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Abstract

AIM: To investigate the association between prognosis
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of rectal cancer treated with chemoradiotherapy (CRT)
and expression of sensitive-to-apoptosis (SAG), B-cell
lymphoma-extra large (Bcl-Xv and Bcl-2 homologous
antagonist/killer (Bak).

METHODS: Real-time quantitative polymerase chain
reaction was used to determine the expression of pro-
teins of interest, namely SAG, Bcl-X., Bak and B-actin, in
rectal carcinoma patients who had a follow-up period of
3 years after CRT. Biopsy specimens were excised from
the rectal tumor preceding CRT.

RESULTS: SAG, Bcl-X. and Bak proteins showed signifi-
cant correlations with each other. In multivariate analy-
sis, patients with high vs low SAG expression showed a
statistically significant difference in 2-year survival rates:
56% vs 73%, respectively (P = 0.056). On the other
hand, there were no significant correlations between
the expression levels of all three genes and metastatic
rates or tumor responses to CRT. Mean overall survival
in the patients with elevated SAG expression was 27.1
mo £ 3.9 mo [95% confidence interval (CI): 19.3-34.9],
and in patients with reduced expression, it was 32.1
mo £ 2.5 mo (95% CI: 27.3-36.9). The correspond-
ing values for Bcl-X. were 28.0 mo £ 4.1 mo (95% CI:
19.9-36.1) and 31.7 mo + 2.9 mo (95% CI: 26.0-37.5),
and those for Bak were 29.8 mo + 3.7 mo (95% CI:
22.5-37.2) and 30.6 mo = 2.4 mo (95% CI: 25.5-35.0),
respectively.

CONCLUSION: Two-year survival rates significantly cor-
related with low SAG expression, and SAG may be a can-
didate gene for good prognosis, independent of thera-
peutic response of different individuals.

© 2011 Baishideng. All rights reserved.
Key words: Sensitive-to-apoptosis gene; Sensitive-to-

apoptosis; Rectal cancer; B-cell lymphoma-extra large;
Bcl-2 homologous antagonist/killer; Apoptosis
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INTRODUCTION

Colorectal cancer is one of the most common cancers
worldwide, and 30% of patients experience local recur-
rence, thus posing a serious problem in treatment™”, Cur-
rently, preoperative radiotherapy alone or in combination
with chemotherapy is widely accepted to improve local
control and overall survival.

The most frequently chosen treatment methods are
cither short-course irradiation (25 Gy in five fractions)
followed by surgery after 1 wk, or conventional fraction-
ated chemoradiotherapy (CRT) with delayed surgerym.
Multidrug- and/or radiation resistance is one of the main
causes of treatment failure in rectal carcinoma, as in other
types of cancer. Predictors of treatment response are
highly valuable, and they help to reduce the occurrence
of undesirable treatment side effects, improve efficacy,
and reduce costs, especially in long treatment schedules.
Therefore, it is very important to identify those patients
who will not show a good response to CRT. The success
of CRT is strongly dependent on the molecular and cellu-
lar characteristics of the cells, therefore, identification of
candidate molecular markers with significant prognostic
power to estimate the response to CRT is crucial. Despite
accumulation of data on prognostic markers, reliable
markers for satisfactory clinical outcomes remain limited
in number.

Sensitive-to-apoptosis gene (SAG)/regulator of cullins
(ROC) 2/RING box protein (Rbx) 2/Hrt2 is a recently
identified component of Skp/Cullin/F-box containing
complex (SCF) E3 ubiquitin ligase, which controls cell-
cycle progression by promoting ubiquitination and deg-
radation of cell-cycle inhibitors. It has also been reported
that SAG protects cells from apoptosis induced by redox
agents such as hydroxyl radicals and radiation. The prog-
nostic value of apoptotic activity in different cancer types
has been previously described””. SAG overexpression
has been shown in 60% of primary colon carcinomas;
furthermore, significant correlation between SAG over-
expression and poor survival has been demonstrated in
non-small cell lung carcinoma'™”. Thus, it is proposed that
SAG may regulate carcinogenesis 2z modulating both cell
proliferation and apoptosis.

lTonizing radiation causes DNA damage that can lead
cell to apoptosis and thus eradication of cancer cells. An-
tiapoptotic proteins such as SAG may have a major im-
pact on the progress of cancer cell formation and prolif-

(49

Tag
Bnishideng®

WJG | www.wjgnet.com

eration. The present study investigated SAG expression as
a potential molecular marker of ionizing radiation effect
in rectal cancer. Two members of the Bcl-2 family, B-cell
lymphoma-extra large (Bcl-Xr) and Bel-2 homologous
antagonist/killer (Bak), which are suggested as the most
probable candidate biomarkers, were also analyzed. Our
results indicate that SAG expression is a useful marker for
early prognosis, regardless of local response to CRT, and
that targeting SAG may have a potential role in the treat-
ment of rectal cancer.

