
Translational Oncology 14 (2021) 100892

Contents lists available at ScienceDirect

Translational Oncology

j ourna l homepage: www.e lsev ie r .com/ locate / t ranon
Original research
Wnt5a expression and prognosis in stage II–III colon cancer
Cecilia Margareta Lund a,b,d,⁎, Anne Dyhl-Polk c, Dorte Lisbeth Nielsen c,d, Lene Buhl Riis d,e
a Department of Medicine, Copenhagen University Hospital, Herlev and Gentofte, Denmark
b Copenage, Copenhagen Center for Clinical Age Research, University of Copenhagen, Denmark
c Department of Oncology, Copenhagen University Hospital, Herlev and Gentofte, Denmark
d Department of Clinical Medicine, Faculty of Health and Medical Sciences, Copenhagen University, Denmark
e Department of Pathology, Copenhagen University Hospital, Herlev and Gentofte, Denmark
⁎ Corresponding author at: Department of Medicine O106
E-mail address: cecilia.margareta.lund.01@regionh.dk. (

http://dx.doi.org/10.1016/j.tranon.2020.100892
1936-5233/© 2020 The Authors. Published by Else
creativecommons.org/licenses/by-nc-nd/4.0/).
A B S T R A C T
A R T I C L E I N F O
Article history:
Received 21 June 2020
Received in revised form 7 September 2020
Accepted 8 September 2020
Cancer metastases accounts for most cancer deaths. The secreting glycoprotein Wnt5a impairs tumor cell migration
and reduces invasiveness and metastasis. High Wnt5a expression in tumor cells is correlated to better outcomes in pa-
tients with breast, prostate and epithelial ovarian cancer. We aimed to investigate the association between the Wnt5a
expression and outcomes in patients with colon cancer (CC) stage II/III. We performed a retrospective single-center
study evaluating 345 patients with radical resection for primary CC, stage II/III, who started 6 months of adjuvant
chemotherapywith 5-FU or capecitabine± oxaliplatin between 2001 and 2015. Archived formalin-fixed paraffin em-
bedded tumor tissue from resection specimens were stained with Wnt5a antibody using immunohistochemistry.
Cytoplasmatic Wnt5a staining was assessed according to intensity and percentage of stained cells. Patients were
divided in groups depending on high (n = 230) or low (n = 115) Wnt5a expression. Disease free survival (DFS)
and overall survival (OS) were analyzed for the two groups using Kaplan-Meier plots and Long rank test. Patients
with Wnt5a-negative tumors had significantly poorer performance status (PS) than patients with high Wnt5a
expression (p = 0.046). No significant difference was seen between patients with low and high Wnt5a expression
in terms of 5-year DFS (p = 0.517) or 5-year OS (p = 0.415). Poor PS was associated with lower DFS (p = 0.002)
and OS (p< 0.001). In conclusion, we found no significant difference in prognosis for patients with stage II/III CC de-
pending on theirWnt5a expression. Patients withWnt5a-negative tumors had significant poorer PS than patients with
higher levels. Poor PS was associated with lower DFS and OS.
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Introduction

Colorectal cancer (CRC) is one of the most common malignancies
worldwide, with about 1.8 million new cases and almost 881.000 deaths
in 2018 [1]. New surgical techniques, combination chemotherapy and bio-
logical therapy have improved survival in patients with CRC.

Primary treatment for colon cancer (CC) stages I, II and III is a radical
resection. Depending on different surgical techniques, tumor stage and
risk factors, 4-year disease-free survival (DFS) is 67.5–100% [2]. Adjuvant
chemotherapy with 5-fluorouracil (5-FU) or capecitabine after surgery for
CC has been used to reduce recurrence rate and improve overall survival
(OS) for nearly 30 years [3,4]. During this period, the use of adjuvant che-
motherapy has increased [5], and many studies have confirmed the benefi-
cial effect in reducing recurrence rate and improving OS for CC stages II–III
[6,7].

Cancer metastases is the major cause of cancer morbidity and mortality
[8,9], and accounts for about 90% of cancer deaths. The metastatic process
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is complex involving multiple sequential steps including invasion, angio-
genesis, cancer cell migration, homing, and growth [8,9].

