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I. INTRODUCTION 

Epidermal growth factor isolated from mouse submaxillary 

glands (mEGF) is a single chain polypeptide (MW 6045) that con-

tains 53 amino acid residues and three disulfide bonds. The 

amino acid sequence and location of the disulfide bonds are shown 

in Fig. 1. In vivo and in organ culture systems, mEGF stimulates 

the proliferation and keratinization of epidermal tissue. Recent 

reports have shown that mEGF also is a potent mitogen when added 

to fibroblast cell cultures (Armelin, 1973; Hollenberg and Cua-

trecasas, 1973; Cohen et al., 1975). The biological and chemical 

properties of mEGF have been reviewed (Cohen and Taylor, 1974; 

Cohen and Savage, 1974; Cohen et al., 1975). 

Although mEGF promotes the proliferation of cells derived 

from a number of species (mouse, human, rabbit, chick) the pres-

ence of EGF-like molecules in species other than the rodent has 
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FIGURE 1 Amino acid sequence and location of disulfide link-
ages of mouse-derived EGF. (from Savage et al., 1973). 

not, until very recently, been demonstrated. In this report we 

summarize our data regarding the isolation and biological proper-

ties of human EGF. 

II. ISOLATION OF EGF FROM HUMAN MATERIAL 

Two approaches were employed in our attempts to detect and 

isolate EGF-like molecules from human urine. The first method 

consisted of passing urine through an affinity column containing 

rabbit antibodies to mouse EGF; the second approach was a direct 

isolation from a protein concentrate of urine using an assay 

based on the competition of human EGF (hEGF) with
 1 2 5

I-labeled 

mouse EGF for receptors present in human fibroblasts. 

A. Affinity Chromatography 

Starkey et al. (1975) were able to detect EGF-like molecules 

in an extract of human urine. Pooled human urine was passed 

through a column containing rabbit antiserum to mouse EGF cova-

lently linked to cyanogen bromide-activated agarose beads. Ad-
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sorbed material was eluted from the column with formic acid and 

concentrated by lyophilization. The material was tested both by 

radioimmunoassay and by growth promoting activity in organ cul-

tures. The competitive binding curves for mouse EGF and the hu-

man urine extract to rabbit antibodies to mouse EGF were very 

similar, suggesting that the substances are immunologically re-

lated. The biological activity of the preparation was assayed in 

organ cultures of the chick embryo cornea (Cohen and Savage, 

1973). Mouse EGF produces a proliferation of the corneal epithe-

lium; the urine extract produced the same, histologically evident, 

biological response. The biological effects of both mouse EGF 

and the human urine extract were completely blocked by the addi-

tion of antiserum to mouse EGF to the cultures. 

These data suggested that the material in human urine eluted 

from the affinity column was biologically and immunologically 

similar to mouse EGF. The observation that the amount of human 

EGF detected by radioimmunoassay was orders of magnitude less 

than the amount detected by the bioassay suggested also that hu-

man EGF is less reactive to antibodies to mouse EGF than is mouse 

EGF itself (Starkey et al., 1975). 

Β. Purification from Urine Powder 

The isolation of microgram quantities of epidermal growth 

factor from a protein concentrate of human urine by conventional 

purification methods was dependent on the development of a quick, 

sensitive and specific assay. The lack of such an assay has hin-

dered the attempts of many workers to isolate growth factors from 

biological material. However, the fibroblast receptor assay de-

scribed below provides an excellent assay for the isolation of 

human epidermal growth factor. 
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FIGURE 2 Competitive fibroblast binding assay for mEGF and 
hEGF in the presence of

 125
T-laJbele<3 mEGF. The binding medium 

consisted of 1.5 ml of an albumin-containing modified Dulbecco 
medium. Increasing concentrations of mEGF or hEGF were added 
simultaneously with

 125
I-labeled mEGF (3.4 ng, 1.2 x 1 0

5
 cpm) to 

a monolayer culture of human foreskin fibroblasts. Controls con-
tained only the labeled polypeptide and bound approximately 6000 
cpm/10^ cells during the 1-hr incubation period. "Nonspecific" 
binding, determined by measuring the cell-bound radioactivity in 
the presence of excess mEGF (15 \ig/ml) , amounted to less than 3% 
of the total (from Cohen and Carpenter, 1975). 