MATERIALS AND METHODS

Patients and tissue collection

This prospective study included 31 patients referred to
the Kartal Education and Research Hospital with a diag-
nosis of stage 1l and III rectal cancer, according to the
conventional tumor, node and metastases (INM) classifi-
cation"”. The appropriate ethics committees related to the
institution approved the study and all patients provided
written informed consent before undergoing diagnostic
colon biopsy. Prior to the start of treatment, all patients
underwent examinations, including complete blood counts,
liver and renal function tests, and tumor markers. Addi-
tionally, lung X-rays were evaluated before the start of
treatment. Abdominal-pelvic magnetic resonance imag-
ing or computed tomography was used for clinical stag-
ing and supplemented with transrectal ultrasound when
needed. Biopsy specimens from the tumor and adjacent
normal rectal tissues were obtained during colonoscopy.
Freshly removed specimens were immediately immersed
in RNAlater solution (Qiagen, Germany) and stored at
-20 ‘C for RNA extraction.

Therapy

All patients received preoperative CRT. Patients were irra-
diated using the four-box-field technique and high-energy
photon radiotherapy beams (15 mV), with a daily expo-
sure of 1.8-2 Gy for five consecutive days. A cumulative
dose of 45-50 Gy was administered during 5 wk and an
additional 5.4-Gy boost was administered in three frac-
tions. A short infusion of fluorouracil (320-400 mg/m’)
and of calcium folinate (20 mg/m”) was administered on
the first and last weeks, concomitanty "',

Patients who were histopathologically diagnosed with
rectal cancer underwent CRT prior to surgery. After a
4-6-wk interval, the patients underwent surgery. Patients
were staged according to the TNM classification sys-
tem""”, based on routine histopathological reports follow-
ing surgery.

Real-time polymerase chain reaction

SAG, Bcl-Xi. and Bak mRNA expression levels in tumor
tissues and adjacent normal tissues were quantified by
real-time polymerase chain reaction (PCR) analysis. Total
RNA was extracted from RNAlater-conserved tissues
using the RNeasy Plus Mini Kit (Qiagen) according to
the manufacturer’s guidelines. RNA samples were treated
with DNase [ (MBI Fermentas, Burlington, Canada) to
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Table 1 Clinicopathological factors and gene expression

Survival (%) Multivariate
significance
n 12mo 24 mo 36 mo P value

Age (yr)
<50 10 80 80 66 0.135
> 50 21 76 57 47

Sex
Male 17 64 52 45 0.073
Female 14 92 78 62

preT
T2 1 100 100 100 0.052
T3 24 79 70 59
T4 6 66 33 16

preN
NO 18 77 66 66 0.036
N+ 13 76 61 0

Grade
Low 4 100 75 75 0.0337
Moderate 22 77 68 58
High 4 50 25 0

PN
NO 17 70 64 58 0.044
N1 6 83 83 56
N2 3 66 83 67

pT
T0 6 83 66.7 66.7 0.067
T1 2 100 100 100
T2 4 75 75 75
T3 19 73 63 57

Vascular invasion
Negative 7 71 57 57 0.019
Positive 24 79 66.7 52.7

Perineural invasion
Negative 17 76.5 64.7 64.7 0.068
Positive 13 76.9 61.5 359

Metastasis
Negative 23 78 73 63 0.009
Positive 8 75 50 25

SAG expression
Increase 16 62 56 56 0.056
Decrease 15 93 73 49

Bak expression
Increase 14 73 62 31 0.731
Decrease 17 68 56 56

Bcl-XL expression
Increase 12 66 58 43 0.336
Decrease 19 84 68 61

Clinical features of the 31 patients who received preoperative chemora-
diotherapy and a summary of the relationship between protein expres-
sion level and patient survival after 1, 2 and 3 years of follow-up. SAG:
Sensitive-to-apoptosis; CRT: Chemoradiotherapy.