Wnt5a is a member of the Wnt family of secreting glycoproteins, which
affects surroundings through autocrine and paracrine routes [10]. The pro-
tein has been shown to play a role in cell adhesion, tumor development
[11], and cell migration [12] and has potency as a novel therapeutic target
in cancer treatment.

LowWnt5a expression is associatedwith poor tumor cell differentiation
and early relapse in invasive ductal breast carcinomas [13], whereas ex-
pression of Wnt5a is associated with better prognosis in this cancer type
[14]. The better prognosis is probably due to the ability of Wnt5a to impair
tumor cell migration and thus reduce invasiveness and metastasis [15].
High expression levels of Wnt5a are also shown to be correlated to signifi-
cantly better outcomes in patients with localized low grade prostate cancer
after radical prostatectomy [16,17]. In addition, loss of Wnt5a is correlated
to higher tumor stage and to predict poor outcomes in patients with epithe-
lial ovarian cancer [18].
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One small study has investigated the association between expression of
Wnt5a and prognosis in CC [15]. For patients with node-negative CC (Duke
B), median survival time after diagnosis was 109 months for patients with
Wnt5a-positive primary tumors compared to only 58 months for those
with Wnt5a-negative primary tumors [15]. In colorectal cancer, Foxy 5, a
pharmaceutical agent derived from the primary structure of theWnt5a pro-
tein, has shown to impair (both β-catenin and PGE2) several steps in cell sig-
naling pathway, thus impacting colonic cancer stem cells [19]. Mehdawi
et al. found that Wnt5a acts by up-regulating the tumor suppressor 15-
PGDH (prostaglandin dehydrogenase) which is down-regulated in cancer
[20]. However, a potential clinical advantage for CC patients with high
Wnt5a expression must be confirmed in a larger study. The aim of this
study was to investigate the association between the Wnt5a expression
and DFS and OS in CC stage II and III.

Material and methods

This was a retrospective single-center study evaluating the DFS and OS
of patients with stage II–III CC depending on Wnt5a expression in the pri-
mary tumor.

Patients and setting

All patients had undergone radical resection for primary CC, stage II or
III. They all started 6 months adjuvant chemotherapy with of 5-FU or
capecitabine ± oxaliplatin at the Department of Oncology, Herlev and
A
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Fig. 1. IHC staining ofWnt5a in colorectal cancer. A) 0, negative B) 1+,weak intensity C
100 μm.
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Gentofte Hospital, Denmark, from January 2001 to January 2015. Patients
with available tumor samples were included in the study.

Patients were identified from the hospital records and clinical data was
extracted from electronic medical records. Manual assessment of Wnt5a
staining was performed by an experienced pathologist with no knowledge
of the clinical outcome.

Data extraction

Baseline characteristics included age, sex, comorbidities, European Co-
operative Oncology Group (ECOG) performance status (PS) [21], body
mass index (BMI), tobacco use, and tumor characteristics.

WNT5a staining

To assess the Wnt5a expression, we retrieved archived formalin-fixed
paraffin embedded tumor tissue from resection specimens of CC patients.
After evaluating haematoxylin and eosin (H&E) stained slides themost rep-
resentative tumor block from each CC specimen was selected. Immunohis-
tochemical stains (IHC) were performed by the IHC-laboratory at the
Department of Pathology at Herlev and Gentofte Hospital, Denmark, on a
DAKO Autostainer (DAKO, Denmark). Each immunostain was performed
with negative/positive tissue controls. The IHC-laboratory uses
immunostains in routine diagnostics and follow the guidelines of Nordic
immunohistochemical Quality Control (NordicQC).
B
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Table 1
Baseline characteristics for all patients and for patients with low and high level of
Wnt5a expression.

