R
- UROLOGIC
ONCOLOGY

ELSEVIER

Urologic Oncology: Seminars and Original Investigations 37 (2019) 86—96

Original Article

Diagnostic value of combined IQGAP3/BMP4 and IQGAP3/FAMI07A
expression ratios in urinary cell-free DNA for discriminating bladder
cancer from hematuria

Yanjie Xu, M.D.™", Ye-Hwan Kim, Ph.D.?, Pildu Jeong, Ph.D.", Xuan-Mei Piao, M.D.?,
Young Joon Byun, M.D.*, Ho Won Kang, M.D., Ph.D.”, Won Tae Kim, M.D., Ph.D.%,
Jong-Young Lee, Ph.D.¢, Isaac Y. Kim, M.D., Ph.D.¢, Sung-Kwon Moon, Ph.D.,
Yung Hyun Choi, Ph.D.%, Seok Joong Yun, M.D., Ph.D.”, Wun-Jae Kim, M.D., Ph.D.**

4 Department of Urology, College of Medicine, Chungbuk National University, Cheongju, Republic of Korea
® Department of Surgery, College of Medicine, Chungbuk National University, Cheongju, Republic of Korea
¢ Department of Business Data Convergence, Chungbuk National University, Cheongju, Republic of Korea
4 Theragen Etex Bio Institute, Suwon, Republic of Korea
¢ Section of Urologic Oncology and Dean and Betty Gallo Prostate Cancer Center, The Cancer Institute of New Jersey and Robert Wood Johnson Medical
School, New Brunswick, NJ
T Department of Food Science and Technology, Chung-Ang University, Ansung, Republic of Korea
& Department of Biochemistry, College of Oriental Medicine, Dong-Eui University, Busan, Republic of Korea

Received 19 August 2018; received in revised form 17 October 2018; accepted 22 October 2018

Abstract

Background: Urinary cell-free DNA (ucfDNA) has great potential as a “liquid biopsy” for use in diagnosis of urological cancers. In this
study, we compared ucfDNA gene expression levels between patients with bladder cancer (BC) and those with hematuria, and determined
whether they could be used as a noninvasive urine-based marker.

Methods: The study cohort of 355 patients included a screening group (40 BC and 41 hematuria controls) and a validation cohort (149
BC and 125 hematuria controls). Expression levels ratios of 1 up-regulated gene (IQGAP3) to those of 7 down-regulated genes were exam-
ined in ucfDNA in the screening group to identify ratios that differed significantly between BC and hematuria patients. IQGAP3/BMP4 and
IQGAP3/FAM107A ratios were selected and combined to develop a discriminant score (DS) index, which was tested in the validation
cohort. Receiver operating characteristic curves and areas under the curve were calculated to evaluate the performance of the DS index.

Results: IQGAP3/BMP4 and IQGAP3/FAMI107A ratios in ucfDNA were both significantly higher in BC patients than in hematuria
patients (both P < 0.001). The DS index had an area under the curve of 0.862, a sensitivity of 71.0%, a specificity of 88.6%, a positive pre-
dictive value of 90.3%, and a negative predictive value of 67.2%.

Conclusions: Both IQGAP3/BMP4 and IQGAP3/FAM107A ratios in ucfDNA were significantly higher in patients with BC than in
those with hematuria. The DS index exhibits good diagnostic performance as a noninvasive biomarker. © 2018 Published by Elsevier Inc.
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1. Introduction

Bladder cancer (BC) is one of the most common
malignant tumors in the genitourinary system and occurs
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more commonly in men than in women. In 2014, the
incidence of BC accounted for 2.8% of all male malig-
nancies in the Korea National Cancer Database [1],
while in the United States, approximately 79,000 new
cases of BC were diagnosed and 16,870 people died
from this malignancy [2]. BC is classified as either non-
muscle invasive BC (NMIBC) or muscle invasive BC
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(MIBC), based on the degree of invasion of BC cells
into the bladder muscle layer. Up to 80% of BC cases
present with NMIBC, tumors are confined to the mucosa
(Ta and Tis) or submucosa (T1) [3,4]. Although NMIBC
can be simply controlled by transurethral resection, the
recurrence rate is 30% to 70%, with 10% to 15% of
cases progressing to MIBC, which has a poor prognosis
[4—6]. Therefore, early diagnosis and appropriate treat-
ment are important for patients with BC.

Hematuria is the most common sign of BC, with
approximately 90% of cases presenting with painless
gross hematuria [7]. Other common etiologies of hema-
turia include urinary tract infection, urolithiasis, and
other genitourinary malignancies (e.g., prostate cancer).
Thus, patients with BC presenting with hematuria
impose a heavy clinical burden on urologists, because
all patients with this symptom require a full work-up to
ensure detection of cases with malignant disease. Cys-
toscopy and adjunct cytology are the current gold stan-
dard diagnostic methods, and are used to detect patients
with suspected BC and to monitor the risk of tumor
recurrence; however, cystoscopy is costly and invasive,
causes great discomfort for patients, and can lead to uri-
nary tract infections [8]. Conversely, although cytology
is noninvasive, it has poor sensitivity, and false negative
results are common [9]. Furthermore, other available
screening methods (e.g., fluorescence in situ hybridiza-
tion and nuclear matrix protein 22) are not sufficiently
sensitive to replace cystoscopy [10]. Hence, an ideal
noninvasive, urine-based marker with high sensitivity
and specificity is needed to supplement or replace cys-
toscopy for the detection of BC.

