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ABSTRACT

Background. Nasopharyngeal carcinoma (NPC) is endemic in Southeast Asia and the Philippines. Novel 
treatments are desirable due to the high disease burden and adverse effects of existing modalities. 
Detection of WT1 expression via immunohistochemistry has been reported in many tumors. Moreover, 
immunotherapy via WT1 peptide vaccination has shown promising results in a wide range of malignancies. 
No studies on WT1 expression in NPC have been published in any population. 

Objective. Documenting WT1 expression in NPC via immunohistochemistry may provide insight into the 
possibility of using WT1 vaccination for this disease. 

Methodology. This was a retrospective descriptive study. All newly-diagnosed cases of NPC from 2016 to 2017 
with samples stored in the Department of Laboratories of the Philippine General Hospital were considered. 
Cases were included based on specific criteria. The tumor classification of each case was reviewed and 
WT1 immunohistochemistry staining was performed. Assessment of the strength of WT1 immunostaining was 
conducted. The results were analyzed using Chi-square test for association with fisher exact correction. 

Results. A total of 57 cases were included, all of which were non-keratinizing squamous cell carcinomas 
(NK-SCCs). Forty-nine were undifferentiated type while eight were differentiated type. The mean age was 
48 years. Two thirds were male, one third were female. Seventeen of the 57 cases (29.8%) were positive for 
WT1 immunostaining, and all were undifferentiated type. The majority (82.32%) of the positive cases showed 
cytoplasmic expression. There was a significant association between tumor classification and WT1 staining. 

Conclusion. Similar to studies conducted in other carcinomas, a considerable subset of NPCs express WT1. 
This finding opens other avenues for exploration, including the feasibility of WT1 peptide vaccination as a 
treatment option. Further studies on the associations between WT1 and NPC are recommended.
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INTRODUCTION

Nasopharyngeal carcinoma (NPC), while rare in most 
parts of the world (<1 per 100,000), is endemic in 
Southeast Asia, with an estimated incidence ranging from 
three to 30 per 100,000.1 The highest incidences (15-50 
per 100,000) have been recorded in China, particularly 
in the southern regions, and it is uncommon among 
Caucasians.2 The pathogenesis is complex, but Epstein-
Barr virus (EBV) infection is a major predisposing factor 
especially in endemic areas. EBV-LMP1 is the primary 
oncogene identified and is present in up to 90% of 
tumors.3 EBV infection along with genetic predisposition 
and environmental factors altogether contribute 
to tumorigenesis.4 

A preliminary analysis by Mejia and Sarmiento in 2014 
based on data from 49 patients from four centers in one 
year estimated the disease burden in the Philippines to be 
2.07 per 100,000.1 This study did not include data from 
the Philippine General Hospital (PGH). The mainstay of 
treatment in NPC is radiotherapy, with 10-year survival 
rates of up to 43% overall.3 Country-specific data on 
survival and remission rates for the Philippines is lacking.
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Given the high disease prevalence and the side effects 
of radiotherapy, including the risk for development of 
second primary tumors,5 new anti-cancer treatments 
are desirable. The role of the immune system in 
cancer progression and control has been known for 
years.6 The field of immunotherapy has emerged as an 
important front in the development of novel anti-cancer 
therapies. Interest in cancer immunotherapy has grown 
considerably since the discovery of the T-cell receptor 
in 1982.7 Subsequent research and clinical trials gave 
way to the approval by the United States Food and 
Drug Administration of anti-cancer immune checkpoint 
antibodies targeting CTLA-4 (Ipilimumab) in 20117 and 
PD-1 (Pembrolizumab) in 2014.8

 
Historically, immunotherapeutic research on NPC 
has been focused on the EBV antigens LMP1, LMP2, 
EBNA1, EBER and EBV-encoded RNA.9 These antigens 
have shown limited immunogenicity, play a role in 
tumor oncogenesis and contribute to viral latency and 
immune evasion. Together, these attributes constitute 
major challenges in harnessing EBV-related antigens as 
immunotherapy targets.9 Studies on non-EBV antigens, 
such as immune checkpoint antibodies, have also been 
performed. Recently, various clinical trials using EBV-
related (anti-LAG3, anti-LMP2 vaccine) and non-EBV 
immunotherapeutic agents (Pembrolizumab, Nivolumab) 
have started. A phase Ib trial published in 2017 showed 
an objective response rate of 25.9% to Pembrolizumab in 
27 patients. Eligibility in this trial included unresectable or 
metastatic disease, failure of prior standard therapy, and 
immunohistochemical PD-L1 expression in 1% or more of 
either the tumor cells or tumor-infiltrating lymphocytes.10 
Even more recently, cell-based treatments using autologous 
cytotoxic T-lymphocytes (CTLs) are underway.9

Wilms’ Tumor 1 (WT1) peptide vaccines are among the 
immunotherapies in development outside of current NPC-
related research. The earliest was developed in Japan 
by Oka et al.,11 which was followed by a series of further 
investigations and clinical trials by various authors.12,13 The 
vaccine-based therapy indirectly enhances the immune 
response against malignant tumors through stimulating 
the action of WT1-specific CD8+ CTLs.11,12 The WT1-
specific CTLs do not induce cell lysis in normal tissues 
that express wild-type WT1 due to complex immunologic 
factors,11,12 thus greatly limiting toxicity. Central to the 
selection of cases for WT1 peptide immunotherapy is the 
detection of WT1 protein in tumor cells using polymerase 
chain reaction, Western blot, immunohistochemistry and/
or other methods.11,14,15 Evidence accrued from early trials 
have solidified immunohistochemistry, an accessible and 
relatively inexpensive technique, as a reliable index of 
WT1 expression.11,13,15 

The preliminary clinical trials of WT1 peptide vaccination 
focused on hematologic malignancies. The results for 
leukemia and myelodysplastic syndromes were promising 
in terms of slowing disease progression.12,13 WT1 was 
found to be highly-immunogenic in these trials. Trials 
have also been conducted on cases of glial tumors, soft 
tissue malignancies and various solid cancers.6,7,13 In 
2009, the American National Cancer Institute identified 
WT1 as the top priority antigen in cancer treatment 

research among 75 different antigens.16 There has been 
considerable interest in documenting WT1 expression 
in various tumors for the purpose of identifying possible 
candidates for WT1 peptide immunotherapy.6,7,12,15 

At the time that this study was conducted, there were no 
published studies in the English literature documenting 
WT1 expression in NPC using immunohistochemistry. 
Literature search was performed in PubMed and Google 
Scholar which yielded no published articles. Given the high 
immunogenicity of WT1 as an immunotherapeutic target 
in other malignancies, it would be worthwhile to determine 
the degree of WT1 expression in NPC. Subsequently, this 
could potentially provide a rationale for utilizing WT1 
immunotherapy for the treatment of this malignancy.

