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Abstract

Since a fecal occult blood test for colorectal cancer (CRC) does not offer sufficient diagnostic power for CRC, novel non-
invasive biomarkers are hopeful for CRC screening. We conducted the current study to discover non-invasive urinary
biomarkers for diagnosing CRC. Among urine samples from 258 patients (CRC, n = 148; healthy controls, n = 110), a
cohort of 176 patients composed of 88 patients with GC and 88 healthy controls was selected after age- and sex-
matching using propensity score. This cohort was then randomly divided into 2 groups: 53 pairs (106 patients) in the
training cohort, and 35 pairs (70 patients) in the validation cohort. No significant differences were found for baseline
characteristics between the CRC and healthy control groups in both training and validation cohorts. On multivariate
analysis in the training cohort, urinary levels of cysteine-rich protein 61 (uCyr61) and trefoil factor 3 (uUTFF3) were identified
as independent significant diagnostic markers for CRC. Moreover, uCyr61 alone and the combination of uCyr61 and
uTFF3 allowed significant differentiation between healthy controls and CRC groups in the training set (uUCyr61: area under
the curve (AUC) = 0.745 [95% ClI, 0.653-0.838]; uCyr61 + uTFF3: AUC = 0.753 [95% ClI, 0.659-0.847]). In the validation
cohort, uCyr61 and uTFF3 were significantly higher in the CRC group than in the healthy control group, and they also
allowed significant differentiation between healthy control and CRC groups (uCyr61: AUC = 0.696 [95% Cl, 0.571-0.822];
uTFF3: AUC = 0.639 [95% ClI, 0.508-0.770]; uCyr61 + uTFF3: AUC = 0.720 [95% ClI, 0.599-0.841]), as in the training
cohort. A panel combining uCyr61 and uTFF3 offers a promising non-invasive biomarker for diagnosing CRC.
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Introduction

Colorectal cancer (CRC) is the third most common malignancy and
the fourth leading cause of cancer-related deaths worldwide. ' Despite
recent developments in medical treatment and new agents, the
prognosis of CRC after diagnosis has reached a ceiling. Early diagnosis
remains the most critical issue and colonoscopy is currently the gold
standard for diagnosing CRC. However, colonoscopy is unsuitable
for mass-screening due to the high invasiveness, risk, and financial
and time costs. Elucidation of non-invasive diagnostic biomarkers for
CRC is thus needed to improve prognosis.

Address all correspondence to: Takaya Shimura, MD, PhD, Department of Gastroenter-
ology and Metabolism, Nagoya City University Graduate School of Medical Sciences,
Nagoya, Japan, 1 Kawasumi, Mizuho-cho, Mizuho-ku, Nagoya 4678601, Japan.
E-mail: tshimura@med.nagoya-cu.ac.jp

! Funding: This work was supported by the Kobayashi Foundation for Cancer Research (to
T. Shimura).

Received 12 November 2018; Revised 11 December 2018; Accepted 11 December 2018

© 2018 The Authors. Published by Elsevier Inc. on behalf of Neoplasia Press, Inc. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

1936-5233/19

https://doi.org/10.1016/j.tranon.2018.12.006


http://crossmark.crossref.org/dialog/?doi=10.1016/j.tranon.2018.12.006&domain=pdf
tshimura@med.nagoya-cu.ac.jp
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.tranon.2018.12.006

540  Urinary Cyr61 and TFF3 as diagnostic biomarkers of CRC

The fecal occult blood test (FOBT) has been used in screening for
CRC in medical check-ups, because use of the FOBT reduced mortality
from CRC in previous epidemiological studies. > However, the FOBT
does not offer sufficient diagnostic power for CRC due to its low
sensitivity (30-87%). =% Moreover, the FOBT is cumbersome for both
patients and investigators in handling stool samples, and the quality of
sample collection by patients would affect the results.

Serum tumor markers such as CEA and CA19-9 have sometimes
been used in clinical practice, but use of these biomarkers has not
been recommended because of their very low sensitivity. Although
CEA is the most commonly used tumor marker for CRC, the
sensitivity of CEA is less than 50% for any-stage CRC.” Moreover,
early-stage CRC does not usually show high levels of CEA. Many
studies have thus sought serum or plasma biomarkers for CRC,
predominantly focusing on protein, miRNA, circulating DNA and
exosomes. However, all these biomarkers are still under investigation.

