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BACKGROUND: Critical to successful execution of mitochondrial-mediated apoptosis is apoptosome formation and subsequent
activation of caspases. Defects in this pathway have an important role in colorectal carcinogenesis and chemoresistance; therefore,
the expression of apoptosome-associated proteins may be associated with clinical outcome and response to chemotherapy.
METHODS: Here we performed a systematic analysis of the immunohistochemical expression of the key proteins involved in
apoptosome-dependent caspase activation (APAF1, Pro-caspases 9 and 3, SMAC, and XIAP) in a cohort of Stage II and III colorectal
cancer patients from a Phase III trial of adjuvant 5-fluorouracil-based chemotherapy vs postoperative observation alone.
RESULTS: Survival analysis indicated that of the apoptosome-associated proteins examined here, Pro-caspase 3 and APAF1 have
potential clinical utility as predictive markers in Stage II and III colorectal cancer, respectively. Interestingly, we identified APAF1
staining to be associated with better recurrence-free and overall survival in patients receiving chemotherapy.
CONCLUSION: These studies reveal the importance of the apoptosome-dependent caspase activation pathway, specifically Pro-caspase
3 and APAF1 proteins, for predicting both prognosis and response to therapy.
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Colorectal cancer has among the highest incidence and mortality
rates of any cancer in the Western world, with global numbers
currently increasing because of ageing populations and an
increased prevalence of colorectal cancer incidence in the
developing world (Center et al, 2009; Jemal et al, 2011). Owing
to its asymptomatic nature, colorectal cancer is frequently
diagnosed in its latter stages in which there is local, lymphatic or
metastatic disease spread, thereby indicating a need for adjuvant
5-fluorouracil (5-FU)-based chemotherapy. Patients with node-
positive Stage III disease have a known benefit from adjuvant
chemotherapy, with response rates at approximately 50%
(de Gramont et al, 2000; Goldberg et al, 2004). However, among
node-negative Stage II patients, 80% will benefit from surgical
resection alone (Gray et al, 2007), indicating that only a small
portion of these patients will benefit from chemotherapy; however,
there are no known effective markers to readily distinguish this
subset of patients.
Dysfunctional apoptosis is well recognised as a contributing

factor in both malignant progression and the development of
chemotherapy resistance in colorectal cancer (Gourdier et al, 2002;
Igney and Krammer, 2002; Johnstone et al, 2002). Commonly
used chemotherapies in the treatment of cancers of the colon and
rectum, such as the DNA-damaging agents 5-FU and oxaliplatin,
activate the intrinsic pathway of apoptotic cell death and

subsequent mitochondrial outer membrane permeabilisation
(Kaufmann and Earnshaw, 2000; Arango et al, 2004), resulting
in the release of cytochrome-c and subsequent apoptosome
formation. The apoptosome, a complex of cytochrome-c and
APAF-1, recruits and activates the initiator Pro-caspase 9, leading
to the activation of the effector caspases, in particular Pro-
caspase 3, culminating in those biochemical and morphological
changes associated with apoptotic cell death (Li et al, 1997).
This pathway is further regulated by the inhibitor of caspase
protein XIAP, which works through the direct inhibition of
active caspases 9 and 3 (Deveraux and Reed, 1999) and is also
implicated in the ubiquitination of caspases, targeting them
for proteasomal degradation (Suzuki et al, 2001; MacFarlane
et al, 2002). This pathway is further regulated by the direct
interaction between XIAP and its antagonist SMAC (Verhagen
et al, 2000).
Because of the importance of this pathway in cancer progression

and chemotherapy-induced cell death, apoptosome-associated
proteins may be important markers for colorectal cancer prognosis
and chemotherapy response. Several studies have examined the
immunohistochemical expression of individual proteins associated
with apoptosis execution in colorectal cancer (Hector & Prehn,
2009). Increased expression of APAF1 has been shown to be
associated with longer patient survival in rectal cancer patients
(Zlobec et al, 2006) and loss of APAF1 has been implicated in
tumour progression and more aggressive disease (Paik et al, 2007).
Similarly, longer overall survival has been associated with
increased SMAC (Endo et al, 2009) and caspase 9 (Strater et al,
2010). The anti-apoptotic XIAP has also been implicated
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as a potential prognostic marker for colorectal cancer,
with increased expression correlating with poor patient outcome
(Xiang et al, 2009). A singular study examining the prognostic
value of caspase 3 protein expression in colorectal cancer did not
find any association with patient outcome (De Oliveira Lima et al,
2009). However, no study to date has provided a comprehensive
analysis of these key regulatory proteins as markersof for
colorectal cancer prognosis or chemotherapy response.
In this study we aimed to determine the ability of the apoptosome-

