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Abstract
We recently found that NFATc1, a member of the NFAT family and a key regulator of the immune response, could
induce bladder carcinogenesis and cancer progression. In this study, we immunohistochemically stained for
NFATc1 in upper urinary tract urothelial carcinoma (UUTUC) specimens and paired nonneoplastic urothelial
tissues. NFATc1 was positive in 51 [52%; 40 (40%) weak (1+), 9 (9%) moderate (2+), and 2 (2%) strong (3+)] of 99
UUTUCs, which was significantly higher than in benign urothelium [30 (36%) of 83; 28 (34%) weak and 2 (2%)
moderate] (0 vs 1+/2+/3+, P = .038; 0/1+ vs 2+/3+, P = .023). There were no significant associations between
NFATc1 expression pattern and tumor grade or pT stage. However, the positive rates of NFATc1 expression
tended to be higher in renal pelvic tumors (60%) than in ureteral tumors (42%; P = .080) as well as in pN+ tumors
(75%) than in pN0 tumors (49%; P = .089). Kaplan-Meier and log-rank tests revealed that moderate (2+) to strong
(3+) NFATc1 expression correlated with lower progression-free survival (P = .032) and cancer-specific survival
(P = .005) rates in the 99 cases. Patients with high (2+/3+) NFATc1 muscle-invasive tumor (n = 9) also had a
significantly higher risk of cancer-specific mortality (P = .021) compared to those with low (0/1+) NFATc1 muscle-
invasive tumor (n = 53). Thus, compared with nonneoplastic urothelium, a significant increase in the expression of
NFATc1 in UUTUCwas seen, implying the involvement of NFATc1 signals in the development of UUTUC. The current
results further suggest that NFATc1 overexpression serves as a predictor of poor prognosis in patients with UUTUC.
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Introduction
Upper urinary tract urothelial carcinoma (UUTUC) is a relatively rare
genitourinary malignancy accounting for less than 10% of urothelial
cancers but is often aggressive with poor prognosis compared with
bladder cancer [1–3]. Indeed, more than half of UUTUC patients
versus only up to 25% of bladder cancer patients present with an
invasive disease [2,4]. In addition, presumably due to its lower
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Figure 1. Immunohistochemistry of NFATc1 in UUTUC specimens. Cytoplasmic signals are seen in nonneoplastic urothelium (A) and
urothelial tumor (B) (original magnification: ×200).
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incidence compared with that of bladder cancer, the pathogenesis of
UUTUC remains far from being fully understood, while some of
molecular or genetic factors are similar to those associated with
bladder cancer [5,6]. Notably, although histopathological features,
such as tumor grade and stage, lymphovascular invasion, surgical
margin status, and the presence of concomitant carcinoma in situ, are
reliable prognosticators, none of molecular markers for UUTUC have
been confirmed to be useful for daily clinical decision making.
NFAT, a family of transcription factors consisting of five members

[i.e., NFATc1 (also known as NFAT2), NFATc2 (NFAT1), NFATc3
(NFAT4), NFATc4 (NFAT3), NFAT5], was initially identified as a
regulator of T-cell activation [7], and its regulatory role has been
extensively studied in immune cells [8]. Emerging evidence has also
suggested the involvement of NFAT signaling in the outgrowth of
hematological malignancies as well as several types of solid tumors
[9,10]. In a sarcoma model, NFATc1 and NFATc2 were shown to
function as an oncogene and a tumor suppressor, respectively [11].
Recently, we found that immunosuppressants, including cyclospor-

ine A and tacrolimus, inhibited bladder tumorigenesis and tumor
growth via downregulation of NFATc1 expression in urothelial cells
[12,13]. NFATc1 knockdown in bladder cancer lines also resulted in
significant reduction of cell viability and invasion, suggesting its direct
regulation of tumor growth without involvement of immune system
[12]. In these studies [12,13], we immunohistochemically demonstrat-
ed that NFATc1 expression was considerably elevated in bladder cancer
specimens compared with nonneoplastic urothelial tissues and that
patients with NFATc1-positive muscle-invasive bladder tumor had a
significantly higher risk of disease progression after radical cystectomy.
However, to the best of our knowledge, little is known about the
functional role of NFAT signaling in the development and progression
of UUTUC. The current study aims to determine the expression status
of NFATc1 in UUTUCs and corresponding nonneoplastic urothelial
tissues as well as to assess prognostic significance ofNFATc1 expression.
Materials and Methods

