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SULF2 is a novel diagnostic and prognostic marker for high-grade
bladder cancer with lymphatic metastasis
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Background: Sulfatase 2 (SULF2) is a member of the sulfatase family, and its expression and clinical
significance in bladder cancer (BCa) are not currently known. In this study, we attempted to evaluate SULF2
expression in BCa patients who underwent radical cystectomy (RC) and the relationship between SULF2
expression and clinical-pathological characteristics.

Methods: Data on SULF2 expression in BCa tissues was obtained from the Oncomine database and the
Gene Expression Omnibus (GEO). The expression of SULF2 and vascular endothelial growth factor-D
(VEGF-D) in BCa was evaluated by immunohistochemistry (IHC) in tissues from 203 patients who had
undergone RC. We also explored the value of the measurement of SULF2 and VEGF-D expression for
diagnosis and prognosis in BCa patients with lymphatic metastasis.

Results: We found an increase in SULF2 messenger RNA (mRNA) levels and gene amplification in BCa
tissues from the Oncomine database. High expression of SULF2 was detected in 91/203 (44.8%) of BCa
patients. Among these patients, 27 of 42 (64.3%) with lymphatic metastasis showed high SULF2 expression.
Univariate analysis showed that tumor size, pathological stage, lymphatic metastasis, vascular infiltration,
perineural infiltration, hydronephrosis, and VEGF-D and SULF2 expression were related to prognosis in
BCa patients, and multivariable Cox regression analysis showed that SULF2 expression was an independent
prognostic indicator. Receiver operating characteristic (ROC) analysis revealed that SULF2 expression resulted
in an increased area under the curve (AUC) of 0.707, with a sensitivity of 71.4% and a specificity of 61.5%.
Conclusions: The upregulation of SULF?2 is associated with poor prognosis in high-grade BCa patients. It

might be a novel diagnostic marker for BCa patients with lymphatic metastasis.
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Introduction

Bladder cancer (BCa) is the most common malignant tumor
of the urinary system and is the fourth most common
malignant disease in males worldwide. Approximately
90% of pathology results indicate urothelial carcinoma.
The majority of patients present with non-muscle-
invasive bladder cancer (NMIBC), which can be treated
with transurethral resection of bladder tumor (TURBT)
and adjuvant administration of chemotherapy or Bacillus
Calmette-Guerin (BCG) (1). Radical cystectomy (RC)
with pelvic lymphadenectomy continues to be the gold
standard for patients with muscle-invasive tumors and high-
risk NMIBC (2). In patients with high-risk NMIBC and
muscle-invasive bladder cancer (MIBC) undergoing RC,
the accurate prediction of the status of lymph node (LN)
metastasis could provide guidance for selecting patients
who have an essential need for perioperative chemotherapy
integrated with extended LN dissection at the time of RC.

Imaging examination via computed tomography (CT)
or magnetic resonance imaging (MRI) is the primary tool
used for evaluating preoperative LN metastasis at present,
but it cannot provide an accurate patient assessment due
to the limitations of imaging. Serological examination,
urine examination, and histopathological examination also
contribute important diagnostic information.

Sulfatase 2 (SULF2) is a member of the sulfatase family
and plays an important role in cancer progression by
changing the sulfate pattern of heparan sulfate proteoglycan
(HSPG) located on the surface of most cancer cells (3). In
tumor cells, the abnormal expression of SULF2 can lead to
structural changes of proteoglycans, resulting in uncontrolled
proliferation of tumor cells, increased invasion ability, and
increased lymphatic metastasis. SULF2 is currently studied
in a variety of tumors, but it is currently not studied in
bladder cancer. In this study, we found that SULF2 is an
important factor affecting the prognosis of bladder cancer
and is closely related to tumor lymph node metastasis. At the
same time, VEGF-D plays an important role in promoting
lymphangiogenesis. In bladder cancer, it has also been
reported that VEGF-D binds to vascular endothelial growth
factor receptor 3 (VEGFR-3) to drive lymphangiogenesis
and promote lymphatic metastasis. In this study, the ability
of SULF2 and VEGF-D to predict lymphatic metastasis of
bladder cancer will also be compared.

