GASTROENTEROLOGY 1987;93:597—605

bis

Different Response to Epidermal Growth
Factor of Hepatocytes in Cultures Isolated
From Male or Female Rat Liver

Inhibitor Effect of Estrogen on Binding and
Mitogenic Effect of Epidermal Growth Factor

ANTONIO FRANCAVILLA, PETER OVE, LORENZO POLIMENO,
CONCETTA SCIASCIA, MONA COETZEE, RICCARDO PELLICI,
SATORU TODO, IGAL KAM, and THOMAS E. STARZL

Department of Gastroenterology, University of Bari, Bari, ltaly; Institute of Surgery, University of
Torino, Torino, Italy; Department of Anatomy and Cell Biology and Department of Surgery,
University Health Center of Pittsburgh, University of Plttsburgh and Veterans Administration

Medical Center, Pittsburgh, Pennsylvania

Deoxyribonucleic acid (DNA) synthesis in hepato-
cytes isolated from the livers of male and female rats
has been compared in monolayer culture. Plating
efficiency, DNA and protein content, viability, and
morphologic appearance were the same in cultures
prepared with hepatocytes isolated from male or
female rats. Epidermal growth factor (EGF)-induced
DNA synthesis was significantly higher in hepato-
cytes from male rats than in hepatocytes from fe-
male rats. This was the case whether hepatocytes
were isolated from normal or partially hepatectom-
ized male or female rats. Hepatocytes isolated from
regenerating liver synthesize more DNA than those
isolated from normal liver in response to EGF. This
increased response to EGF in hepatocytes derived
from regenerating liver was relatively the same for
male- and female-derived hepatocytes, but the mag-
nitude of the response was considerably higher in
male-derived hepatocytes. In contrast, in vivo DNA
synthesis in the liver remnant after partial hepatec-
tomy was similar in male and female rats if mea-
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sured 24 h after the operation. A comparison of EGF
binding to male- and female-derived hepatocytes
maintained in primary culture indicated a lower
number of high-affinity receptors for EGF in the
female hepatocytes. The addition of estrogen to
primary cultures of hepatocytes isolated from male
rats inhibited EGF binding as well as EGF-induced
DNA synthesis. Our studies show significant differ-
ences in DNA synthesis in response to EGF when
male and female hepatocytes are compared in pri-
mary culture. The regenerative response after partial
hepatectomy, on the other hand, was the same in
male and female rats. Thus, our studies indicate that
the sex of the donor rat is important when
hepatocytes in culture are used for a variety of
studies, such as hepatocyte metabolism, induction
and control of DNA synthesis, and hepatocarci-
nogenesis. In addition, our results indicate that
caution is advised when inferences are made from in
vitro findings for in vivo conditions.

Epidermal growth factor (EGF) appears to play an
important role in the regulation of hepatocyte pro-
liferation in primary culture. In the last few years
there have been several reports on replicative deoxy-
ribonucleic acid (DNA) synthesis of hepatocytes in
primary culture (1-7). Most of these reports agree
that newly isolated hepatocytes can be maintained
for several days in serum-supplemented or serum-
free medium and can be induced to synthesize DNA

Abbreviations used in this paper: EGF, epidermal growth fac-
tor; FCS, fetal calf serum.
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if certain hormones or other growth factors are
provided (3,5,7-10). In general, EGF seems to be an
essential hormone for replicative DNA synthesis in
primary cultures of hepatocytes (11). Other hor-
mones or growth factors, or both, have been shown
to enhance or reduce the EGF effect (12—-16).

The sex of the animals from which hepatocytes
have been isolated has received little attention or has
not been specifically addressed. It is well known that
there are differences in liver function between male
and female rats. Bone et al. (17) recently reported a
dramatic difference in y-glutamyltranspeptidase ac-
tivity when male and female rats were compared. It
has been shown that liver DNA synthesis can be
stimulated in vivo by the injection of T3, and female
rats responded with a higher level of DNA synthesis
than male rats (18). A crude membrane fraction from
female rat liver has been shown to bind more
prolactin than membrane fractions from male rats
(19). The effect of diabetes on drug metabolism was
also found to be different in male and female rats
(20). Sexual dimorphism of hepatic enzymes and
hormone receptors has recently been reviewed (21).