1. Fibroblast Receptor Assay for EGF 

The assay is based on the ability of both mouse and human EGF 

to compete with
 1 2 5

I-labeled mEGF for binding sites on human 

foreskin fibroblasts. A typical standard curve obtained by as-

certaining the effects of increasing quantities of mEGF (or hEGF) 

on the binding of a standard amount of
 1 2 5

I-labeled mEGF is shown 

in Fig. 2. Under these conditions, 2-20 ng of mEGF are readily 

measurable. During the isolation procedures, the quantities of 

hEGF present in the fractions isolated from human urine are ex-

pressed as equivalents Cby weight) of mouse EGF determined by the 

competitive binding assay. The absolute quantities of hEGF, as 

determined by amino acid analyses, were 33% to 50% of the values 

obtained as equivalents of mEGF by the competitive binding assay. 
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As previously reported (Carpenter et al,, 1975), no competition 

with
 1 2 5

I-labeled mEGF could be detected with a wide variety of 

known peptide hormones. 

2. Preparation of Human Epidermal Growth Factor 

Human epidermal growth factor was isolated from urine protein 

concentrates as described by Cohen and Carpenter (1975). Ten 

grams of benzoic acid/acetone powder of urinary proteins were ex-

tracted with water at pH 9 and the insoluble material discarded. 

This extract contained approximately 800 mg of protein (Lowry et 

al., 1951) and 600 yg of hEGF. 

a. Gel filtration on Bio-Gel P-10 The material was applied 

to a Bio-Gel P-10 column (Fig. 3A). The fractions containing 

binding activity (between the arrows) were combined and lyo-

philized. Approximately 80 mg of protein and 550 yg of hEGF were 

recovered. (It should be noted that the A 2 S Q values shown in 

the figures result from both protein and pigment content.) 

b. Gel filtration on Sephadex G-50 The lyophilized material 

derived from the Bio-Gel column was dissolved in 3 ml of water 

and applied to a Sephadex G-50 column (Fig. 3B). The fractions 

between the arrows were combined and lyophilized. Approximately 

45 mg of protein and 400 yg of hEGF were recovered. 

c. Passage through DE-52 cellulose, pH3.0 The lyophilized 

fraction after Sephadex G-50 chromatography was dissolved in 0.03 

M formic acid (final pH 3.0) and applied to a column of DE-52 

cellulose equilibrated with 0.03 M ammonium formate buffer, pH 

3.0. The column was washed with 40 ml of the same buffer, and 

the eluate, containing approximately 28 mg of protein and 380 yg 

of hEGF, was lyophilized. 

d. Ion-exchange chromatography on CM-52 cellulose At this 

stage of the purification, the lyophilized powders from two of 

the DE-52 preparations were combined. The sample was dissolved 
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FIGURE 3 Gel filtration and ion-exchange chromatography of 
hEGF. In each figure, the bar graph indicates the competitive 
binding potency of each fraction, expressed as equivalents (by 
weight) of mEGF. (A) The extract from 10 g of acetone powder, 
containing 800 mg of protein, was applied to a Bio-Gel P-10 
column. (B) The Bio-Gel fraction, containing 80 mg of protein, 
was applied to a Sephadex G-50 column. (C) The DE-52, pH 3.0, 
fraction (two preparations), containing 56 mg of protein, was ap-
plied to a column of CM-52 cellulose. The protein was eluted 
with an ammonium acetate gradient. (D) The CM-52 fraction, con-
taining 6 mg of protein, was applied to a column of DE-52 cellu-
lose. The protein was eluted with two successive gradients of 
ammonium acetate buffer (from Cohen and Carpenter, 1975). 

i n 0.04 M a c e t i c a c i d C f i n a l pH 3.8 - 4.0) a n d a p p l i e d t o a c o l -

u m n o f CM-52 c e l l u l o s e e q u i l i b r a t e d w i t h 0.04 M a m m o n i u m a c e t a t e . 
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pH 3.8. After the column was washed with 50 ml of the buffer, a 

gradient CO. 04 M to 2,0 M ammonium acetate, pH 3,8} was applied. 

