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Abstract
Increased CD44 antigen activity has been reported in recurrent cases of UBC. To date, no reliable biomarker is available 
with high significance and specificity for non-invasive detection of UBC. This study aimed to identify a CD44-linked 
microRNAs (miRNAs) (miR-9, miR-34a, miR-203) for non-invasive diagnosis of bladder cancer from other urinary tract 
malignancies. The expression of CD44-linked miRNAs was examined in serum, urine, and tissue specimens of Indian UBC 
patients (N = 25). For this purpose, healthy subjects (N = 25) and benign prostatic hyperplasia (BPH) (N = 10) patients were 
taken as controls. The relative expression of miRNAs was analyzed in serum, urine, and tissue samples using real-time 
quantitative reverse transcription PCR (qRT-PCR). The diagnostic potential of these miRNAs was accessed by plotting 
ROC curve. Increased miR-9 expression was observed in serum of UBC patients than healthy and BPH controls. In UBC 
patients, miR-34a expression was lower than healthy controls but non-significant as compared to BPH. miR-203 expression 
was considerably higher in serum of UBC patients but non-significant as compared to BPH controls. miR-203 was found 
to be considerably higher in urine samples from UBC patients as compared to BPH and healthy controls. The diagnostic 
potential of these miRNAs was evaluated using the ROC curve. Higher miR-203 levels in the urine of Indian UBC patients 
demonstrate its non-invasive diagnostic ability out of the three miRNAs studied. Our results characterize the non-invasive 
diagnostic potential of CD44-linked miR-203 in the urine of Indian UBC patients, which could be utilized in clinical settings 
in future after validation in larger patient cohort.
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Introduction

Urinary bladder cancer (UBC) is the tenth most prevalent 
type of urogenital malignancy worldwide. In 2020, there 
were an estimated 573,278 new cases and 212,536 deaths 
recorded globally [1]. Urothelial carcinoma, also called tran-
sitional cell carcinoma (TCC), is the predominant histologi-
cal type of UBC. It is mainly classified into two types, viz 
non-muscle-invasive (NMIBC) and muscle-invasive bladder 

cancer (MIBC) [2]. The largest cases of UBC are diagnosed 
at the NMIBC stage. Patients with NMIBC have minimal 
risk of tumor-related death besides a very high recurrence 
rate (more than 75% of patients recur within five years) [3]. 
About 10–30% of NMIBC advances to MIBC with a reduced 
survival rate and frequent distant metastasis. The prevalence 
of UBC is four times greater in men than in women [4]. 
Environmental or occupational exposure to carcinogens, 
including tobacco and azo dyes in textile industries, are 
the critical risk factors for UBC. Most cases of UBC are 
detected in people over the age of 60 [5].

The most common symptom of UBC is either macro-
scopic or microscopic haematuria. Currently, UBC diag-
nosis involves cystoscopy and biopsy, which are obnox-
ious and expensive procedures [6]. The stage of bladder 
cancer diagnosis has not changed over the past ten years 
due to a lack of effective screening. Several FDA-approved 
urine-based tests (e.g., NMP22, NMP22 BladderChek, 
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UroVysion, BTA-TRAK, and BTA-STAT ) for UBC diag-
nosis and monitoring are commercially available [7]. How-
ever, the sensitivity, specificity, and diagnostic efficacy of 
these urine-based assays are still sub-optimal; therefore, 
new molecular markers or assays must be translated into 
the clinics. Our lab has been working in the area of UBC 
for the past two decades, and the diagnostic potential of 
certain molecules has also been assessed in UBC [8, 9]. 
The use of minimally invasive “liquid biopsies” for the 
classification and characterization of urogenital malignan-
cies is advancing rapidly [10]. Tumor cells release cell-
free DNA, RNA (including mRNAs, miRNA and long 
non-coding RNA), peptides, and proteins, which confer 
potential as a promising biomarker [11].