remove possible genomic DNA contamination. RINA was
quantified by measuring 420 using a conventional spec-
trophotometer. cDNA was synthesized from RNA using
the 1st Strand cDNA Synthesis Kit for RT-PCR accord-
ing to the manufacturer’s instructions (Roche Applied Sci-
ence, Mannheim, Germany). Following synthesis, 5 pg of
cDNA was amplified using the appropriate primers. SAG
expression was analyzed using following primers: forward
(5>-CGGGATCCATGGCCGACGTGGAAG-3’) and
reverse (5-CGAAGCTTTCATTTGCCGATTCTTTG-
GAC-3%). Expression of two other apoptotic pathway
genes (Bcl-Xr and Bak) was analyzed using the follow-
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ing primers: Bcl-Xu forward (5’-CCAGAAGGGACT-
GAATCG-3) and Bcl-Xu reverse (5-CCTTGTCTAC-
GCTTTCCAC-3%); Bak forward (5-GACCCAGAGA-
TGGTCACCTT-3") and Bak reverse (5’-TCATAGC-
GTCGGTTGATGT-3’). B-actin gene expression was
used in parallel reactions as an internal PCR control. The
[B-actin primers were as follows: B-actin forward (5-CT-
GTGCTGTCCCTGTATGCC-3’) and B-actin reverse (5’
-GTGGTGGTGAAGCTGTAGCC-3%). Amplification
products were 341, 361, 103 and 203 bp, respectively.
Real-time PCR was performed using a Light-Cycler 480
system (Roche) and amplification conditions were set
according to the instructions supplied with the Light
Cycler FastStart DNA Master SYBR Green kit (Roche).
The annealing temperature for amplifications was 56 C
for B-actin, 50 ‘C for Bcl-Xi. and 60 ‘C for SAG and Bak

proteins.

Statistical analysis

Multivariate analysis was performed using the logistic re-
gression test. P < 0.05 was considered statistically signifi-
cant. The relationship between protein regulations and
disease-free survival up to 3 years was assessed by a log-
rank comparison of Kaplan-Meier survival curves. All
statistical analyses were conducted using SPSS 13 statisti-
cal software (SPSS, Chicago, 1L, United States).

RESULTS

The study included 31 patients (17 males and 14 females)
diagnosed with locally advanced rectal cancer. RNA was
extracted from both normal and tumor tissues. Mean age
of the patients was 59.9 years (range: 35-85 years). Surviv-
al, according to patient sex and age, was not significantly
different (Table 1). Median follow-up was 3 years. In all, 8
of the 31 patients (34.8%) developed distant metastases.
Table 1 summatizes the patients’ 1-, 2- and 3-year survival
rates, the corresponding data for some known prognostic
factors, and the levels of SAG, Bcl-Xi. and Bak protein
expression.

There was an association between protein expression
and survival following CRT. The 1- and 2-year survival
rates were 93% and 73%, respectively, in patients with
low SAG expression (fold change > 0.99), »s 62% and
56%, respectively, in patients with high SAG expression
(fold change < 0.99); the correlation between SAG ex-
pression and survival was moderate (P = 0.056). A similar
trend was observed in the expression of antiapoptotic
protein Bcl-Xi; the corresponding survival values were
84% and 68%, respectively, in patients with low Bcl-Xu
expression, 25 66% and 58%, respectively in patients with
high Bcl-Xiexpression. The levels of Bak were also in
agreement with its apoptotic function. In accordance with
our expectations, patients with high Bak expression had
a higher 2-year survival rate (62%) than those with low
Bak expression (56%). The expression patterns of SAG,
Bcl-Xi. and Bak proteins exhibited good correlations
with the 1- and 2-year survival rates, in accordance with
their anti- and pro-apoptotic roles, even though statistical
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Figure 1 Dependence between gene expression and outcome of patients.
A: Comparison for 2-year survival; B: Comparison after 1, 2 and 3 years of
follow-up. All values were normalized with respect to p-actin expression. Cal-
culations were based on the Pfaff method. +/- signs correspond to the subjects
with increased or decreased expression with respect to their non-tumor tissues,
respectively. SAG: Sensitive-to-apoptosis; Bcl-X.: B-cell lymphoma-extra large;
Bak: Bcl-2 homologous antagonist/killer.

significance was low, possibly due to the small number
of patients included in the study (Figure 1A). There was
no significant association in the expression of any gene
with better survival at the end of the 3-year follow-up
(Figure 1B).

