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Abstract
AIM: To assess NY-ESO-1 expression in a cohort of 
esophageal adenocarcinomas.

METHODS: A retrospective search of our tissue ar-
chive for esophageal resection specimens containing 
esophageal adenocarcinoma was performed, for cases 
which had previously been reported for diagnostic pur-
poses, using the systematised nomenclature of human 
and veterinary medicine coding system. Original hae-
matoxylin and eosin stained sections were reviewed, 
using light microscopy, to confirm classification and 
tumour differentiation. A total of 27 adenocarcinoma 
resection specimens were then assessed using immu-
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nohistochemistry for NY-ESO-1 expression: 4 well dif-
ferentiated, 14 moderately differentiated, 4 moderate-
poorly differentiated, and 5 poorly differentiated. 

RESULTS: Four out of a total of 27 cases of esopha-
geal adenocarcinoma examined (15%) displayed dif-
fuse cytoplasmic and nuclear expression for NY-ESO-1. 
They displayed a heterogeneous and mosaic-type pat-
tern of diffuse staining. Diffuse cytoplasmic staining 
was not identified in any of these structures: stroma, 
normal squamous epithelium, normal submucosal gland 
and duct, Barrett’s esophagus (goblet cell), Barrett’s 
esophagus (non-goblet cell) and high grade glandular 
dysplasia. All adenocarcinomas showed an unexpected 
dot-type pattern of staining at nuclear, paranuclear 
and cytoplasmic locations. Similar dot-type staining, 
with varying frequency and size of dots, was observed 
on examination of Barrett’s metaplasia, esophageal 
submucosal gland acini and the large bowel negative 
control, predominantly at the crypt base. Furthermore, 
a prominent pattern of apical (luminal) cytoplasmic 
dot-type staining was observed in some cases of Bar-
rett’s metaplasia and also adenocarcinoma. A further 
morphological finding of interest was noted on exami-
nation of haematoxylin and eosin stained sections, as 
aggregates of lymphocytes were consistently noted to 
surround submucosal glands. 

CONCLUSION: We have demonstrated for the first 
time NY-ESO-1 expression by esophageal adenocarci-
nomas, Barrett’s metaplasia and normal tissues other 
than germ cells. 

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: NY-ESO-1 is a cancer-testis antigen of particu-
lar interest, as it displays exceptional immunogenicity 



The location of  esophageal stem cells remains open 
to debate, but an emerging theory proposes a location 
within the submucosal gland/duct unit[8-11]. A further sug-
gested location is the basal compartment of  the interpap-
illary layer of  the squamous epithelium[12]. Indeed, it may 
be the case that more than one population of  progenitor 
cells exists within the esophagus[6]. 

MATERIALS AND METHODS
Subjects and specimen collection
The study was approved by the National Research Ethics 
Service (NRES Committee North West-Cheshire, Rec 
reference: 11/NW/0632). A retrospective search was 
made of  the tissue archive at Salford Royal NHS Founda-
tion Trust for esophageal resection specimens containing 
EAC. This search was made over a 7 month period, using 
the systematised nomenclature of  human and veterinary 
medicine coding system, for cases which had previously 
been reported for diagnostic purposes. This search re-
vealed a total of  27 EAC cases: 4 well differentiated; 14 
moderately differentiated; 4 moderate-poorly differenti-
ated and 5 poorly differentiated. Original sections, stained 
with haematoxylin and eosin (HE), were reviewed using 
light microscopy, by a histopathologist with a gastrointes-
tinal interest (Hayes SJ), to confirm classification and tu-
mour differentiation. One representative section of  each 
tumour was selected for IHC, and these sections were 
noted to include the following additional components: 
27/27 stroma; 22/27 normal squamous epithelium; 7/27 
normal esophageal duct; 10/27 normal submucosal 
gland; 9/27 BE (goblet cell); 3/27 BE (non-goblet cell, 
cardiac type); 1/27 BE (non-goblet cell, fundic-type); 
1/27 high grade glandular dysplasia. 

Immunohistochemistry
All tissues had been fixed in neutral buffered formal-
dehyde and processed into paraffin wax by standard 
histological methods. Further 3 μm thick sections were 
cut and placed on adhesive coated slides (Snowcoat, Sur-
gipath Europe). Sections were dried overnight at 60 ℃. 

IHC staining was performed using a Leica Bond Max 
immunostainer. Antigen retrieval was done for 25 min at 
high pH using Bond epitope retrieval solution 2, (Leica 
AR9640). NY-ESO-1 was identified using anti-NY-
ESO-1, clone E978 (Invitrogen), diluted 1 + 400 for 30 
min. Antibody binding was visualised using a Bond poly-
mer refine detection kit (Leica DS9800) according to the 
manufacturer recommendations. The sections were then 
dehydrated, cleared and cover-slipped.

