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Abstract. Reduced cell proliferation and increased levels of cellular glutathione
(GSH) are characteristic for cells that overexpress the anti-apoptotic Bcl-2 protein. We
investigated the influence of various Bcl-2 domains on both these characteristics. Rat
CC531 colorectal cancer cells were stably transfected with the human bcl-2 gene
(CCbcl2 cells) or with bcl-2 gene constructs missing a coding sequence for a func-
tional domain, BH1 (CC∆BH1 cells), BH3 (CC∆BH3 cells), BH4 (CC∆BH4 cells)
or the transmembrane region (CC∆TM cells). We measured GSH levels in exponen-
tially and confluent growing bcl-2-transfected cell populations. The fraction of S-
phase cells during exponential growth was significantly reduced in CCbcl2, CC∆BH1,
CC∆BH3, and CC∆TM cells compared with parental CC531, neo-transfected
CC531 and CC∆BH4 cells. GSH levels in these bcl-2 transfectants were significantly
higher than in the parental line measured at 50% confluence; at 100% confluence
they reached a similar level as found in parental cells. Independently from the
presence of BH1, BH3 or TM domains, overexpression of Bcl-2 reduces cellular
proliferation under conditions of increased GSH levels. This apparent link is lost in
CC∆BH4 cells; these cells are not reduced in cellular proliferation and harbour
significantly higher GSH levels than found in the other transfectants. Studies on the
subcellular localization revealed an extremely low expression of the Bcl-2 protein
lacking the N-terminal BH4 domain in nuclear fractions. Nuclear translocation of
Bcl-2 requires the presence of the BH4 domain and seems prominent in reducing
cellular proliferation.
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INTRODUCTION

The Bcl-2 gene family plays a pivotal role in deciding whether cells will live or die (Tsujimoto
et al. 1984; Korsmeyer 1999). Its gene products are either anti-apoptotic molecules (e.g. Bcl-2,
Bcl-Xl, Bcl-w and A1) or pro-apoptotic molecules (e.g. Bax, Bak, Bcl-Xs, Bad, Bik, Bid and
Bim) and the ratio between these two subsets seems an important determinant of sensitivity to
cell death signals (Korsmeyer et al. 1993). The ability of many Bcl-2 family members to form
homo- as well as heterodimers could be important for activation of specific functions, but also
for neutralizing these functions. An additional characteristic is that most members contain a
carboxyl-terminal hydrophobic domain (TM domain) essential for their targeting to membranes
and that they can become integral membrane proteins. Many of the anti-apoptotic members
display sequence conservation in four domains (Bcl-2 homology domains, designated BH1, BH2,
BH3 and BH4, respectively), corresponding to alpha-helical segments. Figure 1 summarizes the
positions of the BH domains and TM region within the human Bcl-2 protein and its multiple
properties. Molecules like Bcl-2 seem to have evolved into multifunctional proteins, acting in
part independent from pro-apoptotic family members (St. Clair et al. 1997). This is illustrated
by the finding that Bcl-2 can interact through its N-terminal BH4 domain with a variety of
different proteins, including Raf-1 kinase (Wang et al. 1996), the phosphatase calcineurin
(Shibasaki et al. 1997) and the transcription factor NF-kappaB (Grimm et al. 1996).

Overexpression of Bcl-2 has repeatedly been associated with a decrease in proliferative
activity in vitro and in vivo (Vaux et al. 1988; O’Reilly et al. 1997). Several investigators have

Figure 1. Structure of the human Bcl-2 protein. The structure of the 26 kDa human Bcl-2 protein, consisting of
239 amino acids, comprises four Bcl-2 Homology domains (BH1, BH2, BH3 and BH4) and a carboxyl-terminal
located transmembrane domain (TM). BH domains are denoted in the figure delineated by amino acid numbers. In three-
dimensional context, BH1, BH2, and BH3 domains form an elongated hydrophobic cleft leaving the BH4 domain at
the opposite face of the molecule, separated by a flexible loop region. Phosphorylation of serine/threonine residues
(p) occurs within the loop region when cells enter the G2/M phase of the cell cycle. Cleavage site for caspase-3 is the
Aspartatic (Asp) residue 34 residing in the loop region; also denoted is the putative cleavage site Asp64. Cleavage at
Asp64 would yield a 19-kDa fragment of Bcl-2 (this report). BH1 and BH2 domains flank two hydrophobic core helices,
which are predicted to form ion-conducting channels in bilayers, requiring insertion in these membranous structures by
the transmembrane domain.
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provided data suggesting that this effect is due to an inhibition of the cell cycle entry of resting
cells (O’Reilly et al. 1996; Linette et al. 1996). The N-terminal BH4 domain is not only involved
in inhibition of cell death, but also seems to be required for this anti-proliferative effect of
Bcl-2 and possibly of other BH4-containing anti-apoptotic family members (Huang et al. 1997).
Interestingly, a conserved tyrosine residue located within the BH4 domain of Bcl-2 appeared to
be responsible for an anti-proliferative effect, while its mutation did not affect the anti-apoptotic
properties; mutation of the corresponding residue in Bcl-Xl and Bcl-w had a similar effect
(Huang et al. 1997).