Kaplan-Meier survival curves for SAG, Bcl-Xr. and
Bak proteins are shown in Figure 2A-C, respectively. Mean
overall survival in the patients with elevated SAG expres-
sion was 27.1 mo * 3.9 mo [95% confidence interval (CI):
19.3-34.9]; and in patients with reduced expression, it was
32.1 mo £ 2.5 mo (95% CI: 27.3-36.9). The cortespond-
ing values for Bcl-Xi. were 28.0 mo * 4.1 mo (95% CI:
19.9-36.1) and 31.7 mo * 2.9 mo (95% CI: 26.0-37.5), and
those for Bak were 29.8 mo *+ 3.7 mo (95% CI: 22.5-37.2)
and 30.6 mo * 2.4 mo (95% CI: 25.5-35.0), respectively.

Tumor progression caused by distant metastases oc-
curred only in eight patients (25.8%), of whom, seven
had liver metastasis and one, who was alive at the time
of evaluation, had bone metastasis. Mean overall survival
was 41 mo. When the levels of SAG in tumor tissue were
compared to the corresponding normal tissue, half of the
patients expressed higher levels of SAG, whereas the oth-
er half had lower expression. Interestingly, patients with
high SAG expression had a higher mean survival (28 mo)
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Figure 2 Kaplan-Meier survival curves with univariate log-rank comparisons
at the end of 3 years for the three genes of interest. A: Sensitive-to-apoptosis;
B: B-cell lymphoma-extra large; C: Bcl-2 homologous antagonist/killer. Metasta-
sis was the major cause of death (seven cases). Information was not available for
four of the patients. Other reasons of death were variable, but included advanced
age, Alzheimer’s disease and stroke. The median values for high- and low-level
SAG expression in the study population were 24.5 and 30.4 mo, respectively.
SAG: Sensitive-to-apoptosis gene, Bcl-Xt: B-cell lymphoma-extra large, Bak:
Bcl-2 homologous antagonist/killer.

than did patients with low expression (18 mo). These
results contradict those obtained in the non-metastatic
patients. Among the non-metastatic patients, those with
low SAG expression showed a higher survival (36 mo)
and those with high SAG expression had lower survival (26
mo) (Table 1).

Pathological complete response was observed in five
patients (5/31); three of whom (60%) had lower SAG ex-
pression and two (40%) had higher SAG expression.
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DISCUSSION

Almost 50% of patients with rectal carcinoma who un-
dergo potentially curative resection die from the disease,
due to high recurrence rates. There is mounting evidence
indicating that local control of disease and survival rates
can be significantly improved with neoadjuvant CRT;
however, responses to therapy vary widely among indi-
viduals and, as such, the ability to predict the response to
CRT in patients with rectal cancer significantly improves
therapeutic efficacy.

One of the immediate damaging effects of ionizing
irradiation is the induction of cell-cycle arrest to provide
time for DNA repair or apoptosis. Spontaneous apoptosis
has been reported to be an important predictor of tumor
regression in rectal cancer"”. Reactive oxygen species,
such as hydroxyl radical radicals, produced by ionizing
radiation are highly reactive and easily trigger apoptosis,
possibly by an indirect action on redox-sensitive molecules
such as p53 and p27“4’15J. Recently, SAG was identified as
a redox-sensitive protein that protects cells from apopto-
sis, either by scavenging oxygen radicals or by acting on
apoptosis-related proteins as part of the ubiquitin ligase
complex SCE, thereby affecting the apoptotic sensitivity
of cells. Moreover, SAG was identified as a potential regu-
lator of p27, through inhibition of p27 accumulation”.
SAG overexpression has also been detected in a subset of
human colon cancers and non-small lung carcinomas and
has been shown to be associated with poor prognosis[&g’m.

The present results, which are in agreement with above-
mentioned studies, showed that low SAG expression in
tumor tissue, as compared to normal tissue, had a positive
effect on survival. The patients with low SAG expres-
sion had a median disease-free survival of 31.7 mo, as
compared to 28 mo in those with high SAG expression.
The clinical outcomes of the 31 patients revealed a strong
discrepancy at the 2-year follow-up period between the
groups with high #5 low SAG expression, but this profile
seemed to vanish at 3 years of observation.

