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Abstract. The development of upper tract urothelial carcinoma
(UTUC) has been associated with the ingestion of aristolochic
acid (AA) in Chinese herbs. The tumors are more malignant
and patients have a worse prognosis in China compared
with that in Western countries. Recently, whole‑genome
and exome sequencing of AA‑associated UTUCs found
that the most frequently mutated gene was lysine demeth‑
ylase 6A (KDM6A). However, its biological role and clinical
significance have not yet been defined in patients with UTUC
in China. A total of 108 surgically resected UTUC samples
were obtained. Using immunohistochemistry, the protein
expression level of KDM6A in the tumors was investigated
together with the clinical and pathological characteristics of
the patients, including survival times. In the present study, the
expression level of KDM6A was significantly lower in UTUC
specimens compared with that in samples from the normal
urothelium. Lower KDM6A expression was also found to be
significantly associated with a higher tumor grade and shorter
cancer‑specific and disease‑free survival times (P=0.023
and P=0.033, respectively). In addition, using immunohisto‑
chemical analysis, no positive association was found between
KDM6A expression and the expression of H3K27me3 or
histone‑lysine N‑methyltransferase EZH2, a histone meth‑
yltransferase that generates H3K27me3. The results of the
present study indicated that decreased KDM6A expression
level was significantly associated with tumor grade and
decreased survival time in UTUC, suggesting that KDM6A
expression could be used as a prognostic marker in patients
with UTUC in China.
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Introduction
Upper tract urothelial carcinoma (UTUC), derived from the
urothelium of the renal pelvis and ureter, is relatively uncommon
and comprises only 5‑10% of all urothelial carcinoma cases
in Western countries (1). However, in some regions of China
there is a higher prevalence rate of UTUC, accounting for up
to 20‑30% of all urothelial carcinoma cases (2). Furthermore,
compared with the USA, patients in China appear to be
younger and exhibit worse prognostic features, including high
histological grade, muscle invasion and nodal metastasis (2),
suggesting that there may be specific genetic or environmental
factors that influence UTUC carcinogenesis in the Chinese
population. Aristolochic acid (AA), a constituent in numerous
traditional Chinese herbs, may contribute to the higher inci‑
dence rate of UTUC in the Chinese population (2). This is
corroborated by a histone demethylase gene, lysine demeth‑
ylase 6A (KDM6A), which has been identified as the most
frequently mutated gene in patients with UTUC in China (3).
KDM6A, also known as UTX, was the first mutated histone
demethylase gene described in human cancer. The gene was
initially demonstrated to be essential in the differentiation of
the normal urothelium (4). Subsequently, somatic mutations
and deletions targeting the KDM6A gene were identified in a
variety of different types of human cancer, including multiple
myeloma, bladder cancer and prostate cancer (5‑7). KDM6A is
the second most significantly altered cancer‑associated gene
in bladder cancer, and bladder cancer is the most frequent
malignancy in tumors with the KDM6A mutation (5,8),
suggesting an important role for KDM6A in the tumori‑
genesis of urothelial carcinoma. However, the prognostic
value of KDM6A expression in patients with UTUC has not
yet been investigated. Previous studies have indicated that
KDM6A functions, in part, by antagonizing histone‑lysine
N‑methyltransferase EZH2 (EZH2), which provides instruc‑
