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ABSTRACT

The addition of B-cell lymphoma 2 (Bcl-2) antisense to dacarbazine in
the treatment of metastatic melanoma demonstrates improved response
rates and progression-free survival when compared with dacarbazine
alone. Studies on small cohorts of melanoma patients have shown varia-
bility in Bcl-2 expression (60%-96% positive). We performed quantitative
analysis of Bcl-2 expression in a large patient cohort to assess the associ-
ation with outcome.

Tissue microarrays containing intact melanoma specimens represent-
ing 402 patients (339 with associated survival data) were analyzed with
our AQUA system for automated quantitative analysis. Automated, quan-
titative analysis uses S100 to define pixels as melanoma (tumor mask)
within the array spot and measures intensity of Bcl-2 expression using a
Cy5 conjugated antibody within the mask. A continuous index score is
generated, which is directly proportional to the number of molecules per
unit area. Scores were divided into quartiles and correlated with clinical
variables.

High Bcl-2 expression was associated with better outcome in the entire
cohort and among metastatic specimens only (P = 0.004 and P = 0.015,
respectively). Expression was higher in primary than in metastatic spec-
imens (P < 0.0001). There was no association between Bcl-2 expression
and Breslow depth or Clark level.

The diverse results within the literature may be due to use of small
cohorts or variability in staining technique. These results suggest studies
are needed to evaluate the association between quantitative assessment of
Bcl-2 expression and response to Bel-2 targeting therapy toward the goal
of improved response rates to these drugs.

INTRODUCTION

The incidence of cutaneous melanoma in the United States has
doubled every 10 years for the past 50 years, with 53,600 new cases
in 2002. Currently, melanoma is the malignancy with the highest rise
in incidence (1). This increase in incidence, compounded by the lack
of effective therapy for advanced melanoma, underscores the dire
need for improved methods of stratifying and treating patients with
metastatic melanoma.

Melanoma is notoriously chemotherapy and radiation therapy re-
sistant. Various chemotherapeutic agents have activity in metastatic
melanoma, albeit with disappointingly low response rates of <25%
for any single agent or combination of agents (2—6). No drug has
improved overall survival when compared with observation (3).
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Dacarbazine, the most commonly used agent in the United States,
induces a response in 15% to 25% of patients.

One of the likely reasons for failure in treating metastatic mela-
noma has been the lack of specificity of the drugs given for malignant
melanocytes. A recently completed multicenter Phase I1I clinical trial
conducted by Genta Corporation and Aventis Pharmaceuticals
(Bridgewater, NJ) randomized patients to receive either dacarbazine
alone or dacarbazine and Bcl-2 antisense (G3139, oblimersen sodium,
Genta Corporation, Berkeley Heights, NJ). Superior response rates
(P = 0.019), progression-free survival rates (P = 0.001), and 12-
month survival rates (P = 0.035) were seen for patients treated with
G3139 and dacarbazine, with no significant additional toxicity. The
median survival rates on the two arms of the study were not signifi-
cantly different (P = 0.184).%

B-cell lymphoma 2 (Bcl-2) is a protein that was first described in
association with a chromosomal translocation in follicular B-cell
lymphoma (7). Bcl-2 belongs to a family of proteins that regulates
apoptosis. The Bcl-2 protein blocks apoptosis, via the intrinsic path-
way, by inhibiting the release of cytochrome C from mitochondria,
thus preventing caspase-9 activation (8). The release of cytochrome C
into the cytosol triggers a cascade of events that results in compromise
of the outer mitochondrial membrane potential, thereby initiating
apoptosis (9). Members of the Bcl-2 family are known to be either
pro- or antiapoptotic (9). The involvement of Bcl-2 in apoptosis of
melanoma cells has been demonstrated through the use of antisense
oligonucleotides to Bcl-2 mRNA, which induce apoptosis in mela-
noma cells derived from different clinical stages (10).

