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Bax expression is a candidate prognostic and predictive
marker of colorectal cancer
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ABSTRACT Objective: Since the anti-tumor activity of S-fluorouracil (S-FU) is due to induction of apoptosis, we assessed the value of
expression of key apoptotic molecules (Bax, Bcl-2 and pS3) in predicting the efficacy of S-FU therapy for colorectal adenocar-
cinomas (CRCs).

Methods: Archival tissues of CRCs from 56 patients who received a complete regimen of 5-FU-based chemotherapy after
surgery, and 56 patients matched for age, gender, ethnicity, tumor stage, tumor location, and tumor differentiation who had
undergone only surgery (without any pre- or post-surgery therapy), were evaluated for immunophenotypic expression of Bax,
Bcl-2, and pS3. Also, these CRCs were evaluated for Bax mutations. The predictive capacity or prognostic value of these mark-
ers was assessed by estimating overall survival.

Results: The majority of low Bax expressing CRCs have exhibited mutations at the G (8) tract. There was no significant
difference in overall survival rates between the categories of surgery alone and 5-FU-treated patients. However, a better sur-
vival was observed for patients who received chemotherapy when their CRCs had low Bax/Bcl2 ratio (HR, 1.55; 95% CI:
1.46-31.00). Patients who received surgery alone and whose CRCs lacked Bax expression had 5.33 times higher mortality
than those with high Bax expression (95% CI: 1.78-15.94), when controlled for tumor stage and other confounders. Bcl-2 and
nuclear pS3 accumulation had no predictive value in either patient group.

Conclusion: These findings are the first to demonstrate that high Bax expression is a good prognosticator for patients who
underwent surgery alone, and that patient with low Bax/Bcl-2 expression ratio benefit from 5-FU-based adjuvant therapies.
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Introduction

S-Fluorouracil (5-FU) remains the most commonly used
chemotherapeutic agent for the treatment of colorectal
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cancers (CRCs). Nevertheless, more than 40 years of
S-FU usage has not yielded responses greater than 35-40%
(1-5), neither has it decreased the rates of recurrence
(6,7). Therefore, novel strategies are required to predict
response to treatment. Although several molecular
markers have prognostic value for CRCs (8-15) their
predictive value in assessing treatment response remains
controversial(7,16-18). In addition to selecting the best
chemotherapeutic tools, a new challenge is to identify
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genetic and/or molecular markers that can be used as
predictors of response to treatment.

As demonstrated for cultured cells, p53-dependent
apoptosis modulates the cytotoxic effect of chemotherapeutic
agents; cells with functional pS3 or wild-type pS3 (wt-pS3)
are more sensitive, and cells with mutated or lack of p53 are
more resistant (19,20). Lenz et al demonstrated a better rate
of response to 5-FU for patients whose tumors were wild-
type for pS3 than those whose tumors had overexpressed
or mutated pS3 (21). In contrast, Allegra et al found that
overexpressed p53 correlated with a better response to
treatment (22,23), and Elsaleh et al (24) could not find
any relationship between p53 status and 5-FU response
or survival of patients with colon or rectal tumors. Thus,
data relating to the predictive value of p53 in CRCs is
contradictory and inconclusive.

Apoptosis is a complex process that proceeds through
two pathways. The extrinsic pathway is based on cell surface
receptors and cytoplasmic proteins. The intrinsic pathway
occurs in the mitochondria, where the balance of pro- and
anti-apoptotic proteins is largely regulated by the members
of the Bcl-2 family. pS3 has been described as a main
modulator of apoptosis in both pathways (25). The anti-
tumor activity of 5-FU has been related to its capacity to
induce apoptosis by damaging the DNA and/or by altering
the expression profiles of pro- and anti-apoptotic molecules
(26-28). Chemo-resistance may depend on the function
and relationship between pro- and anti-apoptotic proteins
(29,30).

The balance between anti-apoptotic (e.g., Bcl-2) and
pro-apoptotic proteins (e.g., Bax) in a cell determines its
susceptibility to apoptosis after S-FU treatment(31). Since
the checkpoint is controlled by the ratio between promoters
and inhibitors of apoptosis (i.e., the ratio of Bax to Bcl2)
and pS3 (26-28), their concomitant expression should be
considered together in assessing their clinical significance.
In the current report, as a proof of concept, we evaluated
the predictive and prognostic usefulness of these markers
in two groups of CRC patients, one treated with surgery
alone and the second treated with surgery and S-FU-based
adjuvant chemotherapy.

Patients and methods

Patients

The institutional review board of the University of Alabama
at Birmingham (UAB) approved these experiments, and
the Bioethics Committee reviewed the proposed effort.
From the UAB Hospital, we collected data for 650 patients
who were diagnosed and underwent surgery for primary
colorectal adenocarcinoma with curative intent between

1987 and 1993. Use of patients from this period maximized
post-surgery follow-up, because 70% of the patients (78 of
112) had either stage II or III CRCs (Table 1).

