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Abstract
Introduction and hypothesis Previous studies have indicated a hereditary component of stress urinary incontinence; however,
evidence on candidate genes or single-nucleotide polymorphisms (SNPs) is scarce. We hypothesize a genetic association of
female stress urinary incontinence based on significant differences of the urinary and serum proteomic pattern in the identical
study population.
Methods Case-control study of 19 patients and 19 controls. We searched for known SNPs of SUI candidate genes (COL1A1,
MMP1, SERPINA5, UMOD) in the database of short genetic variations and PubMed. Genomic DNAwas isolated using QIAamp
DNA Blood Midi Kit (Qiagen). We performed Sanger sequencing of selected exons and introns.
Results The rs885786 SNP of the SERPINA5 gene was identified in 15 cases and 10 controls (p = 0.09). The rs6113 SNP of the
SERPINA5 gene was present in 4 controls compared to 0 cases (p = 0.105). The rs4293393, rs13333226 and rs13335818 SNPs of
the UMOD gene were identified in five cases and two controls (p = 0.20), the rs1800012 SNP of the COL1A1 gene in five cases
versus four controls (p = 0.24) and the homozygous rs1799750 SNP of theMMP1 gene in eight cases versus five controls (p =
0.18). The combination of the rs885786 SNP of the SERPINA5 gene and rs179970 SNP of the MMP1 gene was detected in ten
cases versus five controls (p = 0.072).
Conclusions We found nonsignificant trends toward associations of SNPs on the SERPINA5, UMOD andMMP1 gene and SUI.
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Introduction

Stress urinary incontinence (SUI) has an estimated prevalence
of almost 50% in the female population aged 16–50 (range
12.5–79%). Prevalence rates then decline in older women,
which is possibly related to an increase of mixed urinary in-
continence symptoms [1–4]. Despite the high prevalence rate,
the exact etiology of SUI remains unknown. Previous studies
have indicated a possible hereditary component; however, ev-
idence on potential candidate genes or single-nucleotide poly-
morphisms (SNPs) is still scarce [5–8]. According to a
population-based cross-sectional study, daughters of mothers
suffering from urinary incontinence had a relative risk of 1.5
for developing SUI [5], and heritability for SUI was estimated
as 34–41% in twin studies (monozygotic and dizygotic) [6–8].
Strong genetic effects (estimated proportion of variance of
susceptibility to lower urinary tract symptoms of 0.51; 95%
CI 0.07–0.67) could be observed for urinary incontinence in a
Swedish national population-based study of twins
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(monozygotic and dizygotic) including 42,582 participants;
however, this study did not separately discuss SUI [7].

In addition, genetic association studies have aimed to
identify gene polymorphisms associated with urinary in-
continence. One systematic review and meta-analysis of
genetic association studies could identify a significant as-
sociation of the rs1800012 polymorphism of the COL1A1
gene with SUI (OR 2.1) and prolapse (OR 1.3) [9]. Other
genes, including LAMC1, MMP1, MMP3 and MMP9, have
been tested for association with urinary incontinence and
prolapse [10–12]. Among these, only MMP1 was de-
scribed as being associated with stress urinary inconti-
nence [13]. However, meta-analyses of polymorphisms of
these genes have not shown significant effects, and the
studies were furthermore reported as Bprone to bias due
to genotyping errors or population stratification^ [9].
Other studies, which have not yet been replicated, reported
significant associations between incontinence and the
CAG copy number variant of the androgen receptor (AR)
and the rs6313 SNP of HTR2A and between SUI and
rs2165241 and rs1048661 variants of LOX-L1 [14–16].

Before looking into a possible genetic association of SUI in
our own patient population, we previously identified and pub-
lished differences in their urine and serum proteome [17, 18].

We were able to identify six urinary proteins (encoded by
the genes SERPINA5, LRG1, GAA, UMOD, PPIA and
KIAA0586), which had a significantly different urinary abun-
dance in SUI patients compared with controls (q-value < 0.25;
logFC 1.11, logFC 3.91, logFC 1.24, logFC -4.87, logFC 1.96
and logFC -1.99, respectively) [18].