It has been speculated that Bcl-2 may increase the antioxidant capacity of the cell (Hockenbery
et al. 1993; Kane et al. 1993, Esposti et al. 1999). Overexpression of Bcl-2 leads to approxim-
ately two-fold higher cellular levels of the ubiquitous tripeptide glutathione (GSH) (Ellerby
et al. 1996; Meredith et al. 1998; Rimpler et al. 1999; Voehringer 1999; Schor et al. 2000;
Vahrmeijer et al. 2000). GSH, together with certain GSH-dependent enzymes, plays a critical
role in protecting cells from reactive oxygen species generated in mitochondria during normal
respiration. In addition, the cellular ratio between reduced and oxidized GSH, the redox balance,
has a profound influence upon a myriad of cellular functions, including signal transduction and
gene expression. For instance, this balance may profoundly affect the redox-sensitive transcrip-
tion factors NF-AT and NF-kappaB (Nakamura et al. 1997; Manna et al. 1999; Hutter & Greene
2000) as well as the activation of proteolytic activity of AP24, a serine protease involved in
activation of apoptotic DNA-fragmentation (Wright et al. 1998).

We recently reported that stable overexpression of human Bcl-2 in rat CC531 colorectal cancer
cells led to significantly elevated GSH levels (Vahrmeijer et al. 2000). To investigate the rela-
tionship between GSH modulation and the structure of the Bcl-2 protein, we assayed GSH levels
(measured as non-protein thiols) in CC531 cells stably transfected with full-length bcl-2 or bcl-2
constructs lacking the BH1, BH3, BH4 or TM domain (Hunter et al. 1996). It has been demonstrated
by Hunter and co-workers in transient transfection assays, that these constructs did not have any anti-
apoptotic capacity (Hunter et al. 1996). To establish a relationship between Bcl-2 domain-dependent
GSH modulation and growth control, measurements of GSH were performed on cultures at 50%
confluence (‘exponential’ growth) or 100% confluence (‘plateau’ phase), the latter with strongly
reduced proliferative activity. Additionally, we evaluated the efficiency of nuclear translocation
of truncated Bcl-2 proteins as the presence of nuclear residing Bcl-2 in bcl-2-transfected cells might
serve as a compartmental control of the cell cycle (Hoetelmans et al. 2000; Hour et al. 2000).

MATERIALS AND METHODS

Plasmids and transfection
The parental and modified CC531 cells were maintained as monolayers in tissue flasks as
previously described (Hoetelmans et al. 2000). Using the liposomal transfection reagent Fugene
(Roche Diagnostics, Indianapolis, USA), we introduced the full length human bcl-2 gene,
or an empty vector containing the neomycine-resistance sequence, or bcl-2 gene constructs lack-
ing the BH1 (aa 138–151), BH3 (aa 90–103), or BH4 (aa 6–31) or TM (aa 203–239) domain
(Hunter et al. 1996). All deletion constructs were generously provided by Dr Parslow (University
of California, San Francisco, California). Subsequently, neomycin-resistant clones were selected,
designated CCbcl2, CCneo, CC∆BH1, CC∆BH3, CC∆BH4, and CC∆TM, respectively. In addition,
we stably transfected CC531 cells with the full-length human bax gene (CCbax), kindly pro-
vided by Dr Wei Zhang (University of Texas M.D. Anderson Cancer Center, Texas).
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Western blot analysis, cell fractionation and antibodies
Preparation of whole cell lysates, isolation of nuclear and cytoplasmic fractions, electrophoretic
separation, transfer to nitrocellulose membrane and staining of filters was performed as pre-
viously described (Hoetelmans et al. 2000). To ensure equal protein loading, we performed the
Bradford assay and β-actin expression was evaluated with the monoclonal antibody (mAb) #C4
(Roche Diagnostics) diluted 1 : 15 000. To compare the efficiency of nuclear translocation of the
truncated Bcl-2 proteins with full-length Bcl-2, whole cell and nuclear lysates of each cell line
were loaded in a 1 : 3 ratio, ensuring similar intensity of full-length Bcl-2 expression in both
lysates (Hoetelmans et al. 2000). For detection of the human (truncated) Bcl-2 protein, we
applied the mAb #6C8 (Pharmingen, San Diego, USA), diluted 1 : 500.