Patient eligibility criteria

During our initial selection process, patients who received
radiation and/or any chemotherapy before surgery were
excluded. We included only those patients who completed
at least 3 months of post-surgical adjuvant chemotherapy
and for whom there was complete information on dosage
and duration of treatment. With these criteria and the
availability of paraffin blocks, the final group consisted of 56
patients who had surgery plus 5-FU-based adjuvant therapy.

Treatment

Details of the chemotherapy were as follows: Twenty
eight patients received 5-FU alone, 12 patients received
S-FU plus levamisole (LV), 10 patients received S-FU
plus leucovorin (LC), 4 patients received S-FU plus
doxorubicin (5-FUDR), 1 patient received 5-FU/1-(2-
chloroethyl)-3-cyclohexyl-1-nitrosourea) (CCNU), and
1 patient received S-FU/LV/LC. The control group of 56
patients, who were matched for age; gender; ethnicity;
and tumor stage, location, and histologic differentiation,
and who had undergone only curative resection without
adjuvant therapy after surgery were selected randomly
from the initial patient pool. In the surgery-alone group,
patients with stage ITI or IV CRCs did not receive adjuvant
therapy for various clinical and personal reasons but had
undergone surgery with a palliative intent. The final study
sample consisted of 112 patients; their characteristics are
given in Table 1.

Pathological evaluations

The surgical pathology reports were reviewed by three
investigators (CS-C, NCJ & CKS), and a pathologist
(NCJ) individually reviewed slides stained with
hematoxylin and eosin for the degree of histologic
differentiation and re-graded lesions as well, moderate,
poor or undifferentiated (32, 33). Well and moderately
differentiated tumors were pooled into a low-grade group,
and poor and undifferentiated tumors into a high-grade
group (34). Pathologic staging was performed according
to the criteria of the American Joint Commission on
Cancer (35). The International Classification of Diseases
for Oncology codes were used to specify the anatomic
location of the tumor (32). The tumor was considered
mucinous if > 50% demonstrated mucinous histology (32).
The anatomic sub-sites were the proximal colon, the distal
colon, and the rectum. Three-dimensional tumor size was
determined; the largest dimension was used for statistical
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purposes.

Patient demographics and follow-up information

Patient demographics, along with clinical and follow-up
information, were retrieved retrospectively from medical
records, physician charts, and pathology reports and from
the UAB tumor registry. Patients were followed, either by
their physician or by personnel associated with the tumor
registry, until their death or the date of the last documented
contact. Through telephone and mail contacts, these
personnel ascertained outcome (mortality) information
directly from patients (or relatives) and physicians. This
information was validated by examination of the state
death registry. Demographic data, including patient age
at diagnosis, gender, race/ethnicity, date of surgery, date
of the last follow-up (if alive), date of recurrence (if any)
and date of death, were collected. Collection of follow-
up information, performed every six months, ended in
April 2010. Laboratory investigators (VRK & CS-C) were
blinded to the outcome information until completion of the
assays.

Mutational analysis

Earlier studies have reported a decreased expression of
Bax in CRCs which exhibited mutations in the poly G(8)
region of the bax gene (36,37). Therefore, in this study, we
also analyzed the genomic DNA samples extracted from
CRCs and their corresponding normal tissues to assess the
expression status of Bax in relation to the bax mutational
status.

Genomic DNA was extracted from tissue sections
(10-pm thick) of primary CRCs and LoVo cell line as
described (38). The 94-base-pair region encompassing
the (G) 8 tract in the bax coding sequence was amplified
by PCR on the CRCs, with carboxyfluorescein (6FAM)-
labeled S’atccaggatcgagcagggcga-3’ sense primer and 5’
cactcgctcagettcttggtggac-3” antisense primer. PCR was
accomplished in a 25-uL reaction volume containing
approximately 100 ng of genomic DNA, a 200-pmol/L
concentration of dNTPs (Invitrogen, Carlsbad, CA), and
0.5 U of Platinum Taq DNA polymerase (Invitrogen).
Amplification consisted of a 15-min denaturation step at
95°C, followed by 36 cycles of 30 sec at 95°C, 30 sec at 50
°C, and 30 sec at 72°C and a final extension step of S min at
72 °C. Appropriate dilutions of fluorescent PCR products
were mixed with formamide and carboxy-X-rhodamine-
labeled molecular weight standards (GeneScan-500 ROX,
Applied Biosystems, Foster City, CA), heat denatured, and
run in a 50-cm capillary array containing GS Performance
Optimized Polymer6 (Applied Biosystems), at a voltage of
15kV on the ABI PRISM 3100 Genetic Analyzer (Applied

Biosystems). The profiles of PCR products were analyzed
by use of GeneScan 3.1 software (Applied Biosystems).
Numerous normal DNA samples were used to establish
the normal peak size and the profile pattern of the bax gene
fragment. All PCRs with abnormal profiles were repeated
twice, independently, to confirm the presence of mutations.