The role of Bcl-2 expression in melanoma and its association with
patient outcome has been reviewed recently (9). Studies report a wide
range of frequencies of Bcl-2 expression (60%-96%), with inconsis-
tent associations between Bcl-2 expression and clinical outcome.
Some studies report that up-regulation of Bcl-2 correlates with ad-
vanced stage and poor prognosis (11-13), whereas others report that
down-regulation of Bcl-2 is associated with disease progression, ad-
vanced stage, and poor prognosis (14-19). It is important to note that
other studies have shown that Bcl-2 expression does not change
during tumor progression, with equivalent expression levels in mela-
noma and normal melanocytes (20-22). All of these studies used
different methods of measuring Bcl-2 expression, with the majority
using immunohistochemistry. Moreover, investigators used different
antibodies at differing concentrations, and each of the studies included
<100 patients.

Tissue microarrays are a useful tool for simultaneously studying
specimens from hundreds of patients (23). This tool carries the inher-
ent advantage of uniform handling of all specimens. Another positive
feature associated with the use of tissue microarrays is the recently
developed method of automated, quantitative analysis, which provides
precise, reproducible, measurement of antigen levels, free of the
subjectivity associated with pathologist-based scoring (24). Auto-
mated, quantitative analysis provides continuous output scores, as
apposed to the arbitrary nominal scores obtained with pathologist-
based “by-eye” scoring of 0, 1, 2, or 3 or “positive”” and “negative.”

3 Internet address: http://www.aventis.com.
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This is particularly important when therapeutic decisions are made
based on immunohistochemistry under nonstandardized conditions. In
this work we evaluated the expression of Bcl-2 on a large cohort of
melanoma specimens using automated, quantitative analysis. We then
determined the association between Bcl-2 expression and commonly
used clinical and pathological prognostic variables.

MATERIALS AND METHODS

Tissue Microarray Construction. The tissue microarray was constructed
as described previously (25). A total of 570 tissue cores (553 melanomas with
duplicate spots for 9 patients and 17 normal skin) measuring 0.6 mm in
diameter were spaced 0.8 mm apart on a single glass slide. Of the original
cohort, 402 patients had intact tumor cores (devoid of significant necrosis and
containing sufficient tumor) for analysis. The cohort was constructed from
paraffin-embedded, formalin-fixed tissue blocks obtained from the Yale Uni-
versity Department of Pathology archives. The specimens were resected be-
tween 1959 and 1994, with a follow-up range between 2 months and 38 years
with a median follow-up time of 60 months. Treatment information was not
available for the entire cohort. Some of the stage III patients were treated with
interferon-based therapy, and the stage IV patients were treated with a range of
therapies including chemotherapy, biological therapy, vaccine therapy, and
supportive care. Slides from all of the blocks were reviewed by a pathologist
to select representative areas of invasive tumor to be cored. The cores were
placed on the tissue microarray using a Tissue Micorarrayer (Beecher Instru-
ments, Silver Spring, MD). The tissue microarrays were then cut to 5-um
sections and placed on glass slides using an adhesive tape-transfer system
(Instumedics, Inc., Hackensack, NJ) with UV cross-linking. Tissue microarray
staining was performed twice for this study using two tissue microarrays that
included the same cohort of patients, with cores taken from different parts of
the tumor (creating 2-fold redundancy).

Immunohistochemistry. Staining was performed for automated analysis
of melanoma specimens using a newly developed method (24). Tissue mi-
croarray slides were deparaffinized by rinsing with xylene, followed by two
changes of 100% EtOH and two changes of 95% EtOH. The slides were boiled
in a pressure cooker containing 6.5 mmol/L sodium citrate (pH 6.0) for antigen
retrieval. Endogenous peroxidase activity was blocked in methanol containing
2.5% hydrogen peroxide for 30 minutes at room temperature. After washing
with Tris-buffered saline, the slides were incubated at room temperature for 30
minutes in 0.3% bovine serum albumen/1 X Tris-buffered saline to reduce
nonspecific background staining. To create a tumor mask, rabbit polyclonal
anti-S100 IgG (Dako Corp., Carpinteria, CA) was added at a dilution of
1:1,000, incubated overnight at 4°C, and rinsed three times in 1X Tris-buffered

