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ABSTRACT

Differentiation of Tera-2 human embryonal carcinoma cells by expo
sure to 2.1 imi a-difluoromethylornithine resulted in changes in mor
phology, a decrease in growth rate, and changes in the expression of
SSEA-1 differentiation antigen. While the binding of 12SI-insulin-like

growth factor I (IGF-I) remained relatively constant during differentia
tion, binding of 125I-IGF-II increased 2-3-fold. Further, the binding of
IGF-II was 87 times greater than IGF-I in both undifferentiated and
differentiated cells. Undifferentiated Tera-2 cells exhibited a single class
of binding sites for both IGF-I (A",,= 1.2 nM. 7.0 x III1sites/cell) and
IGF-II (K,, = 8.3 nM, 3.4 x IO5 sites/cell). Following differentiation,
IGF-I continued to bind to a single class of binding sites (A"/,1.0 nM, 6.7
x HI' sites/cell) whereas IGF-II bound to both high-affinity sites (KDH
0.3 nM, 2.2 x 10* sites/cell) and low-affinity sites (KDL15.1 nM, 1.6 x
Id7 sites/cell). The binding of iodinated IGF-II was blocked by unlabeled
IGF-II but not IGF-I. In contrast, 12!I-IGF-I binding was prevented by
either IGF-I or IGF-II. Affinity cross-linking experiments demonstrated
the presence of both type I and type II IGF receptors along with a
number of IGF binding proteins. IGF-I failed to stimulate the incorpo
ration of [3H]thymidine in both undifferentiated and differentiated cells.
Although IGF-II caused a significant increase in |3H]thymidine incorpo
ration in both undifferentiated and differentiated Tera-2 cells, the mag
nitude of the response and the sensitivity of the cells to IGF-II stimulation
was diminished following differentiation. The observed changes in IGF-
II binding, which occur in conjunction with cellular differentiation, may
be an important feature of the expression of the differentiated phenotype
by human germ cell tumors.

INTRODUCTION

The IGFs3 have been implicated as important regulators of

growth and differentiation in both murine and human GCTs
(1-6). A recent report has also suggested that IGF-II may be
acting as an autocrine or paracrine growth factor for GCTs
obtained from patients with testicular cancer (7). Recently,
Biddle et al. (8), using an undifferentiated human embryonal
carcinoma cell line, Tera-2, demonstrated that, under serum-
free conditions, the addition of IGF-I or IGF-II to the media
resulted in the stimulation of cell growth, which they attributed
to an increase in cell survival. Using the Tera-2 clone 13 human
germ cell tumor, Weima et al. (9) recently reported that retinoic
acid-induced differentiation was accompanied by an increase in
the number of IGF-I cell surface receptors.

IGF-II has been reported to inhibit the differentiation of a
spontaneously differentiating mouse embryonal carcinoma cell
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line (10). D'Ercole et al. (11) have reported that the gene coding

for IGF-II is expressed in a development-dependent fashion
with separate promoters for fetal and adult tissues. Collectively,
these observations have led to the suggestion that IGF expres
sion may be involved in the process of cellular differentiation
in human germ cell tumors.

Despite the potential importance of IGFs as regulators of
GCT growth and differentiation, little is known regarding the
capacity of IGF-II to induce growth or the ligand-receptor
interactions which occur in differentiating human GCTs. In the
present work, the binding and growth-stimulatory activity of
the IGFs were examined in the human embryonal carcinoma
cell line, Tera-2, during differentiation. Cellular differentiation
was characterized by changes in the binding of I25I-IGF-II as
well as the growth response to IGF-II. These changes may be
important in the expression of the differentiated phenotype.

MATERIALS AND METHODS

Materials. Human recombinant IGF-1 and IGF-II were provided by
Eli Lilly and Company (Indianapolis, IN). The IGFs were iodinated
according to the method described by Bowsher et al. (12) by E. W.
Schirmer, Lilly Research Laboratories (Indianapolis, IN). DFMO was
a gift from Dr. W. Y. Hudak, Merrel Dow Pharmaceuticals (Cincinnati,
OH). The monoclonal antibody SSEA-1 was obtained from Dr. P. W.
Andrews, Wistar Institute (Philadelphia, PA). The binding assays were
conducted using the Biomek 1000 Automated Laboratory Workstation
(Beckman Instruments, Palo Alto, CA).

