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Background: Positive UroVysion™
fluorescence in situ hybridization (FISH) is

generally considered as urothelial carcinoma (UC). We clarify if UroVysion™

FISH can be positive in carcinoma of non-urothelial lineages (CNUL), and verify
the consistency of urine FISH and histological FISH in CNUL.

Methods: All CNUL subjects detected by urine FISH assay due to haematuria from
Tongji Hospital were screened. Meanwhile, 2 glandular cystitis and 2 urothelial
carcinoma were served as negative or positive control. Paraffin-embedded tissue
sections of all subjects were sent to the pathology department for histological
FISH detection.

Results: A total of 27 patients were included in this study, including 9 with
adenocarcinomas, 11 with squamous cell carcinomas, and 7 with other tumour
types. The overall positive rate in urine FISH was 64.00% (16/25) in patients with
CNUL, 77.78% (7/9) in those with adenocarcinoma and 54.55% (6/11) in those with
squamous carcinoma. There was a significant difference in the GLP p16 gene
deletion rate between UC and CNUL (100% vs. 8.00%, p= 0.017). Histological FISH
results showed that the histological results of 19 patients were consistent with
their urine FISH results, and only one patient with stageⅢa urachal carcinoma had
inconsistent histological FISH results (positive) and urine FISH (negative) results.

Conclusion: We demonstrated for the first time the application value of FISH in
CNUL on urine samples. Positive urine FISH tests indicate not only UC, but also
CNUL. UroVysion™ FISH possibly has a high positive rate in CNUL. CNUL and UC
have different genetic changes shown by FISH.

KEYWORDS

fluorescence in situ hybridization, chromosome, CNUL, squamous cell carcinoma,
adenocarcinoma

1 Introduction

Fluorescence in situ hybridization (FISH) detects chromosomal or genetic abnormalities
in cell and tissue samples by detecting fluorescence signals through fluorescence microscopy
after hybridization between the probe and the DNA of the sample through the
complementarity of DNA base pairs (Wiegant et al., 1991; Sokolova et al., 2000; Levsky
and Singer, 2003; National Library of Medicine, 2020). The U.S. Food and Drug
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TABLE 1 Basic clinical data of 27 patients.

No Age
(years)

Sex Diagnosis Urine
FISH
(+/−)

Abnormal cell ratio (%) Histological
FISH (+/−)

Genetic material
changes (+/−)

CSP3 CSP7 GLP
p16

CSP17 CSP3 CSP7 GLP
p16

CSP17

1 69 male Urothelial carcinoma + 47 47 45 51 + + + + +

2 64 female Urothelial carcinoma + 19 15 + - - + +

3 66 male Small cell carcinoma
of the bladder

+ 83 86 85 + + + - +

4 34 male Bladder
paraganglioma

+ 65 75

5 50 female Cystitis glandularis - - - - - -

6 53 male Cystitis glandularis - - - - - -

7 50 male Renal secondary
non-Hodgkin
lymphoma

+ 63 63 58

8 25 male Urachal
adenocarcinoma

+ 39 47 + + + - -

9 49 female Urachal
adenocarcinoma

- - - - - -

10 50 female Urachal
adenocarcinoma

- + - + - +

11 68 male Urachal
adenocarcinoma

+ 14 12

12 46 male Urachal
adenocarcinoma

+ 27 30 31 32

13 54 male Urachal
adenocarcinoma
with distant visceral
metastasis

+ 31 29

14 30 male Urachal
adenocarcinoma

+ 15 17 18

15 69 male Prostate cancer
invades the bladder

+ 33 35 31 + + + - +

16 72 male Prostate cancer
invades the bladder

+ 67 69 67 + + + - +

17 56 male Renal squamous cell
carcinoma
(oesophageal
squamous cell
carcinoma
metastasis)

+ 23 23 21 + + + - +

18 65 male Renal squamous cell
carcinoma

- - - - - -

19 58 male Renal squamous cell
carcinoma

- - - - - -

20 63 male Renal squamous cell
carcinoma (lung
squamous cell
carcinoma
metastases)

+ 37 35 41

21 51 male Renal squamous cell
carcinoma

- - - - - -

22 52 female + 17 17 31 + + + - +

(Continued on following page)
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TABLE 1 (Continued) Basic clinical data of 27 patients.

No Age
(years)

Sex Diagnosis Urine
FISH
(+/−)

Abnormal cell ratio (%) Histological
FISH (+/−)

Genetic material
changes (+/−)

CSP3 CSP7 GLP
p16

CSP17 CSP3 CSP7 GLP
p16

CSP17

Renal squamous cell
carcinoma

23 39 male Renal squamous cell
carcinoma

- - - - - -

24 77 male Renal squamous cell
carcinoma

- - - - - -

25 64 male Bladder squamous
cell carcinoma

+ 82 82 78 + + + - +

26 61 male Bladder squamous
cell carcinoma

+ 73 75 68 71 + + + + +

27 50 male Bladder squamous
cell carcinoma

+ 85 87 79 + + + - +

Note: CSP, chromosomal centromeric probe; GLP, gene locus-specific probe; “+”, a positive FISH assay; “-”, a negative FISH, assay.

TABLE 2 Changes in genetic material of different tumour types.