Extra-cellular matrix components play an important in 
cancer progression, and for the better understanding of cell-
to-cell contact in tumor conditions, studies are now focusing 
culturing cancer cell on extracellular matrix (ECM)-coated 
plates [12]. Hyaluronic acid is one of the important ECM 
proteins where CD44 serves as a receptor for hyaluronic 
acid (HA, non-sulfated glycosaminoglycan). Our group had 
previously reported the importance of CD44 and its multi-
ple variants along with HAS (hyaluronic acid synthase) in 
pathogenesis of UBC [13]. HA-activated CD44 favors tumor 
cell survival, metastasis, and chemoresistance via activa-
tion of diverse cellular pathways, including PI3K-Akt, RAS-
MAP, JAK-STAT, etc. [14, 15]. miRNAs are small (18–22 
nucleotide long), non-coding RNAs that regulate gene 
expression at the transcription and translation level. The 
sequence-specific pairing of miRNAs with the 3'-untrans-
lated region (UTR) of the target mRNAs results in its degra-
dation or translation suppression [16]. Deregulated miRNA 
expression has been spotted in many tumors and is associ-
ated with invasion, migration, and epithelial-mesenchymal 
transition (EMT) [17]–[19]. Our group has also reported the 
diagnostic significance of circulatory microRNAs in renal 
cell carcinoma (RCC) and multiple myeloma [20, 21].

CD44-associated miRNAs include miR-9, miR-21, miR-
34a, miR-130, miR-143, miR-199, and miR-203 [22]–[24]. 
miRNAs are broadly classified into oncogenic (oncomiR) 
and tumor-suppressive (Anti-oncomiR) miRNAs. In blad-
der cancer, upregulated expression of miR-9 and down-
regulated expression of miR-34a and miR-203 have been 
reported [25]–[27]. Most of these studies were conducted 
in vitro using cell lines. Very limited reports are available 
on human specimens.

In this study, we investigated the differential expression 
of CD44-linked miRNAs comprising miR-9, miR-34a, and 
miR-203 in serum, urine, and tissue specimens of UBC 
patients in the Indian population. Moreover, the non-inva-
sive diagnostic potential of these miRNAs was estimated 
by plotting the ROC curve. Out of all three miRNAs, miR-
203 showed the non-invasive diagnostic potential in urine 

specimen of Indian UBC patient which requires further vali-
dation in larger cohorts.

Materials and methods

Study samples

The study was authorized by Institute's Ethics Committee 
(IEC No.: IEC-532/02.08.2019, RP-23/2019), and written 
consent was received from all patients and healthy subjects 
(N = 25). Histopathologically confirmed BPH (N = 10) and 
UBC (N = 25) patients were involved in the study. Patients 
and healthy subjects having urinary tract infections (UTIs) 
and other malignancy were excluded. Blood and urine speci-
mens were collected from healthy subjects. Blood, urine, 
and tumor tissue specimens were collected from BPH con-
trols. Blood, urine, tumor tissue, and adjacent healthy tissue 
specimens were collected from UBC patients. Total 3 mL 
of venous blood and 5 mL urine were collected from all the 
participants. Tumor and adjacent healthy tissues were col-
lected from the same UBC patients during surgery.

Total RNA extraction and reverse transcription 
of microRNA

Blood was collected in serum separator tubes (SST) (BD 
Vacutainer®) to isolate serum. Total RNA was isolated as 
per manufacturer's protocol from serum and urine using 
miRNeasy Serum/Plasma kit (Qiagen; Catalog No. 217184) 
while miRNeasy minikit (Qiagen; Catalog No. 217004) was 
used for tissue specimens. cel-miR-39a was used as spike-in 
control for serum and urine samples (miRCURY LNA RT 
kit, Qiagen; Catalog No. 339340). RNA was quantified using 
Nanodrop™ spectrophotometer (ThermoFisher, USA). For 
reverse transcription, 1 μg of purified RNA was utilized to 
synthesize cDNA using miScript II RT kit (Qiagen; Catalog 
No. 218160) as per the manufacturer's protocol.

Quantitative microRNA expression by real‑time PCR

The cDNA was diluted in 1:9 ratio using nuclease-free 
water (NFW) supplied in the miScript II RT Kit. The diluted 
cDNA was amplified using miRNA-specific primers (pur-
chased from Qiagen) and miScript SYBR® Green PCR Kit 
(Qiagen; Catalog No. 218073) as per the manufacturer's pro-
tocol. Relative expression of miRNAs was analyzed using 
Bio-Rad CFX96 real-time PCR machine. Cel-miR-39a 
primer was used as an internal control in serum and urine, 
while SNORD48 was used to normalize relative expression 
in tissue samples.