Urine is a completely non-invasive sample that can be collected
without pain or risk, making the sample very suitable for mass-
screening of healthy individuals. However, no urinary biomarkers
have been currently applied to the clinical setting of malignancies. We
have previously reported on the utility of urinary biomarkers to
predict the presence'” or operability ' of gastric cancer. We therefore
investigated the usefulness of urinary biomarkers for detecting CRC.

Materials and Methods

Patients and Study Design

All samples were collected from September 2012 to April 2017 at 3
participating Japanese institutions (Nagoya City University Hospital,
Japanese Red Cross Nagoya Daini Hospital, and Okazaki Public
Health Center). Patients who met the following inclusion criteria
were enrolled in this study: age between 20 and 90 years;
histologically confirmed adenocarcinoma using endoscopic biopsy
for the CRC group; no treatment before study enrollment for the
CRC group; and no neoplasms of any type for the healthy control
(HC) group. Patients with a history of neoplasms of any type and/or
with multiple neoplasms were excluded from enrollment in this
study. The HC cohort comprised individuals who were asymptomatic
and had no evidence of neoplasms at their annual checkup.

To ensure the accuracy and comprehensiveness of reporting in this
case—control biomarker study, the present study complied with both
the REMARK guidelines'* and the STROBE statement.'” The
study protocol was approved by the ethics committee at each
participating institution and was conducted according to the ethical
guidelines of the 1975 Declaration of Helsinki (6th revision, 2008).
All patients provided written, informed consent before study entry.
This study was registered with the University Hospital Medical
Information Network Clinical Trials Registry (UMIN000021350).

Samples and Definition

All urine samples were collected before any treatment for CRC,
immediately frozen and stored at -80 °C until assayed, as previously
reported.'”!" Clinical stage was determined by the final pathological
diagnosis after resection, according to the 7th edition of the Union for
International Cancer Control tumor-node-metastasis classification. *

Enzyme-Linked Immunosorbent Assays (ELISAs)
We measured the urinary protein concentration of each of the
proteins of interest using mono-specific ELISAs, in accordance with
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the instructions from the manufacturers. To measure each protein
concentration, we used a Quantikine ELISA kit (R&D Systems,
Minneapolis, MN) for cysteine-rich protein 61 (Cyr61) and trefoil
factor 3 (TFF3), a SimpleStep ELISA Kit (Abcam, Cambridge, UK)
for insulin-like growth factor-binding protein 3 (IGFBP3) and alpha
1 antitrypsin (SERPINAI), a human EGF-containing fibulin-like
extracellular matrix protein 2 (EFEMP2) ELISA kit (LSBio, Seattle,
WA) for EFEMP2, a human angiopoietin-like protein 2 (ANGPTL2)
ELISA kit (Aviva Systems Biology, San Diego, CA) for ANGPLT2
and a Parameter Creatinine Assay (R&D Systems) for creatinine. All
urinary protein levels were normalized to urinary creatinine.

Statistical Analysis

The aim of this study was to identify urinary proteins that can
diagnose the presence of CRC. Representative variables were
described with mean or median value and analyzed using the t-test
or Mann—Whitney U test, as appropriate. Other data were analyzed
using the chi-squared test or Fisher's exact probability test, as
appropriate. The nonparametric Spearman's rank correlation coeffi-
cient (r) was used as a measure of correlation.

We estimated the propensity score (PS) with a logistic regression
model, including 2 factors (age and sex). We randomly matched
between 2 groups one by one, using the nearest-neighbor method
within a caliper of width of 0.02 of the standard deviation of the logit
of the PS.

Receiver operating characteristic (ROC) curve analysis was used to
calculate the area under the curve (AUC) for each biomarker, and the
representative value was shown as the AUC value with 95%
confidence interval (CI). Logistic regression modeling was used to
estimate the odds ratio (OR) with 95% CI and construct a composite
score, which in turn was used to calculate the AUC for the
combination biomarker. A two-tailed P value of less than 0.05 was
considered statistically significant.