In our study, we retrospectively assessed 203 BCa
patients who had received RC and pelvic lymphadenectomy
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at Shanghai Tenth People’s Hospital between 1 January
2013 and 31 December 2017. The aim of this study was to
measure SULF2 expression in samples from the 203 patients
and to determine whether SULF2 could serve as a novel
diagnostic and prognostic marker for high-grade BCa
patients with lymphatic metastasis.

We present the following article in accordance with the
STARD reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-4102).

Methods
Patients and tissue samples

A total of 203 BCa patients who had received RC and
pelvic lymphadenectomy at Shanghai Tenth People’s
Hospital, which is affiliated with Tongji University, between
1 January 2013 and 31 December 2017 were included.
All tumors were graded histologically according to the
World Health Organization (WHO) 2004 grading scheme
and staged according to the 2002 Union of International
Cancer Control (UICC) tumor, node, metastasis (TINM)
classification system for BCa. The tissue samples were
collected during surgery, and 2 independent experts
used paraffin-fixed pathological specimens to confirm
the diagnosis via histopathological examination. For all
specimens, the clinical and pathological information, such
as age, gender, pathology, differentiation, TNM stage,
and follow-up data, was collected. Patients undergoing
radiotherapy or chemotherapy before surgery were excluded
from this study. The expression of SULF2 and vascular
endothelial growth factor-D (VEGF-D) expression in BCa
tissues was assessed through immunohistochemical (IHC)
staining with specific antibodies. The study was approved
by the Ethics Committee of the Shanghai Tenth People’s
Hospital (SHSY-IEC-4.1/19-120/01), and all participants
provided written informed consent before registration. The
study is also in line with the Helsinki Declaration (as revised
in 2013).

Analysis of GEO and Oncomine data

The data of SULF2 expression were retrieved from the
Gene Expression Omnibus (GEO, http://www.ncbi.nlm.
nih.gov/geo) and the Oncomine database (www.oncomine.
org). A total of 4 datasets were analyzed for SULF2
expression, including GSE13507, GSE23732, GSE27448,
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and GSE48075. The SULF2 copy number was assessed
using messenger RNA (mRNA) expression data from
the Dyrskjot bladder studies, which was obtained from
The Cancer Genome Atlas (TCGA) via the Oncomine
database.

IHC

The specimens were obtained from normal bladder tissues
adjacent to cancer tissues and embedded in paraffin after
dehydration. A total of 4 consecutive 4 pm thick paraffin
sections were obtained from each participant. The sections
were baked at 70 °C in a thermostat for 15 min, dewaxed,
and washed with phosphate-buffered saline (PBS) 3 times
for 2 min each. The specimens were placed in an antigen
repair box, immersed in 0.01 mol citric acid buffer,
heated in a microwave oven for 15 min, and cooled to
room temperature. They were then rinsed in PBS 3 times
for 2 min each time. The slices were incubated at room
temperature for 15 min with 50 pL peroxidase blocker
and rinsed in PBS 3 times for 2 min each time. The PBS
solution was removed, and the slices were incubated with
goat serum at room temperature for 20 min in the dark.
The excess serum was removed without washing. The slices
were then incubated with 50 pLL primary antibody (SULF2
and VEGF-D, Abcam, Hangzhou, China). After washing
in PBS 3 times, the sections were labeled with a second
antibody for 1 h and again washed 3 times with PBS. The
sections were developed with a 3,3'-diaminobenzidine
(DAB) reagent kit and examined by microscopic observation
and photography.

