleukin-2. Neither TGFa nor VGF

were capable of restoring competence for IFNy production by Tjj cell

depleted spleen cell cultures. Furthermore, neither TGFa nor VGF could

block the ability of EGF to restore competence for IFN yproduction,

suggesting that the induced EGF receptor on lymphocytes is different from

that which is expressed on nonhematopoietic cells such as mouse 3T3

fibroblasts.

Consistent with the functional data for a novel inducible EGF

receptor on lymphocytes, the receptor was also detected by binding

studies with ^-’I-labeled EGF. The receptor has a dissociation constant

of about 5 nanomolar. The receptor is optimally expressed after 48 hr

treatment of lymphocytes by T-cell mitogen. TGFa did not compete with

l^I-EGF for the lymphocyte EGF receptor. Both TGFa and VGF induced

proliferation of mouse 3T3 cells. Furthermore, consistent with previous

studies, both mitogens competed with EGF in receptor binding studies on

3T3 cells. Thus, the failure of TGFa and VGF to functionally mimic the

EGF help in IFNyproduction, and the failure of TGFa to compete for

receptor on lymphocytes, is compatible with the hypothesis that lympho¬

cytes express a novel inducible EGF receptor that differs from the

classic receptor expressed on cells such as 3T3 fibroblasts.
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CHAPTER 1

INTRODUCTION

Interferon Gamma

The Interferon Gamma Molecule

In 1957 an antiviral substance was discovered by Isaacs and

Lindenraann (1). This substance, which they termed interferon (IFN),

plays an important role in host defense against viral infection. There

is a large body of evidence that IFNs, particularly IFNy, play a central

role in the regulation of a variety of immune functions.

The human and murine IFNs are classified into three broad groups

which are based on antigenic properties, analogous to the classification

of immunoglobulin isotypes (2). They are designated IFNa, IFNS, and

IFN Y. Induction of IFNa and IFNS in appropriate cell types is achieved

by the addition of virus or polyribonucleotides, while IFNy is induced in

T lymphocytes or natural killer (NK) cells by specific antigens or T cell

mftogens (Table 1-1) (3).

The genes for all of the known IFNs have been cloned. The cloning

data has revealed 23 IFNa genes, at least 15 of which code for full

length proteins (4). IFNa is apparently glycosylated. The IFNa genes,

none of which contain introns, are clustered near each other on the same

chromosome. IFNa induces rearrangement of the T cell antigen receptor a-

chain and matures T lymphocyte clones to cytotoxicity ini vitro (5,6).

There are at least 3 IFNS genes, one of which does not contain introns,

while the other two appear to contain 4 introns (7-12). The intron-
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containing IFN3 genes are called IFNf$2 (7). IFNfio has a number of

interesting properties in addition to its antiviral properties (8-13).

While IFNP2 was initially identified as an antiviral protein isolated

from fibroblasts, others have found that IFNf^ from T cells acted as a B-

cell differentiation factor (BSF-2) that can enhance antibody secretion

and induce B-cell proliferation (8,10). IFNB2 is also called inter¬

leukin-6 (IL-6) (13).

IFN y has been cloned from the human (14,15), mouse (16), and bovine

(17) genomes. Only one gene has been found in all 3 species and it

contains 3 introns. The precursor polypeptide is processed and glyco¬

sylated. Based on the cDNA structure of the human and mouse genes the

mature IFNY molecule is composed of 133 amino acids and has a mass of

1.7,000 daltons (14,16). The molecular weight of natural IFNy varies from

20,000 to 25,000 daltons by SDS-PAGE due to glycosylation of the mature

molecule (18). Gel filtration studies have assigned IFN Ya mass of

40,000 to 50,000 daltons suggesting a natural multimer formed by the

mature molecule (19).

Regulation of IFNY Production

The cellular requirements for IFNY production have been studied in

detail in both the human and mouse systems (20-22). IFNY production in

the C57BL/6 mouse spleen cell system is regulated by a dynamic inter¬

action between helper cells (Lyt l+,2-), suppressor cells (Lyt l+,2+),

and IFNy-producing cells (Lyt 1",2+) (Figure 1-1) (3). Helper cells aid

IFN Y production via production of interleukin-2 (IL-2), which acts in

concert with a T-cell mitogen, staphylococcal enterotoxin A (SEA), to

induce IFNY- Suppressor cells inhibit or block IFN Y production by



3

adsorption or sequestration of IL-2. The IL-2 helper signal for induc¬

ción of IFN Yis dissociated from its ability to stimulate T-cell pro¬

liferation (3).

The question arose as to whether nonhematopoietic growth factors

were also able to stimulate IFNY production. Epidermal growth factor

(EGF), platelet-derived growth factor (PDGF), and fibroblast growth

factor (FGF), were shown not to stimulate lymphocyte proliferation

(23,24). It was demonstrated that these growth factors induce the

production of IFNY in conjunction with a T-cell mitogen signal (23,24).

By comparison, neither rat growth hormone nor human growth hormone are

capable of inducing IFNY production.

Immunoregulatorv Functions of IFNY

Interest in the immunoregulatory functions of IFNs began with the

observation that murine IFNa and IFN(3 suppressed antibody production m

in vitro assays (25,26). Concurrent studies showed that IFN could also

regulate cellular immunity and delayed type hypersensivity (27,28). Once

it was established that IFN enhanced natural killer (NK) cytotoxic

activity, the immunology community began a more rigorous study of the

immunomodulatory effects of the IFNs. It became apparent that the scope

of the immunoregulatory effects of the IFNs went far beyond the initial

observations, as shown in Table 1-2 (25-50).

Some of the immunoregulatory properties of IFNY are described herein.

Class I MHC molecules are up-regulated upon the addition of IFNY (44,45).

This surface antigen is important for the efficient killing of virally

infected cells. Class II MHC antigens are also up-regulated by IFNY

(43). The class II molecules are required for the cellular interactions

important for immune function such as antigen presentation. The expres-



-sion of class II molecules on the surface of macrophages is modulated by

IFNY as shown by their induction upon the addition of recombinant IFNY

(43,51). Indeed there are other surface molecules which are also up

regulated by IFNY, including the IL-2 receptor and Fc receptors (48,52).

Another important function of IFNY is its activity as a macrophage

activating factor (MAF) which augments various functions of macrophages,

including increased secretion of proteinases, hydrolases, oxygen metabo¬

lites, and increased killing capacity for tumor or virally infected

cells. A lvmphokine MAF activity was identified when it was observed

that activated T lymphocytes or their soluble products could prime or

activate macrophages for increased tumor cell killing (53). After

activation, macrophages are triggered to kill tumor cells by the addition

of a small amount of lipopolysaccharide which acts as a second signal.

Studies using purified IFN Y, recombinant IFNY» and IFN Yneutralizing

antibodies have shown that the MAF activity is predominantly, if not

exclusively, due to the IFNY molecule. This data does not preclude there

being other structurally distinct MAFs. For example, IFNct and IFN& are

also MAFs, though not as potent as IFNY (54). As mentioned previously, T

killer lymphocyte and natural killer (NK) cytotoxic activity against

tumor cells and virally infected cells is also enhanced by the addition

of IFNs, especially IFNY (3).