Diagnosis Chromosomal amplification/gene deletion P

3 # 7 # p16 17 #

Adenocarcinoma (n = 9) P1 > 0.05

Urachal adenocarcinoma (n = 7) 5/7 (71.42%) 5/7 (71.42%) 1/7 (14.29%) 2/7 (28.57%)

prostate cancer (n = 2) 2/2 (100%) 2/2 (100%) 0 2/2 (100%)

Total 7/9 (77.78%) 7/9 (77.78%) 1/9 (11.11%) 4/9 (44.44%)

Squamous cell carcinoma (n = 11)

Primary renal squamous cell carcinoma (n = 6) 1/6 (16.67%) 1/6 (16.67%) 0 1/6 (16.67%)

Primary bladder squamous cell carcinoma (n = 3) 3/3 (100%) 3/3 (100%) 1/3 (33.33%) 3/3 (100%)

Secondary renal squamous cell carcinoma (n = 2) 2/2 (100%) 2/2 (100%) 0 2/2 (100%)

Total 6/11 (54.55%) 6/11 (54.55%) 1/11 (9.09%) 6/11 (54.55%)

Metastatic tumour (n = 3)

Renal squamous cell carcinoma (oesophageal squamous cell carcinoma metastasis, n = 1) 1/1 (100%) 1/1 (100%) 0 1/1 (100%)

Renal squamous cell carcinoma (lung squamous cell carcinoma metastasis, n = 1) 1/1 (100%) 1/1 (100%) 0 1/1 (100%)

Renal secondary non-Hodgkin lymphoma (haematologic lymphoma metastasis, n = 1) 1/1 (100%) 1/1 (100%) 0 1/1 (100%)

Total 3/3 (100%) 3/3 (100%) 3/3 (100%)

Other types (n = 6)

Urothelial carcinoma (n = 2) 1/2 (50%) 1/2 (50%) 2/2 (100%) 2/2 (100%) P2 = 0.017

Small cell carcinoma of the bladder (n = 1) 1/1 (100%) 1/1 (100%) 0 1/1 (100%)

Bladder paraganglioma (n = 1) 1/1 (100%) 0 0 1/1 (100%)

Cystitis glandularis (n = 2) 0 0 0 0

Total 3/6 (50%) 2/6 (33.33%) 2/6 (33.33%) 4/6 (66.67%)

Note: P1: compared with adenocarcinoma, there was no statistical significance in the number amplification of chromosomes 3, 7 and 17 and GLP p16 gene deletion in squamous cell carcinoma

(p > 0.05); P2: GLP p16 gene deletion rate was different between non-urothelial carcinoma and urothelial carcinoma (p = 0.017).
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Administration approved UroVysion™ FISH probes (chromosomes
3, 7, and 17 combined with the 9p21 probe) in 2001 and 2005,
respectively, for urine detection in patients with suspected bladder
cancer and postoperative recurrence monitoring in patients with
bladder cancer (Halling et al., 2000). Worldwide, the incidence of
bladder cancer ranks 9th among all malignant tumours in the body
and 7th among male patients. Regarding histopathological
classification, more than 90% of cases are bladder urothelial
carcinoma (Jemal et al., 2010; Siegel et al., 2017). In recent years,
the incidence of bladder cancer in China has been increasing year by
year, with an average growth rate of 68.29% in the past 15 years, due
to changes in diet, increased work pressure, harsh environment and
other factors (Chen, 2015; Chen et al., 2016). Therefore, FISH
positive is usually considered to be urothelial carcinoma (UC).

A review of the national and international literature shows that there
are very few studies on the application of FISH in carcinoma of non-
urothelial lineages (CNUL). (Reid-Nicholson et al., 2009) performed
histological FISH detection on paraffin sections fromCNUL patients and
found that FISH positivity was common in primary and secondary
adenocarcinomas but rare in squamous cell carcinomas. (Kipp et al.,
2008) also performed histological FISH on paraffin sections and found
that chromosomal abnormalities detected in UC were common in rare
histological types of bladder cancer. (Yang et al., 2016) found that
preoperative urine FISH were positive in patients with bladder
paraganglioma, which showed polyploidy of chromosomes 3 and 17.
Urine FISHwas performed again after the operation and the result turned
negative. In our clinical practice, we successively found that urine FISH
showed positive manifestations in urachal carcinoma (Case 8-Case 14),

(Hu et al., 2020), renal secondary non-Hodgkin lymphoma (Case 7) and
renal squamous cell carcinoma (Case 17), (Hu et al., 2021), so we did a
comprehensive review of all the cases in our center since the FISH
technique was introduced.

In summary, it is clear that the positive presentation of urine FISH
in CNUL is not coincidental, however, none of the existing studies have
been cross-validated by histological FISHwith urine FISH, thus causing
a lack of studies to demonstrate the relationship between the two
specimen types. This study focuses on elucidating that FISH can also
show positive in urine or tissue specimens of CNUL, thus suggesting
that FISH-positive patients do not always have UC. The second is to
confirm the consistency of histological and urine FISH analysis results
to fill the gap of previous studies.

2 Methods

2.1 Research objects

With the approval of the Medical Ethics Committee of Tongji
Hospital affiliated with Tongji Medical College, Huazhong
University of Science and Technology (Approval No. TJ-
IRB20210521), we applied to the Department of Pathology to
query the information of patients with CNUL admitted to the
Department of Urology in the past 10 years, including all
squamous carcinomas, adenocarcinomas and other rare types of
tumours. Then, we retrospectively searched the FISH database at our
Institute of Urology for relevant FISH testing information for these

FIGURE 1
Genetic material changes in patients with distant metastases or highly malignant tumors. (A–E) correspond to case No. 7 (secondary non-Hodgkin
lymphoma of the kidney), case No. 13 (urachal carcinomawith distant visceral metastasis), case No. 17 (renal pelvis squamous cell carcinoma derived from
esophageal squamous cell carcinoma), case No. 20 (renal pelvis squamous cell carcinoma derived from lung squamous cell carcinomametastases), and
case No. 25 (primary bladder squamous cell carcinoma), respectively. Red represents CSP7 and GLP p16. Green represents CSP3 and CSP17. Note:
Case B cited a case in the previous published articles of our team (Hu et al., 2020). Case A and case C cited the cases from our previous published articles
of our team (Hu et al., 2021).
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patients. A total of 25 patients who met the requirements were
screened, and 2 patients with UC were selected as the control
group. Inclusion criteria were as follows: ① can obtain specific
clinical data through the electronic medical record system; ② have
histological specimens in our hospital and have been pathologically
diagnosed as CNUL; ③ have no urinary calculi, chemotherapy,
radiotherapy, etc.