In recent years, liquid biopsy has attracted a great deal of
attention as a tool to reveal the molecular landscape of
tumors [11]. Evaluation of cell-free DNA (cfDNA) is a
noninvasive tool for evaluation of tumor-related molecules
and is expected to become a method of choice for cancer
screening and monitoring of treatment effects [11—13].
CfDNA can be isolated from blood and urine. Currently,
blood-based studies are more widespread than those using
urine, as blood can potentially be associated with the detec-
tion of all tumors [14]; however, there are a large number
of nucleic acids, proteins, and inhibitors of other cells in
the blood that affect the detection of cfDNA biomarkers.
Urinary cell-free DNA (ucfDNA), originating from tumor-
derived necrosis or apoptosis, can be directly expelled into
the genitourinary tract. Compared with blood, urine sam-
pling is noninvasive and specimens can be collected rou-
tinely at any time. Thus, ucfDNA is a particularly attractive
monitoring solution, especially for patients with genitouri-
nary cancers.

Currently, there is no consensus on which housekeeping
genes are appropriate for use as controls for quantitative
assessment of cfDNA. Commonly used internal controls,
such as Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH), pB-globin, and pB-actin, have been used for

normalization of ucfDNA expression levels [15]; however,
clear variation in the levels of these genes is invariably
detected. Concentration-based quantification methods have
also been used to calculate cfDNA levels; however, the
conditions required for quantitative cfDNA analysis are
often difficult to implement in clinical practice. In this
study, we used ratios, comprising expression levels of
2 genes (with an up-regulated gene as the numerator and a
down-regulated gene as the denominator) as predictive
markers, as such ratios do not require correction with an
internal control. The aim of this study was to determine
whether there was a difference in the levels of 2-gene ratio
markers between samples from patients with BC and those
with hematuria and to investigate if a model incorporating
the validated markers exhibited high diagnostic value for
discriminating BC from hematuria.

2. Material and methods
2.1. Study design

A flow diagram of the study design is presented in Fig. 1.
DNA targets were selected based on tissue mRNA microar-
ray screens (data not shown). Two-gene expression ratios
identified as potential markers were amplified from
ucfDNA in a real-time polymerase chain reaction
(real-time PCR) screening test. Subsequently, IQ motif-
containing GTPase activating protein 3 (IQGAP3)/bone
morphogenetic protein 4 (BMP4) and IQGAP3/family with
sequence similarity 107 (FAMI107A) expression ratios
were determined by real-time PCR in the validation cohort.
Finally, statistical analysis was used to develop a predictive
model for BC detection.

2.2. Study participants and urine sample storage

A total of 355 patients, consisting of screening and
validation cohorts, were enrolled in this study. Urine
samples were obtained from study participants at
Chungbuk National University Hospital between May
2000 and May 2017. Eighty-one patients (40 BC and 41
hematuria) provided samples for the screening test to
determine 2-gene expression ratio levels in ucfDNA.
First-morning urine samples were obtained before trans-
urethral resection or radical cystectomy, and superna-
tants separated from them by centrifugation at 1,320 g
for 15 minutes were immediately stored at —20°C until
use. Tumors were staged according to tumor, lymph
node, metastasis classification (2002) and graded by a
pathologist using the World Health Organization (WHO)
system (2004). Urine sample collection and analysis for
this study were approved by the Ethics Committee of
Chungbuk National University (GR2010-12-010). All
subjects were informed of the purpose of the experiment
and provided signed informed consent before entering
the study.
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Fig. 1. Flow diagram of the study design.

2.3. Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) BC urine sam-
ples were from patients with primary tumors at initial diag-
nosis; (2) all tumors underwent transurethral resection or
radical cystectomy and were histologically verified as uro-
thelial transitional cell carcinomas; (3) control patients
(hematuria) were diagnosed as having nonmalignant geni-
tourinary system diseases, including benign prostate hyper-
plasia , urolithiasis, and stress urinary incontinence. The
exclusion criteria were as follows: (1) patients with BC and
additional solid tumors or hematological malignancies; (2)
not a first diagnosis of BC, or patients had received any
other treatments, including radiation therapy, chemother-
apy, or biological targeted therapy; (3) patients diagnosed
with concomitant carcinoma in situ.

2.4. Extraction of cfDNA from urine

Extraction of cfDNA from urine supernatant samples
was performed using the QIAquick gel extraction kit (Qia-
gen GmbH, Hilden, Germany). Briefly, each frozen urine
supernatant aliquot (1 ml) was thawed at room temperature,
treated with 500 ul QG buffer (contained in the kit), and
incubated at 50°C for 5 minutes. Then, isopropanol (500
1) was added and samples were vortexed for 10 minutes.
Mixtures were then transferred onto the QIAquick column
and centrifuged at 19,320 g for 30 seconds, and the flow-
through was discarded. QG buffer (500 wl) and PE buffer
(750 wl) (both contained in the kit) were successively added
to the mixture, followed by centrifugation at 19,320 g for
30 seconds, and the flow-through was discarded. After the
mixture was centrifuged for an additional 2 minutes at
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19,320 g, the QIAquick column was placed into a new
clean microcentrifuge tube (1.5 ml) and 50 ul buffer EB
(10 mM Tris-Cl, pH 8.5, contained in the kit) was added to
the center of the column membrane and then incubated for
10 minutes prior to centrifugation at 19,320 g for 1 minute.
Finally, the purified ucfDNA samples were stored at —80°C
until required.