Patients and Tissue Samples
UUTUC tissue microarray (TMA) was constructed with spotted

triplicate tumor samples and paired normal-appearing urothelial tissues
from 99 patients who underwent radical nephroureterectomy performed
at Osaka General Medical Center, Osaka, Japan, as described previously
[14]. Appropriate approval was obtained from the institutional review
board before construction and use of the TMA. Clinicopathological
characteristics of these 99 patients were previously summarized [14,15].
These patients included 60 males and 31 females, with a median (range)
age of 71 (48-87) years at the time of surgery and a median (range)
follow-up of 47 (2-173) months after surgery. These also included 45
renal pelvic tumors and 50 ureteral tumors (4 cases with tumors at both
sites), 15 low-grade urothelial carcinomas and 84 high-grade urothelial
carcinomas, 37 non–muscle-invasive tumors (pTa or pT1) and 62
muscle-invasive tumors (pT2, pT3, or pT4), 84 pN0 tumors and 12 pN+
tumors (3 cases of pNx tumors), and 4 pM1 tumors. During follow-up,
metachronous or synchronous recurrence in the lower urinary tract was
observed in 32 patients. Tumor progression defined as the development
of non–lower urinary tract lesions, including recurrence at the
nephroureterectomy site and lymph node or visceral metastasis, was
seen in 38 patients.

Immunohistochemistry
Immunohistochemical staining was performed on the sections (5μm

thick) from the UUTUC TMA using a primary antibody to NFATc1
(clone 7A6; dilution 1:50; Santa Cruz Biotechnology), as we described
previously [10,12,13]. All the stains were manually scored by a single
pathologist (H.M.) who was blinded to sample identity. The German
Immunoreactive Score (range: 0-12) calculated by multiplying the
percentage of immunoreactive cells (0% = 0; 1%-10% = 1;
11%-50% = 2; 51%-80% = 3; 81%-100% = 4) by staining intensity
(0, negative; 1, weak; 2,moderate; 3, strong) was considered negative (0;
0-1), weakly positive (1+; 2-4), moderately positive (2+; 6-8), or
strongly positive (3+; 9-12).

Statistical Analysis
The chi-square test was used to evaluate the association between

categorized variables. The survival rates were determined using the
Kaplan-Meier method, and comparison was made by the log-rank test.
In addition, the Cox proportional hazards model was used to determine
statistical significance of prognostic indicators in a multivariate setting.
P values less than .05 were considered statistically significant.
Results

Expression of NFATc1 in Tumors Versus Matched Normal Tissues
We immunohistochemically stained for NFATc1 in 99 UUTUC

samples and corresponding 83 normal-appearing urothelial tissues.
Positive signals for NFATc1 were detected predominantly in the
cytoplasm of benign and malignant epithelial cells (Figure 1).

Table 1 summarizes the status of NFATc1 expression in
nonneoplastic urothelium versus urothelial tumor tissues. NFATc1



Table 2. Correlations between NFATc1 Expression and Clinicopathological Profile of the Patients

Parameter n NFATc1 Expression P Value P Value

0 (%) 1+ (%) 2+ (%) 3+ (%) 0 vs 1+/2+/3+ 0/1+ vs 2+/3+

Gender .203 .383
Male 60 26 (43) 26 (43) 7 (12) 1 (2)
Female 39 22 (56) 14 (36) 2 (5) 1 (3)

Laterality .729 .430
Right 43 20 (47) 17 (40) 5 (12) 1 (2)
Left 56 28 (50) 23 (41) 4 (7) 1 (2)

Tumor site .080 * .622 *
Renal pelvis 45 18 (40) 23 (51) 3 (7) 1 (2)
Ureter 50 29 (58) 15 (30) 5 (10) 1 (2)
Both 4 1 (25) 2 (50) 1 (25) 0 (0)

