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From the Departments of Obstetrics and Gynecology,* Internal

Medicine,† and Pathology,‡ Comprehensive Cancer Center,

University of Michigan Medical School, Ann Arbor, Michigan

Bcl-xL, a prosurvival member of the Bcl-2 family that
is expressed in many tumors, represses apoptosis
induced by chemotherapeutic drugs in vitro. How-
ever, the contribution of apoptosis and prosurvival
Bcl-2-related proteins to chemotherapy resistance in
vivo is unknown and has been challenged by recent
results with clonogenic survival assays. To test the
ability of Bcl-xL to provide chemotherapy resistance
to tumors, we transfected the mouse bcl-xL gene into
the tumorigenic SCK mammary cell line and assessed
the response of tumor cells to chemotherapeutic
drugs in clonogenic assays and in a syngeneic mouse
model. Bcl-xL conferred protection on SCK cells
against methotrexate at certain drug concentrations,
but not at all against 5-fluorouracil in clonogenic sur-
vival assays in vitro. Injection of SCK cells transfected
with Bcl-xL or control plasmid in the mammary fat
pads of syngeneic recipient mice resulted in tumors
of similar size. However, although the volume of con-
trol tumors regressed up to 80% after 4 to 5 days of
chemotherapy, SCK tumors expressing Bcl-xL did not
regress and continued to grow in the presence of
methotrexate or 5-fluorouracil. In addition, numbers
of apoptotic cells were significantly higher in control
tumors as compared to Bcl-xL-expressing tumors in
animals treated with methotrexate or 5-fluorouracil.
These results provide evidence that inhibition of ap-
optosis through Bcl-xL overexpression can promote
resistance to chemotherapy in tumors in vivo. (Am J
Pathol 1999, 155:1861–1867)

The treatment of cancer cells with chemotherapy and
irradiation is limited by the emergence of cancer cells
resistant to these therapies. Frequently, many tumors

respond to chemotherapy during initial treatment but de-
velop a multidrug resistance phenotype with continued
therapy. The molecular events responsible for this resis-
tance remain largely unknown. Overexpression of the
P-glycoprotein and other members of the ATP-binding
cassette (ABC) superfamily has been shown to induce
multidrug resistance.1–3 However, development of multi-
drug resistance is often observed in the absence of ABC
protein overexpression,4,5 suggesting that other mecha-
nisms play a role in drug resistance. Another mechanism
responsible for this pleotropic drug resistance may in-
volve expression of antiapoptotic proteins, as multiple
chemotherapy drugs have been shown to kill tumor cells
by apoptosis.6,7 Members of the Bcl-2 family of proteins
are important regulators of apoptosis induced by a wide
array of stimuli, including chemotherapeutic agents.8–10

Two members of this family, Bcl-2 and Bcl-xL, function as
repressors of cell death and are expressed in a wide
variety of human tumors derived from epithelial, hemato-
poietic, and soft tissue lineages.11 Expression levels of
Bcl-2-related proteins change as tumors become less
differentiated, or after treatment,12–15 suggesting that ex-
pression of Bcl-2 family members may play an important
role in tumor progression and/or resistance to therapy.
Although the precise mechanism by which Bcl-2 and
Bcl-xL inhibit apoptosis is controversial, it is thought that
these prosurvival proteins act by interfering with the ac-
tivation of initiator (upstream) caspases.16 Because che-
motherapeutic drugs induce caspase activation,17,18