2.5. Real-time PCR

UcfDNA levels of IQGAP3, BMP4, and FAMI07A
were measured by real-time PCR using TB Green Pre-
mix Ex Taq (TAKARA BIO INC., Shiga, Japan) in
microreaction tubes (Corbett Research; Qiagen), fol-
lowed by assessment of average cycle threshold (CT)
values, determined using a Rotor Gene 6000 instrument
(Corbett Research, Mortlake, Australia). Each sample
was analyzed in triplicate. Primers were designed from
within single exon regions, and their sequences were
as follows: (1) IQGAP3 (product, 101 bp) sense,
5'-CTGGAGGAGAGCCTTCGGAATG-3" and anti-
sense, 5-AGCTGCTCCACATCGTAGATCT-3; (2)
BMP4 (product, 112 bp) sense, 5-CCTAGCAA-
GAGTGCCGTCAT-3’ and antisense, 5'-GGCGCTCAG-
GATACTCAAGA-3'; and (3) FAMI107A (product, 102
bp) sense, 5-TACTCGGAGATCCAGAGGGAGC-3’
and antisense, 5-CAGCAGCTTCTTGGGCTTGATG-
3’. The total volume of real-time PCR reactions was
10 ul containing TB Green Premix Ex Taq, 10 pmol/ul
each primer, and 2 wl purified ucfDNA sample. The
real-time PCR conditions for amplification of the 3 gene
products were as follows: 1 cycle of 2 minutes at 95°C;
45 cycles of 20 seconds at 95°C (denaturation), followed
by 20 seconds annealing (IQGAP3, BMP4, and
FAMI107A at 58°C, 57°C, and 60°C, respectively), and
20 seconds at 72°C (extension). To determine IQGAP3
ucfDNA content relative to that of BMP4 or FAM107A,
the following equations were used: (a) ACt=ucfDNA
IQGAP3 Ct — ucfDNA BMP4 Ct (or FAMI107A); (b)
relative ucfDNA content (ratio):Z_ACT; (c) take the
natural log(In) of the ratio = In 2 2T,

2.6. Statistical analysis

The Mann-Whitney U-test was used to compare lev-
els of ucfDNA 2-gene ratios between the BC and hema-
turia groups, and the Kruskal-Wallis test was used for
comparisons of more than 2 groups. The chi-squared
test was used to compare categorical covariates, such as
sex. Two-group discriminant analysis, using a combina-
tion of IQGAP3/BMP4 and IQGAP3/FAMI07A ratios,
was used to generate log ucfDNA 2-gene ratio coeffi-
cients and develop a discriminant scores model (DS
index), which was evaluated for BC diagnosis. Wilks” A
was used to determine the statistical significance of the
discriminant power of the DS index. The diagnostic

performance of the DS index was evaluated using
receiver operating characteristic (ROC) curves, and the
area under the curve (AUC) was calculated to determine
its diagnostic accuracy. Optimal sensitivity and specific-
ity were measured using Youden Index analysis. For
paired categorical variables, a McNemar test was per-
formed to compare the sensitivity between the noninva-
sive DS index-based diagnostic tool and cytology.
Statistical analyses were performed using IBM SPSS
Statistics version 24.0 (IBM Corp., Armonk, NY), Med-
Calc version 18.2.1 (MedCalc Software, Mariakerke,
Belgium), and GraphPad Prism 7 (GraphPad Software
Inc., San Diego, CA). P < 0.05 was considered to indi-
cate significant variation.

3. Results

3.1. General characteristics of the study participants

The median ages (interquartile ranges) of 149 patients
with BC (105 male and 44 female) and 125 with hematuria
(80 male and 45 female) in the validation cohort were 69
(60—75.5) and 66 (53.5—75.5) years, respectively. Among
cases with BC, 81 were diagnosed with NMIBC and 68
with MIBC. As shown in Table 1, there were no significant
differences in age or sex between cases with BC and hema-
turia controls in either the screening or validation cohorts
(each P > 0.05).

3.2. Screening test to determine ratios of candidate gene
levels in ucfDNA from patients with BC and hematuria
controls

Seven candidate down-regulated genes, AFF3, BMP4,
COL6A1, COL6A2, FAMI107A, HLA-DRA, and SRPX,
were selected using a mRNA-based microarray screen, and
their ratios with respect to IQGAP3 (an up-regulated gene)
were compared to determine whether they were potentially
valuable BC markers. IQGAP3/AFF3, IQGAP3/BMP4,
IQGAP3/COL6A1, IQGAP3/COL6A2, IQGAP3/FAMI107A,
IQGAP3/HLA-DRA, and IQGAP3/SRPX expression level
ratios in urine samples from BC and hematuria patients are
presented in Fig. 2. Ratios of IQGAP3/BMP4 and IQGAP3/
FAMI107A in BC patients were significantly higher than
those in hematuria patients (P=0.03 and P=0.01, respec-
tively). Therefore, we tested the use of IQGAP3/BMP4 and
IQGAP3/FAMI107A ratios as diagnostic biomarkers to dis-
criminate patients with BC from those with nonmalignant
hematuria.

3.3. IQGAP3/BMP4 and IQGAP3/FAM107A ratios in
ucfDNA in the validation cohort

IQGAP3/BMP4 and IQGAP3/FAMI107A ratios were
evaluated in urine samples from 254 (142 BC and 112
hematuria) and 239 (138 BC and 101 hematuria) patients,
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Table 1
Baseline characteristics of the study participants.

Variables (%) Screening test P value Validation cohort P value
BC cases Hematuria controls BC cases Hematuria controls
No. of patients 40 41 149 125
Age (y), median (IQR) 70 (63—76.5) 73 (59-79.5) 0.467" 69 (60—75.5) 66 (53.575.5) 0.119*
Sex 0.241° 0.255"
Male 30 (75.0) 35(85.4) 105 (70.5) 80 (64.0)
Female 10 (25.0) 6 (14.6) 44 (29.5) 45 (36.0)
Tumor grade
High 18 (45.0) 91 (61.1)
Low 22 (55.0) 58 (38.9)
T stage
TaMONO 2 (5.0 28 (18.8)
TINOMO 29 (72.5) 53 (35.5)
T2NOMO 3(7.5) 34 (22.8)
T3NOMO 2(5.0) 534
T4 or N1 or M1°¢ 4(10.0) 29 (19.5)
Hematuria
Gross 10 (24.4) 38 (30.4)
Microscopic 31 (75.6) 87 (69.6)
Cytology
Atypical cell 8 (20.0) 64 (43.0)
Positive 10 (25.0) 22 (14.8)
Negative 15 (37.5) 40 (26.8)
Unknown 7(17.5) 23 (15.4)

BC = bladder cancer; IQR = interquartile range.

