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Insulin-like growth factor II prevents apoptosis
in a human teratoma derived cell line

M Granerus, P Bierke, W Zumkeller, J Smith, W Engstrom, P N Schofield

Abstract
Aim-To study how insulin-like growth
factor II (IGF-II) affects the behaviour of
human teratoma cells.

Methods-The human pluripotential tera-
toma cell line Tera 2 was cultured under
serum-free conditions in the presence or

absence of IGF-II. Effects on cell pro-
liferation and apoptosis as well as on the
expression of the proto-oncogene c-myc

were studied.
Results-In this study we show that Tera
2 cells deprived of serum undergo pro-

grammed cell death (apoptosis). The onset
of nuclear fragmentation was observed
12 hours after serum withdrawal. The
morphological changes of the Tera 2 cell
nuclei were confirmed by the occurrence

ofa nucleosome ladder. However, the con-
stitutive expression of the proto-oncogene
c-myc was not decreased in parallel with
initiation of apoptosis. The apoptotic re-

sponse to serum withdrawal could be
counteracted by simultaneous addition of
IGF-II. In addition it was found that
human testicular tumours (seminoma and
embryonal carcinoma) contain raised
levels of insulin-like growth factors.
Conclusions-The precise roles of IGF-I
and IGF-II have been unclear, and there
is overwhelming evidence against these
factors as primarily transforming agents.
The finding that IGF-II apparently coun-

teracts apoptosis in vitro may well explain
its effects on tumours in vivo.
(J7 Clin Pathol: Mol Pathol 1995;48:M153-M157)
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The size of a cell population during de-
velopment or during neoplasia is controlled by
the relative rates of proliferation, differ-
entiation, or death of its constituent stem cells.'
Recent investigations have emphasised the cru-

cial role ofprogrammed cell death in the normal
control of cell proliferation. Cells may die by
one of two mechanisms, apoptosis or necrosis.
The former is characterised by a requirement
for protein synthesis and is accompanied by
a time dependent series of ultrastructural
changes, beginning with nuclear chromatin
condensation and degradation of genomic
DNA into oligonucleosomal fragments fol-
lowed by loss of nuclear integrity, changes in
organelle morphology, and activation of mem-
brane transglutaminases. This is a rapid pro-
cess, once initiated, and results in apoptotic
bodies, quickly phagocytosed by neighbouring

cells. Unlike necrosis, this process is not ac-
companied by inflammation and its prevalence
is often underestimated because ofthe relatively
small effect it has on local tissue integrity.2

Apoptosis occurs normally during embryonic
development, particularly in complex organs
where there is much cell turnover and selection
during ontogeny. For example many neurones
die in the CNS, having failed to reach their
target cell type, and self reactive T cells are
eliminated within the thymus. Where tissue
remodelling is prevalent, programmed cell
death is again an important factor in the gen-
eration of form, for example in the limb.

Apoptosis is also seen widely in tumours,
often paradoxically in rapidly growing tumours,
indicating massive cell turnover, but in some
situations it is clear that mutations in genes
controlling entry into apoptosis have been se-
lected for. The Bcl 2 gene product is thought to
act both in development and when abnormally
expressed in a tumour. Increased expression
of the gene in transgenic mice substantially
increases their risk of neoplasia, indicating that
in some circumstances tipping the balance in
favour of survival rather than cell death results
in promotion of other genomic changes leading
to frank neoplasia. The effects of Bcl-2 are
at least in part abrogated by the Bax-1 gene
product, and the balance between these two is
clearly important in deciding whether a cell
undergoes another round of division or enters
a terminal apoptotic pathway.

Determination as to which of these routes
will be taken appears to be largely under the
control of the p53 gene product, which is now
thought to monitor the amount of chro-
mosomal damage in cells.3 Generation of p53
deficient mice results in massive suppression
of apoptosis in response to DNA damaging
reagents, which leads to an increase in the
tumourigenic potential of such insults. Taken
together, these data suggest that apoptosis may
play a role in the suppression of tumour form-
ation by targeting aberrant cells for sudden
death, preventing expansion of their progeny.
One way in which apoptosis may be pre-