Fig. 1. Demonstration of automated quantitative
analysis used in quantitative measurement of Bcl-2
expression: S100 protein visualized using Cy2 is
used to locate tumor, and holes are filled to create
a tumor mask (A). DAPI is used to locate nuclei, B
and RESA is used to eliminate background (B).
Signal from the nuclei is subtracted from that of the
mask to create a membrane/cytoplasmic compart-
ment (A, right). The nuclear and membrane/cyto-
plasmic compartments are overlaid (B, right). Im-
ages are taken of the target antigen (Bcl-2) labeled
using Cy5-tyramide (C). RESA is used to eliminate
background from the target, and Bcl-2 within the
compartments is measured on a scale of 0 to 255
(C). (RESA, Rapid Exponential Subtraction Algo-
rithm; DAPI, 4', 6-diamidino-2-phenylindole)

5100 Protein (Cy2)

Target/BCL-2 (Cy5)

saline/0.05% Tween-20. The slides were then incubated with the primary
antibody, mouse monoclonal anti-Bcl-2 IgG (Dako Corp.), for 1 hour at room
temperature, at the recommended dilution of 5.6 wg/mL. Slides were washed
again as above and incubated at room temperature for 1 hour with goat
antimouse horseradish peroxidase (Envision, Dako Corp.) and goat antirabbit
IgG conjugated to Alexa 488 (Molecular Probes, Inc., Eugene, OR) at a
dilution if 1:200. The slides were then washed, and 4,6-diamidine-2-phenylin-
dole, dihydrochloride was added at 1:100 for 1 hour to visualize the nuclei. For
primary antibody identification the slides were incubated for 10 minutes with
Cys5 directly conjugated to tyramide at a 1:50 dilution (Perkin-Elmer, Boston,
MA). The slides were then rinsed in water, and coverslips were mounted.

Automated Image Acquisition. Images were acquired using automated,
quantitative analysis, as described previously (24, 26). This method has been
validated in other tumors. When compared with traditional immunohistochem-
istry, this method is as good or better at predicting outcome based on expres-
sion of prognostic markers. In previous works it has been validated for
expression of [B-catenin in colon cancer, Her-2/neu in breast cancer, and
a-methylacyl-CoA racemase in prostate cancer (24, 26, 27). Briefly, areas of
tumor were distinguished from stroma and non-melanoma tissue by creating a
mask with the S100 signal tagged with Alexa 488 (Cy2). Coalescence of S100
at the cell surface was used to identify the membrane/cytoplasm compartment
within the tumor mask, whereas 4,6-diamidino-2-phenylindole was used to
identify the nuclear compartment within the tumor mask. The target marker,
Bcl-2, was visualized with Cy5 (red). Cy5 was used, because its emission peak
is outside the color spectrum of tissue autofluorescence (24). Fig. 1 demon-
strates tumor masking, subcellular compartmentalization, and marker identifi-
cation.

Multiple monochromatic, high resolution (1024 X 1024 pixel 0.5-um)
grayscale images were obtained for each histospot, using the 10X objective of
an Olympus AX-51 epifluorescence microscope (Olympus, Melville, NY) set
up with an automated Prior microscope stage and video and digital image
acquisition driven by custom program and macro-based interfaces with IPLabs
(Scanalytics Inc., Fairfax, VA) software.

Algorithmic Image Analysis. Images were analyzed using algorithms that
have been extensively described previously (24, 26, 27). Formalin-fixed tissues
can exhibit autofluorescence, causing background peaks. Two images (one
in-focus and one out-of-focus) were taken of the compartment-specific tags
and the target marker. A percentage of the out-of-focus image was subtracted
from the in-focus image for each pixel, representing the signal to noise ratio of
the image. An algorithm described as rapid exponential subtraction algorithm
was used to subtract out the noise (out-of-focus information) in a uniform
fashion for the entire microarray, as described in detail (24, 26). Subsequently,
the pixel locale assignment for compartmentalization of expression algorithm

Cytoplasmic Compartment

Compartments

Nuclear Compartment

Target after RESA
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was used to assign each pixel in the image to a specific subcellular compart-
ment and the signal in each location was calculated. Pixels that cannot
accurately be assigned to a compartment were discarded. The data were saved
and subsequently expressed as the average signal intensity per compartment
area. For Bcl-2, no signal was detected in the nuclear compartment. The Bcl-2
signal from the membrane/cytoplasmic compartment of cells within the S100
tumor mask was measured on a scale of 0 to 255 and expressed as target signal
intensity relative to membrane/cytoplasmic compartment area.