Bcl-2 and Bcl-xL may inhibit chemotherapy-induced apo-
ptosis, at least in part, by repressing chemotherapy-
induced caspase activity. However, it remains to be de-
termined whether inhibition of apoptosis in tumor cells
could lead to resistance to chemotherapy in vivo.
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Because Bcl-2 and Bcl-xL can inhibit chemotherapy-
induced apoptosis in vitro, it has been suggested that the
expression of these proteins plays a role in chemother-
apy resistance. However, the contribution of Bcl-2 and
Bcl-xL to tumor chemotherapy resistance remains un-
clear. Bcl-2 expression has been associated with poor
response to chemotherapy in acute myeloid leuke-
mia19,20 and large-cell lymphoma.21,22 Yet the signifi-
cance of Bcl-2 or Bcl-xL expression is complicated by the
observation that these survival proteins inhibit chemo-
therapy- and irradiation-induced apoptosis in short-term
assays, but in certain systems do not affect clonogenic
survival of tumor cells in vitro.23–25 These observations
suggest that the antiapoptotic effect of Bcl-2 may not
necessarily translate into increased survival of tumor cells
in vivo, as the capacity of Bcl-2 or Bcl-xL to modulate
chemotherapy-induced apoptosis in growing tumors re-
mains to be determined. In the present study, we have
expressed Bcl-xL in the murine mammary adenocarci-
noma cell line SCK and determined the ability of Bcl-xL to
regulate the response of tumor cells to chemotherapy in
clonogenic assays in vitro and in vivo using a syngeneic
mouse model.

Materials and Methods

Cell Culture and Transfection

SCK mouse mammary carcinoma cells,26 kindly provided
by Dr. C. W. Song of the University of Minnesota, were
cultured in RPMI 1640 medium supplemented with 10%
fetal calf serum, 2 mmol/L L-glutamine, and 100 mg/ml
streptomycin. SCK cells (5 3 106) were transfected using
lipofectamine (Gibco BRL, Rockville, MD) with 6 mg of the
pSFFV-m-Bcl-xL to produce Flag-tagged mouse Bcl-xL

27

or control pSFFV plasmid (Invitrogen, Carlsbad, CA).
pcDNA-3-m-Bcl-xL was constructed by ligation of Flag-
tagged mouse Bcl-xL cDNA into the plasmid pcDNA-3
(Invitrogen). Authenticity of the constructs was confirmed
by dideoxy sequencing. Individual cell clones were se-
lected for growth in the presence of G418 (0.5 mg/ml) by
limiting dilution. Expression of Flag-Bcl-xL in single cell
clones was analyzed by flow cytometry using anti-Flag
and protein expression was confirmed by Western blot
analysis as described below.

Clonogenic Survival Assay

Cells were seeded in rows of 750, 250, and 100 cells/well
in 6-well plates (Costar, Corning, NY) and further incu-
bated for 18 hours. Concentrated stock solutions of meth-
otrexate and 5-fluorouracil were serially diluted and
added to each of the rows. After a 6-hour exposure, the
medium was aspirated and the wells were washed in
drug-free medium for 1 hour, followed by a 10-day incu-
bation in drug-free medium to allow colony formation. At
the end of this incubation, medium was aspirated and the
cells were fixed and stained by the addition of 0.5%
methylene blue in 50% ethanol for 45 minutes at room
temperature. The plates were gently washed with water

and allowed to air-dry. Visible colonies were counted to
determine the percent colony formation of plated cells for
each drug treatment. Colony formation percentages for
each drug treatment were compared to colony-formation
values of untreated controls. Values were expressed as
the mean 6 SE from triplicate experiments.

Western Blot

The expression of Flag-murine Bcl-xL was determined by
Western blot analysis as described previously28 using
anti-Flag mAb (5 mg/ml). After incubation with rabbit anti-
mouse IgG secondary antibody, the reaction was devel-
oped by enhanced chemiluminescense using the ECL kit
(Amersham, Arlington Heights, IL) and exposed to film
(Eastman Kodak).