associated proteins APAF1, Pro-caspase 9, Pro-caspase 3, SMAC,
and XIAP to serve as markers of survival in a cohort of Stage II
and III colorectal cancer patients and in colorectal cancer patient
response to 5-FU-based chemotherapy. Taken together, these studies
indicate the potential clinical importance of Pro-Caspase 3 and
APAF1 in the clinical setting, both in determining patient prognosis
and in identifying effective treatment options.

PATIENTS AND METHODS

Patient cohort

Patients included in this study were drawn from a Phase III clinical
trial of Stage II and III colorectal cancer patients comparing
5-FU/leucovorin adjuvant chemotherapy with postoperative obser-
vation (McDermott et al, 2003). Surgically resected tumours from
patients (n¼ 224) were preserved as formalin-fixed paraffin-
embedded (FFPE) tissue for construction of tissue microarrays
(TMAs). Clinicopathological details, including gender, age at
surgery, histological stage, tumour grade, and TMN stage, were
recorded for the study cohort (Table 1). Information regarding the
randomisation of patients to chemotherapy or observation, time to
and site of recurrence, as well as time to cancer-related mortality
was available for this study. Median clinical follow-up time for this
patient cohort was 73 months. This study has full ethical approval
from local ethics committees involved in the study, with patients
giving informed consent for use of tissue for research according to
the Declaration of Helsinki.

Tissue microarray construction and staining

Tissue microarrays of the patient cohort were constructed as
previously described (McLornan et al, 2010). Briefly, where
possible up to four tumour cores were obtained from each patient
using the Beecher Instruments arrayer (Sun Prairie, WI, USA) and
placed into a paraffin block. Sections 4 mm in thickness were cut,
floated onto adhesive slides and baked overnight at 55 1C. Arrays
were constructed at a density of 90–110 cores per array.

For staining, antibodies were chosen based on their suitability
for use on FFPE tissue and optimised with appropriate antigen-
retrieval methods and antibody dilutions (Supplementary Table 1).
All staining was performed on a BondMax automated immunos-
tainer (Leica Microsystems, Wetzlar, Germany). Briefly following
dewaxing and appropriate antigen retrieval, the diluted primary
antibody was applied to the cores for 20min and localisation of
bound antibody was performed using the Bond Polymer Refine
DAB Kit (Leica Microsystems). Visualisation was performed using
the enhanced diaminobenzidine tetrachloride with Harris0 haema-
toxylin as counterstain. Positive and negative controls were
constructed according to the suppliers0 recommendations.

Immunohistochemical scoring

Following staining, tissue cores were scored according to quantity
and intensity for APAF1, Pro-caspases 9 and 3, SMAC, and XIAP.
Quantity and intensity scoring was according to a standardised
scoring system, with quantity scores varying on a scale from 0 to 4
based on the percentage of cells staining positive and intensity
scores ranging between 0 and 3. Scoring was carried out by two
trained pathologists blinded to the clinical details and recorded,
with discordant scores agreed by consensus. As multiple cores for
each patient were arrayed, median intensity scores were used for
all subsequent statistical analysis.