2.2 Research methods

2.2.1 Detection method of urine FISH
The specific results of urine FISH in 27 patients were obtained

directly from the Institute of Urology of Tongji hospital.
Approximately 200 ml of urine was collected in the morning.
The volume of urine specimen should not be too small, otherwise
it will affect the number of cells in the specimen and cannot meet

the basic requirements of FISH detection technology. Urine
specimens should be kept free of contaminants such as
prostate fluid, semen, leukorrhea, menstrual blood, etc. After
the specimen is collected, it is necessary to send it for
examination as soon as possible to prevent the dissolution of
cells in the specimen, resulting in changes in the composition of
the specimen.

2.2.2 Detection method of histological FISH
Haematoxylin and eosin-stained slides (and

immunohistochemistry slides, if applicable) of the paraffin-
embedded tissue of the relevant patient were first requested from
the Department of Pathology, and then representative paraffin
blocks containing ≥ 80% tumour cells were selected for
histological FISH. The target areas for hybridization were
highlighted on each representative slide. All metastatic tumours
were confirmed by immunohistochemistry and/or review of the

FIGURE 2
Case No.15. Positive validation of histological FISH and urine FISH in adenocarcinoma. (A) is the histopathological image of prostate cancer.
Microscopy showed moderately and poorly differentiated with Gleason score 4 + 4 = 8(hematoxylin-eosin staining, ×200magnification). (B) is the urine
FISH result, showing the amplification of chromosomes 3, 7 and 17, and no GLP p16 gene deletion. (C) is histological FISH (×400 magnification), also
showing amplification of chromosomes 3, 7 and 17, without GLP p16 gene deletion (indicated by arrows). The mean fluorescence signals of
chromosome 3, 7, 17 and GLP p16 locus in each cell were 3.48, 3.94, 2.93 and 2.06, respectively. Red represents CSP7 and GLP p16. Green represents
CSP3 and CSP17.
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primary tumour. The FISH DNA probe kit (Bladder cancer cell
chromosome and gene abnormality detection box: China Food and
Drug Administration No. 3400251, 2009; Order number F01008-02)
was purchased from Beijing Jinpujia Medical Technology Co. Ltd.
The FISH DNA probe is labelled with tetramethylrhodamine and
fluorescein isothiocyanate and consists of two combinations: CSP3
(green)/CSP7 (red) and GLP p16 (red)/CSP17 (green). For
experimental procedures and result interpretation standards
(Supplementary Material), refer to the published articles by our
team (Hu et al., 2020) and the official website of the kit supplier
company (National Library of Medicine, 2020).

2.3 Statistical analysis

Data analysis was performed using IBM SPSS Statistics® version
23 (IBM Corp, Armonk, NY, USA) (Liang et al., 2019). Continuous

variables are expressed as the median ± interquartile spacing, and
count variables are described as frequencies, ratios and percentages.
Categorical variables were compared using the chi-square test and
Fisher’s exact test when data were limited. Differences with p <
0.05 were considered statistically significant.

3 Results

3.1 Urine FISH positive detection rate of
CNUL

A total of 27 patients were included in this study: 9 with
adenocarcinoma, 11 with squamous carcinoma, and 7 with other
types [2 with glandular cystitis, 2 with UC (control group), 1 with
small cell carcinoma of the bladder, 1 with renal secondary non-
Hodgkin’s lymphoma, and 1 with bladder paraganglioma].

FIGURE 3
Case No.25. Positive validation of histological FISH and urine FISH in squamous cell carcinoma. (A) is the histopathological image of a patient with
bladder squamous cell carcinoma, showing invasive squamous cell carcinoma under amicroscope (hematoxylin-eosin staining, ×200magnification); (B)
is the urine FISH result, showing the amplification of chromosomes 3, 7 and 17, and no GLP p16 gene deletion; (C) is histological FISH
(×400 magnification), also showing amplification of chromosomes 3, 7 and 17, without GLP p16 gene deletion (indicated by arrows). The mean
fluorescence signals of chromosome 3, 7, 17 andGLP p16 locus in each cell were 3.64, 4.19, 3.86 and 1.97, respectively. Red represents CSP7 andGLP p16.
Green represents CSP3 and CSP17.
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According to the pathological results of postoperative specimens
and related clinical data, adenocarcinoma was further divided into
7 cases of urachal adenocarcinoma and 2 cases of prostate acinar
carcinoma invading the bladder. Squamous cell carcinoma was
divided into primary and secondary squamous cell carcinoma.
The primary squamous cell carcinoma was divided into 6 cases
of renal pelvis squamous cell carcinoma and 3 cases of bladder
squamous cell carcinoma. Two secondary renal squamous cell
carcinoma cases were derived from oesophageal squamous cell
carcinoma and lung squamous cell carcinoma.