Glutathione analysis
Cells were grown in culture flasks for 48 h until c. 50% confluence or 100% confluence by seed-
ing, respectively, 0.25 × 106 or 2.0 × 106 cells. Cell monolayers were washed with phosphate
buffered saline (PBS) and harvested by trypsinization. GSH and eventual other non-protein
thiols were assayed by the method of Ellman (1959) with some previously reported modifications
(Vahrmeijer et al. 2000). Total protein was determined by the method of Lowry (1951).

Flow cytometry
Cells were fixed for 10 min in 1% paraformaldehyde in PBS and were permeabilized in ice-cold
methanol for 10 min. Cells were washed extensively in PBS and PBS/1% BSA and were, respect-
ively, incubated with RNaseA (1 mg/ml) in PBS (30 min, 37 °C) and propidium iodide (75 µg/ml)
in water (30 min, on ice) (both purchased from Sigma Zwyndrecht, The Netherlands). Samples
were measured on a FACscan flow cytometer (Becton Dickinson, San Jose, CA, USA). Propid-
ium iodide fluorescence was measured using a 585/42 nm (FL2) bandpass filter and a minimum
of 10 000 events was counted. We approached actual sizes of cell cycle fractions by the Modfit2
program, the Synchronization Wizard. The G2/G1-ratio was set at 1.91 and S-phase was defined
as a one rectangle compartment.

Statistical evaluation
Difference between mean values of GSH content of cell lines under similar growing conditions
was tested by one-way analysis of variance with Dunnett’s multiple comparison test with two-
tailed P-value (P < 0.05). Difference in GSH levels between 50 and 100% populations of the
same population was tested with the unpaired t-test.

RESULTS

CC531 cells were stably transfected with full-length bcl-2 and truncated bcl-2 gene constructs.
Expression of the corresponding Bcl-2 proteins in 50% confluent cell lines was evaluated by
western blotting. Using the mAb #6C8, a human Bcl-2-specific monoclonal antibody raised
against the entire protein, we found a characteristic 26 kDa band for the full-length Bcl-2 protein
in CCbcl2 cells (Fig. 2). In line with findings of Hunter et al. (1996), we detected various
< 26 kDa bands of different intensities in the other cell lines, corresponding to the molecular
weights of truncated Bcl-2 proteins: approximately 25 kDa in CC∆BH1 cells, c. 24 kDa in
CC∆BH3 cells, c. 22 kDa in CC∆BH4 cells and c. 25 kDa in CC∆TM cells (Fig. 2). No Bcl-2
immunoreactivity could be detected with mAb #6C8 in parental CC531 cells or neo-transfected
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CC531 cells, or in CC531 cells transfected with the human bax gene (Fig. 2). Equal protein
loading in each lane was confirmed by β-actin staining; variable transfection efficiency resulted
in the most abundant expression of Bcl-2 immunoreactivity in CCbcl2 and CC∆TM cells and
somewhat lower in the other cell lines (Fig. 2). The mAb #6C8 also recognized additional Bcl-
2 immunoreactivity of 22 and 19 kDa proteins in CCbcl2 cells. CC∆TM cells displayed the addi-
tional 19 kDa immunoreactivity, while no additional immunoreactivity for Bcl-2 was detected
in whole cell lysates of CC∆BH1 and CC∆BH4 cells. In CC∆BH3 cells, the 19 kDa band was
more intense than the 24 kDa band representing the Bcl-2 protein lacking the BH3 domain
(Bcl-2-∆BH3).