2175Molecular and Cellular Biochemistry (2022) 477:2173–2182 

1 3

Receiver operating characteristic (ROC) curve

ROC curve was plotted to access the diagnostic potential 
of these circulatory miRNAs between the true-positive rate 
against the false-positive rate for the different possible cut-
points of quantitative miRNA expression results to define 
the optimal cut-off values with maximum sensitivity and 
specificity. All the data analysis was done using GraphPad 
Prism 9.

Statistical analysis

Data were presented as Median (Range) for circulatory 
levels of miRNA. Comparison between patients and dif-
ferent control groups were performed using the Wilcoxon 
rank-sum test and one-way ANOVA test (Kruskal Wallis 
test). Statistical significance was defined at a p value less 
than 0.05 (p < 0.05).

Results

Study subjects

Newly diagnosed 25 UBC patients, and 10 BPH patients, 
along with 25 healthy controls, were introduced in the study. 
The demographic details of the participants are given in 
Table 1.

Relative microRNA expression in serum

The relative expression of CD44-associated miRNAs (miR-
9, miR-34a, and miR-203) has been examined in serum 
of UBC, BPH, and healthy subjects using qRT-PCR. The 
relative expression of miR-9 in serum of UBC patients was 
significantly upregulated in contrast to healthy (p < 0.001) 
and BPH controls (p < 0.01) (Fig. 1A, Table 2). The relative 
expression of miR-34a in serum of UBC patients was sig-
nificantly downregulated in UBC patients in opposition to 
healthy controls (p < 0.05) but was non-significant in BPH 
controls (Fig. 1B, Table 2). The relative expression of miR-
203 was significantly upregulated in UBC patients in con-
trast to healthy controls (p < 0.05) but was non-significant 
in BPH controls (Fig. 1C, Table 2).

Relative microRNA expression in urine

The relative expression of CD44-associated miRNAs 
(miR-9, miR-34a and miR-203) has been studied in the 
urine of UBC patients along with healthy and BPH con-
trols using qRT-PCR. The relative expression of miR-9 in 
the urine of UBC patients was significantly upregulated 
in relation to healthy control (p < 0.05) but was non-sig-
nificant in BPH controls (Fig. 2A, Table 2). The relative 
expression of miR-34a in the urine of UBC patients was 

Table 1  Demographic and clinical data for the UBC patients and the 
control subjects

**C1: Healthy subjects; C2: BPH patients; C3: Adjacent healthy tis-
sue from same patient
Values are represented as mean ± SD

Patient sample Control samples

C1 C2 C3

Serum 25 25 10 –
Urine 15 15 10 –
Tissue 25 – 10 12
Male/female 21/4 20/5 10/0 10/2
Age (in years.) 59 ± 8 49 ± 8 60 ± 9 55 ± 9

Fig. 1  Circulatory levels of microRNAs of UBC patients. A Relative 
miR-9 expression in serum B Relative miR-34a expression in serum 
and C Relative miR-203 expression in serum. (n = 25 healthy con-
trols; n = 10 BPH controls; n = 25 UBC patients). The levels were rep-
resented as arbitrary units (AU). The data were represented as median 

(range). The bars of significance not mentioned between some groups 
depict non-significance. [Healthy controls (control); BPH controls 
(BPH); UBC patients (UBC); *p < 0.05; **p < 0.01; ***p < 0.001; ns: 
non-significant]
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non-significant as opposed to BPH and healthy controls 
(Fig. 2B, Table 2). The relative expression of miR-203 
was significantly upregulated in UBC patients in rela-
tion to healthy (p < 0.01) and BPH controls (p < 0.05) 
(Fig. 2C, Table 2) which indicates its non-invasive diag-
nostic ability.