Statistical analysis

Cox proportional hazard analysis for recurrence-free and overall
survival were carried out using SAS (SAS Institute Inc., Cary, NC,
USA). Data were analysed separately for Stage II and Stage III
disease with respect to both the sum and product values of the
quantity and intensity scores, as well as individual quantity and
intensity scores. The ability of each protein to function as a marker
for chemotherapy response was assessed using survival analysis
comparing those patients receiving 5-FU chemotherapy and those
in the observation group. For all multivariate Cox regression
analyses, in addition to median protein intensity, co-variates
included in the model were gender, age, treatment, tumour stage,
and tumour grade.
For generation of Kaplan–Meier survival curves for APAF1,

SMAC, Pro-caspase 3 and Pro-caspase 9, patients were grouped as
either ‘strong staining’ or ‘weak staining’ based on each protein’s
median intensity values across all patients. Specifically, intensity
values for APAF1, Pro-caspase 3, and SMAC median-staining
intensity 42, and X2 for Pro-caspase 9, were considered strong
staining. Because of the strong staining patterns observed for XIAP
in the majority of patients, the median intensity value was 3 (on a
scoring scale of 0–3); therefore a cutoff value of X2 was used as
this was the threshold intensity that was best able to dichomtomise
patients. Intensity values less than these thresholds were
considered ‘weak staining’. Kaplan–Meier survival plots and log-
rank P-values for individual proteins and combinations were
generated using SPSS PASW Statistics 18.0 (IBM SPSS Statistics,
Somers, NY, USA), with P-valueso0.05 considered to be
significant.

RESULTS

Clinicopathological details of patient cohort

Tissue microarrays were constructed from tissue cores from
chemonaive surgical resections from 224 Stage II and III colorectal
cancer patients participating in a Phase III trial of adjuvant 5-FU/
leucovorin vs observation alone (McDermott et al, 2003). The
clinicopathological features of the patient cohort are indicated in
Table 1. Patients were evenly randomised to either the

Table 1 Clincopathological characteristics

Total
(n¼ 224)

5-FU/leucovorin
(n¼ 112)

No chemotherapy
(n¼ 112)

Gender
Male 132 63 69
Female 92 49 43
Age (median) 64.1 66 65
Disease stage
Stage II 144 71 73
Stage III 80 41 39
Tumour location
Ascending colon 70 37 33
Transverse colon 15 9 6
Decending colon 88 40 48
Rectum 48 23 25
Synchrous 3 3 0

Abbreviation: 5-FU¼ 5-fluorouracil.
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chemotherapy or the observation group, with age, gender, tumour
location, and disease stage being similar between the two arms of
the study. Patients with Stage III disease had worse recurrence-free
and overall survival than those with Stage II disease (log-rank test;
Po0.01 for both, Supplementary Figure 1A and B). Comparing
patients receiving chemotherapy vs those randomised to the
observation group, there was no significant difference in
recurrence-free or overall survival between the two groups
(Supplementary Figure 1C and D). When the effects of chemother-
apy were analysed for stage, those with Stage II disease had no
survival benefit from chemotherapy; however, there was a trend
towards better survival in those Stage III patients receiving
chemotherapy (Supplementary Figure 1E and F).

Pro-caspase 3 and APAF1 act as potential prognostic
markers in Stage II and III colorectal cancer, respectively

In order to assess the ability of the key proteins involved in
apoptosome-dependent caspase activation, that is, APAF1, Pro-
caspases 9 and 3, XIAP and SMAC, to act as predictive markers for
Stage II and III colorectal cancer, TMAs were stained and scored
for quantity and intensity by a trained pathologist. Figure 1 depicts
representative weak and strong staining in tumour tissue for each
protein.
Traditionally, statistical analysis of immunohistochemical stu-

dies takes into account both quantity and intensity scores,
specifically either their sum or their product. We therefore carried
out a Cox proportional hazard analysis for both the sum and the
product of the quantity and intensity scores. These univariate
analyses indicated that when intensity scores were combined, no

protein had prognostic value in our cohort of patients
(Supplementary Tables 2 and 3). When the same analysis was
carried out using either quantity or intensity scores individually,
quantity scores showed similar results to that of the sum and
product analyses, with no prognostic value being shown for any
proteins. Surprisingly, when only intensity scores were analysed,
the data indicated some potential prognostic capabilities for
specific proteins (Tables 2 and 3). Therefore, subsequent analyses
presented here were done using only intensity scores.
Apoptosome-dependent caspase activation staining was present