A typical elution pattern is illustrated in Fig. 3C. The frac-

tions between the arrows were combined and lyophilized. Approxi-

mately 6 mg of protein and 600 yg of hEGF were recovered. 

e. Ion exchange chromatography on DE-52 cellulose, pH 5.6 

The lyophilized powder from the CM-52 chromatographic separation 

was dissolved in 0.02 M ammonium acetate buffer, final pH 5.6, 

and applied to a column of DE-52 cellulose equilibrated with the 

same buffer. The column was washed with 20 ml of the buffer, and 

then a gradient buffer (0.02 - 0.2 M ammonium acetate, pH 5.6) 

was applied. Seventy milliliters of this gradient sufficed to 

elute a peak containing binding activity (peak I, Fig. 3D). A 

second gradient was applied (0.2 - 1.0 M ammonium acetate, pH 

5.6). A second peak of active material (peak II, Fig. 3D) was 

thus obtained. All of the subsequent data were obtained with the 

pooled fractions of peak II, which contained approximately 250 yg 

of hEGF. The absolute amount of protein present in such small 

quantities is difficult to ascertain. As noted previously, the 

amount of protein is one-third to one-half of the value indicated 

by the competitive binding assay. The absolute amount of hEGF 

obtained in the pooled fractions of peak II, therefore, was ap-

proximately 80 - 125 yg of hEGF. 

III. CHEMICAL PROPERTIES OF hEGF 

A. Electrophoresis 

The purity of the final preparation was examined by Poly-

acrylamide disc gel electrophoresis under acid and alkaline con-

ditions (F ig . 4). It may be seen that in each instance, hEGF mi-

grates as a single band. Human EGF and mouse EGF migrate at ap-

proximately the same rate at pH 2.3. However, under alkaline 

conditions, hEGF migrates much more rapidly, suggesting that the 
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FIGURE 4 Disc gel electrophoresis of hEGF and mEGF. Tubes Ά 
and C contain mEGF; tubes Β and D contain hEGF. The pH of the 
gels in tubes Ά and Β was 9.5 and in tubes C and D, 2.3. Samples 
of 10-20 \xg of protein were applied (from Cohen and Carpenter, 
1975). 

net charge of hEGF at pH 9.5 is more negative than its mouse 

counterpart. 

To establish whether the competitive binding activity of hEGF 

was associated with the stained band observed in the gel, we per-

formed the following experiment. The alkaline gel (gel B, Fig. 

4) was sliced into 1 mm sections, and each segment was fragmented 

in 400 μΐ of 10% NaHCOß containing albumin and incubated over-

night at 5°. The extract from each slice was assayed by competi-

tion with 1 2 5I-labeled mEGF for binding to fibroblasts. Competi-

tive binding activity was associated only with those fractions 

corresponding to the stained area of the gel. 

B. Amino Acid Analysis 

The results of amino acid analyses of 20 - 43 yg samples of 

hEGF are shown in Table I, together with a comparison with mEGF. 
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TABLE I Amino Acid Composition of Epidermal Growth Factors
a 

Residues per mole of protein 

Probable composition Composition 
Amino acid of hEGF of mEGF 

Lys 3 0 
His 2 1 
Arg 2 4 
Asp 7 7 
Thr 0 2 

Ser 3 6 
Glu 5 3 
Pro 2 2 
Gly 5 6 
Ala 2 0 
Half-Cys 6 6 
Val 2 2 

Met 1 1 
H e 2 2 

Leu 4 4 
Tyr 2 5 

Phe 0 0 
Trp 1 2 
Total residues 49 53 
Molecular weight 5458 6045 

a
From Cohen and Carpenter, 1975. 

In view of the very small quantities of hEGF available for analy-

sis, these data must be considered as preliminary. It is clear, 

however, that the two molecules exhibit both differences and sim-

ilarities with respect to their amino acid compositions. The 

minimal molecular weight of hEGF was estimated to be approximate-

ly 5500, assuming five glutamic acid residues per mole of protein. 