Sections of  normal adult testis were used as a positive 
control. Normal colon, thyroid gland and omentum were 
selected as negative control sections.

RESULTS
Out of  a total of  27 cases of  EAC examined, 4 cases 
(15%) displayed diffuse cytoplasmic and nuclear ex-
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- hence, it is an attractive candidate for cancer vaccine 
therapy. To our knowledge, we have demonstrated 
for the first time, using immunohistochemistry, strong 
and diffuse nuclear and cytoplasmic expression for 
NY-ESO-1 in a cohort of esophageal adenocarcinoma 
cases. We have also demonstrated NY-ESO-1 expres-
sion in normal tissues other than germ cells, albeit as 
dot-positivity, indicating shared protein expression and 
association between primitive germ cells and somatic 
cells. We further relate our findings to proposed loca-
tions of stem cells in the esophagus and large bowel. 
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INTRODUCTION
Cancer-testis antigens (CT Ag) are a subset of  cancer 
antigens which are widely expressed by a variety of  ma-
lignant tumours. NY-ESO-1 is a CT Ag of  particular 
interest, as it displays exceptional immunogenicity, mak-
ing it an attractive candidate for cancer vaccine therapy[1]. 
Previous studies have reported it to be expressed by sper-
matogonia, oogonia and placenta. 

NY-ESO-1 is expressed in varying frequency by many 
types of  malignant tumour: immunohistochemical (IHC) 
studies for example have shown expression in 7/130 
(6%) of  endometrial carcinomas; 13/52 (25%) of  non 
small cell carcinomas of  the lung; and 18/22 (82%) of  
neuroblastomas. Two separate IHC studies of  squamous 
carcinoma of  the esophagus have shown expression in 
44/213 (21%) and 18/56 (32%) of  cases[1].

NY-ESO-1 has also been shown to be expressed 
by mesenchymal stem cells, using immunofluorescence 
performed on cultured cells derived from bone marrow 
aspirates and fetuses[2]. 

To our knowledge, its expression in esophageal ad-
enocarcinoma (EAC) has not been investigated. Hence, 
further study is warranted, as this malignancy represents 
an attractive candidate for cancer vaccine treatment. 

EAC has shown an increasing incidence over the past 
three decades, and it has a poor prognosis, with a 5 year 
survival rate of  less than 10%[3,4]. Barrett’s esophagus (BE) 
is a metaplastic pre-malignant lesion for EAC, and both 
BE and EAC are considered of  stem cell derivation, in 
accordance with the cancer stem cell theory[3,5-7].

In this study, we investigate NY-ESO-1 expression by 
IHC in a cohort of  27 EAC resection specimens; these 
specimens contained other esophageal tissue structures, 
including putative stem cell compartments, and this pro-
vides an additional opportunity to explore the proposi-
tion made by Cronwright et al[2], of  NY-ESO-1 represent-
ing a stem cell marker. 



pression for NY-ESO-1: 2 moderately differentiated; 1 
moderately-poorly differentiated; 1 poorly differentiated. 
They displayed a heterogeneous and mosaic-type pattern 
of  diffuse staining (Figure 1A). Furthermore, the pattern 
of  staining seen in all 4 cases was noted to have a rather 
granular pattern (Figure 1B).

As noted in the methodology, the cancer cases se-
lected for assessment of  NY-ESO-1 expression also con-
tained the following tissue components: stroma; normal 
squamous epithelium; normal submucosal gland/duct; 
BE (goblet cell); BE (non-goblet cell); and high grade 
glandular dysplasia. 

  Diffuse cytoplasmic staining was not identified in 
any of  these structures (P value < 0.005, χ 2 test). Howev-
er, an interesting dot-type pattern of  expression for NY-
ESO-1 was detected in all of  these structures, with vary-
ing frequency and sizes of  dots. Individual cells contained 
single or multiple dots, which were present at different 
cellular locations (nuclear, paranuclear and cytoplasmic). 

Occasional extremely small and barely discernible 
speckles of  NY-ESO-1 expression were identified at the 
following locations and frequency: stroma (17/27); basal 
aspect of  squamous epithelium (12/22); normal duct 
(5/7); BE, non-goblet cell-fundic type (1/1). 

