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Overexpression of nuclear β-catenin in rectal 
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Abstract
AIM: To investigate the association between nuclear 
β-catenin overexpression in rectal adenocarcinoma and 
radioresistance.

METHODS: A retrospective analysis was conducted. 
The analysis involved 136 patients with locally ad-
vanced rectal adenocarcinoma who underwent short-
course preoperative radiotherapy and radical resection. 
The expression of β-catenin in both pretreatment biop-
sy specimens and resected primary tumor tissues was 
examined by immunohistochemistry. The correlation of 
β-catenin expression with radioresistance was evalu-
ated using the tumor regression grading (TRG) system. 
The relationship between β-catenin expression and 

clinicopathological characteristics was also analyzed. 
Univariate and logistic multivariate regression analyses 
were adopted to determine the independent factors of 
radioresistance.

RESULTS: Nuclear β-catenin overexpression was more 
evident in radioresistant rectal adenocarcinoma than in 
radiosensitive rectal adenocarcinoma (57.6% vs  16.7%, 
P  < 0.001). Nuclear β-catenin was overexpressed in 
favor of poor TRG (≤ 2), whereas membrane β-catenin 
was expressed in favor of good TRG (≥ 3). Nuclear 
β-catenin expression in tumor cell differentiation (P  = 
0.018), lymph node metastasis (P  = 0.022), and TRG 
(P  < 0.001) showed significant differences. Univariate 
analyses demonstrated that radioresistance is associ-
ated with nuclear β-catenin overexpression (P  < 0.001). 
In addition, logistic multivariate regression analysis 
indicated that only three factors, namely, tumor size (P  
< 0.001), tumor cell differentiation (P  < 0.001), and 
nuclear β-catenin overexpression (P  < 0.001), are as-
sociated with radioresistance. By using radioresistance 
as a prediction target, nuclear β-catenin-based predic-
tion alone achieved 83% accuracy, 65% sensitivity, and 
88% specificity.

CONCLUSION: Nuclear β-catenin overexpression may 
be a valuable candidate to predict the response of rec-
tal adenocarcinoma to preoperative radiotherapy. 

© 2013 Baishideng. All rights reserved.
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Core tip: In this paper we investigated the relation-
ship between overexpression of nuclear β-catenin in 
rectal adenocarcinoma and radioresistance. We first 
confirmed that nuclear β-catenin overexpression in rec-
tal adenocarcinoma is associated with radioresistance. 
Most importantly, we found that nuclear β-catenin-
based prediction achieved a 83% accuracy, 65% sen-
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sitivity and 88% specificity for radioresistance. We pro-
vided a novel possible molecular mechanism to explain 
the radioresistance in rectal adenocarcinoma and thus 
may provide a new therapeutic target for enhancing 
radiosensitivity.
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INTRODUCTION
Colorectal cancer (CRC) is the third most common ma-
lignancy and the fourth most frequent cause of  cancer 
deaths worldwide. Surgery is the predominant therapy for 
rectal cancer. However, rectal cancer treatment with sur-
gery alone is insufficient because of  the high incidence 
of  local recurrence. During the past decades, preopera-
tive radiotherapy and surgery have been increasingly used 
together for locally advanced rectal cancer to reduce local 
treatment failure[1-4]. However, many rectal cancer patients 
are resistant to preoperative radiotherapy because of  the 
heterogeneity of  treatment response. Therefore, predict-
ing neoadjuvant radiotherapy response may allow individ-
ualization and more rational selection of  patients that will 
most likely benefit from this therapy. A growing number 
of  studies have investigated molecular markers for the 
prediction of  tumor response to radiotherapy. XIAP[5], 

human phosphatidylethanolamine-binding protein 4[6], 

and epidermal growth factor receptor[7] are the molecular 
markers associated with tumor response to radiotherapy 
in rectal cancer.