tions for synthesizing histone methyltransferase through the
removal of methyl groups from H3K27me3, which provides an
epigenetic modification of histone H3 (9,10). Bladder cancer
with inactivating KDM6A mutations is potentially targetable
through the inhibition of EZH2 (4). To the best of our knowl‑
edge, this is the first study to analyze the expression levels of
KDM6A, EZH2 and H3K27me3, and the interactions among
these proteins in UTUC.
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Materials and methods
Patients. Tissues were retrieved from 108 patients with
UTUC, who received radical nephroureterectomy between
January 2007 and March 2017 at Peking University Shougang
Hospital and Peking University Third Hospital (Beijing,
China). Written informed consent was obtained from all
patients. None of the patients received preoperative chemo‑
therapy. All cases were reviewed, and pathological diagnoses
were confirmed independently by two pathologists. The
pathological grade was assigned according to the 2016 World
Health Organization histological criteria (11), and the tumor
stage was assigned using the American Joint Committee on
Cancer TNM Staging System for Renal Pelvis and Ureter
Cancer (8th edition, 2018) (12).
Patient follow‑up data were collected until June 2017.
However, 14 patients were lost to follow‑up after surgery,
leaving 94 cases for final survival analysis, with a median
follow‑up time of 28 months (range, 1‑101 months). Bladder
recurrence was defined as the identification of a subsequent
bladder tumor during cystoscopy, with confirmation using a
pathological evaluation. Cancer‑specific survival (CSS) was
defined as the interval between surgery and death from UTUC.
Death was scored as an event, and patients who were still alive
were contacted twice a year to assess the state of their health.
Disease‑free survival (DFS) was calculated from the date of
surgery to the date of the first documented evidence of disease
recurrence, or the last follow‑up visit, while the patient was
alive. Patient characteristics are shown in Table I.
Construction of tissue microarrays (TMAs). TMAs were
constructed from 108 samples of UTUC, and 29 samples
of adjacent normal urothelium. A power calculation
was performed to support the inclusion of the number of
samples. TMAs were constructed with the three representative
areas of the tumor, which were selected manually. The repre‑
sentative areas were defined as the areas with enough tumor
cells, less necrosis, no extrusion and heterogeneous regions if
they exist. A previous study found that ≥3 cores from each
sample provides an acceptable statistical analysis in TMAs in
various tumor types (13), and so three 1‑mm tissue cores from
each 10% neutral buffered formalin‑fixed (12‑48 h at room
temperature) paraffin‑embedded donor block were selected
and precisely arrayed into a new recipient paraffin block.
Immunohistochemistry (IHC) of TMA and scoring. A total
of four serial 4‑mm sections were prepared from each TMA
section. The first slide was stained with hematoxylin (5 min)
and eosin (1‑3 min) at room temperature for hematoxylin to
confirm the presence of tumor cells, and subsequent slides
were used to evaluate the reactivity of primary antibodies,
including rabbit polyclonal anti‑KDM6A antibody (1:100;
cat. no. ab36938; Abcam), mouse monoclonal anti‑EZH2
antibody (1:150; cat. no. 6A10; Origene Technologies, Inc.)
and rabbit polyclonal anti‑H3K27me3 antibody (1:150; cat.
no. A2363; ABclonal Biotech Co., Ltd.). The Tris‑buffered
saline without antibodies were used as a negative control.
Hydrogen peroxide (3%) was used as blocking reagent at room
temperature for 10 min. Primary antibodies were all incu‑
bated for 4˚C overnight. Secondary antibody for Pika (neat;

