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R E S E A R C H A R T I C L E

The role of the NY-ESO-1 in the prognosis of
gastric cancer
Zvonimir Misir 1, Goran Glavčić 1, Suzana Janković 1, Ivan Kruljac 2, Jakša Čugura-Filipović 1, Kristina Čimić 3,
and Monika Ulamec 4,5∗

Gastric cancer (GC) is one of the most common malignancies worldwide and the fourth leading cause of cancer-related deaths. GC is a
multifactorial disease influenced by both environmental and genetic factors. Its most critical features include invasiveness and high
metastatic potential. Metastasis is a complex process, and our understanding of the mechanisms involved remains incomplete. Growing
evidence suggests that cancer-testis antigens (CTAs) play a crucial role in the metastatic potential of various tumors. Several studies
have linked CTA expression with lower tumor differentiation, higher metastatic potential, and poor chemotherapy response. New York
esophageal squamous cell carcinoma-1 (NY-ESO-1) antigen, part of the CTA group, is expressed in tumor tissues, while its expression in
normal tissues is restricted to spermatogonia. This study aimed to determine the expression of NY-ESO-1 in primary adenocarcinoma of
the stomach, both with and without metastasis in regional lymph nodes, and to compare it with TNM stage, age, gender, and survival.
We analyzed GC tissue from 53 node-negative and 55 node-positive primary gastric carcinoma patients for NY-ESO-1 expression using
immunohistochemical assay. The results were correlated with clinicopathological parameters and survival. Patients with positive
NY-ESO-1 expression in primary tumors had a median survival of 19.0 months (range 14.1–24.0), in contrast to those with negative
expression, who had a median survival of 52.0 months (range 0.0–133.3) (chi-square 7.99, P = 0.005). T status, N status, and NY-ESO-1
expression were all independently associated with shorter survival. No significant difference in NY-ESO-1 expression in primary tumors
was observed concerning lymph node metastasis status. In summary, our findings suggest that increased expression of NY-ESO-1 could
potentially serve as a prognostic biomarker for GC.
Keywords: Gastric cancer (GC), survival, New York esophageal squamous cell carcinoma-1 (NY-ESO-1), metastases.

Introduction
A million new cases of gastric cancer (GC) are diagnosed annu-
ally, making it one of the most prevalent and lethal malignan-
cies worldwide. According to the Global Cancer Observatory
(GLOBOCAN) 2020 data, it rates fifth in incidence and fourth
in cancer-related mortality worldwide [1, 2]. Although surgi-
cal resection remains the most effective treatment for locally
aggressive GC, many patients present at an advanced stage [3].
They require intensive chemotherapy, which results in poor
clinical outcomes [4], highlighting the need for novel prognostic
and therapeutic methods.

Early invasion and metastasis are some of the defin-
ing characteristics of GC and entail a sequence of events
known as the “invasion-metastasis cascade” [5]. DNA methy-
lation changes are important in moderating gene signature
and are recognized as a critical oncogenic mechanism in
GC [6–8]. These epigenetic alterations activate cancer-testis
antigens (CTAs) and play an active role in both early and
advanced stages of carcinogenesis [9, 10]. Additionally, the

tumor microenvironment (TME) represents a highly dynamic
part of the tumor that is implicated in tumorigenesis. As
an essential element of the TME, the tumor stroma affects
tumor biology and contributes to cancer initiation, progression,
metastasis, and therapeutic resistance [11].

CTAs are typically expressed in germ cells and placenta but
not in mature normal tissue. In a proportion of solid human
tumors, cancer-testis gene activation due to hypermethylation
and, consequently, elevated protein expression have been iden-
tified via analysis of various types of human cancer [7, 12–14].
Some studies suggest that they can play a critical function in the
progression of the cell cycle and in cell growth [15]. In addition,
there is growing evidence that CTA expression correlates with
tumors with a greater potential for malignancy, thus contribut-
ing to malignant behavior [13, 14, 16].

New York esophageal squamous cell carcinoma-1
(NY-ESO-1) belongs to the family of CTAs that is expressed in
GC and is known to elicit an integrated humoral and cellular
immune response in a high percentage of patients [13, 14].
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The mRNA expression levels of NY-ESO-1 range from approxi-
mately 17% to 24% of GC patients, whereas, at the protein level,
it was observed in up to 30% of GC patients using immunohis-
tochemistry analysis [17–20]. NY-ESO-1 was initially identified
in esophageal cancer and is highly immunogenic [12, 21]. Even-
tually, it was discovered that it was expressed in a variety of
cancers, including neuroblastoma, malignant melanoma, hepa-
tocellular carcinoma, breast cancer, and lung cancer [14, 16, 22].