vented is by the provision of serum or other
growth factors, as has been shown to date for
muscle cells, embryonic kidney cells, lympho-
cytes, fibroblasts, neuronal cells, and astro-
cytes.4 The presence of factors permitting
survival seems either to abrogate other signals
including cell suicide or perhaps to prevent
the occurrence of the default option on factor
withdrawal. Recent data have indicated that
c-myc expression is not only linked to continued
cell proliferation but in the right context will
induce cell death. In many tumours myc and
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Bcl-2 mutations are found together, suggesting
that the enhanced expression of c-myc needed
for proliferation is made safe by the up-
regulation ofBcl-2. Such oncogene cooperation
may be much more widespread than was for-
merly believed.
We have previously shown that Tera-2, a

clonal cell line derived from a human terato-
carcinoma, expresses high levels of c-myc in
both proliferative and quiescent phases of its
growth, and shows a dependence for its survival
on the addition of exogenous insulin-like
growth factors. We show here that Tera-2 enters
an apoptotic pathway on serum withdrawal,
which can be rescued by the addition ofinsulin-
like growth factor II (IGF-II). Tera-2 only
makes small quantities of IGF-II, and is unable
to complete an autocrine loop in culture; how-
ever, in primary tumours we demonstrate the
synthesis of significant levels of IGF-II in three
out of five testicular neoplasms, indicating that
this factor may act as a survival factor during
human teratocarcinogenesis.

Methods
CELL CULTURE
The human teratoma cell line Tera-2 clone 13
was routinely passaged in ct modified Eagle's
medium (oc-MEM) supplemented with 10%
heat inactivated fetal calf serum as described
in Biddle et al.5 Cells used for experimental
purposes were seeded onto gelatin coated glass
coverslips in 30mm plastic Petri dishes at a
concentration of 105 cells per dish. Cells were
allowed to attach and were thereafter main-
tained in 10% serum for 72 hours before each
experiment. For serum-free experiments the
cells were washed twice in phosphate buffered
saline (PBS) and in serum-free cx-MEM. The
medium was then replaced with alpha/Ham (a
50/50 mixture ofoc-MEM/Ham's F12 medium,
supplemented with 10 ,ug/ml iron loaded trans-
ferrin as described5). Recombinant insulin-like
growth factors were obtained from R and D
Systems through British Biotechnology (Ox-
ford) and reconstituted according to the man-
ufacturers' instructions. The vehicle used
contained a final concentration of 50 pg/ml
bovine serum albumin (BSA; Sigma RIA
grade). For determination of nucleosome lad-
ders, cells were maintained in 75 cm2 tissue
culture flasks (Nunc, GIBCO) and used when
subconfluent.

DETERMINATION OF NUCLEAR MORPHOLOGY
Glass coverslips with cells attached were rinsed
in PBS, and instantly stained with 1% acridine
orange as described by Bolund.6 The glass
coverslips were illuminated at 435 nm and pho-
tographed in a Leitz fluorescence microscope.

DETERMINATION OF CHROMATIN DEGRADATION
Two 75 cm2 tissue culture flasks of cells per
experimental group were incubated with 0 25%
trypsin at room temperature until cells just
detached. The trypsin activity was stopped by
adding 1% vol/vol final concentration soybean

trypsin inhibitor. The cell suspension was col-
lected by low speed centrifugation and high
molecular weight DNA isolated according to
Pesce et al.7 The DNA extract was normalised
to cell number and ,ug aliquots were elec-
trophoresed on a 0-8% agarose gel in Tris/
acetate/EDTA. Gels were subsequently stained
with ethidium bromide and visualised by ultra-
violet illumination.

NUCLEIC ACID MANIPULATIONS
RNA was extracted according to Schofield and
Tate8 and polyadenylated RNA was purified
using oligo dT cellulose (Pharmacia type 7).
The cDNA probe for c-myc was the kind gift
of Dr Natalie Teich, ICRF, London, and the
GAPDH the gift of Dr Peter Curtis, Wistar
Institute, Philadelphia. Probes were labelled
with 32P dATP by random hexanucleotide prim-
ing as described by Feinberg and Vogelstein.9
Northern blotting was carried out according to
Hyldahl et al1 and filters washed to a final
stringency of 0 1 x SSC (NaCl/sodium citrate)
at 550C.