* A Mann-Whitney U-test was performed for comparison of age between patients with BC and hematuria.
® Comparisons of sex frequencies of patients with BC and hematuria were performed using the chi-squared test.
€ A total of 6 BC patients with M1 were performed palliative transurethral resection of bladder tumor.

respectively, after exclusion of samples generating incon-
sistent data (Fig. 1). Both gene expression ratios were
significantly higher in patients with BC (including those
with both NMIBC and MIBC) than in those with hematu-
ria (including gross and microscopic hematuria; both
P < 0.001; Fig. 3). These data suggest that both [QGAP3/
BMP4 and IQGAP3/FAMI0O7A ratios are associated
with BC.

3.4. Diagnostic value of combined IQGAP3/BMP4 and
IQGAP3/FAMI07A ratios for discrimination of patients
with BC and hematuria

We performed discriminant analysis using combined
IQGAP3/BMP4 and IQGAP3/FAMI107A expression
level ratios (the DS index) as an independent variable,
to evaluate its diagnostic value. The DS index was
estimated by calculating as the sum of each score of
2- gene ratio, which was formed using each correspond-
ing coefficient (and adding the constant). The statistical
result showed that the discriminant function classified
BC from hematuria well (Tables S1—S3).

DSindex =-0.932 + 0.329 x IQGAP3/BMP4 + 1.109
x IQGAP3/FAMI07A

As shown in Fig. 4, the DS index values of patients with BC
were significantly higher than those of hematuria controls

(P < 0.001) and ROC curve analysis indicated good diag-
nostic performance, yielding an AUC of 0.862, sensitivity
of 71.0%, and specificity of 88.6%. DS index values could
also discriminate both NMIBC and MIBC from hematuria,
with sensitivities of 61.5% and 80.3%, respectively, and
specificities of 88.6% for both types of BC. Positive predic-
tive values (PPVs) for discrimination of NMIBC and MIBC
from hematuria were 80.0% and 84.1%, negative predictive
values were 75.7% and 85.7%, and AUCs were 0.808 and
0.915, respectively (Table 2). Furthermore, the DS index
sensitivity values for detection of NMIBC and MIBC
among patients with gross hematuria reached 95.4% and
98.5%, respectively, while PPVs were 87.3% and 90.3%
(Table 2).

3.5. Comparison of the diagnostic value of the noninvasive
DS index for detecting BC with that of cytology

Selecting the most appropriate cut-off value is vital
for effective clinical application of a diagnostic test.
The optimal sensitivity and specificity for detecting BC
were determined using a cut-off value of 0.095, which
achieved sensitivities and specificities >70.0% for all
groups (Table 3). Comparison of the diagnostic perfor-
mance of the DS index (using this 0.095 cut-off value)
with that of cytology showed that the sensitivity of the
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Fig. 2. Comparison of 2-gene expression level ratios in ucfDNA between patients with BC and hematuria by real-time polymerase chain reaction. Two-gene
expression ratios using the up-regulated gene IQGAP3 as a numerator and various down-regulated genes (as indicated on the figure) as the denominator.

BC = bladder cancer; UcfDNA = urinary cell-free DNA.

DS index (80.9%) was significantly higher than that of
cytology (19.0%; P < 0.0001; Table 4).

4. Discussion

In this study, we determined the IQGAP3/BMP4 and
IQGAP3/FAM107A ratios in ucfDNA in patients with BC
and hematuria and developed a diagnostic model, the DS

index, to discriminate patients with BC from those
with hematuria, using a combination of these 2 ratios. The
DS index has high power to discriminate BC from nonma-
lignant hematuria and has potential as a valuable noninva-
sive diagnostic tool for BC.

CfDNA is a topic of emerging interest in the field of can-
cer diagnosis. Relative to the extensive research into
cfDNA in circulating blood, little is known regarding
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curve. *P < 0.001.

ucfDNA. Since the majority of ucfDNA originates from the
necrosis or apoptosis of exfoliated urinary tract cells, it is a
potentially important noninvasive biomarker, particularly
for urologic neoplasms [16]. Bryzgunova et al. reported

that approximately 3 x 10° urethral epithelial cells can flow
into the urine over a 24-hour period under normal circum-
stances [17]. In urinary tract diseases, particularly bladder
or prostate tumors, which are in direct contact with urine,
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Table 2
ROC curve analysis of ucfDNA expression ratios using the DS index".
Group AUC Sensitivity (%) Specificity (%) PPV (%) NPV (%) P value”
BC

vs. hematuria 0.862 71.0 88.6 90.3 67.2 < 0.001

vs. gross hematuria 0.851 90.8 70.8 94.4 58.6 < 0.001
NMIBC

vs. hematuria 0.808 61.5 88.6 80.0 75.7 < 0.001

vs. gross hematuria 0.816 95.4 62.5 87.3 83.3 < 0.001
MIBC

vs. hematuria 0.915 80.3 88.6 84.1 85.7 < 0.001

vs. gross hematuria 0.886 98.5 70.8 90.3 94.4 < 0.001

AUC = area under the curve; BC = bladder cancer; MIBC = muscle invasive bladder cancer; NMIBC = non-muscle invasive bladder cancer;
NPV = negative predictive value; PPV = positive predictive value; ROC = receiver operating characteristic; UcfDNA = urinary cell-free DNA.
DS index is a discriminant scores model developed using the combined IQGAP3/BMP4 and IQGAP3/FAM107A expression level ratios.

® A Mann-Whitney U-test was used to compare ucfDNA expression ratio levels between the BC and nonmalignant hematuria groups.

