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Abstract. The present study aimed to investigate the signifi-
cance of detecting cyclin dependent kinase inhibitor 2A (p16) 
gene aberrations in the diagnosis of urothelial carcinoma 
(UC) using fluorescence in situ hybridization (FISH). A total 
of 77 voided urine specimens from 65 patients with UC and 
12 patients with benign urinary disease were recruited into 
the current study. Under a fluorescence microscope, cells with 
large and irregular nuclei were assessed for chromosomal aber-
rations. The positive rate of p16 amplification in UC samples 
was 32.3% (21/65), which was significantly higher than that 
in benign urinary disease samples (16.7%, 2/12; P<0.05). 
Heterozygous and homozygous loss of p16 was identified in 
12 (18.5%) and 23 (35.4%) patients with UC, respectively; p16 
expression in the remainder of patients was normal. In addi-
tion, as tumor stage or grade advanced, the positive rate of p16 
aberrations also increased significantly (P<0.05). In conclu-
sion, p16 gene aberrations may serve important roles in the 
auxiliary diagnosis of UC by FISH and could be utilized to 
monitor UC progression.

Introduction

In the Unites States and China, the incidence and mortality 
rates of urothelial carcinoma (UC) increases yearly (1,2). UC 
is a malignant tumor originating from urinary tract epithelium, 

and primarily consists of renal pelvis, ureter and bladder 
cancer (3,4). The majority of cases of UC arise in the bladder, 
although renal pelvis and ureter cancer account for ~10% of 
cases of UC (3). The origins and pathogenesis of these diseases 
is similar; however, they possess distinct symptoms, including 
microscopic and macroscopic painless hematuria and lower 
urinary tract symptoms (4). UC has a high rate of invasion, 
recurrence and metastasis (5), making it important to detect 
UC from voided urine specimens as early as possible.

At present, radiographic testing, urine cytology, cystos-
copy and ureteroscopy are the most common methods for the 
diagnosis and follow‑up of patients with UC (6,7). A biopsy 
performed using cystoscopy or ureteroscopy is the gold stan-
dard for UC diagnosis; however, the procedure is invasive 
and causes patient discomfort (8). Cytology is a non‑invasive 
method with a high specificity; however, its sensitivity is low, 
making the early detection of cancer by this method ineffi-
cient (9). Although ultrasound or computed tomography can 
identify the mass and consequential dilatation of the urinary 
system, the sensitivity of these techniques depends on the 
quality of equipment and experience of the clinician  (6). 
Endoscopy is an invasive method from which complications 
may arise, including hemorrhage and infection (8). Thus, the 
use of cytology and these imaging techniques are limited to 
the detection of small tumors and low‑stage lesions. Therefore, 
it is necessary to develop a non‑invasive and highly sensitive 
method for the detection of UC in its early stages.

Tumor‑associated chromosomal aberrations and gene alter-
ations are the focus of present research into tumor pathogenesis 
and progression (10‑12). Previous studies have indicated that 
the cause of the majority of urothelial carcinoma cases is asso-
ciated with chromosomal aberration (11,13). Aneuploidy and 
chromosomal aberration (deletion or amplification), particu-
larly on chromosomes 3, 7, 17 and 9 (the location of cyclin 
dependent kinase inhibitor 2A (CDKN2A, also known as p16), 
are positively associated with tumor grade (14). Fluorescence 
in situ hybridization (FISH) can be used to detect the afore-
mentioned cytogenetic changes in voided urine samples to 
achieve the early diagnosis of UC, which is a method approved 
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by the US Food and Drug Administration for UC detec-
tion (13). At present, this method is widely used in Europe and 
the United States for the clinical detection of UC; however, 
the focus of the current study is primarily on abnormalities 
to chromosomes 3, 7 and 17 (deletion, haploidy or polyploidy) 
and the deletion of chromosome 9 (15,16). Additionally, the 
present study aimed to assess the role of p16 amplification in 
the development of urothelial carcinoma and the association 
with clinical stage and classification.