EXTRACTION OF IGF-II
Testicular tissues were obtained from patients
after orchidectomy. Normal control testis, tes-
ticular tumour tissue, and adjacent tumour-
free testicular tissue samples were minced in
1 M acetic acid in ethanol (1:4 weight of tissue/
volume), sonicated for 10 seconds, then spun
at 2000 x g for 10 minutes. The supernatant
was removed and frozen at - 200C until further
use.

INSULIN-LIKE GROWTH FACTOR DETERMINATION
Acid ethanol extracts of testicular tissue were
equilibrated in 1 M acetic acid to separate im-
munoreactive IGF from their binding proteins,
and chromatographed on a Sephacryl S-100 HR
column (Pharmacia) at a flow rate of 4-5 ml/
hour. Fractions equivalent to a kd of 0-5-0-87
were analysed by IGF-I or IGF-II radio-
immunoassay. IGF-I was measured using
truncated IGF-I as a ligand and polyclonal
antibodies raised in rabbits against human IGF-
I (from Prof P Gluckman, Auckland, New
Zealand). IGF-II was measured in an assay
using recombinant IGF-II, the gift of Kabi
Pharmacia, Stockholm, and hen yolk anti-
bodies, as described in Schofield et al."

Results
EFFECTS OF IGF-II ON APOPTOSIS IN HUMAN
TERATOMA CELLS
The appearance of nuclear fragmentation,
characteristic of apoptotic changes, was sought
for over increasingly long periods of serum
deprivation. After 12 hours, approximately
one fifth of the cells had undergone apoptotic
changes as judged by nuclear morphology (fig
1); this proportion increased with time. In
contrast, cultures maintained in 10% fetal calf
serum after equivalent washing contained less
than 10% apoptotic cells. Figure 2 shows that
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Figure 1 Morphological appearance of a Tera 2 cell colony 24 hours after serum

withdrawal. Acnidine orange was used to visualise fragmented nuclei (arrow).

the population could be protected from apop-
tosis by the addition of 1-100 ng/ml IGF-II.
The proportion of apoptotic cells fell from 70%
to 40% when assayed over a 24 hour period.
This effect was saturated by 10 ng/ml IGF-II,
indicating that IGF-II was not the only factor
required to completely prevent cell death. Fig-
ure 3 shows the proportion of cells at different
times after serum deprivation. The number of
dying cells increases slightly with time and this
effect is ameliorated by the addition of 10 ng/
ml IGF-II throughout the period. To confirm
that the nuclei seen were apoptotic, high mol-
ecular weight DNA was prepared from cultures
starved of serum or supplemented with 10 ng/
ml IGF-II. Whereas DNA from cells growing
in serum appeared mainly as a high molecular
weight band, cells exposed to serum-free
medium showed a characteristic nucleosomal
ladder (fig 4). This ladder was less pronounced
in cells exposed to serum-free medium sup-

plemented with IGF-II. These results confirm
the conclusion drawn from the acridine orange
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Figure 2 The proportion of intact cell nuclei after
24 hours exposure to different concentrations of IGF-II.
The cells were stained with acridine orange and the
proportion of intact nuclei counted in a fluorescence
microscope at 435 nm. Each experimental point is based
on counting at least 200 cells.
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Figure 3 The proportion of intact nuclei after 24-72
hours exposure to serum-free medium without supplements,
or supplemented with 10 ng IGF-IIIml. The cells were
stained with acridine orange and the proportion of intact
nuclei counted in a fluorescence microscope at 435 nm.
Each experimental point is based on counting at least 200
cells.

staining of cells and show that serum starvation
generates a form of cell death characteristic of
apoptosis.

c-myc AND SERUM DEPRIVATION
It has previously been reported that high levels
of expression of c-myc predisposes cells to pro-
grammed cell death in the absence of per-
missive factors such as serum, or perhaps other
defined growth factors.'213 We have previously
reported that Tera-2 shows massive levels of
c-myc expression," both in its proliferative and
differentiated states, and it seemed pertinent
to ask if levels of c-myc expression remained
elevated under conditions of serum dep-
rivation. Figure 5 shows the expression of the
c-myc proto-oncogene in Tera-2 cells exposed
to 10% serum, serum-free medium, or serum-
free medium containing 1O ng/ml IGF-II. It
can be seen that the intensity of the major
transcript is unchanged, irrespective of the
composition of the medium, indicating that in
these cells myc is unresponsive to exogenous
growth factor provision.