Evaluation of IHC

The SULF2-positive cells displayed brownish yellow
granules in the cytoplasm and membrane. The evaluation
of SULF?2 staining included the intensity of staining (scored
as 0, no staining; 1, weak staining; 2, moderate staining; 3,
strong staining) and the percentage of positive tumor cells
(scored as: 0, <5%; 1, 5-25%; 2, 26-50%; 3, 51-75%; 4,
76-100%). To facilitate the statistical analysis, the SULF2
staining intensity and frequency were transformed into a
composite expression score (CES) by utilizing the formula
CES = intensity x frequency. The range of the CES was
from 0 to 12. The CES was classified as follows: 0, negative;
1-4, weakly positive; 5-8, positive; 9-12, strongly positive.
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These scores were independently assessed by 2 pathologists.
Scores of 0—4 and 5-12 were indicative of low expression
and high expression, respectively.

Statistical analysis

The software SPSS 19.0 IBM Corp., Chicago, IL, USA)
was used for statistical analysis. A chi-square (') test was
used to analyze the relationships between the markers and
clinicopathological features. Kaplan-Meier analysis was
performed to evaluate the effects of SULF2 expression on
the overall survival (OS) of patients with high-grade BCa.
Cox regression was used for the analysis of risk factors. The
biomarker levels were assessed through receiver operating
characteristic (ROC) curves. A bilateral P<0.05 was
considered to indicate statistical significance.

Results
SULF?2 is upregulated in BCa

We examined 2 datasets from Oncomine showing the
expression of SULF2 in BCa, and the results indicated
that the SULF2 gene copy number was increased in BCa
samples compared to that in normal bladder samples
according to TCGA (Figure 1A). In addition, the SULF2
mRNA level in bladder urothelial carcinoma samples was
also increased in comparison to that in normal samples
in the Lee Cell Line 2 dataset (Figure 1B). The results
indicated that the expression of SULF2 was increased in
bladder urothelial carcinoma.

Clinicopathological characteristics of bladder urothelial
cancer patients

A total of 203 urothelial BCa patients who had received RC
and pelvic lymphadenectomy at Shanghai Tenth People’s
Hospital at Tongji University between 1 January 2013 and
31 December 2017 were retrospectively assessed in this
study. The participant ages ranged from 32 to 86 years,
with an average of 67 years. A total of 175 participants were
male, and the rest were female. A total of 42 patients were
diagnosed with BCa with lymphatic metastasis. In addition,
other characteristics were also assessed, including tumor
size, pathological stage, vascular infiltration, perineural
infiltration, hydronephrosis, smoking, distant metastasis,
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Figure 1 SULF2 DNA and mRNA expression in human BCa according to data from the Oncomine database. (A) SULF2 gene copy

number in human BCa vs. that in normal bladder tissues. (B) SULF2 mRNA expression in human BCa vs. that in normal bladder tissues. (C)
IHC score of SULE2 in 203 cases of BCa. BCa, bladder cancer; mRNA, messenger RINA; SULF2, sulfatase 2.

hypertension, diabetes, VEGF-D and SULF2 expression.

Univariate analysis and multivariable Cox regression
analysis of the association with prognosis in bigh grade
BCa patients

The clinicopathological characteristics of 203 patients
with high-grade BCa who underwent RC with pelvic
lymphadenectomy were retrospectively assessed. Univariate
analysis and multivariable Cox regression analyses were
performed, and the univariate analysis showed that tumor
size, pathological stage, vascular infiltration, perineural
infiltration, hydronephrosis, distant metastasis, lymphatic
metastasis, VEGF-D, and SULF2 expression were
prognostic factors (P<0.05) (1able I). Further multivariable
Cox regression analysis revealed that SULF2 expression and
lymphatic metastasis were independent prognostic factors

for high-grade BCa (P<0.05) (1able 2).

© Annals of Translational Medicine. All rights reserved.