Finally, IFNYbas been shown to modulate the differentiation of

myeloid and B lymphocyte cells (50,55). In the latter case the

differentiation signal provided by recombinant IFNY, was shown to be

sufficient to induce the secretion of antibodies (50).
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Thus, IFNy is an immunoregulatory molecule which can modulate a wide

range of physiological states in a variety of cell types; its biological

functions augment both cellular and humoral defense systems as well as

identify potential targets for immune responses. An understanding of the

biological signals which regulate the production of IFNy will help in

understanding the initiation of the complex immune response. The work

presented here addresses the regulation of production of IFNy by EGF with

particular emphasis on receptor recognition.

Epidermal Growth Factor

The EGF Molecule

EGF is mitogenic for a wide variety of cell types. Studies on EGF

and its receptor have helped to increase our understanding of cell

growth, ligand-receptor interactions, receptor activation, and oncogenes

(56,57).

EGF was discovered in 1959 when it was observed that murine sub¬

maxillary gland extracts, when injected into newborn mice, induced early

eyelid opening and incisor eruption (56,58). Purification of the respon¬

sible substance showed that the active factor was EGF and not nerve

growth factor which is also present in extracts of murine submaxillary

glands (56). The purified EGF was also shown to stimulate proliferation

of epidermal cells and keratinocytes (59,60).

Mature murine submaxillary gland EGF is composed of 53 amino acids

with a molecular mass of 6,000 daltons (61). It has three disulfide

bridges which are required for biological activity. EGF is not glyco¬

sylated. There is 70% homology between mouse and human EGF and the two

molecules behave identically in cell and biochemical assays (56,57,62).
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The EGF gene encodes a large precursor molecule containing EGF and 7

related peptides (63,64). The mature EGF molecule is contained in the

carboxyl terminal region of the precursor molecule and is obtained by

processing of the polyprotein. The functions of the other EGF-related

peptides in the polyprotein are currently unknown.

As indicated above, the submaxillary gland is a major source of EGF

in the mouse, whereas platelets are a major source of EGF in humans

(65,66). The submandibular and Brunner’s glands are also thought to be

sources of EGF in humans (67). Studies are in progress to further

determine the roles of various hematopoietic cells as sources of EGF and

related growth factors (68,69).

Functional Roles of EGF

Purified EGF has a wide range of biological effects. These include

(1) augmentation of ectodermal and mesodermal cell (e.g. fibroblast)

proliferation (56); (2) regulation of spermatogenesis (70,71); (3)

inhibition of gastric acid secretion (72); and (4) regulation of immune

functions such as IFNY induction (22,23).

With regard to the first point, the proliferative effect of EGF on

ectodermal and mesodermal cells types in vitro suggests that it may play

a role in wound healing. In controlled experiments EGF does indeed aid

in the wound healing process (73). With regard to the second point, EGF

apparently plays a major role in spermatogenesis. Male mice which have

been treated so as to not produce EGF (by submaxillary gland removal)

have low sperm and spermatid counts, while the addition of exogenous EGF

to such mice reverses this condition. Humans also have an EGF-like

molecule in their seminal plasma. Thus, EGF is probably a differenti-
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ation signal for spermatogenesis in mammals. The third point, addressing

EGF's ability to inhibit gastric acid secretion, suggests that EGF can

inhibit gastric acid secretion without stimulating cell growth. Thus,

EGF may exert its effects in the alimentary canal not just as a growth

factor but also as a regulator of gastric acid secretion.

Finally, EGF has recently been shown to modulate the production of

the immunoregulatorv molecule IFNY. The observation is unique because

nonhematopoietic growth factors were heretofore thought not to play a

role in the immune system. Also, the literature suggests that hemato¬

poietic cells do not constituíively express EGF receptors (57). Thus,

the observation implies that under certain conditions hematopoietic T

cells do express EGF receptors which, when bound by the EGF ligand,

initiate the production of an important biological response modifier,

IFNY.

EGF Related Peptides Transforming Growth Factor a and Vaccinia Virus
Growth Factor

Transforming growth factor a (TGFa) and vaccinia virus growth factor

(VGF) are structural and functional relatives of EGF. Both molecules, or

their relevant functional sequences, have (1) approximately 30% homology

with the EGF molecule (74-76); (2) have the same number of cysteines and

disulfide linkage alignment (77); (3) compete with EGF for its receptor

and use the EGF receptor solely for their known functions (69,75,76); and

(4) are mitogenic for the same tissues as EGF (57). The structural and

functional similarities imply that the three growth factors evolved from

a common ancestral gene (78,79).

TGFa was initially found in the supernatants of transformed cells

and was thought to be related to oncogenesis (80). But it is now known
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to be a growth factor encoded in the genome of several species. The TGFa

gene encodes a messenger RNA (mRNA) that synthesizes a precursor poly¬

peptide, but unlike EGF there is no evidence of TGFa related peptides in

the precursor molecule. The mature TGFa molecule is a 6,000 dalton

protein of 50 amino acids (7A,75) and like EGF it is not glycosylated.

Biological properties that TGFa has demonstrated are mitogenic effects on

fibroblasts (57,69), and wound healing by inducing keratinocyte prolifer¬

ation and migration (81). TGFa is synthesized by both macrophages and

keratinocytes and thus may contribute directly to wound healing in vivo

as both cells are found in such lesions (68,82,83).

VGF, like EGF and TGFa, is synthesized as a precursor polypeptide.

The mature VGF molecule has 77 amino acids, is glycosylated, and has a

molecular mass of 23,000 daltons as determined by SDS polyacrylamide gel

electrophoresis (76). The structural relationship of EGF, TGFa, and VGF

is shown in Figure 1-2.

VGF has several EGF-like and other biological activities which

include: (1) mitogenic activity for fibroblast cells in vitro (57); (2)

initiation of mitogenesis and migratory activities for keratinocytes to

aid in wound healing (81); (3) augmentation of production of viral

progeny from infected cells (84). This latter property suggests that VGF

aids the lifecycle of the vaccinia virus through its cellular prolifera¬

tive properties.

Again, it should be emphasized that all of the known effects of TGFa

and VGF are mediated through the EGF receptor.

The EGF Receptor

The EGF receptor, also called c-erb B-l (57,85), has been found on

almost all tissues but has not been shown to be constitutiveiy produced
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in hematopoietic cells. Studies have not been carried out to determine

if the receptor is inducible in such cells as primary lymphocytes in a

manner analogous to the receptor for IL-2, where the high affinity IL-2

receptor is not constitutively expressed but is induced by lymphocyte

mitogens (86). The EGF receptor is a 170,000 dalton single chain

glycoprotein with intrinsic tyrosine kinase activity (87). The mature

receptor is composed of three major domains, which are: (1) a large

glycosylated extracellular domain, (2) a transmembrane hydrophilic region

of 23 amino acids, and (3) a cytoplasmic region containing the tyrosine

kinase domain (57) that is composed of residues that are characteristic

of the tyrosine kinase family (88). Binding of EGF to its receptor

results in activation of the protein tyrosine kinase and thus triggers

subsequent intracellular events (57,89). The binding site of EGF on its

receptor is between residues 294 to 543 (90). Signal transduction is

mediated through the autophosphorylation of tyrosine residue 1173 (91).