Apoptosis Assays

For in vitro apoptosis assays, cells were seeded at 1 3
105 cells in triplicate wells in media containing methotrex-
ate 1 mg/ml (Immunex, Seattle, WA) or 5-fluorouracil 1
mg/ml (Hoffman-LaRoche, Nutley, NJ). The percentage of
apoptotic cells was determined at different time points in
triplicate cultures by nuclear propidium iodide staining
followed by flow cytometric analysis as described previ-
ously.28 Results were based on the analysis of at least
5 3 104 events from each triplicate culture. Values were
expressed as the mean 6 SE from triplicate cultures.
Apoptosis in tumors was evaluated by analysis of tumor
sections stained with hematoxylin and eosin using histo-
logical criteria as described.29 Apoptosis was quanti-
tated in 10 consecutive high power fields (HPF; 403 lens
objective) in each tumor sample. Number of apoptotic
cells was evaluated in viable tumor at the outer cortex of
the tumor mass in a blinded fashion. Each HPF consisted
of solid sheets of tumor cells, with the same approximate
number of cells noted in both control and Bcl-xL express-
ing tumors. Number of mitotic figures per HPF were quan-
titated in a similar fashion.

Establishment of Tumors and Measurement of
Tumor Volume

SCK tumors were established in syngeneic female A/J
mice as described above. The incision was closed with
wound clips and tumors were allowed to grow for 9 to 10
days. Methotrexate (0.9 mg/kg/day) or 5-fluorouracil (23
mg/kg/day) diluted in sterile normal saline was adminis-
tered intraperitoneally (i.p.) q.d. 3 3 to 4 days. Control
animals received sterile normal saline alone, and tumor
measurements were taken in parallel. Tumor volume was
measured every day with linear calipers and calculated in
cubic millimeters as (a 3 b2/2), where a is the larger
diameter and b the smaller diameter of the tumor.

Statistical Analysis

For in vitro chemotherapy-induced death assays, statisti-
cal significance was calculated by two-way analysis of
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variance using SYSTAT software (Chicago, IL). For in vivo
chemotherapy response assays, statistical significance
was calculated using a general linear model with two-way
analysis of variance. Post hoc comparisons of mean val-
ues from different groups using Bonferroni adjustment
were performed for both in vitro and in vivo assays.

Results

Bcl-xL Inhibits Apoptosis of SCK Breast
Carcinoma Cells Treated with Methotrexate and
5-Fluorouracil in Vitro

We selected the SCK mammary mouse tumor model to
assess the ability of Bcl-xL to promote chemotherapy
resistance in vivo, as SCK carcinoma cells were derived
spontaneously and established as tumors in the absence
of any exposure to chemotherapeutic drugs.26 Further-
more, SCK form tumors in female syngeneic A/J hosts,
which mimics the clinical setting more closely than xeno-
graft models. Before determining the ability of Bcl-xL to
regulate chemotherapy resistance of tumors in the ani-
mal, we determined if Bcl-xL provides protection to SCK
carcinoma cells against chemotherapy-induced apopto-
sis in vitro. In these experiments, we used one of two
different Bcl-xL expression plasmids, pSFFV- Bcl-xL or
pcDNA3-Bcl-xL, to overexpress Flag-tagged mouse Bcl-
xL. As a control, we transfected SCK cells with the cor-
responding empty vectors. After selection in G418, three
independently derived SCK clones that stably overex-
press Bcl-xL were identified (Figure 1A). All three Bcl-xL

clones exhibited reduced apoptosis after incubation
5-fluorouracil (Figure 1B) and methotrexate (Figure 1C),
two drugs commonly used to treat patients with breast
cancer, when compared with SCK clones transfected
with control plasmids. These results are in agreement
with a large body of evidence indicating that Bcl-xL in-
hibits or delays chemotherapy-induced apoptosis of tu-
mor cells in short-term assays in vitro.8–10

Bcl-xL Has Little or No Significant Effect on the
Clonogenic Survival of SCK Cells Treated with
Methotrexate or 5-Fluorouracil