Review of Related Literature 
The Wilms’ Tumor 1 gene (WT1) was the first discovered 
gene associated with Wilms’ Tumor (WT).17 Located 
at chromosome 11p13 and initially cloned in 1990,18 
the gene plays an important role in normal human 
embryonic development.19 Mutations are associated with 
Wilms tumor-aniridia-genitourinary anomalies-mental 
retardation (WAGR) syndrome, Denys-Drash syndrome 
and Frasier syndrome.17 Initially discovered as a tumor 
suppressor, mutations in WT1 are found in up to 15% of 
sporadic cases of WTs.19 Successive studies revealed that 
WT1 is overexpressed in a range of benign20 and malignant 
neoplasms such as hematologic malignancies,19,21 a broad 
range of carcinomas,15,22 soft tissue tumors23-25 and glial 
neoplasms.26 Genomic sequencing in these cases did not 
reveal mutations in the WT1 gene. This evidence suggests 
that wild-type WT1 may have a possible oncogenic role in 
malignancies aside from WT.15,19,25 WT1 is widely-regarded 
to function as a regulator of transcription but it has become 
apparent that its full function is more complex.27 Evidence 
has accumulated that WT1 can be a tumor suppressor and 
an oncogene depending on which cell types express it.19

 
In routine histopathology, the WT1 gene product is 
detected using immunohistochemistry. In established 
practice, it has been used as a supportive marker in the 
diagnosis of Wilms’ tumor,3 ovarian serous tumors,28 
mesothelioma,29 and various other tumors. Generally, only 
nuclear staining was considered positive, and cytoplasmic 
expression was initially thought of as due to cross-reactivity 
of the antibody with unknown proteins.29 Subsequent 
studies have increasingly uncovered evidence that both 
nuclear and cytoplasmic WT1 immunostaining in a wide 
range of neoplasms is in fact due to the presence of the 
WT1 protein,15,23,24 and thus can be used as an index of 
WT1 protein expression. This finding accounted for the 
cytoplasmic expression previously seen in tumors that were 
generally regarded to express only nuclear staining such 
as in malignant mesothelioma. The presence of the WT1 
peptide within the cytoplasm was confirmed in several 
studies using Western Blot and other methods.15,23,27 Ye 
et al. discussed that WT1 expression in the cytoplasm is 
mainly due to post-translational phosphorylation at zinc 
fingers leading to loss of the ability to bind DNA.30 This 
then results to retention of WT1 in the cytoplasm. Niksic et 
al.27 also reported that WT1 shuttles between the nucleus 
and the cytoplasm in association with active polyribosomes, 
suggesting a role for it in translation regulation. 

http://philippinejournalofpathology.org | Vol. 4 No. 1 June 2019

Manasan et al, Immunohistochemical Expression of WT1 in Nasopharyngeal Carcinoma Among Filipino Philippine Journal of Pathology | 26



Nuclear and/or cytoplasmic expression of WT1 has 
been documented using immunohistochemistry in 
gastrointestinal, breast, lung, prostatic, kidney, urothelial 
and gynecologic cancers,15,22,31 as well as soft tissue 
sarcomas,15,23-25 pediatric small round blue cell tumors,14 and 
gliomas.26 Among soft tissue tumors, rhabdomyosarcomas 
have shown consistent cytoplasmic expression.24

Yang et al.19 reviewed several studies of WT1 
immunohistochemistry expression in hematologic 
malignancies. WT1 was found to be increased in 354 of 
476 (74%) cases of acute myeloid leukemia (AML) and 86 
of 131 (66%) cases of acute lymphoblastic leukemia (ALL). 
Some types of myelodysplastic syndromes (MDS) also had 
increased levels of WT1. 

Studies documenting WT1 expression in head and neck 
carcinomas are more limited. Mikami et al.32 analyzed 
tissues from six cell lines of oral squamous cell carcinoma 
(SCC) and one showed overexpression of WT1 protein 
while two out of 29 cases showed positive WT1 expression 
using immunohistochemistry. Xingru et al.33 demonstrated 
that WT1 promotes cell proliferation in vitro in a study 
that used cells derived from hypopharyngeal SCC. Leader 
et al.,20 in a study of 80 salivary gland tumors, found 
that WT1 was expressed in most benign salivary gland 
neoplasms while it is lost in malignant neoplasms with the 
exception of polymorphous low-grade adenocarcinomas 
(now called polymorphous adenocarcinoma in the 2017 
WHO classification34) in which 11 out of 12 cases were 
positive. In 2002, a study by Oji et al.35 showed WT1 gene 
expression in 42 out of 56 (75%) head and neck SCCs using 
real-time reverse transcriptase-polymerase chain reaction 
(RT-PCR); none of which were nasopharyngeal cancers. In 
addition, only six cases underwent immunohistochemical 
staining, and all were positive. A study by Fattahi et al.36 
in 2015 contrasted with the initial findings of Oji et al., 
wherein only three out of 45 (6.2%) cases of oral SCCs 
stained positive for WT1. 

Across all the studies mentioned, gene sequencing findings 
in cases with positive immunohistochemistry results did 
not show mutations of the WT1 gene. This suggests a role 
for wild-type WT1 in tumorigenesis or possible epigenetic 
modifications which led to increased WT1 expression in 
various tumors. 

In summary, increased wild-type WT1 expression 
has been demonstrated in a wide range of malignant 
tumors, with promising implications in the realm of 
cancer immunotherapy. There were no published 
studies analyzing the extent of WT1 expression via 
immunohistochemistry in NPCs in the English literature, 
even among studies focused on head and neck cancers. 
This dearth of information is what this study aimed to 
address, and demonstration of WT1 activity in NPC 
would put forward the possibility of WT1-specific cancer 
immunotherapy for this tumor. 

