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Loss of Wnt7a expression correlates with tumor
progression and poor prognosis in colorectal carcinoma
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Abstract: Wnt7a is a known tumor suppressor gene in non-small cell lung cancer that regulates normal cellular
proliferation and differentiation. The purpose of this study was to investigate the clinicopathologic significance of
Wnt7a expression in colorectal adenocarcinoma. Wnt7a expression was immunohistochemically examined in 46
normal colorectal tissues, 47 tubular adenomas, 393 adenocarcinomas, and 93 lymph node metastases. Wnt7a
was expressed in the cytoplasm. Loss of Wnt7a expression was more frequent in adenocarcinoma and lymph node
metastasis compared to that in normal and tubular adenoma (P < 0.001). Wnt7a expression was inversely correlated with tumor size (P = 0.026), gross type (P = 0.008), differentiation (P = 0.009), vascular invasion (P = 0.038),
tumor deposit (P = 0.007), tumor invasion (T category) (P = 0.003), lymph node metastasis (N category) (P < 0.001),
and AJCC stage (P < 0.001). There was a significant correlation between loss of Wnt7a expression and overall survival and disease-free survival (P < 0.001 and P = 0.001, respectively) on univariable analysis. On multivariable
analysis, loss of Wnt7a expression was an independent prognostic factor for both overall and disease-free survival
(P = 0.002 and P = 0.047, respectively). Loss of Wnt7a expression may contribute to the carcinogenesis and tumor
progression of colorectal adenocarcinoma and may be a new prognostic marker of colorectal adenocarcinoma.
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Introduction
Colorectal cancer is one of the most prevalent
cancers worldwide, along with lung cancer and
breast cancer and the second-leading cause of
cancer-related death [1-3]. Although there have
been marked advances in the understanding of
colorectal cancer carcinogenesis and improvements in diagnostic and treatment modalities
of colorectal cancer, the therapeutic problem
is still unsolved [2]. Colorectal cancer patients
without lymph node metastasis or distant metastasis can be treated by surgical resection
alone. However, further treatment of colon cancer patients with distant metastasis and postsurgical recurrence still remains challenging
[4, 5]. Surgical treatment does not always prevent the recurrence of advanced colorectal
cancer and about one-fourth of colorectal cancer patients present with liver or distant metastasis at initial diagnosis [1].

Currently, there is no targeted therapy available
to improve the clinical outcome of colorectal
cancer patients. A search for reliable molecular
markers of prognosis in colorectal cancer patients would help patients with colorectal cancer [6, 7]. Adjuvant chemotherapeutic approaches in colorectal cancer have proven beneficial, but do not prevent recurrence in all patients
[8]. Therefore, there are numerous ongoing studies searching for alternative molecular markers to be used as adjuvant therapy. Cancerassociated monoclonal antibodies, targeting
tumor-associated proteins and blocking essential processes of cancer, have been extensively
investigated [9]. The identification of tumorspecific proteins that can be targeted is crucial
and one of these targets is Wnt7a. Wnt7a, a 39
kDa secreted glycoprotein, is a member of the
Wnt protein family which regulates normal cellular proliferation and differentiation, as well as
tumorigenesis and progression [10]. Recent
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Figure 1. Representative photographs of Wnt7a immunostaining in colorectal adenocarcinoma (× 200). A: Negative;
B: Weak; C: Moderate; D: Strong. Wnt7a is expressed in the cytoplasm of tumor cells.

Table 1. Wnt7a expression in NL, TA, CA, and LNM (n = 579)
Tissue samples
NL
TA
CA
LNM

Wnt7a expression
Negative (%) Positive (%)
p-value†
rs
(n = 225)
(n = 354)
46
0 (0.0)
46 (100.0)
47
7 (14.9)
40 (85.1)
< 0.001 -0.347
393 156 (39.7) 237 (60.3)
93
62 (66.7)
31 (33.3)
n

†
Chi-square test for linear trend. NL: normal colorectal tissue; TA: tubular
adenoma; CA: adenocarcinoma; LNM: lymph node metastasis; rs: Spearman’s rank correlation coefficient.