Statistical Analysis. The JMP v.5 (SAS Institute Inc., Cary, NC) software
was used for data analyses. Continuous automated, quantitative analysis scores
of Bcl-2 expression were divided into quartiles, and associations with clinical
and pathological parameters were completed using the x” test. The prognostic
significance of the parameters was assessed for predictive value using the Cox
proportional hazards model with overall survival as an end point. Survival
curves were generated using the Kaplan-Meier method, with significance
evaluated using the Mantel-Cox log-rank test.

RESULTS

Immunohistochemical Staining of Melanoma Tissue Microar-
rays. Two separate tissue microarrays that included the same cohort
of patients but with different cores were used for this study. Of the 402
melanoma patients represented on the tissue microarrays, 317 (78%)
specimens on the first array had good staining of the S100 mask and
were interpretable for Bcl-2 staining, whereas 310 (76%) of the spots
on the second array fulfilled all of these criteria. Histospots that were
deemed uninterpretable had insufficient tumor cells in the spot, loss of
tissue in the spot, or an abundance of necrotic tissue. Fig. 1 demon-
strates the automated, quantitative analysis system for Bcl-2 staining,
with red representing the Bcl-2 within the S100 mask and blue
representing the nuclei within the S100 mask. Continuous AQUA
scores were then divided into quartiles, reflecting the use of routine
statistical divisions in the absence of an underlying justification for
division of expression levels. Quartiles were chosen rather than ter-
tiles, quintiles, or other divisions, based on the size of our cohort and
the absence of an underlying biological hypothesis that would suggest
other cut-points.

The AQUA quartiles for the two arrays were highly correlated
(x* = 73.03, P < 0.0001). The intensity of the S100 staining by area
for individual patients between the two arrays was similarly highly
correlated (x> = 70.25, P < 0.0001). Of the 234 patients that had two
assigned values for Bcl-2 AQUA scores, 6 (2.5%) had discrepancies
in their scores that were greater than one quartile between the two
arrays, and these cases were excluded from the analysis. Composite
scores (n = 402) from the two microarrays were formed that included
the mean raw score in cases with small differences (1 quartile).

There was a solid correlation between strong Bcl-2 staining and
tumor site, with Bcl-2 staining in the third or fourth quartile being
associated with primary lesions (P < 0.0001), as demonstrated in the
Box-plot in Fig. 2.

Of the 402 composite scores, 339 (84%) had associated survival
information. These cases included 159 primary cutaneous melanoma
specimens, 15 specimens from local recurrences, and 165 lymph node
and distant metastases.

Survival Analysis. Kaplan-Meier survival curves were generated
for Bcl-2 expression, as shown in Fig. 3A. These curves show that
increased membranous/cytoplasmic Bcl-2 expression was correlated
with better outcome (log-rank P = 0.004). Patients were stratified
based on the location of their biopsy specimen. Kaplan-Meier survival
curves were generated for primary lesions and for nonprimary lesions
(including lymph node, visceral, and cutaneous metastases). Fig. 3B
shows significantly better overall survival among high Bcl-2 express-
ers in the nonprimary sites (P = 0.015), whereas we found no
significant difference in survival for the primary lesions (P = 0.661),
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Fig. 2. Box-plot analysis of distribution detailing 208 primary and 194 metastatic
specimens (X axis) by AQUA score of Bel-2 expression (Y axis). Horizontal lines indicate
overall mean AQUA score in primary and metastatic lesions. Scores ranged from 0.62 to
128.95 for nonprimary lesions and 1.135 to 141.70 for primary lesions out of a possible
255. (AQUA, automated quantitative analysis)

as shown in Fig. 3B and C. We additionally subdivided the nonpri-
mary lesions into lymph node metastases and distant metastases, and
the survival curves are shown in Fig. 4A and B, respectively. There
was a trend toward better survival with high Bcl-2 expression among
the lymph node specimens (P = 0.065), whereas a stronger associa-
tion with better survival was seen among the high expressers with
distant metastases (P = 0.038).

Clinicopathological Correlations and Multivariate Analyses.
Univariate analysis was performed using the continuous data and the
Mantel Cox test. Low Bcl-2 expression was associated with worse
overall survival (hazard ratio = 1.94, 95% confidence interval, 1.28 —
2.93, P = 0.0048).

