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ABSTRACT
Background: Novel immune therapies targeting tumor specific antigens are being 

developed. Our purpose was to determine expression of the cancer testes antigen NY-
ESO-1 in renal cell carcinoma (RCC), as NY-ESO-1 targeting approaches, particularly 
adoptive cell therapy, have not been evaluated in this disease.

Methods: We employed tissue microarrays containing >300 unique RCC cases and 
adjacent benign renal tissue to determine NY-ESO-1 expression using a quantitative 
immunofluorescence method. In addition, we studied NY-ESO-1 expression in 35 
matched primary and metastatic RCC specimens to assess concordance between 
different tumor sites.

Results: NY-ESO-1 was highly expressed in a subset of RCCs. Expression in 
primary RCC specimens was significantly higher than adjacent normal renal tissue 
(P<0.0001) and higher in clear cell carcinomas than papillary RCC (P<0.0001). 
Expression levels in metastatic specimens were higher than in matched primary 
samples (P=0.0018), and the correlation between the two sites was modest (χ2=3.5, 
p=0.06).

Conclusions: Aberrant NY-ESO-1 expression seen in clear cell RCC suggests 
that NY-ESO-1 targeting approaches should be studied in this disease. Expression is 
higher in metastatic sites, and discordance between primary and metastatic sites in 
some patients suggests that patient selection for these therapies should be based on 
expression in metastatic rather than nephrectomy specimens. 

INTRODUCTION

Renal cell carcinoma (RCC) is a fairly common 
malignancy with a rising incidence, estimated at 64,770 
new cases in the United States in 2012[1]. Despite 
increased incidental early detection, approximately 25% 
of patients develop metastatic disease (mRCC) [2]. RCC 
is felt to be one of the more immunoresponsive cancers, 
as a small percentage of mRCC tumors respond to 
cytokine therapies, such as interleukin-2 and interferon 
[3-6]. Despite recent advances in use of drugs that target 
vascular endothelial growth factor, its receptor and one of 
its downstream signaling mediators, mTOR, responses to 
these drugs remain of limited duration, while responses 

to high dose interleukin-2 tend to be durable [7-12] . 
Response rates to high-dose interleukin-2, however, are 
only in the order of 15-20%, and toxicities preclude its 
use in patients with co-morbidities, and there is therefore 
a great need for additional immune therapies that might 
have activity in this disease and carry the promise of 
durable responses. For example, recent use of inhibitors 
of the immune checkpoint inhibitor PD-1 in mRCC has 
resulted in durable responses in up to 30% of patients [13]. 
Additional immune-stimulatory approaches are also being 
tested in mRCC.

A number of newer immune therapies are being 
developed in other malignancies that target cancer/testis 
antigens (CTAs). CTAs can be expressed in malignant 
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cells, whereas physiological expression is absent in normal 
tissue with the exception of the testis [14]. Targeting CTAs 
aberrantly expressed in malignant cells can provide a 
means for delivering selective anti-neoplastic therapy that 
is less toxic to normal cells, as suggested by Blagosklonny 
[15]. Although the biological functions of CTAs are 
mostly unknown, the expression pattern of CTAs makes 
them useful targets for specific immunotherapy. CTAs 
have been shown to have the ability to induce immune 
responses, one of the earlier examples being MAGE-1, 
which can be harnessed to activate T-cells in melanoma 
[16]. Other studies include cancer vaccines using other 
CTAs, such as Melan A and gp100, which have been used 
in clinical trials, resulting in immune responses, although 
with limited anti-tumor effect [17-18]. To date, over 50 
cancer testis antigens have been identified, including 
NY-ESO-1, MAGE-1, BAGE, and GAGE. A number 
of immune therapies have recently been developed to 
target NY-ESO-1, including adoptive cell therapies and 
cell vaccines [19-21]. NY-ESO-1 has been harnessed 
for development of anti-cancer vaccines, primarily 
for melanoma, which is the disease that is believed to 
primarily express CTAs. Little is known, however, about 
expression of NY-ESO-1 in RCC.