studies on human cancers have shown that
Wnt7a has a critical role in malignant progression; however, there is conflicting evidence
whether Wnt7a acts as a tumor promoter or
tumor suppressor [11, 12]. Wnt7a expression
possesses controversial roles in different types
of cancer [13].
In the present study, we investigated Wnt7a
expression immunohistochemically in a series
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of 46 normal colorectal tissues, 47
tubular adenomas, 393 colorectal
adenocarcinomas and 93 lymph node metastases and evaluated the
association of Wnt7a expression with
clinicopathological parameters, as
well as the impact of Wnt7a expression on overall and disease-free survival in patients with colorectal adenocarcinoma.
Materials and methods

Patients and specimens
A consecutive series of 393 patients with
colorectal adenocarcinoma was enrolled in this
study. All patients underwent surgery at the
Hanyang University Hospital (Seoul, South
Korea) between January 2005 and December
2010. This study was approved by the
Institutional Review Board of the Hanyang
University Hospital (HYUH 2015-11-009-002).
Int J Clin Exp Pathol 2018;11(10):4967-4976
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mor budding, vascular invasion, perineural invasion,
tumor deposit, perinodal
tumor extension, T category, N category, M category,
AJCC stage and patients’
survival.
Tissue microarray construction
A manual tissue microarrayer (Quick Ray Set, Unitama, Seoul, South Korea)
was used for tissue microarray construction. As previously described [2], we selected an area rich in tumor
cells without necrosis on
light microscopy of H&E
stained slides. We punched
a tissue cylinder with a 2
Figure 2. Median Wnt7a expression score in normal colorectal tissue (NL), tumm diameter from a previbular adenoma (TA), adenocarcinoma (CA), and lymph node metastasis (LNM).
ously marked lesion of each
donor paraffin block and
There were 242 male and 151 female patients.
transferred to the recipient block (Quick Ray
Set, Unitama, Seoul, South Korea). Each tissue
The patient age ranged from 28 years to 89
microarray was made up of 5 × 10 samples
years (a mean age of 63.41 years and a median
with two control samples.
age of 64 years). Out of 393 cases, tumors
were located in cecum (n = 21), ascending
Immunohistochemical staining
colon (n = 61), hepatic flexure (n = 3), trans-

verse colon (n = 20), splenic flexure (n = 2),
descending colon (n = 18), sigmoid colon (n =
126), and rectum (n = 142). The size of the
tumor ranged from 0.5 to 13 cm (a mean size of
4.98 and a median size of 5.0). Tumors consisted of 366 non-mucinous adenocarcinomas and
27 mucinous adenocarcinomas. Mean followup interval was 4.55 years. 117 (29.8%) patients died and 276 (70.2%) patients remained
alive. 53 cases were stage I, 119 cases were
stage II, 194 cases were stage III, and 27 cases
were stage IV according to the American Joint
Committee on Cancer (AJCC) staging system. In
addition, 46 samples of normal colorectal tissue, 47 samples of tubular adenoma, and 93
samples of lymph node metastasis were selected to evaluate the role of Wnt7a expression in
colorectal carcinogenesis and tumor progression. All tissue samples were formalin-fixed and
paraffin embedded. Pathologic reports, hematoxylin-eosin stained slides, and medical records were reviewed to confirm the final diagnosis and detail clinicopathologic parameters including age, gender, tumor location, tumor size,
gross type, tumor subtype, differentiation, tu4969

A polyclonal rabbit anti-Wnt7a antibody (ab183653, Abcam, Cambridge, UK) at 1:50 dilution was used. 4 μm sections were cut from tissue microarray block using Leica microtome
and transferred to adhesive coated slides and
deparaffinized. The staining was performed
using the Bond Max automated immunostainer
(Vision Biosystems, San Francisco, CA, USA).
Before staining, the heat-induced epitope retrieval was performed in Bond epitope retrieval
solution. Endogenous peroxidase activity was
blocked using 0.3% hydrogen peroxide. The primary antibody was incubated for 30 minutes
and the slides were incubated with post-primary reagent for 15 minutes at room temperature.
The reactions were developed using a Bond
polymer refine detection kit and followed by
color development with 3,3’-diaminobenzidine
tetrahydrochloride as a chromogen.
Interpretation of immunohistochemical staining
Wnt7a expression was evaluated semiquantitatively by two independent pathologists (Jang
Int J Clin Exp Pathol 2018;11(10):4967-4976
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Table 2. Correlation between Wnt7a expression and various factors in colorectal adenocarcinoma (n
= 393)
Factors
Age (years)
Median (IQR)
Gender
Male
Female
Tumor location
Colon
Rectum
Tumor size
Median (IQR)
Gross type
Polypoid
Ulcerofungating
Ulceroinfiltrative
Tumor subtype
Tubular
Mucinous
Differentiation
Well
Moderately
Poorly
Tumor budding
Low-grade
High-grade
Vascular invasion
Absent
Present
Perineural invasion
Absent
Present
Tumor deposits
Absent
Present
PNTE¶
Absent
Present
T category
T1
T2
T3
T4
N category
N0
N1, N2
M category
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n