Tumor grade .332 .137
Low grade 15 9 (60) 6 (40) 0 (0) 0 (0)
High grade 84 39 (46) 34 (40) 9 (11) 2 (2)

Pathologic stage .203 † .163 †

pTa 19 10 (53) 7 (37) 1 (5) 1 (5)
pT1 18 11 (61) 7 (39) 0 (0) 0 (0)
NMI (pTa + pT1) 37 21 (57) 14 (38) 1 (3) 1 (3)
pT2 8 2 (25) 4 (50) 2 (25) 0 (0)
pT3 48 23 (48) 19 (40) 5 (10) 1 (2)
pT4 6 2 (33) 3 (50) 1 (17) 0 (0)
MI (pT2 + pT3 + pT4) 62 27 (44) 26 (42) 8 (13) 1 (2)

Lymph node involvement .089 ‡ .115 ‡

pN0 84 43 (51) 33 (39) 6 (7) 2 (2)
pN1-3 12 3 (25) 6 (50) 3 (25) 0 (0)
pNx 3 2 (67) 1 (33) 0 (0) 0 (0)

NMI, non–muscle-invasive; MI, muscle-invasive.
* Renal pelvis versus ureter.
† NMI versus MI.
‡ pN0 versus pN1-3.

Table 1. NFATc1 Expression in Nonneoplastic Urothelium Versus Urothelial Neoplasm Tissue Specimens

Tissue n NFATc1 Expression P Value

0 (%) 1+ (%) 2+ (%) 3+ (%) 0 vs 1+/2+/3+ 0/1+ vs 2+/3+

Normal 83 53 (64) 28 (34) 2 (2) 0 (0) .038 .023
Tumor 99 48 (48) 40 (40) 9 (9) 2 (2)
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was positive in 30 (36%) of 83 benign urothelial tissue samples [28
(34%) weak (1+), 2 (2%) moderate (2+), and 0 (0%) strong (3+)] and
51 (52%) of 99 UUTUCs [40 (40%) weak (1+), 9 (9%) moderate
(2+), and 2 (2%) strong (3+)]. Thus, the levels of NFATc1 expression
were significantly elevated in tumor than in nonneoplastic urothelium
(0 vs 1+/2+/3+, P = .038; 0/1+ vs 2+/3+, P = .023).

Correlations of NFATc1 Expression with Clinicopathological
Characteristics of UUTUCs

Next, we analyzed the correlations between the status of NFATc1
expression in UUTUCs and the clinicopathological profile available for
our patient cohort (Table 2). Six (40%) of 15 low-grade versus 45
(54%) of 84 high-gradeUUTUCs (P = .332) and 16 (43%) of 37 non–
muscle-invasive versus 35 (56%) of 62 muscle-invasive UUTUCs (P =
.203) were immunoreactive for NFATc1. However, the positive rate of
NFATc1 expression tended to be higher (P =.089) in pN+ tumors
(75%) than in pN0 tumors (49%). Additionally, NFATc1 positivity
was marginally increased (P =.080) in renal pelvic tumors (60%)
compared with ureteral tumors (42%). There were no strong
correlations of the status of NFATc1 expression with distant
metastasis (data not shown), the laterality of the tumors, or gender of
the patients.

Correlations of NFATc1 Expression with Patient Outcomes
We then performed Kaplan-Meier analysis coupled with the

log-rank test to assess the prognostic values of NFATc1 expression in
UUTUCs. There were no statistically significant differences in tumor
progression (P = .390; Figure 2A) or cancer-specific mortality (P =
.318; Figure 2B) between NFATc1 positivity and negativity.
However, patients with high (2+/3+) NFATc1 tumor had a significantly
higher risk of tumor progression (P = .032; Figure 3A) or cancer-specific
mortality (P = .005; Figure 3B) compared to those with low (0/1+)
NFATc1 tumor. In 62 patients with muscle-invasive tumor, moderate
(2+) to strong (3+)NFATc1 expressionwas also strongly associatedwith a
lower cancer-specific survival rate (P = .024) but not with a lower
progression-free survival rate (P = .118). In addition, NFATc1 levels
were not significantly associated with tumor recurrence in the bladder (0
vs 1+/2+/3+: P = .525; 0/1+ vs 2+/3+: P = .277).