NY-ESO-1 is a 22 kD hydrophobic protein that was 
discovered using SEREX (serological analysis of tumor 
antigens by recombinant expression cloning) analysis of an 
esophageal carcinoma [22]. The function of NY-ESO-1 is 
still unknown, but expression by cancer cells might reflect 
malignant properties, such as immortality, self-renewal, 
migratory ability and capacity to invade [23]. Spontaneous 
immune responses to NY-ESO-1, both cellular and 
humoral responses, is often detected in advanced cancer 
indicating that this molecule is immunogenic [24-26]. 
The frequency of anti-NY-ESO-1 antibody responses in 
patients with advanced NY-ESO-1-expressing tumors 
(including melanoma, lung cancer, bladder cancer, 
ovarian cancer, and breast cancer) is in the range of 25–
50% [27-28]. Furthermore, antibody titers increase with 
disease progression and decrease upon removal of the 
tumor or tumor regression, although in breast cancer it is 
also expressed in ductal carcinoma in-situ [29-30]. The 
majority of patients, mostly with metastatic melanoma, 
that have an anti-NY-ESO-1 antibody response to their 
tumors have NY-ESO-1-specific CD8+ T-cells, as opposed 
to NY-ESO-1 antibody negative patients, who rarely 
develop CD8+ T cell responses against NY-ESO-1 [26-
27, 31]. These findings reflect the immunogenicity of NY-
ESO-1, making it an attractive target for cancer vaccines. 

The prevalence of NY-ESO-1 expression is highly 
variable in different tumor types [14, 32]. Expression 
patterns, however, have not been extensively studied in 
RCC. Small cohort studies have been conducted using 
immunohistochemistry (IHC). One study, which included 
ten RCCs, reported the absence of NY-ESO-1 expression 
as analyzed by IHC [14]. Another study showed that NY-

ESO-1 was expressed in 6 of 18 chromophobe RCCs 
and 15 of 17 oncocytomas [33]. Conflicting results were 
obtained by Bolli et. al who found NY-ESO-1 expression 
in only one out of 48 clear cell carcinomas, one out of 37 
papillary RCCs and none of the 13 chromophobe RCCs, 
also using standard IHC [34]. Given the conflicting results 
in these small cohort RCC studies, we conducted a more 
comprehensive study of expression of NY-ESO-1 in a large 
cohort of over 300 RCC tumors of different histological 
subtypes with associated matched normal renal tissue. We 
also evaluated variability in expression in paired primary 
and metastatic tumors, as well as heterogeneity within 
these tumors. To enable us to conduct the latter studies 
we used a method of Automated QUantitative Analysis 
(AQUA) of immunofluorescence staining, which provides 
more objective and quantitative measure of NY-ESO-1 
expression than standard IHC. 

RESULTS

NY-ESO-1 staining patterns

NY-ESO-1 expression, as measured by AQUA, was 
both cytoplasmic and nuclear. Figure 1 shows examples 
of strong and weak immunoreactivity of NY-ESO-1 in 2 
histospots. 

NY-ESO-1 expression in a large cohort of 
nephrectomy specimens (Cohort A)

This cohort included 334 primary RCC specimens 
of which 294 had adjacent matched normal renal tissues. 
Two sets of slides, each containing one core for each 
patient were stained, and scores were averaged. A high 
degree of core to core correlation was found between our 
two slides (R = 0.75). AQUA scores ranged from 5.046 to 
46.463, with a mean of 14.876 for tumor tissues, and from 
6.026 to 38.816 for nonmalignant tissues, with a mean of 
11.934. Figure 2A shows a box plot comparing expression 
in nonmalignant and RCC tissue. Expression was 
significantly higher in malignant tumors than the adjacent 
normal kidney tissues (t statistic= 4.058, p= <0.0001). 
Expression differed among the histologic subtypes, as 
shown in Figure 2B; expression was significantly higher in 
clear cell carcinomas than papillary RCCs, choromophobe 
tumors and oncocytomas.