Cells. Human Tera-2 embryonal carcinoma cells, passage 26, were
obtained from American Type Culture Collection and maintained in
minimal essential (Eagle) media with Earle's balanced salts (GIBCO,

Grand Island, NY) supplemented with 200 ITIMi-glutamine, 10 HIM
nonessential amino acids, 2.2 g/liter NaHCO3, 10 mg/liter gentamicin,
and 10% fetal calf sera (Sigma, St. Louis, MO), in a humidified
atmosphere of 95% air and 5% CO2 at 37Â°C.Cells were subcultured

every 3-4 days and were plated in 6-well (35-mm) plates at a density of
1.0 x IO5 cells/well, unless otherwise specified. Cells were grown to
80-90% confluence for each experimental procedure. Prior to each
assay the cells were changed to MEM containing 10% dextran-coated
charcoal-stripped fetal calf serum. Cell numbers were determined in
representative wells using a Model ZM Coulter Counter (Coulter
Electronics, Ltd., Luton, Bedfordshire, England). Protein concentra
tion was measured according to the method of Bradford (13).

Differentiation. Twenty-four h after plating, differentiation was in
duced by exposing the cells to MEM containing 2.1 HIMDFMO for 3
days as described by Schindler et al. (14). The DFMO-containing
medium was changed daily, and all experimental procedures were
performed on the 5th day after plating. Differentiation was evaluated
by changes in morphology and a decrease in the growth rate. The
differentiated cells also exhibited a decreased expression of the cell
surface antigens as determined by immunofluorescence-fiow cytometry
analysis (15) using the monoclonal antibody SSEA-1.

Binding Assay. On the day of the assay, the medium was aspirated
and the cells were washed twice with the binding medium (phenol red-
free Hanks' balanced salt solution buffered with 25 mM A'-2-hydroxy-
ethylpiperazine-A''-ethanesulfonic acid, containing 1% bovine serum
albumin, pH 7.4). The cells were incubated for 90 min at 23Â°Cwith 15
fmol of either 125I-labeled IGF-I or '"I-labeled IGF-II Â±1 Mg/ml of
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unlabeled IGF-I or IGF-II. The medium was aspirated and the cells
were washed three times with ice cold PBS. The cells were solubilized
with 1.0 ml of 3% SDS and collected for counting in a gamma counter.

Binding of IGF-II over Time. Both untreated and DFMO-treated
cells were exposed to 15 fmol/ml of 125I-IGF-II, and binding was

determined at times ranging from 0 to 120 min. Nonspecific binding
was estimated by incubating the cells with media containing 15 fmol of
'"I-IGF-I1 in the presence of an excess of unlabeled IGF-II (I ng/ml).

Specific binding was determined by subtracting the nonspecifically
bound IGF-II from the IGF-II bound in the absence of the unlabeled
ligand.

Saturation Analyses. Both untreated and DFMO-treated cells were
incubated for 90 min with various concentrations of either IGF-I or
IGF-II containing 1% of the appropriate I25l-labeled ligand. Binding

was determined as described above with estimates of nonspecific binding
being made at selected concentrations using cells which were incubated
with the '"I-IGF and an excess of the unlabeled ligand (I ^g/ml). Data

were analyzed using Lundon I Radioligand Binding Software (Lundon
Software, Inc., Cleveland, OH).

Competitive Binding Assay. Untreated and DFMO-treated cells were
incubated with 100 fmol/ml of '"I-IGF and increasing concentrations
of either unlabeled IGF-I or IGF-II for 90 min at 23Â°C.Data were

analyzed with Lundon II Radioligand Binding Software.
Effects of Acid Washing on IGF Binding. Untreated and DFMO-

treated cells were exposed to a 0.2 M acetic acid solution containing

Fig. 1. Morphology of Tera-2 human embryonal carcinoma cells in vitro, x
150. Undifferentiated Tera-2 cells demonstrating the typical embryonal carci
noma morphology (A) and DFMO-treated (differentiated) Tera-2 cells demon
strating altered morphology with frequent spindle-shaped cells (B).

0.5 M NaCl and 0.1% bovine serum albumin, pH 2.5, for 4 min at 4Â°C

to strip the cell surface of bound ligand (16). Control cells were similarly
incubated with binding medium. The acid was removed and the cells
washed twice with binding media prior to exposure to 15 fmol/ml of
either '"I-IGF-I or 125I-IGF-II Â±excess unlabeled ligand. After a 90-

min incubation, the cells were washed with ice cold PBS and solubilized
with 3% SDS. The samples were collected and were submitted for
determination of radioactivity.