Measurement of SULF2 expression in BCa samples by
IHC

To reveal the clinical significance of SULF2 in high-grade
BCa, we assessed its expression and distribution in BCa
samples by IH. We analyzed the expression of SULF2 in
the T1-T4 stages and found that as the stage increased, the
expression of SULF2 also gradually increased (Figure 1C).
The results showed that 30 of 42 cases with lymphatic
metastasis exhibited high expression of SULF2, while
62 of 161 cases without lymphatic metastasis exhibited high
expression of SULF2 (Figure 24-2C), and the difference
was statistically significant (P=0.004); thus, SULF2 might
be associated with lymphatic metastasis in BCa. Then,
we detected lymphangiogenesis-related factor VEGF-D
(Figure 2D,2E), a member of the VEGF family, which
showed high expression in 28 of 42 patients with lymphatic
metastasis and 68 of 161 patients without lymphatic
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Table 1 Univariate analysis of BCa

Clinicopathological parameters Hazard ratio P value
Age (>60/<60) 1.2110 0.4469
Gender (male/female) 1.3700 0.4575
Tumor size (>3 cm/<3 cm) 1.8770 0.0100
Pathological stage (T1/T2-T4) 2.8550 0.0004
Lymphatic metastasis (+/-) 5.0090 <0.0001
Vascular infiltration (+/-) 2.0090 0.0047
Perineural infiltration (+/-) 2.4940 0.0016
Hydronephrosis (yes/no) 2.0980 0.0052
Distant metastasis (yes/no) 4.3450 <0.0001
Smoking (yes/no) 1.1310 0.6259
Hypertension (yes/no) 1.2440 0.3825
Diabetes (yes/no) 0.9579 0.8956
SULF2 expression (high/low) 2.7151 <0.0001
VEGF-D expression (high/low) 1.7650 0.0225

BCa, bladder cancer; SULF2, sulfatase 2; VEGF-D, vascular
endothelial growth factor-D.

Table 2 Multivariable Cox regression analysis of BCa

Clinicopathological parameters Hazard ratio P value
Tumor size (>3 cm/<3 cm) 0.835 0.514
Pathological stage (T1/T2-T4) 0.710 0.429
Lymphatic metastasis (+/-) 4.255 <0.0001
Vascular infiltration (+/-) 1.115 0.719
Perineural infiltration (+/-) 1.296 0.486
Distant metastasis (yes/no) 1.825 0.150
SULF2 expression (high/low) 2.217 0.028
VEGF-D expression (high/low) 1.751 0.100
Hydronephrosis (yes/no) 1.725 0.101

BCa, bladder cancer; SULF2, sulfatase 2; VEGF-D, vascular
endothelial growth factor-D.

metastasis, and the difference in expression was significant
(P=0.005). In addition, statistical analysis showed that the
expression levels of SULF2 were significantly correlated
with pathological stage (P<0.001), distant metastasis
(P<0.01), vascular infiltration (P=0.001), lymphatic
metastasis (P=0.004), and VEGF-D expression. No
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statistically significant correlations were identified with
other characteristics, including age, gender, tumor size
and perineural infiltration (7able 3). Meanwhile, Pearson
correlation analysis revealed that the expression level
of SULF2 was closely associated with the expression of
VEGF-D (r=0.600, P<0.001) (Tizble 4).

High expression of SULF2 correlates with poor prognosis
in high-grade BCa

To investigate the relationship between SULF2 expression
and clinical outcomes, we analyzed the prognostic
significance of SULF2 and several clinicopathological
characteristics using Kaplan-Meier analysis. The results
showed that the OS time of participants with high
expression of SULF2 was obviously decreased compared
to that of those with low expression of SULF2 (Figure 34).
In addition, we discovered that patients with high VEGF-D
expression had a poor prognosis (Figure 3B). Furthermore,
patients with lymphatic metastasis, MIBC, vascular
infiltration, perineural infiltration, hydronephrosis, and
a tumor size of more than 3 cm had a poor prognosis
(Figure 3C-3H), while other clinicopathological
characteristics, such as disease type, hypertension, diabetes,
smoking, age, and gender, had no correlation with prognosis

in the different groups (Figure 31-3N).