Relative microRNA expression in tissue

The relative expression of CD44-associated miRNAs (miR-
9, miR-34a, and miR-203) has been studied in the tissue 
specimens of UBC patients along with BPH controls using 
qRT-PCR. The relative expression of miR-9 in tumor tissue 

Table 2  Relative miRNA 
expression in blood urine and 
tissue samples of UBC patients 
and their respective BPH and 
healthy controls

UBC T UBC tumor tissue; UBC NT UBC adjacent normal tissue

Relative microRNA expression 
Median
(Range)

Control BPH UBC

miR-9
 Serum 5.097e−005

(8.745e−007–0.008)
1.274e−005
(3.035e−006–2.479e−005)

0.001
(0.0001–0.939)

 Urine 0.0002
(4.069e−005–0.004)

0.0007
(1.053e−005–0.003)

0.003
(0.0005–0.048)

 Tissue – 0.153
(0.039–0.303)

UBC NT
0.088
(0.008–0.88)

UBC T
0.468
(0.013–8.056)

miR-34a
 Serum 0.006

(0.0002–0.646)
0.011
(0.005–0.175)

0.002
(2.968e−005–0.036)

 Urine 0.011
(0.0008–0.982)

0.001
(0.0001–0.008)

0.005
(0.001–0.282)

 Tissue – 2.034
(0.384–14.93)

UBC NT
1.159
(0.013–8.574)

UBC T
0.406
(0.025–3.106)

miR-203
 Serum 6.867e−005

(1.066e−006–0.009)
1.025e−005
(4.146e−006–0.0001)

0.001
(1.168e−007–0.216)

 Urine 0.001
(6.726e−005–0.010)

0.0004
(1.079e−005–0.009)

0.045
(0.002–3.434)

 Tissue – 0.271
(0.039–2.694)

UBC NT
0.243
(0.011–2.723)

UBC T
2.021
(0.016–11.75)

Fig. 2  Relative microRNAs expression in urine. A Relative miR-9 
expression in urine. B Relative miR-34a expression in urine and C 
Relative miR-203 expression in urine. (n = 15 healthy controls; n = 10 
BPH controls; n = 15 UBC patients). The levels were represented as 
arbitrary units (AU). The data were represented as median (range). 

The bars of significance not mentioned between some groups depict 
non-significance. [Healthy controls (control); BPH controls (BPH); 
UBC patients (UBC); *p < 0.05; **p < 0.01; ***p < 0.001; ns: non-
significant]
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of UBC patients was significantly upregulated as opposed 
to adjacent non-tumor tissue of UBC patients (p < 0.05) but 
was non-significant in relation to BPH controls (Fig. 3A, 
Table 2). The relative expression of miR-34a in tumor tissue 
of UBC was downregulated in comparison to BPH (p < 0.05) 
but non-significant as opposed to the adjacent non-tumor 
tissue of same UBC patients (Fig. 3B, Table 2). The relative 
expression of miR-203 in tumor tissue of UBC patients was 
non-significant in comparison to adjacent non-tumor tissue 
of UBC patients and BPH controls (Fig. 3C, Table 2).

Diagnostic potential of microRNAs in serum, urine, 
and tissue of UBC

The diagnostic potential of CD44-associated miRNAs 
(miR-9, miR-34a, and miR-203) was evaluated by plotting 
the ROC curve, which provides sensitivity, specificity, area 
under the curve (AUC) and cut-off values of these biomol-
ecules. miR-203 showed optimum sensitivity and specificity 
in the serum (Fig. 4. A-F), urine (Fig. 5 A-F), and tissue 
specimen (Fig. 6 A-F) of UBC patients in contrast to miR-9 
and miR-34a.

Correlation

The expression of microRNAs (miR-9, miR-34a, and miR-
203) in serum, urine, and tissue specimen of UBC patients 
was correlated by the Spearman correlation analysis. It has 
been observed that expression of miR-203 in urine showed 
significant positive correlation with expression in tumor tis-
sue of UBC patients (r = 0.5832, p = 0.0393). This finding, 
thus, suggests that urinary miR-203 could be exploited fur-
ther for diagnosis of UBC in future.