It was demonstrated that approximately 75% of cancer
patients express this antigen at some stage during their
illness [13, 23, 24]. Due to its frequent expression in malig-
nancies and ability to elicit integrated humoral and cellular
immune responses, it is a promising immunotherapy target
for cancer [12, 13, 25, 26]. In GC, a neutral effect of NY-ESO-1
expression on prognosis was demonstrated [17].

The purpose of this investigation was to evaluate the
immunohistochemical expression of NY-ESO-1 in localized and
regionally aggressive (lymph node-positive) primary GC spec-
imens. Data were correlated to the relevant clinicopathological
parameters and overall survival.

Materials and methods
Patients
From January 1, 2005 to November 30, 2015, tumor paraffin
blocks from 108 patients with GC who did not receive neoad-
juvant radio-chemotherapy were obtained from the Ljudevit
Jurak Pathology Department Tumor Registry in Zagreb, Croa-
tia. Samples of total gastrectomy with lymphadenectomy spec-
imens were chosen. All patients with curable disease were
treated by either D1-plus (T1N0 stage) or D2 lymphadenectomy
with >15 lymph nodes harvested. There were 53 patients with
N0 disease and 55 patients with N+ disease.

Methods
Tumor tissue was fixed in 10% formaldehyde, and embedded
in paraffin using routine procedures, from which 5 μm thin
sections were cut and stained with hematoxylin and eosin (HE).
All cases were routinely diagnosed by pathologists and met
the WHO criteria for gastric adenocarcinoma, NOS. For each
patient, a representative block of tumor tissue was chosen, and
a tissue microarray (TMA) was conducted and analyzed on HE
slides. Depending on lymph node status (negative/positive),
tumors were divided into two categories.

The NY-ESO-1 primary monoclonal rabbit antibody was
used (gift from Professor Spagnoli, University of Basel,
Switzerland) [27, 28]. DAKO EnVisionTM+System, HRP (DAB)
was used to visualize positive reactions according to the manu-
facturer’s instructions. Hematoxylin was used to counterstain
the microscope specimens The immunohistochemical staining
of the entire section containing at least 1000 tumor cells (TCs)
was evaluated.

Two pathologists performed morphometric analysis for pro-
tein expression of investigated genes. A joint committee was
responsible for settling all disagreements. The expression of
proteins was analyzed in both epithelial and stromal cell com-
partments. Staining percentage was scored on a scale from

0 to 3; 0 (negative TCs); 1 (up to 10% positive TC); 2 (from 10%
to 50% positive TC); and 3 (more than 50% positive TC). The
intensity of staining was rated as 0-negative; 1-low, 2-medium,
and 3-high. Semi-quantification of protein expression was rep-
resented by immunoreactivity score (IRS) which was calculated
by multiplying staining percentage (0–3) and staining intensity
(0–3) to create a range of 0–9. IRS was labeled as: 0 = negative;
1–4 = low; 5–9 = high.

Clinical and histopathological data (age, gender, tumor size,
tumor type, TNM, vascular invasion, perineural invasion, and
median survival) were obtained from the patient data archive
of the University Hospital Center Sestre milosrdnice and the
Croatian Institute of Public Health, with all necessary ethical
approvals.

Ethical statement
Ethics committee approval (EP-7811/16-9) was obtained from
the University Hospital Center Sestre milosrdnice.

Statistical analysis
Patient characteristics were evaluated using descriptive statis-
tics. When applicable, continuous variables were presented
as medians with interquartile ranges and compared using the
Mann–Whitney and Kruskal–Wallis tests. Categorical variables
were analyzed using the chi-square test with Yates correction.
Spearman correlation coefficients were utilized for univariate
analysis of coherence between immunohistochemistry param-
eters. Using the Kaplan–Meier curves and Log-Rank tests, the
variance in patient outcomes was analyzed. To ascertain which
parameters were independently associated with survival, a
multivariate Cox regression analysis was conducted. A back-
ward stepwise conditional approach was used in multivariate
analysis. Receiver operating characteristic (ROC) analysis was
conducted to determine the predictive ability of each variable in
predicting 2-year survival. Two-sided P < 0.05 was considered
statistically significant. IBM SPSS Version 20.0 was utilized for
the statistical analysis.

Results
Univariate analyses
Our study included materials from 108 patients with gastric
adenocarcinoma, of which the final outcome was known for
104 of them. Overall, the median age was 68 years (IQR 59–75)
and median survival was 31.0 (IQR 13.3–48.7) months. Men and
women were equally distributed between the groups (54 men
and 54 women). Patients with lymph node metastases num-
bered 55 (50.9%). The most prevalent histological form of
tumor identified by Lauren was mixed (49, 45.4%), followed by
intestinal (38, 35.2%) and diffuse (17, 15.8%). The diameter of
the tumor ranged from 3.0 to 7.0 cm (mean 4.1 cm). Patients
with lymph node positivity were younger, had larger tumors,
and had higher perineural and vascular invasion rates. Higher
N status and perineural invasion were associated with younger
age. As anticipated, a higher T and N status were associated
with perineural and perivascular invasion. There was no signif-
icant association between gender and the analyzed parameters
(Table 1).
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Table 1. Univariate analysis of the study population based on lymph node metastases