C Molecular Weight 

The molecular weight of hEGF, as estimated by gel filtration, 

was approximately 5700. Gel filtrations were carried out on a 
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FIGURE 5 Sedimentation equilibrium plot of In Ά against the 
square of the radial distance Cr) for hEGF. The three sets of 
symbols represent three separate scans. The least squares line 
is shown (from Cohen and Carpenterf 1975). 

column of Bio-Gel P-10, with cytochrome c, pancreatic trypsin in-

hibitor, and bacitracin as standard molecular weight markers in a 

solvent consisting of 0.1 if ammonium acetate. The elution volume 

of hEGF on the calibrated column was determined by the competitive 

binding assay. 

The sedimentation equilibrium of hEGF was examined by Dr. 

Leslie Holladay at Vanderbilt University. Linear plots of In 

concentration against r
2
 (Fig. 5) revealed no significant hetero-

geneity, and a weight average molecular weight of 5291 was cal-

culated. 

IV. BIOLOGICAL PROPERTIES OF hEGF 

The biological effects of mEGF include (i) stimulation of the 

growth of human foreskin fibroblasts, (ii) hypertrophy and hyper-

plasia of corneal epithelial cells in organ cultures, and (iii) 

induction of precocious eyelid opening when injected into newborn 
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mice. All three effects have been duplicated, at least qualita-

tively, with pure hEGF. 

A. Biological Activity of hEGF in Newborn Mice 

Human EGF was assayed for precocious eyelid-opening activity 

by the daily subcutaneous injection into a newborn mouse (Cohen, 

1962). Control mice opened their eyes at 14 days; mEGF (1 yg/g 

per day or 0.25 yg/g per day) resulted in eyelid opening on day 9 

or 11, respectively; hEGF (0.4 yg/g per day) resulted in eyelid 

opening on day 11. Human EGF thus appeared to be active in this 

in vivo mouse assay. 

B. Biological Activity of hEGF in Organ Culture 

Mouse EGF and hEGF, when assayed with organ cultures of the 

chick embryo cornea (Savage and Cohen, 1973), were equally ef-

fective in causing the proliferation of the corneal epithelium. 

Histological results (not shown) identical to those previously 

described for mEGF (Cohen and Savage, 1974) and recently de-

scribed for hEGF (Starkey et al., 1975), purified partially by 

affinity chromatography, were observed. The biological effects 

of both mouse and human EGF on the corneal epithelium were com-

pletely and specifically inhibited by the addition of excess 

quantities of the gamma globulin fraction prepared from a rabbit 

antiserum against mEGF. 

C. Biological Activity of hEGF on Human Fibroblasts 

The effect of human epidermal growth factor (hEGF) on the 

growth of human foreskin fibroblasts (HF cells) in vitro was 

studied by measuring cell numbers, incorporation of labeled thy-

midine, and autoradiography. 
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1. Effect of hEGF on the Proliferation of Human Fibroblasts. 

The data in Fig, 6 illustrate the effect of the addition of 

picomolar quantities (4 ng per ml) of hEGF on the growth of human 

fibroblasts plated at a low density in Dulbecco's Modified Eagle 

Medium (DM) + 10% calf serum. Cells grown in the presence of 

hEGF grew to a saturation density of 2 χ 10
5
 cells per cm

2
, ap-

proximately four-fold higher than the final density of 5 x 10^ 

cells per cm
2
 reached by cells grown in the absence of hEGF. The 

saturation density reached by the control cultures was not limit-

ed by the depletion of nutrients from the medium since no net in-

crease in cell number was observed when new growth medium was 

added. These results also indicate that the cells grown in the 

presence or absence of hEGF had average generation times of 37 

hrs or 45 hrs, respectively. 

Antibodies to hEGF prepared from rabbit serum were able to 

bind hEGF with a sufficiently high affinity to completely inhibit 

the growth promoting effect of hEGF. 

