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ABSTRACT

Recent studies have shown that inhibition of N-linked glycosylation
using tunicamycin (TM) induces cell death in cultured cells (0. Larsson et
aL, J. Cell Sd., 106: 299â€”307,1993; J. Y. Chang and V. Korolev, Exp.
Neurol., 137: 201â€”211,1996). The mechanisms underlying TM-induced
cell death seem, however, to be complex in nature. In SV4O-transformed
cells, TM triggers within a few minutes mechanisms subsequently leading
to apoptoals. These mechanisms, although still not fully understood, in
volve an elevation of [Ca2'@]1(M. Carlberg et aL, Carcinogenesis, 17:
2589â€”2596,1996). In contrast, in melanoma cells, TM has to be present
continuously for 24â€”48h to elicit apoptosis. Before the appearance of
apoptotic melanoma cells, assayed by gel-electrophoretic detection of
oligonucleosomally fragmented DNA, the binding of insulin-like growth
factor I (IGF-I) to the cells had become drastically decreased, which in
turn was found to be due to down-regulation of IGF-I receptor proteins at
the cell surface. Incubation of the cells with an antibody (aIR-3) against
the IGF-I-blnding site of the receptor resulted also in apoptosis, the
kinetics of which were almost identical to those following treatment with
TM. Furthermore, coincubation of a high concentration of IGF-I (50
ag/nil) with TM totally rescued the melanoma cells from apoptotic cell
death during the first 48 h after addition of the drugs. This effect was
shown to be abolished fully by aIR-3. Taken together, our data suggest
strongly that N-linked glycosylation plays an important role in mainte
nance of viabifity of melanoma cells through regulating the translocation
of IGF-I receptor to the cell surface.

INTRODUCTION

Previously, we have demonstrated that SV4O-transformed 3T3 fi
broblasts undergo cell death following treatment with TM' (1), which
is a specific inhibitor of N-linked glycosylation (2). In contrast,
nontumorigenic 3T3 cells were blocked in their cell cycle progression
but survived the TM treatment (1). The SV4O-transformed cells were
killed also as a consequence of short exposures to TM, suggesting that
the underlying mechanisms are irreversibly initiated early after the
addition ofthe drug (1). In a recent study (3), we focused on the nature
and possible mechanisms of TM-induced cell death in SV4O-trans
formed cells. First, we could demonstrate that TM-induced cell death
was due to apoptosis, as assayed by the changes in the nuclear
morphology and the appearance of oligonucleosomal DNA fragmen
tation (â€œDNAladderâ€•;Ref. 3). Secondly, we showed that a slight or
temporary inhibition of N-linked glycosylation was sufficient to in
duce apoptosis, and that a rapid elevation of [Ca2@]@may be an
important event involved in the mediation of this effect in the virus
transformed cells (3).

In the present study, we aimed to investigate the role of inhibition

Received 8/19/96; accepted 12/2/96.
The costs of publication of this article were defrayed in part by the payment of page

charges. This article must therefore be hereby marked advertisement in accordance with
18 U.S.C. Section 1734 solely to indicate this fact.

1 This project was supported by grams from the Swedish Cancer Society, the Cancer

Society in Stockholm, and the Karolinska Institute.
2 To wbom requests for reprints should be addressed. Fax: +46 8 321047.

3Theabbreviationsusedare:TM,tunicamycin;Dol-P,dolichylphosphate;EGFR,
epidermal growth factor receptor, ER, endoplasmic reticulum; IGF-I, insulin-like growth
factor, IGF-IR, IGF-I receptor; TH, thapsigargin.