in 97% of patients, with the majority of the patients (60.2%)
showing weak staining. In node-negative Stage II disease, there was
no significant difference in Kaplan–Meier survival plots between
strong and weak APAF1 staining for either recurrence-free
(Figure 2A) or overall survival (Figure 2B). However, in Stage III
disease, in which there is lymphatic involvement, patients with
strong staining for the pro-apoptotic APAF1 had better recur-
rence-free (P¼ 0.046; Figure 2A) and overall (P¼ 0.033; Figure 2B)
survival. While survival curves indicated that strong staining was
indicative of better survival, Cox proportional hazard analysis of
Stage III disease did not reflect this, with univariate hazard ratios
(HR) of 0.918 (P¼ 0.5538) and 0.845 (P¼ 0.2251) for recurrence-
free and overall survival, respectively (Tables 2 and 3).
Similarly to APAF1 expression, Pro-caspase 3 protein was

expressed in the majority (87%) of patients, with the majority
(74%) having weak tumour staining. Survival curves indicated that
in Stage II, but not Stage III disease, patients with strong staining
had better recurrence-free (Figure 2C) and overall (Figure 2D)
survival than those with weak staining. This is reflected in the
univariate Cox proportional hazard analysis, with hazard ratios of

Weak
staining

APAF1 Pro-caspase 3 Pro-caspase 9 SMAC XIAP

Strong
staining

Figure 1 Representative images of weak and strong intensity staining for APAF1 (A, F), Pro-caspase 9 (B, G), Pro-caspase 3 (C, H), SMAC (D, I), and
XIAP (E, J) in colorectal tumours.

Table 2 Cox proportional hazard analysis for recurrence-free survival

Stage II Stage III

Univariate Multivariate Univariate Multivariate

Protein HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

APAF1 0.916 (0.632–1.327) 0.6413 0.886 (0.610–1.288) 0.5265 0.918 (0.692–1.218) 0.5538 0.883 (0.657–1.187) 0.4104
Pro-caspase 9 1.009 (0.693–1.471) 0.9616 1.001 (0.685–1.463) 0.9947 1.048 (0.790–1.389) 0.7467 1.125 (0.838–1.511) 0.4322
Pro-caspase 3 0.495 (0.303–0.806) 0.0047 0.488 (0.295–0.807) 0.0052 1.076 (0.787–1.471) 0.6467 1.022 (0.730–1.430) 0.9006
SMAC 0.845 (0.569–1.255) 0.403 0.839 (0.566–1.245) 0.3842 1.031 (0.762–1.394) 0.8442 0.964 (0.697–1.333) 0.8247
XIAP 1.049 (0.762–1.445) 0.7686 1.057 (0.765–1.460) 0.7378 1.035 (0.810–1.324) 0.7817 1.033 (0.796–1.341) 0.8051

Abbreviation: CI¼ confidence interval. Bold values indicate Po0.05.

Apoptosome and colorectal cancer

S Hector et al

1501

& 2012 Cancer Research UK British Journal of Cancer (2012)106(9), 1499 – 1505

M
o
le
c
u
la
r
D
ia
g
n
o
st
ic
s



0.495 (RFS; P¼ 0.0047) and 0.671 (OS; P¼ 0.0276) in Stage II
disease compared to 1.076 (RFS; P¼ 0.6467) and 1.053 (OS;
P¼ 0.74) in Stage III disease (Tables 2 and 3), indicating a strong
predictive value for Pro-caspase 3 in Stage II colorectal cancer.
Examination of the other proteins, Pro-caspase 9, XIAP and

SMAC, revealed no difference in the survival between weak and
strong staining for either disease-free or overall survival
(Supplementary Figures 2 and 3). Likewise, hazard ratios indicated
no predictive capacity for these proteins in this patient cohort at
the level of either recurrence-free or overall survival (Tables 2 and
3). Interestingly, XIAP staining, although not associated with
patient outcome, was more strongly expressed in patients with
more advanced disease, with 96% of Stage III patients exhibiting
strong intensity XIAP staining (Supplementary Figures 2C and 3C)
compared to 83% of Stage II tumours.