AQUA provides continuous output data, whereas 
clinical decisions are typically based on binarized 
information. We therefore defined “low” or “normal” 
AQUA scores as those that fall at or below the 95th 

percentile score for normal renal tissue (an AQUA score 
of 16). Using this cutpoint, 42.5% of the clear cell, 18% 
of the sarcomatoid and 7% of the papillary RCCs had high 
NY-ESO-1 expression. 
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Figure 1: Automated, quantitative analysis (AQUA) of NY-ESO-1. Automated, quantitative analysis (AQUA) of histospots 
from high NY-ESO-1 expressing (AQUA score: 46.5) (upper-right) and low NY-ESO-1 expressing (AQUA score: 19.9) (lower-right) 
RCCs. Anti-cytokeratin conjugated to Cy2 was used to identify the cytoplasm and to define the tumor mask. DAPI was used to define the 
nuclear compartment and Cy5 was used to visualize the target (NY-ESO-1). 

Figure 2: NY-ESO-1 expression in primary and nonmalignant renal specimens and in different histologic subtypes. 
(A) Box plots representing the AQUA scores for NY-ESO-1 expression levels in primary RCC tumor and nonmalignant renal tissue. The 
horizontal bars correspond to the 5th, 50th and 95th percentiles. Primary RCC tumors has a significant higher NY-ESO-1 expression levels 
than corresponding nonmalignant renal tissue (p<0.0001). (B) Box plots representing AQUA scores in the various histologic subtypes 
showing higher expression in clear cell carcinomas than papillary RCCs, chromophobe tumors and oncocytomas.
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Using ANOVA we compared NY-ESO-1 expression 
and commonly used clinical/pathological variables. 
Expression was higher in low Fuhrman grade tumors than 
high Fuhrman grade tumors (grades 1 and 2 compared to 
3 and 4 (p=0.028)). There was no significant association 
with stage III/IV disease (p=0.3071). No association was 
found between NY-ESO-1 expression and age at diagnosis 
(>50 versus younger than 50) (p=0.0873) or gender 
(p=0.3388). By Cox proportional hazards method there 
was no statistically significant association between NY-
ESO-1 expression and overall survival. 

NY-ESO-1 expression in matched primary and 
metastatic samples (Cohort B)

This cohort contains four cores from 35 matched 
primary and metastatic specimens (8 cores in total per 
patient) and was utilized to study differences in NY-ESO-1 
expression in primary and metastatic specimens and NY-

ESO-1 intra-tumor heterogeneity. AQUA scores ranged 
from 6.393 to 40.032 with a mean of 16.137 for primary 
RCC tissue, and from 6.398 to 47.367 for metastatic 
tissue, with a mean of 20.143. The higher expression 
levels in Cohort B likely reflects the fact that these were 
predominantly clear cell RCCs. NY-ESO-1 expression 
tended to be higher in metastatic RCC tissue than primary 
tumors (p=0.0018), as shown in the plot in Figure 3. 

Seeing that RCC patients often have a nephrectomy 
prior to or after developing metastatic disease, we 
determined whether expression in primary specimens 
correlated with that of metastatic specimens. Conducting 
χ2 analysis of scores binarized by the median, we found 
modest concordance between the averaged scores from 
the matching primary and metastatic sites (χ2 = 3.5, 
p=0.06). Specifically, scores were high in both primary 
and metastatic sites in 12 of 35 cases (34%), low in both in 
11 (31%) cases and discordant in 12 (34%). This indicates 
that NY-ESO-1 expression levels in primary tissue cannot 
reliably be used as a surrogate for determining expression 
levels in metastatic tissue and vice versa (Figure 4A). 