cat. no. PV‑6,000; Origene Technologies, Inc.) was used at
room temperature for 30 min. Immunostaining results were
evaluated independently by two pathologists. Discrepancies
in analysis were reconciled following evaluation by a third
reviewer. Semi‑quantitative scoring criteria, including
staining intensity and proportion of positive cells, were used
for KDM6A, EZH2 and H3K27me3 staining evaluation.
The normal urothelium showed strong immunoreactivity for
KDM6A, allowing its use as a positive internal control. Tonsil
tissue and glioma cells served as positive controls for EZH2
and H3K27me3, respectively. These tissues and cells were
obtained from Peking University Shougang Hospital (Beijing,
China) (approval no. IRBK‑2017‑047‑01). Written informed
consent was obtained from all patients. Thus, staining intensity
that was equivalent to a positive internal control was graded
as 3 (strong positive), with lower levels of expression graded
as 2 (positive) or 1 (weak positive), and no detectable expres‑
sion graded as 0 (negative). Proportions of positive cells were
graded as 0 (0‑5% positive), 1 (6‑25% positive), 2 (26‑50%
positive) or 3 (>50% positive). The scores for staining intensity
and proportion of positive cells were multiplied to produce a
weighted score for each case. A mean value was calculated
when heterogeneity was present in the three separate TMA
cores. Different cut‑off values were investigated in the study
and the best ones selected. For KDM6A, the complete absence
of nuclear staining within tumor cells was considered negative.
For EZH2 and H3K27me3, cases with weighted scores of ≤1
were defined as negative. All other scores were considered
positive.
Statistical analysis. All data processing and statistical anal‑
yses were performed using SPSS software (version 16.0; SPSS,
Inc.). Pearson's χ2 test and Fisher's exact test were used to
analyze the associations between the IHC staining results and
the clinicopathological parameters. The 3‑year survival rates
were calculated using the Kaplan‑Meier method. CSS and DFS
analyses were performed using the Kaplan‑Meier method and
log‑rank test. Multivariate predictive modeling was performed
using multivariate Cox regression analysis. Qualifying criteria
for inclusion in the Cox regression analysis were a P‑value of
≤0.1 or a risk ratio of ≤0.5 or >2 on univariate Cox analysis.
For the aforementioned statistical tests, P<0.05 was used to
indicate a statistically significant difference. McNemar's test
and Bonferroni's correction were used to analyze the associa‑
tion between the expression levels of any two out of the three
proteins; a P‑value <0.0167 (the P‑value equals 0.05 divided
by 3) represented a significant difference.
Results
Patient characteristics. UTUC specimens were obtained from
108 patients with a male‑to‑female ratio of 1.35:1. The median
age of the patients at diagnosis was 70 (range, 41‑86 years).
Tumor grade was low in 31 patients and high in 77 patients.
Low grade means the tumor is composed of slender papillary
structure with common papillary branches and fusions and
increased epithelial layers. The cell abnormalities are not
obvious under low magnification. While high grade means the
coated epithelium showed obvious disorder of arrangement
and cell atypia. Characteristically, there is striking nuclear
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Table I. Summary of the clinicopathological characteristics of
patients with upper tract urothelial carcinoma (n=108).
Characteristics