of N-linked glycosylation in other types of malignant human cells.
Because it is known that deprivation of serum or growth factors can
induce apoptosis in tumor cells (4) but only to a slight extent in
normal cells, one result ofTM-inhibited N-linked glycosylation in this
respect might be to decrease the expression of growth factor receptors
at the cell membrane. In a recent study, we have in fact demonstrated
that inhibition of 3-hydroxy-3-methylglutaryl-CoA reductase leads to
an impaired translocation of IGF-IR proteins to the cell surface in
melanoma cells (5). The down-regulation of IGF-IR was correlated to
a decrease in N-linked glycosylation of the receptor proteins (5).
Similar results were seen in other types of malignant cells (5). On the
basis of these results, it would be interesting to investigate the im
portance of N-linked glycosylation, through its regulatory effect on
IGF-IR translocation, for induction of apoptosis in malignant cells.
Our present data provide evidence that TM induces apoptosis in
melanoma cells by depleting functional IGF-IR at the cell surface. TM
also killed the other malignant cell types studied (SV4O-transformed
cells, breast cancer cells, colon carcinoma cells, and hepatoblastoma
cells) but not through its inhibitory effect on the expression of IGF-IR.

MATERIALS AND METHODS

Chemicals. AgaroseNAwasfromPharmaciaBiotech,andNuSieveGTG
was from FMC Bioproducts (Rockland, ME). Lovastatin was obtained from
Merck, Sharp, and Dohme and was converted to its sodium salt by incubation
in 0.1 M NaOH at 50Â°C for 2 h. A mouse monoclonal antibody (IgG) against

the human IGF-IR (csIR-3)was purchased from Oncogene Science (Uniondale,
NY). â€˜251-labeledIGF-I was obtained from New England Nuclear (via DuPont,

Stockholm, Sweden). An antibody against EGFR was obtained from Scandi
navian Diagnostic Services (Falkenberg, Sweden).

All other chemicals, unless stated otherwise, were from Sigma Chemical
Co. (St. Louis, MO).

Cells. The breast cancer cell line MDA 231, the human colon carcinoma
cell line WiDr, the human hepatoblastoma cell line HepG2, and the human

melanoma cell line SK-MEL-2 were obtained from American Type Culture
Collection (Rockville, MD). SV4O-transformed human fibroblasts (line
9OVAVI) were kindly given to us by Dr. Gretchen Stein, University of

Colorado (Boulder, CO).
Cell Culture. The MDA-23l cell line was culturedin DMEM supple

mented with 10% newborn calf serum, glutamine, sodium pyruvate, ben
zylpenicillin, and streptomycin. All other cell lines were cultured in MEM with
the same supplements but with 10% FCS instead of newborn calf serum, and
with the addition of nonessential amino acids.

Cells were grown in monolayers in tissue culture flasks maintained at 95%
air/5%CO2atmosphereat 37Â°Cin a humidifiedincubator.For experimental
purposes, cells were cultured in 35-, 60-, or 150-mm dishes. Cells were seeded
at a density of 3,000â€”5,000 cells/cm2, and experiments were initiated when
they had reached a density of 5,000â€”15,000cells/cm2.

Agarose Gel Electrophoresis. Cells were incubated for indicated time
periods under various conditions. After the treatments, approximately 2 X 106
cells were collected and centrifuged at 2000 rpm for 10 mm. The resulting
pellet was resuspended in 15 p1 of double-distilled water and incubated with
6 p1 of 50 mg/mi RNase A for 20 mm in room temperature. Loading buffer (5
s.d) was added to the samples, which then were transferred into the wells of an

agarose gel in Tris (buffer)-boric acid-EDTA as described by Sorensen et a!.
(6). The agarose gel consisted of 1.7% low melting agarose (Nu Sieve GTG)
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Table 1 Effects of TM, anti-EGFR, and aIR-3 on pro1@f
231, HepG2 and WiDrâ€•eration

and survival of MDA

Cell type andIncreaseintreatmentcell
number (%)Cell survival(%)MDA-23lNone112100â€˜FM035(P<0.OOl)Anti-EGFR83100aIR-319100HepG2None90100TM047(P<0.05)Anti-EGFR061

(P <0.02)aIR-30100WiDrNone285100TM083(P<0.05)Anti-EGFR50100aIR-360100
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RESULTS

First, we aimed to investigate whether apoptosis, as recognized by
oligonucleosomal DNA fragmentation, may be induced by inhibition
of N-linked glycosylation or by blocking the binding sites of IGF-IR,
which recently has been suggested to be an important protection factor
against apoptotic cell death (8), in various tumor cell types. The
effects of the IGF-IR block were compared with those following
inhibition of the binding activity of another growth factor receptor
(i.e., EGFR).