Previously, Bak and Bcl-Xt, which are members of
the Bcl-2 family, were also identified as candidate proteins
for regulating chemotherapy-induced apoptosis“g]. Bcl-2
was shown to block y-radiation-induced cell death?".
Bak can form heterogenous dimers with Bcl-2 or Bel-X.
to inhibit their antiapoptotic functions. Strong interaction
between endogenous Bak and Bcl-Xr. has been reported
in hepatocytes as well as in other cells®". Furthermore,
quantitative expression levels of Bcl-Xr. and Bak have also
been determined to correlate with apoptotic sensitivity
of tissues in different carcinomas. Both genes have previ-
ously been shown to play a major role in colorectal car-
cinogenesis and tumor progression. Bcl-Xr, on the other
hand, is suggested to be more crucial than Bcl-2 for regu-
lation of apoptotic cell death in colon cancer™, Signifi-
cant overexpression of Bcl-Xr. mRNA has been observed
in the majority of colorectal carcinomas as compared to
the corresponding normal tissues. Krajewska ez al™ have
also reported elevated Bcl-Xr. and reduced Bak expression
in colorectal adenocarcinoma. These studies reinforce the
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major roles of Bcl-Xi and Bak in colorectal carcinogen-
esis and tumor progression; furthermore, they also imply
that expression levels of Bak and Bcl-Xi. can be used as
prognostic factors in rectal carcinoma, as pointed out by
some other studies™*.

Thus, in addition to SAG, we also evaluated the expres-
sion of two other Bcl-2 family proteins, Bcl-Xi. and Bak.
The expression levels of antiapoptotic Bcl-Xi. and pro-
apoptotic Bak were well correlated with those of SAG,
which lends further support to the role of apoptotic fac-
tors in the malignant potential of tumors. Higher survival
rates for 2 years were recorded for increased expression of
proapoptotic Bak, as opposed to SAG and Bel-Xu. levels.

We did not observe any correlation between develop-
ment of metastases and expression of apoptotic factors;
however, in patients who did not develop metastases,
gene regulation, especially that of SAG, was closely as-
sociated with sutvival. In non-metastatic tumors, tissues
with low-level SAG expression (7 = 12) were associated
with longer mean survival (36 mo), as opposed to those
with high expression levels (27.9 mo, » = 11).

In conclusion, the present study shows that the level
of expression of apoptosis-related genes may be associ-
ated with the degree of resistance to radiation exposure
and may significantly affect therapeutic outcome. We
observed an inverse correlation between SAG expression
and survival. Furthermore, the data obtained in this study
imply that SAG and Bak expression may serve as pre-
dictive parameters of disease progtression. On the other
hand, SAG and Bak expression levels did not significantly
affect overall survival. This pilot study included a rather
small number of patients, therefore, prospective studies
with larger cohorts that include other proteins in the mo-
lecular apoptotic pathway are required to assess the roles
of individual regulators in anticancer therapy.
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Background

Apoptotic proteins have been reported to be important prognostic factors in
various cancers. Sensitive-to-apoptosis gene (SAG) is a recently identified
apoptotic protein, which may be a new candidate to estimate the outcome of
treatment in rectal cancers.

Research frontiers

SAG was identified as a redox-sensitive protein that protects cells from apop-
tosis, either by scavenging oxygen radicals or by acting on apoptosis-related
proteins as part of the ubiquitin ligase Skp/Cullin/F-box containing complex
(SCF), thereby affecting the radiation sensitivity of cells. This study investigated
the correlation between expression levels of SAG and survival rates of patients,
who have advanced rectal carcinoma. In addition to SAG, this study also
examined two other proteins, B-cell lymphoma-extra large (Bcl-XL) and Bcl-2
homologous antagonist/killer (Bak) proteins, which are important members of
the mitochondrial apoptotic pathway.

Innovations and breakthroughs

The present study showed that the level of expression of some apoptosis-
related genes may be associated with the degree of resistance to radiation ex-
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posure and may significantly affect therapeutic outcome. The present research
observed an inverse correlation between SAG expression and 2-year survival,
although the overall survival rate was not affected significantly. There were no
significant correlations between the expression levels of all three genes and
metastatic rates or tumor responses to chemoradiotherapy (CRT).

Applications

The data obtained in this study imply that SAG and Bak expression may serve
as predictive parameters of disease progression. This pilot study included
a rather small number of patients, therefore, prospective studies with larger
cohorts that include other proteins in the molecular apoptotic pathway are re-
quired to assess the roles of individual regulators in anticancer therapy.
Terminology

SAG/regulator of cullins 2/Rbx/Hrt2 is a recently identified component of SCF
E3 ubiquitin ligase, which controls cell-cycle progression by promoting ubiqui-
tination and degradation of cell-cycle inhibitors. It has also been reported that
SAG protects cells from apoptosis induced by redox agents such as hydroxyl
radicals and radiation. The Bcl-2 family proteins are members of the intrinsic
apoptotic pathway. Bak is a proapoptotic member, while Bcl-X. blocks apoptosis
in many systems.

Peer review

This was an interesting and well conducted study which should be published
because it confirms the usefulness of SAG in the prognostication of rectal can-
cer patients.
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