Table 3
DS index” ROC analysis according to the optimal cut-off value.
ROC analysis BC NMIBC MIBC
vs. hematuria  vs. gross hematuria  vs. hematuria  vs. gross hematuria  vs. hematuria  vs. gross hematuria
Sensitivity at the optimal cut-off (0.095)  80.9% 80.9% 72.3% 72.3% 89.4% 89.4%
Specificity at the optimal cut-off (0.095)  70.5% 75.0% 70.5% 75.0% 70.5% 75.0%

BC = bladder cancer; MIBC = muscle invasive bladder cancer; NMIBC = non-muscle invasive bladder cancer; ROC = receiver operating characteristic.
DS index is a discriminant scores model developed using the combined IQGAP3/BMP4 and IQGAP3/FAM107A expression level ratios; ROC analysis
results and optimal cut-off values for DS index in NMIBC or MIBC vs. hematuria and gross hematuria.

Table 4
Comparison of the sensitivity of bladder cancer detection methods.

Detection method NMIBC MIBC Total
Overall Low grade High grade Overall Low grade High grade
Cytology 18.1% 13.6% 25.0% 20.4% 22.2% 20.0% 19.0%
DS index" 72.3% 71.1% 74.1% 89.4% 75.0% 91.4% 80.9%
OR (95% CI)° 2.21(0.47—10.41)
P value” < 0.0001

CI = confidence interval; MIBC = muscle invasive bladder cancer; NMIBC = non-muscle invasive bladder cancer; OR = odds ratio.
DS index is a discriminant scores model developed using the combined IQGAP3/BMP4 and IQGAP3/FAM107A expression level ratios.
® A McNemar test was used to compare the detection performance of the DS index with that of traditional cytology. P values < 0.05 were considered statis-

tically significant.

tumor cells may also be released into the urine, indicating
that the detection and analysis of ucfDNA in BC has poten-
tial clinical value.

IQGAP proteins comprise a newly discovered eukary-
otic family, contain multiple protein interacting sequen-
ces, and regulate various cellular processes, including
cytokinesis, extracellular signal migration, cell prolifera-
tion, and cytoskeletal dynamics [18—21]. There are 3
IQGAP genes in humans: IQGAPI1, which is described
as an oncogene; IQGAP2, a potential tumor suppressor
[18,21]; and IQGAP3, which was isolated in 2007 and
is thought to be overexpressed in malignant disease [22

—24]. Kumar et al. reported that BC, as well as lung,
liver, esophageal, breast, and colorectal cancers, exhibits
significantly higher IQGAP3 mRNA expression levels
relative to normal tissues [25]. Similarly, our previous
study also identified significantly higher IQGAP3
expression levels in patients with BC than in controls
with nonmalignant disorders, based on mRNA microar-
rays (data generated by real-time PCR). Moreover,
IQGAP3 levels in ucfDNA were also significantly
higher in patients with BC than in controls (including
healthy tissue and hematuria controls) based on analysis
using PicoGreen and RiboGreen, with adjustment for
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reference genes [26]; however, in our subsequent inves-
tigations, we observed that ucfDNA concentrations
detected by PicoGreen were unstable, leading to difficul-
ties in normalizing levels of ucfDNA genes, indicating
that the concentration of ucfDNA extracted from urine
was too low for reliable measurement using PicoGreen.
Consequently, a new approach for monitoring ucfDNA
levels was necessary.

In this study, we used a 2-gene expression ratio method
that did not require correction based on internal controls.
Ma et al. discovered that HOXB13 was overexpressed in
patients with breast cancer recurrence who were treated
with tamoxifen therapy, while ILI7BR was down-regu-
lated in those patients, and suggested that a HOXB13/
IL17BR 2-gene expression ratio can be a predictor of
breast cancer recurrence [27,28]. Moreover, Yan et al.
selected TSPANI13 (an up-regulated gene) and S100A9 (a
down-regulated gene) as candidates in prostate cancer and
compared the expression ratio of these 2 genes in tissue
and urine nucleic acids between patients with prostate can-
cer and benign prostate hyperplasia, thereby demonstrating
the potential for use of ucfDNA 2-gene expression ratios
as diagnostic biomarkers [29]. These studies showed that
2-gene expression ratios, consisting of 1 up-regulated and
1 down-regulated gene, can maximize value and be tested
in tissue and urine samples from patients with BC as a
diagnostic marker. In the current study, we identified
IQGAP3 (an up-regulated gene) as the numerator, whereas
BMP4 and FAM107A (down-regulated genes) were used
as denominators.

BMP4, a member of the BMP family, regulates stem
cell regeneration and differentiation, and participates in
vascular and bone formation [30]. BMP4 has differing
effects in various malignant tumors, and its expression
levels vary in normal and cancerous tissues. Alarmo et
al. reported that BMP4 mRNA is overexpressed in gas-
trointestinal, lung, and ovarian cancers, whereas low
expression was detected in prostate and BC [31]. Con-
sistent with these findings, our data indicated that BMP4
mRNA expression was significantly lower in BC than in
normal tissue (P < 0.01, data not shown). Therefore,
we evaluated BMP4 as a down-regulated gene in our
2-gene expression ratio method to determine the reliabil-
ity of ucfDNA for BC diagnosis.

FAMI107A (also referred to as DRR1 and TU3A), a
“family with sequence similarity 107" gene, is also consid-
ered a tumor suppressor because of its low expression levels
in several types of cancer, including renal cell carcinoma
[32], nonsmall cell lung cancer [33], and prostate cancer
[34]. There are no previous reports of evaluation of the sig-
nificance of FAM107A expression in BC. In our previous
study, we first discovered that mRNA expression of
FAM107A was lower in BC than in normal tissue using tis-
sue microarrays (P < 0.01, data not shown); therefore, we
also included FAM107A in our assay as a candidate down-
regulated gene.