The morphological appearance of cultures grown to their satu-

ration densities in the presence or absence of hEGF, is shown in 

Fig. 7. The cells grown in the absence of hEGF formed a tightly 

packed cell monolayer with typical fibroblastic morphology and 

orientation. These cultures showed only occasional areas of nu-

clear overlap. In contrast, the cells cultured in the presence 

of hEGF, while, in general, retaining their fibroblastic appear-

ance and orientation, grew in multiple layers and exhibited ex-

tensive areas of nuclear overlap. 

The human fibroblasts used in this study did not grow well in 

medium containing 10% gamma globulin-free calf serum. In the 

presence of hEGF, however, HF cells grew well in this medium and 

reached a final cell density equivalent to that reached in a me-

dium containing 10% calf serum (Table II). These results indi-

cate that hEGF may be able to substitute for the undefined growth 

factor (s) present in the gamma globulin fraction of serum. 
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FIGURE 6 Effect of hEGF on the growth of HF cells in medium 
containing 10% calf serum. HF cells were plated at approximately 
3 x 10^ cells per dish into 60 mm Falcon culture dishes contain-
ing DM plus 10% calf serum. The cells were incubated overnight, 
and hEGF (4 ng/ml) was added to one-half the dishes (day 0). At 
indicated times thereafter duplicate dishes from cultures growing 
in the presence (o) or absence (·) of hEGF were removed and the 
cell numbers determined. At the times indicated by the arrows, 
the medium in each set of cultures was removed, and fresh DM plus 
10% calf serum was added. Human EGF was also added to the ap-
propriate dishes at these times. 

Diploid human fibroblasts do not grow in a medium containing 

10% gamma globulin^free calf serum or 1% calf serum. These cells 

do grow well in the presence of 10% calf serum but are subject to 

density dependent inhibition of growth CDDIG) when a confluent 
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TABLE II Effect of hEGF on Growth of HF Cells in Presence 
of Gamma Globulin^free Calf Serum

a 

Cells per dish 

Days after plating -hEGF +hEGF 

6 
11 

184,600 
288,467 

622,400 
1,667,000 

a
Trypsinized HF cells were washed twice with serum-free medium, 

and approximately 1 0
5
 cells were added to 60 mm Falcon dishes 

containing DM plus 10% gamma globulin-free calf serum. Human EGF 
was added to one-half the dishes to a final concentration of 4 
ng/ml. Duplicate dishes from each set of cultures were removed 
at indicated times and the cell numbers determined. The medium 
in each set of cultures was replaced with fresh medium on day 6. 

monolayer of cells is formed. HF cells grown in a medium contain-

ing 10% calf serum and hEGF, however, do not stop dividing when a 

confluent monolayer is formed but grow to significantly higher 

saturation density with the formation of multiple cell layers. 

Also, HF cells grown in medium containing 10% gamma globulin-free 

calf serum plus hEGF or 1% calf serum plus hEGF proliferate and 

reach a saturation density -typical of cells grown in the presence 

of 10% calf serum. The growth of HF cells in media containing 

hEGF, therefore, is not characterized by several growth parame-

ters which would otherwise limit cell proliferation. 

2. Stimulation of DNA synthesis by hEGF 

Since, in the presence of hEGF, confluent monolayer cultures 

of HF cells are not as subject to DDIG as are cultures grown in 

the absence of this mitogen, the following experiments were per-

formed to characterize some of the parameters which may be in-

volved in the hEGF-mediated stimulation of proliferation of cells 

subject to DDIG. 
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HOURS AFTER STIMULATION 

FIGURE 8 Time course of
 6
R-thymidine incorporation following 

stimulation of HF cells. Confluentr quiescent cultures of HF 
cells were stimulated by the addition of hEGF, 4 ng/ml (o) or 
fresh calf serum, 10% (%). Control cultures received no addi-
tions (à). At indicated times duplicate cultures were selected 
and labeled for one hour, 1 yC per ml and 0.15 \iM with ^R-thymi-
dine. 

The time course of DNA synthesis, as judged by the incorpora-

tion of labeled thymidine, following the addition of hEGF or 

fresh calf serum to confluent, quiescent HF cells is represented 

in Fig. 8. Under these conditions, an increased rate of DNA syn-

thesis was detectable after 12 hrs of incubation in the presence 

of hEGF or fresh serum; the maximal stimulation occurred at ap-

proximately 24 hrs. The effect of increasing concentrations of 

hEGF on the stimulation of DNA synthesis is presented in Fig. 9. 