Immunohistochemistry

Formalin-fixed, paraffin-embedded archival tissues were
collected from the surgical pathology division of the
UAB Hospital. From the blocks, tissue sections (5-um
thick), representative of normal mucosa and invasive
adenocarcinomas were cut 1 to 2 days before staining to
avoid potential problems in antigen recognition due to
storage of cut sections on glass slides(39,40). Sections
were de-paraffinized in xylene and rehydrated in graded
alcohols. For antigen retrieval of Bax and Bcl-2, the slides
were microwave boiled in citrate buffer (10 mmol/L, pH
6.0) for 7 min. For pS3, antigen retrieval is not required
(8,41,42). Endogenous peroxidase activity was quenched
with 3% hydrogen peroxide for S min. Non-specific binding
of the primary antibodies was blocked by incubating the
slides in 3% goat serum at room temperature for 1 hr in
humidity chambers with the primary mouse monoclonal
antibodies for Bax (Clone B9, Santa Cruz Biotechnology
Inc, CA, USA) (1:200), Bcl-2 (Clone 124, Roche Diagnostic
corporation, Indianapolis, IN, USA) (1:60) and pS3
(Clone BP53, BioGenex, San Ramon, CA, USA) (1:80). A
biotin-streptavidin horseradish peroxidase detection kit
was used as the secondary detection system (BioGenex).
The biotinylated goat anti-mouse secondary and avidin-
horseradish peroxidase label were each applied for 10
min. The antigen-antibody complex was recognized by
incubating with the chromogen, diamino-benzidine, for
7 min. The slides were counterstained with hematoxylin
for 1 min. Known positive controls were included in each
staining run; negative controls were obtained by omitting
the primary antibody. Slides were then dehydrated in
graded alcohols, cleared in 3 xylene baths, and mounted
with Permount™ mounting media. As we reported earlier
(43), these antigens are stable in paraffin blocks.

Staining evaluation

Stained slides were evaluated under a light microscope,
and the staining was scored semi-quantitatively by CS-C,
NCJ and UM, CKS together to limit the bias; if there was
a disagreement in their scores, they reached to a consensus
before proceeding. Observers were blinded for the
clinicopathologic data and the treatment status. Phenotypic
expression of Bax and Bcl-2 was present in the cell
cytoplasm and accumulation of pS3 in the nucleus (pS53™).
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As described earlier (8,9,12,13), the percentage of positive
cells and staining intensity were taken into consideration
for estimation of the final immunostaining score (ISS). The
intensity of staining of individual cells was scored on a scale
of 0 (no staining) to + 4.0 (strong staining). In addition,
each reviewer estimated the proportion of cells stained
at each intensity level. The percentage of cells and the
corresponding intensity were then multiplied to obtain the
ISS. For each case, the final ISS was the average of the values
estimated by these three investigators.

Cutoff values

Molecular marker expression was dichotomized into high
expressors and low expressors, based on the cut-off values
discussed below. For Bax expression, the median ISS (1.8) of
tumor tissues was taken as the cut-off value; i.e., the tumors
expressing > 1.80 were considered as “high expressors”
(equivalent to > +1 of routine immunohistochemistry,
IHC, scoring in the diagnostic pathology setting) and those
CRCs with ISS < 1.80 as “low expressors” (< +1). For Bax
expression, similar low and high expressor categories of
IHC scoring have been described by others(27,44,45). For
Bcl-2 expression, based on prior studies by us and others
(8), we chose 0.5 ISS as the cut-off value. We considered
only tumor cells with distinct nuclear immunostaining for
p53 as positive and considered the tumor positive only if
there was >10% positivity of all malignant cells in a tissue
section, as described earlier (9). We chose this cutoff
because, at this value, there was the highest concordance
between immunohistochemical detection of p53™* and
point mutations of the pS3 gene detected by single-strand
confirmation polymorphism and DNA sequencing analyses.
At this cutoff value, THC detects 95% of point mutations
in the pS3 gene (42). The cut-off value for Bax/Bcl-2 ratio
was based on their levels of expression in benign colonic
epithelium. We used the ISS values of Bax and Bcl-2 to
determine the Bax/Bcl-2 ratio of each case, then a median
value of 0.25 was obtained. This 0.25 value was used as a
cut-off for Bax/Bcl-2 ratio to dichotomize CRCs into groups
of “high” and “low” ratios.

Statistical analysis

Correlations between biomarkers and clinical response
(overall survival) were evaluated by chi-square tests. The
type-I error rate of each test was controlled at <0.05. All
analyses were performed with SAS statistical software,
version 9.0 (46). Kaplan-Meier curves and log-rank tests
were used to assess the effect of the selected biomarkers in
univariate analyses (47). Overall survival was estimated
as the number of months from surgery to the date of death
or last contact. Patients who were alive at last contact and

those who died due to a cause other than colorectal cancer
were “right censored.” Only those deaths due to CRCs
were considered as events. Multivariate Cox proportional
hazards tests (48) were utilized to identify the independent
prognostic value of molecules indicators of survival, after
controlling for patient age, gender, race, tumor location,
tumor size, tumor stage, tumor grade, and the three
molecular markers, Bax, Bcl-2, and p53*. Models were built
separately for each patient group (the group of patients who
received chemotherapy after surgery and the group who
underwent surgery without any pre- or post-surgery chemo-
or radiation therapy).