A dot-type pattern of  staining comprising of  more 
frequent and predominantly larger (medium sized dots), 
was seen at the following locations: normal submucosal 
gland (7/10, Figure 1C); BE, goblet cell (9/9); BE, non-
goblet cell-antral type (3/3). These larger dots were also 
located at nuclear, paranuclear and cytoplasmic locations. 

A further interesting pattern of  staining was seen on 
examination of  8/9 BE cases (goblet cell type) and in 
1/3 of  the cases of  BE (antral type); these cases demon-
strated a prominent pattern of  apical (luminal) cytoplas-
mic dot-type staining (Figure 1D). 

The largest and most frequent dots were identified 
in cases of  high grade glandular dysplasia (HGD) (1/1) 
and EAC (27/27) (Figure 1E). Of  the 4 cases of  EAC 
demonstrating a diffuse heterogeneous pattern of  ex-
pression, the areas of  tumour with an absence of  diffuse 
cytoplasmic expression did show a pattern of  dot-type 
expression. One case of  EAC which appeared moderate-
ly differentiated showed prominent cytoplasmic dot-type 
staining, with dots seen to be closely located and coalesc-
ing in places (perhaps representing incipient diffuse stain-
ing). Two cases of  EAC (one well differentiated and one 
moderately-poorly differentiated) showed a prominent 
apical cytoplasmic pattern of  staining, similar to that seen 
in BE (Figure 1F).

Some variation in dot size was identified in EAC (i.e., 
as well as large dots being present, some medium sized 
dots were also identified). Variation was also demon-
strated in the frequency of  dots seen; most cases of  EAC 
showed a high frequency of  dot-type staining, but 2 cases 
(one well differentiated and the other poorly differentiat-
ed) showed only a scanty pattern of  dot-type expression. 

A further morphological finding of  interest was noted 
on examination of  HE stained sections; aggregates of  
lymphocytes were consistently seen to surround submu-

cosal glands in the tissue sections examined. 
The positive control sections of  adult testis showed 

cytoplasmic and nuclear basal staining of  spermatogonia 
and primary spermatocytes, in accordance with that re-
ported by previous studies[2] (Figure 1G).

Thyroid gland and omentum, used as negative control 
sections consistently showed an absence of  staining for 
NY-ESO-1. However, sections of  large bowel used as a 
negative control displayed occasional unexpected medi-
um-sized dot-type staining. A total of  9/11 large bowel 
negative control sections showed dot-expression for NY-
ESO-1 (nuclear, paranuclear and cytoplasmic locations). 
The total number of  dots observed was 26, of  which 19 
(73%) were located at the crypt base and 7 (27%) were 
located at a mid-crypt location. 

It was noted that one basal crypt showed a particularly 
interesting pattern of  dot-expression, containing a nuclear 
dot, a paranuclear dot and two cytoplasmic dots (both of  
which were located in alignment with and apparently cor-
responding to the paranuclear dot) (Figure 1H).

DISCUSSION
To our knowledge, we have demonstrated for the first 
time, using IHC methodology, strong and diffuse nuclear 
and cytoplasmic expression for NY-ESO-1 in a cohort of  
EAC cases (15%); this is comparable to the frequencies 
of  expression reported in esophageal squamous carcino-
ma (21% and 32%)[1]. Our findings indicate that at least 
a sub-set of  EACs may be responsive to cancer vaccine 
treatment. 

In this study, diffuse expression was noted in tu-
mours that appeared moderately, moderately-poorly and 
poorly differentiated. None of  the well differentiated 
tumours examined showed evidence of  diffuse staining. 
Therefore, these findings suggest an association between 
NY-ESO-1 expression in EAC and a more poorly differ-
entiated phenotype. 

Furthermore, all of  the tumours demonstrating dif-
fuse expression showed evidence of  heterogeneity, with 
an interesting mosaic-type pattern (Figure 1A). We specu-
late this to relate to a general signalling defect, perceived 
by localised groups of  cells over-expressing NY-ESO-1, 
or alternatively, localised amplification of  stem cell activ-
ity. As cancer-testis antigen expression is thought to be 
regulated epigenetically, it is uncertain whether the het-
erogeneous pattern of  NY-ESO-1 expression observed 
in this and previous studies are a stable trait, or whether 
it varies over time (i.e., those cells not expressing the pro-
tein at one time point may demonstrate expression at a 
separate time point)[11]. As such, it is at present uncertain 
whether heterogeneity of  expression would affect re-
sponse to cancer vaccine therapy. 