Pro-caspase 3 is an independent prognostic marker in
Stage II colorectal cancer

In order to determine the influence of clinicopathological features
on prognosis, multivariate Cox proportional hazard analysis was
carried out for recurrence-free and overall survival, with gender,
age, treatment, tumour stage, and tumour grade included as

covariates. In all analyses, tumour stage consistently was identified
as a significant covariate in both Stage II and Stage III disease. In
Stage II disease, only strong Pro-caspase 3 expression was
associated with better recurrence-free (HR¼ 0.488) and overall
survival (HR¼ 0.706); however, this was significant in predicting
recurrence (P¼ 0.0052) and approached significance for overall
survival (P¼ 0.0662) (Tables 2 and 3), indicating that Pro-caspase
3 may be an important independent prognostic marker in Stage II
colorectal cancer. None of the other individual proteins examined
were found to be associated with either recurrence-free or overall
survival in multivariate analysis (Tables 2 and 3). Chemotherapy
and tumour grade were significantly associated with longer and
shorter overall survival, respectively, indicating their potential
importance as prognostic markers in later disease stages.

APAF1 expression predicts response to 5FU-based
adjuvant chemotherapy

Successful apoptosis execution is essential to the cell death
induced by chemotherapeutics such as 5-FU. Therefore, we next
performed survival analysis to determine whether immunohisto-
chemical expression of APAF1, Pro-caspase 3, Pro-caspase 9,
SMAC, or XIAP were associated with clinical response in patients

Table 3 Cox proportional hazard analysis for overall free survival

Stage II Stage III

Univariate Multivariate Univariate Multivariate

Protein HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

APAF1 1.037 (0.775–1.387) 0.8089 1.051 (0.778–1.419) 0.7468 0.845 (0.643–1.110) 0.2251 0.812 (0.610–1.083) 0.1562
Pro-caspase 9 1.158 (0.865–1.551) 0.3233 1.138 (0.844–1.535) 0.3952 0.955 (0.730–1.250) 0.7383 1.056 (0.795–1.403) 0.705
Pro-caspase 3 0.671 (0.470–0.957) 0.0276 0.706 (0.487–1.024) 0.0662 1.053 (0.776–1.429) 0.74 1.048 (0.761–1.443) 0.7746
SMAC 0.886 (0.647–1.212) 0.4484 0.841 (0.611–1.156) 0.2863 0.980 (0.738–1.302) 0.8893 0.931 (0.688–1.259) 0.6416
XIAP 1.043 (0.808–1.346) 0.7477 1.078 (0.829–1.403) 0.5755 0.961 (0.762–1.211) 0.7333 0.947 (0.743–1.208) 0.6623

Abbreviation: CI¼ confidence interval. Bold value indicates Po0.05.
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Figure 2 Apoptosome-associated proteins as single proteins and specific protein combinations are good predictors of recurrence-free and overall survival
in Stage II and III colorectal cancer. Graphs depict recurrence-free (A, C) and overall (B, D) Kaplan–Meier survival plots for the single proteins APAF1
(A, B) and Pro-caspase 3 (C, D) in Stage II (left panels) and Stage III (right panels) disease. Log-rank P-values are indicated.
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who received 5-FU-based chemotherapy. Interestingly, as indivi-
dual proteins only APAF1 was able to predict patient response to
5-FU-based chemotherapy. Figure 3 shows the Kaplan–Meier
survival curves for APAF1 when patients were stratified according
to treatment arm. In those receiving 5-FU-based therapy, patients
with strong APAF1 staining had better survival (Figure 3A and C),
while there was no difference in survival plots in the observation
arm of the study (Figure 3B and D). Hazard ratios for both
recurrence-free (HR¼ 0.27; P¼ 0.037) and overall survival
(HR¼ 0.350; P¼ 0.006) in the chemotherapy arm of the study
indicated that increasing expression of APAF1 is a strong positive
predictor for response to 5-FU-based chemotherapy. Owing to the
relatively small number of patients in each group, stages were
combined at this point in order to perform more robust statistics.