Binding experiments with radiolabeled EGF to its receptor demon¬

strate a stoichiometric ligand-receptor interaction of one-to-one (92).

Scatchard analysis of EGF binding to intact cells, with high receptor

numbers, suggests the presence of different receptor classes with

distinct affinities toward EGF. High affinity receptors comprise 5 to

10% of the total, while the remaining receptors are of low affinity (93).

In EGF receptor negative 3T3 cells the introduction of wild type EGF

receptor showed both high and low affinity binding (94). Thus, the basis

for the same EGF receptor showing different affinities is not known.

Cells which are treated with the tumor promoter phorbol myristate

acetate (PMA) or platelet-derived growth factor (PDGF) abolish the high-
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affinity receptor state (93,95-99). This "receptor transmodulation"

process also reduces the tyrosine kinase activity of the EGF receptor.

Receptor transmodu'lators bind to their own distinct receptors (100) and

activate protein kinase C (and/or other kinases) which phosphorylates EGF

receptor threonine (Thr) 654. Phosphorylation of Thr 654 on the EGF

receptor by PMA has been shown to block the mitogenic effects of EGF, but

this phosphorylation event occurs before phosphorylation by the tyrosine

kinase phosphorylase (101).

The EGF receptor has a half-life of greater than 5 hr (89). After

ligand binding the half-life decreases to approximately 1 hr. Receptor

degradation is mediated by coated pit internalization and subsequent

lysosomal enzyme degradation (56). EGF receptor mutation studies have

shown that the kinase activity is also essential for degradation of the

wild type receptor (89,100).

The EGF receptor molecule has several relatives. The c-erb B-2 gene

product is a 185,000 dalton glycosylated protein that shares about 50%

homology with the EGF receptor (102). It has an extensive extracellular

domain like its c-erb B-l counterpart yet it does not bind EGF or any

known ligand. C-erb B-2 transcripts have been detected in placenta,

kidney, embryonic tumors, stomach adenocarcinomas, and neuroblastomas.

Greater than 80% of the tyrosine kinase domain in c-erb B-2 is homologous

with its EGF receptor counterpart. The c-erb B-2 receptor is phos-

phorylated via interaction of EGF with the c-erb B-l receptor and is

believed to be a substrate for the c-erb B-l phosphorylating activity

(103,104). Four independent cell lines have the identical mutation from

valine 664 to glutamic acid in c-erb B-2 in the transmembrane region,
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which subsequently converts it to the oncogenic form called neu

(105,106). The neu oncogene product of c-erb B-2 differs from its wild

type counterpart by this single point mutation which drastically alters

the function of the gene product. Another related oncogene is the v-erb

B gene product from the avian erythroblastosis virus (107). It is 68,000

daltons and has approximately 95% homology to the EGF receptor within a

stretch of 400 cytoplasmic domain residues (57). The amino terminal of

this molecule is truncated and thus does not bind EGF and there is also a

small truncation at the carboxyl terminus. The v-erb B oncogene has

autophosphorylation activity (108,109).

Thus, the interaction of EGF with its receptor initiates a complex

series of events which are responsible for EGE induced physiological cell

functions.

Specific Aims

The objective of the work outlined in this dissertation is to

characterize the EGF helper signal for induction of IFNy in a C57B1/6

murine splenic T cell system. We will focus on the functional and

receptor binding properties of EGF on mouse splenic lymphocytes as

compared to the interactions of EGF with its classic receptor on murine

3T3 fibroblast cells. We propose to achieve the objective through the

following specific aims: (1) definitively determine if EGF can provide

the helper signal for IFNy induction by using both EGF purified to

homogeneity and recombinant EGF in IFNy production studies; (2) determine

if the EGF related growth factors TGFa and VGF have the ability to

provide the helper signal for IFNy production and/or modulate the EGF

helper signal through competition for the receptor. Such studies should
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provide insight into the relationship of the EGF receptor on lymphocytes

to the well characterized EGF receptor on 3T3 fibroblasts to which all

three mitogens bind and induce cellular proliferation; (3) determine if

the EGF receptor on splenic lymphocytes is constitutively produced or is

induced upon stimulation with SEA, and determine the binding character¬

istics of EGF with this receptor; (A) determine if TGFa and/or VGF can

compete with EGF for the EGF receptor on splenic lymphocytes.
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Figure 1-1. IFNY production is regulated by the dynamic interaction
between helper (T^j), suppressor (T3), and IFNy producer cells. Helper
cells provide IL-2. Suppressor ceils absorb IL-2. Arrows: ( ),
positive signal; ( ), negative signal (3).
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Figure 1-2. Alignment of the VGF, rTGFa (rat), mEGF (mouse), and hEGF
(human). The sequences of the mature peptide growth factors are shown in
their entirety, numbered from the N-terminus of the precursor VGF.
Residues conserved in all four sequences are boxed. The VGF sequence
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Table 1-1

Classification of I.FN's

Former

Interferon Cellular Source Inducer Nomenclature

IFN-cx Lymphocytes (B, null, Viruses, polyribonucleo- Leukocyte,
and T), macrophage? tides, tumors, chemicals Type I

IFN-3 Fibroblast, epithelial, Viruses, polyribonucleo- Fibroblast,
macrophage tides, chemicals Type 1

IFN-Y T lymphocyte Antigens, T cell mitogens Immune,
Type II

Reprinted from Lymphokines 1J^:33, 1985. Copyright (c) 1985 by Academic
Press, Inc. (3)



Table 1-2
Some Immunoregulatory Effects of IFN

Effects References

Suppression and enhancement of antibody production 25,26,29-31

Suppression of antigen- and mitogen-induced
lymphocyte proliferation 27,28,32

Enhancement of specific cytotoxicity of T lymphocytes 33

Enhancement of NK cell cytotoxicity 34-37

Enhancement of antibody-dependent cell-mediated
cytotoxicity 38

Activation of macrophages for enhanced tumor ceil
killing 39-41

Modulation of expression of products of the major
histocompatibility complex on the cell membrane 42-45

Modulation of expression of Fc receptors on the
cell membrane 46-48

Modulation of expression of interleukin 2 receptors
on the cell membrane 49

Maturation of B cells for immunoglobulin production
and secretion 50

Reprinted from Lymphokines 11:33, 1985. Copyright (c) 1985 by Academic
Press, Inc. (3)



CHAPTER 2

MATERIALS AND METHODS

Mice

C57B1/6 female mice, 8 to 12 week old, are obtained from the Jackson

Laboratory, Bar Harbor, ME.