Although division of the data into quartiles was somewhat arbitrary
and based on conventions, the curves in Fig. 3A strongly suggest a
splitting of the data to define the first and second quartiles as “low”
expression and third and fourth as “high.” The designations of “high”
(greater than median) or “low” (less than median) expression are used
for the remainder of the analyses.

Association between commonly used clinical and pathological
prognostic variables and survival was examined (Table 1). Breslow
depth, Clark level, presence of ulceration, biopsy site (primary versus
metastasis), and gender were all associated with prognosis on univa-
riate analysis. Age was not associated with survival in this cohort. In
addition, the association between Bcl-2 expression and these variables
was studied. Bcl-2 expression was more likely to be high in the
primary lesions than in nonprimary lesions (P < 0.0001). No associ-
ation was found between Bcl-2 expression and any of the other
variables mentioned above.

Using the Cox proportional hazards model, we performed multiva-
riate analyses to assess the independent predictive value of Bcl-2
expression in our cohort. For the multivariate analysis we included
standard prognostic variables for melanoma: tumor location (primary
versus nonprimary site), Breslow depth, Clark level, presence of
ulceration on primary lesions, gender, and age at diagnosis. Bcl-2
expression was an independent prognostic indicator, as were stage,
Breslow depth, and Clark level. Results of the multivariate analysis
are shown in Table 2.

DISCUSSION

Our goal was to quantitatively assess expression of Bcl-2 on a large
cohort of melanoma specimens in an objective, automated fashion and
to evaluate the association between Bcl-2 expression and clinical
outcome. The values are divided into quartiles and halves based on

8775



BCL-2 EXPRESSION IN MELANOMA

0.1 p=0.004

. st
+ 2nd
XK 3rd
O 4th

T L T L T
0 100 200 300
Survival Months

0 160 I 260 . 3;]0

Fig. 3. Kaplan-Meier survival curves for Bcl-2 staining over a 30-year period, with time given in months, showing the four quartiles of intensities of membranous Bcl-2 staining

for (A) the entire cohort of patients, (B) nonprimary sites, and (C) primary melanomas.

Fig. 4. Kaplan-Meier survival curves for Bcl-2
staining in nonprimary specimens over a 30-year
period, with time given in months, showing the
four quartiles of intensities of membranous Bcl-2
staining for (A) regional lymph nodes and (B)
distant metastases.

Survival Months

quantitative assessment of expression rather than arbitrary pathologist-
based divisions of staining into nominal scores of 0, 1, 2, and 3 or
“positive/negative.” Bcl-2 expression was significantly higher in the
primary specimens than in the nonprimary specimens. High Bcl-2
expression was tightly associated with improved survival in the entire
cohort and in the subset of nonprimary lesions, as well as in the
smaller subset of distant metastases. Our results were reproducible
when using a second array with different cores from the same patients.

Bcl-2 in early stage malignant melanoma may play a role in tumor
development by sparing the cells from apoptotic death or through
cooperation with other oncogenes. Our data suggest that the increase
in Bcl-2 expression is an early event in melanoma oncogenesis. The
loss of Bcl-2 expression in metastatic melanoma, particularly the more
aggressive metastatic melanomas, suggests that mechanisms other
than Bcl-2 are involved in the survival and growth of these highly
aggressive malignant melanocytes. Moreover, our data imply that
Bcl-2 expression decreases as loss of differentiation of aggressive
malignant melanocytes occurs.

From a clinical perspective, our findings need to be interpreted
within the context of use of Bcl-2 antisense for stage IV melanomas.
While specific, targeted therapy was used in the G3139 trial described
in the introduction, there was no stratification of patients based on
Bcl-2 expression within their tumors, and patient specimens were not
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evaluated for Bcl-2 expression before enrollment in the trial. Other
targeted therapies, such as trastuzumab in breast cancer (28), ritux-
imab in non-Hodgkin’s lymphoma (29), and STI571 in gastrointesti-
nal stromal tumors (30) have selectively been given to patients whose
tumors express HER-2/neu, CD-20, and c-kit, respectively. HER-2/
neu is expressed in 25% to 30% of breast cancers, and had trastu-
zumab been given to all of the metastatic breast cancer patients, the
response rates would have been <3% rather than the 12% reported in
the original trials (28).