We have compared hepatocytes in monolayer cul-
tures isolated from male and female Fischer F(344)
rats (Hilltop Lab Animals, Inc., Scottdale, Pa.). When
male and female rat hepatocytes were compared, we
found dramatic differences in the ability of these
hepatocytes to respond with replicative DNA syn-
thesis in several different media conditions.

Materials and Methods
Animals

Male and female Fischer F(344) rats were obtained
from Hilltop Lab Animals. The animals were kept in a
temperature- and light-controlled room and received food
and water ad libitum. Partial hepatectomy and sham
hepatectomy were performed according to Higgins and
Anderson (22), and all operations were performed between
7:30 and 9:00 am.

Materials

Collagenase type [ {125-250 U/mg) was obtained
from Worthington Diagnostic Systems, Freehold, N.J. Ea-
gles MEM and fetal calf serum (FCS) were purchased from
GIBCO Laboratories, Grand Island, N.Y. Insulin, EGF,
HEPES, and pyruvic acid were purchased from Sigma
Chemical Company, St. Louis, Mo. [methyl-’"H|thymidine
(50~80 Ci/mmol) and '**I-EGF (150-200 uCi/ug) were
obtained from New England Nuclear, Boston, Mass.

Isolation of Hepatocytes

Hepatocytes were isolated from 7-wk-old male or
female rats weighing between 150 and 250 g by a modifi-
cation of the in situ two-step collagenase perfusion tech-
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nique of Seglen (23) as described by Jirtle et al. (24). The
female rats weighed an average of 175 g and male rats of
the same age weighed 200-250 g. The liver was perfused
through a cannula in the inferior vena cava with 250 ml of
buffer (142 mM NaCl, 6.7 mM KCl, 10 mM HEPES; pH =
7.4) followed by 250 ml of the same buffer containing in
addition 5.7 mM CaCl, and 0.5 mg/ml collagenase. The
hepatocytes were dispersed and washed twice with cold
Ca?*-free perfusion buffer and resuspended in basal me-
dium (MEM) supplemented with pyruvate (1 mM),
aspartate (0.2 mM), serine (0.2 mM), gentamycin (40
wpg/ml), and for attachment insulin (1077 M) and 5% FCS
were added. Viability was determined by trypan blue
exclusion (6) and only preparations having >90% viability
were used. Cell number was determined with a hemocy-
tometer.

The cells were plated at a cell density of 2 x 10% per
35-mm Falcon Primaria tissue culture dish in 1.5 ml of
medium and maintained at 37°C in a 5% CO, atmosphere.
After a 3-h attachment period, serum-free basal medium
was added and hormonal additions were made as indi-
cated. Epidermal growth factor and insulin, when added,
were at a concentration of 10 ng/ml and 1077 M, respec-
tively.

[*H]Thymidine Incorporation and
Deoxyribonucleic Acid Determination

After the 3-h period to allow for attachment of the
hepatocytes, the medium was changed and the appropriate
additions were made. [*H|Thymidine, 7.5 uCi per dish,
was presesnt from 24-48 h or from 48-72 h. Each experi-
mental group comprised four dishes. When the cells were
harvested, one dish was used to determine DNA content
using the microfluocrometric method of Setaro and Morley
(25), and the three remaining dishes of each group were
treated as described by Michalopoulos et al. (26) to mea-
sure [*H]thymidine incorporation.

Autoradiography

For autoradiographic studies, hepatocytes plated
on Primaria dishes were fixed directly on the dishes.
[*H]Thymidine, 7.5 uCi per dish, was present for 24 h
before fixation. Fixed cells in the dishes were covered with
emulsion (Kodak NTB3, Eastman Kodak Co., Rochester,
N.Y.) and the dishes were developed after 10 days. The
labeling index was determined by counting « total of 1000
cells.

Determination of Deoxvribonucleic Acid
Synthesis In Vivo

Male or female rats had 709 of their liver removed
beween 7 and 9 am. One hour before the indicated times,
the animals were injected with 10 uCi |-"H]th_vmidin9
intraperitoneally. Animals were killed by corvical disloca-
tion and the livers were rapidlyv removed ai! frozen. Citri
acid nuclei were prepared for [*Hjthvmidine and DNA
determination {27). Microscope slides of t'()rmaldehyde‘
fixed liver samples were also prepared irom male 'and
female rats at 24-h after partial hepatectomy. The slides