To determine whether NFATc1 status was an independent
prognosticator in patients with UUTUC, multivariate analysis was



Figure 2. Progression-free survival (A) or cancer-specific survival
(B) in patients with UUTUC according to the positivity of NFATc1 (0
vs 1+/2+/3+).

igure 3. Progression-free survival (A) or cancer-specific survival (B)
patients with UUTUC according to the status of NFATc1

xpression (0/1+ vs 2+/3+).
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performed with the Cox model (Table 3). In the entire cohort of the
patients, tumor grade, pT stage, or lymph node involvement, but not the
level of NFATc1 expression, was found to correlate with tumor
progression and/or cancer-specific mortality. Similarly, in patients with
muscle-invasive UUTUC, NFATc1 status (0/1+ vs 2+/3+) was not an
independent predictor of tumor progression or cancer-specific mortality.

Discussion
An increasing, yet limited, amount of evidence has indicated that
NFAT signaling plays an important role in the development and
progression of solid tumors [9–11]. We have also recently reported
preclinical findings suggesting that NFATc1 promotes urothelial
tumorigenesis [13] and bladder cancer cell growth [12]. In the present
study, we immunohistochemically determined the expression levels of
NFATc1 in a set of TMA consisting of 99 nephroureterectomy
specimens. We obtained some results similar to previous observations
in bladder cancer tissue samples and others dissimilar to them.
In accordance with our previous findings in bladder specimens

[13], NFATc1 expression was found to be considerably elevated in
UUTUCs compared with nonneoplastic urothelial tissues. In
contrast, there were no significant differences in NFATc1 levels
between low-grade versus high-grade UUTUCs or between non–
muscle-invasive versus muscle-invasive UUTUCs. Although bladder
papillary urothelial neoplasms of low malignant potential, very low
grade tumors that are neither benign nor intrinsically malignant, had
considerably lower levels of NFATc1 expression compared with
bladder urothelial carcinomas (low grade + high grade) [13], no
F
in
e

papillary urothelial neoplasms of low malignant potential in the upper
urinary tract were included in the TMA used for this study. In addition, a
similar trend showing a higher cytoplasmic NFATc1 positivity in lymph
node–positive tumors was seen between cystectomy (P = .088 by
chi-square test [12]) and nephroureterectomy (current study) cases. The
current results thus support the role ofNFATc1 as an oncogenicmolecule
in urothelial tumor outgrowth.

NFATc1 positivity in muscle-invasive bladder cancer was shown to
correlate with the risk of tumor progression after radical cystectomy
[12]. Correspondingly, patients with strongly (2+/3+) NFATc1-
positive UUTUC were found to have significantly higher risks of
disease progression and cancer-specific mortality. Strong NFATc1
expression was also associated with a lower cancer-specific survival, but
not a lower progression-free survival, in those with muscle-invasive
UUTUC.Accordingly, NFATc1 expression appears to precisely predict
the prognosis of patients with UUTUC.However, multivariate analysis
failed to reveal the values of NFATc1 expression in UUTUC as an
independent prognosticator. Further studies are required to determine
the clinicopathological and prognostic significance of NFATc1
expression in UUTUC in larger patient cohorts.

Using the same set of TMA, we previously demonstrated marginal
increases in the positivity of two proteins [i.e., androgen receptor
(AR), estrogen receptor–β] in ureteral tumors compared with renal
pelvic tumors, while there were no significant differences in the
expression of other three proteins (i.e., estrogen receptor–α,
glucocorticoid receptor, progesterone receptor) [15]. A significant
increase in the positive rate of AR expression in ureteral tumors



Table 3. Univariate and Multivariate Analysis of Progression-Free Survival and Cancer-Specific Survival in Patients with UUTUC