β-catenin, a component of  the Wingless/Wnt signal-
ing pathway, can activate target genes linked to the APC 
gene in CRC. The localization of  β-catenin is related to 
its function in cancer growth[8]. β-catenin in the cyto-
plasm and membrane binds with the intracellular domain 
of  E-cadherin, a cell-to-cell adhesion molecule, and 
maintains normal tissue architecture. In the presence of  
a Wnt signal, β-catenin translocates to the nucleus and 
interacts with the lymphoid enhancing factor/T-cell fac-
tor to promote the transcription of  several target genes 
involved in cell proliferation[9].

A previous study indicated that Wnt/β-catenin medi-
ates the radiation resistance of  mouse mammary pro-
genitor cells and Sca1+ progenitors in an immortalized 
mammary gland cell line[10,11]. Thus, an active interaction 
probably exists between the radiotherapy response of  
cancer cells and Wnt/β-catenin signal pathway. However, 
no direct evidence about the correlation between nuclear 
β-catenin expression in rectal cancer and radiotherapy 
sensitivity has been reported to date. In this study, we 
enrolled 136 rectal adenocarcinoma patients treated with 

fractionated preoperative radiotherapy and radical resec-
tion. We investigated the expression of  nuclear β-catenin 
in rectal adenocarcinoma using biopsy specimens and 
resected primary tumor tissues to determine whether 
nuclear β-catenin expression can be a predictive marker 
of  tumor response to preoperative radiotherapy. 

MATERIALS AND METHODS
Study population
The study cohort comprised 136 rectal cancer patients 
who had undergone consecutive preoperative radiother-
apy (25 Gy in five fractions for 1 wk) and radical surgery 
at Qilu Hospital and Shandong Tumor Hospital and In-
stitute from November 2008 to June 2011. The subjects 
included 98 men and 38 women with a mean age of  64 
years (range: 35 years to 78 years). First, rectal cancer was 
diagnosed by contrast computed tomography (CT) and 
colonoscopy. Afterward, archival paraffin-embedded bi-
opsy tumor specimens and post-surgery resected tumor 
tissues were histologically identified as rectal adenocarci-
noma. 

The inclusion criteria were as follows: (1) patients 
histologically diagnosed with rectal adenocarcinoma; 
and (2) rectal cancer clinically diagnosed as stage Ⅲ. The 
exclusion criteria were as follows: (1) hereditary nonpol-
yposis CRC patients and patients with familial adenoma-
tous polyposis; and (2) patients with distant metastasis. 
All 136 patients met the inclusion criteria and were in-
cluded in this study. However, 11 cases with distant me-
tastasis and 1 case with familial adenomatous polyposis 
were excluded.

All cancers were clinically diagnosed as stage Ⅲ with 
no distant metastasis. Tumor stage was based on the 
American Joint Committee on Cancer (AJCC) TNM stag-
ing system (7th edition, 2009). The TNM stages of  the 
patients in this cohort were as follows: 28 patients with 
stage ⅢA, 46 patients with stage ⅢB, and 62 patients 
with stage ⅢC.

All patients received preoperative radiotherapy and 
underwent Miles’ operation. The distance from distal 
margin of  rectal cancer to anal edge was less than 7 cm 
in all patients. The interval between preoperative radio-
therapy and surgery was 10 d to 14 d.

Data collection and design of the study
This study was approved by the Ethics Committees 
of  Qilu Hospital, Shandong University, and Shandong 
Tumor Hospital and Institute. Informed consent was 
obtained from each patient. Clinical information related 
to diagnostic procedures and tumor characteristics was 
collected from medical records. Clinical and pathological 
data, including sex, age, tumor size, tumor invasion depth, 
tumor cell differentiation, and lymph node metastasis, 
were collected. Firstly, the association between expression 
of  nuclear β-catenin in biopsy specimens and respec-
tive resected tumor tissues was retrospectively analyzed. 
Meanwhile, tumor regression grading (TRG) of  rectal ad-
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enocarcinoma after radiotherapy was evaluated. Then, the 
relationship between nuclear β-catenin expression in rec-
tal adenocarcinoma and clinicopathological characteristics 
was retrospectively analyzed. Finally, univariate analysis 
and logistic multivariate regression analysis were adopted 
to discriminate independent factors of  radioresistance.