]
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were incubated in emulsion (Kodak NTB3) and developed varied between 90% and 98% and was not sex
for autoradiography. related. Attachment of cells in the presence of 5%
FCS for 3 h was also similar, ~75%. Observations
with the phase contrast microscope indicated that
the cells had flattened after 24 h in culture. Further

Epidermal growth factor binding studies were per-  SPreading with the projection of numerous long
formed essentially as previously described (28). Cells were ~ Processes had occurred after 48 h in culture. Flatten-
incubated for 3 h in attachment medium and for an  ing and spreading were more pronounced in the
additional 24 h in basal MEM plus insulin. Dishes were  presence of EGF but occurred to the same extent in
washed three times with binding medium (MEM plus male and female hepatocytes. Protein and DNA :
insulin and 0.1% bovine serum albumin) and cooled to  content were measured in cultures maintained in i
4°C. Cells were then incubated in 1 ml of the binding  pNEM at 48 h after seeding. There was no significant
medium in the presence of 0.125-16 nmol **I-EGF at 4°C difference between cultures of male and female

for 1 h. After a 45-min incubation, binding equilibrium P .
. t ntent was 0.11 * 0.03 mg/
had been fully established. After the incubation, the dishes hepatocytes. Protein content was 03 mg/pg

i
i
|
i were washed five times with the binding medium and then ?NAlfog male cells %1;1(1 Iojlili\i 0.01 mg/ug gN;A fO; :
treated for 6 min with 0.7 ml of 0.2 M acetic acid, pH 2.5, emale hepatocytes. 1he ) content was 3.0 + 0.3 l

\ containing 0.5 M NaCl to remove cellular bound EGF. This and 2.9 * 0.38 pg per dish for male and female
{ treatment was repeated with 0.4 ml of acetic acid. It has hepatocytes, respectively. Furthermore, cell cultures \

Epidermal Growth Factor Binding
Experiments

previously been shown that this treatment removes more derived from both male and female animals con-
than 90% of the cell-bound radioactivity and it does not  sisted almost exclusively of hepatocytes, as 98% of

remove the iodine from the EGF (28). Deoxyribonucleic  the cells stained for glucose-6-phosphatase (31) after ‘
l acid determination on selected dishes from each hepato- 75}, i culture. Deoxyribonucleic acid synthesis of
| cyte preparation indicated no loss of cells by this treat- hepatocytes in monolayer cultures isolated from

ment. The acetic acid washes were combined and radio-

active content was determined using a Packard Tricarb f‘_gmfﬂe 1:ats, however, was much less than that 9f

Liquid Scintillator (Packard Instrument Corp., Downers similar cultures of male hepatocytes, as shown in w

' Grove, I11.). Nonspecific binding was determined by mea- Table 1. With MEM alone or MEM plus insulin there
] suring '?°I-EGF binding in the presence of excess unla-  was no difference in DNA synthesis, but when EGF
; beled EGF (1 pg/ml) and was ~1% of the total binding.  was added to the culture medium the difference was

Protein was determined by the method of Lowry et al. (29). pronounced. The addition of EGF in the culture

Equilibrium dissociation constants (Kg) and the concentra- ; : 3 TR ;
X timulated the [*H]}thymidine incorporatio
tion of binding sites were calculated by the method of medium stimu e ['H] ! corporation

Scatchard (30). The unpaired Student’s t-test was used for Tunefold in male hepatocytes and twol- to threeff)ld
*statistical analysis of the data. in female hepatocytes compared to the incorporation
observed when the hormone was not present in the
l culture medium. The addition of insulin to the
EGF-supplemented medium did not change this pic-
‘ No significant or consistent differences were  ture drastically.

! found during the perfusion or isolation of hepato- Slightly different results were obtained when DNA
i
|
|
|
|

Results

cytes from male or female rat liver. Cell viability  synthesis was compared in vitro in hepatocytes

Table 1. Incorporation of [°’H]Thymidine Into Primary Cultures of Hepatocytes Isolated From Male and Female Rats

[®*H]Thymidine incorporation
(cpm/ug DNA)

Medium Male Female

additions 48 h 72 h 48 h 72 h
0 948 * 123 1,630 = 210 817 = 253 1,583 + 116
Insulin 931 * 326 1,555 = 96 940 * 184 1,673 = 231
EGF 5,210 * 352¢ 12,556 * 940¢ 1,486 * 252¢ 5,617 * 458°
Insulin + EGF 8,435 * 388%b 19,231 = 1,270 2,078 x 213%® 6,195 = 762¢