The majority of individuals with BC present as outpa-
tients with painless hematuria; however, less than 5% of
patients with hematuria are diagnosed with BC [35]. Thus,
a noninvasive diagnostic tool for distinguishing BC from
hematuria with other causes is urgently required. Laimonis
et al. developed predictive models for detecting BC based
on IGFBP5, HOXA13, MDK, CDK1, and CXCR2 expres-
sion data from voided urine samples, along with age, sex,
frequency of gross hematuria, and smoking history, using
data from 587 patients with gross hematuria. Although this
model is highly sensitive, it is too complex and costly for
implementation in clinical practice. In this study, we
defined a clinical diagnostic model (DS index) using dis-
criminant analysis of IQGAP3/BMP4 and IQGAP3/
FAMI107A ratios. This detection method is not only simple
and inexpensive, but also has good diagnostic ability, with
an AUC of 0.862, sensitivity of 71.0%, specificity of
88.6%, a PPV of 90.3%, and a negative predictive value
of 67.2%.

To assess the diagnostic value of DS index, we com-
pared its results with those of cytology. In the present study,
the sensitivity and specificity for discriminating BC from
hematuria were 80.9% and 70.5%, respectively, at the
optimal cut-off value (0.095). The DS index also had supe-
rior diagnostic value relative to cytology. Additionally, all
sensitivity and specificity values for comparisons of BC
subgroups with hematuria were >70%, suggesting that the
novel DS index potentially represents a good biomarker for
BC. In addition, in order to investigate whether pyuria
affected the BC detection, we compared the DS index
between BC and hematuria subgroup according to the pres-
ence or absence of pyuria in hematuria, and the ROC curve
analysis revealed that the AUCs for detecting BC were
0.880 (BC vs. hematuria with no pyuria), and 0.837 (BC vs.
hematuria with pyuria), respectively (data not shown).

This study had several limitations. First, it was a single-
center study with a relatively small sample size. Hence, a
larger, multicenter study will be required to validate our
findings. Second, although we compared results using these
new noninvasive biomarkers with those of cytology, we
only compared the sensitivity of the 2 methods, as there
were no cytology data for our control group. Third, the sen-
sitivity results of cytology in our study were extremely low
compared to those represented in published literature, as
the lack of clear guidelines for cytological results reported
as “atypical cell” in clinical practice made it difficult to
manage such cases. Therefore, evaluation of a correlation
between cytologic and the corresponding histologic inter-
pretations will be needed to solve this problem.

5. Conclusions
IQGAP3/BMP4 and IQGAP3/FAMI107A expression

level ratios in ucfDNA from patients with BC are both sig-
nificantly higher than those in individuals with hematuria.
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The noninvasive biomarker, DS index, developed in this
study exhibits good diagnostic performance.

Conflict of interest
The authors declare no conflicts of interest.
Acknowledgments

Urine samples for this study were provided by the
Chungbuk National University Hospital, a member of the
National Biobank of Korea, supported by the Ministry of
Health, Welfare, and Family Affairs. All samples derived
from the National Biobank of Korea were obtained with
informed consent under Institutional Review Board-
approved protocols. The authors thank all technologists at
Chungbuk National University Hospital for excellent tech-
nical support. This study was supported by the International
Science and Business Belt Program through the Ministry of
Science, ICT and Future Planning (2017K000490), and by
the Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Minis-
try of Education (nos. NRF-2016R1A6A3A11930957 and
NRF-2017R1D1A1B03033629).

Supplementary materials

Supplementary material associated with this article can
be found, in the online version, at doi:10.1016/j.urolonc.
2018.10.023.

References

[1] Jung KW, Won YJ, Oh CM, Kong HJ, Lee DH, Lee KH. Prediction
of cancer incidence and mortality in korea, 2017. Cancer Res Treat
2017;49(2):306-12. https://doi.org/10.4143/crt.2017.130.

[2] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA Cancer J
Clin 2017;67(1):7-30. https://doi.org/10.3322/caac.21387.

[3] Burger M, Catto JW, Dalbagni G, Grossman HB, Herr H, Karakie-
wicz P, et al. Epidemiology and risk factors of urothelial bladder can-
cer. Eur Urol 2013;63(2):234—41. https://doi.org/10.1016/j.eururo.
2012.07.033.

[4] Ranzi AD, da Silva JN, Graziottin TM, Annels N, Bica CG. Immuno-
histochemistry biomarkers in nonmuscle invasive bladder cancer.
Appl. ImmunohistochemMol Morphol 2017;25(3):178-83. https://
doi.org/10.1097/pai.0000000000000280.

[5]1 Warli SM, Kadar DD, Siregar GP. Ki-67 expression as a predictive
factor of muscle invasion in bladder cancer. Open Access Maced J
Med Sci 2018;6(2):260-2. https://doi.org/10.3889/0amjms.2018.088.

[6] Van der Heijden AG, Witjes JA. Recurrence, progression, and follow-
up in non—muscle-invasive bladder cancer. Eur Urol Suppl 2009;8
(7):556-62 https://doi.org/10.1016/j.eursup.2009.06.010.

[7] Avellino GJ, Bose S, Wang DS. Diagnosis and management of hema-
turia. Surg Clin N Am 2016;96(3):503-15 https://doi.org/10.1016/}.
suc.2016.02.007.

[8] Van der Aa MN, Steyerberg EW, Sen EF, Zwarthoff EC, Kirkels W1J,
van der Kwast TH, et al. Patients’ perceived burden of cystoscopic
and urinary surveillance of bladder cancer: a randomized comparison.
BJU Int 2008;101(9):1106-10. https://doi.org/10.1111/j.1464-410X.
2007.07224.x.