The clonogenic ability of tumor cells is thought to be a
more reliable assay than short-term survival in predicting
the response of tumor cells to chemotherapy in vivo. We
determined next whether Bcl-xL would provide increased
clonogenic survival in vitro after transient exposure to
chemotherapeutic drugs. SCK cells expressing Bcl-xL, or
control cells stably transfected with control plasmid, were
treated with increasing concentrations of methotrexate,
5-fluorouracil, or vehicle control for 6 hours, then washed
and cultured in drug-free medium to permit colony for-
mation. Colonies that formed in triplicate cultures after 10
days were stained with methylene blue and counted. The
ability of both SCK-Bcl-xL and control SCK-pSFFV cells to

form colonies declined after treatment with methotrexate
or 5-fluorouracil in a dose-dependent manner when com-
pared to untreated cells (Figure 2, A and B). In three
separate experiments, Bcl-xL-expressing cells demon-
strated significantly increased colony formation after ex-
posure to certain concentrations of methotrexate when
compared to control cells (Figure 2A), but Bcl-xL did not
have any significant effect on colony formation at any
5-fluorouracil concentration (Figure 2B).

Figure 1. Effects of Bcl-xL expression on viability of SCK cells exposed to
chemotherapy. A: Western blot analysis of Flag-tagged murine Bcl-xL. Clone
46 was derived after transfection with pSFFV-Bcl-xL and clones 3 and 15 with
pcDNA3-Bcl-xL. Lysates from clones from SCK transfected with the corre-
sponding control plasmids pSFFV and pcDNA3 are shown as controls. Pro-
tein lysates were immunoblotted for Flag. B: Viability analysis of SCK clones
expressing Bcl-xL and control plasmids after continuous exposure to 5-flu-
orouracil (1 mg/ml). C: Viability analysis of SCK clones expressing Bcl-xL and
control plasmids after continuous exposure to methotrexate (1 mg/ml).
Percent viability represents the percentage of nonapoptotic cells at each time
point after addition of each chemotherapy drug as measured by flow cyto-
metric analysis of nuclei stained with propidium iodide. All values represent
the mean 6 SE from triplicate cultures. The experiments shown are repre-
sentative of at least three individual experiments. Differences in viability
between SCK-Bcl-xL and SCK control clones were significant (P , 0.00001).
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Bcl-xL Confers Chemotherapy Resistance to
SCK Tumors in Vivo

To determine whether expression of Bcl-xL would confer
resistance to chemotherapy in vivo, we used SCK murine
mammary adenocarcinoma cells grown in female synge-
neic A/J recipient mice as an in vivo tumor model. Dose-
response experiments revealed that i.p. injections of
methotrexate at 0.9 mg/kg/day or 5-fluorouracil at 23
mg/kg/day were optimal to assess the response of SCK
tumors to chemotherapy (data not shown). We injected
1 3 106 SCK cells stably transfected with Bcl-xL or con-
trol plasmid in the right and left mammary fat pads of the
same mice to adequately control for the amount of che-
motherapy given to both groups of tumors. Tumors aver-
aging 60 mm3 were established by day 8 to 9 after
injection of 1 3 106 SCK cells transfected with Bcl-xL or
control plasmid into the mammary fat pads. No significant
difference in volume was observed between tumors es-
tablished from SCK-Bcl-xL and SCK-control plasmid
(59.5 6 28 versus 61.9 6 27 mm3, n 5 27). Mice bearing
SCK tumors expressing Bcl-xL (one mammary pad) and
control plasmid (contralateral mammary pad) were
treated with daily i.p. injections of 5-fluorouracil or meth-
otrexate, two chemotherapeutic drugs commonly used to
treat mammary cancers. Tumors derived from SCK cells

transfected with Bcl-xL (clone 46) were significantly
larger than control tumors after treatment with daily injec-
tions of 5-fluorouracil (Figure 3A). Quantitative analysis
revealed that tumors derived from SCK transfected with
control plasmid decreased to 20 to 30% of the original
tumor volume by day 2, and to less than 20% by day 4
after daily i.p. administration of 5-fluorouracil (Figure 3B).
In contrast, tumors derived from SCK cells expressing
Bcl-xL cells were resistant to 5-fluorouracil in that they
continued to increase in volume over 200% in the pres-
ence of the drug (Figure 3B). Mice harboring SCK tumors
expressing Bcl-xL had to be sacrificed by day 6 or 7 after
administration of chemotherapy due to large tumor
burden.