DISCUSSION

Despite the ever-increasing insight into the biological basis of
colorectal cancer and the concomitant development of targeted
therapies, tumour staging remains the key factor in assessing
patient prognosis and classical cytotoxic drugs remain the
mainstay of adjuvant chemotherapies. On this note we assessed
the immunohistochemical expression of critical apoptosis-regulat-
ing proteins (APAF1, Pro-caspases 9 and 3, SMAC and XIAP) and
determined associations between expression and clinical outcome
in a Stage II and III colorectal cancer patient cohort. While
previous studies have shown that these proteins are differentially

expressed in colorectal tumour tissue compared to normal tissue
(Palmerini et al, 2001; Krajewska et al, 2005; Putt et al, 2006;
Zlobec et al, 2006; Endo et al, 2009; Xiang et al, 2009), associations
between protein expression and survival have not always been
drawn. In this study we took a systematic approach and showed
that Pro-caspase 3 expression in colorectal tumours is associated
with better recurrence-free and overall survival, and serves as an
independent prognostic marker in localised Stage II disease. This
result is in agreement with previous studies that demonstrated
caspase 3 expression to be a positive prognostic marker in
hepatocellular carcinoma (Huang et al, 2010) and diffuse large
B-cell lymphoma (Provencio et al, 2010).
The XIAP expression has been previously shown to be linked to

metastasis and tumour aggressiveness in other solid tumours
(Kluger et al, 2007; Shi et al, 2008; Gu et al, 2010). Interestingly, we
observed XIAP to be strongly expressed in Stage III colorectal
cancer, with weak staining in only 4% tumours compared to 17%
in Stage II patients. We also observed that in Stage III disease,
fewer patients exhibit strong Pro-caspase 3 staining compared to
Stage II disease, suggesting that Pro-caspase 3 protein may be lost
in colorectal cancer progression. Taken together, these findings
indicate the concomitant loss of Pro-caspase 3 expression and
increased expression of the anti-apoptotic XIAP may contribute to
the decrease in apoptosis observed with advancing disease stage
(Bedi et al, 1995).
In line with its function as a key protein for initiating caspase

activation, we also demonstrate here that APAF1 expression is
significantly associated with better survival in Stage III disease.
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free (A, B) and overall (C, D) survival in patients receiving chemotherapy (A, C) and those in the observation group (B, D). Broken and solid lines
represent patients with strong and weak staining for individual proteins, respectively. Log-rank P-values are indicated.
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Loss of APAF1 expression has previously been linked to tumour
progression and more aggressive disease (Paik et al, 2007). We
have similarly observed that in Stage II and III disease the majority
of this patient cohort have weak immunohistochemical APAF1
staining. A previous study of Stage II colorectal cancer reported
that APAF1 expression was similarly associated with better
prognosis (Krajewska et al, 2005); however, this did not reach
statistical significance. Importantly, one of the key findings of our
study is the identification of an apparent ‘switch’ from a
dependence on a loss of Pro-caspase-3 expression to a loss of
APAF-1 expression during tumour progression. This may result
from differential transcription factor binding to the respective
promoters due to activation or inactivation of such factors during
tumour progression. Similarly, it may be due to the fact that XIAP
expression is increased in Stage III tumours, resulting in a more
pronounced role for loss of APAF-1 expression owing to the ability
of XIAP to neutralise caspase-3 but not APAF-1.
An important finding of our study is that APAF1 may have an

important role in chemotherapy response and drug resistance in
colorectal cancer, with APAF1 protein expression being the only
individual protein whose expression was significantly associated
with positive response to 5-FU-based treatment. As noted above,
loss of APAF1 expression has previously been shown to identify
with a more aggressive phenotype, which may also imply
chemoresistance, although prior to this study none have shown
APAF1 expression to be associated with chemotherapy response in
colorectal cancer. Interestingly, a previous study also demon-
strated that APAF1 positivity was a significant marker for complete
tumour regression in rectal cancer patients who received
neoadjuvant radiotherapy (Zlobec et al, 2006). Expression of
APAF1 protein has been shown to be under epigenetic control,
with apaf1 gene hypermethylation having been shown to be
associated with negative clinical outcome in a number of tumour
types, including melanoma (Soengas et al, 2001), renal cell
carcinoma (Christoph et al, 2006a), neuroblastoma (Grau et al,
2011), and bladder cancer (Christoph et al, 2006b). Further studies
examining whether loss of APAF1 protein expression in colorectal
tumours is due to epigenetic mechanisms and how this correlates
with chemotherapy responsiveness are certainly needed, as this
may identify alternative therapies, such as those that target
methylation, which may be effectively used for APAF1-negative
colorectal cancer patients. Our study indicates that APAF-1 may