Results

Demographic and clinicopathologic characteristics of the
patient population

Table 1 shows the patient distribution; their demographic,
clinicopathological and molecular characteristics; and their
correlation with survival. For both treatment groups, there
were similar distributions of patient age, gender, ethnicity,
tumor stage, tumor location, tumor size, and tumor grade,
in terms of deaths due to CRC. The median follow-up
period of the complete study population of 112 patients was
9.31 years (range <1 — >20 years).

Survival analysis based on treatment

Univariate Kaplan-Meier survival analysis demonstrated
no significant differences in overall survival rates between
the surgery-alone and the S-FU-treated patient groups (log
rank, P=0.71) (data not shown).

Bax (G) 8 mutation frequency and its relation to clinicopathologic
features

We analyzed for the presence of mutations in the (G) 8
tract of the Bax gene in a human CRC cell line (LoVo) and
in 83 CRCs. The LoVo cells displayed a bi-allelic Bax (G) 8
frame-shift mutation; this status was used as a reference in
CRCs for Bax mutations (Fig 1). In our analysis, 23 of 83
(28%) CRCs demonstrated biallelic Bax (G) 8 frame-shift
mutations. The majority of CRCs with mutations at the G
(8) tract also had low Bax expressing (20 of 23, 87%). CRCs
that displayed these mutations were significantly higher
for male patients (17 of 23, 74%) and distal tumors (18 of
23, 79%). However, there was no association between the
presence of Bax (G) 8 mutations with age, race/ethnicity,
depth of wall infiltration, tumor grade, tumor stage, lymph
node invasion, or presence of distant metastasis (data not
shown). Since the number of CRCs with Bax mutations is
small, we have not further analyzed the mutational data
to assess correlation between Bax mutations and patient
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Table 1 Correlations between the vital status and the characteristics of treated and untreated patients

Variable Surgery Alone (n=56) 5-FU-based Treatment® (n=56)
Number of Patients Number of Patients
Aliveordied  Died due to X Alive ordied  Died due to X
due to other CRC P-value due to other CRC P-value
causes causes
28 (50%) 28 (50%) 22 (39%) 34 (61%)
Age Group (years)
<65 19 (68) 15 (54) 0.2737 16 (73) 18 (53) 0.1387
> 65 9(32) 13 (46) 6(27) 16 (47)
Gender
Male 19 (68) 14 (50) 0.1744 14 (64) 19 (56) 0.5646
Female 9(32) 14 (50) 8 (36) 15 (44)
Ethnicity
Caucasians 22 (79) 19 (68) 0.3653 18 (82) 23(68) 0.2422
African-Americans 6(21) 9(32) 4(18) 11 (32)
Tumor Stage
I 2(7) 0 0.0011 2 0 0.010S
II 11 (39) 1(3) 6(27) 6 (18)
111 12 (43) 15 (54) 13 (59) 14 (41)
v 3 (11) 12 (43) 1(5) 14 (41)
Tumor Location
Proximal Colon 10 (36) 12 (43) 0.7175 6(27) 16 (47) 0.3958
Distal Colon 13 (46) 10 (36) 10 (46) 13 (38)
Rectum 5(18) 6(21) 6(27) 5(15)
Tumor Differentiation
Well - Moderate 24 (86) 20 (71) 0.1927 18 (82) 26 (76) 0.5939
Poor 4(14) 8(29) 4(18) 8 (24)
Tumor Size (cm)
<S 18 (67) 18 (64) 0.8527 13 (65) 17 (50) 0.2841
>5 9(33) 10 (36) 7 (35) 17 (50)
Bcl-2 expression
Low (ISS"<0.5) 15 (54) 17 (61) 0.5892 8 (36) 21 (62) 0.0632
High (ISS > 0.5) 13 (46) 11 (39) 14 (64) 13 (38)
P53nac
Low (< 10%) 13 (46) 11 (39) 0.5892 10 (45) 12 (35) 0.4471
High (> 10%) 15 (54) 17 (61) 12 (55) 22 (65)
Bax expression
Low (ISS"< 1.80) 6 (21) 12 (43) 0.0860 16 (73) 19 (56) 0.203$
High (ISS > 1.80) 22 (79) 16 (57) 6(27) 15 (44)
Bax /Bcl-2 ratio
Low (< 0.2439) 14 (50) 15 (54) 0.7891 6 (27) 20 (59) 0.0208
High (> 0.2439) 14 (50) 13 (46) 16 (73) 14 (41)

*ISS = Immunostaining score; ¢ Patients receiving 5-FU-based adjuvant therapy after surgery.



81

Journal of Gastrointestinal Oncology, Vol 1, No 2, December 2010

wt/wt B

bax bax mu/mut

(G)8wt (G)7 mut

X,
ﬂ'. / 'I| .' B (G)9 mut
/\'n,jl \ f /

Tumor Tissue Tumor Tissue
fi
| \ [ |
'\J'I |I
S \\q /
Normal Tissue LoVo Cell Line

Figure 1 Mutational analysis at 94-base-pair region
encompassing the (G) 8 tract in the Bax coding sequence
in colorectal adenocarcinoma, adjacent benign epithelium
and in LoVo cell line. The CRC and corresponding normal
tissue demonstrated lack of Bax (G) 8 frame-shift mutation
(Panel-A). CRCs and the LoVo cells displayed a biallelic
Bax(G) 8 frame-shift mutation (Panel-B).

survival in the surgery alone and surgery and 5-FU therapy
patient groups separately.