Affinity Cross-Linking. Untreated and DFMO-treated cells were
incubated for 90 min at 23Â°Cwith medium containing 200 fmol/ml of
either 125I-IGF-Ior 125I-IGF-II Â±1 Mg/ml of either unlabeled IGF-I or
IGF-II. After the incubation the cells were washed three times with ice
cold PBS, and chemical cross-linking was performed using a freshly
prepared 0.1 HIMsolution of disuccinimidyl suberate (Pierce, Rockford,
IL) buffered with 0.1 mm Ar-2-hydroxy-ethylpiperazine-Ai'-2-ethanesul-

fonic acid and containing 4.0% dimethyl sulfoxide, pH 8.0 (17). After
30 min the cross-linking reaction was quenched using 10 IÃ•IMTris, pH
7.4. The cells were solubilized with 0.3% SDS in 0.06 M Tris-HCl, pH
6.8, and were collected for analysis by 4-10% gradient SDS-polyacryl-
amide gel electrophoresis.

[3H|Thymidine Uptake. Cells were plated in 24-well plates at a density
of 1.0 x IO4 cells/well in MEM containing 10% fetal calf serum and
then switched to MEM containing 10% dextran-coated charcoal-
stripped fetal calf serum. Both differentiated and undifferentiated cells
were subsequently exposed to increasing concentrations of either IGF-
I or IGF-II. After 24 h medium was removed and replaced with medium
containing 1 Â¿iCi/mlof [3H]thymidine. Following a 2-h incubation at
37Â°C,the medium was aspirated and the cells washed once with ice

cold PBS, twice with ice cold 10% trichloroacetic acid, and finally once
with ice cold methanol. The cells were then solubilized with 3% SDS,
collected, and transferred to scintillation vials containing 10 ml of PCS
scintillation fluid (Amersham, Inc., Arlington Heights, IL) prior to
analysis by liquid scintillation spectrometry.

RESULTS

Model of Differentiation. The ornithine decarboxylase inhib
itor DFMO has been reported to induce the differentiation of
both murine and human GCTs in vitro (14, 18). When Tera-2
human embryonal carcinoma cells were exposed to 2.1 mM
DFMO for 72 h, the cells underwent extensive differentiation.
Following exposure to DFMO the morphology of the cells
changed from small and rounded with a high mi
clearcytoplasmic volume ratio to a more flattened and spindle
shape (Fig. 1). Similar results were observed when the cells
were plated at densities which ranged from 1 x IO5 to 1 x IO6

cells/well. The growth rate of the differentiated cells decreased
to approximately 39% of that observed for the undifferentiated
cells (Fig. 2). Whereas the doubling time of undifferentiated
Tera-2 cells was 39.75 h, following exposure to DFMO the
cells exhibited a doubling time of 101.65 h.

Changes in the expression of SSEA-1 and other cell surface
antigens have been used by a number of investigators as markers
of cellular differentiation (14, 18). Flow cytometric analysis
using the monoclonal antibody SSEA-1 revealed a significant
decrease in the expression of this cell surface differentiation
antigen. These results were similar to those observed when the
cells were exposed to 10~6 M retinoic acid as an alternative

means of inducing differentiation (Fig. 3).
Binding of I25I-IGF-II to Tera-2 Cells over Time. The binding

of IGF-II by Tera-2 cells increased over time, with peak levels
occurring at 90 min (Fig. 4). Based on these results, a 90-min
incubation time was used in all subsequent binding experiments.
A significant alteration in IGF-II binding was also observed as
a consequence of DFMO-induced differentiation. As shown in
Fig. 4, DFMO-treated (differentiated) Tera-2 cells exhibited a
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Fig. 2. Cells used in the growth experiments were plated as described in
"Materials and Methods." After 24 h in culture one-half of the cells were treated

with 2.1 iriMDFMO. Medium was changed daily and cells counts were performed
on days 1, 3, and 5. Bars, SEM.
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Fig. 3. Tera-2 cells were plated as described in "Materials and Methods" and

then carried for 3 days in the presence or absence of 2.1 mM DFMOor 10~6 M
retinole acid. Indirect immunofluorescence was then performed using anti-SSEA-
1 antibody. Fluorescence was detected at 488 nm by a Becton-Dickinson FacScar
and was expressed in arbitrary units in logarithmic scale. Treatment with both
DFMO and retinoic acid (RA) resulted in a decrease in the expression of SSEA-
I.