Variable All
patients

Patients with low and high
Wnt5a

p

All
patients
N = 345
N (%)

Low Wnt5
(0)
n = 115
n (%)

High Wnt5
(1 + 2)
n = 230
n (%)

Age Median
(min–max)

67
(23–88)

66 (37–85) 68 (23–88) 0.573

Sex Female 169 (49) 56 (51) 112 (49) 1.000
Male 178 (51) 59 (49) 118 (51)

PS 0 278 (80) 85 (74) 191 (83) 0.046
1 59 (17) 23 (20) 36 (16)
2+ 10 (3.9) 7 (6.1) 3 (1.3)

Civil status Single 90 (26) 33 (28.7) 57 (25) 0.391
Living
together

245 (71) 77 (67) 166 (72)

NK 12 (3.2) 5 (4.3) 7 (3.0)
BMI Median

(min–max)
24.1
(16.3–43)

24.1
(17.5–38.4)

24.1
(16.3–43.0)

0.599

T 1 5 (1.4) 1 (0.9) 4 (1.7) 0.748
2 16 (4.6) 7 (6.1) 9 (3.9)
3 209 (60) 69 (60) 138 (60)
4 117 (34) 38 (33) 79 (34)

N 0 90 (26) 24 (21) 65 (29) 0.060
1 161 (46) 50 (44) 110 (48)
2 94 (27) 41 (36) 53 (23)

Stage II 90 (26) 24 (21) 65 (29) 0.189
III 255 (74) 91 (79) 163 (71)

MSI MSI 48 (14) 88 (77) 188 (82) 0.319
MSS 278 (80) 17 (15) 31 (14)
NK 21 (6.1) 10 (8.7) 11 (4.8)

Smoke No 139 (40) 42 (37) 96 (42) 0.041
Yes 198 (57) 71 (62) 126 (55)
NK 10 (2.9) 2 (1.7) 8 (3.5)

Start dose Full dose 275 (79) 88 (77) 185 (80) 0.402
PDR 72 (21) 27 (23) 45 (20)

Adjuvant regimen Capecitabine 49 (14) 18 (16) 31 (14) 0.327
5-FU 9 (2.6) 2 (1.7) 7 (3.0)
Capeox 114 (33) 31 (27) 82 (36)
Folfox 175 (50) 64 (56) 110 (48)

Hypertension No 211 (61) 65 (57) 144 (63) 0.275
Yes 136 (29) 50 (44) 86 (38)

Heart disease No 277 (80) 21 (18) 181 (79) 0.554
Yes 70 (20) 94 (82) 49 (21)

hypercholesterolemia No 276 (80) 90 (78) 184 (80) 0.706
Yes 71 (20) 25 (22) 46 (20)

Diabetes No 307
(88.5)

97 (84) 208 (90) 0.096

Yes 40 (11.5) 18 (16) 22 (9.6)

BMI = body mass index PDR = primary dose reduction PS = performance status.

C.M. Lund et al. Translational Oncology 14 (2021) 100892
From each tumor block 1–3 μm sections were stained with Wnt5a anti-
body (WNT-5a AF645 (polyclonal), R&D systems, Biotechne). The primary
antibody was diluted in sterile PBS 1:100.

Cytoplasmatic staining of Wnt5a was assessed according to intensity (0:
negative, 1: weak, 2: moderate, 3: strong) and percentage of stained cells (0:
no stained cells, 1: 25% stained cells, 2: 25–50% stained cells, 3: 51–75%
stained cells and 4: 76–100% stained cells). Intensity and maximum per-
centage of stained cells were multiplicated into a final score ranging from
0 to 12 (Supplementary Table 1). A score ≤ 2 was considered as low
Wnt5a expression and a combined score>2 as highWnt5a staining (For ex-
amples of different staining intensities see Fig. 1).

Statistical methods

Power calculation was based on the assumption of risk of recurrence of
30% [22]. With inclusion of 350 patients a difference of hazard ratio (HR)
1.75 should be detected at a power of 80%. Categorical variables were an-
alyzed using a Chi-squared test where appropriate; otherwise Fisher's exact
test was used. In all analyses, patients were divided into two subgroups de-
pending on the presence of Wnt5a in primary tumor.

DFS was defined as time from surgery to time of recurrence or death,
whatever happenedfirst. OS was defined as time from surgery to end of fol-
low up or death of any cause. DFS and OS were analyzed by the Kaplan–
Meier estimator and Log rank test. The difference in median DFS for pa-
tients with low and high Wnt5a expression was compared with Mann-
Whitney U test.

Cause of deathwas categorized into CCmortality, other causes of death.
Associations between PS, stage of disease, Wnt5a level, and disease-free
survival, overall survival and cc mortality were analyzed with multivariate
regression analyses.