potentially become a clinicopathological tool that facilitates the
identification of colorectal cancer patients not responding to 5-FU-
based chemotherapy.
Immunohistochemical studies aimed at determining a protein’s

value as either a prognostic or predictive marker will generally use
a composite staining score which takes into account both the
quantity and intensity scores (Harvey et al, 1999; Krajewska et al,
2005). An unexpected finding of this study is that for the proteins
examined here, product or sum-derived composite score indicated
no prognostic potential. Further analysis of intensity scores alone,
however, demonstrated that for these proteins the intensity score
alone was more informative than when quantity and intensity
scores were combined into one score. Other studies have also
shown that either quantity or intensity scores of certain proteins
are predictive of survival (McCawley et al, 2011; Sinicrope et al,
2008). Consequently, it is possible that combining the quantity and
intensity scores may mask any predictive capabilities of individual
proteins, and that for Pro-caspase 3 and APAF1 the percentage of
cells staining positive is not as important as the abundance of the
protein within those positively staining cells. In future studies, it is
therefore important that except for proteins such as Her2 in which
the method of scoring is well-established, rigorous examination of
the best-scoring method is necessary such that important
information regarding potential markers is not lost.
In conclusion, the systematic approach conducted in our

investigation identified for the first time an association between
Pro-caspase 3 and survival in Stage II disease, thereby highlighting
the possible importance this protein may have in identifying those
patients who may benefit from adjuvant chemotherapy. Further-
more this study highlights the importance of APAF1 as a
prognostic marker for Stage III colorectal cancer, but also as a
marker for chemotherapy response.
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Köllermann J, Miller K, Schrader M (2006a) Promoter hypermethylation
profile of kidney cancer with new proapoptotic p53 target genes and
clinical implications. Clin Can Res 12(17): 5040–5046

Christoph F, Weikert S, Kempkensteffen C, Krause H, Schostak M, Miller K,
Schrader M (2006b) Regularly methylated novel pro-apoptotic genes
associated with recurrence in transitional cell carcinoma of the bladder.
Int J Cancer 119(6): 1396–1402

de Gramont A, Figer A, Seymour M, Homerin M, Hmissi A, Cassidy J, Boni C,
Cortes-Funes H, Cervantes A, Freyer G, Papamichael D, Le Bail N, Louvet
C, Hendler D, de Braud F, Wilson C, Morvan F, Bonetti A (2000)
Leucovorin and fluorouracil with or without oxaliplatin as first-line
treatment in advanced colorectal cancer. J Clin Oncol 18(16): 2938–2947

De Oliveira Lima F, De Oliveira Costa H, Barrezueta LF, Fujiyama Oshima CT,
Silva Jr. JA, Gomes TS, Pinheiro Jr. N, Neto RA, Franco M (2009)

Immunoexpression of inhibitors of apoptosis proteins and their antagonist
SMAC/DIABLO in colorectal carcinoma: correlation with apoptotic index,
cellular proliferation and prognosis. Oncol Rep 22(2): 295–303

Deveraux QL, Reed JC (1999) IAP family proteins–suppressors of
apoptosis. Genes Dev 13(3): 239–252

Endo K, Kohnoe S, Watanabe A, Tashiro H, Sakata H, Morita M, Kakeji Y,
Maehara Y (2009) Clinical significance of Smac/DIABLO expression in
colorectal cancer. Oncol Rep 21(2): 351–355

Goldberg RM, Sargent DJ, Morton RF, Fuchs CS, Ramanathan RK,
Williamson SK, Findlay BP, Pitot HC, Alberts SR (2004) A randomized
controlled trial of fluorouracil plus leucovorin, irinotecan, and
oxaliplatin combinations in patients with previously untreated metastatic
colorectal cancer. J Clin Oncol 22(1): 23–30
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