Four human malignant cell lines of different origins, i.e., breast
cancer (MDA-231), hepatoblastoma (HepG2), colon carcinoma
(WiDr), and melanoma (SK-MEL-2) cells, were subjected to treat
ment with TM (5 @g/ml),the IGF-IR antibody aIR-3 (0.3 @tg/mi),or
anti-EGFR (0.3 pg/mi) for 48 h, after which cell growth, cell survival,
and DNA degradation were assayed. Before performing the expen
ments, it was confirmed that the aforementioned doses of TM and
antibodies completely depressed the rate of N-linked glycosylation
and blocked the IGF-I and epidermal growth factor binding, respec
tively.

Both cell proliferation and survival of MDA-231 were drastically
decreased by TM treatment (Table 1). cxIR-3 decreased the rate of cell
proliferation but did not evoke cell death. Anti-EGFR had no effect on
either cell growth or survival. We also investigated whether any of the
three drugs could induce DNA degradation in MDA-231. However,
gel-electrophoretic analysis did not reveal any typical fragmentation
of DNA (data not shown).

There was no larger difference in the effects of TM, anti-EGFR, or
aIR-3 on proliferation or survival of HepG2 cells. As shown in Table
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a The cells were treated with anti-EGFR (0.3 p.g/ml), TM (5 p@g/m1), or alR-3 (0.3

@.&s/ml)for 48 h, after which they were assayed for increases in cell number and cell
survival as related to the controls. Mean values of duplicate determinations are shown.
Experiments were repeated, with similar results. Statistical significance is indicated
regarding the cytotoxic effects.

and 0.1% agarose NA (Pharmacia Biotech). The upper part of the gel was
excised above the comb, and a digestion gel containing 0.8% agarose NA, 2%
SDS, and 1.25 mg/mi proteinase K was instead casted in this place. Electro
phoresis was performed at 20 V for 1 h, followed by 100 V for 3 h. The gel
was rinsed in double-distilled water and then kept overnight in 100-mi buffer
[10@ Tris and 1 mMEDTA (pH 8)] containing 40 @dof 50 mg/mI RNase,
and rinsed again with distilled water. Finally, the gel was stained with 1 @tg/mi
ethidium bromide in Tris-EDTA (pH 8), rinsed several times with Tris-EDTA
buffer, and photographed in UV light with a Polaroid camera using Polaroid
positive-negative film 667.

Isolation of Cell Membranes. Preparation of cell membranes was per
formed essentially as described elsewhere (7). In brief, cells were harvested
and homogenized in a buffer containing 0.32 M sucrose, 1 mr@itaurodeoxy
cholic acid, 2 mM MgCl2, 1 nmi EDTA, 25 m@-.tbenzamidine, I mg/nil
bacitracin, 2 m@-.iphenylmethylsuiphonyl fluoride, 10 pg/mi aprotinin, 10
gLg/mlsoybean trypsin inhibitor, and 10 @tg/mlleupeptin.

After a 10-mm centrifugation at 600 X g (4Â°C),the pellet, containing
unbroken cells, nuclei, and cytoskeleton, was discarded. The supernatant was
then centrifuged at 17,300 X g for 30 mm. The resulting pellet, containing cell
membranes (7), was then used for isolation of membrane proteins.

