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INTRODUCTION

The purpose of my experimentation is twofold: (1) To
isolate mpidermal Growth Factor(EGF) (2) To determine the
effect of BGF on intracellular cyclic nucleotide levels.

A host of chemical signals which bind to suecific membrane
(surface) receptors influence most differentiated cells. A
central .roblem in biochemistry is to explain in detail how
such ligand-membrane interactions are trarsduced into intra-
cellular alterations. The signals rejpresent a diverse group
of rhysiological substances and encompass large molecular
weight proteins (insulin, nerve growth factor, and glucagon)
and small amino acid analogs (epinephrine, dopamine, and
serotonin). These compounds attach to the outside of the
responsive cell membrane at a specific location called the
cell receptor. This binding triggers some intracellular re-
svonge which causes a transitory metabolic alteration within
the cell. The cell responds to the change by drastically
altering its growth, transzort of metabolites, secretion of
sharmacological mediators, or ability to send nerve impulses.
Therefore, transducing an extracellular event (binding to
receptor) to an intracellular change (e.g., increased glucose
u take by the influence of insulin, must occur through some
intermediary process that transmits the outside signal to
an inside alteration.

Some of the signals are transmitted through the circula-
tion as the result of hormone release from some endocrine
tissue. Others behave as local transmitters between adjacent
cells (neurotransmitters). A third ty;e of signal that is
now beginning to be explored mechanistically 1s the group
of vroteins called growth factors. The three most studied
arc evidermal growth factor (EGF), nerve growth factor (NGF),
and mesenchymal growth factor (MGF). They have been shown
to enhance the growth and, more importantly, the differentia-
tion of their res onsive cell types.
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Lopidermal growth factor stimulates the differentiation
and growth of epithelial cells. Although the medical appli-
cations of EGF are in a very rreliminary stage of development,
it is currently being studied for its use 1in burn and wound
healing on the skin, 7soriasis, and the healing of eye trauma.
The mechanisms that HZGF utilizes to accomplish this stimula-
tion are not known. Although ZGF does not enter the cell,
it does cause many intracellular changes. The 'messenger'
which transduces the binding of LGF to intracellular alter-
ations may be the cyclic nucleotide system which has been
well-documented in other hormone-induced cellular changes
(e.g., epineyhrine effect on glucose metabolism). Very recent
research indicates that nerve growth factor (NGF) may raise
intracellular cyclic Al: levels in ganglia. The exact mech-
anism of transduction for the three mentioned growth factors
in addition to insulin, remalns unknown.

The imnortance of understanding the details by which
AGF influences epithelial cells is twofold. Firstly, the
delineation of how ligand-membrane interactions alter cellu-
lar function is currently one of the most im.ortant areas
of biochemistry, rharmacology, immunology, and developmental

biology. Secondly, EGF research has potential usefulness

ngoriasis,

A

in sgeveral medical ~roblems; the most important is
since it afflicts approximately 3y of the population of the
USA (5-6 million people). Frsoriasis is manifested by the
~roliferation of epidermal cells that is —'ropagated through
an unknown mechanism. The potential for EGF in the treatment
of burns and non-perforating eye wounds 1s also very sig-
nificant. Therefore, investigating the role of cyclic nucleo-
tides in LGF-stimulation of epithelial cell differentiation
and growth will be research not only into a aynamic area of
biochemistry but also into the biomedical alleviation of
human suffering.
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RUVIEG OF THr LITSRATURL

soidermal growth factor (3GF) was discovered in 1962
as the result of an observation by Cohen (1) that partially
yurified extracts of male mouse submaxillary glands when

njected daily into newborn mice caused "recocious opening
of the eyelids and tooth eruption. These observations were
made during the course of his studies on characterizing nerve
growth factor, another ,rotein isolated from the submaxillary
glands of male mice. The LGF irotein isolated from the sub-
maxillary glands in 1562 was honogenous by ultracentrifuga-
tion with an isoelectric joint of 4.2.

+sork Gescribed in 1%63 by Cohen and Slliott (2) revealed
ZGF stimulated enidermal keratinization of mice and rats as
Cetermined by histological examinations. The eyelid, back--
ckin, and tail were found to have increacsed keratinization if

he mice (or rats; were treated subcutaneously from birth to

day-12 with °.5-4.0ug ;GF/gm. body weilght. Also, if 12-2C
day old mice were treated with Sug LGF/gm. body weight for 30

OAI
daye, enidermal sectlions of the LGF-treated animals showed
enhanced cell growth. This is a significant observation
since it reveals that mature animals also resiond to HGF.