The p16 gene, also known as multiple tumor suppressor 1 
and cyclin‑dependent kinase‑4 (CDK4) inhibitor, is a 
multi‑tumor suppressor gene associated with certain types of 
human malignant tumor (10,17). p16 is located on the short 
arm of human chromosomal 9 (9p21), is 8.5 kb in length and 
is comprises 3 exons and 2 introns. The protein encoded by 
p16 has a molecular weight of 16 kDa and is composed of 
148 amino acids. As an inhibitor of CDK4, p16 is a negative 
regulator of cell proliferation and a tumor suppressor gene 
that is directly involved in cell cycle progression (17). The 
previous diagnostic criteria only assessed the heterozygous 
and homozygous deletion of p16 without considering p16 
amplification (13,16); however, it was identified that that p16 
amplification is a frequent event in ongoing surceillance by 
our research group, making it necessary to investigate the 
diagnostic value of detecting p16 amplification in combina-
tion with p16 heterozygous and homozygous deletion. The 
present study aimed to detect p16 aberrations combining 
the aforementioned targets (p16 amplification, heterozygous 
and homozygous deletion) by FISH assay and to evaluate the 
clinical significance of genetic alteration to p16, particularly 
polyploidy, in the diagnosis of UC.

Materials and methods

Patients and samples. The study was conducted at the 
Department of Urology and Pathology, The First Affiliated 
Hospital, Sun Yat‑sen University (Guangzhou, China) 
between November 2009 and March 2017. Voided urine 
specimens from 77 patients (45 males and 32 females; mean 
age, 64.2 years; age range, 28‑86 years) were collected in 
the morning for analysis using FISH assays. The patients 
recruited were those with urinary symptoms such as 
hematuria and lower urinary tract symptoms, but the most 
common methods mentioned above (radiographic testing, 
urine cytology, cystoscopy and ureteroscopy) did not 
distinguish between benign or malignant cells. Those who 
were diagnosed or treated in the past were excluded. The 
cohort consisted of 65 samples from patients with urothelial 
carcinoma (40 males and 25 females; mean age, 64.8 years; 
age range, 28‑86 years) and 12 samples from patients with 
urinary benign disease as control group (5 males and 
7  females; mean age, 61.1 years; age range, 34‑74 years; 
3 with prostatic hyperplasia, 3 with cyst and 6 with nephrotic 
syndrome or nephritis). Tumors were localized to the renal 
pelvis (37 cases), ureter (15 cases) and bladder (13 cases).

All patients were diagnosed whether they were UC by using 
pathology as the gold standard using specimens obtained via 
surgical resection. In hematoxylin and eosin (H&E) staining, 
the tissues were first fixed in 10% formalin for 30 min at room 
temperature. Then, paraffin‑embedded slides were obtained 

after a series of steps including dehydration (50%, 70%, 80%, 
95%, 100%, 100% alcohol, each concentration for 30 min), 
paraffin embedding and sectioning. The slides were stained in 
hematoxylin for 5 min and eosin for 1 min at room temperature.

The present study was approved by the Medical 
Ethics Committee of Sun Yat‑sen University (Guangzhou, 
Guangdong, China). Written informed consent was obtained 
from all patients prior to enrollment.

FISH assay. Urine samples were collected in the morning 
(at least 200 ml) for FISH analysis. The voided urine samples 
were centrifuged at 2,582 x g for 5 min at room temperature 
and incubated in a hypotonic solution (0.075 M KCl) at room 
temperature for 20 min. The cells were fixed with mixed solu-
tion (methanol: Acetic acid, 2:1) twice at room temperature, 
each for 10 min. A total of 4 slides were produced from the 
re‑suspended cells of each patient and were stored until use for 
subsequent FISH assays.

The specific probe kit (9p21, p16 probe; cat. no. F01008‑02) 
used in the present study was purchased from Beijing GP 
Medical Technologies, Ltd., Beijing, China. White blood cells 
(WBCs) from healthy participants were utilized as controls. 
A probe targeting centromere and p16 was used to ensure 
that the experimental method and procedure were correct. 
Absence of signal was likely to due to deletion of p16 rather 
than a hybridization technical failure. According to the kit 
protocol, slides were washed with 2X saline sodium citrate 
(SSC) and then dehydrated in a series of ethanol washes 
(70, 85 and 100% for 2 min each at room temperature). A 10‑µl 
probe mixture was then added to each slide and samples were 
denatured at 75˚C for 5 min, followed by 42˚C overnight in a 
Denaturation & Hybridization System (StatSpin Thermobrite, 
USA). Next, the slides were treated with 2X SSC for 20 min 
and 2X SSC/0.1% NP‑40 for 5 min at 42˚C. DAPI was used 
for counterstaining. The fluorescent hybridization signal was 
observed under a fluorescence microscope (low magnification, 
x100; high magnification, x1,000) and analyzed by a software 
(VideoTesT‑FISH 2.0, VideoTesT).