Lymph node metastases

Absent Present P value

Vascular invasion, n (%) Absent 44 (83) 30 (54.5) 0.001

Present 9 (17) 25 (45.5)

Perineural invasion, n (%) Absent 45 (84.9) 23 (41.8) <0.001

Present 8 (15.1) 32 (58.2)

Gender, n (%) Female 30 (56.6) 24 (43.6) 0.178

Male 23 (43.4) 31 (56.4)

Tumor type, n (%) Intestinal 25 (47.2) 13 (23.6) 0.013

Diffuse 9 (17) 8 (14.5)

Mixed 16 (30.2) 33 (60)

Other 3 (5.7) 1 (1.8)

T status, n (%) 1 21 (39.6) 2 (3.6) <0.001

2 15 (28.3) 3 (5.5)

3 14 (26.4) 43 (78.2)

4 3 (5.7) 7 (12.7)

Age (years), median (range) 71 (63-76) 64 (56-72) 0.009

Tumor size (cm), median (range) 3.0 (2.0-6.0) 5.5 (4.0-8.0) 0.001

NY-ESO-1 (epithelial), n (%)

0 15 (28.6) 14 (25.9) 0.787
1 2 (3.8) 1 (1.9)
2 36 (67.9) 39 (72.2)

NY-ESO-1 (stromal), n (%)

0 17 (32.1) 16 (29.6) 0.784
1 36 (67.9) 38 (70.4)

NY-ESO-1: New York esophageal squamous cell carcinoma-1.

NY-ESO-1 antigen was expressed by 75% (/108) of tested
samples as measured by IHC (Table S1). There was no corre-
lation of the NY-ESO-1 expression with the investigated clin-
icopathological parameters except T stage. Primary tumors
with and without lymph node metastases showed no signifi-
cant difference in NY-ESO-1 expression (P = 0.787, Table 1).
The frequency of NY-ESO-1 antigen expression increased from
the early stages (I and II, 1/30, 3.3%) to the advanced stages
(IIIx002Band IV, 11/69, 15.9%), but the difference was not sta-
tistically significant (Table 1).

The expression of NY-ESO-1 in the carcinoma showed a
strong association with the expression of NY-ESO-1 in the
tumor stroma (P < 0.001). Since only two subjects had a moder-
ate expression of NY-ESO-1 in epithelial cancer cells, we used
the expression in the stroma in all subsequent multivariate
analyses for a more streamlined data presentation and more
accurate analyses (Table 2, Figure 1, and Table S1).

Patients with a weak expression of NY-ESO-1 in the stroma
had a median survival of 19.0 (14.1–24.0) months, whereas
patients with a negative expression had a median survival of
52.0 (0.0–133.3) months (chi-square 7.99, P = 0.005, Figure 2).
The analysis of the association between NY-ESO-1 expression

and survival in patients with and without lymph node metas-
tases revealed that patients without lymph node metastases had
a greater survival disparity (Figure 3 and Table S1).

Multivariate models
Variables that showed statistical significance in univariate anal-
ysis were used in multivariate analysis. Individual variables
were gradually introduced to the analysis, and the final step of
the stepwise regression is shown in Table 2. For example, model
1 included only three variables (NY-ESO-1, age, and gender), of
which only two were independently associated with survival.
Tx002Band N status variables were added to model 2, and per-
ineural and vascular invasion variables were added to model 3.
As seen in the table, the expression of NY-ESO-1 in the stroma is
associated with worse survival, independent of T and N status,
age, or perineural invasion. All models are presented in Table 3.

Predicting 2-year survival
Tumor size, stage, T status, and N status were all able to predict
2-year survival, but N status had the highest diagnostic accu-
racy (79.0%) of the four. Stromal NY-ESO-1 expression could
predict 2-year survival with 65.4% accuracy. When including

Misir et al.
NY-ESO-1 and gastric cancer 3 www.biomolbiomed.com

http://www.biomolbiomed.com
https://docs.google.com/spreadsheets/d/1VpCGyt_6YPTTZtMez4fA1zVbCxEDwpRP/edit?rtpof=true#gid=61278859
https://docs.google.com/spreadsheets/d/1VpCGyt_6YPTTZtMez4fA1zVbCxEDwpRP/edit?rtpof=true#gid=61278859
https://docs.google.com/spreadsheets/d/1VpCGyt_6YPTTZtMez4fA1zVbCxEDwpRP/edit?rtpof=true#gid=61278859
http://www.biomolbiomed.com


Table 2. Correlation of NY-ESO-1 expression in carcinoma and in stroma

Epithelial NY-ESO-1 expression P value

Negative Weak High

Stromal NY-ESO-1 expression, n (%) Negative 29 (100.0) 2 (66.7) 2 (2.7) <0.001
Weak 0 (0.0) 1 (33.3) 73 (97.3)
High 0 (0.0) 0 (0.0) 0 (0.0)

NY-ESO-1: New York esophageal squamous cell carcinoma-1.