This study describes a varying frequency and size of  
dot-type staining (nuclear, paranuclear and cytoplasmic) 
within normal esophageal tissue compartments, BE, 
HGD and EAC. Occasional dot-type expression for NY-
ESO-1, involving extremely small speckles of  expression, 
were identified by the stroma, esophageal squamous epi-
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light microscopy. 
Larger and more frequent dot-type expression was 

identified by submucosal glands, BE (goblet cell-type) 

thelium (towards its base), submucosal gland ducts and 
BE (fundic-type). These findings are of  uncertain sig-
nificance, as these speckles were barely identifiable using 

A B

C D

E F

G H

Figure 1  Immunohistochemistry images. A: Esophageal adenocarcinoma (EAC) demonstrating diffuse, heterogeneous and mosaic-type expression for NY-ESO-1 
(immunohistochemistry, IHC × 10); B: EAC showing a diffuse and granular pattern of cytoplasmic NY-ESO-1 expression (IHC × 40); C: Esophageal submucosal gland 
demonstrating dot-type expression for NY-ESO-1 (IHC × 60); D: Barrett’s esophagus of intestinal-type showing apical cytoplasmic dot-type expression for NY-ESO-1 
(IHC × 60); E: EAC showing nuclear dot-type expression for NY-ESO-1 (IHC × 60); F: Well differentiated EAC with apical cytoplasmic dot-type expression for NY-
ESO-1 (IHC × 60); G: Positive control (testis) demonstrating diffuse NY-ESO-1 expression which is restricted to primitive germ cells (IHC × 20); H: Negative control 
(colon) with dot-type pattern at nuclear, paranuclear and cytoplasmic locations, involving a basal crypt. Two of the cytoplasmic dots show alignment and apparent 
relationship to the paranuclear dot (IHC × 60).
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and BE (antral-type). The largest dots were seen in HGD 
and EAC. 

A pattern of  dot-type staining on examination of  
IHC markers at multiple cellular locations is highly un-
usual. The possibility has been considered of  it represent-
ing a staining artefact. However, NY-ESO-1 expression 
was noted to be strong and crisp in the tissue sections 
examined, including the positive control, and there was 
an absence of  background staining; in our experience, 
these features indicate the experimental technique to have 
worked appropriately. As such, we consider the possibility 
of  staining artefact to be unlikely and the unusual pattern 
of  expression seen suggests a biological process of  great 
interest. It is more typical in histopathological practice, 
for instance, to observe dot-type staining for IHC mark-
ers at a single location, such as paranuclear staining for 
CK20 in Merkel cell carcinoma. 

It is uncertain as to what these dots actually represent, 
and this will require further investigation. They do not 
with any certainty represent the structure of  an organelle, 
but perhaps more likely relate to aggregates of  protein. 

A further purpose of  this study was to investigate 
putative esophageal stem cell compartments. Stem cells 
within the gastrointestinal tract have proven histologically 
elusive, making it necessary to define IHC markers to 
identify them. Some previous success has been achieved 
in defining candidate stem cell markers in the large 
bowel, such as LgR5 and CD133[5,13]; at this location, for 
example, investigation using LgR5 has helped to clarify 
the presence of  multiple stem cells, residing at the crypt 
base[13]. In relation to these findings, we have described 
unexpected dot-type staining for NY-ESO-1, predomi-
nantly located at the bases of  crypts, on examination of  
colonic tissue used as a negative control; this adds further 
support to the proposition made by Cronwright et al[2], of  
NY-ESO-1 representing a stem cell marker.

Stem cell expression for NY-ESO-1 could be per-
ceived as a potential handicap, considering that NY-
ESO-1 is currently being targeted by cancer vaccine treat-
ment; however, vaccine treatment targeting NY-ESO-1 
has been reported to be well tolerated, and this may relate 
to an important distinction between the dot expression 
and diffuse expression for NY-ESO-1[1].

The only normal tissue compartment examined which 
contained a larger and more frequent dot-type pattern of  
NY-ESO-1 expression was the esophageal submucosal 
gland unit. As NY-ESO-1 has been proposed to repre-
sent a stem cell marker, this would support the emerging 
theory, postulating the submucosal gland to represent an 
esophageal stem cell compartment[2]. Of  further inter-
est, Cronwright et al[2] described NY-ESO-1 to localise to 
nucleoli-like structures in mesenchymal stem cells, repre-
senting a similar pattern to the nuclear dot-type staining 
observed in our study.

Furthermore, we have described the presence of  lym-
phoid aggregates, probably related to a process of  gastric 
reflux, which were consistently noted to show tropism 
for submucosal gland units; this inflammatory cell infil-
trate may have a role in activation of  stem cells within the 

submucosal gland. Additional supportive evidence for 
NY-ESO-1 representing a stem cell marker is provided 
by the presence of  significantly sized dot-type staining 
for NY-ESO-1 involving BE, HGD and EAC, which are 
all considered of  stem cell derivation[5-7]. 