DNA, deoxyribonucleic acid; EGF, epidermal growth factor. Hepatocyte isolation has been described under Materials and Methods. Cells
l were plated in MEM supplemented with 5% fetal calf serum and insulin. After 3 h the medium and floating cells were removed and

serum-free MEM was added, plus the hormones as indicated. Cultures were exposed to 5 uCi {*H]thymidine per milliliter for the last 24 h
and processed after 48 or 72 h in culture for determination of deoxyribonucleic acid synthesis. The hormone concentrations were 10”7 M
insulin and 10 ng/ml epidermal growth factor. For each medium triplicate culture dishes were set up. The numbers are the averages from

nine dishes and 3 different animals + SD. ° Significantly different from base values (p < 0.005). b Significantly different from epidermal
8rowth factor alone (p < 0.01).
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Table 2. Incorporation of [PH]Thymidine Into Primary Cultures of Hepatocytes Isolated From Male and Female Rats
24 Hours After 70 Percent Hepatectomy
[*H]Thymidine incorporation
(cpm/ug DNA)

Medium Male Female

additions 48 h 72 h 48 h 72 h
0 3,204 = 410 4,196 * 478 1,007 = 384 1,596 = 326
Insulin 2,931 = 316 5,047 * 617 818 = 184 1,586 * 136
EGF 18,470 = 1,920 27,150 = 3,400 2,962 + 363 11,419 = 938
Insulin + EGF 25,416 = 1,748°° 34,889 + 3,353 4,248 = 512¢b 13,996 = gg4qub

DNA, deoxyribonucleic acid; EGF, epidermal growth factor. Culture conditions were the same as in Table 1. Hepatocytes were prepared
24 h after 70% of the liver had been removed as reported under Materials and Methods according to the method of Higgins and Anderson
(Reference 22). For each medium, triplicate culture dishes were set up for each of the hepatocyte preparations. Cells were exposed to 5
#Ci/ml [*Hlthymidine for the last 24 h before the determination of deoxyribonucleic acid synthesis. The numbers for insulin and
epidermal growth factor alone are the averages from six determinations from 2 different animals. The numbers with MEM alone and with
insulin and epidermal growth factor are the averages from 12 determinations and 3 animals. All averages are shown = SD. @ Significantly
different from base values (p < 0.005). ® Significantly different from epidermal growth factor alone (p < 0.01).

isolated from male or female rats 24 h after partial
hepatectomy (Table 2). In male hepatocytes from
regenerating liver, regardless of incubation medium,
DNA synthesis was increased two- to threefold over
that observed in hepatocytes from normal liver. In
females there was also a twofold increase of DNA
synthesis when hepatocytes from regenerating liver
were incubated in the presence of EGF. In the ab-
sence of EGF, however, there was no increase. This
resulted in the interesting finding that the EGF
response of hepatocytes isolated from male or female
regenerating liver was similar with respect to the
“fold” increase in DNA synthesis, but was of a
different magnitude.

Some of these experiments were recently repeated
with 0.26 mM proline present in the medium. It has
been reported that proline enhances DNA synthesis
in hepatocytes maintained in primary culture
(32,33). We found a 1.4- to 1.6-fold stimulation of
[*H]thymidine incorporation due to the presence of
proline. This degree of stimulation was the same
whether hepatocytes were isolated from male or
female rat liver.

To show that [*H]thymidine incorporation repre-
sents largely replicative DNA synthesis, autoradiog-
raphy was done on several hepatocyte cultures. The
results of this determination are shown in Figure 1
and it appears that the labeling index is proportional
to [°H]thymidine incorporation. An example of la-
beled hepatocytes is shown in Figure 2. The labeling
index is not affected by the several-fold differences
in the thymidine pool, which would only affect the
number of grains over each nucleus.

Further evidence for replicative DNA svnthesis is
provided by the increase of DNA content in the
hepatocyte cultures grown in MEM supplemented
with insulin and EGF as shown in Table 3. The DNA

content remained rather constant over 72 h if cul-
tures were maintained in MEM alone. After 48 and
72 h a significant increase in DNA content was
observed in hepatocytes maintained in culture with
insulin and EGF. Substantially less DNA content
was found in female hepatocyte cultures, confirming
the lower [*H]thymidine incorporation observed in
the same culture conditions (Table 1).