The association of Bcl-2 expression with improved survival in
metastatic lesions in this study and the apparent increase in response
rates with the addition of G3139 to dacarbazine in the clinical trials
can be explained in one of three possible ways. First, Bcl-2 expression
in melanoma might be similar to estrogen receptor in breast cancer, in
that estrogen receptor promotes tumor growth, yet is associated with
improved overall survival. Pharmaceutical targeting of estrogen re-
ceptor results in additional improved survival (31). Similarly, target-
ing Bcl-2 might additionally improve survival in patients that are
already in a better prognostic group. Moreover, Bcl-2 is expressed in
follicular lymphoma, a relatively indolent malignancy, in which re-
sponses to therapy with G3139 have been reported (32). Second,
Bcl-2 antisense might be effective only when there are lower levels of
Bcl-2 mRNA in the melanoma cells, and the high expressers might be

Table 1 Association between clinical and pathological prognostic variables and Bcl-2 expression and survival

Low Bcl-2 expression

High Bcl-2 expression

Hazards ratio by variable using univariate

Variables (N = 201) (N = 201) analysis (95% confidence intervals)
Breslow depth <1 mm 34% 66% 0.34 (0.09-0.18), P<<0.0001
Clark level I -IIT 40% 60% 0.67 (0.56-0.98), P=0.04
Age >40 47% 53% 0.9 (0.67-1.22), P=0.5
Female 49% 51% 0.77 (0.6-0.98), P= 0.04
Absence of ulceration 40% 60% 0.56 (0.37-0.85), P=0.007
Primary lesions 39% 61% 0.39 (0.3-0.51), P<<0.0001
Nonprimary lesions 61% 39% 2.5(1.97-3.3), P <0.0001
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Table 2 Multivariate analysis of Bcl-2 expression and other commonly used clinical
markers of prognosis

Marker P value Hazards ratio 95% confidence interval

Late stage (nonprimary lesions) <0.0001 2.74 14-5.3

Age <40 0.2672 0.82 0.58-1.16
Female gender 0.2763 0.85 0.64-1.13

Clark level IV-V 0.0247 2.015 1.09-3.71
Breslow depth <1 mm 0.0224 0.33 0.13-0.86
Absence of ulceration 0.0521 0.59 0.351-1.005

High Bcl-2 0.026 0.64 0.48-0.86

saturating the cytoplasmic G3139. It is thought that oligonucleotides
are taken up primarily through endocytosis. After internalization,
confocal and electron microscopy studies have indicated that the bulk
of the oligonucleotides enter the endosome/lysosome compartment
where most of the material either becomes trapped or degraded.
Nevertheless, some intact oligonucleotides can escape from the ves-
icles, enter the cytoplasm, and then diffuse into the nucleus, where
they presumably bind their target mRNA and assert their effect (33).
Third, response to G3139 might be totally independent of Bcl-2
mRNA or protein expression levels. Moreover, as is the case with
some other genes (34-36), mRNA levels might not correspond to
protein levels. One Phase I study of this drug examined Bcl-2 levels
in peripheral blood but not in tumors (37). Another Phase I study that
included lymphoma patients only (32) found reduced Bcl-2 protein
expression in the tumors.

Additional studies are needed to elucidate the association between
levels of Bcl-2 expression at the protein and mRNA level in mela-
noma cells and response to G3139. As more companies such as
Gemin-X Biotechnologies* work on development of small molecule
inhibitors to Bcl-2, it is prudent to evaluate levels of Bcl-2 expression
prospectively as melanoma patients are enrolled in clinical trials and
to correlate response with Bcl-2 expression. Moreover, if we continue
to administer G3139 to metastatic melanoma patients, it would be
highly beneficial to stratify the patients by Bcl-2 expression using
uniform methods to determine whether the high expressers or the low
expressers are more likely to respond to therapy.

In summary, our study shows a strong association between high
Bcl-2 expression and improved overall survival in melanoma. Bcl-2
expression is significantly lower in metastatic lesions than in primary
lesions. These findings need to be confirmed in a prospective study.
Additional studies are needed to evaluate the association between
Bcl-2 expression and response to drugs that target Bcl-2.
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