Objectives
The study aimed to evaluate the immunohistochemistry 
staining patterns for WT1 in nasopharyngeal carcinomas 
diagnosed in the Philippine General Hospital from 2016 
to 2017.

Specifically, the study aimed to:
1.	 Determine the basic demographic information of 

patients diagnosed with nasopharyngeal carcinomas 
in the hospital, namely: age, sex and tumor histologic 
classification.

2.	 Determine the rates of positive and negative 
expression of WT1 among the various histologic 
classifications.

3.	 Determine the sub-cellular localization, extent and 
intensity of WT1 staining among nasopharyngeal 
carcinomas according to histologic classification. 

4.	 Identify and describe the predominant WT1 
staining patterns for each histologic classification of 
nasopharyngeal carcinoma.

METHODOLOGY

Ethical Considerations
The study was approved by the University of the 
Philippines-Manila Research Ethics Board (UPM REB) 
prior to being conducted. A waiver of consent was 
requested and approved as there were no risks to the study 
participants. The methods of data collection, handling 
and storage ensured anonymity and confidentiality of 
the participants.

Study Design
The study was a descriptive, retrospective study and 
involved slide reviews of patients who were diagnosed 
with NPC in accordance with the inclusion criteria below. 
All recent cases (2016 to 2017) were included. As this 
is a preliminary study, the use of recent tissue samples 
ensured the most optimal immunohistochemistry 
staining results. 

Only the patients’ age and sex were collected. The formalin-
fixed, paraffin-embedded tissue blocks of each case were 
retrieved and processed for immunohistochemistry 
staining with WT1. 
 
Inclusion Criteria
The study included all newly-diagnosed cases of 
nasopharyngeal carcinoma from 2016 to 2017 at the 
Philippine General Hospital that have been confirmed using 
histomorphologic assessment and immunohistochemistry 
staining with at least a Pan-Cytokeratin.

Exclusion Criteria	
The following were excluded: cases of recurrent or 
persistent nasopharyngeal carcinoma that have already 
undergone radiotherapy and/or other treatments; cases 
of nasopharyngeal carcinoma metastatic to other sites 
that do not have a nasopharyngeal tissue sample in 
storage; cases that have concomitant malignant tumors 
elsewhere; cases that have deteriorated and unsalvageable 
slides and paraffin-embedded tissue blocks.

Data Collection 
All diagnosed NPCs in the PGH from 2016 to 2017 that 
fulfilled the criteria were included in the study. The patients’ 
age and sex were collected from the records of the surgical 
pathology and outpatient sections of the Department 
of Laboratories. All patients were anonymized. 
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Slide Review 
The diagnosis for each case was classified in accordance 
with the WHO Classification of Tumors recommended 
by 8th edition (2017) of the American Joint Committee on 
Cancer (AJCC) Staging Manual34 (Table 1). 

The stained biopsy slides and blocks were retrieved for 
review. Each case had at least a Hematoxylin and Eosin 
(H&E) stained slide and an immunohistochemistry slide 
for Pan-Cytokeratin. A consensus diagnosis was generated 
by three pathologists, with at least two out of three (2 out 
of 3) pathologists concurring. 

Immunohistochemistry with WT1
New slides were prepared from the formalin-
fixed and paraffin-embedded tissue blocks for 
immunohistochemistry. Immunohistochemistry staining 
was performed using the standardized protocols 
established by the section of surgical pathology (Autostainer 
Link 48, DAKO, CALIFORNIA, USA). 3-um sections 
were prepared and placed on glass slides. Each slide was 
deparaffinized, rehydrated and subjected to heat-induced 
epitope retrieval for 10 minutes using an automated 
system (PT Link Instrument, DAKO, CALIFORNIA, 
USA). The sections were then treated with a peroxidase-
blocking solution (FLEX) for five minutes. Subsequent 
incubation with the ready-to-use anti-WT1 antibody was 
done at room temperature for 15 minutes. A monoclonal 
antibody against WT1 (6F-H2 DAKO, CALIFORNIA, 
USA) was used. Visualization of signals was done using 
HRP Labelled Polymer (DAKO, CALIFORNIA, USA) 
for 20 minutes, followed by washing with a buffer for 
10 minutes, and then incubation in DAB+Chromogen 
(DAKO, CALIFORNIA, USA) for 10 minutes. The slides 
were counterstained with Hematoxylin. Positive controls 
were included with each case: either Wilms’ tumor 

Table 1. Classification of tumors according to the 8th edition 
of the AJCC staging manual
AJCC/WHO 2017 Classification Former Terminology
Keratinizing squamous cell carcinoma WHO Type I (squamous cell carcinoma)
Non-keratinizing squamous cell 
carcinoma, Differentiated 

WHO Type II (transitional cell 
carcinoma)

Non-keratinizing squamous cell 
carcinoma, Undifferentiated 

WHO Type III (lymphoepithelial 
carcinoma)

Basaloid squamous cell carcinoma No synonym exists (recently described)

Figure 1. Sample photomicrograph of a non-keratinizing, 
squamous cell carcinoma of undifferentiated type (H&E, 400X).

Figure 3. Sample photomicrograph of a case which showed 
granular, cytoplasmic immunostaining for WT1 (400X).

Figure 2. Sample photomicrograph of a case which was negative 
for WT1 immunostaining (400X).

Figure 4. Sample photomicrograph of a case which showed 
positive WT1 nuclear immunostaining (400X).
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or ovarian serous carcinoma. The WT1 antibody also 
stained lymphocytes and endothelial cells which served as 
internal controls. 

Assessment of WT1 Immunostaining
Assessment of WT1 immunostaining was performed by 
three different pathologists, all of whom were blinded 
in terms of clinicopathologic information. Criteria for 
assessment was based on a modified version of the 
assessment done by Kim et al.23 The intensity of the staining 
and the proportion of the positively-staining area were 
considered together and evaluated semi-quantitatively.

Both nuclear and cytoplasmic staining were considered. 
For staining intensity, a score of 0 was assigned if there 
was no staining or if it is barely perceptible. Clearly-
perceptible but faint staining was assigned a score of 
1. Distinct staining that is not as strong as the control 
was assigned a score of 2. Staining intensity equal to or 
stronger than the positive controls was assigned a score of 
3. In cases where the staining pattern was heterogeneous, 
the more frequent intensity was considered. Afterwards, 
the percentage of tumors cells that stained positive were 
estimated (1-100). The intensity and percentage were 
multiplied and assigned a final strength based on the 
product. The final strengths were negative (0-20), weak 
(21-80), moderate (81-180) and strong (181-300). 