Subsequently, parallel cultures of parental CC531 cells and the various bcl-2 transfectants
were grown to approximately 50 or 100% confluence and we assayed both cell cycle distribution
by flow cytometry and cellular GSH levels. At 50% confluence, CCbcl2, CC∆BH1, CC∆BH3 and
CC∆TM cells were markedly reduced in their cell proliferation compared with parental CC531,
neo-transfected CC531 and CC∆BH4 cells: the G0/G1-phase was statistically significantly increased
and S-phase fractions were decreased (Table 1). The largest reduction of proliferative activity was
observed in CCbcl2 and CC∆TM cells. Proliferative activity was much further reduced when cell
cultures had reached total confluence, to approximately similar levels in all cell lines (Table 1).

Analysis of GSH levels revealed that in 50% confluent cultures, GSH levels were approxim-
ately 1.5–2 times higher in cells transfected with full-length or truncated bcl-2 than in parental
cells, neo-transfected cells, or CC531 cells transfected with human bax (CCbax cells contained
24.3 ± 3.4 nmol GSH per mg protein). However, in CC∆BH4 cells, GSH levels were even more
increased and some 60% higher than the other bcl-2 transfectants. In 100% confluent cultures,
all CC531 cell lines contained very similar GSH levels, except for CC∆BH4 cells in which the
GSH level was higher than in other cell lines (Table 1 and Fig. 3).

We subsequently isolated nuclear fractions of 50% confluent bcl-2 transfected CC531 cell
lines as recently described (Hoetelmans et al. 2000) and evaluated Bcl-2 immunoreactivity in
the nucleus with the mAb #6C8. Nuclear lysates were loaded in such a manner that full-length
Bcl-2 expression was comparable with expression in whole cell lysate. No immunoreactivity
was found in parental, neo-transfected or bax transfected CC531 cells (data not shown), and no
19 kDa immunoreactivity was detected in any nuclear lysate. At equal protein loading, variable
intensities of immunoreactivity of the full-length or truncated Bcl-2 protein were found in the
nuclear fractions of the bcl-2 transfectants. Whereas nuclear Bcl-2-∆BH3 was abundantly
expressed, the intensity of the Bcl-2-∆BH4 band was extremely low (Fig. 4).

Figure 2. Expression of (truncated) human Bcl-2 protein in transfected rat CC531 cells. The expression of human
Bcl-2 on western blot is determined using the mAb #6C8: in parental CC531 cells and CC531 cells transfected with
the empty vector (CCneo cells), full length bcl-2 (CCbcl2 cells) or truncated bcl-2 gene constructs, missing the coding
sequence for the BH1 (CC∆BH1 cells), BH3 (CC∆BH3 cells), BH4 (CC∆BH4 cells), or the TM domain (CC∆TM
cells). Additionally, we include CC531 cells transfected with the human bax gene (CCbax cells). The 22 kDa immuno-
reactivity in CCbcl2 cells could reflect caspase-(like)-mediated cleavage of the Bcl-2 protein at Aspartate residue 34
(Asp34), releasing the BH4 domain. Note that this band appears at similar height on a nitrocellulose filter as the Bcl-2
protein missing the BH4 domain in CC∆BH4 cells. Immunoreactivity of 19 kDa in CCbcl2, CC∆BH3 (profoundly), and
to lesser extent in CC∆TM cells, might result from caspase-(like) cleavage at Asp64.
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Table 1. Cell cycle distribution (%) and GSH levels (nmol GSH/mg total cell protein) of 50 and 100% confluent
parental CC531 cell lines, neo-transfected CC531 cells, and CC531 cells transfected with full-length bcl-2 or truncated
bcl-2 gene constructs. aDenotes statistically significant differences in cell cycle distribution at 50 or 100% confluence
compared with parental CC531 cells and neo-transfected cells. Data represent mean ± SD. n = 4–10 for flow cytometric
analyses on 50% confluent cell lines, n = 3 for 100% confluent cell populations with all samples in duplicates. aDenotes
statistically significant differences in total GSH levels at either 50 or 100% confluence compared with parental CC531
cells and neo-transfected cells. bDenotes statistically significant differences in GSH levels within one cell line at 50 or
100% confluence. n = 4–6 with samples in duplicates. Data represent mean ± SD
  

  

50% confluence 100% confluence

Cell cycle GSH Cell cycle GSH

G0/G1 (%) S (%) G2/M (%) G0/G1 (%) S (%) G2/M (%)

CC531 15.6 ± 3.7 63.0 ± 2.7 21.4 ± 1.6 21.9 ± 2.1 54.1 ± 1.0 35.1 ± 0.9 10.8 ± 0.4 30.1 ± 2.3b

CCneo 17.3 ± 4.2 61.7 ± 3.9 21.0 ± 2.2 22.9 ± 0.8 54.3 ± 0.6 35.2 ± 0.6 10.5 ± 0.3 29.6 ± 2.7b