Discussion

Urothelial carcinoma of bladder is characterized by exces-
sive growth in the inner lining of the bladder, i.e., urothe-
lium. Since the rise in the COVID-19 pandemic, it has been 
seen that SARS-CoV-2 infection in patients with UBC 
has led to increase in fatalities. One of the reasons being 
immunological impairment seen in patients and targeting 
complement system has emerged as one of the effective 
ways to curb such conditions [28]–[30]. The cases of UBC 
are steadily rising due to changing lifestyle (smoking) and 
environmental (and occupational) conditions. Epigenetic 
modifications including DNA methylation, histone modi-
fications, and post-transcriptional alterations mediated by 
non-coding RNA transcripts such as miRNAs play a crucial 
role in tumor development and progression.

microRNAs are short, non-coding RNAs that affect gene 
expression at the post-transcriptional level. A variety of 
miRNAs differentially expressed in bladder cancer have been 
reported [31]. Catto et al. found altered miRNA expression 
in the urothelium of bladder cancer patients as opposed to 
healthy controls. They also observed a pattern of decreased 
miRNA expression in low-grade tumors, including loss of 
miRNAs which normally suppresses FGFR3 expression. In 
high-grade tumors, they found upregulation of a number of 
miRNAs, including one that affects p53 [32].

ECM plays an important role in pathogenesis of vari-
ous cancers including UBC. ECM components mediate 
their downstream effects via interaction with a cell surface 
glycoprotein, CD44. It serves as hyaluronic acid receptor 
and involved in cell–cell interactions, cell adhesion, and 
migration. Higher CD44 expression in cells provides stem-
cell-like properties to the cancer cells. Previously our group 
reported that CD44 splice variants support the progression 

Fig. 3  Relative microRNAs expression in bladder tissue specimen. 
Box whisker plot depicting the relative microRNA expression of A 
miR-9 expression in tissue, B miR-34a expression in tissue and C 
miR-203 expression in tissue. (n = 10 BPH controls; n = 12 UBC NT; 
n = 25 UBC T). The levels were represented as arbitrary units (AU). 

The data were represented as median (range). The bars of significance 
not mentioned between some groups depict non-significance. [BPH 
controls (BPH); UBC adjacent normal tissue (UBC NT); UBC tumor 
tissue (UBC T); *p < 0.05; **p < 0.01; ***p < 0.001; ns non-signifi-
cant]
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of urothelial carcinoma of bladder through ERK, Akt, p53, 
and STAT pathways [13].

The prognosis of the disease is still debatable. Currently, 
there is no diagnostic tool with optimum sensitivity and 
specificity for the non-invasive detection of bladder cancer. 
Biopsy, which is an invasive method, is the only confirma-
tory test for bladder cancer. Hence, in this maiden attempt, 

we studied the relative expression of CD44-associated miR-
NAs (miR-9, miR-34a, and miR-203) in biological fluids and 
tissue specimens of Indian UBC patients along with BPH 
and healthy controls and assessed their diagnostic potential 
as non-invasive biomarker for detection of bladder cancer.

In the present study, relative miR-9 expression was sig-
nificantly upregulated in serum samples of UBC patients in 

Fig. 4  The ROC curve for diagnostic potential of microRNAs in 
serum. miR-9 serum (A, B); miR-34a serum (C, D); miR-203 serum 
(E, F). Graph A, C, and E depict the comparison between the serum 
samples of healthy controls and UBC patients. Graph B, D, and F 
depict the comparison between serum samples of BPH control and 

UBC patients. The graphs showcase the optimum sensitivity and 
specificity, area under curve along with cut-off values for serum lev-
els [Healthy controls (control); BPH controls (BPH); UBC patients 
(UBC); AUC – area under the curve]
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relation to their BPH and healthy controls. Urine samples 
of UBC patients showed significant expression of miR-9 in 
contrast to healthy controls but not BPH controls. However, 
significant expression of miR-9 was reported in tumor tis-
sue specimens of UBC patients in comparison to adjacent 

non-tumor tissues but not BPH tissues. This is the first study 
showcasing the circulatory levels of miR-9 in serum of UBC 
patients, and the results are in harmony with the reports of 
its higher levels in serum and tissue samples in other cancers 
like ovarian cancer and lung cancer [33, 34]. ROC curve 

Fig. 5  The ROC curve for diagnostic potential of microRNAs in 
urine. miR-9 urine (A, B); miR-34a urine (C, D); miR-203 urine (E, 
F). Graph A, C, and E showcase the comparison between the urine 
samples of healthy controls and UBC patients. Graph B, D, and F 
showcase the comparison between urine samples of BPH control 

and UBC patients. The graphs showcase the optimum sensitivity and 
specificity, area under curve along with cut-off values for serum lev-
els [Healthy controls (control); BPH controls (BPH); UBC patients 
(UBC); AUC  area under the curve]
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analysis of miR-9 in serum samples of UBC patients and 
healthy controls showed optimum sensitivity and specificity 
proving its less invasive diagnostic potential to differentiate 
UBC patients from healthy controls through serum samples.