Results

Patients

In total, 258 patients were enrolled from September 2012 to April
2017 at three Japanese institutions, consisting of 110 patients with
HC and 148 patients with CRC. After one-by-one PS matching, 176
patients (88 pairs of patients from both groups) were selected as a
whole cohort in the present study. A whole cohort was randomly
divided into 2 groups: 53 pairs (106 patients) in the training cohort;
and 35 pairs (70 patients) in the validation cohort. Urinary
biomarkers were identified and a biomarker panel was established
in the training cohort, then established biomarkers were tested in the
independent validation cohort (Figure 1).

As shown in Table 1, baseline characteristics were well balanced
between both HC and GC groups. No significant differences in age,
sex or serum creatinine were found between groups, in either training
and validation cohorts. The training and validation cohorts showed
even distributions of every stage.

Establishment of Urinary Biomarker

To discover urinary diagnostic biomarkers for CRC, we thoroughly
searched the previous literature on serum protein biomarkers for the
diagnosis of CRC using PubMed, and identified 6 small protein
biomarker candidates with a high AUC and high accuracy: Cyr 61,
TFF3, IGFBP3, ANGPTL2, SERPINAI and EFEMP2.""*" Based
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Urine sample collection (N=258)
Healthy control (n=110) : Colorectal cancer (n=148)

Propensity score matching with age and sex

Whole cohort for analysis (N=176)
Healthy control (n=88) : Colorectal cancer (n=88)

Randomized split (2:1)

Training cohort (N=106) Validation cohort (N=70)

Healthy control (n=53)
vs.
Colorectal cancer (n=53)

Healthy control (n=35)
vs.
Colorectal cancer (n=35)

For validation of urinary
diagnostic biomarker
for CRC

For establishment of
urinary diagnostic
biomarker for CRC

Figure 1. Consort diagram. CRC, colorectal cancer.

on the results from the literature search, we analyzed urinary protein
concentrations of these 6 proteins in the training cohort, using
quantitative mono-specific ELISAs.

Urinary levels of Cyr61 (uCyr61) and IGFBP3 (ulGFBP3) were
significantly higher in the CRC group than in the HC group, on
univariate analysis. On the other hand, multivariate analysis identified
uCyr61 and urinary levels of TFF3 (uTFF3) as independent
significant proteins for the diagnosis of CRC (uCyr61, OR: 1.146
[95% CI, 1.048-1.252], P = .003; uTFF3, OR: 1.055 [95% CI,

Table 1. Characteristics of the Study Cohort

Urinary Cyr61
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1.004-1.109], P = .033), but ulGFBP3 was not significant. As a
result, uCyr61 and uTFF3 were considered as diagnostic biomarkers
for CRC (Table 2).

Moreover, uCyr61 allowed significant differentiation between HC and
CRC groups in ROC analyses for the training set (AUC: 0.745 [95% CI,
0.653-0.838]). When uTFF3 was combined with uCyr61, this
combination biomarker distinguished between HC and CRC (uCyr61 +
uTFF3: AUC = 0.753 [95% CI, 0.659-0.847]) (Figure 24). When cut-
off values were determined as 25 pg/g.Cr for uCyr61 or 215 ng/g.Cr for
uTFF3, CRC could be detected with 75.5% sensitivity, 69.8%
specificity, and 72.6% accuracy (Table 3).

Validation of Urinary Biomarker

As shown in Table 4, uCyr61 and uTFF3 were significantly higher
in the CRC group than in the HC group, in the validation cohort
(HC w»s. CRC: median uCyr61 (pg/g.Cr), 1.5 vs. 6.5, P =.005;
median uTFF3 (ng/g.Cr), 9.7 vs. 14.0, P = .045). ROC analysis of
uCyr61 and uTFF3 for the validation cohort also showed significant
differentiation between HC and CRC groups (uCyr61: AUC =
0.696 [95% CI, 0.571-0.822])(uTFF3: AUC = 0.639
[0.508-0.770]). A biomarker panel combining uCyr61 and uTFF3
revealed a good AUC of 0.720 [95% CI, 0.599-0.841], as well as the
training cohort (Figure 2B). This combination urinary biomarker
panel also showed 71.4% sensitivity, 74.3% specificity and 72.9%
accuracy in the validation cohort, similar to the results from the
training cohort (Table 3).