Although BE showed expression for NY-ESO-1 at 
different cellular locations, expression was prominently 
demonstrated within the cytoplasm, often at an apical 
and luminal aspect. A similar pattern of  expression was 
also noted on examination of  EAC cases; a possible ex-
planation for this is that NY-ESO-1 may be involved in a 
process of  vesicle trafficking in BE and EAC, with para-
crine function associated with exocytosis into the esopha-
geal lumen. This process is thought to be involved in 
cellular communication, whereby microvesicles have been 
suggested to cause epigenetic reprogramming of  target 
cells[14]. Such a process could potentially contribute to the 
documented phenomenon of  field cancerization associ-
ated with BE and EAC[15]. Alternatively, vesicles in this 
instance may have a role in protein storage, or transport 
to another part of  the cell, such as the nucleus, depend-
ing on their function,  

A limitation of  this study is related to the rather dif-
ficult and subjective assessment of  dot size; this was ad-
dressed by the involvement of  a pathologist in this study 
(Hayes SJ) who has experience in morphological assess-
ment. Further studies should aim for further refinement 
in the accuracy of  dot size assessment. 

In conclusion, this study demonstrates, using IHC 
methodology, diffuse expression for NY-ESO-1 in a 
proportion of  EAC cases. Furthermore, it demonstrates 
for the first time, NY-ESO-1 to be expressed in normal 
tissues other than germ cells, albeit as dot-positivity. If  
further study could demonstrate dot-type expression in 
other normal tissues, then this would provide correlation 
with previously described, but unexplained, low levels 
of  NY-ESO-1 mRNA expression observed in normal 
tissues[16,17]. Our findings provide supportive evidence 
that NY-ESO-1 represents a stem cell marker, which in 
turn indicates shared protein expression and association 
between primitive germ cells and somatic stem cells. This 
study also provides supportive evidence for both the 
esophageal submucosal gland unit and the crypt base of  
large bowel to represent stem cell compartments. 

Finally, we advocate the merit of  future studies with 
an aim to further clarify the precise nature and function 
of  NY-ESO-1 expression in normal, metaplastic and 
neoplastic tissues. 
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and they are commonly termed cancer-testis antigens. NY-ESO-1 is a cancer-
testis antigen of particular interest, as it displays exceptional immunogenicity, 
making it an attractive candidate for cancer vaccine therapy.
Research frontiers
Esophageal adenocarcinoma is recognised as a difficult to treat malignancy 
with a poor prognosis and, as such, it represents an attractive candidate for 
cancer vaccine therapy. To our knowledge, NY-ESO-1 expression in esopha-
geal adenocarcinoma (EAC) has not been investigated. Hence, further study 
is warranted, as this malignancy represents an attractive candidate for cancer 
vaccine treatment. 
Innovations and breakthroughs
Authors have demonstrated for the first time, using immunohistochemistry, 
expression for NY-ESO-1 in a cohort of esophageal adenocarcinoma cases. 
They have also described a novel dot-type pattern of expression for NY-ESO-1 
in normal, metaplastic and neoplastic tissues. Their findings provide supportive 
evidence that NY-ESO-1 represents a stem cell marker, which in turn indicates 
shared protein expression and association between primitive germ cells and so-
matic stem cells. This work and other previous studies also provide supportive 
evidence for both the esophageal submucosal gland unit and the crypt base of 
large bowel to represent stem cell compartments. 
Applications
Esophageal adenocarcinoma expressing NY-ESO-1 represents a candidate for  
cancer vaccine therapy.
Terminology
Cancer-testis antigens: a subset of cancer antigens which are widely expressed 
by a variety of malignant tumours. NY-ESO-1: a CT Ag of particular interest 
which was initially discovered using serological identification of antigens by re-
combinant expression cloning (SEREX) methodology. Immunohistochemistry: a 
standardized method of using specific epitope(s) and antibody binding technol-
ogy, to localize and study expression of particular antigen(s)/marker(s). Stem 
cells: pluripotent cell lineage capable of potential differentiations or transdiffer-
entiations. 
Peer review
This is a novel study, demonstrating NY-ESO-1 expression in esophageal 
adenocarcinomas, which has utility with regard to further immunotherapy treat-
ment. Further studies are advocated in order to clarify the significance of the 
described dot-type expression in normal, metaplastic and neoplastic tissues. 
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