n

%
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Table I. Continued.
Characteristics

n

%

Bladder cancera
Patient age, years
No
61
72.6
<65
40
37.0
Simultaneous
5
6.0
≥65
68
63.0
Postoperative
16
19.0
Preoperative
2
2.4
Sex		
b,c
Male
62
57.4
Status
Female
46
42.6
Survival
66
70.2
Death
28
29.8
Laterality		
Left
49
45.4
Cancer‑specific survival, yearsc
Right
58
53.7
<1
19
20.2
Both
1
0.9
1‑3
41
43.6
>3
34
36.2
Tumor site		
c
Renal pelvis
42
38.9
Disease‑free survival, years
Ureter
55
50.9
<1
36
38.3
Transitional zone
10
9.3
1‑3
31
33.0
Renal pelvis and ureter
1
0.9
>3
27
28.7
Tumor size, cm		
a
Clinical information on bladder cancer recurrence was obtained
<3.0
60
55.6
in 84 patients; bmedian follow‑up time, 28 months; ccomplete
≥3.0
48
44.4
follow‑up information was obtained in 94 patients. NMI, non‑muscle
invasive; pT, pathological tumor; LVI, lymphovascular invasion;
Tumor grade		
CIS, carcinoma in situ.
Low
31
28.7
High
77
71.3
Pathological stage		
NMI (pTa + pT1)
43
39.8
pleomorphism with variably sized and shaped hyperchromatic
pTa
33
30.6
nuclei. Mitoses are numerous and abnormal mitotic figures
pT1
10
9.3
are present. The prognosis of patients with muscle‑invasive
MI (pT2 + pT3 + pT4)
65
60.2
urothelial carcinoma was worse than the patients with
pT2
26
24.1
non‑muscle invasive ones and the clinical protocol was
pT3
31
28.7
different for these two groups (4,14). Thus, a total of
43 patients with pathological stage pTa‑pT1 were categorized
pT4
8
7.4
as the non‑muscle invasive group, while 65 patients with stage
LVI		
pT2‑pT4 were categorized as the muscle invasive group. During
No
87
80.6
the observation period, complete follow‑up information was
Yes
21
19.4
obtained for 94 patients and included 28 patients (29.8%) who
Neural invasion		
died of tumor progression.
No
99
91.7
The data from all 108 patients were analyzed and only
Yes
9
8.3
those with follow‑up data were included in the analysis of
Lymph node metastasis		
prognosis. The clinicopathological characteristics of these
No
98
90.7
patients with UTUC are summarized in Table I.
Yes
10
9.3
Negative KDM6A expression status is associated with
Concurrent CIS		
aggressive clinical behavior in UTUC. Immunohistochemical
No
93
86.1
staining of KDM6A expression in the TMAs is shown in Fig. 1
Yes
15
13.9
and Fig. S1. Compared with that in normal urothelial cells, the
Extensive necrosis		
expression of KDM6A was significantly lower in tumor cells
No
91
84.3
(79.3 vs. 27.6%; P=0.033) (Table SI).
Yes
17
15.7
The association between KDM6A protein expression level
Glomerular sclerosis		
and patient clinicopathological parameters was also analyzed
No
73
67.6
(Table II). Low KDM6A expression was associated with larger
Yes
35
32.4
tumor size (36/48 vs. 34/60; P= 0.047), higher tumor grade
(56/77 vs. 14/31; P= 0.007) and advanced pathological stage
Solitary or multifocality		
(48/65 vs. 22/43; P=0.016). There was no association between
Solitary
93
86.1
KDM6A expression level and the other parameters.
Multifocality
15
13.9
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Figure 1. Representative images of staining for KDM6A, EZH2 and H3K27me3 in LG and HG urothelial carcinoma. Magnification x100. KDM6A, lysine
demethylase 6A; EZH2, histone‑lysine N‑methyltransferase EZH2; LG, low grade; HG, high grade.

Figure 2. Survival curves using the Kaplan‑Meier method with the log‑rank test. (A) Patient cancer‑specific survival. (B) Patient disease‑free survival. KDM6A,
lysine demethylase 6A.

Lower KDM6A expression level is a useful prognostic
factor for poor prognosis in patients with UTUC. Of the
94 patients with complete follow‑up information, 66 patients
(70.2%) were alive at a median follow‑up time of 35.5 months
(range, 3‑101 months). A total of 28 (29.8%) patients died of
the disease following a median period of 15 months (range,
1‑84 months). Kaplan‑Meier single‑factor analysis and the
log‑rank test demonstrated a statistically significant decrease
in CSS (P=0.023) and DFS (P=0.033) times in patients with
negative staining for KDM6A (Table III; Fig. 2). However,
KDM6A was not an independent risk factor for either CSS
or DFS according to multivariate Cox regression analysis. As
expected, other adverse clinicopathological parameters, such
as high tumor grade, advanced stage, presence of lymphovas‑
cular invasion and lymph node metastasis were associated with

both shorter CSS (P=0.036, P<0.001, P=0.030 and P=0.002,
respectively) and DFS (P=0.041, P<0.001, P=0.031 and
P=0.008, respectively) times. Furthermore, only advanced
stage was an independent prognostic factor for both CSS and
DFS times (P=0.013 and P=0.015, respectively).
Lower KDM6A expression level is neither associated with a
significant increase in H3K27me3 expression nor with EZH2
expression. To evaluate the association between KDM6A and
EZH2, and H3K27me3 expression levels in UTUC, the expres‑
sion levels of EZH2 and H3K27me3 in UTUC and the adjacent
normal urothelium were investigated. There was a significant
increase in EZH2 expression level in UTUC tumors compared
with that in the normal urothelium (P= 0.035; Table SI).
However, H3K27me3 expression levels were similar between
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Table II. Clinicopathological characteristics associated with KDM6A, EZH2 and H3K27me3 expression.