Finally, to determine whether a biopsy specimen 
can be used to reliably measure NY-ESO-1 expression in 
a tumor, we studied the intra-tumor heterogeneity utilizing 
four different expression measurements for each tumor 
block. A composite median absolute deviation (MAD) was 
generated for each tumor. The MAD was variable across 
tumors (Figure 4B), indicating wide variability in the 
degree of heterogeneity. The Wilcoxon paired, two-sided 
signed rank test, showed no significant difference between 

Figure 4: Estimates of NY-ESO-1 heterogeneity. A) Chi-Sqare analysis comparing high and low NY-ESO-1 levels in matched 
primary and metastatic samples: Concordance (dark grey) was seen in 66% of cases while discordance (light grey) was seen in 34% (χ2 
= 3.5, p=0.06). B) Comparison between heterogeneity within primary and metastatic specimens was estimated using a composite median 
absolute deviation (MAD). Each patient is represented by a dot. Dots above the diagonal represent patients with larger heterogeneity in the 
primary tumors, while dots below the diagonal represent greater heterogeneity in the corresponding metastatic tumors. The central diagonal 
grey line represents identical heterogeneity in primary and metastatic tumors. The Wilcoxon paired, two-sided signed rank test shows no 
significant difference between the heterogeneities of the primary and matched metastatic tumors (p = 0.48).

Figure 3: NY-ESO-1 expression in matched primary 
and metastatic specimens. Box plots show NY-ESO-1 
expression in matched primary and metastatic specimens from 
the same patients. Metastatic specimens have significantly higher 
NY-ESO-1 expression than the primary specimens (p=0.0018).
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the heterogeneities of the primary and matched metastatic 
tumors (p=0.48). 

DISCUSSION

In this study, we used two patient cohorts to 
determine expression of NY-ESO-1 in primary and 
metastatic samples and samples with variable histology. 
We used a quantitative method of immunofluorescence, 
which enables us to better determine heterogeneity of 
expression. Expression of NY-ESO-1 in primary RCC 
specimens is significantly higher than in normal renal 
tissue, and higher in clear cell carcinoma than other 
histologic subtypes. Sarcomatoid RCCs, which are now 
considered poorly differentiated clear cell RCCs also 
had high NY-ESO-1 expression. These findings suggest 
that NY-ESO-1 targeting immune therapies should be 
evaluated in clear cell carcinoma.

In our second cohort of matched primary and 
metastatic specimens, NY-ESO-1 expression was higher 
in metastatic specimens, supporting a potential role for 
NY-ESO-1 targeting immune therapies in patients with 
metastatic RCC. However, the modest correlation between 
expression in these matched specimens indicates that 
patient selection for NY-ESO-1 targeting immunotherapies 
should be based on expression in metastatic rather than 
primary tumor samples, if metastatic disease is primarily 
being targeted. 

There was significant intra-tumor heterogeneity 
in both primary and metastatic samples. Although core 
needle biopsies are often done to diagnose metastatic 
disease, our findings indicate that a single core needle 
might be insufficient to establish presence or absence 
of NY-ESO-1 in metastatic RCC, and whole tumor 
specimens or additional cores might be needed. Studies 
of tumor heterogeneity in primary RCC using high 
throughput sequencing have suggested that the large, 
bulky primary tumors are highly heterogeneous [35]. Our 
study suggests that for NY-ESO-1 expression the degree 
of heterogeneity does not differ in primary and metastatic 
samples. This finding supports prior studies of other 
therapeutic targets in this cohort in which we found no 
difference in the degree of heterogeneity in primary and 
metastatic specimens [36].