Bax immunophenotypic expression analysis

Immunoreactivity for Bax was observed in the cytoplasm.
In most CRCs, the Bax staining pattern was homogenous,
ranging from low to high levels. In 11% of CRCs (12
cases), however, there was intratumoral heterogeneity. A
low level of Bax expression was observed consistently in
benign colonic epithelium, lymphocytes, and endothelial
cells (Fig 2A-C). The presence of staining in intra-tumoral
lymphocytes was used as an internal positive control. Of the
CRCs, 54% (60 of 112) had high levels of Bax expression
(22 of the S-FU treated group and 38 of the surgery-
alone group). Twelve of 28 surgery-alone patients (43%)
with low Bax expression died due to CRCs; 19 of 34 5-FU
treated patients (56%) with low Bax expression died due
to CRCs (Table 1). There was no association between Bax
expression and p53™© in either patient group (data not
shown). CRCs with negative or low Bax immunostaining
were significantly associated with CRCs that demonstrated
frame-shift mutations at the Bax (G) 8 tract (20 of 23, 87%)
as compared to CRCs without this mutation (25 of 60,
41%) (data not shown). In addition, most CRCs with poor
differentiation had low Bax expression in the surgery-alone

group (2, P=0.0005) (Table 2).

The median survival of the S-FU treated group of
patients with low Bax expression was 25 months relative to
S months for surgery-alone patients with low Bax expression
(Table 3). The median survival for S-FU treated patients
with high Bax expression was 25 months relative to 56
months for surgery-alone patients with high Bax expression
(Table 3). Kaplan-Meier analyses demonstrated a significant
association between high Bax expression and better patient
survival in the surgery-alone group (log rank P=0.006) (Fig
3A). Although there was no significant association between
Bax expression status and patient survival in the 5-FU
treated group, patients with decreased Bax expression had
improved survival (overall log rank P=0.211) (Fig 3B).

Bcl-2 immunophenotypic expression analysis
Immunoreactivity for Bcl-2 was localized in the cytoplasm;
overall, the staining was homogenous. The staining in
intra-tumoral lymphocytes was used as an internal control
(Fig 2D-F). Of the patients, 46% had high levels of Bcl-2
expression (27 5-FU-treated patients and 24 surgery-
alone patients). There were no significant differences in the
incidence of deaths due to CRCs in the Bcl-2 low and high
expressors of among the S-FU-treated or surgery-alone
patients (Table 1). However, the median survival was higher
(63.15 months) for surgery-alone patients with high levels of
Bcl-2 expression as compared to those with low expression
(17.61 months). There was no significant difference in the
median survival of 5-FU treated patients with low or high
Bcl-2 expression (Table 3).

Univariate Kaplan-Meier survival analysis demonstrated
no statistically significant differences in survival of patients
with or without Bcl-2 expression in the surgery-alone
group (overall log rank P=0.431) or the 5-FU-treated group
(overalllog rank P=0.112) (data not shown).

Bax/Bcl2 expression ratio

For each patient, the ratio of Bax/Bcl2 expression was
determined and correlated with patient survival separately
for each treatment category. The ratio of Bax/Bcl2
expression was not correlated with patient survival in
surgery alone category (Fig 3C). In contrast, the ratio of
Bax/Bcl2 expression significantly correlated with patient
survival, indicating that those patients with a high Bax/
Bcl2 ratio value would not benefit from 5-FU treatment;
however, those patients with low Bax/Bcl2 ratios were more
likely to have better survival when treated with 5-FU based
therapies (Fig 3D).

Analysis of nuclear accumulation of pS3
Expression of pS3™*was generally homogenous; however,
pS3 staining was observed in the cytoplasm of malignant
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Table 2 Correlations between expression of Bax, Bcl-2 and p53™*© and the characteristics of treated and untreated patients

Variable Surgery Alone (n=56) 5-FU-based Treatment® (n=56)
Bax + Bcl-2 + pS3™e Bax+ Bcl-2 + p53™e
38 (68%) 24 (49%) 32 (57%) 22 (39%) 27 (48%) 34 (61%)

Age Group (years)

<65 25 (66) 18 (75) 17 (53) 12 (5S) 14 (52) 22 (65)

>65 13 (34) 6(25) 15 (47) 10 (45) 13 (48) 12 (45)

x> P value 0.26 0.06 0.18 0.45 0.19 0.45
Gender

Male 21 (55) 16 (67) 20 (63) 12 (55) 16 (59) 20 (59)

Female 17 (45) 8(33) 12 (37) 10 (45) 11 (41) 14 (41)

x> P value 0.42 0.31 0.53 0.59 0.96 1.12
Ethnicity

Caucasians 28 (74) 18 (75) 23(72) 14 (64) 23 (85) 25 (74)