A B

Figure 1. Immunohistochemical staining. (A) Strong epithelial NY-ESO-1 expression with weak stromal expression; (B) Strong epithelial NY-ESO-1
expression without stromal expression. NY-ESO-1: New York esophageal squamous cell carcinoma-1.
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Figure 2. Overall survival in all patients in relation to NY-ESO-1 expression. NY-ESO-1: New York esophageal squamous cell carcinoma-1.

all variables associated with 2-year survival in the multivariate
model, we concluded that only N status, tumor size, and expres-
sion of NY-ESO-1 in the stroma were independently associated

with 2-year survival. Analyzing differences in 2-year survival,
patients with high NY-ESO-1 expression were more likely to die
(Figure 4).
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Figure 3. Overall survival in patients without nodal metastases in relation to NY-ESO-1 expression. NY-ESO-1: New York esophageal squamous cell
carcinoma-1.

Table 3. Multivariate analysis models

B SE Wald HR 95% CI P value

Model 1 (age, sex, NY-ESO-1)

NY-ESO-1 expression (stromal) 0.806 0.281 8.241 2.238 1.291 3.879 0.004
Age 0.025 0.012 4.639 0.975 0.953 0.998 0.031

Model 2 (age, sex, NY-ESO-1, T and N status)

NY-ESO-1 expression (stromal) 0.590 0.290 4.135 1.804 1.022 3.187 0.042
T status 0.359 0.169 4.499 1.432 1.028 1.995 0.034
N status 0.484 0.118 16.700 1.623 1.287 2.047 0.000

Model 3 (age, sex, NY-ESO-1, T and N status, perineural and vascular invasion)

NY-ESO-1 expression (stromal) 0.693 0.283 5.987 2.000 1.148 3.485 0.014
N status 0.528 0.115 21.152 1.696 1.354 2.125 0.000
Perineural invasion 0.706 0.276 6.549 2.025 1.180 3.476 0.010

HR: Hazard ratio; CI: Confidence interval; NY-ESO-1: New York esophageal squamous cell carcinoma-1.

Discussion
NY-ESO-1 expression has been reported to correlate with
advanced disease characteristics, such as aggressive can-
cer phenotype and clinical stage, across different tumor
types [13, 15, 23–26]. Furthermore, it has been observed
that NY-ESO-1 expression increases across disease stages,
with a lower frequency in primary tumors than in
metastases [13, 25, 27, 28]. Additionally, it was found that the
magnitude of a NY-ESO-1-specific humoral immune response
increases with disease progression and decreases with disease
regression [29, 30].

The majority of studies analyzed the expression of
NY-ESO-1 antigen via the presence of NY-ESO-1 mRNA
(RT-PCR) [11, 19, 22]. Since posttranscriptional gene expres-
sion control can contribute to substantial discordance

between mRNA and protein expression in cancer cells,
the protein level (IHC) analysis is more clinically rele-
vant (23). Other studies have reported mRNA expression
data varying in protein expression levels as analyzed by
immunohistochemistry [19, 22]. Some other factors differing
among different studies included the use of different antibodies
and antigen-retrieval techniques, as well as differences in
patient selection. There are few studies reporting the expres-
sion of NY-ESO-1 at the protein level in patients with GC, as well
as its impact on survival [22, 25, 31, 32]. It has been reported
to be expressed in up to 20% of patients with metastatic GC
having the capacity to induce both natural antibody and T cell
responses [12]. Wang et al. [24] studied 101 GC specimens and
found NY-ESO-1 mRNA expression level to be present in 11.9%
of samples with an expression frequency that increased from
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Figure 4. Two-year survival rate in all patients correlated to epithelial NY-ESO-1 expression. NY-ESO-1: New York esophageal squamous cell
carcinoma-1.

3.3% of stage I and II gastric tumors to 15.9% of stage III and IV
tumors. In the same study, seven of the 12 NY-ESO-1 mRNA-
positive samples were also positive for NY-ESO-1 protein.
Fujiwara et al. detected NY-ESO-1 protein expression by IHC in
19/60 GC samples and increased NY-ESO-1 humoral response
in advanced disease stages. Additionally, the authors conclude
that NY-ESO-1 humoral immune response could be used as a
marker for detecting advanced GC [22].