2-3-fold greater IGF-II binding as compared to the untreated
(undifferentiated) cells.

Binding Assay. Both undifferentiated and differentiated cells
showed low levels of IGF-I binding (Fig. 5). Furthermore, the
undifferentiated and differentiated cells bound 16 and 23 times
more IGF-II than IGF-I, respectively (Fig. 5, A and B). In order
to explore the possibility that the low level of IGF-I binding
might be attributed to the occupancy of the IGF receptors by
endogenously produced IGF, the surface of the cell was stripped
of ligand by exposure to a dilute acetic acid solution. Although
acid washing increased the binding of both IGF-I and IGF-II
by the cells prior to and following differentiation (Fig. 5, C and
D), IGF-I binding remained considerably lower than IGF-II

binding. This observation would suggest that the low level of

IGF-I binding is due to a combination of the expression of a
limited number of IGF-I receptors and to occupancy of the
IGF-I binding sites by endogenously produced ligand. The
results of this experiment also suggested that both IGF-I and
IGF-II are capable of competing for the IGF-I binding sites.

Saturation Analysis. Incubation of the cells with increasing
concentrations of 125I-IGF-I revealed a small number of high
affinity IGF-I binding sites (Fig. 6, A and C) in both the
undifferentiated (KD = 0.32 nM; Amas= 5.2 x 10~14 mol/mg
protein) and differentiated (KD = 0.08 HM;Amax= 3.1 x 10~14

mol/mg protein) Tera-2 cells. Undifferentiated cells also exhib
ited a single class of binding sites for IGF-II (KD= 2.3 nM; Zfma*
= 4.7 X 10~12mol/mg protein) (Fig. 6Ã„);however, following

differentiation (Fig. 6/)), the cells exhibited both high (KDH=
1.1 HM; Z?max= 2.6 x 10~'2 mol/mg protein)- and low (KDL=
40.0 HM; Amax= 1.1 x IO"10 mol/mg protein)-affinity IGF-II

binding sites. Based on these data, the increase in IGF-II
binding appeared to be associated with the expression of a large
number of the low-affinity binding sites.

IGF Competitive Binding Assays. In order to better charac
terize the binding of the IGFs to Tera-2 cells, the cells were
exposed to 100 fmol of I25I-IGF in the presence of increasing
concentrations of either un labeled IGF-I or IGF-II (Figs. 7 and
8). Competitive binding analyses suggested that in both differ
entiated states, the cells displayed only a single class of IGF-I
binding sites (Fig. 1A) and that this site exhibited a similar
affinity for both IGF-I and IGF-II. In the undifferentiated cells
the dissociation constant (KD) for IGF-I was estimated to be
1.2 HM with approximately 7.0 x IO3 sites/cell, and IGF-I
competed for the IGF-I binding sites with a KD of 3.6 nM and
7.8 x IO3sites/cell. Similar results occurred using differentiated
cells (Fig. IB) where both IGF-I and IGF-II competed for 125I-
IGF-I binding sites with near equal affinity. The KDs for IGF-I
and IGF-II were estimated at 1.0 and 3.5 nM, respectively.
There was essentially no change in the number of IGF-I binding
sites following differentiation. The undifferentiated Tera-2 cells
exhibited a single class of IGF-II binding sites with a KDof 8.3
nM and approximately 3.4 x 10s sites/cell (Fig. 8,4). Following
DFMO-induced differentiation, there were both quantitative

0.2-

0 10 20 30 40 50 60 70 80 90 100 110 120

Time (min)

Fig. 4. Undifferentiated (â€¢)and differentiated (â€¢)Tera-2 cells were exposed
to 15 fmol of 125I-IGF-II, and specific binding was determined following various
periods of incubation. There is an increase in '"I-IGF-II binding by differentiated

cells as compared to the undifferentiated cells. Peak binding occurred at 90 min.