Our findings that [*H]thymidine incorporation in
the hepatocyte system was drastically inhibited by

Normal Hepatocytes
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Figure 1. Labeling index of hepatocytes from male and female
rats. Hepatocyte isolation has been described in Mate-
rials and Methods. Cells were plated in MEM supple-

mented with 5% FCS and insulin. After « 3-h attach-
ment period. the medium was changed 1o serum-free
MEM and hormones were added as indicated. Exposuré
to [*H]thvmidine was from 48 lo 72 h. Individual
culture dishes were processed for autoradiography. ?“
each dish a total of 1000 cells were counted to obtaint
the percentage of labeled cells. Kach bar represents the

average of 5 dishes = SD. Open bars. MEM: hﬂf‘{hefj
bars, MEM + EGF: solid bars, MEM + insniin + EGF:
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Figure 2. Examples of labeled hepatocytes exposed to [*H]thymi-
dine for 24 h from male rats grown in MEM supple-
mented with insulin and EGF for 72 h and stained for
glucose-6-phosphatase. The nuclei are filled with black
grains of [*H]thymidine. The dark color of the cyto-
plasm indicated the positive stain. Phase contrast,
x200.

10 mM hydroxyurea is a further indication of
replicative DNA synthesis in the hepatocytes. Con-
temporaneous addition of 10 mM hydroxyurea and
[*H]thymidine between 48 and 72 h in culture me-
dium containing insulin and EGF inhibited DNA
synthesis by 96% in male-derived hepatocytes and
by 94% in female-derived hepatocytes. Exposure to
hydroxyurea and [*H]thymidine incorporation be-
tween 70 and 72 h resulted in 95% inhibition of DNA
synthesis in hepatocytes derived from both sexes.
Addition of hydroxyurea to cultures maintained in
MEM alone inhibited DNA synthesis between 40%
and 50%.

The possibility was considered that the lack of a
significant stimulation of DNA synthesis by EGF in
hepatocytes isolated from female rats might be due
to differences in the regenerative response between
male and female rats in vivo. This does not seem to
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Table 3. Increase in Deoxyribonucleic Acid Content in
Male and Female Hepatocyte Cultures Grown
in Different Media

Time .
in Male" Female

culture MEM + I + MEM + 1 +
(h) MEM EGF MEM EGF
24 3.1+ 0.22 3.2+ 016 29021 2.8 =*0.30
48 3.0 £0.37 4.23 =057 2.9*+0.38 3.1=*025
72 3.1 +0.42 7.7 = 0.37" 3.2 = 0.45 4.9 +0.34

EGF, epidermal growth factor. I, insulin. Culture conditions were
as for Table 1. At indicated times, three dishes from each
experiment were processed for deoxyribonucleic acid determina-
tion as described under Materials and Methods. The values are the
average of seven determinations from two different experiments *
SD. ? Values represent micrograms of deoxyribonucleic acid per
culture dish. © Significantly different from base values (MEM)
(p < 0.005).

be the case, as seen from the results in Table 4. On
the contrary, the numbers obtained with female rats
were more consistent and at least of the same if not
a higher magnitude. In addition, the labeling index
determined at 28 h after partial hepatectomy was the
same, with 33.2% and 34.4% labeled cells in male
and female rats, respectively.

It was also considered that female hepatocytes in
primary culture might respond better to higher or
lower levels of EGF. A titration of EGF with both
male and female hepatocytes is shown in Figure 3.
For both preparations 10 ng/ml appears to be the
concentration that maximally stimulates DNA syn-
thesis. However, male hepatocytes respond to EGF to
a significantly greater extent than do female hepato-
cytes.

Because in DNA synthesis the more dramatic
differences between male and female hepatocytes
were seen in the presence of EGF, we studied EGF
binding to male and female hepatocytes in primary
cultures.