Parameter Progression-Free Survival Cancer-Specific Survival

Univariate Multivariate Univariate Multivariate

HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P

All cases (n = 99)
Tumor grade 4.442 1.066-18.507 .256 5.099 1.180-22.038 .029 7.207 0.976-53.207 .053 6.115 0.815-45.884 .078
pT stage 2.962 1.923-4.562 b.001 2.630 1.728-4.003 b.001 3.340 1.987-5.616 b.001 3.325 1.810-6.110 b.001
pN stage 4.397 2.065-9.364 b.001 3.163 1.262-7.931 .014 2.981 1.263-7.035 .013 0.802 0.294-2.190 .667
NFATc1 3.492 1.113-10.958 .032 0.718 0.264-1.954 .516 6.068 1.712-21.515 .005 1.923 0.783-4.722 .154

pT2-4 cases (n = 62)
Tumor grade 2.635 0.974-7.133 .056 10.139 1.324-77.627 .026 2.384 0.876-6.484 .089 5.541 0.738-41.616 .096
pT stage 2.522 1.195-5.322 .015 1.956 0.945-4.045 .071 2.108 0.987-4.502 .054 1.970 0.826-4.698 .126
pN stage 3.244 1.510-6.968 .003 3.917 1.478-10.384 .006 1.768 0.747-4.187 .195 1.086 0.385-3.065 .876
NFATc1 2.327 0.806-6.711 .118 0.665 0.240-1.846 .434 6.068 1.712-21.515 .024 1.943 0.793-4.761 .146

HR, hazard ratio; CI, confidence interval.
0/1+ versus 2+/3+.
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(77.5%) versus renal pelvic tumors (34.9%) was indeed reported
[16]. Moreover, AR immunohistochemically stained by the same
groups was shown to be more highly expressed in bladder tumors than
in UUTUCs (e.g., 42% in bladder tumors [17] vs 28% in ureteral
tumors or 11% in renal pelvic tumors [15], 25% in bladder tumors
[18] vs 16% in renal pelvic tumors [18]). In contrast, we here showed
that ureteral tumors (42%) were inclined to exhibit a lower positive
rate of NFATc1 expression compared with renal pelvic tumors
(60%). Interestingly, the positive rate of NFATc1 expression in
muscle-invasive bladder cancers was even lower (22%) [12]. The
underlying reasons for these findings in AR as well as NFATc1
remain uncertain. However, differences in tissue preservation among
bladder, ureteral, and renal pelvic tumors due to their anatomic
locations and/or thickness of the specimens around the tumors (e.g.,
time to complete tissue fixation) might have had an impact on the
immunoreactivity.

It has been documented that, in immune cells, NFATc1 is located in
their cytoplasms in a hyperphosphorylated state and translocates into
the nuclei upon cell stimulation via dephosphorylation [8]. Nonethe-
less, subcellular localization of NFATc1 detected by immunohisto-
chemical staining in tissue specimens appears to be cancer type
dependent. For instance, predominant nuclear or cytoplasmic
expression was seen in hepatocellular carcinoma [19] or prostatic
adenocarcinoma [10]/subcutaneous T-cell lymphoma [20], respective-
ly. Meanwhile, both nuclear and cytoplasmic signals were detected in
not only pancreatic [21] or lung [22] carcinomas but also bladder
urothelial neoplasms [12,13]. By contrast, our current immunohisto-
chemistry for NFATc1 in the UUTUC TMA exclusively stained the
cytoplasm of benign and malignant urothelial cells. It has been
implied that “fresh” tissue is required for detecting nuclear NFATc1
signals in tumor cells by immunohistochemistry [20].

In conclusion, we observed a significant increase in the
expression of NFATc1 in UUTUC compared with nonneoplastic
urothelium included in the same surgical specimens. These
findings support preclinical evidence suggesting the involvement
of NFATc1 signals in the initiation of urothelial cancer. Moreover,
strong NFATc1 expression was significantly associated with worse
patient outcomes. Therefore, NFATc1 overexpression may serve as
a reliable prognosticator in patients with UUTUC. Further
assessments of NFATc1 functions are necessary for determining
its biological significance in the development and progression of
UUTUC.
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