Results

Totally 374 patients were assessed for eligibility for the present study.
Of them 29 patients were excluded (missing clinical information (n =
12), no adenocarcinoma (n = 2), only metastatic tumor available (n =
4), not enough tumor material for Wnt5a staining (n = 5) and no tumor
material (n = 6)). Totally 345 patients were included in the study; group
1 with absence or very low Wnt5a expression (a score of ≤2) (n = 115),
and group 2 with medium to high Wnt5a expression (a score of >2) (n =
230). Baseline characteristics for all patients and for patients with low
and high expression of Wnt5a in the primary tumor are presented in
Table 1.

The two groups were generally equal in baseline characteristics, how-
ever, patients with absence or low expression of Wnt5a had significantly
poorer performance status (p=0.046) than patients with higherWnt5a ex-
pression, and more patients with low Wnt5a expression had a history as
smokers (p = 0.041).

The relation between Wnt5a level and disease-free survival

No significant difference was seen in 5-year DFS between patients with
low and high Wnt5a expression (Log rank test, p = 0.517) (Fig. 2a) with
median DFS of 84 months (range 1 to 158) for patients with low Wnt5a,
and 74 months (range 3 to 157) for patients with high Wnt5a expression,
with no significant difference between the two groups (p = 0.777). Also,
when dividing patients into cancer stage II and III, no significant difference
was seen in DFS between patients with low and high levels of Wnt5a (Sup-
plementary Fig. 1a–b).

DFS significantly depended on the patients´ PS, where poorer PSwas as-
sociated with lower DFS, Log rank test (p = 0.002) (Fig. 3a).

Patients with absence or low expression of Wnt5a had significantly
poorer PS (p = 0.046) than patients with higher Wnt5a expression.
When dividing patients into sub-groups depending on PS 0, 1 or 2+ (Sup-
plementary Fig. 2a–c)DFS seemed better for patientswith higherWnt5a ex-
pression compared with low expression for patients with PS 2+, however,
3

this was not significant (p = 0.190). Poor PS but not high Wnt5a level or
stage of disease were found to be associated with lower disease-free sur-
vival (Supplementary Table 2).

The relation between Wnt5a level and overall survival

Median follow-up for the study population was 84 months (range 1 to
158 months). There was no significant difference between patients with
low and high Wnt5a expression in 5-year OS (median 85 months (range 1
to 158) for patients with low Wnt5a and 81.5 months (range 7 to 157) for
patients with high Wnt5a expression (p = 0.761)). For Kaplan-Meier plot
(Fig. 2b) (Log rank test, p=0.415) no difference inOSwas seen after divid-
ing patients into subgroups depending on cancer stage (Supplementary
Fig. 1c–d). OS significantly depended on the patients´ PS where poorer PS
was associated with lower OS, Log rank test p < 0.001 (Fig. 3b). When di-
viding patients into sub-groups depending on PS 0, 1 or 2+ (Supplemen-
tary Fig. 2d–f) OS seemed better for patients with higher Wnt5a
expression compared with low expression for patients with PS 2+, how-
ever, this was not significant (p = 0.190). Poor PS but not high Wnt5a
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Fig. 2. Prognosis for colon cancer patients with low and high Wnt5a expression.
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PS  = Performance status
Fig. 3. Prognosis for patients depending on performance status. PS = performance status.
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level or stage of disease was found to be associated with lower overall sur-
vival (Supplementary Table 2).

The relation between Wnt5a level and colon cancer mortality

Only 60 patients in the cohort died from CC within 5 years. When ana-
lyzing the association between cancer-related death andWnt5a expression,
we found no significant difference between patients with low and high
Wnt5a expression (Log rank test, p = 0.612) (Fig. 2c). Poor PS, but not
high Wnt5a level or stage of disease were found to be associated with
higher cc mortality (Supplementary Table 2).