The above 27 patients were all subjected to urine FISH assay due
to haematuria or suspected UC and other factors, and the collected
urine samples all met the testing requirements. Of the 27 patients,
22 were males, and 5 were females, with a median age of 54 (50–65)
years. The overall positive rate in urine FISH was 64.00% (16/25) in
patients with CNUL. The positive rate of adenocarcinoma was

77.78% (7/9), including 5 cases of urachal carcinoma (71.43%, 5/
7) and 2 cases of prostate acinar carcinoma invading the bladder
(100%, 2/2). In squamous cell carcinoma, the positive rate was
54.55% (6/11), including 3 cases of primary pure bladder squamous
cell carcinoma (100%, 3/3), 1 case of primary renal pelvis squamous
cell carcinoma (16.67%, 1/6), and 2 cases of secondary renal
squamous cell carcinoma (derived from oesophageal squamous
cell carcinoma and lung squamous cell carcinoma).

For advanced or certain rare tumors, such as metastatic tumors
(2 cases of metastatic renal squamous carcinoma, 1 case of
metastatic non-Hodgkin’s lymphoma, and 1 case of urachal
carcinoma with distant visceral metastasis), prostate cancer
invading the bladder, and small cell carcinoma of the bladder,
urine FISH is prone to be positive. Therefore, the more
malignant and advanced the tumor is, the more likely it is to
result in positive urine FISH (Table 1).

FIGURE 4
Case No.1. Positive validation of histological and urine FISH in urothelial carcinoma. (A) is the histopathological image of a patient with urothelial
carcinoma. The microscope shows high-grade urothelial carcinoma of the bladder, invading the full thickness of the bladder wall (hematoxylin-eosin
staining, ×200 magnification); (B) is the urine FISH, showing the amplification of chromosomes 3, 7, 17 and the deletion of the GLP p16 locus; (C) is
histological FISH (×400magnification), also showing amplification of chromosomes 3, 7, 17 and deletion of the GLP p16 locus (indicated by arrows).
The mean fluorescence signals of chromosome 3, 7, 17 and GLP p16 locus in each cell were 3.59, 3.02, 2.87 and 0.63, respectively. Red represents
CSP7 and GLP p16. Green represents CSP3 and CSP17.
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3.2 Genetic material changes in CNUL
patients with positive urine FISH

Among the 25 patients included in the study, the rates of
chromosome 3, 7 and 17 amplifications and GLP p16 gene
deletion were 64.00% (16/25), 60.00% (15/25), 52.00% (13/25)
and 8.00% (2/25), respectively. In adenocarcinoma, the
amplification rates of chromosomes 3, 7, and 17 were 77.78% (7/
9), 77.78% (7/9), and 44.44% (4/9), respectively, while the GLP
p16 gene deletion rate was only 11.11% (1/9). In squamous cell
carcinoma, the amplification rate of chromosomes 3, 7 and 17 was
54.55% (6/11), while the deletion rate of the GLP p16 gene was only
9.09% (1/11). Therefore, the incidence of GLP p16 gene deletion is
very low in both adenocarcinoma and squamous cell carcinoma.
There was no statistically significant difference in the frequency of
chromosome 3, 7, 17 amplification and GLP p16 gene deletion in

squamous cell carcinoma compared with adenocarcinoma (p > 0.05)
(Table 2).

In addition, the proportion of cells with abnormal genetic
material in urine samples of patients with bladder squamous cell
carcinoma, renal secondary non-Hodgkin’s lymphoma and
bladder small cell carcinoma were all greater than 65%,
indicating that these tumour cells are more likely to shed
into the urine (Table 1). During our data collection, we also
found that for patients with advanced or distant metastases,
such as renal secondary non-Hodgkin’s lymphoma, urachal
carcinoma with visceral distant, metastatic renal squamous
carcinoma (derived from lung squamous carcinoma and
esophageal squamous carcinoma), and primary squamous
carcinoma of the bladder, their urine exfoliated cells had
more frequent chromosomal amplifications, often appearing
as 5-ploidy and 6-ploidy (Figure 1).

FIGURE 5
Case No.18. Negative validation of histological and urine FISH. (A) is the histopathological image of a patient with primary pure renal pelvis squamous
cell carcinoma. Microscopically, high-medium-differentiated squamous cell carcinoma invaded perirenal fat, and no atypical hyperplasia, carcinoma in
situ, or infiltrating carcinoma components of urinary tract epithelium were observed (hematoxylin-eosin staining, ×200 magnification); (B) is the urine
FISH result of case No. 18, which was negative; (C) is histological FISH (×400 magnification), which was also negative (indicated by the arrow). The
mean fluorescence signals of chromosome 3, 7, 17 and GLP p16 locus in each cell were 1.93, 2.05, 1.95 and 1.96, respectively. Red represents CSP7 and
GLP p16. Green represents CSP3 and CSP17.
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3.3 Mutual validation of histological and
urine FISH results

For this study, haematoxylin and eosin staining slides (as well as
immunohistochemical slides, if applicable) of paraffin-embedded
tissues of 20 patients (Paraffin sections of some patients are obsolete
or have too few tissue specimens to perform histological FISH) were
applied to the Pathology Department. Representative paraffin blocks
containing ≥80% tumour cells were then selected for histological
FISH detection, and the hybridized target area was highlighted on
each representative slide.

The 20 patients included 5 adenocarcinomas (3 urachal
adenocarcinomas, 2 prostate cancer invading the bladder),
10 squamous cell carcinomas (7 renal pelvis squamous cell
carcinomas, 3 bladder squamous cell carcinomas), 1 bladder small
cell carcinoma, 2 UC (1 bladder UC, 1 renal pelvis UC) and 2 glandular
cystitis. Sections were processed in strict accordance with the

instructions of the FISH kit, and in situ hybridization was
performed using fluorescent dye-labelled GLP p16 gene locus-
specific probes and CSP3/CSP7/CSP17 chromosomal centromeric
probes. Pathologists with 10 years of work experience read the films.