Table 4. Deoxyribonucleic Acid Synthesis in Livers of
Male and Female Rats at Different Times
After Partial Hepatectomy

Time after 70% [®H]Thymidine incorporation

Hepatectomy (cpm/ug DNA)
(h) Male Female
20 4,760 = 670 9,890 = 840
24 24,400 £ 5,720 27,520 = 2,300
28 6,990 = 1,250 5,850 = 310

Seven-week-old rats weighing between 170 and 250 g had 70% of
their livers removed between 7 and 9 am. The animals were
injected with 10 uCi [®*H]thymidine 1 h before the indicated times.
The livers were removed and processed for deoxyribonucleic acid
synthesis. The numbers shown for each time point are the
averages from 6 different rats = SD.
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Figure 3. The effect of different EGF levels on DNA synthesis in hepatocytes from male or female rats. Conditions for the assay were the
same as for Table 1. The medium was MEM with a constant level (107 M) of insulin. Exposure to [*H]thymidine was from 24
to 48 h or from 48 to 72 h. Values shown were from six different determinations and two different hepatocyte preparations with
the SD indicated by the t-bars. O-O, male hepatocytes at 48 h; @-@, male hepatocytes at 72 h; A-A, female hepatocytes at 48
h; A-A, female hepatocytes at 72 h.

in culture for 24 h. Similar values were obtained
when the binding studies were done using hepato-
cytes cultured in attachment medium for 3 h.
Epidermal growth factor binding studies were also
done on male and female hepatocytes isolated 24 h

The binding curve and Scatchard analysis are
S shown in Figure 4. Female hepatocytes bound more
N EGF than male hepatocytes: Bpax = 9.1 X 1071 M
i versus Bpax = 2.8 x 107'° M. Female hepatocytes,
however, exhibited a significantly lower affinity for

EGF (K4 = 3.17 x 1078 M) than did male hepatocytes
(Kg = 5 X 107% M). These By.x and Ky values were
obtained from binding studies done on hepatocytes

after 70% hepatectomy. The Scatchard analysis is
shown in Figure 5; in both cases only very low
affinity binding is evident (Kg = 1.37 X 1077 M for

male hepatocytes, K4 = 1.05 X 1077 M for female
hepatocytes). ,
In the EGF binding studies on male hepatocytes,

estrogen at physiologic concentrations of 10 pg/ml
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Figure 4. Epidermal growth factor binding. Scatchard analvsis {'2%1] ecF B8OUND (fmol)
obtained from male and female hepatocvtes. Culture
and binding conditions are reported in Materials and
Methods. @-@®, male hepatocvtes; A-A, female hepato-

cytes.

Figure 5. Epidermal growth factor binding. Scatchard analysi$
obtained from male, A-A, and female. ®-®, hepato-
cvtes prepared 24 h after 70% hepatectomv.
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Figure 6. Epidermal growth factor binding. Scatchard analysis
obtained from male hepatocytes incubated for 1 h
without, @-@, and with, O-O, 10 pg/ml! of estradiol.

and EGF were present simultaneously. The Scatchard
analysis is shown in Figure 6. In the presence of
estrogen, male hepatocytes show the same value of
Kq (3.15 X 107® M) and Bn. (8.55 X 1070 M)
observed in female hepatocytes, as is reported in
Figure 4.

This result becomes even more significant in view
of the finding that estrogen inhibits EGF-induced
[*H]thymidine incorporation in male hepatocytes as
well (Table 5). Considerably higher levels of estrogen
were needed to inhibit DNA synthesis than the
levels required to inhibit EGF binding. One reason
for this might be that [*H]thymidine incorporation is
measured over a 24-h period, present in culture
between 24 and 48 h, with estrogen and EGF present
from the time of plating. During the binding studies
both estrogen and EGF are present for only 1 h.
Another possible explanation is that the observed
difference in EGF binding is only partially due to
estrogen. It is unlikely that the inhibition of
[*H]thymidine incorporation by estrogen is a non-
specific effect associated with the high concentration
of steroids used. The additions of testosterone, up to
10 times the estrogen levels added, had no effect on
[*Hlthymidine incorporation. The important aspect
is that the addition of estrogen can change the EGF
binding potential of male hepatocytes to that of
female hepatocytes and that the addition of estrogen
to male hepatocytes alters the magnitude of the EGF-
induced [*H]thymidine incorporation, approaching
that of female hepatocytes.
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Discussion

Despite no apparent differences in the magni-
tude or onset of hepatic DNA synthesis in vivo in
male and female rats after partial hepatectomy, EGF-
stimulated DNA synthesis is dramatically different
in male and female hepatocytes in primary culture.
Female hepatocytes are indistinguishable from male
hepatocytes with respect to morphologic appear-
ance, DNA content, protein content, and [*H]thymi-
dine incorporation in the absence of EGF. On the
other hand, female hepatocytes respond with in-
creased DNA synthesis to the presence of EGF to a
much lesser extent than male hepatocytes.