4397

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/16/4395/2444514/cr0510164395.pdf by guest on 19 M

ay 2023



IGF BINDING DURING DIFFERENTIATION OF GERM CELLS

04 I A 8 -, B

Fig. 5. Effects of IGF-I and IGF-I1 on the bind
ing of either '"I-IGF-I (A and C) or '"I-IGF-II (B

and D) observed before (A and B) and after (C and
D) acid washing. Bars, SEM.
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Fig. 6. Undifferentiated (A and A) and dif- ; Â°2
ferentiated (C and D) Tera-2 cells were incu- I
bated for 90 min with increasing concentra- I
lions of either IGF-I (A and C) or IGF-II (B 5 01
and D) each containing 1% of the respective ?
'"I-IGF. The saturation analysis revealed a ~

single class of binding sites for IGF-II in un- g 0
differentiated cells (B) and low- and high-affin
ity binding sites for IGF-II in differentiated
cells (D). The binding of IGF-II by undiffer- =
entiated and differentiated Tera-2 cells was ^ Â°2
approximately 87-fold greater than the binding Ã 
of IGF-I. A significant increase in the binding j o ie
of IGF-II was observed following differentia- j,
tion. The estimated A"oSand the mol/mg pro- |
tein (Ã„mâ€ž)of IGF bound are shown for each | '
stage of differentiation. Values represent the -a
mean of duplicate samples. g o os
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and qualitative changes in the binding of IGF-II (Fig. 8Ã„).
Differentiated cells exhibited both a high affinity (KDH= 0.3
nw, 2.2 x IO5sites/cell) and a low-affinity (KDL=15.1 nM, 1.6
x IO7sites/cell) IGF-II binding site. In both the undifferentiated
and differentiated cells IGF-II binding was specific for IGF-II
based upon the observation that IGF-I failed to compete for the
IGF-II binding sites.

Affinity Cross-Linking. In order to examine the nature of the
observed changes in IGF-II binding, affinity cross-linking ex
periments were performed. Cells in both states of differentiation
bound '"I-IGF-I to a A/r 130,000 protein which is the molecular

weight of the a subunit of the type I IGF receptor (Fig. 9A).
The observed band at M, 260,000 could represent the type II
receptor or, possibly, a dimer of the Â«subunit of the type I

receptor. '-'I-IGF-II bound to a M, 250,000 protein which is

believed to be the type II IGF receptor (Fig. 9B). IGF-II also
bound to the Mr 130,000 protein as well as to a number of
lower molecular weight proteins. Although unlabeled IGF-II
blocked the binding of '"I-IGF-II, unlabeled IGF-I failed to
compete for the IGF-II binding sites. Both unlabeled IGF-I and
IGF-II were able to block the binding of '"I-IGF-I.

[3H|Thymidine Incorporation. The capacity of the IGFs to
stimulate [3H]thymidine uptake was also evaluated in both
undifferentiated and differentiated Tera-2 cells. As shown in
Fig. 10, undifferentiated Tera-2 cells exhibited a dose-depend
ent increase in the incorporation of ['H]thymidine which was

significant at levels as low as 5 ng/ml of IGF-II. Although
exposure to IGF-II also caused an increase in the incorporation
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Fig. 7. Effects of IGF-I and IGF-II on the
binding of '"I-IGF-I to either undifferentiated
(A) or differentiated (B) Tera-2 cells. In both
states of differentiation IGF-I and IGF-II com
peted for the IGF-I binding sites with near
equal affinity. In the case of the undifferen
tiated cells estimates of the dissociation con
stants (KD) for IGF-I and IGF-II were 1.2 and
3.6 nM prior to differentiation and 1.03 and
3.5 nM following differentiation. At both
stages of differentiation the cells exhibited a
limited number of IGF-I binding sites (6.7 x
103-7.8x IO3sites/cell).
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Fig. 8. Effects of IGF-I and IGF-II on the
binding of '"I-IGF-II to either undifferen
tiated (A) or differentiated (A) Tera-2 cells.
The binding of '"I-IGF-II by the undifferen

tiated cells was specific based on the observa
tion that unlabeled IGF-II but not IGF-I com
peted for the '"I-IGF-II binding sites. The

undifferentiated cells (I) exhibited a single
class of binding sites (KD= 8.3 nM. 3.4 x 10s
sites/cell) for 125I-IGF-II. Following differen
tiation (B) the Tera-2 cells expressed both a
high (KD = 0.3 nM, 2.2 x 10' sites/cell) and
low(KD= 15.1 nM, 1.6x IO7sites/cell)affinity

binding sites. As can be seen, there was also a
dramatic increase in the number of IGF-II
binding sites following differentiation.
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Fig. 9. Chemical cross-linking of '"I-IGF-

I (A) to both the undifferentiated and differ
entiated (DFMO-treated) Tera-2 cells indicat
ing that the ligand binds to proteins exhibiting
apparent molecular weights of approximately
130.000 and 250,000. The binding of '"I-IGF-