To our knowledge, this is the first study investigating the
immunohistochemical expression of NY-ESO-1 in primary GC
in relation to lymph node metastases and overall survival.
We evaluated the frequency of NY-ESO-1 expression in cancer
epithelial cells as well as stromal myofibroblasts, its clinico-
pathological significance, and its prognostic influence in pri-
mary GC. Our research revealed epithelial NY-ESO-1 positivity
in 78 out of 108 (72%) cases of GC. This contrasts with previous
investigations which reported a much lower expression of NY-
ESO-1 in patients with GC [19, 22, 31]. Out of 78 positive GC
specimens, 75 samples had high NY-ESO-1 epithelial expres-
sion which correlated with weak expression in tumor stroma.
Different antibody clones used for NY-ESO-1 detection and the
heterogeneous expression of NY-ESO-1 antigen in GC may con-
tribute to the discrepancies between studies [13, 22, 33]. In our
study, we observed a higher frequency of NY-ESO-1 expres-
sion in advanced disease stages. The data were not statistically
significant, and there was no distinction between lymph node
metastatic and nonmetastatic disease. However, it revealed an

upward trend in NY-ESO-1 expression with increasing disease
stage. In addition, we found an association between NY-ESO-1
expression and tumor invasion depth (T stage). As a prognostic
biomarker for GC, NY-ESO-1 expression remains controver-
sial. In some malignancies, its expression has been linked to
poor clinical outcomes, but frequently, there was no correlation
found [34, 35].

Fujiwara et al. analyzed NY-ESO-1 protein expression and
humoral response in patients with GC and found that neither
humoral response nor NY-ESO-1 expression had an impact
on the overall survival rate. In the same study, however, the
NY-ESO-1 humoral immune response in conjunction with car-
cinoembryonic antigen and CA19-9 tumor markers proved to
be a useful tumor marker for detecting advanced GC [22]. In
the present study, patients with a positive NY-ESO-1 expression
in primary GC had a shorter overall survival, regardless of the
status of lymph node metastasis. A more significant impact on
survival was evident in patients without nodal metastases, sug-
gesting these tumors’ increased malignant potential. In addi-
tion, NY-ESO-1 expression correlates between epithelial and
stromal components and is an independent predictor of 2-year
survival in patients with GC. Although the data on the prog-
nostic significance of NY-ESO-1 expression are equivocal, we
demonstrated the impact of NY-ESO-1 expression in early-stage
disease on GC patients’ overall survival.

This investigation was limited by its retrospective nature,
small sample size, and the fact that all cases originated from

Misir et al.
NY-ESO-1 and gastric cancer 6 www.biomolbiomed.com

http://www.biomolbiomed.com
http://www.biomolbiomed.com


a single institution. Since CT expression in cancer is often
heterogeneous, IHC-based analysis is likely to have a different
detection rate due to sampling errors as compared to RT-PCR.

Conclusion
Tumor NY-ESO-1 expression, and T and N status were
all independently associated with survival in GC patients.
NY-ESO-1 could predict 2-year survival in early-stage GC with
65.7% accuracy.

Conflicts of interest: Authors declare no conflicts of interest.

Funding: Authors received no specific funding for this work.

Submitted: 16 October 2023
Accepted: 17 December 2023
Published online: 28 December 2023

References
[1] Machlowska J, Baj J, Sitarz M, Maciejewski R, Sitarz R. Gastric cancer:

epidemiology, risk factors, classification, genomic characteristics and
treatment strategies. Int J Mol Sci 2020 Jun 1;21(11):4012. https://doi.
org/10.3390/ijms21114012.

[2] Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A,
et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries. CA Cancer J
Clin 2021 May 1;71(3):209–49. https://doi.org/10.3322/caac.21660.

[3] Shi Y, Zhou Y. The role of surgery in the treatment of gastric cancer.
J Surg Oncol 2010 Jun 15;101(8):687–92. https://doi.org/10.1002/jso.
21455.

[4] Swan R, Miner TJ. Current role of surgical therapy in gastric cancer.
World J Gastroenterol 2006 Jan 1;12(3):372. https://doi.org/10.3748/
wjg.v12.i3.372.

[5] Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation.
Cell 2011 Mar 4;144(5):646–74. https://doi.org/10.1016/j.cell.2011.02.
013.

[6] Cheng YH, Wong EW, Cheng CY. Cancer/testis (CT) antigens, car-
cinogenesis and spermatogenesis. Spermatogenesis 2011;1(3):209–20.
https://doi.org/10.4161/spmg.1.3.17990.

[7] Honda T, Tamura G, Waki T, Kawata S, Terashima M, Nishizuka S,
et al. Demethylation of MAGE promoters during gastric cancer pro-
gression. Br J Cancer 2004;90(4):838–43. https://doi.org/10.1038/sj.
bjc.6601600.

[8] Gigek CO, Chen ES, Calcagno DQ, Wisnieski F, Burbano RR,
Smith MAC. Epigenetic mechanisms in gastric cancer. Epigenomics
2012;4:279–94. https://doi.org/10.2217/epi.12.22.