Histological FISH results showed that the histological results
were consistent with urine FISH results in 19 patients. Due to a
large number of mutually verified cases, only representative cases
are shown here (one case each of adenocarcinoma, squamous cell
carcinoma, and UC with positive verification and one case with
negative verification of squamous cell carcinoma). Positive
verification: The histological FISH of the adenocarcinoma
patient in case No. 15 also showed amplification of
chromosomes 3, 7 and 17 without the deletion of the GLP
p16 gene, which was consistent with his urine FISH
(Figure 2). The histological FISH of the squamous cell
carcinoma patient in case No. 25 showed amplification of
chromosomes 3, 7 and 17 and no GLP p16 gene deletion,

FIGURE 6
CaseNo.10. The histological FISH (positive) of a patient with stageⅢa urachal carcinoma showed amplification of chromosomes 7 and 17, whichwas
inconsistent with its urine FISH (negative). (A) is the histopathological image of a patient with urachal carcinoma, showing intestinal adenocarcinoma
under a microscope (hematoxylin-eosin staining, ×200magnification); (B) is negative for urine FISH results; (C) is histological FISH (×400 magnification),
showing amplification of chromosomes 7 and 17, no amplification of chromosome 3 and deletion of the GLP p16 gene (indicated by the arrow). The
mean fluorescence signals of chromosome 3, 7, 17 and GLP p16 locus in each cell were 2.11, 3.88, 3.74 and 2.03, respectively. Red represents CSP7 and
GLP p16. Green represents CSP3 and CSP17.
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which was consistent with the results of urine FISH (Figure 3).
Histological FISH of the patient with UC in case No. 1 showed
amplification of chromosomes 3, 7, and 17 and deletion of GLP
p16, which was consistent with the urine FISH (Figure 4).
Negative verification, such as case No. 10, indicates that
histology and cytology FISH is negative (Figure 5).

Only one patient with stage-Ⅲa urachal carcinoma had
histological FISH (positive) findings of chromosome 7 and
17 amplification, which was inconsistent with its urine FISH
(negative) results (Figure 6).

4 Discussion

Molecular cytogenetic research in recent years has focused on
identifying relevant changes in abnormal cellular DNA in urine
specimens, as they often precede the appearance of macroscopic and
microscopic lesions, allowing detection of subclinical disease. FISH is a
highly sensitive and specific molecular test for detecting urothelial
carcinoma (Halling et al., 2000). However, in clinical work, the
authors found that FISH also showed positive performance in urine
samples of various CNUL, which aroused research interest.

Although numerous studies have evaluated the performance of FISH
in typical UC, there is a significant lack of data from studies evaluating
FISH in CNUL. This study found that the positive rate of FISH in
adenocarcinoma was 77.78% (7/9), and there was no significant
difference compared with the sensitivity of 81% in urothelial
carcinoma (p > 0.05) (Caraway and Katz, 2010). Although the
positive rate in squamous carcinoma was 54.55% (6/11), it varied
widely, with 100% in both primary squamous carcinoma of the
bladder (3 cases) and metastatic renal squamous carcinoma (2 cases),
while the positive rate in primary simple renal pelvis squamous
carcinoma was only 16.67% (1/6), so it caused us to think about it.

The low positive rate of urine FISH in pure renal pelvis squamous
cell carcinoma may be due to insufficient shedding of tumor cells into
the urine, or the absence of related genetic material changes such as
chromosomes 3, 7, 17, and p16 genes, resulting in negative FISH. This
study also confirmed that histological FISH results in patients with
simple renal pelvis squamous carcinoma were consistent with urine
FISH, thus suggesting that alterations in the heritage material of urine
FISH-negative renal pelvic squamous cell carcinomamay notmatch the
probe combination used. Possible reasons for the high rate of urine
FISH positivity in bladder squamous cell carcinoma include the
following: First, the bladder is an organ for storing urine and
controlling urination. Bladder squamous cell carcinoma is a tumour
of the lower urinary tract, and tumour cells are easy to shed and collect.
Some studies (Gomella et al., 2017; Huang, 2020) have also shown that
the sensitivity of urine FISH assay in lower urinary tract tumours is
significantly higher than that of upper urinary tract tumours. Second, it
is difficult for some postoperative specimens to have only one
pathological type, which may or may not be accompanied by a
small urothelial carcinoma component. Therefore, we will doubt
whether the positive urine FISH assay is caused by UC or bladder
squamous cell carcinoma. This doubt can be explained by pathological
and histological FISH results. First, the pathological reports of 3 cases of
bladder squamous carcinoma included in this study suggested highly
differentiated squamous cell carcinoma, and no atypical hyperplasia,
carcinoma in situ or invasive carcinoma of urinary tract epithelium was

observed. In addition, the histological FISH test results of these 3 cases
were consistent with urine FISH assay, suggesting that there were
indeed genetic changes related to FISH positivity in bladder squamous
cell carcinoma.

In a large data from multiple clinical institutions in China
studied by zhou et al. (2019) suggested that UC patients with
chromosome 3, 7, and 17 amplification or GLP p16 gene deletion
accounted for 71.3% (2941/4125), 72.2% (2978/4125), 67.4% (2780/
4125), and 72.9% (3007/4125), respectively. The changes in the
genetic material in CNUL and UC patients are indeed different.
CNUL patients mainly had amplification of chromosomes 3, 7 and
17 (p > 0.05), while the deletion rate of the GLP p16 gene was
significantly lower than that of UC (8.0% vs. 72.9%, p < 0.001). There
are many genetic abnormalities in UC during its occurrence and
development. Partial or complete loss of chromosome 9 is one of the
most common genetic changes. This abnormality is closely related to
the early occurrence of bladder cancer because it contains important
tumour suppressor genes related to cell cycle regulation (Halling
et al., 2000; Sokolova et al., 2000; Zhang et al., 2004). Mutations in
chromosome 9p and fibroblast growth factor receptor 3 in normal
urotheliummay lead to urothelial hyperplasia or low-grade papillary
urothelial carcinoma, (Zhang et al., 2004) which may also explain
the difference in genetic material between CNUL and UC.