A uniform field of view was utilized to analyze atypical 
epithelial cells with large and irregular nuclei at a low magni-
fication (x100). Cells that overlapped, were incomplete, had 
large quantities of cytoplasm or produced weak hybridization 
signals were excluded. Close intracellular signals, whose 
distance was <2 hybridization points apart, were considered 
one signal. Those cells with 2 signals were judged as normal 
cells without p16 deletion or amplification. In addition, cells 
that produced ≥3 signals were deemed to demonstrate triploidy 
or polyploidy. Besides, cells that produced only 1 or 0 signals 
were considered to exhibit heterozygous or homozygous dele-
tions, respectively. If the number of aberrant cells exceeded 
10% of the total cell number, the specimen was considered 
to have a positive FISH result. A total of 100 nuclei were 
studied per slide. The results of amplification, heterozygous 
and homozygous deletion were combined together to diagnose 
UC. If any aberration occurred in these samples, the FISH 
result was considered positive. The absence of aberration was 
indicative of a negative FISH result.

Statistical analysis. The significance of intergroup differ-
ences were calculated using the χ2 test. The rate of p16 
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Table I. FISH results (p16 amplification) for patients with histologically diagnosed urothelial carcinoma.

No.	 Sex	 Age	 Tumor stage	 Tumor grade	 Location	 FISH results	 Type of aberration