Western Blotting. Protein samples were subjected to SDS-PAGE. Follow
lag electrophoresis, the proteins were transferred overnight to nitrocellulose
membranes (Hybond; Amersham Corp.) and then blocked for 1 h at room
temperature in a solution of 5% (w/v) skimmed milk powder and 0.02% (w/v)
Tween 20 in PBS (pH 7.5). Incubation with the primary antibody, a mouse
monoclonal IgG against Bcl-2 (Santa Cruz Biotechnology, Inc.) or a rabbit
polyclonal antibody (N-20) against the IGF-IR a-subunit (Santa Cruz Biotech
nology, Inc.), were performed for 1 h at room temperature. This was followed
with three washes with PBS and incubation with a biotinylated secondary
antibody (Amersham Corp.) for 1 h. After a 15-mm incubation with strepta
vidin-labeled horse peroxidase, detection was made by autoradiography (Hy
perfilm-ECL, Amersham Corp.)

tasI@labeled IGF-I-bindlng Assay. SK-MEL-2 cells were grown in 35-mm
dishes. The cells were subjected to different treatments, after which they were
rinsed twice with ice-cold PBS and once with binding buffer [1 mM HEPES
(pH 7.4), 1%BSA, 135 mMNaCI,4.8 mMKCI, 1.7 mMMgSO4,and2.5 mM
CaCI2X2H2O].Finally,each dish was incubatedfor 30 mm at 20Â°Cwith 1 ml
of binding buffer containing 60,000 dpm of @â€˜I-labeledIGF-I (1, 630â€”2,800
Ci/mmol). The cells were washed once with PBS to remove unbound ligand
and then lysed in a solution buffer (20 ms@HEPES, 1% Triton-X, 10%
glycerol, and 0.1% BSA), transferred to scintillation vials, and counted in a
Beckman LS 5000 TA counter. The nonspecific binding was determined by
coincubation with unlabeled IGF-I (1000 ng/ml).

Determination of Cell Survival. Cells in ink-marked areas on the bottoms
of duplicate 35-mm dishes were counted at specified time intervals. Percentage
of cell survival was calculated by relating the number of surviving cells at the
indicated times to the initial cell number values (1).
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Fig. 1. Analysis of DNA degradation in HepG2 cell line. The cells were subjected to
the indicated treatments for 24 or 48 h.
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1, all three drugs caused a drastic reduction in cell growth and
survival. TM, but not anti-EGFR and aIR-3, was capable of inducing
DNA degradation in HepG2 but without any clearly distinguishable
â€œDNAladderâ€•(Fig. 1).

A drastic reduction in both proliferation and survival of WiDr cells
incubated with TM was observed (Table 1). In contrast, aIR-3 and
anti-EGFR did not cause such effects. None of the drugs, including
TM, induced any detectable degradation of DNA (data not shown).

Treatment with TM and aIR-3 resulted in a time-dependent inhi
bition of cell proliferation in SK-MEL-2, whereas anti-EGFR only
exerted a slight growth-inhibitory effect (Fig. 2 A). TM and aIR-3, but
not anti-EGFR, also induced a moderate reduction in cell survival,
which had reached a statistically significant level at 48 h (Fig. 2 B).
Fig. 3 shows gel electrophoresis of DNA isolated from SK-MEL-2
cells treated with the drugs. The lane containing DNA from cells
treated with TM for 48 h shows a clear oligonucleosomal DNA
fragmentation characteristic for apoptosis. A similar DNA ladder was
seen in cells treated with aIR-3 for 48 h. No DNA fragmentation was
detected after exposures to anti-EGFR. The results presented in Fig.
2Bareof particularinterest,becausetheyopenthepossibilitythata
block in N-linked glycosylation, induced by TM, induces apoptosis
through down-regulation of IGF-LR.

To evaluate the kinetic similarities between alR-3- and TM-in
duced apoptosis in further detail, a new experiment involving 24â€”72
h incubations was undertaken. As shown in Fig. 4, a 72-h incubation
period with TM or aIR-3 drastically increased the portion of dead
cells, and in Fig. 5, the DNA ladders are seen. From a kinetic point of
view, the effects of the two types of treatments were almost identical
(Fig. 4).