Correlation to Disease Stage

Next, we analyzed correlations between urinary biomarkers and
disease stage. As shown in Figure 3, uTFF3 showed a significant
positive correlation with disease stage (r = 0.454, P = .000), but

Training Cohort (n = 106)

Validation Cohort (n = 70)

HC CRC r HC CRC r
(n=53) (n =53) (n = 35) (n = 35)

Age (years) Median (range) 65 (43-82) 66 (46-78) 0.962 *! 67 (39-78) 67 (38-77) 0.954 *!
Sex Male 28 30 0.696 ™ 23 22 0.803 ™
Female 25 23 12 13
Serum Cr (mg/dl) Mean + SD 0.75 + 0.16 0.77 + 0.38 0.661 * 0.76 + 0.16 0.80 + 0.22 0.392 #

Stage, n 0 6 (11.3%) 1 (2.9%)
1 14 (26.4%) 6 (17.1%)
I 7 (13.2%) 8 (22.9%)
it 11 (20.8%) 8 (22.9%)
v 15 (28.3%) 12 (34.3%)
CRC, colorectal cancer; HC, healthy control; n, number; Cr, creatinine.
Clinical stage is according to the seventh edition of the UICC-TNM classification.
# Mann-Whitney U test.
2 o2 test.
#t test.
Table 2. Urinary Protein Level in the Training Cohort
Univariate Analysis Multivariate Analysis
HC CRC r Odds Ratio r
(Median (IQR)) (Median (IQR)) (95% CI)
Cyr61 (pg/g.Cr) 0.8 (0-2.4) 3.6 (1.0-13.0) 0.000 1.146 (1.048-1.252) 0.003
TFF3 (ng/g.Cr) 10.7 (7.4-14.9) 10.9 (6.7-19.0) 0.177 1.055 (1.004-1.109) 0.033
IGFBP3 (pg/g.Cr) 28.3 (0.5-55.6) 93.3 (31.8-211.3) 0.000
ANGPLT2 (pg/g.Cr) 46.3 (33.1-73.4) 35.6 (18.1-64.0) 0.099
SERPINAL1 (ng/g.Cr) 34.6 (2.4-86.0) 51.8 (4.8-157.4) 0.542
EFEMP2 (ng/g.Cr) 2.6 (1.9-3.2) 2.3 (1.3-4.3) 0.726
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Figure 2. Receiver operating characteristic curves. ROC curves were obtained from normalized urinary cysteine-rich protein 61 (uCyr61/

uCr), trefoil factor 3 (uTFF3/uCr) and the combination (uCyr61 + uTFF3/uCr). A. Training cohort. B. Validation cohort.

uCyr61 did not. Median concentrations of uTFF3 (ng/g.Cr) were 7.4
[IQR, 5.0-11.0] in stage 0/1, 12.8 [IQR, 9.0-22.6] in stage II/IIT and
16.8 [IQR, 11.6-50.6] in stage IV.

Discussion

This study offered the first evidence that the combination of uCyr61
and uTFF3 provides a potential non-invasive biomarker of CRC.
Urine sampling is a straightforward and non-invasive procedure with
low risks and costs, representing an attractive option for biomarker
detection. We have previously shown the utility of urinary biomarkers
for the early detection ' and prediction of curability ' against gastric
cancer. Urinary biomarker is thus an attractive, non-invasive tool for
the detection of malignancies.

Cyr61, also called CCN1, is matricellular protein and a member of
the CCN protein family along with the 5 fellow members: CCN2
(connective tissue growth factor, CTGF), CCN3 (nephroblastoma
overexpressed, NOV), CCN4 (Wnt-inducible secreted protein-1,
WISP-1), CCN5 (WISP-2) and CCNG (WISP-3).*"** Cyr61 has
many diverse functions related to cell proliferation, apoptosis,
adhesion, angiogenesis and tumorigenesis through interaction with
distinct integrins and heparan sulfate proteoglycans depending on the
cells and environment.”"** In terms of tumorigenesis, Cyr61 has
been reported to promote tumor growth in many malignancies
including breast cancer,” pancreatic cancer,”* gastric cancer,”’
prostate cancer” and ovarian cancer,®” but acts as a tumor suppressor
in some cancers such as non-small-cell lung cancer,*® hepatocellular
carcinoma® and endometrial cancer.’® A few studies related to