  1	 F	 69	 pT2	 High	 Renal pelvis	 Positive	 Amplification
  2	 M	 75	 pT2	 High	 Ureter	 Positive	 Homozygous
  3	 M	 46	 pT2	 High	 Renal pelvis	 Positive	 Amplification
  4	 M	 67	 pT2	 High	 Renal pelvis	 Positive	 Heterozygous
  5	 M	 79	 pT1	 High	 Bladder	 Positive	 Homozygous
  6	 M	 49	 pT3	 High	 Renal pelvis	 Positive	 Homozygous
  7	 M	 71	 pT1	 Low	 Bladder	 Negative	‑
  8	 M	 45	 pT2	 High	 Renal pelvis	 Positive	 Amplification
  9	 F	 74	 pT1	 Low	 Renal pelvis	 Positive	 Homozygous
10	 M	 68	 pT1	 Low	 Bladder	 Positive	 Homozygous
11	 F	 59	 pT2	 Low	 Renal pelvis	 Positive	 Homozygous
12	 M	 31	 pT1	 Low	 Bladder	 Negative	‑
13	 M	 61	 pT3	 High	 Renal pelvis	 Positive	 Homozygous
14	 F	 67	 pT1	 Low	 Renal pelvis	 Negative	‑
15	 M	 78	 pT3	 High	 Ureter	 Positive	 Homozygous
16	 M	 58	 pT4	 High	 Ureter	 Positive	 Homozygous
17	 M	 76	 pT1	 High	 Ureter	 Positive	 Homozygous
18	 F	 73	 pT1	 Low	 Bladder	 Negative	‑
19	 M	 77	 pT1	 High	 Renal pelvis	 Positive	 Homozygous
20	 M	 66	 pT2	 High	 Renal pelvis	 Positive	 Homozygous
21	 F	 72	 pT1	 Low	 Renal pelvis	 Positive	 Amplification
22	 F	 56	 pT3	 High	 Ureter	 Positive	 Amplification
23	 M	 74	 pT1	 Low	 Ureter	 Negative	‑
24	 M	 72	 pT1	 Low	 Bladder	 Negative	‑
25	 M	 74	 pT2	 Low	 Renal pelvis	 Positive	 Heterozygous
26	 M	 43	 pT2	 High	 Renal pelvis	 Positive	 Homozygous
27	 F	 86	 pT2	 High	 Renal pelvis	 Positive	 Amplification
28	 M	 67	 pT2	 High	 Ureter	 Positive	 Amplification
29	 M	 59	 pT1	 High	 Renal pelvis	 Positive	 Homozygous
30	 M	 76	 pT1	 High	 Bladder	 Positive	 Amplification
31	 M	 71	 pT2	 High	 Ureter	 Positive	 Homozygous
32	 M	 67	 pT1	 Low	 Bladder	 Negative	‑
33	 F	 74	 pT1	 High	 Ureter	 Positive	 Heterozygous
34	 F	 68	 pT2	 High	 Renal pelvis	 Positive	 Amplification
35	 M	 60	 pT2	 High	 Renal pelvis	 Positive	 Amplification
36	 M	 53	 pT1	 Low	 Bladder	 Positive	 Amplification
37	 F	 70	 pT2	 High	 Ureter	 Negative	‑
38	 F	 67	 pT2	 High	 Renal pelvis	 Positive	 Amplification
39	 M	 60	 pT2	 High	 Renal pelvis and ureter	 Positive	 Heterozygous
40	 M	 77	 pT2	 High	 Bladder	 Positive	 Amplification
41	 F	 59	 pT3	 High	 Ureter	 Positive	 Heterozygous
42	 M	 55	 pT1	 Low	 Bladder	 Positive	 Amplification
43	 F	 49	 pT2	 High	 Renal pelvis	 Positive	 Amplification
44	 F	 74	 pT2	 High	 Ureter	 Positive	 Homozygous
45	 F	 73	 pT3	 High	 Renal pelvis	 Positive	 Heterozygous
46	 F	 62	 pT2	 High	 Renal pelvis	 Positive	 Amplification
47	 M	 50	 pT2	 High	 Bladder	 Positive	 Heterozygous
48	 F	 53	 pT2	 High	 Renal pelvis	 Positive	 Homozygous
49	 F	 82	 pT1	 High	 Renal pelvis	 Positive	 Homozygous
50	 M	 59	 pT1	 Low	 Renal pelvis	 Positive	 Amplification
51	 F	 58	 pT1	 Low	 Ureter and bladder	 Negative	‑
52	 M	 77	 pT4	 High	 Renal pelvis	 Positive	 Amplification
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aberrations between UC and control groups was analyzed 
and the association between FISH result and tumor stage, 
grade (Tumor‑Node‑Metastasis classification by World 
Health Organization/International Society of Urology 
Pathologists, 2004) (18) and location was assessed. To eval-
uate the auxiliary diagnostic value of p16 in UC, a receiver 
operating characteristic (ROC) curve was performed to 
compare the diagnostic power of p16 deletion, p16 amplifica-
tion alone and the two in combination. The ROC area under 
the curve (AUC) reflects the diagnostic value of different 
methods. The larger the AUC is, the more valuable the test 
method shows. The ROC curves were created by 3 groups 
of data (p16 deletion, p16 amplification and the combination 
of the two). Statistical analysis was performed using SPSS 
software, version 20.0 (IBM Corp., Armonk, NY, USA). 
For all statistical tests, P<0.05 was considered to indicate a 
statistically significant difference.

Results

Characteristics of p16 aberrations in patients with UC. In the 
present study, 65 patients with UC and 12 patients with benign 
disease were analyzed. The results of FISH clinical data 
analysis for all patients with UC are presented in in Table I. 
According to the pathological Tumor‑Node‑Metastasis clas-
sification (19) of renal pelvis, ureter and bladder carcinoma, 
the 65 resected tumors were classified as non‑muscle‑invasive 
(pTa, pT1) in 23 cases (35.4%) and muscle‑invasive (pT2‑4) 
in 42 cases (64.6%). The tumor grade was low in 18 cases 
(27.7%) and high in 47 cases (72.3%). Epithelioid cells with 2 
red signals in their nuclei were confirmed as normal. In addi-
tion, p16 heterozygous deletions, homozygous deletions and 
amplification polyploidy was detected with 1, 0 and >2 red 
signals, respectively. Furthermore, the control probe targeting 
the centromeres in WBCs demonstrated that the experimental 
method and procedure were correct; the green signals indi-
cated centromeres in WBCs (Fig. 1).