The elevated expression of NY-ESO-1 in RCCs 
compared to normal renal tissue and the higher expression 
levels in metastatic specimens has important therapeutic 
implications. Despite recent advances in targeted 
therapies for patients with metastatic RCC, most patients 
will eventually succumb to their metastatic disease, and 
duration of response is typically in the order of months 
[7-12, 37-38]. Although new therapeutic approaches, such 
as targeting oxidative stress and intra-cellular metabolic 
pathways, are currently being studied, additional strategies 
of targeting the tumor microenvironment and activating 
immune cells are needed [39-40]. High dose interleukin-2 

and inhibitors of PD-1 have resulted in durable responses, 
supporting a role for immune therapies for this disease. 

Harnessing CTAs for vaccine or adoptive cell 
therapy has been done for other diseases, particularly 
melanoma, although CTAs are expressed in other disease 
as well, such as glioblastomas, colon, lung, liver, prostate 
cancer and other tumor types compared to non-malignant 
somatic cells [41-42]. CTA expression is necessary for 
these approaches, and our finding of high NY-ESO-1 
expression in over 40% of clear cell RCCs suggests 
that these modalities should be evaluated in NY-ESO-1 
expressing RCC. Clinical trials utilizing vaccines with 
NY-ESO-1 peptides, sometimes in combination with other 
therapies, are currently ongoing, and patient selection for 
these trials is frequently based on NY-ESO-1 expression. 
For example, a recent vaccine trial using recombinant 
vaccinia and fowlpox vectors expressing NY-ESO-1 
showed that 72% of patients with unresectable melanoma 
whose tumors expressed NY-ESO-1 had clinical benefit 
from this therapy (defined as complete, partial, mixed 
response or disease stabilization) [21]. A trial of a 
human monoclonal antibody specific for the dendritic 
cell surface molecule DEC-205, fused to full-length NY-
ESO-1, was recently completed (NCT00948961, www.
clinicaltrials.gov). This trial was based on preclinical 
studies showing that this vaccine can induce CD8 and 
CD4 T cell responses [20]. Besides vaccination strategies, 
adoptive cell therapy with autologous T cells transduced 
with a T-cell receptor directed against NY-ESO-1 showed 
responses in previously treated patients with NY-ESO-1 
bearing tumors; 4 out of 6 patients with advanced synovial 
cell sarcoma and 5 out of 11 patients with metastatic 
melanoma had an objective response, and this approach is 
now being studied in additional patients, using NY-ESO-1 
tumor expression as a criterion for eligibility [19, 43]. 

In summary, given the new approaches to NY-
ESO-1 targeting to treat a variety of malignancies, we 
studied expression patterns of NY-ESO-1 in primary and 
metastatic RCC. To the best of our knowledge, this is 
the first study to assess the expression of NY-ESO-1 in 
a large cohort of RCC specimens of variable histologic 
subtypes using a quantitative method. Elevated expression 
(above the 95th expression level for normal kidney) was 
found in over 40% of clear cell carcinomas (>40%) 
and expression was higher in metastatic than primary 
specimens, supporting a role for NY-ESO-1 targeting 
in a subset of metastatic clear cell RCC patients. NY-
ESO-1 expression is heterogeneous in both primary and 
metastatic samples, and correlation between corresponding 
primary and metastatic specimens was modest, indicating 
that eligibility for NY-ESO-1 targeting strategies should 
be determined based on expression in more than one core 
obtained from metastatic sites. 
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MATERIALS AND METHODS

Tissue microarray (TMA) construction and 
patient selection

Tumor tissues were collected from the Yale 
University Department of Pathology Archives. Specimens 
and clinical information were collected with the approval 
of a Yale University Institutional Review Board. TMAs 
were constructed using standard methods with cores 
each measuring 0.6 mm, spaced 0.8 mm apart. Two 
non-overlapping cohorts were used for this study, both 
previously described [36, 44]. Cohort A contains RCC 
cores from 330 patients, 294 with matching adjacent 
normal renal tissue from nephrectomies carried out 
between 1987 and 1999. Tumors were represented by 2 
cores from different areas of the specimen and placed 
in two TMA blocks. Histologic subtypes included clear 
cell (71%), papillary (14%), chromophobe (2%), mixed 
histology (4%), oncocytomas (6%), and sarcomatoid 
tumors (3%). Fifty-six percent (56%) had stage I disease, 
8% stage II, 8% stage III and 28% had stage IV disease. 
Fuhrman nuclear grade I was seen in 12%, 52% had grade 
II, 27% grade III and 9% grade IV. Age at diagnosis was 
25 to 87 years (median, 63). Information on calcium, 
LDH, Hb, and performance status was not available for 
this cohort of patients. None of these patients was treated 
with drugs targeting the VEGF or mTOR pathways.