In Fig. 6, the effect of TM on â€˜251-labeledIGF-I binding in
SK-MEL-2 cells is illustrated. A 12-h treatment with TM caused a
30-40% decrease in IGF-I binding, and after an additional 12-h
period, there was hardly any binding activity left. The efficacy of
aIR-3 to inhibit â€˜@â€˜I-1abeledIGF binding is also shown (Fig. 6).
Similar inhibitory effects of TM and aIR-3 on IGF-I binding were
seen in the other cell lines (data not shown). In Fig. 7, it is shown
using Western blotting that the amount of a-subunit of IGF-IR (i'vf
130,000) in the cell membrane of SK-MEL-2 is deleted upon a 24-h
treatment with TM. A similar deletion of IGF-IR was seen in
9OVAVI, the basal expression of which is much lower than in SK
MEL-2.

In contrast, as also demonstrated in Fig. 7, the level of Bcl-2 is
expressed equally in both the cell lines. In human diploid fibroblasts,
on the other hand, there was no detectable Bcl-2 expression. Thus,
both tumor cell types express increased amount of Bcl-2 compared to
normal cells. Because there is no difference in Bcl-2 expression
between 9OVAVI and SK-MEL-2, this oncogene product seems not to
underlie their different responses to TM (see below). In a separate
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Fig. 2. Effectsof anti-EGFR(0.3 pg/mi;â€¢),TM (5 @g/ml;
0), or aIR-3(0.3 @&g/ml;) on SK.MEL-2cellgrowth(A)and
survival (B). Mean values of duplicate determinations are shown.
Similar results were obtained in repeated experiments. Statistical
significance is indicated in B. 0, control.
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experiment, it was also confirmed that TM does not change the
expression of Bcl-2, which is not a glycoprotein, in any of the two cell
lines (data not shown).

Next, we investigated whether short exposures (4â€”24 h) to TM or

aIR-3, after which the cells were transferred to drug-free medium,
were enough to induce apoptotic cell death in SK-MEL-2 during a
48-h time period. However, as shown in Fig. 8, A and B, these pulse
treatments, in contrast to a 48-h continuous treatment, failed to kill the
cells. Therefore, it seems likely that the mechanisms underlying
TM-induced apoptosis in SK-MEL-2 differ from those mediating
apoptosis in SV4O-transformed fibroblasts (3). In Fig. 8C it is con
firmed that a 4-h pulse treatment with TM kills a substantial portion
(approximately 70%) of SV4O-transformed fibroblasts within 48 h
(see also Ref. 3). In contrast, incubation with aIR-3 evoked no toxic
effect in 9OVAVI, despite the fact that the antibody was present
during the whole 48-h period (Fig. 80.

800

Fig. 3. Induction of DNA fragmentation in SK-MEL-2 cells. SK-MEL-2 cells were
treated with TM (5 gsg/ml)and aIR-3 (0.3 p@gIml)for 8, 24, or 48 h or with anti-EGFR
(0.3g.&g/ml)for 24 or 48 h. DNAfragmentationwasanalyzedby gelelectrophoresis.
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effect of IGF-I was deleted completely if aIR-3 was present. In
9OVAVI cells, on the contrary, addition of IGF-I only had a slight
protective effect (Fig. 9B), which, however, was also counteracted
completely by aIR-3.

There were also other differences in TM-induced apoptosis be
tween 9OVAVI and SK-MEL-2. As shown in Table 2, much higher
doses of TM were needed to kill SK-MEL-2 cells as opposed to
9OVAVI, in which TM dose as low as 0.125 @g/m1was sufficient to
kill a significant portion of cells. As is also shown in Table 2, TH,
which is an ER Ca2@-ATPase inhibitor (9), induced a toxic effect
similar to that of TM in 9OVAVI but failed to induce apoptosis in
SK-MEL-2 cells.