Characteristic

KDM6A
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
‑, n
+, n
P‑value

EZH2
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
‑, n
+, n
P‑value

H3K27me3
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
‑, n
+, n
P‑value

Patient age, years			
0.654			
0.516			
0.883
<65
27
13		 18
22		 20
20
≥65
43
25		
35
33		
35
33
Sex			
1.000			
0.316			
0.868
Male
40
22		 33
29		 32
30
Female
30
16		 20
26		 23
23
Laterality			
0.122			
0.053			
0.122
Left
36
13		 29
20		 21
28
Right
33
25		 23
35		 34
24
Both
1
0		
1
0		
0
1
Tumor site			
0.082			
0.319			
Renal pelvis
32
10		
24
18		
24
18
0.518
Ureter
31
24		 23
32		 26
29
Transitional zone
7
3		 5
5		 4
6
Renal pelvis and ureter
0
1		
1
0		
1
0
Tumor size, cm			
0.047			
0.863			
0.344
<3.0
34
26		 29
31		 33
27
≥3.0
36
12		
24
24		
22
26
Tumor grade			
0.007			
0.001			
0.073
Low
14
17		
23
8		
20
11
High
56
21		 30
47		 35
42
Pathological stage			
0.016			
0.002			
0.223
NMI (pTa‑pT1)
22
21		
29
14		
25
18
MI (pT2‑pT4)
48
17		
24
41		
30
35
LVI			
0.126			
0.882			
0.736
No
53
34		 43
44		 45
42
Yes
17
4		 10
11		 10
11
Neural invasion			
1.000			
0.162			
0.316
No
64
35		 51
48		 52
47
Yes
6
3		 2
7		 3
6
Lymph node metastasis			
0.739			
0.951			
0.742
No
64
34		 48
50		 49
49
Yes
6
4		 5
5		 6
4
Concurrent CIS			
0.674			
0.094			
0.362
No
61
32		 49
44		 49
44
Yes
9
6		 4
11		 6
9
Extensive necrosis			
0.408			
0.033			
0.856
No
57
34		 49
42		 46
45
Yes
13
4		 4
13		 9
8
Glomerular sclerosis			
0.892			
0.735			
0.192
No
47
26		 35
38		 34
39
Yes
23
12		 18
17		 21
14
Solitary or multifocality			
0.249			
0.094			
0.142
Solitary
58
35		 49
44		 50
43
Multifocality
12
3		
4
11		
5
10
Bladder cancer			
0.842			
0.116			
0.701
No
35
26		 29
32		 32
29
Simultaneous
3
2		 5
0		 3
2
Postoperative
10
6		 9
7		 11
5
Preoperative
2
0		 1
1		 1
1
NMI, non‑muscle invasive; pT, pathological tumor; LVI, lymphovascular invasion; CIS, carcinoma in situ; KDM6A, lysine demethylase 6A;
EZH2, histone‑lysine N‑methyltransferase EZH2.

‑
0.074‑0.567
‑
‑
0.001‑0.433
‑
‑
‑
‑
‑
0.205
‑
‑
0.020
‑
‑
‑
‑
0.023
0.002
0.287
0.036
0.001
0.030
0.204
0.002
0.818
0.147‑0.904
1.653‑10.087
0.708‑3.209
1.262‑1060
2.309‑1119
1.089‑5.200
0.687‑5.787
1.751‑12.802
0.305‑2.554

CSS, cancer‑specific survival; DFS, disease‑free survival; pT, pathological tumor; LVI, lymphovascular invasion; CIS, carcinoma in situ; LG, low grade; HG, high grade; KDM6A, lysine demethylase
6A; EZH2, histone‑lysine N‑methyltransferase EZH2.