[9] Canale M, Casadei-Gardini A, Ulivi P, Arechederra M, Berasain C,
Lollini PL, et al. Epigenetic mechanisms in gastric cancer: potential
new therapeutic opportunities. Int J Mol Sci 2020 Aug 1;21(15):1–21.
https://doi.org/10.3390/ijms21155500.

[10] Whitehurst AW. Cause and consequence of cancer/testis antigen acti-
vation in cancer. Annu Rev Pharmacol Toxicol 2014 Jan 6;54(1):251–72.
https://doi.org/10.1146/annurev-pharmtox-011112-140326.

[11] Valkenburg KC, de Groot AE, Pienta KJ. Targeting the tumour stroma
to improve cancer therapy. Nat Rev Clin Oncol 2018 Jun 12;15(6):366–
81. https://doi.org/10.1038/s41571-018-0007-1.

[12] Esfandiary A, Ghafouri-Fard S. New York esophageal squamous
cell carcinoma-1 and cancer immunotherapy. Immunotherapy 2015
Apr;7(4):411–39. https://doi.org/10.2217/imt.15.3.

[13] Raza A, Merhi M, Inchakalody VP, Krishnankutty R, Relecom A,
Uddin S, et al. Unleashing the immune response to NY-ESO-1 can-
cer testis antigen as a potential target for cancer immunotherapy.
J Transl Med 2020 Dec 27;18(1):140. https://doi.org/10.1186/s12967-
020-02306-y.

[14] Nicholaou T, Ebert L, Davis ID, Robson N, Klein O, Maraskovsky E, et al.
Directions in the immune targeting of cancer: lessons learned from the
cancer-testis Ag NY-ESO-1. Immunol Cell Biol 2006 Jun;84(3):303–17.
https://doi.org/10.1111/j.1440-1711.2006.01446.x.

[15] Kisseleva-Romanova E, Lopreiato R, Baudin-Baillieu A, Rousselle JC,
Ilan L, Hofmann K, et al. Yeast homolog of a cancer-testis antigen
defines a new transcription complex. EMBO J 2006 Aug 9;25(15):3576–
85. https://doi.org/10.1038/sj.emboj.7601235.

[16] Chen YT, Ross DS, Chiu R, Zhou XK, Chen YY, Lee P, et al.
Multiple cancer/testis antigens are preferentially expressed in
hormone-receptor negative and high-grade breast cancers. PLoS
One 2011 Mar 18;6(3):e17876. https://doi.org/10.1371/journal.pone.
0017876.

[17] Fujiwara S, Wada H, Kawada J, Kawabata R, Takahashi T, Fujita J, et al.
NY-ESO-1 antibody as a novel tumour marker of gastric cancer. Br J
Cancer 2013;108(5):1119–25. https://doi.org/10.1038/bjc.2013.51.

[18] Fukuyama T, Futawatari N, Yamamura R, Yamazaki T, Ichiki Y, Ema A,
et al. Expression of KK-LC-1, a cancer/testis antigen, at non-tumour
sites of the stomach carrying a tumour. Sci Rep 2018 Apr 17;8(1):6131.
https://doi.org/10.1038/s41598-018-24514-9.

[19] Shida A, Futawatari N, Fukuyama T, Ichiki Y, Takahashi Y, Nishi Y,
et al. Frequent high expression of kita-kyushu lung cancer antigen-1
(KK-LC-1) in gastric cancer. Anticancer Res 2015 Jun;35(6):3575–9.

[20] Chen YT, Panarelli NC, Piotti KC, Yantiss RK. Cancer-testis anti-
gen expression in digestive tract carcinomas: frequent expression in
esophageal squamous cell carcinoma and its precursor lesions. Cancer
Immunol Res 2014 May 1;2(5):480–6. https://doi.org/10.1158/2326-
6066.CIR-13-0124.

[21] Chen YT, Scanlan MJ, Sahin U, Türeci Ö, Gure AO, Tsang S, et al. A
testicular antigen aberrantly expressed in human cancers detected
by autologous antibody screening. Proc Natl Acad Sci USA 1997 Mar
4;94(5):1914–8. https://doi.org/10.1073/pnas.94.5.1914.

[22] Rodolfo M, Luksch R, Stockert E, Chen YT, Collini P, Ranzani T, et al.
Antigen-specific immunity in neuroblastoma patients: antibody and
T-cell recognition of NY-ESO-1 tumor antigen. Cancer Res 2003 Oct
15;63(20):6948–55.

[23] Barrow C, Browning J, MacGregor D, Davis ID, Sturrock S,
Jungbluth AA, et al. Tumor antigen expression in melanoma varies
according to antigen and stage. Clin Cancer Res 2006;12(3):764–71.
https://doi.org/10.1158/1078-0432.CCR-05-1544.