RESULTS 

A total of 79 new cases of NPC were diagnosed from 2016 
to 2017. Fifty-seven (57) out of these 79 cases were eligible 
for review and immunohistochemistry testing. Twenty-
two (22) cases were not included in the review due to the 
following: (a) irretrievable tissue blocks (n=15), (b) cases 
that were sampled from outside hence the tissue blocks 
were not available (n=6) and (c) one case with a non-usable 
block. The diagnosis of each case was reviewed using the 
H&E slide and corresponding immunohistochemistry 
slide for Pan-Cytokeratin. 

Of the 57 cases reviewed, exactly two-thirds (n=38; 67%) 
were male and the remaining one-third (n=19; 33%) were 
female. The median age was 48 years old. The females 
averaged older at 53.53 years while the average age of 
males was 45.2 years. The youngest patient was a 10-year-
old male while the oldest was a 79-year-old female. 
	
All of the cases were non-keratinizing squamous cell 
carcinomas (NK-SCC). The majority of cases (n=49, 86%) 
were of the undifferentiated subtype while the remainder 
(n=8; 14%) were of the differentiated subtype. None of the 
cases were keratinizing squamous cell carcinomas (K-SCC) 
or basaloid squamous cell carcinomas (B-SCC) (Table 2).

Analysis of WT1 Staining
Seventeen out of 57 cases (29.82%) stained positive 
for WT1 while 40 cases (70.18%) were negative (Table 
3). Among the 40 cases which were negative, 32 
(80%) were undifferentiated while eight (20%) were 
differentiated. Conversely, all 17 (100%) positive cases 
were undifferentiated. The distribution of the 17 positive 
cases in terms of sex followed the overall distribution: 
11 (64.7%) were male, and 6 (35.3%) were female. The 
positive cases accounted for a third (34.7%) of all the cases 
classified as undifferentiated type (17 out of 49). In terms 
of intensity, most cases were assigned scores of 1 and 2. In 
terms of tumor cell population stained, an average of 45% 
of tumor cells expressed WT1. Five cases expressed the 
protein in more than 70% of the tumor cell population. 
 
Fourteen out of the 17 (82.35%) positive cases showed 
diffuse to granular cytoplasmic WT1 expression. Two 
cases showed nuclear expression, and one showed both 
nuclear and cytoplasmic expression (mixed). In terms of 
strength of staining, the positive cases were distributed 
almost evenly between weak (n=8) and moderate (n=9) 
expression. None of the cases showed strong expression 
as defined by the assessment protocol.

Statistical tests were performed using Chi-square test 
of association with fisher exact correction. STATA 14 
(StataCorp, Texas, USA) was used for all statistical 
analysis. There was a statistically significant association 
(p-value=0.047) between the presence of staining and 
tumor classification (Table 4).

There was no statistically significant association between 
tumor type and strength of staining (p-value=0.221). 
There was also no statistically significant association 
between the strength of staining and localization 
(p-value=0.329) among the positive cases classified as 
undifferentiated-type, NK-SCC (Table 5).

Table 2. Overview of results per tumor differentiation and sex

Tumor Classification
Sex

Subtotal
Male Female

Keratinizing squamous cell carcinoma 0 0 0
Non-keratinizing squamous cell carcinoma, 
Differentiated 6 2 8
Non-keratinizing squamous cell carcinoma, 
Undifferentiated 32 17 49
Basaloid squamous cell carcinoma 0 0 0
Grand Total 38 19 57

Table 3. WT1 Immunohistochemistry staining profile of 
nasopharyngeal carcinoma per histologic classification and 
localization of staining

Classification Localization
Positive Total 

positive
Total 

negative
Grand 
totalWeak Moderate

Non-keratinizing 
squamous cell 
carcinoma, 
Differentiated

Cytoplasmic 0 0

0 8 8

Mixed 0 0

Nuclear 0 0
Non-keratinizing 
squamous cell 
carcinoma, 
Undifferentiated

Cytoplasmic 8 6

17 32 49

Mixed 0 1

Nuclear 0 2
Grand Total 8 9 17 40 57

Table 4. Association of WT1 Immunostaining with tumor 
classification

Tumor Classification
Staining p-value

Positive Negative Fisher’s Exact
Non-keratinizing squamous cell 
carcinoma, Differentiated 0 8 (20.00)

0.047
Non-keratinizing squamous cell 
carcinoma, Undifferentiated 17 (100.00) 32 (80.00)
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DISCUSSION

Cancer immunotherapy using WT1 peptide vaccination 
has been undergoing trials over the past decade. Taking 
the results of several investigations together, researchers 
have acknowledged the challenges in assessing the 
potential of WT1 as an anti-cancer antigen. Most of these 
factors are inherent to the time-consuming nature of 
clinical trials and the slow action of anti-cancer vaccines, 
in general, relative to other anti-cancer treatments 
such as chemotherapy.6,37 Nevertheless, considerable 
developments have been achieved. Limited early trials 
in hematologic and other malignancies have found the 
method to be safe and efficacious.11 The trials showed 
that the treatment enhances the body’s immune response 
against cancer cells through the action of WT1-specific 
CD8+ CTLs.6,13 Experience with the vaccinations for 
AML, MDS and other hematologic malignancies in Japan 
has advanced to the point where WT1 levels in peripheral 
blood are being utilized as a marker for minimal residual 
disease. Complete remission (CR) has been achieved 
via WT1 peptide vaccination in combination with other 
treatments for some cases of AML and MDS.12,38 Recent 
proposals for further trials focusing on hematologic 
malignancies have called for cure-oriented approaches.38 

Trials in carcinomas have also been ongoing. A Phase I 
trial conducted by Ohno et al. in 2012 with 28 patients 
showed that WT1 peptide vaccination combined with other 
treatments was well-tolerated and showed 60% improved 
clinical response in patients with advanced cervical, ovarian, 
lung, colorectal, pancreatic or biliary tract cancers.37 
More recently in 2018, a Phase II randomized study of a 
WT1 vaccine combined with Gemcitabine conducted by 
Nishida et al. showed improved one-year progression-
free survival in 85 evaluated patients with advanced 
pancreatic ductal adenocarcinoma versus Gemcitabine 
alone.39 Overall survival was not significantly altered.