Discussion

In this retrospective study of 345 patients who started adjuvant chemo-
therapy after surgery for stage II and III CC, we found no significant differ-
ence in DFS, OS or cancer-related mortality for patients with low compared
with high grade of Wnt5a expression. However, there was generally a ten-
dency towards better outcomes for patients with high Wnt5a levels com-
pared with patients with absent or low levels, as shown in Fig. 2. The
reason for this could be the relatively small difference in survival between
patients with high and low Wnt5a levels, approximately 5–10%, which
was lower than expected. Thus, the insignificant results of this study
might be due to the relatively small sample size. Our insignificant findings
are in contrarywith previousfindings of Dejmek et al. [15]who found a sig-
nificant lower survival in patients with low Wnt5a expression compared
with patients with higher grade of Wnt5a expression. The study was small
with only 55 patients, all with node negative CC. In the present study, pa-
tients with lymph node metastases were also included. However, according
to our sub-group analyses stratified on tumor stage there were no prognos-
tic Wnt5a-related differences regardless of tumor stage group.

In the present study, patientswith lowWnt5a expression had significant
poorer PS, which indeed is known to have a negative impact on prognosis
[23]. In the multivariate analyses we confirmed the association between
poor PS and poorer outcomes. Furthermore,Wnt5a levelwas still not signif-
icantly associated with outcomes. Surprisingly, we found no significant as-
sociation between stage of disease (stage II or III) in the multivariate
analyses, which probably can be explained by the relatively small no of pa-
tients with stage II disease (26%), and the presence of high-risk factors
which indicated adjuvant chemotherapy. In the study from Dejmek et al.
5

[15] there was no information on patients´ PS, and results were not ad-
justed for this important confounder, why the significant findings in the
study could be due to differences in PS. In our subgroup analyses, for pa-
tientswith PS2+ there seemed to be amarked difference in DFS depending
on Wnt5a level, however, the analysis did not meet statistical significance
probably due to the very small sample size (n = 18). This is an interesting
finding, identifying an additional factor that might have impact on progno-
sis in this already frail group with poor outcomes.

Further, data from the study of Dejmek et al. [15], did not reveal
whether patients received adjuvant chemotherapy or not. Thus, it is un-
known if the study population with poor PS was not offered chemotherapy,
which further could have impact on the poorer survival found in patients
with low Wnt5a. In the present study, there was no difference in received
chemotherapy between the groups with low and high Wnt5a expression.

Wnt5a mRNA is expressed in most normal tissues including the colon,
but is highly up-regulated in the progression from normal tissue to carcino-
mas [24]. The expression ofWnt5a protein, however, seems to be downreg-
ulated as it is frequently inactivated in CRC by tumor-specific methylation,
and thus, could be a potential biomarker [25].

Wnt5a is suggested to act as a tumor suppressor for CRC by antagoniz-
ing the Wnt/beta-catenin signaling [25]. Dejmek et al. demonstrated that
addition of recombinant Wnt5a to the human Wnt5a-negative CC cell line
SW480, significantly reduced the migratory capacity of SW480 cells [15].
In addition, Ying et al. found that Wnt5a expression can be reactivated by
pharmacologic or genetic demethylation, indicating that methylation di-
rectly mediates its silencing and is a plausible therapeutic target [25].

The present study has several strength and limitations. To our knowl-
edge, this is the largest study investigating the prognostic value of Wnt5a
expression in CC. Even though, the present study had lack of power to ded-
icate the relatively small difference found in survival. Tumor staining was
combined with complete clinical data, which made it possible to address
important confounders i.e. PS and received chemotherapy.

Many Wnt5a antibodies are available commercially for IHC. The anti-
body used for this study has proven to be suitable for both IHC and western
blotting [26]. Using whole slide resection specimens instead of the tissue
microarray (TMA) technique minimizes the risk of misinterpretation of
Wnt5a expression due to tumor heterogeneity.

Previous studies have reported high non-specific background staining
when using a polyclonal antibody and suggest the use of a secondary anti-
body to overcome the problem [26]. In the present study only 33% of
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patients had low or absentWnt5a expression, which is lower than the study
fromDejmek et al. who foundWnt5-negative tumors in 45% of patients. Al-
though we did not encounter significant background staining, the possibil-
ity of cross-reactions adding to the high number of Wnt5a positive sample
cannot be excluded.