The diagnostic value of SULF2 in BCa with lymphatic

metastasis

To further assess the utility of SULF2 as a biomarker
in the diagnosis of lymphatic metastasis in BCa patients
alone or in combination with other indicators, we applied
ROC curve analysis to assess SULF2 detection and CT
or MRI in the diagnosis of BCa patients with lymphatic
metastasis. Furthermore, we compared SULF2 detection
and image examination for the pathological diagnosis of
BCa. The results showed that the sensitivity and specificity
of SULF2 expression were 71.4% and 61.5% for the
diagnosis of BCa with lymphatic metastasis, respectively,
while the sensitivity and specificity of image examination
were 26.2% and 89.4%, respectively (Tables 5,6). The
AUC:s for SULF2 detection, image examination, and the
combination of SULF2 and image examination were 0.707
[95% confidence interval (CI): 0.609 to 0.806], 0.578 (95%
CI: 0.476 to 0.681), and 0.725 (95% CI: 0.629 to 0.821),
respectively (Figure 44-4C).
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C

Figure 2 SULF2 and VEGF-D expression in human BCa measured by immunohistochemistry. (A) High expression of SULF2 (400x). (B)
Low expression of SULF2 (400x). (C) Negative expression of SULF2 (400x). (D) High expression of VEGFD (400x). (E) Low expression of
VEGFD (400x). BCa, bladder cancer; SULF2, sulfatase 2; VEGF-D, vascular endothelial growth factor-D.

Table 3 Correlation between SULF2 expression and Table 3 (continued)
clinicopathological characteristics in 203 patients with BCa
Clinicopathological SULF2oxprossion g:ﬁiﬁerﬁtrzological - SULF2 exlpreSSiO” b value
parameters Number High  Low umber  High  Low
Age 0.422 Vascular infiltration 0.001
<65 03 45 48 Yes 63 39 24
>65 110 47 63 No 140 53 &
Gender 0.900 Perineural infiltration 0.184
Male 175 79 9% ves 27 15 12
Female 28 13 15 No 76 77 9
Tumor size 0.422 Smoking 0.114
<3cm 110 47 63 ves 116 ar 89
>3 cm 93 45 48 No 87 45 42
Pathological stage <0.001 Lymphatic metastasis 0.004
T 73 19 54 Yes 42 30 12
T2-T4 130 73 57 No 161 62 99
Distant metastasis <0.01 VEGF-D expression <0.001
Mo 188 80 108 High % 34 o4
M1 15 12 3 Low 105 58 47

BCa, bladder cancer; SULF2, sulfatase 2; VEGF-D, vascular

Table 3 (continued) endothelial growth factor-D.
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Table 4 Correlations between the expression of SULF2 and
VEGF-D

VEGF-D
SULF2 Pearson correlation 0.600**
Sig. (double-tailed) <0.001
N 203

**, correlation is significant at the 0.01 level (double-tailed).
SULF2, sulfatase 2; VEGF-D, vascular endothelial growth
factor-D.

Discussion

In China, BCa is the most common urinary malignant
tumor and a cause of significant burden in terms of
morbidity and mortality (4). Pelvic lymphatic metastasis
is the main form of metastasis and is also an important
factor associated with pathological stage, treatment
selection, the extent of LN dissection, and prognosis (5).
We retrospectively assessed 203 BCa patients who had
received RC and pelvic lymphadenectomy at the Shanghai
Tenth People’s Hospital at Tongji University between
1 January 2013 and 31 December 2017, and 20.7% (42/203)
of these patients were diagnosed with BCa with lymphatic
metastasis. Wang et al. (6) reported that the percentage of
lymphatic metastasis in BCa patients was 25%. Lymphatic
metastasis is the major cause of death in BCa patients. In
our study, through univariate analysis, we found that tumor
size, pathological stage, vascular infiltration, perineural
infiltration, hydronephrosis, distant metastasis, lymphatic
metastasis, and VEGF-D and SULF2 expression were
prognostic factors. In addition, multivariable Cox regression
analysis showed that SULF2 expression and lymphatic
metastasis were independent prognostic factors for BCa.
The LN status is a powerful predictor of cancer-specific
survival and a significant determinant of the selection of
the therapeutic used following surgery (7,8). Therefore, we
believe that lymphatic metastasis is a critical factor for the
prognosis of BCa patients.