Aside from its therapeutic potential in cancer 
immunotherapy, the interest in WT1 has extended to 
its value as a prognostic marker. Kim et al. examined 
the prognostic value of WT1 expression in 63 patients 
with soft tissue sarcomas. They found that strong WT1 
expression was associated with improved outcomes among 
patients with high-grade soft tissue sarcomas, but not in 
other groups.23 A 2015 meta-analysis conducted by Qi et 
al.40 on the association of WT1 and prognosis in patients 
with solid cancers included 22 studies and 3,620 patients. 

Their findings contrasted with Kim et al., as they found 
that WT1 expression seemed connected to increased 
risk for disease relapse and progression. The differences 
in results illustrates the limited knowledge regarding 
WT1 activity in various tumors de novo. The data on the 
usefulness of WT1 as a prognostic marker in cancers is still 
being accumulated and remains controversial.
	
There have been no published studies on WT1 expression 
in NPC. Our study of 57 cases of NPC all consisted of NK-
SCCs. Eight cases were of the differentiated subtype, and 
49 were of the undifferentiated subtype in accordance 
with the WHO classification. The undifferentiated subtype 
of NK-SCC is the most common in endemic areas2 and 
so the distribution in our study seems consistent with 
trends observed in the literature. K-SCCs are less frequent 
in endemic areas, and are less frequently associated with 
EBV.2 B-SCCs of the nasopharynx are similar to basaloid 
SCCs elsewhere in the head and neck and may also be 
associated with EBV in endemic areas. The literature on 
the differences in behavior, tumor spread and prognosis 
among the different tumor classifications of NPC has been 
inconclusive thus far.2

 
Seventeen out of 57 cases (29.82%) stained positive for 
WT1, and all were of the undifferentiated subtype. In 
addition, the majority (n=14; 82.35%) of the positive cases 
showed diffuse to granular cytoplasmic expression. Two 
cases showed nuclear expression, and one case exhibited 
both nuclear and cytoplasmic expression. Approximately 
half of cases (n=8) stained weakly for WT1, and a slightly 
higher number stained with a moderate intensity (n=9). 
None of the cases stained with a strong intensity. 

No equivalent comparisons of the results can be made 
in the literature due to the lack of studies documenting 
WT1 immunostaining in NPC. As such, the results were 
compared with studies done on cancers of the head and 
neck as well as cancers in various other organ systems. 
The degree of WT1 expression in NPC seen in our study 
was higher than the results obtained by Leader et al.20 in 
their study on salivary gland neoplasms. The exception 
is polymorphous adenocarcinoma which showed positive 
WT1 expression in 11 out of 12 cases. Our study also 
showed higher WT1 expression rates in NPC compared 
with oral SCCs as studied by Mikami et al. (6.9%)32 and 
Fattahi et al. (6.2%).36 Conversely, our results differ 
from the findings of Oji et al., wherein six out of six 
cases of oral SCCs were reportedly positive for WT1 via 
immunohistochemistry.35

 
A study conducted by Nakatsuka et al.15 in 2006 included 
a wide variety of cancers. They used polyclonal (C-19) 
and monoclonal (6F-H2) antibodies for assessing WT1 
immunostaining; this monoclonal antibody was the same 
used in our study. Both nuclear and cytoplasmic staining 
were considered. They found discrepant immunostaining 
results between the two antibodies in 129 out of 338 cases 
(38%) studied. For the 6F-H2 antibody, they found a wide 
range of expression rates (5-81%). The cancer types that 
showed less than 50% expression rates among cases were 
cervical (5%), prostate (25%), lung (30%), urothelial (33%), 
renal (36%), gastric (42%) and esophageal (45%). The 
cancer types which showed greater than 50% expression 

Table 5. Association of WT1 immunostaining with strength of 
staining and localization

Variable
Strength of Staining p-value

Weak 
(n=8)

Moderate 
(n=9)

Negative 
(n=40)

Fisher’s 
Exact

Tumor Classification
Differentiated
Undifferentiated

0
8 (100.00)

0
9 (100.00)

8 (20.00)
32 (80.00)

0.221

Localization (Differentiated)
Cytoplasmic
Mixed
Nuclear

0
0
0

0
0
0

0
0
0

–

Localization (Undifferentiated)
Cytoplasmic
Mixed
Nuclear

8 (100.00)
0
0

6 (66.67)
1 (11.11)
2 (22.22)

0
0
0

0.329
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rates were breast (52%), pancreatic (65%), ovarian (66%), 
biliary (68%), colorectal (69%) and endometrial (81%). 

Overall, the degree of WT1 expression in NPC is higher 
compared to head and neck cancers and lower compared 
to cancers of other organ systems; exceptions being cancers 
of the uterine cervix, lung and prostate. 

Our study also found a significant association between 
tumor classification and positive WT1 immunostaining. 
Current evidence shows no clinical difference in the 
behavior between the differentiated and undifferentiated 
subtypes of NK-SCC of the nasopharynx.2 As such, 
whether or not the association has any relevance needs 
further study given the small sample size and limited 
knowledge regarding the role of WT1 in NPC. A 
comprehensive NPC-related genomic survey conducted 
by Hu et al.41 did not specifically-include WT1. 

No other statistically significant associations were found. 

Limitations
The study was inherently limited by its retrospective 
nature. Due to the dearth of information on WT1 
expression in nasopharyngeal carcinoma, the study aimed 
to offer only an initial glimpse into a possible role of the 
gene in this subset of head and neck cancers. The small 
sample size (N=57) also limited the analysis which could 
be made due to the limited NPC tumor classifications 
represented. The study is also limited to documenting the 
strength and localization of WT1 immunostaining and 
the number of positive versus negative cases. Correlating 
these results with clinical factors, morphologic features 
and other variables is beyond the scope of this study. 

Conclusion 

To the best of our knowledge, this is the first study in the 
English literature that has studied the immunohistochemical 
expression of WT1 in NPC. Expression of WT1 was 
documented in a considerable proportion (29.82%) of 
NPC cases included in our study. All of the positive cases 
were NK-SCCs of undifferentiated subtype. The vast 
majority of the positive cases showed cytoplasmic staining. 