To determine whether the ability of Bcl-xL to confer
resistance of tumors to 5-fluorouracil could be extended
to other chemotherapeutic drugs, we analyzed the sus-
ceptibility of Bcl-xL-expressing and control SCK tumors to
methotrexate. Tumors from SCK cells transfected with
Bcl-xL or control plasmid grew at the same rate in vivo in
the absence of methotrexate (Figure 4A). As we ob-
served with 5-fluorouracil, tumors derived from SCK cells
transfected with Bcl-xL (clone 46) continued to increase
in volume, whereas control SCK tumors decreased by
day 2 and 3 after drug administration (Figure 4, A and B).
To further verify these observations, we assessed the

Figure 2. Clonogenic ability of SCK cells expressing Bcl-xL and control. SCK-Bcl-xL (clone 46) and SCK-pSFFV cells were seeded in rows of 750, 250, and 100
cells/well in 6-well plates and incubated with increasing concentrations of methotrexate (A) or 5-fluorouracil (B). After a 6-hour exposure, the medium was
aspirated and the wells were washed in drug-free medium for 1 hour, followed by a 10-day incubation in drug-free culture medium to allow colony formation.
Colonies were fixed and stained by the addition of 0.5% methylene blue. Visible colonies were counted to determine the percent colony formation of plated cells
for each drug treatment. Colony formation percentages for each drug treatment were compared to colony formation values of untreated controls. Values are
expressed as the mean 6 SE from triplicate cultures. Differences in colony formation between SCK-Bcl-xL and SCK-pSFFV clones were significant only at
concentrations of 5, 10, and 25 mg/ml (P , 0.01). There was no statistical difference in colony formation between SCK-Bcl-xL and SCK-pSFFV control after
treatment with any concentration of 5-fluorouracil (P . 0.1).
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susceptibility to methotrexate of tumors derived from two
additional SCK-Bcl-xL clones (clones 3 and 15) and two
SCK control clones (clones 3.3 and 3.15). Tumors estab-
lished from SCK-Bcl-xL clones were resistant to chemo-
therapy when compared with SCK clones transfected
with empty vector (Figure 4B). These results indicate that
these observations with Bcl-xL are not due to clonal vari-
ation in that they could be reproduced in three indepen-
dently derived clones.

Bcl-xL Inhibits Apoptosis in Vivo

To determine whether expression of Bcl-xL would inhibit
chemotherapy-induced apoptosis in vivo or if the in-
crease in volume seen in Bcl-xL-expressing tumors was
due to increased mitotic activity, we assessed the num-
ber of apoptotic cancer cells in histological sections of
SCK tumors. 1 3 106 SCK cells transfected with Bcl-xL or
control plasmid in the right and left mammary fat pads of
the same syngeneic A/J mice were established, and the
mice were treated with daily injections of i.p. methotrex-
ate or 5-fluorouracil. Tumors were excised at day 0 and

day 5 or 6 of treatment. Numbers of apoptotic cells were
significantly higher in control tumors by day 5 or 6 of
treatment as compared to Bcl-xL-expressing tumors in
animals treated with methotrexate or 5-fluorouracil (Fig-
ure 5, A and B). Numbers of mitotic figures in control
tumors were not significantly different from those in Bcl-
xL-expressing tumors at day 0 and day 5 or 6 (data not
shown).

Discussion

The results presented here demonstrate that overexpres-
sion of Bcl-xL promotes resistance of mammary cancer
cells to chemotherapy in a syngeneic mouse model, sug-
gesting that this protein may confer a similar function on
primary tumors overexpressing Bcl-xL in humans. A large
variety of human tumors derived from different tissues
including the breast express Bcl-xL.30 Significantly, ex-
pression of Bcl-xL in primary breast tumors has been