I to both bands could be blocked by the addi
tion of either IGF-I or IGF-II. '"I-IGF-II (B)
cross-links specifically to a number of proteins
with molecular weight ranging from 45,000 to
250.000 in both stages of differentiation. The
binding of '"I-IGF-II to both bands could be
prevented by the addition of IGF-II but not by
IGF-I.
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of [3H]thymidine by differentiated Tera-2 cells (Fig. 10), the

magnitude of the response was smaller and a significant increase
in incorporation was not observed at levels below 10 ng/ml.
Exposure to IGF-I failed to cause a significant increase in the
incorporation of [â€¢'HJthymidineby either untreated or DFMO-

treated Tera-2 cells (Fig. 11).

DISCUSSION

GCTs represent the malignant analogue of benign germ cells,
and as such are multipotent in vitro and in vivo (19). Clinically,
the capacity of these cells to undergo spontaneous differentia
tion is manifested in the formation of teratomas (20). Terato-
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Fig. IO. Effects of IGF-II on the ['Hjthymidme incorporation by undifferen-
tiated (â€¢)and differentiated (O) Tcra-2 cells. The undifferentiatcd cells appear to
be more sensitive to the stimulatory' effects of IGF-II when compared to the
differentiated cells. *, significantly different from control. P< 0.05. Bars. SEM.

mas, in turn, may undergo further differentiation to carcinomas,
sarcomas, neuroblastomas, and leukemias (21, 22). Whereas
undifferentiated germ cell tumors are characterized by rapid
growth rates and high metastatic potential (23), teratomas kill
by slow but relentless local growth (the "growing teratoma
syndrome") (24).

The factors regulating growth and differentiation of GCTs
are not well understood. In vitro studies in both murine and
human model systems have implicated the IGFs in the regula
tion of GCT growth and differentiation (1-6). Biddle et al. (8),
testing a variety of growth factors, suggested that, of the factors
tested, the IGFs were the only exogenous polypeptide growth
factors that would maintain the growth of Tera-2 human em
bryonal carcinoma cells in vitro. The studies reported here
expand on these observations by examining the binding and
response of undifferentiated and differentiated Tera-2 cells to
the IGFs.

Differentiation of Tera-2 human embryonal carcinoma cells
by exposure to 2.1 mivi DFMO resulted in changes in mor
phology, a significant decrease in growth rate, and changes in
the expression of SSEA-1 differentiation antigen. The decrease
in SSEA-1 observed in these experiments differs from those
previously described by Schindler et al. (14) who observed that
DFMO-induced differentiation of human Tera-1 cells resulted
in an increase in SSEA-1 expression. On the other hand,
expression of SSEA-1 decreased in conjunction with the differ
entiation of the murine embryonal cell carcinoma cell line
PCC4azalR. Thus it is possible that inherent differences in
experimental design, passage number, cell plating density, and
the clones used in the studies may account for these distinctions
in the expression of the SSEA-1 cell surface antigen.

Although both undifferentiated and differentiated Tera-2
cells bound 125I-IGF-I and 125I-IGF-II, there were important

quantitative and qualitative differences in the binding of the
IGFs. Independent of the state of differentiation, the binding
of IGF-II was greater than the binding of IGF-I. Induction of
differentiation with the ornithine decarboxylase inhibitor
DFMO resulted in a 2-3-fold increase in binding of IGF-II to
Tera-2 cells. Although the binding of IGF-I remained relatively

low, there was a 1.6-fold increase in IGF-I binding following
differentiation. Analysis of IGF binding to undifferentiated
Tera-2 cells suggested that both IGF-I and IGF-II bind to single
classes of binding sites. The binding of IGF-I to differentiated
cells was also to a single class of receptors; however, IGF-II
exhibited binding to both low- and high-affinity binding sites.
Based on the results of the competitive binding experiments, it
appears that the increase in binding which accompanies differ
entiation is due to the increased expression of low-affinity
binding sites which may represent IGF BPs. These BPs have
been identified in several systems, and may either inhibit or
stimulate the growth effects of the IGFs (25-29). One such BP,
isolated from human amniotic fluid, has been demonstrated to
inhibit the growth of human JEG-3 choriocarcinoma cells in
vitro (30). In one murine embryonal carcinoma system, IGF
BPs were produced by differentiated but not by undifferentiated
cells (2).