RC combined with bilateral lymphadenectomy lymph
node dissection (LND) is the gold standard treatment
for patients with high-risk NMIBC and MIBC (9). The
importance of lymphadenectomy during RC is generally
accepted (10), but no consensus exists regarding the optimal
extent of lymphadenectomy, the number of LNs to be
retrieved, or the magnitude of the therapeutic benefit
in patients with BC undergoing RC. Vieweg et a/l. (11)
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reported that only a limited number of patients with pelvic
LN metastases who underwent extended LND showed
benefit in terms of recurrence-free survival, while many
studies have demonstrated improved survival in patients
treated with extended bilateral LND compared to those
who underwent standard or limited LND (12,13). The
method used to estimate the preoperative LN status is
crucial for BCa patients.

The LN staging should be performed in patients before
RC using imaging techniques such as MRI or enhanced
CT scan (14), but the discrepancy between preoperative
staging and the postoperative histopathological result is
obvious (15). Many academics have started to explore
other methods to assess LN status, such as serological
examination, urine examination, and histopathological
examination (16,17). In this study, we retrospectively
analyzed SULF2 expression in 203 BCa patients and found
a discrepancy in SULF2 expression between patients with
lymphatic metastasis and those without lymphatic metastasis,
and we also showed that SULF2 expression is a prognostic
and diagnostic marker for BCa. VEGF-D is closely related
to tumor lymphangiogenesis and lymphatic metastasis. The
expression of VEGF-D in tumor cells can not only induce
the formation of lymph vessels in tumor tissues, but also
promote the spread of tumor cells to lymph nodes. Through
the analysis of the clinical data and prognosis of patients, we
found that SULF2 can better predict lymphatic metastasis
than VEGF-D, but the specific mechanism may still need to
be further explored.

A member of the sulfatase family, SULF2, plays an
important role in cancer progression by modifying the
sulfate patterns in HSPGs located on the surfaces of most
cancer cells (3). Zhu et al. (18) confirmed that SULF2
promoted lymphangiogenesis in breast cancer, and SULF2
was also upregulated in hepatocellular carcinoma, lung
cancer, and pancreatic carcinoma (19-21). In this study, we
investigated SULF2 expression in high-grade BCa through
IHC, and 45.3% (92/203) of samples showed high SULF2
expression. Moreover, 71.4% (30/42) of samples showed
high SULF2 expression in 42 BCa patients with lymphatic
metastasis, and the difference was significant. Therefore, we
predicted that SULF2 might participate in the progression
of lymphatic metastasis in BCa. In addition, we detected
the expression of VEGF-D, a member of the vascular
endothelial growth factor family, which has been shown to
be related to lymphangiogenesis and lymphatic metastasis
in malignant tumors (22). In this study, we found that the
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Figure 3 Survival curves for BCa generated using the Kaplan-Meier method and the log-rank test. (A) OS curves for patients with high
SULF2 expression (blue line) and patients with low SULF2 expression (red line) (P<0.05); (B) OS curves for patients with high VEGF-D
expression (blue line) and patients with low VEGF-D expression (red line) (P<0.05); (C) OS curves for patients with lymphatic metastasis
(blue line) and patients without lymphatic metastasis (red line) (P<0.05); (D) OS curves for patients with NMIBC (blue line) and patients
with MIBC (red line) (P<0.05); (E) OS curves for patients with vessel infiltration (blue line) and patients without vessel infiltration (red line)
(P<0.05); (F) OS curves for patients with perineural infiltration (blue line) and patients without perineural infiltration (red line) (P<0.05); (G)
OS curves for patients with hydronephrosis (blue line) and patients without hydronephrosis (red line) (P<0.05); (H) OS curves for patients
with different tumor sizes (P<0.05); (I-N) OS curves for patients associated with disease type, hypertension, diabetes, smoking, age, and
gender (P>0.05). BCa, bladder cancer; SULF2, sulfatase 2; VEGF-D, vascular endothelial growth factor-D; OS, overall survival; NIMBC,