CCbcl2 35.5 ± 1.4a 46.1 ± 1.3a 18.4 ± 0.9 30.9 ± 2.0a 63.7 ± 1.4 23.9 ± 0.3 12.4 ± 1.0 30.0 ± 2.3
CC∆BH1 26.8 ± 2.9a 51.1 ± 1.4a 22.1 ± 1.5 28.4 ± 4.0a 51.9 ± 0.5 38.0 ± 0.4 10.1 ± 0.2 31.7 ± 4.0
CC∆BH3 25.5 ± 2.4a 51.5 ± 3.4a 23.0 ± 1.3 32.8 ± 2.2a 56.4 ± 0.4 31.3 ± 5.0 12.3 ± 1.4 28.2 ± 1.4b

CC∆BH4 19.2 ± 2.7 60.9 ± 0.9 19.9 ± 1.3 48.5 ± 7.9a 59.8 ± 0.5 33.4 ± 2.0 6.8 ± 1.2 41.9 ± 1.9a

CC∆TM 29.3 ± 5.7a 49.1 ± 3.9a 21.6 ± 2.8 37.0 ± 4.1a 61.2 ± 1.4 31.5 ± 0.7 7.3 ± 0.3 27.8 ± 2.3b

Figure 3. Correlation between growth and cellular GSH levels in parental CC531 cells and bcl-2 transfectants.
GSH levels and cell cycle distribution (based on the G0/G1-phase fraction) of parental CC531 cells and bcl-2 transfected
cell lines are plotted. Fifty per cent confluent cell lines are denoted with large icons, 100% confluent cell lines with
smaller icons. The dotted line indicates a (presumed) steady-state level.

Figure 4. Expression of (truncated) human Bcl-2 protein in isolated nuclear fractions of transfected CC531 cells.
Western blot analysis is performed on isolated nuclear fractions of CCbcl2, CC∆BH1, CC∆BH3, CC∆BH4 and CC∆TM
cells.
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DISCUSSION

It has been reported that transfection of cells with the antiapoptotic bcl-2 gene may lead to
an increase of GSH levels (Ellerby et al. 1996; Meredith et al. 1998; Rimpler et al. 1999;
Voehringer 1999; Schor et al. 2000; Vahrmeijer et al. 2000). Our data on exponentially growing
cells, presented in Table 1, seemed to confirm this. However, the finding that 100% confluent
cultures of parental and neo-transfected cells showed the same GSH levels as cultures of most
bcl-2 transfected cells (both at 50% and 100% confluence) indicates that Bcl-2 does not up-
regulate GSH synthesis, but rather may prevent the characteristic decrease in GSH levels during
the exponential growth phase (Atzori et al. 1990; Hutter et al. 1997). We illustrated this in
Fig. 3: the cellular GSH levels in 50% confluent parental and neo-transfected CC531 cells (G0/
G1-phase fraction of c. 15%) were significantly lower than those in less rapidly dividing cell
populations (starting already at G0/G1-phase fractions of c. 25%), with the exception of
CC∆BH4 cells. This raises the question of whether increased GSH levels in some bcl-2 trans-
fectants reflects reduced mitotic activity in these cells or, alternatively, reduced cellular growth
might follow from these relatively high levels of GSH. Regardless of the scenario, these data
support a significant role for an overexpression of the Bcl-2 protein in both cell cycle control
and GSH levels.

Reduction of proliferative activity and elevation of cellular GSH levels is comparable among
50% confluent CCbcl2, CC∆BH1, CC∆BH3 and CC∆TM cells. This suggests that both charac-
teristics do not depend on the presence of the BH1, BH3, or TM domain of the Bcl-2 protein.
The finding that CC∆BH4 cells at 50% confluence are not reduced in proliferative activity
compared with control CC531 cells, supports earlier findings of Huang et al. (1997), i.e. that
the BH4 domain is required for cell growth reduction. Despite the comparable G0/G1-phase
fractions in CC∆BH4, control CC531 and neo-transfected CC531 cells, control of modulation
of GSH levels in CC∆BH4 cells seems to be lost: GSH levels in 50 and 100% confluent CC∆BH4
cells even exceed those of the other bcl-2 transfectants.