p16 gene amplification was detected in 21/65  patients 
(32.3%) with UC and in 2 of 12 patients (16.7%) with benign 
disease, respectively (Table II). In addition, p16 heterozygous 
and homozygous loss was identified in 12 (18.5%) and 23 cases 
(35.4%) of UC, respectively. The expression of p16 was normal 
in the remaining cases. The results of amplification, hetero-
zygous loss and homozygous deletion were combined into 
a single diagnostic criterion. p16 aberrations were found in 
56 cases of 65 cases with urothelial carcinoma, so the sensi-
tivity of FISH for UC is 86.2% (56/65). And in 12 patients with 
benign disease, 9 patients showed normal signals for FISH 
results, so the specificity was 75.0% (9/12). Therefore, the 
overall sensitivity and specificity of the FISH analysis using 
the p16 probe was 86.2 and 75.0%, respectively.

There were several incidences in which the radiographic 
testing of patients with UC was normal, but p16 detection was 
aberrant. For instance, there was a unique case in which the 
radiographic testing indicated that the disease was benign, but 
FISH results demonstrated an amplification of p16. The patient 
was finally diagnosed with a high‑grade urothelial carcinoma 
by the gold standard H&E staining method (Fig. 2).

Association between p16 FISH status and clinical patho‑
logical parameters. The association between FISH results 
and pathological parameters, including stage, grade and tumor 
location, are presented in Table III. According to the afore-
mentioned criterion, FISH positive rates between different 
stages, grades and locations were compared. As the level of 
stage or grade increased, the positive rate of p16 aberrations 
increased significantly (P<0.05). Furthermore, the tumors of 
37 cases (56.9%) were located in the renal pelvis, 15 in the 
ureter (23.1%) and 13 in the bladder (20.0%). The positive 
rates among these locations were also significantly different 
(P<0.05). p16 aberrations were found in 15 cases of 23 cases 
with pTa‑pT1, so the sensitivity of FISH for pTa‑pT1 is 65.2% 
(15/23). Similarly, we can calculate others' sensitivity with 
the same methods. For pTa‑pT1: 41/42 (97.6%), for low‑grade: 

Table I. Continued.

No.	 Sex	 Age	 Tumor stage	 Tumor grade	 Location	 FISH results	 Type of aberration

53	 F	 60	 pT2	 High	 Renal pelvis	 Positive	 Homozygous
54	 M	 79	 pT2	 High	 Renal pelvis and ureter	 Positive	 Amplification
55	 F	 62	 pT2	 High	 Renal pelvis	 Positive	 Amplification
56	 F	 71	 pT2	 High	 Renal pelvis	 Positive	 Homozygous
57	 M	 64	 pT2	 High	 Renal pelvis	 Positive	 Homozygous
58	 M	 85	 pT2	 High	 Bladder	 Positive	 Heterozygous
59	 M	 51	 pT1	 Low	 Renal pelvis	 Positive	 Amplification
60	 M	 71	 pT3	 High	 Ureter	 Positive	 Heterozygous
61	 F	 68	 pT2	 High	 Renal pelvis	 Positive	 Heterozygous
62	 M	 28	 pT1	 Low	 Renal pelvis	 Positive	 Homozygous
63	 F	 73	 pT2	 High	 Ureter	 Positive	 Homozygous
64	 M	 66	 pT2	 High	 Renal pelvis	 Positive	 Heterozygous
65	 M	 49	 pT3	 High	 Renal pelvis	 Positive	 Heterozygous

F, female; M, male; FISH, fluorescence in situ hybridization.
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10/18 (55.6%), for high‑grade: 46/47(97.9%). In summary, the 
sensitivity of FISH for pTa‑pT1 and pT2‑pT4 tumors was 65.2 
and 97.6%, respectively. The sensitivity of FISH for low‑ and 
high‑grade tumors was 55.6 and 97.9%, respectively.

Diagnostic value of p16 aberrations. The results demonstrated 
that the AUC values for p16 deletion, p16 amplification and 
the combination were 0.728, 0.578 and 0.806, respectively. 
The AUC of groups were compared by SPSS software 
(version 20.0) and the difference between the p16 deletion and 
combination of deletion and amplification groups was statis-
tically significant (P<0.05). In addition, the 95% confidence 
intervals of their AUCs were 0.594‑0.861 and 0.654‑0.957, 
respectively. According to these data, the diagnostic value of 
p16 deletion and amplification when combined is higher than 
for any indicator alone (Fig. 3).