Serum analyses of the same patient population identi-
fied a total of 7012 different proteins over all serum sam-
ples. Of these, 33 proteins were found to be induced
(meaning that they were detected in SUI samples, but
not in controls), whereas 5 proteins were found to be
depleted (meaning that they were detected in control sam-
ples, but not in SUI samples). Among others, SERPINA5
protein was identified as being induced (detected in SUI,
not in controls) [17].

Summarizing those previous findings, we found plasma
ser ine protease inhibi tor (encoded by the gene
SERPINA5) in a significantly higher abundance in urine
samples of SUI patients compared with controls, and we
also found it induced in serum samples of the same pa-
tients. Plasma serine protease inhibitor is usually found in
low abundance in urine and acts, among other functions,
as a pro-inflammatory factor [19, 20]. We chose to inves-
tigate known SNPs of the underlying gene SERPINA5
because of the unusually high abundance in urine samples
of SUI patients in our previous study and the fact that we
also found it induced in serum samples of the same pa-
tients. The other protein which caught our attention was
uromodulin (encoded by the gene UMOD), which is

usually found in high abundance in urine, but which we
found in significantly lower abundance in SUI patients
compared with healthy controls. Uromodulin is involved
in water and electrolyte balance and kidney innate immu-
nity, and it is described as a preventive factor regarding
urinary tract infections [19, 21]. We selected UMOD for
genetic analysis because we found it in unusually low
abundance in the urine of SUI patients. However,
uromodulin was not found in different abundance in se-
rum samples, as concentration levels in serum are gener-
ally negligible.

Findings from previous urine and serum proteomic analy-
sis may suggest a possible inflammatory component of SUI;
however, these results need to be replicated in larger popula-
tions before reaching any conclusions.

As SNPs on COL1A1 and MMP1 have been described as
possibly being associated with SUI, we selected those SNPs in
addition to known SNPs on UMOD and SERPINA5 [9].

The objective of our current study was to investigate a
genetic component of SUI, based on our previous findings,
which identified significant differences in the urine and serum
proteome between patients with SUI and matched continent
controls in the same population.

Materials and methods

Ethical approval was obtained from the Ethics Committee of
the Medical University of Vienna (1163/2017), and informed
consent was obtained from all participants.

This case-control study is a follow-up study of two
previously conducted and published studies comparing
the urine and serum proteome of the same study popula-
tion [17, 18]. Inclusion criteria were identical to the pre-
vious studies on the urinary and serum proteome.
Demographic data were comparable; the small changes
are due to two drop-outs because of missing blood sam-
ples. For SUI patients, inclusion criteria were: history of
symptoms of SUI for at least 3 months (including a spe-
cific history of complaint of involuntary leakage on effort
or exertion or on sneezing or coughing), positive provo-
cation stress test (defined as an observed transurethral loss
of urine simultaneous with a cough or Valsalva maneuver
at a bladder volume of 300 ml), negative urine dipstick
testing, age ≥ 18 years, patients capable of independent
toileting, written informed consent and at least one previ-
ous vaginal delivery. Exclusion criteria were: previous
treatment for SUI (surgical or pharmacological), history
of overactive bladder symptoms and/or urinary inconti-
nence other than SUI (tested using the ICIQ-short form
questionnaire); neurological disorders potentially affecting
the urinary tract system, such as multiple sclerosis or
Parkinson’s disease; pelvic organ prolapse stage ≥ II
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(International Continence Society classification), clinical-
ly significant bladder outlet obstruction and/or post-void
residual volume > 100 ml; history of acute urinary reten-
tion or history of repeated catheterizations, history of
bladder cancer or previous surgery of the urinary tract;
acute or recurrent urinary tract infection and/or hematuria;
history of urinary tract stones; renal insufficiency and/or
hepatic disease; history of alcohol and/or drug abuse;
pregnancy or lactation; and any patient with a serious
medical condition. The control group was formed by
women without SUI or any other form of incontinence
(ICIQ-short form score equal to zero and a negative cough
stress test). Serum analyses for creatinine, transaminases
and bilirubin values were undertaken, and only women
with normal test results were included [18].