Recommendations
Additional data collection is needed to expand on the 
preliminary information from this study. Prospective 
studies with larger sample sizes are strongly recommended. 

Specifically, the results and observations made during 
the conduct of the study point to meaningful avenues for 
further exploration along several possible routes:

1.	 Confirmation of WT1 gene products – Previous 
studies have shown that WT1 immunostaining is 
specific for detecting WT1 protein in malignant 
tumors. This was in the form of mRNA detected via 
RT-PCR or WT1 peptide isolated via Western Blot. 
This has yet to be proven for NPC specifically, and 
confirmation would be ideal. 

2.	 Antibody type – The 6F-H2 antibody used in this 
study recognizes the N terminus of the WT1 protein. 
If the N terminus is lacking, then sensitivity would 

be affected. Nakatsuka et al. found different staining 
results between polyclonal and monoclonal WT1 
antibodies in 129 out of 338 cases (38%) studied.15 
Further studies using a polyclonal antibody to detect 
other isoforms of the WT1 protein may provide 
additional useful information. 

3.	 WT1 allele – In prior studies of WT1 expression 
in other cancers, the WT1 gene was usually of 
the wild-type allele. This was revealed through 
genomic sequencing of the WT1 gene in cancers 
with WT1 overexpression. Genomic sequencing of 
the WT1 gene in cases of NPC, in correlation with 
immunohistochemistry results, might provide useful 
information. Current knowledge about the complex 
nature of NPC oncogenesis does not mention a role 
for WT1.41 The complex pathology of NPC is still 
unravelling and yet to be fully understood. 

4.	 Tumor classification and WT1 staining – Our study 
showed a statistically significant association between 
tumor classification and WT1 immunostaining. 
The limited literature regarding the role of WT1 
in NPC and the study limitations preclude further 
interpretation of this finding. Additional studies 
investigating this association are recommended. 

5.	 Histomorphology and WT1 staining – Our 
study did not correlate between WT1 staining 
and histomorphologic features. Analyzing the 
extent, localization and intensity of WT1 staining 
and their association with morphologic features 
is recommended. 

6.	 Recurrent and resistant cases of NPC – Our study 
included only newly-diagnosed cases of NPC that 
have not yet undergone treatment. The pattern 
of WT1 expression may be different in cases of 
metastatic, recurrent or cases that are non-responsive 
to conventional treatment. Given the possible changes 
at the genetic and molecular level that have occurred 
in this subset of NPCs, studying WT1 expression in 
this population may provide valuable insight.

7.	 Tumor microenvironment – We have observed WT1 
staining among some tumor-related elements, namely 
the endothelial cells of the tumor blood vessels and 
the associated lymphocytes. Given the lymphocyte-
rich morphology of NPC and association with EBV, 
further study of this observation and its possible 
therapeutic implications is recommended. Other 
authors have observed similar WT1 staining in the 
tumor-related elements in other tumor types.15,23,24 

8.	 Prognosis and correlation with other antigens – 
To date, only the presence of EBV viral DNA has 
been incorporated clinically as a distinct prognostic 
marker for NPC.2 Previous studies have suggested a 
correlation between WT1 expression in solid cancers 
and poorer prognosis, though this remains unsettled. 
Further study may be done to determine if WT1 
expression in NPC is connected with tumor behavior 
and whether correlation with EBV-related antigens 
(such as LMP1, LMP2, EBNA1 and EBER) is present.

9.	 WT1 peptide vaccination in NPC – Early trials using 
various immunotherapy agents for cases of advanced 
NPC are ongoing.9,10 None are currently for WT1. 
Our study has shown that some cases of NPC express 
WT1. Further data is needed in order to determine 
the feasibility of WT1 peptide vaccination for NPC.
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This study provided a glimpse into the role of WT1 in 
NPC. The results indicate that a subset of NPCs express 
WT1. Additional studies examining this relationship in 
larger populations are recommended. In addition, the 
results presented here provided potential rationales for 
the further study of WT1 and its association with NPC. 

ACKNOWLEDGMENTS

The authors thank the Surgical Pathology Section of the 
Department of laboratories of the Philippine General 
Hospital for their invaluable contribution to this research. 
Specifically, Dr. Michele Hernandez-Diwa (section head), 
Dr. Karen Cybelle Sotalbo (vice section head), Esmeralda 
Talplacido (section supervisor) and the following medical 
technologists and administrative staff: Renee Rose Martos, 
Ma. Theresa Cargo, Ma. Belinda Cabanes, Jick Tarrayo, 
Jameson Malabanan, Jogie Qiambao, Mary Rose Hallig 
and Mr. Al Ela.

STATEMENT OF AUTHORSHIP

All authors certified fulfillment of ICMJE authorship 
criteria.

Author Disclosure

The authors declared no conflict of interest.

Funding Source

None. 

References

1.	 Sarmiento MP, Mejia MB. Preliminary assessment 
of nasopharyngeal carcinoma incidence in the 
Philippines: a second look at published data from four 
centers. Chin J Cancer. 2014; 33(3):159-64. PMID: 
23958058. PMCID: PMC3966143. https://doi.org/ 
10.5732/cjc.013.10010.

2.	 El-Naggar AK, Chan JKC, Grandis JR, Takata 
T, Slootweg PJ, eds. World Health Organization 
classification of head and neck tumours, 4th ed, Vol. 
9. Lyon: International Agency for Research on Cancer 
(IARC), 2017.

3.	 Goldblum J, Lamps L, McKenney J, Myers J. In: Rosai 
and Ackermann’s surgical pathology, 11th ed. USA: 
Mosby, Elsevier Inc., 2018.

4. Hildesheim A, Wang CP. Genetic predisposition 
factors and nasopharyngeal carcinoma risk: a 
review of epidemiological association studies, 
2000-2011: Rosetta Stone for NPC: genetics, viral 
infection, and other environmental factors. Semin 
Cancer Biol. 2012;22(2):107-16. PMID: 22300735. 
PMCID: PMC3296903. https://doi.org/10.1016/j.
semcancer.2012.01.007.

5.	 Kong L, Lu JJ, Guo X, Wu Y, Zhang Y. The risk of 
second primary tumors in patients with nasopharyngeal 
carcinoma after definitive radiotherapy. Cancer. 
2006;107(6):1287-93. PMID: 16909425. https://doi.
org/10.1002/cncr.22119.