IGF-I AND IGF-II IN PRIMARY TUMOURS
The concentrations of immunoreactive IGF-
I and IGF-II in normal testis and testicular
tumours are shown in the table. In three out
of five testicular tumours tissue specimens were
also obtained from histologically normal sur-
rounding tissue. The mean concentration of
IGF-I in normal testicular extracts was 47 ng/g.
Apart from one seminoma (224 ng/g), all
tumour samples had IGF-I levels within the
range of normal testis. The mean level of IGF-
II in testis extracts was 109 ng/g, in comparison
to an average for tumours of 528 ng/g. In the
two seminomas the IGF-II content was nearly
10-fold higher than in adjacent tumour-free
tissue from the same patients. In addition the
level in one teratoma was higher than in normal
testicular tissue from the same patient.
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Figure 5 Expressio
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Immunoreactive IGF-I and IGF-II concentrations in acid
ethanol extracts of testis and testicular tumours (ng/g
tissue) after gel chromatography at low pH. Values of
supposed normal testis of tumour patients are indicated (t)
below the tumour extract values of the respective patient
tissue(*)
Tissue extracts IGF-I IGF-II

Normal testis 1 29 48
2 59 294
3 56 326
4 35 50
5 26 50
6 67 85
7 42 98
8 82 70
9 35 57
10 28 47
11 53 75

Mean (SD) 47 (6) 109 (101)

Seminoma * 1 34 826
t2 32 368

Seminoma *2 224 1376
t2 21 131

Seminoma *3 54 44

Teratoma *4 40 328
t4 34 160

Teratoma *5 35 64

Mean (median) 77 (40) 528 (328)

Discussion
In this study we have shown that a human

ve teratoma derived cell line, Tera-2, responds to

wera
serum withdrawal by morphological changes

typical of apoptosis. Like other apoptotic cells,
dying Tera-2 cells shrink and lose contact with
their neighbours. Prominent nuclear changes
consistent with apoptosis also seen in other cell
types were also observed in Tera-2; the effect
was soon induced and fragmented nuclei were

observed 12 hours after serum withdrawal. This
effect could be at least partially reversed by the
addition of physiological doses of insulin-like
growth factors. These findings are in agreement
with our previous report5 in which we showed
that Tera-2 was dependent on IGF-I or IGF-
II for its survival in serum-free medium, and
that the effect of these peptides is to promote
the survival of the cell population rather than
promote entry into S phase. This study thus
extends the earlier work and provides evidence
that the survival effect ofIGF on the population

- noted previously is through direct suppression
of programmed cell death. Serum withdrawal
leads very swiftly into a phase of extensive
apoptosis, within 24-48 hours, after which a

GAP steady state is reached. Over a longer time
scale, this steady state position is reflected in a

n of static population of cells with rapid turnover, as
'safter shown by in vivo thymidine labelling.5 Similar
(A) states have been reported previously, which
um-free
um-free have led Wyllie and co-workers" to suggest
ed with the existence of an intermediate high turnover

was population state in which susceptibility to apop-
tosis is high despite the fact that cells are

sed competent to enter the proliferation cycle.
to Quantitative as well as qualitative con-

r was siderations may therefore be important in de-
obe ciding whether the population then ultimately

a increases or decreases in size. Such population
dnase dynamics may in principle result in very rapid

regulation of cell numbers when conditions

change to favour expansion or contraction.
Similar models have been proposed on cy-
bernetic grounds for the rapid induction of
enzyme activities in metabolic pathways subject
to substrate cycling."5 The rate limiting factors
for a tumour cell population may be either
nutritional, or as we see here, specific growth
regulatory peptides. Apoptosis has frequently
been observed in neoplastic tissues, although
it is clearly not the sole mode of cell death. It
has been claimed that apoptosis is the most
significant component ofthe continuous loss of
cells that characterise most tumours; however,
substantiating quantitative data are still
scanty.216 Both irradiation and chemotherapy
have been shown to induce apoptosis in tumour
cells, but at high doses they will also include
death by other means.7 18