Expression of Wnt7a
Negative (%) (n = 156) Positive (%) (n = 237)
p value

rs

393

64 (71-58)

65 (72-57)

0.560†

0.029

242
151

99 (40.9)
57 (37.7)

143 (59.1)
94 (62.3)

0.533‡

0.031

251
142

97 (38.6)
59 (41.5)

154 (61.4)
83 (58.5)

0.572‡

-0.029

393

5.0 (6.5-4.0)

4.5 (6.0-3.0)

0.026†

-0.113

46
154
193

12 (26.1)
56 (36.4)
88 (45.6)

34 (73.9)
98 (63.6)
105 (54.4)

0.008*

-0.132

366
27

141 (38.5)
15 (55.6)

225 (61.5)
12 (44.4)

0.081‡

-0.088

26
186
181

6 (23.1)
67 (36.0)
83 (45.9)

20 (76.9)
119 (64.0)
98 (54.1)

0.009*

-0.129

238
155

91 (38.2)
65 (41.9)

147 (61.8)
90 (58.1)

0.464‡

-0.037

315
78

117 (37.1)
39 (50.0)

198 (62.9)
39 (50.0)

0.038‡

-0.105

198
195

70 (35.4)
86 (44.1)

128 (64.6)
109 (55.9)

0.076‡

-0.089

318
75

116 (36.5)
40 (53.3)

202 (63.5)
35 (46.7)

0.007‡

-0.135

119
100

57 (47.9)
47 (47.0)

62 (52.1)
53 (53.0)

0.894‡

0.009

32
39
245
77

6 (18.8)
11 (28.2)
104 (42.4)
35 (45.5)

26 (81.3)
28 (71.8)
141 (57.6)
42 (54.5)

0.003*

-0.135

174
219

52 (29.9)
104 (47.5)

122 (70.1)
115 (52.5)

< 0.001‡

-0.179
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M0
M1
AJCC stage
I
II
III
IV

366
27

142 (38.8)
14 (51.9)

224 (61.2)
13 (48.1)

0.181‡

-0.067

53
119
194
27

10 (18.9)
40 (33.6)
92 (47.4)
14 (51.9)

43 (81.1)
79 (66.4)
102 (52.6)
13 (48.1)

< 0.001*

-0.208

†
Mann-Whitney U test; ‡Chi-square test for independence; *Chi-square test for linear trend. SD: standard deviation; IQR: interquartile range; PNTE: perinodal tumor extension; AJCC: American Joint Committee on Cancer; rs: Spearman’s rank correlation
coefficient. ¶Cases without lymph node metastasis (N0 cases; n = 174) have been excluded.