Relative miR-34a expression in serum and tissue samples 
was lower in UBC patients as compared to healthy controls 
but non-significant in contrast to BPH controls. Expression 

of miR-34a  was non-significant in urine of UBC patients as 
compared to healthy and BPH controls. It may be due to the 
small sample size of the study subjects. In concordance with 
this observation, we previously observed downregulation of 
miR-34a in circulation and tumor site of RCC [20]. Similar 
reports of downregulation of miR-34s were also observed in 
breast cancer, prostate cancer, and mice models of bladder 

Fig. 6  The ROC curve for diagnostic potential of microRNAs in tis-
sue. miR-9 tissue (A, B); miR-34a tissue (C, D); miR-203 tissue (E, 
F). Graph A, C, and E depict the comparison between the tissue of 
BPH and UBC patients. Graph B, D, and F depict the comparison 
between adjacent normal tissue and tumor tissue of UBC patients. 

BPH controls (BPH); UBC adjacent normal tissue (UBC NT); UBC 
tumor tissue (UBC T). The graphs showcase the optimum sensitivity 
and specificity, area under curve along with cut-off values for serum 
levels [BPH controls (BPH); UBC adjacent normal tissue (UBC NT); 
UBC tumor tissue (UBC T); AUC  area under the curve]
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cancer [26, 35, 36]. ROC curve analysis of miR-34a in all 
biological samples showed ≤  80% specificity and sensitivity 
which is very less to use it as a biomarker.

We found significantly increased relative miR-203 expres-
sion in urine samples of Indian UBC patients as compared to 
healthy and BPH controls. Similar reports of higher miR-203 
expression are also available for tissue specimens of pancre-
atic adenocarcinoma and breast cancer [37, 38]. miR-203 
expression is downregulated in cell lines of several cancers 
like cutaneous squamous cell carcinoma and prostate can-
cer including urinary bladder cancer showing its dual role 
in cancer progression [27, 39, 40]. The ROC curve analy-
sis of miR-203 in urine showed maximum sensitivity and 
specificity as compared to other miRNAs which indicate its 
non-invasive diagnostic potential for diagnosis of bladder 
cancer using urine specimens. Further, urinary expression of 
miR-203 correlated significantly with tissue levels in UBC 
affirming the utilization of urine specimen as an in-situ rep-
resentation of tumor milieu, hence, could be exploited for 
diagnosis of UBC in clinical settings.

This study is a maiden attempt that provides a brief 
insight into the potential role of CD44-linked miRNAs 
(miR-9, miR-34a, and miR-203) as a non-invasive biomarker 
for the diagnosis of urothelial carcinoma of bladder. Dys-
regulated expression of these microRNAs might contrib-
ute to disease pathogenesis which needs to be validated in 
future. Out of three miRNAs, miR-203 showed potential of 
non-invasive biomarker for urine-based detection of UBC 
from other urinary tract malignancies. Furthermore, study of 
these microRNAs in larger cohort might validate the clinical 
utility as non-invasive diagnostic biomarker in detection of 
urinary bladder cancer.

Conclusion

Urothelial carcinoma of the bladder becomes a signifi-
cant concern these days. Most of the cases are detected at 
advanced stages. Confirmation of UBC patients is done 
mainly by invasive methods such as TURBT due to the lack 
of effective non-invasive biomarkers. Identification of new 
potential biomarkers in biological fluids can help diagnose 
bladder cancer at stage. We found that miR-203 showed high 
sensitivity and specificity in urine that can serve as a non-
invasive biomarker for UBC detection, which needs to be 
validated in a larger cohort.
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