Reagents

The T cell mitogen SEA is purchased from Toxin Technology, Madison,

WI. Ultrapure mouse submaxillary gland EGF is obtained from Toyobo Co.,

Ltd., New York, NY. Recombinant human EGF is obtained from Scott

Laboratories, Fiskeville, RI. Highly purified synthetic rat TGFa is

obtained from Peninsula Laboratories, Inc., Belmont, CA. Recombinant VGF

is a gift from Dr. Gregory Bruce of Oncogen, Inc., Seattle, WA.

Recombinant c-sis PDGF (PDGF B) is from AMGen Biologicals, Thousand Oaks,

CA. -'-‘^-’Iodide as a sodium salt (15 mCi/pg) and tritiated thymidine (21

mCi./mg) are obtained from Amersham Corp., Arlington Heights, IL.

Monoclonal anti-Lyt 1.2 antibody and anti-Lyt 2.2 antibody are obtained

from New England Nuclear, Boston, MA. The source of complement is serum

from New Zealand white rabbits. Endotoxin-free fetal bovine serum (FBS)

is obtained from HyClone Laboratories, Logan, UT. Trifluoroacetic acid

and radioimmunoassay grade bovine serum albumin (BSA) are obtained from

Sigma, St. Louis, MO. Dibutyl phthalate (gold label) and dioctyl

phthalate are obtained from Aldrich Chemical Co., Milwaukee, WI. Rabbit

anti-mouse EGF antibody (IgG fraction) is obtained from Collaborative

17
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Research Inc., Bedford, MA. HPLC grade acetonitrile is obtained from

Fisher Scientific, Orlando, FL.

IFN-Y production

Spleen cells (1 ml at 1.25 x 10^ cell/ml), 0.1 ml of a 10-^ dilution

of monoclonal anti-Lyt 1.2 antibody and rabbit complement (0.1 ml of

serum) are mixed and incubated at 37°C for 1.5 hr in RPMI 1640 containing

10% FBS. The helper cell-depleted cultures are then washed twice,

suspended in the RPMI 1640 media containing 10% FBS, and cultured in

duplicate at 1.25 x 10^ viable cells/ml. Whole spleen cell- and helper

cell-depleted cultures are stimulated with 0.5 pg/ml of SEA for 1 to 3

days in the presence of growth factors, and the supernatants are assayed

for IFNy activity on mouse L cells by using vesicular stomatitis virus as

described (110). The IFN produced is identified as IFNy by

neutralization with specific antisera.

Balb/c 3T3 Fibroblast Mitogenic Assay

The 3T3 growth factor mitogenic assay is performed using a

modification of Kobavashi et al. (111). The 3T3 fibroblasts are grown to

subconfluent monolayers in supplemented Dulbecco's minimal essential

medium (SDMEM) containing 10% FBS. Note, 3T3 fibroblasts are not used

beyond passage number 40. The cells are harvested, washed and seeded in

96 well plates (Falcon) at 5 x 10^ cells/well in 0.2 ml. All peripheral

wells receive 0.2 ml of medium only to keep the humidity of the target

wells constant. After 24 hrs in 5% CO2, 37°C the spent medium is

replaced with 0.1 ml of SDMEM containing either 10% FBS or 0.2% FBS with

or without dilutions of growth factors in duplicate. After 22 hrs at 5%

C0'2, 37°C, 0.1 pCi of -%-thymidine in 10 ,ul is added to each well. The

samples are incubated another 2 hrs at 37°C, 5% CO2- After washing twice
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with phosphate buffered saline (PBS), cells are solublized by treatment

with 0.1 M NaOH (0.1 ml/well). The contents of the wells are then

harvested and counted on a LKB beta liquid scintillation counter

(Gaithersburg, MD).

Anti-EGF Antibody functional Studies

Rabbit anti-mouse EGF antibodies are used to block EGF functional

interactions with EGF receptors on Balb/c 3T3 cells and on C57B1/6 mouse

spleen cells. Mouse EGF and anti-EGF are mixed and incubated for 1 hr at

37°C prior to addition to either 3T3 cells or spleen cells. 3T3

proliferation and IFNy production assays are carried out as previously

described. Recombinant human c-sis PDGF is also incubated with anti¬

mouse EGF as described above and is added to spleen cell cultures.

Radioiodination of EGF

EGF is labeled with ^-^1 using a modification of Das et al. (112).

Briefly, 2 Mg in 10 pi of EGF (200 pg/ml in 0.4 M KP04, pH 7.5) is added

to a 1.5 ml Eppendorf test tube. Five pi of Na ^--"Iodide (500 pCi) and

10 pi of freshly dissolved chloramine-T (6.25 mg/ml) are added. After 1

min the reaction is quenched by the addition of 10 pi of Na

metabisulfide (12.5 mg/ml) and 10 pi of KI (80 mg/ml). Then 10 pi of BSA

(Sigma) (20 mg/ml) is added and the sample is run over a 7 ml Sephadex G-

10 column (Pharmacia) equilibrated with 50 mM KP04 (pH 7.5) containing

0.15 M NaCl and 2 mg BSA/ml. Fractions are counted and those with the

highest counts are pooled. The specific activity of the pooled sample is

generally from 100-125 pCi/pg. ^^I-EGF is aliquoted and stored at -70°C

for no more than 3 weeks prior to use.
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Balb/c 3T3 Fibroblast Growth Factor Binding Assays

The 3T3 growth factor binding assay is performed using a

modification of Kobayashi et al. (ill). 3T3 fibroblasts are grown as

above and seeded at 6 x 10^ cells/weil in 0.2 ml volume. All the

peripheral wells are treated as above. After 24 hrs at 37°C, 5% CO2

confluent monolayers are washed 3 times with Earle's balanced salt

solution (EBSS) lacking calcium (57) containing Pen/Strep and 20 mM NaNg,

2 mg BSA/ml and aspirated to dryness. Then 25 pi of EBSS or dilutions of

growth factors are added to wells in triplicate. After 15 min, 25 pi of

l^I-EGE is added. After 1 hr at room temperature the wells are washed 3

times with EBSS and NaOH (50 pi of 0.1 M) is added to each well to

solubilize the cells. The liquid is absorbed by cotton-tipped

applicators and counted on an LKB gamma counter.

Murine Spleen Lymphocyte Binding Assays

Spleen cells are resuspended at 5 x 10^ cells/ml in SDMEM containing

10% FBS in the presence or absence of 0.5 pg SEA/ml. The cells are

seeded at 25 ml per 150 cm^ Corning flask and incubated at 37°C, 5% CO2

for 48 hr. Nonadherent cells are then collected and centrifuged at 1,000

rpm for 10 min. Red blood cells are lysed by the addition of cold

distilled water (1.5 ml per 3 spleens) to the completely dispersed

pellet. After 10 seconds, cold EBSS (5.5 ml per 3 spleens) lacking

calcium and containing 0.15 M NaCl, 15% FBS, 20 mM NaNg, and 2 mg/ml RIA-

BSA is added to the spleen cells. After 10 minutes on ice the cells are

placed into a 15 ml Corning test tube and centrifuged at 133 X g for 40

sec (adding 30 sec for each additional 5 ml). The supernatant is

aspirated and the cells are washed twice in cold EBSS containing 20 mM
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NaNg and 2 mg./ml RIA-BSA (7 ml) exactly as above. The cells are

resuspended in 0.1 ml of the above buffer and the debris is allowed to

settle for 2 min. The cells are counted and resuspended in the above

buffer at a final concentration of 4 x 10^ cells/ml final concentration.