Blood sampleswere available from 19 patients with isolated
SUI and age-matched controls (total n = 38). Samples were
immediately centrifuged after collection to separate serum
from blood cells and were subsequently frozen at −20 °C until
further processing. A literature search was undertaken to iden-
tify candidate genes for SUI (COL1A1, MMP1) and their fre-
quency of known SNPs [9]. Additionally, known SNPs for
genes encoding proteins, which had previously shown a sig-
nificantly different abundance in urine and serum of our own
study population (SERPINA5, UMOD) [17, 18], were searched
in the database of short genetic variations (dbSNP) and
PubMed. Taking into account the small sample size, we chose
relevant SNPs according to their minor allele frequency (MAF)
of at least 10%. Genomic DNAwas isolated from blood using
QIAamp DNA Blood Midi Kit (Qiagen) according to the pro-
tocol. We performed Sanger sequencing of the selected exons
and introns. All primers are listed in Supplement 1.

Statistical analysis was conducted using SPSS (version 21).
For bivariate analyses between the two groups, the chi-square
test was applied. If the minimal expected frequency was < 5,
Fisher’s exact test was applied instead. Due to the observation-
al and hypothesis-generating character of this study, we did not
adjust for multiple testing [22]. The threshold for statistical
significance was set at p < 0.05. The guidelines for genome-
wide association studies (GWAS) suggest p < 5 × 10ˆ-8 for
conventional GWAS [23]. Whereas in GWAS all SNPs of all
genes are screened, we restricted the investigation to selected
SNPs of single genes. This manuscript was structured accord-
ing to the STROBE guidelines (for observational studies) [24].

Results

Demographic data were similar to those of the previously
published study comparing the serum proteome of patients
with SUI and controls (Table 1) [17]. Cases and controls did
not differ regarding age, BMI, parity, gravidity and vaginal
delivery. There was no significant difference concerning the

rate of chronic diseases or the number of postmenopausal
patients in both groups.

The rs885786 (homozygous and heterozygous) SNP of the
SERPINA5 gene was identified in 15 cases and 10 controls
(p = 0.09) (Fig. 1).

The rs6113 SNP of the SERPINA5 gene was present in four
controls compared with no cases (p = 0.105) (Fig. 2).

Other known SNPs of the SERPINA5 gene (rs10130906,
rs2069963, rs2069962, rs2069961, rs2069959) did not show
any trends in difference between the two groups as well as the
rs11647727 and rs34857077 SNPs of the UMOD gene. The

Table 1 Demographic data

SUI Control p value
n = 19 n = 19

(Mean ± SD)

Age (years) 49.2 (± 9.6) 49.6 (± 9.7) ns

BMI (kg/cm²) 27.6 (± 6.0) 24.8 (± 3.7) ns

ICIQ* sum score 13.4 (± 3.9) 0 (0) –

Gravidity 2.2 (± 0.9) 2.1 (± 0.8) ns

Parity 2.2 (± 0.9) 2.0 (± 0.8) ns

Vaginal deliveries (n) 2.1 (± 0.9) 1.8 (± 0.7) ns

Chronic diseases (n)** 9/19 (47%) 11/19 (53%) ns

Menopause ns

Premenopausal 14/19 (74%) 12/19 (63%)

Postmenopausal 5/19 (26%) 7/19 (37%)

*ICIQ-UI Short Form (International Consultation on Incontinence
Modular Questionnaire); **number of patients with chronic diseases (in-
cluding hypertension, coronary heart disease, colitis, depression, gastritis,
type II diabetes, glaucoma, chronic atrial fibrillation, asthma, Hashimoto
thyroiditis, hyperthyroidism and factor V Leiden mutation)
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Fig. 1 Identification of the rs885786 SNP of the SERPINA5 gene in SUI
patients and controls
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rs4293393, rs13333226 and rs13335818 (homozygous and
heterozygous) of theUMOD gene were identified in five cases
and two controls (p = 0.20). The rs1800012 SNP in the
COL1A1 gene was almost equally distributed and present in
five cases versus four controls (heterozygous and homozy-
gous) (p = 0.24) (Fig. 3).