6.	 Oka Y, Sugiyama H. WT1 peptide vaccine, one of the 
most promising cancer vaccines: its present status and 

the future prospects. Immunotherapy. 2010;2(5):591-
4. PMID: 20874639. https://doi.org/10.2217/imt.10.58.

7.	 Oiseth SJ, Aziz MS. Cancer immunotherapy: a brief 
review of the history, possibilities, and challenges 
ahead. J Cancer Metastasis Treat. 2017;3:250-61. 
https://doi.org/10.20517/2394-4722.2017.41.

8.	 Gong J, Chehrazi-Raffle A, Reddi S, Salgia R. 
Development of PD-1 and PD-L1 inhibitors as a form 
of cancer immunotherapy: a comprehensive review 
of registration trials and future considerations. J 
Immunother Cancer. 2018;6(1):8. PMID: 29357948. 
PMCID: PMC5778665. https://doi.org/10.1186/
s40425-018-0316-z.

9.	 Jain A, Chia WK, Toh HC. Immunotherapy for 
nasopharyngeal cancer – a review. Chin Clin 
Oncol. 2016;5(2):22. PMID: 27121882. https://doi.
org/10.21037/cco.2016.03.08.

10.	 Hsu C, Lee SH, Ejadi S, et al. Safety and antitumor 
activity of pembrolizumab in patients with 
programmed-death-ligand 1-positive nasopharyngeal 
carcinoma: results of the KEYNOTE-028 study. J Clin 
Oncol 2017;35(36):4050-6. PMID: 28837405. https://
doi.org/10.1200/JCO.2017.73.3675.

11.	 Oka Y, Tsuboi A, Taguchi T, et al Induction of WT1 
(Wilms' tumor gene)-specific cytotoxic T lymphocytes 
by WT1 peptide vaccine and the resultant cancer 
regression. Proc Natl Acad Sci USA. 2004;101(38):13885-
90. PMID: 15365188. PMCID: PMC518848. https://
doi.org/10.1073/pnas.0405884101.

12.	 Di Stasi A, Jimenez AM, Minagawa K, Al-obaidi M, 
Rezvani K. Review of the results of WT1 peptide 
vaccination strategies for myelodysplastic syndromes 
and acute myeloid leukemia from nine different 
studies. Front Immunol. 2015;6:36. PMID: 25699052. 
PMCID: PMC4316779. https://doi.org/10.3389/fimmu. 
2015.00036.

13.	 Oka Y, Tsuboi A, Kawakami M, et al. Development of 
WT1 peptide cancer vaccine against hematopoietic 
malignancies and solid cancers. Curr Med Chem. 
2006;13(20):2345-52. PMID: 16918359.

14.	 Carpentieri DF, Nichols K, Chou PM, Matthews 
M, Pawel B, Huff D. The expression of WT1 in the 
differentiation of rhabdomyosarcoma from other 
pediatric small round blue cell tumors. Mod Pathol. 
2002;15(10):1080-6. PMID: 12379755. https://doi.
org/10.1097/01.MP.0000028646.03760.6B.

15.	 Nakatsuka S, Oji Y, Horiuchi T, et al 
Immunohistochemical detection of WT1 protein in 
a variety of cancer cells. Mod Pathol. 2006;19(6)804-
14. PMID: 16547468. https://doi.org/10.1038/
modpathol.3800588.

16.	 Cheever MA, Allison JP, Ferris AS, et al. The 
prioritization of cancer antigens: a national cancer 
institute pilot project for the acceleration of translational 
research. Clin Cancer Res. 2009;15(17):5323-17. 
PMID: 19723653. PMCID: PMC5779623. https://doi.
org/10.1158/1078-0432.CCR-09-0737.

17.	 Kumar V, Abbas A, Aster J. Robbins and Cotran 
pathologic basis of disease, 9th ed. Philadelphia, PA: 
Elsevier/Saunders, 2015.

18.	 Call KM, Glaser T, Ito CY, et al Isolation and 
characterization of a zinc finger polypeptide gene at 
the human chromosome 11 Wilms’ tumor locus. Cell. 
1990;50(3):509-20. PMID: 2154335.

19.	 Yang L, Han Y, Suarez Saiz F, Minden MD. A tumor 
suppressor and oncogene: the WT1 story. Leukemia. 

http://philippinejournalofpathology.org | Vol. 4 No. 1 June 2019

Manasan et al, Immunohistochemical Expression of WT1 in Nasopharyngeal Carcinoma Among Filipino Philippine Journal of Pathology | 32



2007;21(5)868-76. PMID: 17361230. https://doi.
org/10.1038/sj.leu.2404624.

20.	 Leader R, Deol-Poonia RK, Sheard J, Triantafyllou 
A. Immunohistochemical localization of WT1 
in epithelial salivary tumors. Pathol Res Pract. 
2014;210(11):726-32. PMID: 25086675. https://doi.
org/0.1016/j.prp.2014.06.029.

21.	 Al-Adnani M, Williams S, Anderson J, Ashworth 
M, Malone M, Sebire NJ. Immunohistochemical 
nuclear positivity for WT1 in childhood 
acute myeloid leukemia. Fetal Pediatr Pathol. 
2007;26(4):193-7. PMID: 18075834. https://doi.org/ 
10.1080/15513810701696957.

22.	 Oji Y, Miyoshi S, Maeda H, et al. Overexpression of 
the Wilms' tumor gene WT1 in de novo lung cancers. 
Int J Cancer. 2002;100(3):297-303. PMID: 12115544. 
https://doi.org/10.1002/ijc.10476.

23.	 Kim A, Park EY, Kim K, et al. Prognostic significance 
of WT1 expression in soft tissue sarcoma. World J 
Surg Oncol. 2014;12:214. PMID: 25026998. PMCID: 
PMC4114094. https://doi.org/10.1186/1477-7819-12-
214.

24.	 Magro G, Salvatorelli L, Puzzo L, Musumeci G, 
Bisceglia M, Parenti R. Oncofetal expression of Wilms’ 
tumor 1 (WT1) protein in human fetal, adult and 
neoplastic skeletal muscle tissues. Acta Histochem. 
2015;117(4-5):492-504. PMID: 25800978. https://doi.
org/10.1016/j.acthis.2015.02.012.