Figure 3. Response of SCK tumors expressing Bcl-xL to 5-fluorouracil. A:
Tumors were established by injection of 1 3 106 SCK-Bcl-xL cells (clone 46)
or 1 3 106 SCK-pSFFV cells (control) into the left or right mammary fat pads
of syngeneic recipient mice. After 8 days, mice bearing tumors were injected
i.p. with 23 mg/kg/day of 5-fluorouracil daily. Tumors were excised from 5
representative mice and photographed. B: Growth of tumors established
from clone Bcl-xL clone 46 and pSFFV in the presence and absence of
5-fluorouracil. Female A/J mice were treated with i.p. 5-fluorouracil (5-FU)
daily. Tumor measurements were taken daily (after initiation of chemother-
apy) with calipers, and tumor volumes were calculated as indicated in
Materials and Methods. To control for variation in tumor volume before
chemotherapy, tumor volume at day 1 of chemotherapy was considered as
100%. Values represent the mean 6 SE from 9 recipient mice, each bearing
a SCK-Bcl-xL and a SCK-pSFFV control tumor. The difference in volume
between SCK-Bcl-xL and SCK-pSFFV control tumors was significant
(P , 0.05).

Figure 4. Response of SCK tumors expressing Bcl-xL to methotrexate. A:
Response to chemotherapy of SCK tumors established from Bcl-xL (clone 46)
and control pSFFV plasmid. Female A/J mice recipients were treated with i.p.
methotrexate 0.9 mg/kg/day for 3 days with sterile saline alone as a control.
Tumor measurements were taken daily (after initiation of chemotherapy)
with calipers, and tumor volumes were calculated as indicated in Materials
and Methods. Values represent the mean 6 SE from 10 recipient mice
(treated with methotrexate) or 5 recipient mice (untreated), each bearing a
SCK-Bcl-xL and a SCK-pSFFV control tumor. The difference in volume be-
tween SCK-Bcl-xL and SCK-pSFFV control tumors was significant (P , 0.05).
There was no statistical difference between SCK-Bcl-xL tumors treated with
methotrexate and untreated SCK-pSFFV control tumors. B: Response to
chemotherapy of SCK tumors established from Bcl-xL clones (clones 3 and
15) and plasmid control clones (clones pcDNA 3.3 and 3.15). Female A/J
mice were treated with i.p. methotrexate at 0.9 mg/kg/day for 4 days. Values
represent the mean 6 SE from 3 recipient mice in each group, each bearing
a SCK-Bcl-xL and a SCK-pcDNA3 control tumor. The difference in volume
between SCK-Bcl-xL and SCK-pcDNA3 control tumors was significant
(P , 0.001).
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associated with poor prognosis,30 suggesting that Bcl-xL

plays a role in tumor progression or response to therapy.
To our knowledge, this is the first demonstration that a
prosurvival Bcl-2 family member can promote resistance
of tumor cells to chemotherapy in vivo. The results ob-
tained here with Bcl-xL may also apply to Bcl-2, as both of
these structurally related proteins are thought to share a
common mechanism that inhibits apoptosis.16 Signifi-
cantly, expression of Bcl-2 and Bcl-xL in untreated pri-
mary tumors is often focal, with only a subset of the tumor
cells expressing high levels of these proteins.12–15,30 A
prediction from our results is that chemotherapy would
select for tumor clones that overexpress Bcl-2 or Bcl-xL.
Consistent with this hypothesis, the percentage of tumor
cells that express Bcl-2 and/or the intensity of Bcl-2 stain-
ing increases after chemotherapy in primary tu-
mors,12,13,19,20 and selection of SCC 25 squamous car-
cinoma cells for resistance to chemotherapy in vitro is
associated with expression of Bcl-xL.31