Using cultured embryonic chick dermis, Cohen showed that
AGF stimulated the growth of the entire ej

(D

rm
thickening noted uvpon LGF treatment correlated

(3). The

C\

with increased
mitosis of basal cells; AGF stimulated the “roliferation of

basal cells. Ilore mechanistic studles (4-6) demonstrated

that ZGF enhanced ;rotein and ribonucleic acid synthesis,
increased the synthetlc activity of ribosomes, and increased
the formation of polysomes. LGF, therefore, does stimulate
intracellular metabolic processes within the epidermis.

In 1969, Turkington (7) reported that LGF was a -otent
regulator of mammary cell —roliferation. Using pregnant mice
as the source of the mammary cells, he showed that 4GF in-
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creased the rate of LNA synthesis in-vitro 3-4 fold with a
maximal res.onse at 6x1C~- I EZGF. Turkington also found that,
rather than altering the rate of LUNA reilication, =ZGF increas-
ed the number of cells engaged in UNA synthesis. Hollenberg
(&) demonstrated that LGF stimulated thymidine incorjoration
into contact-inhibited rabbit lens epithelial cells in culture.
Half-maximal stimulation was noted at 6x10-1Y, In these
studies insulin was also shown to bind to lens cells, but
the stimulation of thymidine incorvoration was only 1/10 that
of LGF. Hence, using epithelial cells, transduction of the
LGF binding event to an intracellular effect was much more
efficient than that of insulin.

EGF had very similar effects in mammary explants from
non-;regnant mice (7). The proliferating cells, when incubat-
ed with ZGF and insulin, assumed an ordered arrangement
around an alveolar lumen, and, after the addition of wprolactin,
the cells elicited a secretory a;pearance with full alveolar
develoyment. Further work (¢) demonstrated that EGF also
stimulated the ;roliferation of a mouse (C3H) mammary car-
cinoma. Again, the effective concentration (&x C‘lch) in
vitro is in the concentration range found in vivo in plasma
indicating the relative specificity of the LGF protein.

Cohen (10) reported that IGF stimualted the induction of
ornithine decarboxylase in chick embryo epidermis in vitro
and in vivo in the mouse. The de novo synthesis of ornithine
decarboxylase was LGF dose dependent, had a maximal (40x)
incuction at 4 hr. post treatment, and was enzyme specific in
that the activity of other decarboxylases, dehydrogenases,
and phosphatases was not enhanced. The marked but transient
stimulation of an enzyme thought to be the rate limiting step
in polyamine synthesis (11) is an important finding in regard
tc cell growth. Iolyamines have been implicated in many and
diverse biological processes such as the stimulation of DNA

and RNA synthesis (12), stabilization of ribosomes and mem-
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branes (13), and inhibition of RNA degradation (14). There-
fore, their importance in rapidly dividing cells is sig-

nificant, and the mechanisms which initiate induction of this
enzyme are pertinent areas for research.

The chemical and physical structural studies of EGF have
revealed a high and low molecular weight form of the protein
(15). In crude homogenates, the LGF activity was found
almost entirely in a high molecular weight complex (LI 74000).
This high molecular weight form can be dissociated reversibly
into ZGF (W 640C) and an EGF-binding protein (Ii# 29000)
displaying arginyl-esterase activity. Zpidermal growth
factor (liv 6400) is a polyveptide chain containing 53 amino
acids and 3 disulfide bonds; its primary sequence has been
determined (16). The binding protein (i 29000) displaying

e the biological

arginyl-csterase activity does not modulat
ctivity of ZGF in vivo or in vitro and binds to ZGF to form

a

larger molecular weight complex (bl 74000) with a stoch-

“

iometry of LGF,. binding vroteinyp (17).

Eoidermal growth factor is synthesized and stored in the
male mouse submaxillary gland (18). Immunofluorescent
staining techniques reveal &GF i1s stored in male glands
but not in female glands. Testosterone (2 male sex hormone)
treatment, however, induces the female glands to stain for
EGF in a similar manner to male glands (19).

In the mouse, ZGF is normally found in plasma in the
range of 1-5ng/ml, in saliva and urine at 1C00ng/ml, and in
milk at 200-40Cng/ml (20). The androgen stimulation of HEGF
synthesis and storage (3-fold increase) does not cause
increased levels of EGF in the circulation (plasma). Admin-
istration of «-adrenergic agonists (e.g., phenylervhrine),
however, does cause a dose-related increase in plasma ZGF.
As uGF levels in the plasma increase over a 100x, ZGF levels
in the submaxillary gland decrease. However, animels with-

out submaxillary glands maintain plasma levels of ZGF (1-5ng/ml)
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months after excision of the glands indicating another location
for synthesis of ZGF within the mouse.