[9] Lotan Y, Roehrborn CG. Sensitivity and specificity of commonly
available bladder tumor markers versus cytology: results of a compre-
hensive literature review and meta-analyses. Urology 2003;61
(1):109-18:discussion 18PubMed PMID:12559279.

[10] Duquesne I, Weisbach L, Aziz A, Kluth LA, Xylinas E. The contem-
porary role and impact of urine-based biomarkers in bladder cancer.
Transl Androl Urol 2017;6(6):1031-42. https://doi.org/10.21037/
tau.2017.11.29.

[11] Di Meo A, Bartlett J, Cheng Y, Pasic MD, Yousef GM. Liquid
biopsy: a step forward towards precision medicine in urologic malig-
nancies. Mol Cancer 2017;16:80. https://doi.org/10.1186/s12943-
017-0644-5.

[12] Gormally E, Caboux E, Vineis P, Hainaut P. Circulating free DNA in
plasma or serum as biomarker of carcinogenesis: practical aspects
and biological significance. Mutat Res 2007;635(2-3):105-17. https://
doi.org/10.1016/j.mrrev.2006.11.002.

[13] Perakis S, Speicher MR. Emerging concepts in liquid biopsies. BMC
Med 2017;15(1):75. https://doi.org/10.1186/s12916-017-0840-6.

[14] Celec P, Vlkova B, Laukova L, Babickova J, Boor P. Cell-free DNA:
the role in pathophysiology and as a biomarker in kidney diseases.
Expert Rev Mol Med 2018;20:el. https://doi.org/10.1017/erm.2017.12.

[15] Bronkhorst AJ, Aucamp J, Wentzel JF, Pretorius PJ. Reference gene
selection for in vitro cell-free DNA analysis and gene expression pro-
filing. Clin Biochem 2016;49(7—8):606-8. https://doi.org/10.1016/j.
clinbiochem.2016.01.022.

[16] Lu T, Li J. Clinical applications of urinary cell-free DNA in cancer:
current insights and promising future. Am J Cancer Res 2017;7
(11):2318-32:PubMed PMID:29218253PMCPMC5714758.

[17] Bryzgunova OE, Laktionov PP. Extracellular nucleic acids in urine:
sources, structure, diagnostic potential. Acta Naturae 2015;7(3):48-
54:PubMed PMID:26483959PMCPMC4610164.

[18] White CD, Brown MD, Sacks DB. IQGAPs in cancer: a family of
scaffold proteins underlying tumorigenesis. FEBS Lett 2009;583
(12):1817-24. https://doi.org/10.1016/j.febslet.2009.05.007.

[19] Hedman AC, Smith JM, Sacks DB. The biology of IQGAP proteins:
beyond the cytoskeleton. EMBO Rep 2015;16(4):427-46. https://doi.
org/10.15252/embr.201439834.

[20] Adachi M, Kawasaki A, Nojima H, Nishida E, Tsukita S. Involve-
ment of IQGAP family proteins in the regulation of mammalian cell
cytokinesis. Genes Cells 2014;19(11):803-20. https://doi.org/10.
1111/gtc.12179.

[21] White CD, Erdemir HH, Sacks DB. IQGAP1 and its binding proteins
control diverse biological functions. Cell Signal 2012;24(4):826-34.
https://doi.org/10.1016/j.cellsig.2011.12.005.

[22] Wang S, Watanabe T, Noritake J, Fukata M, Yoshimura T, Itoh N,
et al. IQGAP3, a novel effector of Racl and Cdc42, regulates neurite
outgrowth. J Cell Sci 2007;120(Pt 4):567-77. https://doi.org/10.1242/
jcs.03356.

[23] Xu W, Xu B, Yao Y, Yu X, Cao H, Zhang J, et al. Overexpression and
biological function of IQGAP3 in human pancreatic cancer. Am J Transl
Res 2016;8(12):5421-32:PubMed PMID:28078013PMCPMC5209493.

[24] Oue N, Yamamoto Y, Oshima T, Asai R, Ishikawa A, Uraoka N, et al.
Overexpression of the transmembrane protein IQGAP3 is associated
with poor survival of patients with gastric cancer. Pathobiology 2017.
https://doi.org/10.1159/000481890.

[25] Kumar D, Hassan MK, Pattnaik N, Mohapatra N, Dixit M. Reduced
expression of IQGAP2 and higher expression of IQGAP3 correlates
with poor prognosis in cancers. PLoS One 2017;12(10):e0186977.
https://doi.org/10.1371/journal.pone.0186977.

[26] Kim WT, Kim YH, Jeong P, Seo SP, Kang HW, Kim Y]J, et al. Uri-
nary cell-free nucleic acid IQGAP3: a new non-invasive diagnostic
marker for bladder cancer. Oncotarget 2018;9(18):14354—65. https:/
doi.org/10.18632/oncotarget.24436.

[27] Ma XIJ, Hilsenbeck SG, Wang W, Ding L, Sgroi DC, Bender RA,
et al. The HOXB13:IL17BR expression index is a prognostic factor
in early-stage breast cancer. J Clin Oncol 2006;24(28):4611-9.
https://doi.org/10.1200/jc0.2006.06.6944.