Immunohistochemistry
Biopsy specimens obtained through colonoscopy and 
resected tumor tissues collected after surgery were em-
bedded in paraffin and cut into sections for immuno-
histochemical staining using the streptavidin peroxidase 
complex method. Tissue sections (4 μm thick) were 
deparaffinized and microwaved for 15 min, incubated 
twice in 10 mmol/L citrate buffer at 100 ℃ to retrieve 
the antigens, and then incubated in 3% H2O2 for 10 min 
to quench endogenous peroxidase. Nonspecific binding 
of  antibodies was inhibited by incubation in 5% normal 
goat serum for 20 min in a humid chamber. The tissue 
sections were then incubated with mouse monoclonal 
anti-β-catenin antibodies (diluted 1:50, mouse IgG1; Cell 
Signaling Technology, Boston, United States) overnight 
at 4 ℃. The tissue sections were washed three times with 
PBS and then incubated with biotinylated goat antimouse 
IgG for 30 min at room temperature. After washing, the 
slides were incubated in a streptavidin-peroxidase com-
plex for 20 min at 37 ℃, washed three times, visualized 
using 3,3’-diaminobenzidine, and then counterstained 
with hematoxylin. Sections that were stained without 
the primary antibodies served as the negative control. 
β-catenin expression is defined as brown colored stain-
ing on the membrane or in the cytoplasm and nucleus. 
For immunohistochemical assessment, six slides were 
randomly selected and observed at a magnification of  
× 200 by two pathologists. The immunostained slides 
were scored as previously described[12]. In brief, the im-
munostained slides were scored using the sum of  the 
signal intensity (0 = no expression; 1 = weak expression; 
2 = moderate expression; 3 = strong expression) and the 
percentage of  positive cells (% tumor cells: 0 = 0%; 1 = 
1% to 25%; 2 = 26% to 50%; 3 = 51% to 75%; and 4 = 
76% to 100%). Nuclear β-catenin immunoreactivity at 
the invasive front was considered positive if  moderate 
or strong expression was observed in the nuclei. Nuclear 
β-catenin overexpression was considered positive when 
the expression was observed in > 50% of  the tumor 
cells.

TRG
The response of  rectal cancer to preoperative radiother-
apy was evaluated in the hematoxylin and eosin-stained 
slides using the TRG system as previously described[13]. 
The characteristics of  each grade were as follows: TRG 0, 
no regression; TRG 1, dominant tumor mass with obvi-
ous fibrosis in 25% or less of  the tumor mass; TRG 2, 
dominant tumor mass with obvious fibrosis in 26 to 50% 
of  the tumor mass; TRG 3, dominant fibrosis outgrow-
ing the tumor mass; and TRG 4, no viable tumor cells 

(only a fibrotic mass).

Statistical analysis
Statistical analysis was performed using SPSS16.0. χ 2 test 
and Fisher exact test were used to analyze the correlation 
between nuclear β-catenin expression and clinicopatho-
logical characteristics. Univariate and logistic multivariate 
regression analyses were performed to determine the 
independent factors of  TRG. P < 0.05 was considered 
statistically significant.