Cells are incubated on ice or at room temperature for 15 min in the

presence of cold growth factors or buffer prior to the addition of I-

EGF. The reaction volume is 40 pl/tube and all experiments are performed

in triplicate. Binding is carried out on ice or at room temperature for

1 hr at which time samples are carefully layered into 0.4 ml

polypropylene tubes over a phthalate oil mixture (1:1.27 ratio of dioctyl

phthalate to dibutyl phthalate, v/v). Samples are centrifuged at 12,000

rpm for 30 sec to separate free ^-*I-EGF from bound ^~’I~EGF. Test tubes

are then cut and cell pellets are counted on an LKB gamma counter.

Reverse Phase High Performance Liquid Chromatography of Radioiodinated

EGF

The HPLC apparatus uses a Perkin-Elmer Series 400 pump (Norwalk,

CT), a Rheodvne model 7125 injector (Cotati, CA) with a 50 pi

loop, a 25 cm x 4.6 mm Pecosil C-^g 10 pm particle size reversed phase

cartridge column and a Pellicular C^g packed guard column (Perkin-Elmer).
Fractions are collected on a LKB 2111 Multirac fraction collector.

Murine and human EGF are each radioiodinated as described and 10^ cpm in

0.8 ml are loaded onto the column. Elution is accomplished by a linear

gradient of 10% acetonitrile and 0.1% trifluoroacetic acid at pH 3.1 to

100% acetonitrile over 60 min (1 min per fraction). Samples are

collected and counted on a gamma counter. A salt peak of free LZ-JI

eluted early in each run and is not shown in the figures.



CHAPTER 3

RESULTS

It was previously shown that electrophoretically pure mouse sub¬

maxillary gland EGF (from Collaborative Research) could replace the IL-2

requirement for IEN Yproduction in the mouse (C57B1/6) spleen cell system

(23,24). To confirm the above, another source of mouse submaxillary

gland EGF (Toyobo) that was purified to homogeneity was tested for its

ability to replace the IL-2 requirement, and was observed to provide

essentially maximal help for IFNy production at 1 nM (Table 3-1).

Purified recombinant human EGF (Scott Labs) also provided the helper

signal at 1 nM as shown in Table 3-1. Thus, both EGF preparations have

equivalent potency for inducing IFNy. Moreover, specific anti-murine EGF

antibodies (Collaborative Research) could completely block EGF-induced

IFNy production while this same antibody preparation had no effect on the

recombinant c-sis PDGF (AMGen) helper signal for IFNY production (Table

3-2). Purified murine submaxillary gland EGF and recombinant human EGF

were radioiodinated and passed over a reverse phase high performance

liquid chromatography column in order to confirm their indicated purity.

In both cases these labeled EGFs eluted as a single peak as indicated in

Figures 3-1 and 3-2. This provides further evidence that the helper

signal provided by EGF for IFNy production is due to the EGF molecule and

not to a contaminant in these preparations.

22
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As indicated, the growth factors TGFa and VGF are related to EGF

(Figure 1-2). They are in the family of EGF-like peptides as determined

by structural similarity, the placement of cysteine residues within the

molecules, and, most importantly, they exert their mitogenic effects on

fibroblasts via the EGF receptor (57,74-77). Thus, synthetic rat TGFa

(Peninsula Labs) and recombinant VGF (Oncogen) were examined for their

ability to provide the helper signal for IFNYproduction. Unlike EGF,

neither TGFa nor VGF could restore competence for IFNy production by

mouse C57B1/6 spleen cell cultures that were depleted of helper cell

function (Figure 3-3) (113). Both growth factors were as competent as

EGF in stimulating proliferation of 3T3 fibroblasts (Figure 3-4), so

their inability to provide the helper signal for IFNy production was not

due to factors such as lack of biological activity. Rather, it is

possible that the EGF receptor on lymphocytes is different from that on

3T3 cells and thus novel, or that TGFa and VGF can bind to the EGF

receptor on lymphocytes, but cannot trigger the signal for IFNy

induction. If the former were true, then TGFa and VGF should not

functionally compete with EGF for the receptor and thus block its helper

signal, whereas if the latter were true, then they should block the EGF

helper signal for IFNy production. As shown in Table 3-3, neither TGFa

nor VGF in molar excess blocked the helper signal of EGF for production

of IFNy by lymphocytes (113). Additionally, neither growth factor

blocked IFNy production by spleen cells that were not depleted of helper

cell function (Table 3-4). Thus, the functional data suggest that EGF

provides its helper signal for IFNy production by interaction with a

novel receptor on lymphocytes.
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Hematopoietic cells have been reported to lack EGF receptors (57),

thus EGF receptor binding studies were performed with untreated splenic

lymphocytes cultured for 48 hr and splenic lymphocytes that were stimu¬

lated for 48 hr with the T-cell mitogen SEA. Exogenous SEA is required

for several aspects of IFNY production (3). First, SEA acts as a T cell

mitogen by inducing IL-2 production by Ty- cells (3). Second, SEA is a

required second signal, along with IL-2, to initiate T cell production of

IFNY.

As shown in Table 3-5, specific binding of -"^I-EGF (125 pCi/ug

protein) was observed only in cultures that were stimulated with SEA for

48 hr (113). Specific binding was generally 25 to 50 percent of total

binding. The data indicate that the EGF receptor is induced on

lymphocytes and not constitutively expressed as in 3T3 fibroblasts.

Similar data have been obtained in at least 3 separate experiments. A

saturation binding curve for ^-’I-EGF on splenic lymphocytes is

presented in Figure 3-5, and indicates a of 5 to 10 nM. Since the

cultures were depleted of adherent cells, it is unlikely that the binding

observed was due to macrophages, but it cannot be ruled out that small

amounts of contaminating macrophages may play some role in EGF binding

to lymphocytes. The question has arisen that the novel EGF receptor

described above may actually be the IL-2 receptor on lymphocytes, since

the high affinity IL-2 receptor is also induced by T-cell mitogens. It

has previously been shown, however, that EGF did not compete with IL-2

for the IL-2 receptor on lymphocytes (86). Therefore, the novel EGF

receptor on lymphocytes is different from the IL-2 receptor on

lymphocytes.
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EGF, TGFa, and VGF compete similarly for the EGF receptor on 3T3

cells (69,75,76). We confirmed this in competitive binding experiments

with -'-^-’I-EGF and the EGF, TGFa, and VGF that were used in the functional

studies above (Figure 3-6). PDGF does not bind to the EGF receptor, but

does slightly down regulate the expression of high affinity receptors

(97-99). Thus, ^^^I-EGF binding to 3T3 cells was reduced by PDGF

treatment, but not nearly as much as by the ligands that compete for the

receptor. Thus, the data in Figure 3-6 are consistent with and confirm

previous observations on the properties of the EGF receptor on 3T3

fibroblasts.