During the mutual verification of histological and urine FISH, we
found only one patient with stage Ⅲa urachal carcinoma whose
histological FISH (positive) was inconsistent with his urine FISH
assay (negative). This may be because the tumor cells were not shed
in sufficient quantity in the urine, resulting in a negative urine FISH. This
study can also rule out operational errors and interpretation errors and
verifies that the tumour cells shed in the urine originate from tumour
tissue rather than inflammatory proliferative reactions or other lesions.

The following is an analysis of why FISH is positive in urine and
tissue specimens of CNUL. The FISHDNA probe used in our hospital is
a combination of a centromere probe and a site-specific recognition
probe provided by Beijing Jinpujia Medical Technology Co., Ltd.,
consisting of two combinations, CSP3 (green)/CSP7 (red) and GLP
p16 (red)/CSP17 (green). If the tumor cells have chromosome 3, 7,
17 aberrations or (and)GLPp16 locus deletions and the diseased cells can
be shed in sufficient quantity into the urine, both urine FISH and
histological FISH are likely to be positive. Chromosomal aberrations
are a prominent feature of human malignancies. Most solid tumours
exhibit complex alterations of genetic material. In this study, positive
urine FISH assays were found in patients with metastatic tumours and
other rare and highly malignant tumours, which confirmed the findings
ofAshley et al. (2006) and Lopez-Beltran et al. (Lopez-Bel et al., 2008) that
patients with aggressive and highly malignant rare tumours had many
genetic abnormalities. Many studies (Offit, 1992; Atkin et al., 1995; Pycha
et al., 1999; Kasahara et al., 2002; Wu et al., 2006; Reid-Nicholson et al.,
2009; Schaefer et al., 2010; Collazo-et al., 2016; Haisley et al., 2017; Liu
et al., 2017; Reis et al., 2018) have also confirmed that adenocarcinoma
(prostate cancer, urachal carcinoma), squamous cell carcinoma (bladder
squamous cell carcinoma, oesophageal squamous cell carcinoma, lung
squamous cell carcinoma), non-Hodgkin’s lymphoma, small cell
carcinoma of the bladder, paraganglioma of the bladder, etc., may
have chromosome 3, 7, 17 aberrations or (and) deletion of the GLP
p16 gene locus. Therefore, FISH may be positive. For FISH-negative
patients, it is possible that the genetic material changes in the tumour do
not fully match the type of probe used.

Frontiers in Molecular Biosciences frontiersin.org10

Ke et al. 10.3389/fmolb.2023.1250442

https://www.frontiersin.org/journals/molecular-biosciences
https://www.frontiersin.org
https://doi.org/10.3389/fmolb.2023.1250442


This study also has limitations, such as the small number of cases
collected and the lack of large multicentre samples to verify the
conclusions.

5 Conclusion

We demonstrated for the first time the application value of FISH
in CNUL on urine samples. Positive urine FISH tests indicate not
only UC, but also CNUL. UroVysion™ FISH possibly has a high
positive rate in CNUL. Urine FISH is more likely to be positive for
patients with high malignancy or distant metastasis. CNUL and UC
may have different genetic material changes. If a sufficient number
of tumor cells are shed into the urine, the results of histological and
urine FISH tests are consistent. Urologists should combine medical
history and imaging information when interpreting FISH results for
accurate diagnosis and treatment.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be directed
to the corresponding authors.

Ethics statement

This study was reviewed and approved by the Medical Ethics
Committee of the Tongji Hospital of Huazhong University of
Science and Technology (IRB ID: TJ-IRB20210521) and individual
consent for this retrospective analysis was waived. All procedures
performed in studies involving human participants were in
accordance with the ethical standards of the Lifespan institutional
research committee and with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards.

Author contributions

CK: Data curation; Conceptualization; original draft. XL and JW:
Data curation; Supervision. ZH: Project administration; Resources;

Supervision. CY: Conceptualization; Funding acquisition;
Writing—review and editing. All authors contributed to the article
and approved the submitted version.

Funding

This work was supported by the National Natural Science
Foundation of China (No. 81702989) and Sanming Project of
Medicine in Shenzhen (No. SZSM202111003).

Acknowledgments

The authors would like to thank Shaogang Wang for Data
curation and Zhangqun Ye (Department of Urology, Tongji
Hospital, Tongji Medical College, Huazhong University of
Science and Technology) for Funding acquisition.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmolb.2023.1250442/
full#supplementary-material

References

Ashley, R. A., Inman, B. A., Sebo, T. J., Leibovich, B. C., Blute, M. L., Kwon, E. D., et al.
(2006). Urachal carcinoma: clinicopathologic features and long-term outcomes of an
aggressive malignancy. Cancer 107, 712–720. doi:10.1002/cncr.22060

Atkin, N. B., Baker, M. C., andWilson, G. D. (1995). Chromosome abnormalities and
p53 expression in a small cell carcinoma of the bladder. Cancer Genet. Cytogenet 79,
111–114. doi:10.1016/0165-4608(94)00114-q

Caraway, N. P., and Katz, R. L. (2010). A review on the current state of urine cytology
emphasizing the role of fluorescence in situ hybridization as an adjunct to diagnosis.
Cancer Cytopathol. 118, 175–183. doi:10.1002/cncy.20080

Chen, W. (2015). Cancer statistics: updated cancer burden in China. Chin. J. Cancer
Res. 27, 1. doi:10.3978/j.issn.1000-9604.2015.02.07