non-muscle-invasive bladder cancer; MIBC, muscle-invasive bladder cancer.
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expression of SULF2 was closely associated with VEGF-D
expression, so we hypothesized that SULF2 might promote
LN metastasis through the VEGF-D pathway.

In this study, we revealed that SULF2 is a prognostic

marker for BCa through univariate analysis and

Table 5 Imaging diagnosis of BCa with lymphatic metastasis

Pathological diagnosis

Imaging Total
diagnosis Positive (+) Negative (-)

Positive (+) 11(a) 17(b) 28
Negative (-) 31() 144(d) 175
Total 42 161 203

Sensitivity 26.2% [a/(a+c)]; specificity 89.4% [d/(b+d)]; positive
predictive value 39.3% [a/(a+b)]; negative predictive value
82.3% [d/(c+d)]. BCa, bladder cancer.

Table 6 Use of SULF2 expression for the diagnosis of BCa with lym-
phatic metastasis

SULF2 Pathological diagnosis

. Total
expression Positive (+) Negative (-)
Positive (+) 30(a) 62(b) 92
Negative (-) 12(c) 99(d) 111
Total 42 161 203

Sensitivity 71.4% [a/(a+c)]; specificity 61.5% [d/(b+d)]; positive
predictive value 32.6% [a/(a+b)]; negative predictive value
89.2% [d/(c+d)]. BCa, bladder cancer; SULF2, sulfatase 2.
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multivariable Cox regression analysis. Kaplan-Meier
analysis showed that patients with high SULF2 expression
had a shorter OS than those with low SULF2 expression. In
practice, we can predict prognosis in BCa patients through
the level of SULF2 expression.

Lymphatic metastasis is the most important factor
associated with mortality in BCa, so identifying the
preoperative LN status is critical for early treatment.
However, imaging techniques cannot provide specific
information regarding preoperative LN status. In this
study, the diagnosis rate when using imaging techniques for
lymphatic metastasis was only 26.2%, while the sensitivity of
SULF?2 expression when used for the diagnosis of lymphatic
metastasis was 71.4%. The difference was significant, so we
speculate that the assessment of SULF2 expression may be
more precise way to appraise the status of LN metastasis in
BCa patients prior to surgery.

There are some limitations in this study. (I) This is a
single-center study, and we hope that the next step will
be a large-sample multi-center study. (II) The combined
diagnostic efficiency of imaging and SULF2 may need to be
verified for different machines. (III) The specific mechanism
of SULF?2 in lymphatic metastasis of bladder cancer needs
further research and verification.

In conclusion, our study demonstrated that high SULF2
expression in BCa was associated with poor survival and
that it provides a more precise method for the diagnosis
for lymphatic metastasis. Therefore, we hypothesized that
SULF?2 is a novel diagnostic and prognostic marker for
high-grade BCa with lymphatic metastasis.
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Figure 4 The diagnostic value of SULF2 in bladder urothelial carcinoma patients with lymphatic metastasis. (A) Receiver operator curves

demonstrating the ability of SULF2 expression to predict bladder urothelial carcinoma with lymphatic metastasis. (B) Receiver operator

curves demonstrating the ability of imaging examination to predict bladder urothelial carcinoma with lymphatic metastasis. (C) Receiver

operator curves demonstrating the ability of a combination of SULF2 expression and imaging examination to predict bladder urothelial

carcinoma with lymphatic metastasis.
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