African-Americans 10 (26) 6(25) 9 (28) 8 (36) 4(15) 9(26)

x> P value 0.89 0.79 0.19 0.51 0.95
Tumor Stage

I 2(5) 2(8) 1(3) 1(5) 1(4) 2(6)

11 8 (21) 5(21) 9(28) 4(18) 5(18) 5(15)

111 18 (48) 14 (58) 13 (41) 11 (50) 13 (48) 19 (56)

v 10 (26) 3(13) 9(28) 6(27) 8 (30) 8 (23)

x> P value 0.81 0.08 0.47 0.96 0.95 0.22
Tumor Location

Proximal Colon 13 (34) 10 (42) 11 (34) 11 (50) 11 (41) 16 (47)

Distal Colon 17 (45) 9(37) 16 (50) 8 (36) 12 (44) 12 (35)

Rectum 8 (21) 5(21) 5(16) 3(14) 4(15) 6 (18)

x> P value 0.53 0.89 0.48 0.62 0.53
Tumor Differentiation

Well - Moderate 32 (84) 18 (75) 26 (81) 17 (77) 22 (81) 24 (71)

Poor 6 (16) 6 (25) 6 (19) 5(23) 5(19) 9(29)

x> P value 0.0005 0.57 0.89 0.56 0.23
Tumor Size (cm)

<Ss 26 (70) 15 (65) 22 (69) 11 (52) 13 (50) 18 (55)

>5 11 (30) 8(35) 10 (31) 10 (48) 13 (50) 15(45)

x> P value 0.28 0.13 0.55 0.71 0.43 0.88

9 Patients receiving 5-FU-based adjuvant therapy after surgery.

cells in 7% of cases (8 of 112) (Fig 2G-I). The cytoplasmic
staining was not further analyzed. High levels of p53"* were
found in tumors of 9% of patients (33 S-FU-treated and 32
surgery-alone). For both categories of patients, there were no
significant differences in the incidence of deaths due to CRCs
(Table 1), in the median survival (Table 3), or survival rates
(data not shown) in relation to pS3™ (Table 1).

Multivariate survival analyses
As determined by multivariate analyses of Cox proportional

hazards, surgery-alone patients with low Bax expression had
5.33 times higher mortality compared to those with high
Bax expression (HR: 5.33; CI: 1.78-15.94) when adjusted
for demographic and clinicopathological variables and for
expression Bcl-2, the Bax/Bcl2 ratio, and pS3™ (Table 4).
S-FU treated patients with low Bax/Bcl2 ratios had 21.55
times higher mortality compared to those with high Bax/
Bcl2 ratios (HR: 21.5S; CI: 1.46-31.00), when adjusted for
other variables (Table 4). Bcl-2 and p53™<, however, were
not independent prognostic indicators of survival in either
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Table 3 Median survival (in months) of patient groups based on the status of expression of Bax, Bcl-2, and p53™

Surgery alone S-FU treated? x2 P value

Bax Low S.18 24.95 <0.001
High 56.41 24.66

Bcl-2 Low 17.61 23.54 <0.01
High 63.15 29.67

Bax/Bcl2 Ratio Low 18.07 23.33 <0.05
High 55.11 33.38

pS3™ Low 29.66 27.54 0.88
High 28.36 24.82

9 Patients receiving S-FU-based adjuvant therapy after surgery.

Table 4 Multivariate Cox regression analyses to assess the prognostic significance of clinicopathological and molecular

features based on treatment status on overall survival

Patients Undergoing Surgery Alone

Patients Treated by 5-FU*

Variable Bad Adjusted Bad Adjusted
Indicator HR (95% CI) Indicator HR (95% CI)

Age

> 65 vs. < 65 yrs > 65 yrs 0.98 (0.37,2.62) > 65 yrs 7.67 (2.45,23.98)

Gender

Male vs. Female Male 1.87 (0.77,4.54) Male 1.18 (0.49,2.84)

Ethnicity
Caucasians vs.

African-Americans

Tumor Location
Distal vs. Proximal
Rectum vs. Proximal
Tumor Stage

IIIvs. 11

IVvs. 11

Tumor Differentiation
High vs. Low grade
Tumor Size
>Svs.<Scm

Bax expression

High vs. Low

Bcl-2 expression
Low vs. High

ps3me

High vs. Low

Bax/Bcl2 Ratio
High vs. Low

African-Americans

Prox. colon

Prox. colon

111
v

High grade
>Scm
Low
Low
High

High

0.27 (0.09, 0.80)

1.11 (0.36, 3.40)
2.02 (0.59, 6.93)

25.26(2.56,249.59)
156.26 (11.5,2129.6)

1.68 (0.55, 5.14)
2.04 (0.74, 5.61)
5.33(1.78,15.94)
0.61 (0.07, 5.42)
2.34(0.88,6.26)

0.54 (0.08, 3.86)

African-Americans

Proximal colon

Proximal colon

III
v

High grade
>Scm
High

Low
High

Low

0.45(0.17,1.19)

0.46 (0.18,1.18)
0.66 (0.17,2.53)

1.66 (0.49, 5.55)
21.09 (5.02, 88.60)