[24] Wang Y, Wu XJ, Zhao AL, Yuan YH, Chen YT, Jungbluth AA, et al.
Cancer/testis antigen expression and autologous humoral immunity
to NY-ESO-1 in gastric cancer. Cancer Immun 2004;4:11.

[25] Fratta E, Coral S, Covre A, Parisi G, Colizzi F, Danielli R, et al. The
biology of cancer testis antigens: putative function, regulation and
therapeutic potential. Mol Oncol 2011;5(2):164–82. https://doi.org/10.
1016/j.molonc.2011.02.001.

[26] Gnjatic S, Nishikawa H, Jungbluth AA, Güre AO, Ritter G, Jäger E, et al.
NY-ESO-1: review of an immunogenic tumor antigen. Adv Cancer Res
2006;95:1–30. https://doi.org/10.1016/S0065-230X(06)95001-5.

[27] Schultz-Thater E, Noppen C, Gudat F, Dürmüller U, Zajac P, Kocher T,
et al. NY-ESO-1 tumour associated antigen is a cytoplasmic protein
detectable by specific monoclonal antibodies in cell lines and clinical
specimens. Br J Cancer 2000 Jul;83(2):204–8. https://doi.org/10.1054/
bjoc.2000.1251.

[28] Pastorcic-Grgic M, Sarcevic B, Dosen D, Juretic A, Spagnoli GC,
Grgic M. Prognostic value of MAGE-A and NY-ESO-1 expression in
pharyngeal cancer. Head Neck 2010 Sep;32(9):1178–84. https://doi.
org/10.1002/hed.21314.

[29] Velazquez EF, Jungbluth AA, Yancovitz M, Gnjatic S, Adams S,
O’Neill D, et al. Expression of the cancer/testis antigen NY-ESO-1 in
primary and metastatic malignant melanoma (MM)–correlation with
prognostic factors. Cancer Immun 2007 Jul 12;7:11.

[30] Szender JB, Papanicolau-Sengos A, Eng KH, Miliotto AJ, Lugade AA,
Gnjatic S, et al. NY-ESO-1 expression predicts an aggressive phenotype
of ovarian cancer. Gynecol Oncol 2017 Jun;145(3):420–5. https://doi.
org/10.1016/j.ygyno.2017.03.509.

[31] Wang Y, Wu XJ, Zhao AL, Yuan YH, Chen YT, Jungbluth AA, et al.
Cancer/testis antigen expression and autologous humoral immunity
to NY-ESO-1 in gastric cancer. Cancer Immun 2004;4:11. http://www.
ncbi.nlm.nih.gov/pubmed/15516106.

[32] Barrow C, Browning J, MacGregor D, Davis ID, Sturrock S,
Jungbluth AA, et al. Tumor antigen expression in melanoma varies
according to antigen and stage. Clin Cancer Res 2006;12(3 Pt 1):764–71.
https://doi.org/10.1158/1078-0432.CCR-05-1544.

[33] Lenz A, Zeng J, Xiu J, Algaze S, Jayachandran P, Soni S, et al. Charac-
terization of NY-ESO-1 gene expression in gastric cancer (GC). 2022
Jun 2;40(Suppl 16):4046–6. https://doi.org/10.1200/JCO.2022.40.16_
suppl.4046.

Misir et al.
NY-ESO-1 and gastric cancer 7 www.biomolbiomed.com

http://www.biomolbiomed.com
https://doi.org/10.3390/ijms21114012
https://doi.org/10.3390/ijms21114012
https://doi.org/10.3322/caac.21660
https://doi.org/10.1002/jso.21455
https://doi.org/10.1002/jso.21455
https://doi.org/10.3748/wjg.v12.i3.372
https://doi.org/10.3748/wjg.v12.i3.372
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.4161/spmg.1.3.17990
https://doi.org/10.1038/sj.bjc.6601600
https://doi.org/10.1038/sj.bjc.6601600
https://doi.org/10.2217/epi.12.22
https://doi.org/10.3390/ijms21155500
https://doi.org/10.1146/annurev-pharmtox-011112-140326
https://doi.org/10.1038/s41571-018-0007-1
https://doi.org/10.2217/imt.15.3
https://doi.org/10.1186/s12967-020-02306-y
https://doi.org/10.1186/s12967-020-02306-y
https://doi.org/10.1111/j.1440-1711.2006.01446.x
https://doi.org/10.1038/sj.emboj.7601235
https://doi.org/10.1371/journal.pone.0017876
https://doi.org/10.1371/journal.pone.0017876
https://doi.org/10.1038/bjc.2013.51
https://doi.org/10.1038/s41598-018-24514-9
https://doi.org/10.1158/2326-6066.CIR-13-0124
https://doi.org/10.1158/2326-6066.CIR-13-0124
https://doi.org/10.1073/pnas.94.5.1914
https://doi.org/10.1158/1078-0432.CCR-05-1544
https://doi.org/10.1016/j.molonc.2011.02.001
https://doi.org/10.1016/j.molonc.2011.02.001
https://doi.org/10.1016/S0065-230X(06)95001-5
https://doi.org/10.1054/bjoc.2000.1251
https://doi.org/10.1054/bjoc.2000.1251
https://doi.org/10.1002/hed.21314
https://doi.org/10.1002/hed.21314
https://doi.org/10.1016/j.ygyno.2017.03.509
https://doi.org/10.1016/j.ygyno.2017.03.509
http://www.ncbi.nlm.nih.gov/pubmed/15516106
http://www.ncbi.nlm.nih.gov/pubmed/15516106
https://doi.org/10.1158/1078-0432.CCR-05-1544
https://doi.org/10.1200/JCO.2022.40.16_suppl.4046
https://doi.org/10.1200/JCO.2022.40.16_suppl.4046
http://www.biomolbiomed.com