For scoring the IHC stained slideswe used amodifiedAllred scoring sys-
tem combining the percentage of positive cells and the intensity of the reac-
tion. Combined scoring is a widely used semiquantitative scoring method
but is inaugurally prone to subjective interpretation.

Conclusions

We found no significant difference in prognosis for patients with stage II
and III colon cancer depending on their levels ofWnt5a expression in tumor
cells. Patientswith low levels ofWnt5a expression had significant poorer PS
than patientswith higher levels. Poor PSwas associatedwith lower DFS, OS
and higher CC mortality.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.tranon.2020.100892.

Ethical considerations

The study was approved by the local ethical committee (J no.: H-
16016203), and Danish Data Protection Agency (J no.: HEH-2015-031, I-
Suite no: 03621).

Funding

This study was supported by Eurostar [project number E7090].

Declaration of competing interest

The authors declare that they have no known competing financial inter-
ests or personal relationships that could have appeared to influence the
work reported in this paper.

References

[1] F. Bray, J. Ferlay, I. Soerjomataram, et al., Global cancer statistics 2018: GLOBOCAN es-
timates of incidence and mortality worldwide for 36 cancers in 185 countries, CA Can-
cer J. Clin. 68 (2018) 394–424.

[2] C.A. Bertelsen, A.U. Neuenschwander, J.E. Jansen, et al., Disease-free survival after
complete mesocolic excision compared with conventional colon cancer surgery: a retro-
spective, population-based study, Lancet Oncol 16 (2015) 161–168.

[3] J.A. Laurie, C.G. Moertel, T.R. Fleming, et al., Surgical adjuvant therapy of large-bowel
carcinoma: an evaluation of levamisole and the combination of levamisole and fluoro-
uracil. The North Central Cancer Treatment Group and the Mayo Clinic, J. Clin.
Oncol. 7 (1989) 1447–1456.
6

[4] C.G. Moertel, T.R. Fleming, J.S. Macdonald, et al., Levamisole and fluorouracil for adju-
vant therapy of resected colon carcinoma, N. Engl. J. Med. 322 (1990) 352–358.

[5] J.M. Jessup, A. Stewart, F.L. Greene, B.D. Minsky, Adjuvant chemotherapy for stage III
colon cancer: implications of race/ethnicity, age, and differentiation, JAMA 294 (2005)
2703–2711.

[6] S. Gill, C.L. Loprinzi, D.J. Sargent, et al., Pooled analysis of fluorouracil-based adjuvant
therapy for stage II and III colon cancer: who benefits and by howmuch? J. Clin. Oncol.
22 (2004) 1797–1806.

[7] R. Gray, J. Barnwell, C. McConkey, et al., Adjuvant chemotherapy versus observation in
patients with colorectal cancer: a randomised study, Lancet 370 (2007) 2020–2029.

[8] T.N. Seyfried, L.C. Huysentruyt, On the origin of cancer metastasis, Crit. Rev. Oncog. 18
(2013) 43–73.

[9] F. van Zijl, G. Krupitza, W. Mikulits, Initial steps of metastasis: cell invasion and endo-
thelial transmigration, Mutat. Res. 728 (2011) 23–34.

[10] J.N. Anastas, R.T. Moon, WNT signalling pathways as therapeutic targets in cancer, Nat.
Rev. Cancer 13 (2013) 11–26.

[11] B. Lustig, J. Behrens, The Wnt signaling pathway and its role in tumor development, J.
Cancer Res. Clin. Oncol. 129 (2003) 199–221.

[12] R.H. Giles, J.H. van Es, H. Clevers, Caught up in a Wnt storm: Wnt signaling in cancer,
Biochim. Biophys. Acta 2003 (1653) 1–24.

[13] M. Jonsson, J. Dejmek, P.O. Bendahl, T. Andersson, Loss of Wnt-5a protein is associated
with early relapse in invasive ductal breast carcinomas, Cancer Res. 62 (2002) 409–416.

[14] J. Dejmek, K. Leandersson, J. Manjer, et al., Expression and signaling activity of Wnt-
5a/discoidin domain receptor-1 and Syk plays distinct but decisive roles in breast can-
cer patient survival, Clin. Cancer Res. 11 (2005) 520–528.