SM and Paik SS) who were blinded to the
patients’ clinical outcome. We categorized the
cytoplasmic Wnt7a expression in terms of both
staining intensity and extent, as described previously [10, 14]. Staining intensity was graded
as negative (0), weak (1), moderate (2), and
strong (3), and staining extent was graded as
0% (0), 1-25% (1), 26-50% (2), 51-75% (3), and
76-100% (4). The product of intensity grade
and extent grade was used as the final staining
score. Thus, the maximum combined score was
12 and the minimum score was 0. For the purpose of statistical analysis, a cut off value of 2
was adopted according to the receiver operating characteristic curve. The samples were
finally classified as either negative (score 0-1)
or positive (score 2-12) for Wnt7a expression.
Statistical analysis
Statistical analysis was performed using SPSS
software, version 18.0 (Chicago, IL, USA). The
expression pattern and median expression
score of Wnt7a between normal colorectal mucosa, tubular adenoma, adenocarcinoma, and
lymph node metastasis were evaluated by Chisquare test for linear trend and Kruskal-Wallis
test. Chi-square test for linear trend, Chi-square
test for independence, and Mann-Whitney U
test were used to investigate the association
between Wnt7a expression and clinicopathological features including age, gender, tumor
location, tumor size, gross type, tumor subtype,
differentiation, tumor budding, vascular invasion, perineural invasion, tumor deposit, perinodal tumor extension, T category, N category,
M category, and AJCC stage. Spearman’s analysis was used to obtain a correlation coefficient.
The Kaplan-Meier method with log-rank test
was used to create the curves of overall survival and disease-free survival. Univariable analysis using the Cox proportional hazards regres-

4971

sion model was performed to compare the survival rates of subgroups. Multivariable survival
analysis using the Cox proportional hazards
regression model was performed to determine
independent prognostic factors. A difference of
P < 0.05 was considered significant.
Results
Staining pattern of Wnt7a
Wnt7a expression was evaluated in 46 samples
of normal colorectal tissue, 47 samples of tubular adenoma, 393 samples of adenocarcinoma, and 93 samples of lymph node metastasis.
Wnt7a was expressed in the cytoplasm with
various grades. Representative photographs of
Wnt7a expression according to the staining
intensity in colorectal adenocarcinoma are
shown in Figure 1. Wnt7a expression was positive in all cases (100%) of normal colorectal tissue, 40 cases (85.1%) of tubular adenoma,
237 cases (60.3%) of adenocarcinoma, and 31
cases (33.3%) of lymph node metastasis. Loss
of Wnt7a expression was more frequent in
malignant tumors compared to that in benign
lesions (P < 0.001) (Table 1). Median Wnt7a expression score was 8 (12-6) in normal colorectal tissue, 6 (9-3) in tubular adenoma, 3 (4-0) in
adenocarcinoma, and 0 (3-0) in lymph node
metastasis. Median Wnt7a expression score
was significantly less in malignant tumors than
in benign lesions (P < 0.001, Kruskal-Wallis
test) (Figure 2).
Correlation between Wnt7a expression and
various clinicopathological factors
A correlation was investigated between clinicopathological parameters and Wnt7a expression
to assess the clinicopathological significance
of Wnt7a expression in colorectal adenocarci-
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Table 3. Effect of variables on overall and disease-free survival in 393 colorectal adenocarcinomas
Variables
Overall survival
Wnt7a expression (negative vs. positive)
Patient age (< 64 yrs vs. ≥ 64 yrs)
Tumor budding (low vs. high)
Vascular invasion (absent vs. present)
AJCC stage (I, II vs. III, IV)
Disease-free survival
Wnt7a expression (negative vs. positive)
Patient age (< 64 yrs vs. ≥ 64 yrs)
Tumor budding (low vs. high)
Vascular invasion (absent vs. present)
AJCC stage (I, II vs. III, IV)

Univariable analysis†
HR (95% CI)
p-value

Multivariable analysis†
HR (95% CI)
p-value

0.487 (0.338-0.701)
2.055 (1.395-3.028)
2.046 (1.421-2.945)
3.070 (2.106-4.475)
2.079 (1.394-3.099)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

0.560 (0.385-0.813)
2.128 (1.443-3.138)
1.707 (1.171-2.488)
2.524 (1.690-3.770)
1.306 (0.847-2.015)

0.002
< 0.001
0.005
< 0.001
0.228

0.599 (0.437-0.820)
1.625 (1.175-2.247)
2.206 (1.609-3.026)
3.286 (2.361-4,575)
2.445 (1.720-3.476)

0.001
0.003
< 0.001
< 0.001
< 0.001

0.721 (0.522-0.995)
1.762 (1.272-2.439)
1.761 (1.270-2.441)
2.509 (1.770-3.556)
1.661 (1.139-2.423)