25.	 Ueda T, Oji Y, Naka N, et al Overexpression of the 
Wilms' tumor gene WT1 in human bone and soft-
tissue sarcomas. Cancer Sci. 2003;94(3):271-6. PMID: 
12824921. https://doi.org/10.1111/j.1349-7006.2003.
tb01432.x.

26.	 Oji Y, Suzuki T, Nakano Y, et al. Overexpression of the 
Wilms' tumor gene WT1 in primary astrocytic tumors. 
Cancer Sci. 2004;95(10):822-7. PMID: 15504250. 
https://doi.org/10.1111/j.1349-7006.2004.tb02188.x.

27.	 Niksic M, Slight J, Sanford JR, Caceres JF, Hastie 
ND. The Wilms’ tumour protein (WT1) shuttles 
between nucleus and cytoplasm and is present 
in functional polysomes. Hum Mol Genet. 
2004;13(4):463-71. PMID: 14681305. https://doi.
org/10.1093/hmg/ddh040.

28.	 Waldstrøm M, Grove A. Immunohistochemical 
expression of Wilms tumor gene protein in different 
histologic subtypes of ovarian carcinomas. Arch Pathol 
Lab Med. 2005;129(1):85-8. PMID: 15628914.

29.	 Foster MR, Johnson JE, Olson SJ, Allred DC. 
Immunohistochemical analysis of nuclear versus 
cytoplasmic staining of WT1 in malignant mesotheliomas 
and primary pulmonary adenocarcinomas. Arch Pathol 
Lab Med. 2001;125 (10)1316-20. PMID: 11570906.

30.	 Ye Y, Raychaudhuri B, Gurney A, Campbell CE, Williams 
BR. Regulation of WT1 by phosphorylation: inhibition 
of DNA binding, alteration of transcriptional activity 
and cellular translocation. EMBO J. 1996;15(20):5606-
15. PMID: 8896454. PMCID: PMC452305.

31.	 Oji Y, Yamamoto H, Nomura M, et al. Overexpression 
of the Wilms’ tumor gene WT1 in colorectal 
adenocarcinoma. Cancer Sci. 2003;94(8):712-7. PMID: 
12901797. https://doi.org/10.1111/j.1349-7006.2003.
tb01507.x.

32.	 Mikami T, Hada T, Chosa N, Ishisaki A, Mizuki H, 
Takeda Y. Expression of Wilms’ tumor 1 (WT1) in 
oral squamous cell carcinoma. J Oral Pathol Med. 
2013;42(2):133-9. PMID: 22672247. https://doi.
org/10.1111/j.1600-0714.2012.01182.x.

33.	 Li X, Ottosson S, Wang S, et al. Wilms’ tumor gene 
1 regulates p63 and promotes cell proliferation in 
squamous cell carcinoma of the head and neck. BMC 
Cancer. 2015;15:342. PMID: 25929687. PMCID: 
PMC4421988. https://doi.org/10.1186/s12885-015-
1356-0.

34.	 Lee A, Lydiatt W, Colevas A, et al. Nasopharynx. In: 
Amin MB, et al. (eds). AJCC cancer staging manual. 
8th ed., 2017. 

35.	 Oji Y, Inohara H, Nakazawa M. Overexpression of the 
Wilms' tumor gene WT1 in head and neck squamous 
cell carcinoma. Cancer Sci. 2003;94(6):523-9. PMID: 
12824878. https://doi.org/10.1111/j.1349-7006.2003.
tb01477.x.

36.	 Fattahi S, Rahmani SZ, Vosoughhosseini S, Rahmani 
SP. Configuring the expression of Wilms’ tumor 1 in 
oral squamous cell carcinoma and its relationship 
with clinicopathologic features. J Dent App. 
2016;3(4):349-52.

37.	 Ohno S, Okuyama R, Aruga A, Sugiyama H, 
Yamamoto M. Phase I trial of Wilms’ tumor 1 (WT1) 
peptide vaccine with GM-CSF or CpG in patients with 
solid malignancy. Anticancer Res. 2012;32(6):2263-9. 
PMID: 22641661.

38.	 Oka Y, Tsuboi A, Nakata J, et al. Wilms' tumor gene 
1 (WT1) peptide vaccine therapy for hematological 
malignancies: from CTL epitope identification to recent 
progress in clinical studies including a cure-oriented 
strategy. Oncol Res Treat. 2017; 40(11):682-90. PMID: 
29041012. https://doi.org/10.1159/000481353.

39.	 Nishida S, Ishikawa T, Egawa S, et al. Combination 
gemcitabine and WT1 peptide vaccination improves 
progression-free survival in advanced pancreatic ductal 
adenocarcinoma: a phase II randomized study. Cancer 
Immunol Res. 2018;6(3):320-21. PMID: 29358173. 
https://doi.org/10.1158/2326-6066.CIR-17-0386.

40.	 Qi XW, Zhang F, Wu H, et al. Wilms’ tumor 1 (WT1) 
expression and prognosis in solid cancer patients: 
a systematic review and meta-analysis. Sci Rep. 
2015;5:8924. PMID: 25748047. PMCID: PMC4352850. 
https://doi.org/10.1038/srep08924.

41.	 Hu C, Wei W, Chen X, et al. A global view of the 
oncogenic landscape in nasopharyngeal carcinoma: 
an integrated analysis at the genetic and expression 
levels. PLoS ONE. 2012;7(7):e41055. PMID: 
22815911. PMCID: PMC3398876. https://doi.
org/10.1371/journal.pone.0041055.

Disclaimer: This journal is OPEN ACCESS, providing immediate access to its content on the principle that making research freely available to the 
public supports a greater global exchange of knowledge. As a requirement for submission to the PJP, all authors have accomplished an AUTHOR 
FORM, which declares that the ICMJE criteria for authorship have been met by each author listed, that the article represents original material, 
has not been published, accepted for publication in other journals, or concurrently submitted to other journals, and that all funding and conflicts 
of interest have been declared. Consent forms have been secured for the publication of information about patients or cases; otherwise, authors 
have declared that all means have been exhausted for securing consent. 

http://philippinejournalofpathology.org | Vol. 4 No. 1 June 2019

Manasan et al, Immunohistochemical Expression of WT1 in Nasopharyngeal Carcinoma Philippine Journal of Pathology | 33