As indicated, the functional data presented suggest that EGF exerts

its effects on lymphocytes by binding to a novel receptor, since TGFa and

VGF could not provide the helper signal for IFNy production, and could

not functionally block the help of EGF. The binding competition data of

Figure 3-7, where cold submaxillary gland EGF blocked ^^I-EGF binding to

lymphocytes, but TGFa at the same concentrations was without effect is

further evidence that the EGF receptor on lymphocytes is novel. We

currently do not know why relatively high concentrations of cold EGF are

required in receptor competition experiments with lymphocytes, but the

relatively low specific binding to total binding may play a role. Also,

it is possible that the binding studies using submaxillary gland -^JI-EGF

could involve a contaminant in the EGF preparation, but this is unlikely

since purified recombinant human EGF inhibited submaxillary gland iiJI-

EGF binding as effectively as did cold submaxillary gland EGF

(Table 3-6). Similar competitive binding patterns have been observed in

other systems such as the adrenergic receptors (114).
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The above data raise questions about functional sites on the EGF,

TGFa, and VGF molecules that are involved in receptor interactions. It

has been suggested that the third disulfide loop of these growth factors

comprises the binding site for the EGF receptor on such cells as 3T3

fibroblasts (115). The data presented here raise questions about a

common binding site for these 3 growth factors with respect to

interactions with lymphocytes. In order to gain further insight into the

structural relationship of these molecules we generated composite surface

profile plots which are based on hydrophilicity, accessibility, and

flexibility of secondary structure (116,117). Mouse and human EGF showed

very similar composite surface profiles (Figure 3-8a and 3-8b). Their

profiles were different from those of TGFa and VGF (Figure 3-8c and 3-

8d). The composite surface profile plots suggest structural differences

between EGF and TGFa and VGF. A precise delineation of these differences

could possibly provide insight into EGF interaction with lymphocytes in

the absence of such an interaction by TGFa and VGF.

We feel that the data presented are quite interesting and allow

us to draw the following conclusions: (1) EGF provides a helper signal

for the induction of IFNy, (2) EGF provides its signal by interaction

with a novel receptor on lymphocytes based on functional and receptor

competition data with TGFa and VGF, (3) the novel EGF receptor on

lymphocytes is not expressed constitutively but is induced by a T cell

mitogen.

Related to our discovery of a novel EGF receptor on lymphocytes is a

recent finding of a novel PDGF receptor on human fibroblast and baby

hamster kidney cells (118-120).
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Figure 3-1. HPLC profile of murine EGF. Murine submaxillarv gland EGF
(Toyobo) was radioiodinated and passed over a reverse phase HPLC
column. Fractions are eluted and counted in a gamma counter.
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Figure 3-2. HPLC profile of recombinant human EGF.
EGF (Scott Labs) was radioiodinated and passed over
HPLC column. Fractions are eluted and counted in a

60

Recombinant human
a C^g reverse phase
gamma counter.
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GROWTH FAC i OR (fir!)
Figure 3-3. Ability of growth factors to restore competence for IFN y
production by Lyt L-, 2"*" spleen cells. EGF iO)< TGFa (A), and VGF (Q)
were incubated with Lyt 1-depleted spleen cells in the presence of the T-
cell mitogen SEA. IFNYtiters are from day 3 of culture. Reprinted from
Progress in Leukocyte Biology 8:159, 1988. Copyright (c) by Alan R.
Liss, Inc. (113).
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Figure 3-4. Relative mitogenic activity of growth factors on Balb/c 3T3
cells. Cells were incubated for 24 hr in SDMEM containing 10% FBS,
washed extensively, and growth factors were added at the indicated
concentrations. After 24 hr at 37°C in the presence of 5% CC>2, JH-
thymidine was added for 2 hr. Cells were then harvested and counted on a
beta scintillation counter. Symbols: EGF (A); TGFa (Q)? VGF (□).
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Figure 3-5. Binding of 125I-EGF to spleen cells. Spleen cells were
incubated with 3.3 pM EGF for 15 min prior to a 1 hr incubation with
l25I-EGF at the indicated concentrations. Cells were then harvested and
counted on a gamma counter. Data are plotted as bound i2 I-EGF vs. free
125I-EGF.
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Figure 3-6. Competitive binding of ^^I-EGF to Baib/c 3T3 cells in the
presence of growth factors. Confluent monolayers were incubated for 15
min with cold EGF (.©), TGFa {Q), VGF (A), PDGF B (Q), or buffer (A).
125i-EGF was then added at a final concentration of 5 nM. After 1 hr
incubation at room temperature, cells were harvested and counted on a
gamma counter.
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Figure 3~7. Competitive binding of ^-’I-EGF to spleen lymphocytes in the
presence of growth factors. SEA-stimulated spleen lymphocytes were
harvested as previously described and incubated for 15 min with EGF (O)»
TGFa (A), or buffer (CD). -EGF was then added at a final concen¬
tration of 5 nM. After 1 hr incubation at room temperature, cells were
harvested and counted on a gamma counter.



100

Figure 3-3. Surface profile of EGF-related proteins. Composite surface profiles of mouse EGF (A),
human EGF (B), rat TGFot (C), and VGF (D) were developed as described by using a computer program
i'118) This program takes into account HPLC mobility, accessibility, and segmental mo i lty l
values) of amino acids in model proteins and peptides. Residues with high composite values are most
likely to reside on the surface of a protein molecule. The abscissa equals the surface value. e
ordinate equals the residue number.



Table 3-1

Relative abilities of mouse EGF and recombinant human EGF
to provide the helper signal for IFNy production

by Lyt 2+ spleen cells

GFa
(nM)

IFNy(U/ml
moEGF

+■ S.D. )
huEGF

0 <3 <3

0.1 <3 <3

1 65 ± 7 55 + 7

10 60 ± .14 85 ± 21

100 95 ± 7 200 ± 141

aSamples were from day 3 of culture. Whole spleen cells
had 95 ± 35 IFN Yunits/ml.
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Table 3-2

Ability of anti-EGF antibodies to block EGF
helper signal for IFNy production

by Lyt 2+ spleen cells

Anti-EGF Antibodies3
(Mg/ml)

IFN y(U/ml + S.D. )
EGF 5nM PDGF 5nM

0 120 ± 28 105 ± 21

0.5 80 ± 14 220 ± 28

5 <3 85 ± 21

50 <3 135 ± 21

aSampies were from day 3 of culture. Whole spleen cells had 80 ± 28
IFNYunits. Anti-Lyt 1.2 + C control cells had <3 IFNyunits.
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Table 3-3

Failure of TGFa and VGF to block helper signal for
ÍFNY production by mouse spleen cells

SEA-stimulated cultures3 IFNY (U/ml ± SD)

Lyt 1 ” > 2+ cells <7

Lyt 1" , 2+ cells + EGF 270 ± 42

Lyt 1" , 2+ cells + EGF + TGFa 290 ± 14

Lyt 1- , 2+ cells + EGF + VGF 295 ± 7

Whole spleen cells 215 ± 21

aSamples are from day 3 of culture. Concentration of
factors: EGF, 5 nM; TGFa, 14 nm; VGF, 17 nM.
Reprinted from Progress in Leukocyte Biology 8:159, 1988.
Copyright (c) 1988 by Alan R. Liss, Inc. (113)
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Table 3-4

Failure of TGFa and VGF to block IFN Y production
in spleen cells

SEA-stimulated cultures3 IFN Y (U/ml ± SD)

TGFa 275 ± 35

VGF 350 ± 71

Control 275 ± 106

aSamples are from day 3 of culture. Concentration of
factors: TGFa, 14 nM; VGF, 17 nM.
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Table 3-5

Induction of EGE receptor by SEA on mouse spleen lymphocytes3

SEA Cold CPM p-value
treatment, EGF,
0.5 Mg/ml 3 i_iM

- - 11.15 ± 256

- + 1009 ± 49 N.S.