0.047
0.001
0.001
< 0.001
0.008

Cox proportional hazards regression model. HR: hazard ratio; CI: confidence interval; AJCC: American Joint Committee on
Cancer.
†

noma. Wnt7a expression was inversely correlated with tumor size (P = 0.026), gross type (P
= 0.008), differentiation (P = 0.009), vascular
invasion (P = 0.038), tumor deposit (P = 0.007),
tumor invasion (T category) (P = 0.003), lymph
node metastasis (N category) (P < 0.001), and
AJCC stage (P < 0.001). However, there was no
correlation with age, gender, tumor location,
tumor subtype, tumor budding, perineural invasion, perinodal tumor extension, and M category (Table 2).
Overall survival and disease-free survival
analyses
In all 393 patients with colorectal adenocarcinoma, the impact of Wnt7a expression on overall and disease-free survival was evaluated.
Patient age, tumor budding, vascular invasion,
and AJCC stage show a significant effect on
overall and disease-free survival in the univariable and multivariable analyses. There was a
significant correlation between loss of Wnt7a
expression and overall survival and diseasefree survival (P < 0.001 and P = 0.001, respectively) on univariable analysis using Cox proportional hazards regression model. On multivariable survival analysis using Cox proportional
hazards regression model, loss of Wnt7a expression was an independent prognostic factor
for both overall and disease-free survival (P =
0.002 and P = 0.047, respectively) (Table 3).
Kaplan-Meier survival curves with log-rank test
revealed that loss of Wnt7a expression was sig-
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nificantly correlated with both overall survival
and disease-free survival (P < 0.001 and P =
0.001, respectively) (Figure 3).
Discussion
In the present study, we investigated Wnt7a
expression in 46 samples of normal colorectal
tissue, 47 samples of tubular adenoma, 393
samples of adenocarcinoma, and 93 samples
of lymph node metastasis and evaluated the
association between Wnt7a expression and
clinicopathologic factors and patient survival in
patients with colorectal adenocarcinoma. Loss
of Wnt7a expression was more frequent in adenocarcinoma and lymph node metastasis compared to that in normal colorectal tissue and
tubular adenoma. Median Wnt7a expression
score was significantly higher in normal colorectal tissue and tubular adenoma than in adenocarcinoma and lymph node metastasis. Wnt7a
expression was inversely correlated with tumor
size, gross type, differentiation, vascular invasion, tumor deposit, tumor invasion, lymph
node metastasis and AJCC stage. Kaplan-Meier
survival curves revealed a significant effect of
loss of Wnt7a expression on both overall survival and disease-free survival of patients with
colorectal adenocarcinoma.
The Wnt family of genes encodes secreted,
highly conserved glycoproteins that act through
Frizzled receptor. Wnt proteins are involved in
important cellular processes such as cell fate
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Figure 3. Cumulative survival curves according to Wnt7a expression in 393 patients with colorectal adenocarcinoma (Kaplan-Meier method with log-rank test). A: Overall; B: Disease-free.