0.272
0.058
‑
0.301
0.015
0.328
‑
0.099
‑
‑
‑
‑
‑
0.001‑0.474
‑
‑
‑
‑
‑
‑
‑
‑
0.021
‑
‑
‑
‑
0.033
0.005
0.359
0.041
0.001
0.031
0.285
0.008
0.816
0.163‑1.000
1.462‑8.904
0.672‑3.002
1.149‑1094
2.107‑1093
1.082‑5.086
0.617‑5.165
1.422‑10.123
0.306‑2.545
0.404
3.608
1.420
35.464
48.004
2.345
1.785
3.793
0.882
KDM6A (positive vs. negative)
EZH2 (positive vs. negative)
H3K27me3 (positive vs. negative)
Grade (LG vs. HG)
pT stage (pTa‑T1 vs. pT2‑T4)
LVI(yes vs. no)
Neural invasion(yes vs. no)
LN metastasis(yes vs. no)
Concurrent CIS(yes vs. no)

0.272
0.022
‑
0.296
0.013
0.404
‑
0.047
‑
0.364
4.083
1.508
36.575
50.838
2.379
1.994
4.734
0.883

Variable

DFS
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Univariate
Multivariate
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
HR
95% CI
P‑value
HR
95% CI
P‑value
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CSS
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Univariate
Multivariate
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
HR
95% CI
P‑value
HR
95% CI
P‑value

Table III. Univariate and multivariate analyses of CSS and DFS in patients with upper tract urothelial carcinoma (n=108).
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Table IV. Pairwise association among the KDM6A, EZH2
and H3K27me3 expression levels in upper tract urothelial
carcinoma.

Expression

n

EZH2‑
EZH2+
H3K27me3‑
H3K27me3+

53
55
55
53

KDM6A
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
+ (cutoff 0), n
P‑valuea
21
17
27
11

0.037

P‑valueb
0.871

0.092

Association between positive and negative expression; bassociation
between EZH2 and H3K27me3 expression levels. KDM6A, lysine
demethylase 6A; EZH2, histone‑lysine N‑methyltransferase EZH2.
a