RESULTS
β-catenin expression in biopsy specimens and in 
respective resected tumor tissues 
The expression of  β-catenin in the biopsy and respective 
resected tumor tissues is presented in Figure 1. β-catenin 
expression was observed in all rectal cancer specimens. 
β-catenin was expressed mostly in a nuclear-associated 
staining pattern in patients who exhibited resistance 
to preoperative radiotherapy (Figure 1A). Conversely, 
β-catenin was expressed mostly in a membrane-associat-
ed staining pattern in patients who exhibited hyper-radio-
sensitivity (Figure 1B). Nuclear β-catenin overexpression 
was observed in 68 cases who exhibited radioresistance 
(57.6%). However, this overexpression was only observed 
in three patients who exhibited radiosensitivity (16.7%). 
Therefore, nuclear β-catenin overexpression is more 
evident in radioresistant patients than in radiosensitive 
patients (P < 0.001, Table 1). After preoperative radio-
therapy, nuclear β-catenin was overexpressed in favor 
of  poor TRG (≤ 2) (Figure 1C), whereas membrane 
β-catenin was overexpressed in favor of  good TRG (≥ 
3) (Figure 1D). This result suggests that nuclear β-catenin 
overexpression is a predictive marker of  radioresistance.

Relationship between nuclear β-catenin expression 
in rectal adenocarcinoma and clinicopathological 
characteristics
χ 2 test was performed to investigate the relationship be-
tween nuclear β-catenin expression and clinicopathologi-
cal features. The correlations between nuclear β-catenin 
expression level and clinicopathological variables are 
shown in Table 1. Nuclear β-catenin expression in tumor 
cell differentiation (P = 0.018), lymph node metastasis (P 
= 0.022), and TGR (P < 0.001) showed significant differ-
ences.

Predictive value of nuclear β-catenin overexpression for 
radioresistance
Clinicopathological characteristics were divided into two 
groups according to tumor response to radiotherapy to 
confirm the predictive value of  nuclear β-catenin over-
expression as a biomarker of  radioresistance. Univariate 
and multivariate analyses were performed to determine 
the factors related to radioresistance. Univariate analysis 
results (Table 2) demonstrated that radioresistance was 
associated with tumor size (P < 0.001), tumor cell differ-
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entiation (P < 0.001), tumor invasion depth (P = 0.027), 
and nuclear β-catenin expression (P < 0.001). However, 
logistic multivariate regression analysis retained only three 
factors in the model, namely, tumor size (P < 0.001), tu-
mor cell differentiation (P < 0.001), and nuclear β-catenin 
overexpression (P < 0.001). By using radioresistance as 
a prediction target, nuclear β-catenin-based prediction 
alone achieved 83% accuracy, 65% sensitivity, and 88% 
specificity (Table 3).

DISCUSSION
In the present study, the expression of  β-catenin in 136 
rectal adenocarcinoma patients was detected and its rela-
tionship with radioresistance was investigated. Our data 
demonstrated that overexpression of  nuclear β-catenin 
is associated with radioresistance in rectal adenocarci-
noma. To the best of  our knowledge, few studies have 
been done to investigate the prognostic value of  nuclear 
β-catenin overexpression for radioresistance in rectal 
cancer. The clinical significance of  the current study is 
that we might provide promising biomarkers to predict 
sensitivity of  rectal cancer to radiotherapy. 

Preoperative radiotherapy has become a standard 
treatment for locally advanced rectal cancer. Obtaining an 
accurate prediction of  cancer cell response to radiothera-

Figure 1  β-catenin expression in biopsy specimens and resected tumor tissues (× 200). A: Nuclear β-catenin was overexpressed in biopsy specimens from 
patients who exhibited resistance to preoperative radiotherapy; B:  β-catenin presented mostly in a membrane-associated staining pattern in biopsy specimens from 
patients who exhibited hyper-radiosensitivity; C: Nuclear β-catenin was overexpressed in specimens with poor tumor regression grading (TRG) (≤ 2); D: β-catenin 
presented mostly in a membrane-associated staining pattern in specimens with good TRG (≥ 3). 