Chen, W., Zheng, R., Baade, P. D., Zhang, S., Zeng, H., Bray, F., et al. (2016). Cancer
statistics in China, 2015. CA Cancer J. Clin. 66, 115–132. doi:10.3322/caac.21338

Collazo-Lorduy, A., Castillo-Martin, M., Wang, L., Patel, V., Iyer, G., Jordan, E., et al.
(2016). Urachal carcinoma shares genomic alterations with colorectal carcinoma and

may respond to epidermal growth factor inhibition. Eur. Urol. 70, 771–775. doi:10.1016/
j.eururo.2016.04.037

Gomella, L. G., Mann, M. J., Cleary, R. C., Hubosky, S. G., Bagley, D. H., Thumar, A.
B., et al. (2017). Fluorescence in situ hybridization (FISH) in the diagnosis of bladder
and upper tract urothelial carcinoma: the largest single-institution experience to date.
Can. J. Urol. 24, 8620–8626.

Haisley, K. R., Dolan, J. P., Olson, S. B., Toledo-Valdovinos, S. A., Hart, K. D., Bakis,
G., et al. (2017). Sponge sampling with fluorescent in situ hybridization as a screening
tool for the early detection of esophageal cancer. J. Gastrointest. Surg. 21, 215–221.
doi:10.1007/s11605-016-3239-3

Halling, K. C., King,W., Sokolova, I. A.,Meyer, R. G., Burkhardt, H.M., Halling, A. C., et al.
(2000). A comparison of cytology and fluorescence in situ hybridization for the detection of
urothelial carcinoma. J. Urol. 164, 1768–1775. doi:10.1016/s0022-5347(05)67104-2

Hu, Z., Ke, C., Liu, Z., Zeng, X., Li, S., Xu, H., et al. (2020). Evaluation of UroVysion
for urachal carcinoma detection. Front. Med. (Lausanne). 7, 437. doi:10.3389/fmed.
2020.00437

Frontiers in Molecular Biosciences frontiersin.org11

Ke et al. 10.3389/fmolb.2023.1250442

https://www.frontiersin.org/articles/10.3389/fmolb.2023.1250442/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmolb.2023.1250442/full#supplementary-material
https://doi.org/10.1002/cncr.22060
https://doi.org/10.1016/0165-4608(94)00114-q
https://doi.org/10.1002/cncy.20080
https://doi.org/10.3978/j.issn.1000-9604.2015.02.07
https://doi.org/10.3322/caac.21338
https://doi.org/10.1016/j.eururo.2016.04.037
https://doi.org/10.1016/j.eururo.2016.04.037
https://doi.org/10.1007/s11605-016-3239-3
https://doi.org/10.1016/s0022-5347(05)67104-2
https://doi.org/10.3389/fmed.2020.00437
https://doi.org/10.3389/fmed.2020.00437
https://www.frontiersin.org/journals/molecular-biosciences
https://www.frontiersin.org
https://doi.org/10.3389/fmolb.2023.1250442


Hu, Z., Ke, C., Shen, Y., Zeng, X., and Yang, C. (2021). Renal metastases from
esophageal cancer and retroperitoneal lymphoma detected via chromosome
duplications identified by fluorescence in situ hybridization in urine exfoliated cells:
first 2 case reports. Med. Baltim. 100, e24010. doi:10.1097/MD.0000000000024010

Huang, J. (2020). Chinese guidelines for the diagnosis and treatment of Urology and
andrology diseases. Beijing: Science Press, 27–84.

Jemal, A., Siegel, R., Xu, J., and Ward, E. (2010). Cancer statistics. CA Cancer J. Clin.
60, 277–300. doi:10.3322/caac.20073

Kasahara, K., Taguchi, T., Yamasaki, I., Kamada, M., Yuri, K., and Shuin, T. (2002).
Detection of genetic alterations in advanced prostate cancer by comparative genomic
hybridization. Cancer Genet. Cytogenet 137, 59–63. doi:10.1016/s0165-4608(02)00552-6

Kipp, B. R., Tyner, H. L., Campion, M. B., Voss, J. S., Karnes, R. J., Sebo, T. J., et al.
(2008). Chromosomal alterations detected by fluorescence in situ hybridization in
urothelial carcinoma and rarer histologic variants of bladder cancer. Am. J. Clin. Pathol.
130, 552–559. doi:10.1309/DFJUHY3WPC9GUU2W

Levsky, J. M., and Singer, R. H. (2003). Fluorescence in situ hybridization: past,
present and future. J. Cell Sci. 116, 2833–2838. doi:10.1242/jcs.00633

Liang, G., Fu,W., andWang, K. (2019). Analysis of t-test misuses and SPSS operations
in medical research papers. Burns Trauma 7, 31. doi:10.1186/s41038-019-0170-3

Liu, W., Lyu, R., Huang, W. Y., Li, C. W., Liu, H., Li, J., et al. (2017). Characteristics
and prognostic significance of cytogenetic abnormalities in diffuse large B-cell
lymphoma patients with bone marrow involvement. Zhongguo Shi Yan Xue Ye Xue
Za Zhi 25, 761–765. doi:10.7534/j.issn.1009-2137.2017.03.022

Lopez-Beltran, A., Requena, M. J., Cheng, L., and Montironi, R. (2008). Pathological
variants of invasive bladder cancer according to their suggested clinical significance. Bju
Int. 101, 275–281. doi:10.1111/j.1464-410X.2007.07271.x

National Library of Medicine (2020). Beijing jin Pu jia medicial Technology Co. L.