Maximal stimulation of labeled thymidine incorporation occurred 

in the presence of 2 ng/ml (3.7 χ 1 θ ^
1 0
 M) hEGF; half-maximal 

stimulation was observed at a concentration of approximately 0.25 
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FIGURE 9 Effect of hEGF concentration on the stimulation of 
3
H-thymidine incorporation in HF cells. Varying concentrations 
of hEGF were added to confluent, quiescent cultures of HF cells. 
Twenty hours later ^H-thymidine (1 yC per ml and 2.5 \iM thymidine) 
was added, and the cells were labeled for 4 hrs. 

ng/ml (4.6 x 10""
11
 Af) hEGF. The concentration of hEGF required 

for maximal stimulation is similar to the concentrations of mouse 

EGF, 3 x ΙΟ-
10
 M (Hollenberg and Cuatrecasas, 1973) and 8 x 1 0 "

1 0 

M (Cohen et al., 1975), required for the maximal stimulation of 
3
H-thymidine incorporation into human fibroblasts under similar 

experimental conditions. These are concentrations comparable to 

the concentrations of mEGF in mouse plasma, 2.5 x 1 0 "
1 0
 M (Byyny 

et al., 1974), and hEGF in human urine, 3.3 x 10~
8
 M (unpublished 

results). The growth factor activity in human urine described by 

Holley and Kiernan (1968) may be due to hEGF. 

The stimulation of DNA synthesis by hEGF in quiescent HF 

cells was significantly affected by the amount of serum in the 

medium and by the presence of added ascorbic acid. These data 
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indicate that the response of HF cells to hEGF is greatest at 

serum concentrations above 2% and at approximately 2.5 yg/ml of 

ascorbic acid, A similar serum requirement has been found for 

the biological activities of mEGF (Cohen et al,, 1975) and fibro-

blast growth factor (Gospodarowicz and Moran, 1975) on human fi-

broblasts. Since HF cells incubated in serum^free medium remain 

fully responsive to the addition of fresh serum, it does not ap-

pear that serum is required simply to maintain cell viability un-

der these experimental conditions. The results suggest that hEGF 

acts in a synergistic manner with undefined serum components. 

Although ascorbic acid is known to enhance the hydroxylation of 

collagen by fibroblasts, it is not known whether this is the 

mechanism whereby it promotes the mitogenic activity of hEGF. 

To determine the percentage of cells which were stimulated to 

synthesize DNA following the addition of hEGF to quiescent HF 

cells, autoradiography of cells grown in the presence of labeled 

thymidine was performed. The results of these experiments (Table 

III) showed that following the addition of hEGF to confluent, 

quiescent cultures maintained in medium containing 1% or 5% calf 

serum, 21% or 41% of the nuclei, respectively, contained radio-

activity. The addition of ascorbic acid plus hEGF to the medium 

increased the number of labeled nuclei to 34% or 56% in cultures 

maintained in 1% or 5% calf serum, respectively. In the absence 

of hEGF under the conditions employed, not more than 3.7% of the 

nuclei were labeled. The data in Figs. 6 and 7 suggest that con-

fluent monolayers of HF cells which have reached their final sat-

uration density do not respond to the addition of fresh serum; 

this was confirmed by the autoradiographic experiments which in-

dicated that only 11-14% of the nuclei were labeled following the 

addition of fresh calf serum (10%). 