DC
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Table 1  Correlation of nuclear β-catenin expression in rectal 
adenocarcinoma with clinicopathologic characteristics

Characteristics n Nuclear β-catenin expression P  value1

≤ 50% > 50%

Gender
   Male 108 54 54 0.312
   Female   28 11 17
Age (yr)
   ≤ 55   19 11   8 0.342
   > 55 117 54 63
Tumor size (cm)
   ≤ 5   78 38 40 0.802
   > 5   58 27 31
Tumor cell differentiation
   Well/moderately 
differentiated

  98 53 45 0.018

   Poorly differentiated   38 12 26
Tumor invasion depth
   T1/T2   23 15   8 0.066
   T3/T4 113 50 63
Lymph node metastasis
   N1   74 42 32 0.022
   N2   62 23 39
TRG
   TRG0-2 118 50 68 < 0.001
   TRG3-4   18 15   3

1Value is the result of χ2 test in the same factor, and P < 0.05 is considered 
significant statistically. TRG: Tumor regression grading. 
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Table 2  Univariate and multivariate regression analyses of the association of clinical features 
with radiotherapy response of rectal adenocarcinoma  n  (%)
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py to determine if  a patient would benefit from adjuvant 
therapy is challenging[14]. Previous studies indicated that 
molecules involved in signaling pathways are crucial to 
the sensitivity of  cancer cells to radiotherapy[15,16]. Numer-
ous studies have investigated biomarkers to predict rectal 
cancer sensitivity to radiotherapy[17-19]. However, only a 
few scholars have focused on the Wnt/β-catenin signal-
ing pathway, which is vital in the progression of  rectal 
cancer. 

β-catenin is a component of  the Wingless/Wnt 
signaling pathway. Previous studies have demonstrated 
that β-catenin is associated with the sensitivity of  some 
cancers to radiotherapy. Kim et al[20] found that glio-
blastoma (GBM) cell lines enriched with cells positive 
for active β-catenin are increased by in vitro radiation 
treatment. This finding suggests that the radiation resis-
tance of  GBM is partly mediated by the activation of  
stem cell-associated pathways, including Wnt. Watson et 
al[21] found that the expression of  a kinase dead mutant 
GSK3β endows Panc1 and BxPC3 pancreatic cancer 
cells with radioresistance. β-catenin silencing results in 
radiosensitization, whereas a nondegradable β-catenin 
construct induces radioresistance. These data support the 

hypothesis that GSK3β modulates the cellular response 
to radiation in a β-catenin-dependent mechanism. In 
the current study, only stage Ⅲ rectal adenocarcinoma 
patients who accepted preoperative radiotherapy were 
included to eliminate the effects of  different therapeutic 
methods, such as concurrent chemoradiotherapy. The 
results indicated that nuclear β-catenin overexpression is 
more evident in tumor biopsy specimens from patients 
who exhibited radioresistance. We also found that tumor 
tissues were relatively intact when nuclear β-catenin was 
overexpressed in tumor cells after preoperative radio-
therapy. These immunohistochemical data indicated that 
the accumulation of  nuclear β-catenin in tumor cells is 
critical in the radioresistance of  rectal adenocarcinoma.

Regarding the correlation between nuclear β-catenin 
expression and clinicopathological characteristics, previous 
investigators reported contradictory results. Zhang et al[22] 
believed that nuclear β-catenin accumulation is related to 
tumor stage and/or metastasis. However, correlations be-
tween nuclear β-catenin and pertinent clinicopathological 
variables were not observed in Baldus’s study[23]. Our data 
demonstrated that nuclear β-catenin overexpression is 
related to low tumor cell differentiation and lymph node 
metastasis. Hyper-radiosensitivity is associated with low 
tumor cell differentiation. In the current study, a relation-
ship was found between nuclear β-catenin overexpres-
sion and low tumor cell differentiation. However, tumor 
tissues in which nuclear β-catenin was overexpressed 
exhibited resistance to preoperative radiotherapy. This 
result suggests that nuclear β-catenin overexpression is 
a potential mechanism by which rectal adenocarcinoma 
cells avoid the destructive effect of  radiotherapy.