UTUC tumor and normal urothelium samples (P= 0.390;
Table SI). In view of the fact that KDM6A antagonizes EZH2
activity and functions as a histone H3K27me3 demethylase,
pairwise associations among the expression levels of these
three proteins were also analyzed. However, there was no
statistical association observed (Table IV).
The clinicopathological significance of EZH2 and
H3K27me3 expression levels was also analyzed (Table II).
There was an association between EZH2 expression levels and
tumor grade (P=0.001), advanced pathological stage (P=0.002)
and extensive necrosis (P=0.033). Using multivariate survival
analysis, increased EZH2 expression levels were a significant
predictor for poor CSS time (P=0.022), while there was
no significance for DFS time (P=0.058) (Table III). Upon
analyzing only H3K27me3 protein expression, its level was
neither significantly associated with any clinicopathological
parameter nor was it of prognostic value.
Discussion
A previous study has shown that KDM6A is the most
frequently mutated gene in AA‑associated UTUCs, and this
type of cancer was found to be the most common UTUC in a
Chinese cohort in one study (3). However, currently there is a
lack of relevant research with respect to KDM6A expression in
patients with UTUC in China. To the best of our knowledge,
this is the first study in which the association between KDM6A
expression levels and clinicopathologically relevant features of
UTUC has been evaluated.
KDM6A mutations have been reported to be involved in
both hematological and solid neoplasms, including multiple
myeloma, clear cell renal cell carcinoma, esophageal squamous
cell carcinoma and bladder cancer (5,15‑18); however, the
expression levels of KDM6A vary in the different tumor
types. Inactivating mutations and downregulation of KDM6A
have been described in a wide spectrum of bladder urothelial
carcinomas (4). Conversely, in breast cancer and clear cell
renal cell carcinoma, KDM6A overexpression and upregula‑
tion has been associated with a poor prognosis (19‑21). These
varying results suggest that the epigenetic function of KDM6A
in human cancer may depend on a number of factors, including
the type of cell involved in the cancer. In the present study,
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KDM6A expression was significantly lower in Chinese
patients with UTUC compared with that in adjacent normal
tissues, with adverse pathological features and an unfavorable
prognosis, which suggested that lower KDM6A expression
may accelerate UTUC progression.
Patients with UTUC in China were associated with
specific epidemiological characteristics (2). An observed
epidemiological difference between patients with UTUC
in China and Western countries is sex distribution (2). In
Western countries, urothelial carcinoma is more common in
men than in women (2). A previous study revealed that the X
chromosome protects against bladder cancer among women,
via a KDM6A‑dependent epigenetic mechanism, and that
decreased expression of KDM6A predicts a poor prognosis in
women with bladder cancer (22). This suggests that KDM6A
could be a prototypical sex‑biasing tumor suppressor (22). By
contrast, the incidence rate of UTUC in China is higher in
women compared with that in men (2). However, in the present
study, it was found that KDM6A was neither significantly
associated with sex or with the survival time of female patients
with UTUC. Therefore, the mechanisms underlying sex differ‑
ences of urothelial carcinoma associated with KDM6A, and
the extent to which KDM6A contributes to sex differences in
Chinese patients with UTUC warrant further research.
Geographic differences in risk factors for UTUC, particu‑
larly AA consumption, may explain some differences in
the epidemiological and clinicopathological characteristics
of patients with UTUC in China and Western countries (3).
Notably, high‑throughput genome‑wide screening identified
KDM6A as the most frequently mutated gene in AA‑associated
UTUC (3). However, patient information regarding AA usage
was not available in the present retrospective study, as it was
difficult to trace back the patient history of medication with
Chinese herbs, which take decades to cause nephrotoxicity
and UTUC. Therefore, prospective studies will be required
to investigate the role of KDM6A in Chinese patients with
UTUC, particularly in AA‑associated UTUC.
Previous studies have shown that homeostasis of H3K27me3
levels is maintained by coordination of the demethylase
KDM6A and PRC2 complex, containing methyltransferase
EZH2 (4,23), and that this balance is disrupted when KDM6A
is mutated. The association between KDM6A and EZH2, as
investigated in different studies on various types of carcinoma,
remains unclear. For example, in human lung cancer, KDM6A
expression was shown to be inversely correlated with EZH2
expression (24). However, a study of chronic myelomono‑
cytic leukemia identified loss‑of‑function mutations in both
KDM6A and EZH2 despite their opposing roles in H3K27me3
regulation (25). In bladder cancer, the levels of EZH2 expres‑
sion were found to be similar in different KDM6A gene
status (4). Consistent with the findings in bladder cancer, no
statistical correlation between KDM6A and EZH2 expression
levels was found. A possible explanation is that KDM6A may
antagonize EZH2 activity at the genetic level, but is not associ‑
ated with EZH2 at the protein expression level. Aside from the
enzymatic subunit of EZH2, the PRC2 complex also contains
other cofactors, such as SUZ12, EZH1 and EED (26). It would
therefore be of interest to investigate the expression level of all
the other core PRC components independent of EZH2 status
in future studies.
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The present study has some limitations. The study
is retrospective in nature, and the materials used were
paraffin‑embedded tissues, which were not suitable for
western blotting or reverse transcription quantitative‑PCR
analysis. Further investigations of the mechanism of KDM6A
in UTUC progression will therefore be analyzed using fresh
UTUC tumor tissues and cell lines in the next project.
In conclusion, a lower KDM6A expression level was asso‑
ciated with adverse pathological features, such as a high grade
and advanced stage of UTUC, and was a significant predictor of
a poor prognosis in patients with UTUC. These data suggested
that immunohistochemical analysis of KDM6A provides an
easier and more efficient method, compared with complex
genome screening procedures used in other studies (3,4), for
predicting the prognosis in patients with UTUC in a clinical
setting. KDM6A expression level was not associated with
EZH2 or H3K27me3 expression levels. Therefore, lower
KDM6A expression may not confer sensitivity to either EZH2
inhibition or EZH2 inhibitor‑based therapy and remains to be
further investigated.
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