Table 3. Diagnostic Power of Urinary Biomarker Panel

uCyr61 2 5 or TFF3 > 15 Specificity Accuracy

Sensitivity

75.5% (40/53)
71.4% (25/35)

69.8% (37/53)
74.3% (26/35)

72.6% (77/106)
72.9% (51/70)

Training cohort (n = 106)
Validation cohort (n = 70)

Cyr61 and CRC showed Cyr61 was more expressed in tumor tissues
than in normal tissues.”"** As described above, some biomarker
studies have examined Cyr6l using tissues, but other cancer
biomarker studies have analyzed circulating Cyr61, identifying
serum Cyr6l as a prognostic biomarker for prostate cancer.”
Among these, only one diagnostic biomarker study for CRC utilized
serum Cyr61."> Moreover, no studies have previously investigated
urinary levels of Cyr61. The present study is the first to demonstrate
the presence of Cyr61 in the urine of cancer patients. In the present
study, Cyr61 levels were significantly higher in the urine of CRC
patients than in that of healthy controls. Among the potential
biomarkers examined in our study, uCyr61 demonstrated the highest
diagnostic power, with consistent significance through two indepen-
dent (training and validation) cohorts. Thus, uCyr61 appears
promisingly placed for a key role in the urinary diagnosis of CRC.
On the other hand, uCyr61 was not associated with disease stage in
our study, supporting a previous report that found no correlation
between Cyr61 mRNA expression and clinical stage of CRC.”!
TFF3 is a member of the trefoil factor family, along with TFF1 and
TFF2. All three are small secreted molecules mainly expressed in
gastrointestinal epithelial cells and play roles in mucosal repair and

In this family, TFF1 and TFF3 are
35

mucus polymerization.**
reportedly expressed in tissues of the normal colon and rectum,
but the major site of TFF1 and TFF2 expression is generally the

Table 4. Urinary Protein Level in the Validation Cohort

Univariate Analysis

HC CRC P
(Median (IQR)) (Median (IQR))
Cyr61 (pg/g.Cr) 1.5 (0.5-4.0) 6.5 (1.2-19.0) 0.005
TFF3 (ng/g.Cr) 9.7 (5.4-15.3) 14.0 (6.7-29.7) 0.045
IGFBP3 (pg/g.Cr) 115.1 (81.2-160.3) 144.5 (96.9-301.5) 0.073
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Figure 3. Correlation between urinary trefoil factor 3 and disease
stage of colorectal cancer. Data were analyzed using the Spearman
rank correlation.

stomach.®* Although TFF3 is intermediately expressed in some sites
including the airways, salivary glands and small intestine, TFF3
expression is more specific for the large intestine among the TFF
family.”> Based on this knowledge, some studies have identified
TFF3 as a biomarker for CRC. In fact, recent studies have reported
the utility of serum TFF3 as a diagnostic biomarker with a high AUC
(0.889-0.930). 13%37 1n addition, serum levels of TFF3 correlated
with clinical stage and poor prognosis.'®?” Although uTFF3 has
previously been reported as a biomarker for kidney disease,”® no
studies have examined uTFF3 as a cancer biomarker. In the current
study, uTFF3 alone was not a particularly powerful biomarker for CRC,
but contributed to increasing the diagnostic power by compensating for
another strong biomarker, uCyr61. Interestingly, uTFF3 correlated with
clinical stage, consistent with the results of previous serum biomarker
studies."®*” Since Cyr61 and TFF3 have different functions, these 2
factors appear to offer a good combination.

A key limitation in the current study was that the sample size was
not very large. However, since our study was a case—control study
with a random-matching method using PSs, analysis of the 176 age-
and sex-matched 176 should have provided satisfactory quality.
Moreover, the consistent significance between the 2 independent
cohorts suggests that our urinary biomarker panel might be worthy of
consideration. In addition, as early-stage CRC comprised around
30% of cases in the current study, this biomarker panel should enable
early discovery of CRC.

Conclusions

This completely non-invasive urinary biomarker panel combining
uCyr61 with uTFF3 provides a promising method for identifying the
presence of CRC.
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