Univariate and multivariate analyses were used to 
determine the factors related to radioresistance and thus 
confirm the predictive value of  nuclear β-catenin overex-

Clinicopathological factors Univariate analysis Multivariate analysis

Good response1 P  value OR P value

Gender 
   Male 15 (13.8) 0.697 NS
   Female   3 (10.7)
Age (yr)
   ≤ 55   5 (26.3) 0.129 NS
   > 55 13 (11.1)
Tumor size (cm)
   ≤ 5 16 (20.5) < 0.001 5.058 < 0.001
   > 5 2 (3.5)
Tumor cell differentiation
   Well/moderately differentiated 4 (4.1) < 0.001 4.692 < 0.001
   Poorly differentiated 14 (36.8)
Tumor invasion depth
   T1/T2     7 (30.4) 0.027 1.143 0.053
   T3/T4 11 (9.7)
Nuclear β-catenin expression
   ≤ 50% 15 (23.1) < 0.001 6.375 < 0.001
   > 50% 3 (4.2)

1Tumor regression grading ≥ 3. NS: Not selected. 

Table 3  Predictive value of nuclear β-catenin as a marker of 
radioresistance in 136 patientsof rectal adenocarcinoma

Nuclear β-catenin expression Good response Poor response

≤ 50% 15% 50%
> 50%   3% 68%
Accuracy 83%
Sensitivity 65%
Specificity 88%
Positive predictive value 79%
Negative predictive value 48%
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pression for radioresistance. Univariate analysis demon-
strated that nuclear β-catenin overexpression is associated 
with tumor response to radiotherapy. This finding coin-
cides with the immunohistochemical result. A multivari-
ate logistic regression analysis model was constructed to 
distinguish the independent factors for radioresistance 
and obtain a more precise estimate of  the effect of  
nuclear β-catenin overexpression on tumor response to 
radiotherapy. As shown in Table 2, tumor response to 
radiotherapy is associated with nuclear β-catenin over-
expression. This result suggests that nuclear β-catenin 
overexpression may affect radioresistance independently. 
When radioresistance was used as a prediction target in 
this study, nuclear β-catenin overexpression-based predic-
tion alone achieved 83% accuracy, 65% sensitivity, and 
88% specificity. These data confirmed that our conclu-
sion is consistent with previous findings and suggested 
that nuclear β-catenin overexpression in rectal adenocar-
cinoma is a useful marker of  radioresistance. Prediction 
of  rectal cancer patient response is critical in tailoring 
preoperative radiotherapy to individuals. In addition, the 
search for predictive markers of  radiotherapy is similar to 
the development of  targeted therapy to some extent. We 
believe that β-catenin is a potential target for reducing 
radioresistance in rectal adenocarcinoma. In the future, 
β-catenin-targeting molecular drugs and radiation therapy 
may be used in combination to improve the efficacy of  
radiotherapy for rectal adenocarcinoma.

There are some potential limitations of  this study. 
First, this is a retrospective study, and the confounding 
effects associated with a design of  this kind are surely 
present. Second, only those patients who accepted preop-
erative radiotherapy were included in order to study the 
prognostic value of  nuclear β-catenin overexpression for 
radioresistance in this study. Having only a small number 
of  patients in the study also prevented us making further 
analysis about the correlation of  nuclear β-catenin over-
expression with clinical outcome. We believe that a larger 
prospective trial and long-term follow up study will allow 
us to confirm our conclusions. 

In conclusion, nuclear β-catenin overexpression in 
rectal adenocarcinoma is associated with radioresistance. 
Both clinical and pathological data support our conclu-
sion. Therefore, nuclear β-catenin overexpression in rec-
tal adenocarcinoma can be used as a valuable predictor 
of  radioresistance. However, these preliminary findings 
must be verified in a larger, prospective, controlled clini-
cal study and in a subsequent experimental study.
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