In order to examine the nature of the IGF binding to the
Tera-2 cells, cross-linking studies were conducted. In both
undifferentiated and differentiated cells, '"I-IGF-I bound to a

protein with an apparent molecular weight of 130,000 which is
believed to be the Â«subunit of the type 1 IGF receptor. IGF-I
also bound to a A/r 250,000-260,000 protein. It is possible that
this band represents the type II IGF receptor; however, an
alternative explanation would be that this band represents a
dimer of the Â«subunit of the type I receptor. Unlabeled IGF-I
and IGF-II were equally effective in blocking the binding of
'"I-IGF-I to either of these receptors in both stages of

differentiation.
Cross-linking of 125I-IGF-II to both undifferentiated and dif

ferentiated Tera-2 cells occurred to proteins exhibiting molec
ular weights of approximately 250,000 (consistent with the type
II receptor) and 130,000 (compatible with the Â«subunit of the
type I receptor). The labeled IGF-II also bound to proteins with
apparent molecular weights of 43,000, 70,000, and 95,000.
These proteins do not appear to be breakdown products of
higher molecular weight species since the addition of a number
of protease inhibitors did not alter the profile (data not shown).

200 -,

o
O

100-

50 100

IGF-I (ng/ml)

Fig. 11. Effects of IGF-I on the |'H]lhymidine incorporation by undifferen
tiated (â€¢)and differentiated (D) Tera-2 cells. Both undifferentiated and differen
tiated cells failed to exhibit a significant increase in thymidine incorporation
when exposed to IGF-I at concentrations up to 100 ng/ml. *, significantly different
from control, P < 0.05. Bars. SEM.
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IGF BINDING DURING DIFFERENTIATION OF GERM CELLS

The addition of excess unlabeled IGF-I failed to block the
binding of 125I-IGF-II, whereas excess unlabeled IGF-II was
effective in preventing the binding of 125I-IGF-II during both

stages of differentiation.
Competitive binding data confirmed the specificity of IGF-II

binding sites regardless of the stage of differentiation. Exposure
to DFMO resulted in a significant increase in the number of
IGF-II binding sites. Following exposure to DFMO, the binding
of IGF-II changed from a single class of sites (KD= 8.3 nivi, 3.4
x 10s sites/cell) to a high-affinity binding site (KDn = 0.31 nM,
2.3 x IO5sites/cell) and a low-affinity binding site (KDL=15.1
nM, 1.6 X IO7 sites/cell). The increased binding of I25I-IGF-II

observed after differentiation appeared to occur as a result of
an increase in the expression of low affinity binding sites, which
might represent an increase in the synthesis of the lower mo
lecular weight IGF BPs.

These results should be compared with those of Weima et al.
(9) who reported that treatment of Tera-2 clone 13 cells with
retinoic acid to induce differentiation resulted in an increased
number of cell surface IGF receptors. Further, they reported
that there was no change in the IGF-I:IGF-II receptor ratio.
This suggestion was based on analysis of affinity cross-linking
experiments using I25I-IGFs bound to Tera-2-derived mem

branes. These investigators did not conduct Scatchard analyses
for IGF-II binding and thus did not report receptor number or
affinity constants for IGF-II. Similarly, they did not determine
the effects of IGF-II on cellular proliferation.

In this report the induction of differentiation was associated
with a marked decrease in the rate of cellular proliferation.
Prior to differentiation, IGF-II caused a dose-dependent in
crease in the incorporation of [3H]thymidine with a maximal

response being observed at 5 ng/ml. Following differentiation,
IGF-II continued to cause an increase in thymidine incorpora
tion; however, the magnitude of the response was less and the
concentration of IGF-II required to achieve a maximal response
was greater than that observed in the undifferentiated cells.
IGF-I failed to stimulate the incorporation of both undifferen
tiated and differentiated Tera-2 cells.

The decrease in cellular proliferation following differentia
tion is associated with an increase in the binding of IGF-II.
However, the capacity of the growth factor to stimulate thy
midine incorporation is diminished. If the increase in IGF-II
binding is due to an increase in the expression of BPs which
specifically bind IGF-II, such proteins could function as a
"physiological sink" which acts to limit the interaction of IGF-

II with its receptors. This phenomenon could account for the
diminished stimulatory effects of IGF-II with respect to growth
following differentiation and might be associated with the
expression of the differentiated phenotype by human germ cell
tumors.
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