+ - 1539 ± 64

+ + 1158 ± 54 <0.005

aSpleen cells were incubated with SEA for 48 hr, at which
time cultures were depleted of macrophages and red blood
cells. CPM (counts per minute) are from lymphocyte bound
^^I-EGF. Reprinted from Progress in Leukocyte Biology
8:159, 1988. Copyright (c) by Alan R. Liss, Inc. (113).
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Table 3-6

Ability of recombinant human EGF to compete with
murine purified submaxillary lz,Jl-EGF for the

EGF spleen cell receptor3

rHuEGF

(nM)
MuEGF

(nM)
CPM + SD

- - 1488 + 269

10 - 1424 + 197

100 - 1463 + 235

330 - 1189 + 183

1000 - 1184 + 97

3300 - 1100 + 108

- 3300 1152 + 78

aSpleen cells were stimulated with SEA for 48 hr
and washed extensively prior to binding with
-^-’I-EGF at 5 nM final concentration.



CHAPTER 4

DISCUSSION

EGF is a molecule with a wide variety of biological functions.

These include: (l) the proliferation of ectodermal and mesodermal cells

(56) and thus wound healing (73); (2) regulation of spermatogenesis

(70,71); (3) inhibition of gastric acid secretion (72); and (4)

regulation of IFNy production (22,23). The first three functions are

believed to be mediated through the well characterized EGF receptor

(57,100).

The EGF receptor is constitutively found on almost every tissue

studied except for the hematopoietic cell types (57). It has been cloned

and sequenced (87). It is a 170,000 dalton glycoprotein which has been

extensively characterized in its structure and its functions. The EGF

receptor has three major domains: (1) an extracellular domain which is

responsible for the signal transduction after ligand binding; (2) a

transmembrane region; and (3) the intracellular region which contains the

tyrosine kinase domain responsible for the signal transduction after

ligand binding onto the receptor (57,100). Signal transduction is

mediated through autophosphoralation of the EGF receptor at tyrosine

1173.

The EGF-related peptides TGFa and VGF are structurally related to

EGF and compete with this ligand for its receptor (57,74-76). They also

share known biological functions that are mediated through the EGF

41
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receptor. These include mitogenic effects on fibroblasts (57,69,76) and

wound healing (81). VGF can also augment the production of viral progeny

from infected cells (84). As indicated in the Results EGF, TGFa, and VGF

molecules are structurally and functionally related to each other,

suggesting evolution from a common gene (78,79). The third disulfide

loop, a region that is most common to all three ligands in sequence and

structure, is believed to be the ligand binding region which is

recognized by the classic EGF receptor (115). In the data presented here

we have confirmed that TGFa and VGF, like EGF, can stimulate the

proliferation of 3T3 fibroblasts as well as compete for binding to the

EGF receptor on these cells using ^JI-labeled EGF. The question arises

as to whether purified and recombinant EGF from other sources and whether

TGFa and VGF can similarly provide the helper signal for induction of

IFN y .

In the course of studies on the regulation of murine IFNY production

by various growth factors it was found that EGF was capable of inducing

IFNY production in spleen cell cultures depleted of Tg cells (23,24).
The mouse submaxillary gland EGF preparation used in these studies (from

Collaborative Research) was electrophoretically pure. This preparation

was found, however, to restore the production of IFNYat 17 nM. This

concentration is higher than that required for the proliferative

functions of EGF for fibroblasts. Thus, the question was raised that a

possible contaminant of the EGF preparation was responsible for the

helper signal for IFNY production. To address this question and to

further extend our knowledge of the effects of EGF in the production of

IFNY, we obtained EGF from several other sources. We have shown here
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that purified mouse submaxillary gland EGF (Toyobo) and recombinant human

EGF (Scott Labs) were both capable of inducing the production of IFNy at

1 nM. Thus, unlike the relatively high EGF concentrations required to

induce IFNY in the previous study, the IFNY inducing concentrations of

these EGF preparations approximated those concentrations required to

detect mitogenic effects of EGF on fibroblasts. The initial observation

that EGF can provide the helper signal for IFNY production, then,

apparently involved the use of EGF that was not fully active. The EGF

preparations that we used in these studies were radioiodinated, eluted

from a reverse phase column and only one peak was found in each sample,

indicating only one major species in each sample. These data excluded

the possibility of there being a contaminant in these preparations that

was responsible for the induction of IFNy* Thus, the data presented here

show EGF to provide the help for IFNy production at concentrations

similar to those for its other biological effects. Also anti-EGF

antibodies inhibited EGF induction of IFNY in a specific manner.

The above data demonstrate that EGF can regulate lymphokine

production. As indicated earlier, lymphocytes do not constitutively

express an EGF receptor. Although EGF receptors are generally thought

not to be expressed on hematopoietic cells there is one preliminary

report of induction of an EGF receptor on B lymphoblastoid cells (121).

The B lymphoblastoid lines RPMI 1788 and RPMI 8392 were both shown to

bind -*-25i_egf after treatment with the B cell mitogen staphylococcal

B cell mitogen (STM). RPMI 1788 cells expressed between 500 to 1,000 EGF

receptors while RPMI 8392 expressed between 2,000 to 4,000 EGF receptors.

Normal lymphocytes from blood or spleen could also be induced to express
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EGF receptors after treatment with B cell mitogens. Induction of

receptor was not observed when the cells were treated with the T-cell

mitogen Concanavalin A. Other T-cell mitogens were not tested. This EGF

receptor was not further characterized. Interestingly, in our studies we

found an EGF receptor on splenic lymphocytes that required induction by

the T-cell mitogen SEA. The splenic lymphocyte EGF receptor was

detectable after a 48 hr incubation in the presence of SEA.

Approximately 25% of total binding was specific, which would suggest the

presence of low receptor numbers. The splenic lymphocyte EGF receptor

has an apparent dissociation constant of 7 nM.