0.44 (0.14,1.36)
6.73 (2.38, 19.00)
0.99 (0.42,2.33)
0.14 (0.01, 1.79)
1.58 (0.60, 4.13)

21.55 (1.46, 31.00)

" Patients receiving S-FU-based adjuvant therapy after surgery.
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Figure 2 Examples of immunohistochemical expression of Bax, Bcl-2, and p53™© in colorectal adenocarcinomas and

adjacent benign epithelium. Examples of immunostaining of the adjacent benign colorectal epithelium are presented for

Bax expression (Panel-A, x20), Bcl-2 expression (Panel-D, x20) and p53 nuclear accumulation (Panel-G, x20). Examples

of immunostaining in the malignant regions of CRCs are shown for Bax expression (low level of expression in Panel-B, x40

and high level of expression Panel-C, x40), Bcl-2 expression (low level in Panel-E, x40 and high level in Panel-F, x40) and

p53 nuclear accumulation (low level in Panel-H, x40 and high level in Panel-I, x40). Panel-C shows strong expression of Bax

in stromal cells (thick arrow). Panels-D and E show strong Bcl-2 staining in lymphocytes (thick arrows) (internal positive

controls) and weak staining in the basal colonic crypts (thin arrow in Panel-D) and in the malignant glands (thin arrow in

Panel-E).
group of patients (Table 4).
Discussion

The current study, we analyzed the predictive value of Bax,
Bcl-2, and p53* and determined their association with
survival in CRC patients who received 5-FU-based adjuvant
treatment after surgery and in CRC patients matched for
age, gender, ethnicity, tumor stage, tumor location, and
tumor differentiation who underwent surgery alone with

curative or palliative intent. These analyses demonstrate a
better survival of patients who received chemotherapy when
their CRCs lacked Bax expression. In contrast, patients with
CRCs that exhibited high Bax expression had worse survival
when they received 5-FU-based adjuvant chemotherapy.
Furthermore, multivariate Cox regression analysis showed
that surgically treated patients with low levels (or lack) of
Bax expression had 5.33 times higher mortality than those
with high Bax expression, after adjusting for confounding
variables, including tumor stage. Bcl-2 or p53™* had no
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Figure 3 Correlation of Bax and Bcl-2 expression with overall survival of colorectal cancer patients undergoing surgery alone

or treated with 5-FU-based adjuvant therapy after surgery. The overall survival of patients with high Bax expression was

compared to patients with low Bax expression within the surgery alone patient group (Panel-A) and within the surgery plus

5-FU-based adjuvant therapy patient group (Panel-B). Similar survival comparisons based on Bax/Bcl2 expression ratio are

shown for the surgery-alone group (Panel-C) and in the surgery plus 5-FU-based adjuvant therapy group (Panel-D). The long-

rank P values of Kaplan-Meier analyses of overall survival were compared.
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predictive value in either group of patients. These findings
are the first to indicate that patients with CRCs that lack or
express low levels of Bax, but not those with high expression,
benefit from S-FU-based adjuvant therapies. Analysis of a
large sample set, however, could provide more definitive
information.

Although the current evaluation was performed in
a retrospective setting, and the sample was small, the
inclusion and exclusion criteria and the sample matching
method, described in the Material and Methods section,
minimizes the risk of error and provides strength to the
findings. By including only those patients who completed
at least 3 months of treatment when on continuous infusion
regimens or 6 months when on bolus regimens, and
excluding all patients who received any kind of treatment
prior to surgery, we lowered the potential errors from
using a population from different protocols and different
physicians.

Although several studies have been performed to identify
potential predictive markers of 5-FU for CRC treatment,
the results are inconclusive (16-18,49). S-FU and other
chemotherapeutic agents may cause death of cancer cells by
inducing apoptosis. Since apoptosis can be initiated either
in the mitochondria by activation of the caspases cascade or
by the induction of p53 and apoptotic molecules such as Bax
and Bcl-2, we assessed the prognostic and predictive value
of expression of Bax and Bcl-2 and pS3™.

Relative to p53, Bax is downstream and can act
synergistically with pS3, but it does not completely depend
on pS3 to function in apoptosis (27,28). Furthermore,
the efficacy of Bax in predicting response or resistance
to chemotherapy and apoptosis is tissue-specific (28).
In agreement with previous studies (28,50) the current
investigation demonstrated that Bax expression in CRCs
is not associated with the status of p53™; however, Bax
expression has both predictive and prognostic value. The
findings that the patients with CRCs expressing high
levels of Bax had a better survival than those with low Bax
expression, particularly in patients who have undergone
surgery alone, are consistent with several other earlier
studies of CRCs (27,51-53) and other human malignancies
(44,54).

Although it was not significant, the predictive role
of Bax expression was evident in our observation that
patients with low Bax expression who received 5-FU-based
adjuvant therapy had a longer survival than those patients
with high Bax expression, showing that patients with low
Bax expression have an apparent benefit from S-FU-based
adjuvant therapy. An earlier analysis involving patients with
advanced CRCs (recurrent or metastatic) who received
methotrexate plus S-FU demonstrated a similar trend in an

association between Bax expression and overall survival, as
the median survival for low expressors of Bax was 9 months
compared to 14 months for high expressors (55). For a group
of patients subjected to preoperative radiochemotherapy for
locally advanced rectal carcinoma, however, there was no
correlation between the level of Bax expression and tumor
recurrence (56).