The homozygous rs1799750 SNP of the MMP1 gene was
present in eight cases versus five controls (p = 0.18) (Fig. 4).

The combination of the rs885786 SNP of the SERPINA5
gene and rs179970 SNP of the MMP1 gene was detected in
ten cases and five controls (p = 0.072). Overall we identified a

non-significant trend toward an association of a combined
presence of these SNPs and SUI (Fig. 5).

Discussion

Previous studies have aimed to explore a genetic component
of urinary incontinence by pre-selecting candidate genes ac-
cording to their potential physiological or anatomical role in
the dynamics of incontinence. In our study, however, we first
identified and compared the urinary and serum proteome

Fig. 3 Identification of the rs1800012 SNP of the COL1A1 gene in SUI
patients and controls

Fig. 4 Identification of the rs1799750 SNP of the MMP1 gene in SUI
patients and controls

Fig. 5 Identification of the combined presence of the rs885786 SNP of
the SERPINA5 gene and the rs179970 SNP of the MMP1 gene

Fig. 2 Identification of the rs6113 SNP of the SERPINA5 gene in SUI
patients and controls



within the same population, and only according to these find-
ings were candidate genes then selected.

Through proteomics, every protein present in a sample can
be qualitatively and quantitatively identified, which allows an
overview of the diseases’ pathophysiology, without the bias of
pre-selection of potential candidate proteins. Following up on
cumulative findings in urine and serum samples in the identi-
cal study population, we selected the genes SERPINA5 and
UMOD for genetic analysis. Several SNPs were identified in
the past for both genes [25–30]. In addition, we aimed to
replicate previous studies associating SNPs of COL1A1 and
MMP1 genes to SUI [9, 31].

Results of this study did not show significant differences in
SNPs of investigated genes when comparing SUI patients
with healthy controls. We could only see non-significant
trends toward an association of the rs885786 (homozygous
and heterozygous) SNP of the SERPINA5 gene and SUI as
well as a non-significant trend toward an association of the
combination of the rs885786 SNP of the SERPINA5 gene and
rs179970 SNP of the MMP1 gene and SUI.

TheSERPINA5 gene encodes for the protein plasma serine
protease inhibitor, which inactivates serine proteases and reg-
ulates intravascular as well as extravascular proteolytic activ-
ities. At this point, we can only speculate in which ways
SERPINA5 is potentially involved in the development of
SUI, but it may support previous theories of inflammatory
factors being involved.

The protein uromodulin encoded by the UMOD gene is
usually highly abundant in urine and is known for its protec-
tive mechanisms such as prevention of urinary tract infections
[21]. In our previous proteomic study, uromodulin was found
in significantly lower abundance in urine of SUI patients [18].
A possible genetic association of the UMOD gene and SUI
would therefore support the theory of a Blost protection^
mechanism.

Strengths of this study include the strict selection of the
study population. All SUI patients had isolated SUI (no ur-
gency incontinence or pelvic organ prolapse), which had been
tested by physical examination and the ICIQ-Urinary
Incontinence Form [32]. Most genetic association studies,
however, have included patients with any type of urinary in-
continence and have not pre-selected the subtype of SUI. To
our knowledge, no other study so far has reported results on a
difference in the urinary and serum proteomic profile in SUI
patients and has furthermore used this approach as the basis
for a genetic association study.

One limitation of our study is the relatively small sample
size, which was adequately calculated for the proteomics anal-
ysis, but which is too small to allow conclusions on genetic
associations. Even though we could identify trends, we were
not able to show any significant associations.

SNPs on the SERPINA5 gene may support a previously
established theory of inflammatory processes leading to SUI,

whereas SNPs on the UMOD gene may support the theory of
a Blost protection^ mechanism.

So far, we have identified a different urinary and serum
proteome in patients with SUI compared with controls.
However, it is impossible to say whether the differing prote-
ome has a causal relationship to the disease or is a result of
genetic variants. Thus, larger studies with bigger sample sizes
investigating possible associations of SNPs on these specific
genes and SUI are needed.
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