Discussion

UC is the most common malignant tumor of the urinary 
system. There are ~100,000 cases diagnosed and 30,000 inci-
dences of mortality due to UC each year in United States 
alone (2). The high incidence and recurrence rate associated 
with the disease make early diagnosis and follow‑up after 
surgery particularly important (1,2). Previous studies (6‑8) 
have demonstrated that chromosomes and their fragments, 
including chromosomes 3, 7 and 17 with the p16 (9p21) locus, 
may be associated with certain non‑random changes in the 
development of UC. Chromosomal aberration is the primary 
cause of UC genesis and development; therefore, its detec-
tion in UC cells provides valuable information with regards 
to clinical diagnosis and therapeutic action. On the basis of 
their high sensitivity and specificity, FISH assays are one of 

Figure 1. Various abnormal signal patterns were observed in urine samples. (A) Heterozygous deletion of p16: A single signal was observed for 9p21; 
(B) Homozygous deletion of p16: No signal was observed for 9p21; (C) Amplification of p16: >2 signals were detected for 9p21; (D) The fluorescence in situ 
hybridization results of the control group containing a p16 probe and probe targeting centromere in WBCs (p16, red; centromere, green). p16, cyclin dependent 
kinase inhibitor 2A (magnification, x1,000, fluorescence microscope: Olympus BX51).
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the most common methods used in molecular genetic research, 
and are widely used for the study of chromosome number and 
structural distortion in UC. Although chromosomal aberration 
is identified in UC, chromosomes 3, 7, 9 and 17 are primarily 
used for its clinical diagnosis (9,15). Chromosomal aberrations 
consist of deletion, haploidy and polyploidy, and the change 
to 9p21 (p16) is specifically associated with deletion (13,16); 
however, studies assessing the role of p16 gene amplification 
in UC are limited (20).

The present study utilized the p16 gene as a specific probe 
to detect the status of chromosome 9 in voided urine speci-
mens from 65 cases of UC and 12 cases of benign disease. 
FISH assays were performed to evaluate the value of p16 
deletion and polyploidy in the clinical diagnosis and degree 
of progression of UC. The positive rate of p16 deletion in UC 
was 53.8% (18.5% heterozygous deletion and 35.4% homo-
zygous deletion). Chromosome 9 incorporates a number of 
tumor suppressor genes, including cyclin dependent kinase 
inhibitor 2B, p16 and TSC complex subunit 1, and its deletion 
may be an early event in the tumorigenic pathway that leads to 
UC development (11,21). In addition, chromosome 9 deletion 
is associated with the recurrence and progression of bladder 
cancer (22). The heterozygous and homozygous loss of the p16 
locus in UC is detected using FISH assays and its positive rate 

in previous studies is ~50% (16,23), which is similar to the 
results of the present study.

However, in the current study, p16 gene amplification 
accounted for some of the aberrations detected on chromo-
some 9, which is not consistent with previous studies (8,16). 
P16 polyploidy in UC was 32.3% (21/65), which was signifi-
cantly higher than that in urinary benign disease (16.7%; 2/12; 
P<0.05). As tumor stage and grade increased, the positive rate 
of FISH results also increased. When the tumor stage was 
pT2‑pT4 or the tumor grade was high, the sensitivity of FISH 
assays for diagnosing UC by using a single p16 probe was 
>95%. The results indicated that p16 aberrations, including 
polyploidy, were closely associated with the classification and 
stage of UC. In addition, chromosomal aberrations may be an 
initial step in UC development, which may be valuable in the 
prediction of UC progression. The results of the current study 
are also similar to those of a previous study, which demon-
strated the importance of alterations to chromosomes 3, 7, 17 
and p16 in UC (12). In addition, Berggren de Verdier et al (20) 
demonstrated that UC cases with multiple duplications at chro-
mosome 9p21 were associated with poor survival.

p16 amplification was detected in 32.3% patients with 
UC in the present study. This result may be explained by 
two theories. Firstly, although p16 is a tumor suppressor 

Figure 2. Abdominal computed tomography, fluorescence in situ hybridization results and H&E staining of a specific patient. (A) Abdominal computed 
tomography presented bladder calcification, which indicated chronic inflammation of the bladder; (B) p16 amplification was detected in the urine sample of 
the patient (magnification, x1,000); (C) H&E staining indicated that resected tissue obtained from surgery was high‑grade urothelial carcinoma. Red arrows 
denote typical urothelial carcinoma cells. H&E, hematoxylin and eosin; p16, cyclin dependent kinase inhibitor 2A.