In a recent study by Yasugi et a!. (10), it was shown that addition
of Dol-P-induced apoptosis in rat glioma C6 cells. if assumed that an
increased level of intracellular Dol-P can trigger induction of apop
tosis, this mechanism might be involved in TM-induced apoptosis,
because TM would lead to an accumulation of Dol-P. As shown in
Table 2, however, addition of Dol-P (10 or 50 @g/ml)failed to induce
cell death in SK-MEL-2 or 9OVAVI.
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Fig. 4. Cell survival in SK-MEL-2 exposed to TM (5 p@g/nil)or aIR-3 (0.3 @.&g/ml)for
24â€”72h. Mean values of duplicate determinations are shown; bars, SD.
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Fig. 6. Effect ofTM or aIR-3 on IGF-I binding in SK-MEL-2 cells. Cells were treated
by TM (5 p@g/ml)or aIR-3 (0.3 @g/m1)for 0, 12, or 24 h, after which a â€˜@â€˜I-labeledIGF-I
binding assay was performed. The indicated mean values of duplicate determinations
represent the percentage of untreated control cells. C, control.
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if it is assumed that TM-induced apoptosis in SK-MEL-2 cells is
mediated through a down-regulation of IGF-IR, this effect would, at
least temporarily, be counteracted if the cells were coincubated with
high concentrations of IGF-I, because the abundance of ligands would
result in an increased occupation of available binding sites (i.e.,
IGF-IR). In Fig. 9A, it is shown that the apoptotic effect of TM on
SK-MEL-2 cells could be inhibited efficiently by high concentrations
(50 ng/ml) of IGF-I when the cells were incubated with TM for 48 h.

if the incubation period, however, was prolonged to 72 h, there was
only a slight counteractive effect left (data not shown). The protective

546
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Fig. 7. Effect of a 24-h exposure of TM (5 pg/mi) on the expression of IGF-IR
a-subunit in the cell membrane of SK-MEL-2 and 9OVAVI; expression of Bcl-2 in
SK-MEL-2, 9OVAVI, and human diploid fibroblasts (HDF). The expression of IGF-IR
and Bcl-2 was determined by Western blotting (see â€œMaterialsand Methodsâ€•).
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Table2 Theeffectof TH,TM,and DoE-P on cell survivalof 9OVAVI andSK-MEL-2â€•PercentagePercentage

ofofcellTreatmentcell
survivalsurvival(pg/mi)9OVAVISK-MEL-2Th0.l16Â±5100Â±0TMO.l2539Â±3nd@'TMO.2529Â±21ndTMO.524Â±3ndTM1.016Â±4100Â±0TM2.020Â±1ndTM5.0rid84Â±8TM1O.0nd84Â±15TM15.0nd41Â±6Dol-PlO100Â±0100Â±0Dol-P50100Â±0100Â±0

TUNICAMYCIN AND APOFFO5IS

caused cell death in hepatoblastoma cells, breast cancer cells, and
colon carcinoma cells but without any typical oligonucleosomal
DNA degradation. Our data suggest strongly that a prolonged
inhibition of N-linked glycosylation in melanoma cells induces
apoptosis through down-regulation of the IGF-IR at the cell sur
face. In this way, the effect of TM simulates the effect of growth
factor depletion, which in itself leads to apoptosis in tumor
transformed cells (4). A similar effect of TM has been demon
strated in cultured sympathetic neurons (20). In these cells, TM
caused cell death in a manner similar to nerve growth factor
deprivation (20). Compared to SV4O-transformed human fibro
blasts (3), TM-induced apoptosis in melanoma cells required a
long incubation with the drug (24â€”48 h). This fact implies that
different mechanisms are involved in induction of apoptosis in
melanoma cells and SV4O-transformed cells. Whereas short pulses
of TM efficiently triggered apoptosis in SV4O-transformed cells,
they failed to kill the melanoma cells. This apoptotic response in
the virally transformed cells seems not to be due to an inhibited
synthesis of specific glycoproteins but could instead be a result of
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Fig. 8. Effect of transient treatments with TM or aIR-3 on cell survival. SK-MEL-2

cells were exposed to TM (5 pg/mi; A) or aIR-3 (0.3 @&g/m1;B) for indicated periods (4,
8,24,or48, h),whereupontheyweretransferredtodrug-freemedium.Forty-eighth after
thestartof theexperiments,thecellswereassayedforcellsurvival.In C,9OVAVIcells
were either exposed to a 4-h pulse treatment with TM, after which they were transferred
to drug-flee medium, or they were exposed to a continuous treatment with aIR-3.
Forty-eight h after the start of the experiments, the percentage of cell survival was
determined. Mean values of two determinations are shown; bars, SD.