determination, differentiation, proliferation, mortality, tissue growth, apoptosis and carcinogenesis [14-18]. Wnt gene was initially discovered as a proto-oncogene in mammary tumors
[19]. A Wnt protein as a ligand binds to a specific receptor located on the cell surface, activating the canonical or noncanonical pathway
[14]. Wnt7a, a 39 kDa glycoprotein, is a member of the Wnt protein family, which is strongly
implicated in female reproductive tract development [20]. Wnt7a is exclusively expressed in
epithelial cells and acts via Frizzled receptor in
the mesenchyme and epithelium [21]. Wnt7a
increases cell proliferation via activation of the
canonical Wnt/ß-catenin pathway [22]. Wnt7a
expression has controversial roles in different
types of human cancers, including endometrial
carcinoma, ovarian cancer, uterine cervical
cancer, renal cell carcinoma, malignant pleural
mesothelioma, and non-small cell lung carcinoma [10, 13-15, 23-26]. Recent studies on
human cancers have demonstrated that Wnt7a
has a critical role in malignant progression;
however, there is conflicting evidence whether
Wnt7a acts as a tumor promoter or tumor suppressor [10-12].
Winn et al. reported that antitumorigenic effect
of Wnt7a/Fzd9 in non-small cell lung cancer
cells was mediated through ERK-5-dependent
activation of peroxisome proliferator-activated
receptor γ. In non-small cell lung cancer cells,
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the restoration of Wnt7a/Fzd9 signaling promoted cell differentiation, inhibited cell proliferation, and reserved the transformed phenotype, suggesting that Wnt7a behaves as a
tumor suppressor gene [26]. Ramos-Solano et
al. described that reconstitution of Wnt7a
expression in cervical cancer-derived cells negatively regulated not only its proliferation rate,
but also its migration potential [13]. Peng et al.
showed that lost or reduced Wnt7a expression
was significantly associated with poor progression-free and overall survival in patients with
endometrial carcinoma [14]. Kondratov et al.
showed that the Wnt7a gene possessed tumor
suppression function by colony-formation and
cell proliferation assays in renal cell carcinoma
cell line and proposed that inactivation of the
Wnt7a gene may play an important role in the
development of clear cell renal cell carcinoma
[23]. Hirata et al. suggested that Wnt7a is possibly a novel tumor-suppressor gene in malignant pleural mesothelioma [24].
On the other hand, several reports have
revealed that Wnt7a may play a role in promoting cancer progression. Merritt et al. described
that Wnt7a expression was exclusively high in
the malignant ovarian carcinomas and involved
in increased migration and invasive capacity in
an ovarian cancer cell line, acting as an oncogenic gene [27]. Liu et al. reported that Wnt7a
was overexpressed in a large proportion of
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patients with endometrial carcinoma, and a
positive Wnt7a expression was closely associated with tumor progression and unfavorable
prognosis [10]. Zhang et al. showed that Wnt7a
expression was higher in ovarian carcinomas
compared with normal ovaries and benign
tumors [28]. Yoshioka et al. suggested that reexpression of Wnt7a during malignant transformation of ovarian epithelial cells plays a critical
role in ovarian cancer progression [15]. Wnt7a
expression had been also explored in colorectal carcinomas by Wang et al. [29]. They have
argued that high expression of Wnt7a was an
unfavorable prognostic factor in their study
with 212 cases. However, they used the additive scoring system for immunohistochemical
semiquantitation of Wnt7a expression. Our
study used the multiplying scoring system,
which is more relevant and recommended in
the scientific analysis because the negative
results of additive scoring system can be
incomplete [30].
In the present study, we found that Wnt7a was
more frequently expressed in normal colorectal
tissues and tubular adenomas compared to
that in adenocarcinomas and lymph node
metastases (P < 0.001). Median Wnt7a expression score was also significantly less in adenocarcinoms and lymph node metastases than in
normal colorectal tissues and tubular adenomas (P < 0.001). These results suggest that
loss of Wnt7a expression may be involved in
the carcinogenesis of colorectal adenocarcinoma. The clinicopathological correlation analysis demonstrated that Wnt7a expression was
inversely correlated with tumor size (P = 0.026),
gross type (P = 0.008), differentiation (P =
0.009), vascular invasion (P = 0.038), tumor
deposit (P = 0.007), tumor invasion (P = 0.003),
lymph node metastasis (P < 0.001), and AJCC
stage (P < 0.001). These results suggest that
loss of Wnt7a expression may be associated
with tumor progression and tumor aggressiveness of colorectal adenocarcinoma. In survival
analyses, loss of Wnt7a expression revealed
poorer overall survival and disease-free survival (P < 0.001 and P = 0.001, respectively) on
univariable analysis. On multivariable survival
analysis, loss of Wnt7a expression was an independent prognostic factor for both overall and
disease-free survival (P = 0.002 and P = 0.047,
respectively). Our results suggest that Wnt7a
may be a tumor suppressor, not a cancer promoter, in colorectal adenocarcinoma.
4974

In conclusion, our research shows a correlation
between Wnt7a expression and clinicopathologic characteristics and the prognostic significance of Wnt7a expression in colorectal adenocarcinomas. Wnt7a expression was lost or
reduced in a large proportion of colorectal adenocarcinomas and lymph node metastases
and loss of Wnt7a expression was correlated
with tumor progression and unfavorable prognosis in patients with colorectal adenocarcinoma. These results suggest that Wnt7a might
play a role in tumor suppression in colorectal
adenocarcinoma. The exact role of Wnt7a in
colorectal adenocarcinoma and its potential as
a novel therapeutic target for colorectal adenocarcinoma should be investigated in further
studies.
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