The characteristics of the binding of radiolabeled LGF

to membranes were similar to those for insulin binding to
fat cells (21). Cuatrecases showed that IGF binding to rat
liver membranes and human placental membranes was specific,
saturable, and of high affinity. No competition for sites
occurred when other hormones (including insulin and glucegon)
were used to displace ZGF. Further research by Cuatrecases
revealed that ZGF binding to human fibroblasts caused a

stimulation of thymidine incorporation and «-aminoisobutyrate
urtake (&). Therefore, one aspect of EZGF binding to recep-
tors on the cell surface is to alter membrane permeability
in stimulating the growth of the cells.

Avplication of .LGF research to human and veterinary

medicine is in a very ;reliminary stage of development.
The finding that ZGF stimulates in vivo cell proliferation

of the adult rabbit's corneal epithelium (22) is an important
beginning for LGF applicatior to humans. Research with
rabbits demonstrated that LGF significantly enhanced the
healing of nongerforating wounds in the corneal epithelium
(ZGF caused the healing time, as determined by histology,

to be reduced by 5C%). Using human corneas, Cohen (23)
described the =GF stimulation of human epithelial cells.
This important discovery that mouse LZGF caused a direct
growth-stinmulating effect on human fetal cells initiated his
search for human GF. Indeed, Johen (24) recently has
igsolated and characterized runan iGF. Isolating the protein
from the urine of pregnant women, Cohen has used this human
LGF to stimulate the growth of human foreskin fibroblasts
and to cause jprecocious eyelid opening and tooth eruption

in newborn mice. Very recently, uoore et al (25) have used
oGF to develoy anti-psoriasis screening test for the discovery

of effective psoriatic drugs. Cyclic nucleotides have bee

1O ilw
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implicated in wsoriasis (26) and a current avproach to
wsoriatic patients is to apply topically agents which will
elevate cyclic All* levels. Further research into the re-
lationships of LGF and cyclic nucleotides is needed to
clarify the mehaniswms emyloyed by ZIGF to stimulate cell
growth.
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RECORD OF STUDY

The first semester of research involved familiarization
with cAlii assy and isolation of epilidermal growth factor.
4 simple and censitive assay for adenosine 3':5'-cyclic
mono hosyhate (caiil) has been develored that is based on
comjyetition for 'rotein binding of the nucleotide, j;resum-
ably to a cal.i-dependent protein kinase. The protein--
nucleotide complex is adsorbed on a cellulose ester filter.
Assay conditions are such that a binding constant arproaching
10-%i is obtained and the assay is thus sensitive to 0.05-
0.10 picomoles of cAll (27). This assay was developed by
alfred G. Gilman of the National Institute of Health in
Bethesda, waryland. The zurification nrocedure for LGF
vas developed by Stanly Cohen who 1s now doing research
at Vanderbilt University in Kashville, Tennessee. The
method involves excising the glands from male mice(25-3Cg),
freezing immediately in liquid nitrogen(glands kept at
20C until use), homogenizing in distilled water, and treat-
ing the su-ernatant overnight with streostomycin sulfate
(pH 6.8-7.1). The supernatant is then treated with ammon-
ium sulfate(100g/178ml), and the irecipitate, recovered
by centrifugation, is resusended 1in water, and dialyzed
extensively against distilled water. The solution is then
vlaced in a boiling water bath for 5 minutes, cooled, and
centrifuged. The supernatant contains =GF. Column chrom-
atogra hy is used to purify the =GF protein. The first
step is to 1lace the EGF(in distilled water) solution on
a Cli-cellulose column (2mi sodium acetate “H 5.6). The
column is washed with distilled water; =GF, under these
conditions is not absorbed. A second Cli-cellulose column
i1s used to absorb the &GF ;rotein. The eluent from the
first column is acidified to pH 4.2, poured onto the second
column, and 2GF is eluted with a hyperbolic salt gradient.

After dialysis against distilled water for 5-6 hours, the



solution is concentrated by lyorhilization for fractionation
on Sevhadex G-75. The LGF fraction from gel filtration

is further . urified by eluting on a JbAs-cellulose column
(2mii sodium acetate buifer, H 4.2) using a pH gradient

to elute IGF.

The second semester was svent determining the effect
of e ;idermal growth factor on intracellular cAbir levels.
I used an in vitro system in which the back skin from new-
born rats(2 days old) was incubated in physiolggical buffer
for 3 minutes at 37C with varying concentrations of ZGF.
The tissue was then extracted for cAlll. The results of
the cAlil’ assays for ex;eriments I & II, which were dunli-
cates, can be seen below.

sxperiment I.