The IL-2 receptor is another example of an inducible lymphocyte

receptor (86). This receptor is induced by a T-cell mitogen and takes

several days before it can be detected on the surface of lymphocytes. The

induced IL-2 receptor does not recognize the EGF molecule as a

competitive ligand in the presence of labeled IL-2. Therefore, the

induced EGF receptor is different from the IL-2 receptor on lymphocytes.

Since we had shown that the EGF molecule itself, and not a

contaminant, regulated the production of the IFNY lymphokine, we then

determined if the EGF-related growth factors TGFa (synthetic) and VGF

(recombinant) also induced IFNy production. We were surprised to find

that, unlike EGF, neither TGFa nor VGF were able to induce the production

of IFNY(Figure 3-3). Moreover, neither peptide functionally blocked the

ability of EGF to induce IFNY; nor were these peptides able to suppress

the production of IFNY in whole spleen cells. Thus while TGFa and VGF

were biologically active in induction of 3T3 fibroblast proliferation

(Figure 3-4), unlike EGF. they were not capable of inducing IFNy in



lymphocytes. Finally, in competitive binding studies we demonstrated

that TGFa did not compete with ^-*I-EGF for the induced lymphocyte EGF

receptor while it did compete for receptor on 3T3 cells. We conclude

that there is a novel EGF receptor on lymphocytes which, unlike the

classic EGF receptor, does not functionally or physicochemically (in

binding studies) recognize the EGF-related peptides TGFa and VGF.

The induction of IFNy by EGF is a newly described function for this

nonhematopoietic growth factor. Its effect is mediated through a novel

EGF receptor. This EGF receptor differs from the classic EGF receptor in

that it is inducible by a T-cell mitogen, and fails to recognize the EGF-

related growth factors TGFa and VGF.



APPENDIX

PRELIMINARY DATA

Previous studies have shown that rabbit polyclonal antibodies to the

classic EGE receptor blocks EGP induced proliferation of mouse 3T3

fibroblasts (122). We compared the effects of these antibodies on both

EGF induced 3T3 proliferation and EGF helper signal for IFNy production.

Table A-l shows partial suppression of %-thymidine incorporation into

3T3 cells. Normal rabbit serum was not inhibitory and at higher

concentrations had an enhancing effect. These data are similar to that

of Adamson and colleagues (122). Anti-EGF receptor antibodies had no

effect on EGF helper signal for IFNy production (Table A-2). The anti-

EGF receptor antibody data supports our previous conclusion that the

lymphocyte EGF receptor is different iron the classic EGF receptor.

In order to determine the size of the lymphocyte EGF receptor, we

labeled EGF with and used this as a probe. We. confirmed the size of

the classic EGF receptor by cross-linking the -^“^I-EGF onto Balb/c 3T3

fibroblasts in the absence and presence of cold EGF. The preparations

were prepared and run on an 8% SDS-PAGE system. After autoradiographic

exposure the dominant 170,000 dalton EGF receptor was seen as expected

(Figure A-l). The minor bands at 120,000 and 78,000 dalton bands are

known EGF receptor breakdown products (58). As expected there was no

radiolabeled signal in the preparation containing cold EGF. The same
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procedure using radiolabeled EGF was carried out with 48 hr 5EA-

stimulated lymphocytes. The detected bands migrated at 130,000 daltons,

100,000 daltons, and 50,000 daltons upon autoradiographic exposure

(Figure A-2). The 100,000 dalton and 50,000 dalton bands could represent

degradation products of the 130,000 dalton band or the 3 bands could

represent a complex EGF receptor on lymphocytes. Further studies need to

be conducted to better delineate the nature of the induced lymphocyte EGF

receptor.
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1 2

Figure A-L. SDS-PAGE in 8% acrylamide/bis with L^^I-EGF cross-linked
onto 3T3 fibroblasts in the absence (lane 1) and presence (lane 2) of 1
mM cold EGF. Confluent 3T3 cell monolayers were incubated in the
absence and presence of 1 uM cold EGF for 15 min prior to the addition of
5 nM 1-251-egf. After 1 hr at 0°C, cells were washed and cell-bound EGF
was covalently cross-linked to the cellular receptor by the addition of
Bis (suifosuccinimidyl) suberate (BSJK After I hr at 0°C, the BSJ was
removed. Cells were suspended in SDS-PAGE sample buffer. Samples were
electrophoresed under reducing conditions on an 8% separating gel.
Molecular weight markers were also run on the gel.
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1 2

Figure A-2. SDS-PAGE in 8% acrylamide/bis with L^^1-EGF cross-linked
onto 48 hr SEA stimulated splenic lymphocytes in the presence (lane 1)
and absence (lane 2) of 3.2 pM cold EGF. Samples are incubated for 15
min at 0°C in the presence or absence of 3.2 pM final concentration cold
EGF prior to the addition of 5 nM ^*-^I-EGF. 'Ceils are washed without BSA
and cell-bound EGF is covalently cross-linked to the cellular receptor by
the addition of freshly prepared BS^. After 1 hr at 0°C the BS^ was
removed and the spun sample pellets treated with SDS-PAGE sample buffer
and sonicated. Samples were centrifuged to remove debris and superna¬
tants were boiled prior to being electrophoresed. Samples were electro-
phoresed on an 8% separating gel as in the 3T3 EGF receptor SDS-PAGE
protocol. The gel was autoradiographed at -70°C for 6 weeks with
intensifying screens prior to film development.
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Table A~1

Ability of anti-EGF receptor antibodies to block EGF-induced
thymidine incorporation by 3T3 fibroblasts3

Immunoglobulin Percent of control
protein (ug/ml)^ ^H-thymidine incorporation

Anti-EGF Normal

receptor antibody rabbit serum

0 100 100

30 64 98

LOO 64 126

300 45 221

1000 42 263

aBalb/c 3T3 fibroblasts were incubated in duplicate with either rabbit
anti-EGF receptor antibodies or control normal rabbit serum for 1 hr
prior to the addition of EGF (2 nM). After 24 h at 37°C in the presence
of 5% CO'), %-thymidine was added for 2 hr. Cells were then harvested
and counted on a beta scintillation counter.

^Rabbit polyclonal anti-EGF receptor antibody was provided bv Dr. E.
Adamson (122). The antibody and normal rabbit serum were ammonium
sulfate precipitated, dialysed in PBS, aliquoted, and frozen.
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Table A-2

Effect of anti-EGF receptor antibodies on IFNy production by
Mitomycin C-treated spleen cells in the presence of EGF

EGF
5nM

Anti-EGF receptor
antibodies (pg/ml)

NRS

(Mg/ml)
IFNy3

(U/ml ± SD)

- - - <3

- - 35 ± 7

“t* 30 - 25 ± 7

+ 100 - 28 ± 4

+ 300 - 33 ± 4

+ 1,000 - 28 ± 4

+ - 30 45 ± 21

•f - 100 65 ± 21

+ - 300 50 ± 28

+ - 1,000 28 ± 4

a£FNY titers are from Day 3 of culture. Untreated spleen cells
stimulated with SEA produced 85 ± 21 units IFNY/ml on Day 3 of culture.
Normal rabbit serum (NRS) was used as a control.
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