Contrary to our findings, results of studies performed
in vitro demonstrate that CRC cell lines with high Bax
expression responded well to long-term 5-FU exposure,
which induced apoptosis (57,58). Additionally, studies
performed in vitro have indicated that antioxidants, such
as N-acetylcysteine and vitamin E, are required to augment
Bax expression to elicit 5-FU-induced apoptosis (59).
Nevertheless, there were no such findings in clinical studies
or in experimental studies performed in vivo. Based on
our findings, however, the low levels of Bax may exert less
intrinsic resistance to the complex cascade of intracellular
signals of apoptotic pathways triggered by chemotherapeutic
agents. Thus, there are apparently distinct mechanisms of
Bax involvement in the manifestation of apoptosis.

Molecular markers have different functional roles, similar
to the Bax expression observed here. A recent investigation
by Tsuji et al (60) demonstrated that high expression of
dihydropyrimidine dehydrogenase (DPD) in Stage II and
III CRCs was an effective indicator of oral 5-FU-based
adjuvant therapy; however, low expression of tumor DPD
predicted poor survival for patients undergoing surgery
alone. The prognostic value of high Bax expression observed
for the surgery-alone group might be useful for a sub-set
of Stage I and Stage II patients; in contrast, the predictive
value of Bax expression might be useful in predicting the
efficacy of 5-FU-based therapy, particularly for patients
with advanced stage disease (Stage III or IV), who routinely
receive 5-FU-based adjuvant therapy. Larger studies
determining the clinical usefulness of Bax expression in
CRCs according to pathologic stage may confirm these
findings.

In the current investigation, increased Bcl-2 expression
in CRCs was not predictive of 5-FU-based adjuvant
therapy; however, increased Bcl-2 expression was an
indicator of prolonged survival for patients who had surgery
alone. The prognostic value of Bcl-2 expression in CRCs
has been demonstrated (8,61). The association between
increased Bcl-2 expression and patient overall survival was
stronger in early-stage CRCs (62-64) and for CRCs located
in the distal colorectum (11). Similar to our findings, other
studies demonstrated that, for patients receiving 5-FU-
based chemotherapy, Bcl-2 expression did not influence
response to chemotherapy and did not affect overall
survival(55,65,66). Our multivariate survival analysis,
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however, demonstrated a better survival of patients whose
tumors had low a Bax/Bcl-2 ratio (i.e., Bax was low) and who
received 5-FU-based adjuvant chemotherapy. Furthermore,
the expression of these two apoptotic markers was not
associated with p$3™°. Similar to our findings, Mirjolet et
al (67) and Violette et al (58) demonstrated, by experiments
performed in vitro, that 5-FU sensitivity is independent of
pS53. The current findings support the premise that patients
with CRCs expressing high levels of Bax should not be
considered for 5-FU-based adjuvant chemotherapy. These
results indicate that the balance between pro-apoptotic
and anti-apoptotic markers has a function in the response
to therapy. Nevertheless, large prospective studies are
required to provide further information useful for making
therapeutic decisions.

pS3 has been considered to be a prognostic and
predictive marker, and it has been established as an
important prognostic indicator, specifically for non-
Hispanic Caucasian patients with tumors located in the
proximal colon (9). As anticipated, pS3™* was not useful
in predicting the overall survival of patients receiving
surgery alone, because these two cohorts consist of
tumors from all anatomic locations of the colorectum,
and from African Americans and non-Hispanic
Caucasians.

The current report demonstrates that p$3™<is not useful
in predicting the response to 5-FU-based adjuvant therapy.
Several studies have shown that pS3 has a function in
chemotherapy-induced apoptosis and is a predictor of 5-FU-
based adjuvant therapy response in CRCs (68); others did
not find such an association (58,67,69). These conflicting
findings may be due to the admixture of patient populations
for ethnicity, tumor stage, or tumor location, as has been
observed in the evaluation of p53"* for its prognostic value
(9). Other reasons for these conflicting results could be
the technical variations in detecting pS3™*, including the
antigen enhancement methods and antibodies used or the
choice of cut-off values considered for tumor positivity for
abnormal pS3 expression (8). The predictive capacity of pS3
in CRCs remains controversial.

Findings of the current investigation show that, for the
surgery-alone group, high Bax expression is associated with
better survival. Although statistically not significant, low
Bax expression in the 5-FU-based adjuvant chemotherapy
group was associated with improved survival. Further, these
data reveal that patients with low Bax/Bcl2 expression ratios
would benefit from S-FU-based adjuvant therapy. Findings
from the present proof-of-principle studies provide evidence
that phenotypic expression of Bax and Bcl-2 predict the
response to 5-FU-based adjuvant therapy in CRCs. Future
prospective studies will assess the clinical utility of these

markers.
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