The N-terminal BH4 domain of Bcl-2 interacts, among others, with redox-sensitive tran-
scription factors such as NF-κB in the cytoplasm (Nakamura et al. 1997). Like Bcl-2, NF-κB
activation differentially regulates cell cycle progression and apoptosis as was demonstrated in B
lymphocytes (Grumont et al. 1998). Hour et al. (2000) and Ivanov et al. (1995) demonstrated
competitive binding of Bcl-2 – through its BH4 domain – with NF-κB, impairing its activation.
Lack of association of Bcl-2∆BH4 with NF-κB in the cytoplasm might result in increased pools
of freely moving Bcl-2∆BH4, enhancing its potential of increasing GSH levels. Interestingly,
Hour et al. (2000) presented data that confirmed the presence of the Bcl-2- NF-κB complex in
nuclear fractions of NIH3T3 cells. The authors speculated that Bcl-2, when located in the
nucleus, may play a role in cell cycle control or apoptosis.

We recently demonstrated that the Bcl-2 protein resides in interphase nuclei of rat CC531
cells following transfection of the corresponding gene (Hoetelmans et al. 2000). In the present
study, we found that Bcl-2-∆BH4 is expressed only at very low levels in the nucleus. Although
the cytoplasmic expression of Bcl-2-∆BH4, as detected on a western blot with mAb #6C8, was
low compared with full-length Bcl-2, it was similar to that of Bcl-2-∆BH1. Nevertheless,
CC∆BH1 cells showed a significantly less proliferative activity than CC∆BH4 cells. These data
indicate that the nuclear presence of Bcl-2 requires the presence of the BH4 domain and might
explain the lack of reduced proliferation as observed in CC∆BH4 cells. Interestingly, in this
context, Voehringer et al. (1998) demonstrated increased nuclear GSH levels in bcl-2-transfected
HeLa cells. We confirm this observation in preliminary experiments showing that GSH levels
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in isolated nuclear fractions of 100% confluent parental and neo-transfected CC531 cells
increased from, respectively, 1.9 ± 0.5 and 1.8 ± 0.6 nmol/mg protein to 7.5 ± 0.6 and 7.0 ± 0.2
in 50% confluence. Whereas nuclear GSH levels in CC∆BH4 cells resembled these of control
cells, nuclear GSH levels in CCbcl2 cells remained between 5 and 6 nmol/mg protein regardless
the proliferative state. These data suggest orchestration of nuclear GSH levels by nuclear residing
Bcl-2 that might relate to control of cell proliferation.

The human Bcl-2 protein, as overexpressed in CC531 cells, is present in several forms,
reflected in western blots as a minor band at 22 kDa and a major band at 19 kDa. In cells under-
going apoptosis, the emergence of a 22-kDa form has repeatedly been described (Cheng et al.
1997; Fadeel et al. 1999) and it is generally accepted that this cleavage product results from cas-
pase activity (with a pivotal role for caspase-3). Interestingly, Yamamoto et al. (1998), who
applied the same mAb #6C8, reported a Bcl-2 cleaving activity (directed at the N-terminal
domain), yielding a product of appoximately 19 kDa. This Bcl-2 fragment was found up-
regulated following apoptosis-induction and was constitutively present in lymphoid cells (Yamamoto
et al. 1998). Cleavage at the Asp64 residue is a likely candidate for yielding this 19 kDa Bcl-2
fragment (Fig. 1). Although we cannot exclude the possibility that the 22 kDa band detectable
in CCbcl2 cells could reflect a subpopulation of apoptotic cells, the abundant presence of
19 kDa Bcl-2 is unlikely to be related to the process of apoptosis. For instance, in whole cell
lysates of CC∆BH3 cells, the majority of Bcl-2-∆BH3 is the 19 kDa form and these cells did
not show signs of massive apoptosis. If not related to apoptosis, one could hypothesize that this
type of Bcl-2 cleavage is related to the proliferation-inhibiting property of Bcl-2.

In conclusion, our data indicate that proliferating parental and neo-transfected CC531 cells
show lower GSH levels than non-proliferating cells. Increased GSH levels in cells with an over-
expression of the anti-apoptotic protein Bcl-2 may reflect (or may lead to) a reduction of cellular
proliferation and does not depend on functional presence of the BH1, BH3 or TM domain.
Transfection of CC531 cells with a bcl-2 gene construct missing its N-terminal BH4 coding
sequence does not inhibit cellular proliferation and impairs nuclear translocation of Bcl-2.
Surprisingly, these cells harbour significantly increased GSH levels at both 50 and 100%
confluence.
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