It has been suggested that expression of
c-myc plays a role in the susceptibility of cells to
apoptosis. Evan et al'9 showed that fibroblasts
subjected to forced c-myc expression in the
absence of serum rapidly entered an apoptotic
pathway in preference to entering quiescence.
This effect can also be induced by leucine
depletion, thymidine block, or application of
topoisomerase inhibitors. Other proto-onco-
genes also appear to rescue cells from a high
turnover state into a population expansion
phase. Among these is the Bcl-2 gene, originally
isolated as a transforming sequence from B cell
lymphomas. Presence of an activated Bcl-2
gene in a myc overexpressing cell seems to be
permissive for continued proliferation in the
absence of exogenous factors which would nor-
mally be required to prevent apoptosis. In-
terestingly the coincidence of myc and Bcl-2
mutations in tumours is very high, perhaps
indicating that this is an advantageous com-
bination ofmutations for a tumour cell to carry.
If autocrine or paracrine IGF expression is also
permissive for proliferation in the presence of
activated myc genes this may explain the pre-
dominance of tumours which either make or
show dependence on IGF-I or IGF-II. Such
an increase in IGF-II levels is seen in three out
of five testicular tumours examined, the highest
levels of expression being found in a seminoma.
In a previous study20 two out of three se-
minomas were shown to express IGF-II tran-
scripts, with pure embryonal carcinoma being
the richest source of IGF-II RNA; a teratoma
was shown to be negative for IGF-II transcripts.
While Tera-2 makes a small amount of high

molecular weight IGF-II itself, this is clearly
insufficient to drive autocrine growth; however,
it is not quantitatively clear how accurately
Tera-2 represents the pattern of gene ex-
pression seen in these tumours, many of which
are highly heterogeneous. Both seminomas and
teratocarcinomas are shown to express in-
creased levels of IGF-II peptide here, but not
IGF-I. The testis is normally a moderately rich
source ofIGF-I, being elaborated by the Sertoli
cells,2' and possibly by Leydig cells, although
this is only reported in the rat.22 The sole report
of IGF-II is in human testicular connective
tissue,2' but in this report, the authors failed
to detect IGF-I transcripts at all, which is in
conflict with previous reports.
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It is interesting that an increase in IGF-I
expression is not apparently selected for in
the tumours examined. Although it cannot be
excluded that the IGF-I detected in this study
is from contaminating blood, the con-
centrations of IGF-II reached are very high,
which, together with the previous study dem-
onstrating RNA transcripts, indicates that this
IGF-II is most likely to be of tumour origin.
We have previously determined that Tera-2

continues to make c-myc transcripts and protein
(Evan G, Schofield PN, unpublished data)
when made to differentiate with retinoic acid.24
Such differentiated cells remain viable and qui-
escent for many weeks with no detectable DNA
synthesis or turnover. This is in contrast to the
situation seen where induction of quiescence
by serum deprivation results in cell death. This
comparison indicates that other molecular
mechanisms must be operating in differentiated
cells to suppress the tendency ofmyc expressing
cells to enter an apoptotic pathway. In-
terestingly, a study carried out on primary tes-
ticular tumours showed that seminoma and
malignant teratoma with differentiated ele-
ments expressed high levels of c-myc, and that
these were associated on average with a better
prognosis. We suggest that expression of high
levels of c-myc, while forcing cells into the cell
cycle, carries with it a quantitative dependence
on either growth factor provision or mutation
of genes such as Bcl-2. In the absence of such
factors, the enhanced tendency to apoptosis
might predispose to the ultimate demise of the
tumours; particularly in the face of irradiation
or chemotherapeutic challenge. This model
would predict that in testicular tumours ex-

pressing high levels of c-myc, poor prognosis
would only be associated with those co-

expressing high levels of IGF-I or IGF-II.
Quantitative considerations may be very im-
portant with regard to the effect of growth
factor expression. Loss of the genomic imprint
of IGF-II seems to be a common feature of all
classes of testicular tumour,25 and probably
occurs before the allelic loss on chromosome
11 reviewed elsewhere.26 Loss of an imprint
would be expected to increase levels of IGF-II
expression. There are insufficient data included
in this study to test this hypothesis, but it is
clear that further work will clarify the potential
collaboration between IGF-II, acting as a
tumour cell survival factor, and c-myc.
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