Cohort B consists of matched primary and 
metastatic RCC tumors of thirty-five patients, who had 
undergone resections between 1972 and 2011. Each tumor 
site was represented by four cores from different areas of 
the specimen (8 cores of each patient in total). Histological 
subtypes included clear cell (91.2%) and mixed papillary 
and clear cell histology (two cases, 8.8%).

Immunofluorescent staining

One set of slides per cohort was stained for 
Automated QUantitative Analysis (AQUA) for NY-ESO-1 
expression, as described previously [45-46]. In brief, 
slides were incubated overnight with mouse monoclonal 
anti-human CTAG1B/NY-ESO-1 (Novus Biologicals, 
Littleton, CO, dilution 1:200). Antibody specificity was 
determined by immunoblot of a panel of melanoma cell 
lines with variable NY-ESO-1 expression (not shown). 
Goat anti-mouse horseradish peroxidase-decorated 
polymer backbone (Envision, Dako, Carpinteria, CA) was 
used as a secondary reagent. For NY-ESO-1 visualization, 
slides were incubated with Cyanine5-tyramide (Perkin 
Elmer, Waltham, MA) in the supplied amplification buffer. 
A tumor mask was created by simultaneous incubation 
with a cocktail containing rabbit anti-cytokeratin 
(Dako, Carpinteria, CA, dilution 1:100), anti-CAIX 

(Novus Biologicals, Littleton, CO, dilution 1:2000) and 
Streptavidin HRP (Sigma, St. Louis, MO, dilution 1:100) 
for 2 hours. Goat anti-rabbit HRP-decorated polymer 
backbone (Envision, Dako, Carpinteria, CA, USA) was 
used as a secondary reagent. Cyanine2-tyramide (Perkin 
Elmer, Waltham, MA, USA) was used to visualize tumor 
mask. The nuclear compartment was visualized with 4, 
6-diamidine-2-phenylindole (DAPI) (Invitrogen, Carlsbad, 
CA, dilution 1:500). Coverslips were mounted with 
ProLong Gold anti-fade reagent with DAPI (Invitrogen, 
Carlsbad, CA).

Image Acquisition and Analysis

Images were acquired and analyzed using algorithms 
that have been previously described [46]. Please see 
Fig.1. Monochromatic, high-resolution (1024 × 1024 
pixel) images were obtained of each histospot. Tumor 
mask (and normal kidney tissue mask) was created from 
the Cy2 signal and DAPI was used to identify the nuclei. 
The target signal (NY-ESO-1) visualized by Cy5, was 
compartmentalized and expressed as the average signal 
intensity within the assayed component (AQUA score), 
with scores on a scale of 0–255. 

Statistical analysis

Histospots were excluded from the analysis if the 
tumor mask represented <3% of the histospot area, if there 
was anomalous staining (lacking Cy2 or DAPI signal) or 
abundant necrosis. For comparison with clinical variables, 
scores from replicate histospots were averaged.

Statview and JMP 9.0 software was used (SAS 
Institute, Cary, NC). Associations between continuous NY-
ESO-1 values and pathological parameters were assessed 
using analysis of variance (ANOVA). Correlations 
between the AQUA scores of matched primary and 
metastatic histospots were calculated by the log rank 
method. Associations with survival were determined using 
the Cox proportional hazards method.
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