[15] J. Dejmek, A. Dejmek, A. Safholm, et al., Wnt-5a protein expression in primary dukes B
colon cancers identifies a subgroup of patients with good prognosis, Cancer Res. 65
(2005) 9142–9146.

[16] A.S. Syed Khaja, L. Helczynski, A. Edsjo, et al., Elevated level of Wnt5a protein in local-
ized prostate cancer tissue is associated with better outcome, PLoS One 6 (2011),
e26539, .

[17] A.S. Khaja, L. Egevad, L. Helczynski, et al., Emphasizing the role of Wnt5a protein ex-
pression to predict favorable outcome after radical prostatectomy in patients with
low-grade prostate cancer, Cancer Med 1 (2012) 96–104.

[18] B.G. Bitler, J.P. Nicodemus, H. Li, et al., Wnt5a suppresses epithelial ovarian cancer by
promoting cellular senescence, Cancer Res. 71 (2011) 6184–6194.

[19] J. Osman, K. Bellamkonda, Q. Liu, et al., TheWNT5A agonist Foxy5 reduces the number
of colonic cancer stem cells in a xenograft mouse model of human colonic cancer, Anti-
cancer Res. 39 (2019) 1719–1728.

[20] L.M. Mehdawi, C.P. Prasad, R. Ehrnstrom, et al., Non-canonical WNT5A signaling up-
regulates the expression of the tumor suppressor 15-PGDH and induces differentiation
of colon cancer cells, Mol. Oncol. 10 (2016) 1415–1429.

[21] M.M. Oken, R.H. Creech, D.C. Tormey, et al., Toxicity and response criteria of the East-
ern Cooperative Oncology Group, Am. J. Clin. Oncol. 5 (1982) 649–655.

[22] E. Osterman, B. Glimelius, Recurrence risk after up-to-date colon cancer staging, sur-
gery, and pathology: analysis of the entire Swedish population, Dis. Colon Rectum 61
(2018) 1016–1025.

[23] C.M. Lund, D. Nielsen, C. Dehlendorff, et al., Efficacy and toxicity of adjuvant chemo-
therapy in elderly patients with colorectal cancer: the ACCORE study, ESMO Open 1
(2016), e000087, .

[24] K. Smith, T.D. Bui, R. Poulsom, et al., Up-regulation of macrophage wnt gene expression
in adenoma-carcinoma progression of human colorectal cancer, Br. J. Cancer 81 (1999)
496–502.

[25] J. Ying, H. Li, J. Yu, et al., WNT5A exhibits tumor-suppressive activity through antago-
nizing the Wnt/beta-catenin signaling, and is frequently methylated in colorectal can-
cer, Clin. Cancer Res. 14 (2008) 55–61.

[26] Z. Prgomet, T. Andersson, P. Lindberg, Optimization, validation, and identification of
two reliable antibodies for immunodetection of WNT5A, Biotech Histochem 92
(2017) 46–58.

https://doi.org/10.1016/j.tranon.2020.100892
https://doi.org/10.1016/j.tranon.2020.100892
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0005
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0005
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0005
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0010
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0010
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0010
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0015
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0015
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0015
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0015
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0020
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0020
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0025
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0025
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0025
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0030
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0030
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0030
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0035
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0035
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0040
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0040
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0045
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0045
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0050
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0050
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0055
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0055
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0060
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0060
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0065
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0065
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0070
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0070
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0070
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0075
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0075
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0075
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0080
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0080
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0080
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0085
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0085
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0085
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0090
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0090
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0095
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0095
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0095
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0100
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0100
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0100
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0105
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0105
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0110
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0110
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0110
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0115
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0115
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0115
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0120
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0120
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0120
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0125
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0125
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0125
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0130
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0130
http://refhub.elsevier.com/S1936-5233(20)30384-3/rf0130

	Wnt5a expression and prognosis in stage II–III colon cancer
	Introduction
	Material and methods
	Patients and setting
	Data extraction
	WNT5a staining
	Statistical methods

	Results
	The relation between Wnt5a level and disease-free survival
	The relation between Wnt5a level and overall survival
	The relation between Wnt5a level and colon cancer mortality

	Discussion
	Conclusions
	Ethical considerations
	Funding
	Declaration of competing interest
	References