The results obtained with EGF binding studies
provide a possible explanation for these findings.
Binding studies performed using intact hepatocytes
after 3 or 24 h in primary cuiture indicated that
hepatocytes derived from male animals had more
high-affinity EGF binding sites than hepatocytes de-
rived from female rats. Female hepatocytes in cul-
ture show only EGF binding of very low affinity.
More importantly, the data in Figure 6, using male
hepatocytes in the presence of estrogen at physio-
logic dosage, show EGF receptor behavior that is
similar to that observed with female hepatocytes in
the absence of hormones, and the data in Table 5
indicate that estrogen inhibits EGF-induced DNA
synthesis in male hepatocytes. Male and female
hepatocytes isolated 24 h after partial hepatectomy
did not exhibit the difference in EGF binding. As
shown in Figure 5, with both cell preparations there

Table 5. Inhibition of Epidermal Growth Factor-
Induced Deoxyribonucleic Acid Synthesis by
Estrogen in Primary Cultures of Hepatocytes

Isolated From Male Rats
[*H])Thymidine

Estrogen addition incorporation Percentage of
(ng/ml) (cpm/ug DNA) inhibition
0 8565 = 350 —
5 3426 = 102¢ 60
10 882 * B65¢ 90
20 428 = 35° 95

DNA; deoxyribonucleic acid; EGF, epidermal growth factor. He-
patocyte isolation has been described under Materials and Meth-
ods. Cells were plated in MEM supplemented with 5% fetal calf
serum and insulin. After 3 h the medium and floating cells were
removed and serum-free MEM supplemented with insulin (1077
M) and epidermal growth factor (10 ng/ml) was added. Indicated
amounts of estrogen were added at this time also and left in the
medium until deoxyribonucleic acid synthesis determinations
were done. Cultures were exposed to 5 uCi [*H]thymidine per
milliliter from 24 to 48 h and processed for deoxyribonucleic acid
synthesis determination at 48 h. The numbers are the averages
from nine dishes and 3 different animals = SD. ? Significantly
different from control values (p < 0.005).
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was only low EGF binding affinity. Furthermore, in
regenerating hepatocytes EGF induced the same de-
gree of DNA synthesis in male and female hepato-
cytes. It appears from these data that the difference
found between male and female hepatocytes isolated
from normal liver depends only on the different level
of EGF receptor with high affinity. In fact, when EGF
is added to hepatocytes that have the same EGF
receptor state (regenerating hepatocytes), the percent
of activation is the same.

In liver regeneration after hepatectomy there is no
sex-related difference in vivo. Because EGF binding
is different in male and female newly isolated
hepatocytes and also in membrane preparations (34),
factors other than EGF seem to be responsible for in
vivo regeneration.

Another explanation is the possible existence of a
mechanism activated after the hepatectomy that is
able to change the EGF receptor state so that, in male
and female hepatocytes, the same receptor patterns
are approached.

In a series of experiments dealing with rat liver
regeneration, we have previously shown significant
changes in testosterone and estrogen in the blood of
male rats after 70% hepatectomy (35,36). These re-
sults were characterized by a decrease of serum
testosterone and an increase of serum estrogen in the
blood of the animals associated with a change of
sex-related receptors of hepatocytes. Twenty-four
hours after hepatectomy we found an almost com-
plete disappearance of androgen receptors with a
significant increase in total and nuclear-associated
estrogen receptors. In addition, we report an almost
complete disappearance in the liver of estrogen-2-
hydroxolase and male-specific estrogen binding pro-
teins that are known to promote a rapid binding as
well as metabolism of estrogen. This clearly shows
distinct feminization of the hepatectomized rat, and
suggests a role for estrogens in the maintenance or
control of hepatocyte regeneration.

The data reported here suggest that the decrease of
EGF receptor binding that occurs in male rat liver
membranes after hepatectomy (11,37) may be an
expression of the increased estrogen level in the
blood as well as the increase of nuclear estrogen
receptor in hepatectomized liver that has lost the
ability to metabolize the estrogen.

It appears that low EGF binding is important for
endogenous hepatomitogens to be effective in induc-
ing proliferation activity. This enables us to explain
our results reported earlier (11) that hepatocytes
isolated from regenerating liver have increased EGF-
induced DNA synthesis at conditions of low EGF
binding.
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