A

samnple; LGF(ug) cAir(n.mol./mz wet tissue)

1 346 0.115
Z 162 0.052
3 35 O.0Ls5
027
015

=
N
(OY)
D

(28
=
53
[¢]
o

0Ll

()
-

1 34E ¢.076
162 0.052
3 35 0.057

b 22 0.085

5 None 0.106




CONCLUSION

The results of the duplicate experiments are not
identical and this brings up the question of how to interyret
the data. The first exreriment indicates that there really
is a change of cAlll levels upon the addition of &ZGF.

However, in the second experiment the levels remained vir-
tually the same. This contradictory result is almost

imnossible to explain without conducting further exnteriments.

I suggest another exveriment be done exactly as these
two were. The results of such an exjeriment would seem to
indicate what actually is happening. An in vivo study would
be extremely helpful because the in vivo system show
definite changes(i.e., ~recocious opening of eyelids and
tooth erurtion) uron injection of ZGF subcutaneously.

The in vitro study could have been affected by a variance
of cell response. In other words, there might have been
no change in some of the test cases simyly because a failure

of the cells to resmond due to shock or injury.



11

References

. Cohen, 5. (1962),J. Biol. Chem. 237, 1555-1562.

. Cohen, S., and Zlliott G.A. (1963), J. Invest. Dermatol.
.,l’_r! 1'5-

. Cohen, S. (1965) ueveloomental Biol. 12, 394-407.

%. Hoober, J. K., and lohen, 5. (1%67), Biochim. Biorhys.

Acta 138, 357-368.

5. Cohen, 5., and 3Stastny, . (1968), Blochim. Biophys.

Acta 166, 427-437.

6. Hoober, J. K., and Cohen, . (1v67), Biochim. Biophys.

Acta 138, 347-356.

7. Turkington, R. 7. (1269), Zxptl. Cell Res. 57, 79-85.

( .

2

&. Hollenberg, i., and Cuatrecacsas, .
Chem. 250, 3845-3853.

¢. Turkington, R. . (1969), Cancer Res. 27, 1457-1458.

J.  Stansy, M. and Cohen, S. (19%69), Biochim. Biorvhys. 204,

576-589.

11. iegg, A. &., and Williams-Ashman, H. G. (1368), Biochen.
J. 106, 533-539
12. Krabow, J. 5. (1966),Jd. Biol. Chem. 241, 183C-1834.

. Cohen, 5., and Liechtenstein,Jd. (1%62), J. Biol. Chemn.
235, 2112-2116.

14. Raina, A., and Janne, J. (1568), Ann. lied. Exotl. Fenn.

46, 536-541.

15. Teylor, J., Cohen, 5., and wmitchell, V. (1570), iroc.

Kat. Acad. Sci. USA 67, 164-171.

6. Savage, Jr., C.R., Inagami, T., and Cohen, S. (1972),
J. Biol. Chem. 247, 75_2 7621.

7 e Lo, e, ?'tchell ., and Cohen, S. (1¢74), J. Biol.

Chem. 24¢, 3198-3203.

8. Turkington, R.VW., lales, J., and Cohen, S. (1371),
cancer Res. 31, 252-256.

G. Dyynj, R., Orth, D., and Cohen, S. (1972), Endo.S0,1261-
1266.

1

295. Byyny, R., Orth, D., Cohen, S., and Uoyne, =. (1¢74),

indo. 95, 776-782.
ef %., Hollenberg, ., and Cuatrecasas, . (1974),

-y

6;’ 9
Biochem. Biorhys. 164, 518-526.



h

3

erences (continued)

Frati,

AT g o "A-‘,r

&l
Ay e d of

T
die 9

Daniel,

12

Jelogu, A., and Covelli, I. (

Sa g

e Res. 14, 135-141.

savage, J
15, 361-3
Sohen, S5,,

Halirin et al

Gilman,

A.

66.

OOR
s LUeltey,

and Cohen, 5. (1973),2xu. Iye Res

and Carpenter, G. (1975), iroc. HNat. Acad
Sci. USA 72, 1317-1321.

Birnbauin,
J. Invest.

J., Sanp,

L)
Dermatol, 66, 313-318.

(1?7C)’

i

c

Y and lioore, Jr., John B. (1976),

(1975), J. Invest. Dermatol. 65, 170-1
e

iroc. Nat. Acad. Sci. USAG7, 306-

i
3

o
e

1z

7

)
/