[34] Park TS, Groh EM, Patel K, Kerkar SP, Lee CCR, Rosenberg SA.
Expression of MAGE-A and NY-ESO-1 in primary and metastatic
cancers. J Immunother 2016 Jan 1;39(1):1. https://doi.org/10.1097/CJI.
0000000000000101.

[35] Sharma P, Gnjatic S, Jungbluth AA, Williamson B, Herr H, Stockert E,
et al. Frequency of NY-ESO-1 and LAGE-1 expression in bladder can-
cer and evidence of a new NY-ESO-1 T-cell epitope in a patient with
bladder cancer. Cancer Immun 2003 Dec 18;3:19.

[36] Oshima Y, Shimada H, Yajima S, Nanami T, Matsushita K, Nomura F,
et al. NY-ESO-1 autoantibody as a tumor-specific biomarker for
esophageal cancer: screening in 1969 patients with various cancers.
J Gastroenterol 2016 Jan;51(1):30–4. https://doi.org/10.1007/s00535-
015-1078-8.

[37] Mashino K, Sadanaga N, Tanaka F, Yamaguchi H, Nagashima H,
Inoue H, et al. Expression of multiple cancer-testis antigen genes

in gastrointestinal and breast carcinomas. Br J Cancer 2001 Sep
1;85(5):713–20. https://doi.org/10.1054/bjoc.2001.1974.

[38] Futawatari N, Fukuyama T, Yamamura R, Shida A, Takahashi Y,
Nishi Y, et al. Early gastric cancer frequently has high
expression of KK-LC-1, a cancer-testis antigen. World J Gastroenterol
2017 Dec 14;23(46):8200–6. https://doi.org/10.3748/wjg.v23.i46.
8200.

[39] Jungbluth AA, Chen YT, Stockert E, Busam KJ, Kolb D, Iversen K,
et al. Immunohistochemical analysis of NY-ESO-1 antigen expression
in normal and malignant human tissues. Int J Cancer 2001;92(6):856–
60. https://doi.org/10.1002/ijc.1282.

[40] Thomas R, Al-Khadairi G, Roelands J, Hendrickx W, Dermime S,
Bedognetti D, et al. NY-ESO-1 based immunotherapy of cancer: cur-
rent perspectives. Front Immunol 2018 May 1;9:947. https://doi.org/
10.3389/fimmu.2018.00947.

Related articles published in BJBMS

1. Knockdown of TPT1-AS1 inhibits cell proliferation, cell cycle G1/S transition, and epithelial–mesenchymal
transition in gastric cancer

Jun Tang et al., BJBMS, 2020

2. Expression of NEDD9 and connexin-43 in neoplastic and stromal cells of gastric adenocarcinoma
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Supplemental data
Table S1. Excel table showing immunohistochemistry results of NY-ESO-1 staining (intensity of staining, percentage of stained cells, IRS) in
carcinoma cells and stromal myofibroblasts, as well as perineural and vascular invasion, size of the tumor, TNM data, stage, classification by Lauren,
age, gender and survival data.

Available at the following link:
https://docs.google.com/spreadsheets/d/1VpCGyt_6YPTTZtMez4fA1zVbCxEDwpRP/edit?rtpof=true#gid=61278859

Staining percentage: 0 (no staining); 1 (up to 10% positive cells tumor/stroma [TC]); 2 (10% to 50% positive TC); 3 (more than 50% positive TC); The
intensity of staining: 0 (negative); 1 (low), 2 (medium), and 3 (high). Immunoreactivity score (IRS) is calculated by multiplying staining percentage
(0–3) and staining intensity (0–3). IRS was labeled as: 0 (negative); 1–4 (low); 5–9 (high). NY-ESO-1: NY-ESO-1: New York esophageal squamous
cell carcinoma-1; IRS: Immunoreactivity score.
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