Finally, we tested other melanoma cell lines (SK-MEL-5, 5K-
MEL-24, SK-MEL-28, and SK-MEL-31) for sensitivity to TM. Sim
ilarly to SK-MEL-2, all these cell lines were found to undergo
apoptosis following treatment with TM (data not shown).

DISCUSSION

IGF-IR, a glycoprotein containing 32 sites for N-linked glycosyla
tion (1 1), is necessary in many cell types for the establishment and
maintenance of a transformed phenotype and for tumorigenesis (12â€”
17). IGF-IR has also been shown to protect cells from apoptosis (8,
18, 19).

In the present study, we show that an inhibited N-linked glyco
sylation induced by treatment with TM causes cell death and

oligonucleosomal DNA degradation in the melanoma cell line
SK-MEL-2, provided that the incubation time was 24â€”48 h in
length. Interestingly, the same result was obtained by blocking the
function of the IGF-IR using an antibody against its binding site.
In contrast, a corresponding block of the EGFR did not result in
apoptosis in SK-MEL-2. In none of the other tumor cell lines
studied in the present investigation did a specific inhibition of
IGF-IR lead to a decreased cell survival. On the other hand, TM

B
Control

Fig. 9. The effect of IGF-I on viability of cells treated with TM. SK-MEL-2 (A) and
9OVAVI(B) were exposed to TM only, TM + IGF-I (50 ng/ml), or TM + IGF-I+ aIR-3
(0.3 pq,/ml) for 48 h, after which the effect on cell survival was assayed. Mean values of
two determinations are shown; bars, SD.

a9OVAVIandSK-MEL-2cellswereexposedtotheindicatedcompoundsfor48h,
whereupon percentage of cell survival was assayed. Mean values Â±SD of two determi
nations are shown.

b nd, not determined.
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Fig. 10. Possible mechanisms of TM in induction of apoptosis.

an overall accumulation of underglycosylated proteins in the ER
(3). It was demonstrated that TM induced an elevation of intracel
lular Ca2@ in SV4O-transformed fibroblasts (3). Because treatment
with TH, which inhibits ER Ca2@-ATPase and thereby increases
the cytosolic concentration of Ca2@, also killed 9OVAVI, it seems
likely that this mechanism is important for TM-induced apoptosis
in these cells. In contrast, SK-MEL-2 seems to be more resistant to
an elevation of [Ca2@]1, because TH failed to kill them.

Because the counteractive effect of Bcl-2 on apoptotic cell death
probably includes an inhibition of [Ca2@]1elevation (21, 22), we also
investigated the expression of this oncoprotein in the melanoma cells

and SV4O-transformed cells. Bcl-2 was, however, equally expressed
in both cell types. Thus, the higher sensitivity of 9OVAVI cells to
short exposures of TM cannot be explained by a lower Bcl-2 expres
sion than in SK-MEL-2 cells.

On the basis of our previous (3) and present investigation, we
conclude that TM can induce apoptosis through two principally dif
ferent mechanisms: (a) a rapid process, possibly involving Ca2@
release from the ER and irreversibly triggering mechanisms (still

unknown) leading to apoptosis (seen in SV4O-transformed fibro
blasts); and (b) a prolonged process involving down-regulation of
IGF-IR at the cell surface, leading finally to apoptosis due to insuf
ficient ligand/receptor interaction (seen in melanoma cells). A sim
plified scheme showing these two different types of mechanisms is
illustrated in Fig. 10.
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