https://doi.org/10.1016/j.urolonc.2018.10.023
https://doi.org/10.1016/j.urolonc.2018.10.023
https://doi.org/10.4143/crt.2017.130
https://doi.org/10.3322/caac.21387
https://doi.org/10.1016/j.eururo.<?A3B2 re 3j?>2012.07.033
https://doi.org/10.1016/j.eururo.<?A3B2 re 3j?>2012.07.033
https://doi.org/10.1097/pai.0000000000000280
https://doi.org/10.3889/oamjms.2018.088
https://doi.org/10.1016/j.eursup.2009.06.010
https://doi.org/10.1016/j.suc.2016.02.007
https://doi.org/10.1016/j.suc.2016.02.007
https://doi.org/10.1111/j.1464-410X.<?A3B2 re 3j?>2007.07224.x
https://doi.org/10.1111/j.1464-410X.<?A3B2 re 3j?>2007.07224.x
pmid:12559279
https://doi.org/10.21037/tau.2017.11.29
https://doi.org/10.21037/tau.2017.11.29
https://doi.org/10.1186/s12943-017-0644-5
https://doi.org/10.1186/s12943-017-0644-5
https://doi.org/10.1016/j.mrrev.2006.11.002
https://doi.org/10.1186/s12916-017-0840-6
https://doi.org/10.1017/erm.2017.12
https://doi.org/10.1016/j.clinbiochem.2016.01.022
https://doi.org/10.1016/j.clinbiochem.2016.01.022
pmid:29218253
pmid:PMCPMC5714758
pmid:26483959
pmid:PMCPMC4610164
https://doi.org/10.1016/j.febslet.2009.05.007
https://doi.org/10.15252/embr.201439834
https://doi.org/10.<?A3B2 re 3j?>1111/gtc.12179
https://doi.org/10.<?A3B2 re 3j?>1111/gtc.12179
https://doi.org/10.1016/j.cellsig.2011.12.005
https://doi.org/10.1242/jcs.03356
https://doi.org/10.1242/jcs.03356
pmid:28078013
pmid:PMCPMC5209493
https://doi.org/10.1159/000481890
https://doi.org/10.1371/journal.pone.0186977
https://doi.org/10.18632/oncotarget.24436
https://doi.org/10.1200/jco.2006.06.6944

96 Y. Xu et al. / Urologic Oncology: Seminars and Original Investigations 37 (2019) 86—96

[28] Ma XJ, Wang Z, Ryan PD, Isakoff SJ, Barmettler A, Fuller A, et al. A
two-gene expression ratio predicts clinical outcome in breast cancer
patients treated with tamoxifen. Cancer Cell 2004;5(6):607-16.
https://doi.org/10.1016/j.ccr.2004.05.015.

[29] Yan C, Kim YH, Kang HW, Seo SP, Jeong P, Lee IS, et al. Urinary
nucleic acid TSPAN13-to-S100A9 ratio as a diagnostic marker in
prostate cancer. J Korean Med Sci 2015;30(12):1784-92. https://doi.
org/10.3346/jkms.2015.30.12.1784.

[30] Kallioniemi A. Bone morphogenetic protein 4—a fascinating regula-
tor of cancer cell behavior. Cancer Genet 2012;205(6):267-77.
https://doi.org/10.1016/j.cancergen.2012.05.009.

[31] Alarmo E-L, Huhtala H, Korhonen T, Pylkkanen L, Holli K,
Kuukasjarvi T, et al. Bone morphogenetic protein 4 expression in
multiple normal and tumor tissues reveals its importance beyond
development. Mod Pathol 2012;26:10. https://doi.org/10.1038/
modpathol.2012.128.

[32] Liu Q, Zhao XY, Bai RZ, Liang SF, Nie CL, Yuan Z, et al. Induction
of tumor inhibition and apoptosis by a candidate tumor suppressor
gene DRRI on 3p2l.1. Oncol Rep 2009;22(5):1069—75:PubMed
PMID:19787223.

[33] Pastuszak-Lewandoska D, Czarnecka KH, Migdalska-Sek M, Nawrot
E, Domanska D, Kiszalkiewicz J, et al. Decreased FAM107A expres-
sion in patients with non-small cell lung cancer. Adv Exp MedBiol
2015;852:39-48. https://doi.org/10.1007/5584_2014_109.

[34] Vanaja DK, Ballman KV, Morlan BW, Cheville JC, Neumann RM,
Lieber MM, et al. PDLIM4 repression by hypermethylation as a
potential biomarker for prostate cancer. Clin Cancer Res 2006;12
(4):1128-36. https://doi.org/10.1158/1078-0432.Ccr-05-2072.

[35] Britton JP, Dowell AC, Whelan P, Harris CM. A Community study of
bladder cancer screening by the detection of occult urinary bleeding.
J Urol 1992;148(3, Part 1):788-790. https://doi.org/10.1016/S0022-
5347(17)36720-4.


https://doi.org/10.1016/j.ccr.2004.05.015
https://doi.org/10.3346/jkms.2015.30.12.1784
https://doi.org/10.1016/j.cancergen.2012.05.009
https://doi.org/10.1038/modpathol.2012.128
https://doi.org/10.1038/modpathol.2012.128
pmid:19787223
https://doi.org/10.1007/5584_2014_109
https://doi.org/10.1158/1078-0432.Ccr-05-2072
https://doi.org/10.1016/S0022-5347
https://doi.org/10.1016/S0022-5347

	Diagnostic value of combined IQGAP3/BMP4 and IQGAP3/FAM107A expression ratios in urinary cell-free DNA for discriminating bladder cancer from hematuria
	1. Introduction
	2. Material and methods
	2.1. Study design
	2.2. Study participants and urine sample storage
	2.3. Inclusion and exclusion criteria
	2.4. Extraction of cfDNA from urine
	2.5. Real-time PCR
	2.6. Statistical analysis

	3. Results
	3.1. General characteristics of the study participants
	3.2. Screening test to determine ratios of candidate gene levels in ucfDNA from patients with BC and hematuria controls
	3.3. IQGAP3/BMP4 and IQGAP3/FAM107A ratios in ucfDNA in the validation cohort
	3.4. Diagnostic value of combined IQGAP3/BMP4 and IQGAP3/FAM107A ratios for discrimination of patients with BC and hematuria
	3.5. Comparison of the diagnostic value of the noninvasive DS index for detecting BC with that of cytology

	4. Discussion
	5. Conclusions
	Conflict of interest
	Acknowledgments
	Supplementary materials
	References