Offit, K. (1992). Chromosome analysis in the management of patients with non-
Hodgkin’s lymphoma. Leuk. Lymphoma 7, 275–282. doi:10.3109/10428199209049778

Pycha, A., Mian, C., Posch, B., Haitel, A., Mokhtar, A. A., El-Baz, M., et al. (1999).
Numerical chromosomal aberrations in muscle invasive squamous cell and transitional
cell cancer of the urinary bladder: an alternative to classic prognostic indicators?Urology
53, 1005–1010. doi:10.1016/s0090-4295(98)00626-8

Reid-Nicholson, M. D., Ramalingam, P., Adeagbo, B., Cheng, N., Peiper, S. C., and
Terris, M. K. (2009). The use of Urovysion fluorescence in situ hybridization in the
diagnosis and surveillance of non-urothelial carcinoma of the bladder.Mod. Pathol. 22,
119–127. doi:10.1038/modpathol.2008.179

Reis, H., van der Vos, K. E., Niedworok, C., Herold, T., Módos, O., Szendrői, A., et al.
(2018). Pathogenic and targetable genetic alterations in 70 urachal adenocarcinomas.
Int. J. Cancer 143, 1764–1773. doi:10.1002/ijc.31547

Schaefer, I. M., Gunawan, B., Fuzesi, L., Blech, M., Frasunek, J., and Loertzer, H.
(2010). Chromosomal imbalances in urinary bladder paraganglioma. Cancer Genet.
Cytogenet 203, 341–344. doi:10.1016/j.cancergencyto.2010.07.131

Siegel, R. L., Miller, K. D., and Jemal, A. (2017). Cancer statistics. CA Cancer J. Clin.
67, 7–30. doi:10.3322/caac.21387

Sokolova, I. A., Halling, K. C., Jenkins, R. B., Burkhardt, H. M., Meyer, R. G., Seelig, S.
A., et al. (2000). The development of a multitarget, multicolor fluorescence in situ
hybridization assay for the detection of urothelial carcinoma in urine. J. Mol. Diagn 2,
116–123. doi:10.1016/S1525-1578(10)60625-3

Wiegant, J., Ried, T., Nederlof, P. M., van der Ploeg, M., Tanke, H. J., and Raap, A. K.
(1991). In situ hybridization with fluoresceinated DNA. Nucleic Acids Res. 19,
3237–3241. doi:10.1093/nar/19.12.3237

Wu, Y. P., Yang, Y. L., Yang, G. Z., Wang, X. Y., Luo, M. L., Zhang, Y., et al. (2006).
Identification of chromosome aberrations in esophageal cancer cell line KYSE180 by
multicolor fluorescence in situ hybridization. Cancer Genet. Cytogenet 170, 102–107.
doi:10.1016/j.cancergencyto.2006.05.006

Yang, C., Liu, Z., Lan, R., Wang, Z., Hu, Z., Chen, Z., et al. (2016). Paraganglioma of
the urinary bladder with chromosome duplications detected by fluorescence in situ
hybridization in urine exfoliated cells: A case report. Oncol. Lett. 11, 795–797. doi:10.
3892/ol.2015.3941

Zhang, J., Zheng, S., Gao, Y., Rotolo, J. A., Xiao, Z., Li, C., et al. (2004). A partial
allelotyping of urothelial carcinoma of bladder in the Chinese. Carcinogenesis 25,
343–347. doi:10.1093/carcin/bgh015

Zhou, L., Yang, K., Li, X., Ding, Y., Mu, D., Li, H., et al. (2019). Application of
fluorescence in situ hybridization in the detection of bladder transitional-cell
carcinoma: A multi-center clinical study based on Chinese population. Asian
J. Urol. 6, 114–121. doi:10.1016/j.ajur.2018.06.001

Frontiers in Molecular Biosciences frontiersin.org12

Ke et al. 10.3389/fmolb.2023.1250442

https://doi.org/10.1097/MD.0000000000024010
https://doi.org/10.3322/caac.20073
https://doi.org/10.1016/s0165-4608(02)00552-6
https://doi.org/10.1309/DFJUHY3WPC9GUU2W
https://doi.org/10.1242/jcs.00633
https://doi.org/10.1186/s41038-019-0170-3
https://doi.org/10.7534/j.issn.1009-2137.2017.03.022
https://doi.org/10.1111/j.1464-410X.2007.07271.x
https://doi.org/10.3109/10428199209049778
https://doi.org/10.1016/s0090-4295(98)00626-8
https://doi.org/10.1038/modpathol.2008.179
https://doi.org/10.1002/ijc.31547
https://doi.org/10.1016/j.cancergencyto.2010.07.131
https://doi.org/10.3322/caac.21387
https://doi.org/10.1016/S1525-1578(10)60625-3
https://doi.org/10.1093/nar/19.12.3237
https://doi.org/10.1016/j.cancergencyto.2006.05.006
https://doi.org/10.3892/ol.2015.3941
https://doi.org/10.3892/ol.2015.3941
https://doi.org/10.1093/carcin/bgh015
https://doi.org/10.1016/j.ajur.2018.06.001
https://www.frontiersin.org/journals/molecular-biosciences
https://www.frontiersin.org
https://doi.org/10.3389/fmolb.2023.1250442

	UroVysion™ fluorescence in situ hybridization (FISH) possibly has a high positive rate in carcinoma of non-urothelial lineages
	1 Introduction
	2 Methods
	2.1 Research objects
	2.2 Research methods
	2.2.1 Detection method of urine FISH
	2.2.2 Detection method of histological FISH

	2.3 Statistical analysis

	3 Results
	3.1 Urine FISH positive detection rate of CNUL
	3.2 Genetic material changes in CNUL patients with positive urine FISH
	3.3 Mutual validation of histological and urine FISH results

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