To examine the question of how long a period of time a cul-

ture of HF cells must be exposed to hEGF before the stimulation 

of
 3
H-thymidine incorporation is detected, antibody prepared 

against hEGF was added to parallel cultures of HF cells at vari-



HUMAN EPIDERMAL GROWTH FACTOR 101 

TABLE III Autoradiographic Examination 

of HF Cells Stimulated by hEGF
a 

Percent labeled nuclei 

Additions 
Cells maintained 

in 1% serum 
Cells maintained 

in 5% serum 

None 
hEGF 
hEGF plus ascorbic acid 
Ascorbic acid 
Calf serum 

0.9 
21.2 
33.5 
1.3 

14.6 

3.0 
40.8 
55.9 
3.7 

11.2 

a
The medium in confluent cultures of HF cells, grown in the 

presence of 10% calf serum, was replaced by fresh medium contain-
ing either 1% or 5% calf serum. After incubation for 48 hrs in 
these media, the following additions were made; hEGF (4 ng/ml), 
ascorbic acid (25 pg/ml), fresh calf serum (10%). The cells were 
labeled with

 3
H-thymidine and autoradiography performed. 

ous times after the addition of hEGF. The results of this ex-

periment (Fig. 10) indicate that the addition of antibody, at any 

time during the first 3 hrs of exposure of HF cells to hEGF, 

blocked any significant stimulation of thymidine incorporation. 

The addition of antibody at 7.5 hrs after incubation of cells 

with hEGF resulted in a stimulation that was 50% of that observed 

in the absence of antibody. These results suggest that hEGF must 

be present in the medium for several hours before the cells are 

committed to DNA synthesis. Similar data for the stimulation of 

human fibroblast cells by serum (Ellem and Mironescu, 1972), 

chick fibroblasts by serum (Rubin and Steiner, 1975) or multipli-

cation-stimulating factors (Smith and Temin, 1974) and lympho-

cytes by Con A (Gunther et al,, 1974) have been reported. 

Since the experiments described above were performed with 

confluent cultures of HF cells, the ability of hEGF to stimulate 

the incorporation of
 3
H~thymidine in quiescent cells at different 
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FIGURE 10 Effect of the addition of antibody to hEGF on the 
stimulation of ^Η-thymidine incorporation into HF cells by hEGF. 
Human EGF (4 ng/ml) was added to quiescent, confluent cultures of 
HF cells and at various times thereafter 150 μ g of DEAE purified 
antibody to hEGF were added to duplicate cultures. Twenty-one 
hours after the addition of hEGF to the cultures, ^H-thymidine 
was added (1 yC per ml and 2.5 \iM thymidine) and the cells labeled 
for 4 hrs. Control cultures received hEGF but no antibody (X) or 
no additions (O). 

cell densities was investigated. Human EGF was effective at all 

cell densities tested C5.6 x 10
3
 to 6 x 1 0

4
 cells/cm

2
). Thus, 

hEGF is an effective mitogen in both confluent and sparse cell 

cultures. 

V. DISCUSSION 

Human EGF was isolated by utilizing its ability to compete 

with
 1 2 5

I-labeled mouse EGF in binding to human foreskin fibro-

blasts in culture. Ten grams of the starting material (an ace-

tone powder obtained from approximately 15 liters of urine from 
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pregnant women] contained approximately 700 yg equivalents of 

hEGF. Approximately 100^150 ug of pure hEGF were isolated by the 

procedures outlined in this paper. Although we have made use of 

urine from pregnant women, hEGF is not unique to pregnancy in 

that it is also present in urine from adult males. 

The biological effects of hEGF, at least qualitatively, are 

similar to those previously described for mouse EGF. These in-

clude the stimulation of the growth of cultured human foreskin 

fibroblasts and corneal epithelial cells of the chick embryo in 

organ culture, and the in vivo induction of precocious eyelid 

opening in newborn mice. 

Although hEGF appears to be biologically similar to mEGF, the 

physical and chemical properties of the two molecules are not 

identical. Human EGF appears to have a slightly lower molecular 

weight and a greater net negative charge at an alkaline pH than 

the mouse EGF. The amino acid compositions of the two polypep-

tides indicate certain similarities, such as the absence of pheny-

lalanine and the presence of one methionyl and six half-cystinyl 

residues per mole. 

The radioreceptor assay proved far more sensitive than a ra-

dioimmune assay based on cross reaction with antibodies to the 

mouse polypeptide, suggesting a closer relationship between the 

receptor binding sites than between the antigenic sites on the 

human and mouse polypeptides. 

There is at present no direct evidence for the role of these 

growth factors in normal development and cell control. However, 

the presence of EGF-like molecules in both man and mouse suggests 

that an important function does exist. 
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