An important observation derived from these studies is
the lack of correlation between the ability of Bcl-xL to
affect clonogenic survival in vitro and tumor growth in vivo
after chemotherapy. This was particularly observed with
the response of SCK tumor cells to 5-fluorouracil. In vivo,
tumor cells receive signals from locally produced growth
and survival factors, as well as from stromal and cell-to-
cell interactions. Because proteins like Bcl-xL are thought
to regulate an intracellular survival threshold critical for
the induction of apoptosis, these tissue signals are likely
to play an important role in determining the apoptotic
response in vivo. In addition, clonogenic ability in vitro and
tumor growth in vivo require signals that promote both
survival and cell cycle progression. Methotrexate and
5-fluorouracil induce both cell cycle arrest and apoptosis
in tumor cells.32 Bcl-xL is thought to function primarily to
block apoptotic signals.16 Indeed, we have found that
Bcl-xL-expressing tumors exhibit diminished apoptosis
as compared to control tumors in animals treated with
methotrexate and 5-fluorouracil. By inhibiting apoptosis,
Bcl-xL may allow tumor cells to receive signals required
to overcome cell cycle arrest induced by chemotherapy
drugs. Consistent with this thesis, CD40 ligation and in-
terleukin-4 have been shown to act with Bcl-2 to increase
clonogenicity of lymphoma cells.33 Thus, Bcl-xL may co-
operate with signals provided by the tumor microenviron-
ment to promote tumor growth in the presence of chemo-
therapy. Alternatively, to function, Bcl-xL may require
signals that are provided in vivo, but not in vitro. These
signals may include phosphorylation or other posttran-
scriptional modifications of Bcl-xL itself or that of Bcl-xL

regulatory proteins.16 For example, phosphorylation of
BAD, an inhibitor of Bcl-xL, is regulated by growth factors
and this regulation might be lacking or diminished in
vitro.34,35

Chemotherapy resistance in tumor cells is complex
and involves many mechanisms that depend in part on
the specific drug being used. The contribution of the
apoptotic pathway to chemotherapy resistance in tumors
is unclear. Our results with Bcl-xL suggest that inhibition
of the apoptotic process is an important cause of che-
motherapy resistance in vivo. The mechanism by which
Bcl-xL and Bcl-2 promote chemotherapy resistance is
different from classical drug-target interactions in that
these survival proteins provide a multidrug resistance
phenotype. The broad-range drug resistance effect of
Bcl-2 and Bcl-xL can be explained by their ability to act at
a common step in the apoptotic pathway.16 In addition to
prosurvival Bcl-2 family members, several proteins have
been identified that inhibit apoptosis and are expressed
in primary tumor cells. They include cellular FLIP36 and
survivin,37,38 proteins that may inhibit apoptosis by se-
lectively targeting caspases.36–38 Thus, in addition to
Bcl-2-related proteins such as Bcl-xL, it is likely that sev-
eral antiapoptotic proteins contribute to chemotherapy
resistance in primary tumors. Further work should provide
insight into the contribution of these apoptosis inhibitors
to clinical drug resistance, which may lead to the devel-
opment of novel approaches to counter such resistance.

Figure 5. Effects of Bcl-xL expression on apoptosis in SCK tumors. A: Re-
sponse to chemotherapy of SCK tumors established from Bcl-xL (clone 46)
and control pSFFV plasmid. Female A/J mice recipients were treated with i.p.
5-fluorouracil 23 mg/kg/day for 6 days with sterile saline alone as a control.
Values represent the mean 6 SE from 3 recipient mice at day 0 and from 7
recipient mice at day 6, each bearing a SCK-Bcl-xL and a SCK-pSFFV control
tumor. The difference in number of apoptotic cells/HPF between SCK-Bcl-xL

and SCK-pSFFV control tumors after chemotherapy was significant (P ,
0.001). B: Response to chemotherapy of SCK tumors established from Bcl-xL

(clone 46) and control pSFFV plasmid. Female A/J mice recipients were
treated with i.p. methotrexate 0.9 mg/kg/day for 5 days with sterile saline
alone as a control. Values represent the mean 6 SE from 3 recipient mice at
day 0 and from 5 recipient mice at day 5, each bearing a SCK-Bcl-xL and a
SCK-pSFFV control tumor. The difference in number of apoptotic cells/HPF
between SCK-Bcl-xL and SCK-pSFFV control tumors was significant
(P , 0.001).
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27. González-Garcı́a M, Ballestero R, Ding L, Duan L, Boise L, Duan L,
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