Table II. Fluorescence in situ hybridization results for patients with urothelial carcinoma and benign disease.

	 Chromosomal aberration
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Type	 Heterozygous	 Homozygous	 Amplification	 Normal	 Total	 P‑value

Urothelial carcinoma	 12	 23	 21	 9	 65	 <0.05
Benign urinary disease	   1	   0	   2	 9	 12

All chromosomal aberrations (heterozygous, homozygous and amplification) were combined to compare with the normal signals using χ2 test. 
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gene, its amplification may only be an intermediate step in 
the progression of UC and an unknown regulatory feedback 
mechanism may exist that is yet to be elucidated. In addi-
tion, as a specific probe that detects the genetic changes of 
chromosome 9, p16 may not be a factor that initiates these 
alterations. We hypothesized that an additional potential 
oncogene, also located on chromosome 9, may result in 
cytogenetic aberration, combining the p16 with its probe 
and indicating a positive result. The polyploidy of chromo-
somes 3, 7 and 17 was also previously detected using a FISH 
assay (23,24). It was determined that p16 amplification may 
exert similar biological behaviors to these genes located 
in chromosomes 3, 7 and 17. Secondly, the present study 
was retrospective and the cases that were selected may not 

accurately represent the population of patients with UC. In 
the present study, the number of patients with tumors located 
in the renal pelvis exceeded 50%, yet renal pelvis cancer 
accounts for only 5% of all UC in the normal population (16). 
The number cases of ureter and bladder cancer is limited in 
the present study and the positive and negative rates of FISH 
results in bladder cancer were similar, which may not reflect 
the real condition in large sample population. At the hospital 
from which samples were collected in the present study, 
those that were recommended for FISH assays were difficult 
to diagnose using routine methods. The majority of patients 
with ureteral or bladder cancer may have been diagnosed 
by biopsy under ureteroscopy or cystoscopy, and therefore 
would not have undergone FISH‑based assays for auxiliary 
diagnosis. Consequently, the number of cases of ureter or 
bladder cancer available for analysis in the current study was 
limited. Thus, p16 amplification appears to be significant in 
UC, particularly in renal pelvis cancer, although a further 
prospective study must be conducted for the verification of 
the differences observed in the present study.

Previous studies and clinical practices have combined use 
of chromosomes 3, 7 and 17 with the p16 (9p21) locus to detect 
UC by FISH assays to improve detection sensitivity (6,8,23). 
However, in the present study, the diagnostic sensitivity of 
UC by FISH using a single p16 probe was higher compared 
with those studies using a combination of different probes. 
Furthermore, the present study demonstrated that p16 ampli-
fication was detected in ~35% patients with UC, which may 
represent a key event in UC occurrence and development, and 
provide a novel avenue for future study. Despite the existence 
of studies from multiple different hospitals, no consensus 
has been reached on the value of FISH assays in UC diag-
nosis (8,13,20,25). Therefore, a multi‑center study with a large 
sample size is required. Additionally, more cases detecting 
other loci may also be required for future study.

In conclusion, the results of the present study indicate that 
p16 aberrations, including amplification, may be a primary 
event in the development of UC, particularly in renal pelvis 
cancer. As a technique for detecting cytogenetic changes of 
chromosomes or genes, FISH using p16 as a specific probe 
serves an important role in the auxiliary diagnosis and progres-
sion of patients with UC. However, increases to the sample size 
and follow‑up duration are required in further studies.
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Table III. Fluorescence in situ hybridization results of urothe-
lial carcinoma in various stages and grades.

Pathological
parameters	 Positive	 Negative	 Total	 P‑value

Stage				    <0.05
  pTa‑pT1	 15	 8	 23	
  pT2‑pT4	 41	 1	 42	
Grade				    <0.05
  Low	 11	 8	 18	
  High	 46	 1	 47	
Location				    <0.05
  Renal pelvis	 36	 1	 37	
  Ureter	 12	 3	 15	
  Bladder	   8	 5	 13	
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