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Objective: The aim of this study was to quantify the expression of melanoma-antigen
family A proteins (MAGE-A) and New York esophageal squamous cell carcinoma-1 (NY-
ESO-1) in breast cancer and establish the prognosis of breast cancer patients with MAGE-A
and NY-ESO-1 co-expression.

Methods: A total of 122 patients with breast cancer were recruited for this study. Their
clinicopathological data were collected retrospectively, and the MAGE-A and NY-ESO-1
expressions in paraffin-embedded specimens from the 122 patients were evaluated using
immunohistochemical analysis. In addition, the survival states of the patients were recorded.
Results: Fifty-four patients (44.26%) were MAGE-A positive and 46 (37.70%) were NY-
ESO-1 positive. Interestingly, 22 of the 46 NY-ESO-1-positive cases co-expressed MAGE-A.
The expression of MAGE-A was positively associated with estrogen-receptor status (x>

4.026, p = 0.045) and human epidermal growth factor receptor 2 status (y*> = 5.482, p =
0.019), while the expression of NY-ESO-1 was positively associated with p53 expression (y°
= 4.541, p = 0.033). Of the 122 patients, the lowest survival rate was observed in patients
with NY-ESO-1 (+)/MAGE-A (+), with a 5-year survival rate of 59.09% and a median
survival of 97 months.

Conclusion: The results showed that MAGE-A and NY-ESO-1 were frequently expressed
in breast cancer patients. The co-expression of MAGE-A and NY-ESO-1 occurred in about
18% of these patients, and it may indicate a poor prognosis.
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Introduction
Breast cancer is the leading cause of cancer-related deaths in women. It has been
reported that approximately 1,7000,000 new cases occur globally each year,' and
the incidence and mortality rates of breast cancer are expected to increase signifi-
cantly in the next 5-10 years.” Immunotherapy against tumor-associated antigens,
using the body’s immune cells to recognize tumor-related antigens, has become one
of the most desirable treatment options for breast cancer patients. Of all the tumor-
associated antigens, cancer/testis antigens (CTAs) are of particular interest as
a potential target for immunotherapy because of their strong in vivo immunogeni-
city and unique expression patterns.’

CTAs belong to a group of proteins that are expressed in the developing embryo,
and they are aberrantly re-expressed in malignancy, particularly in high-grade and
advanced-stage tumors.* Two of the most well-studied CTAs are the New York
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esophageal squamous cell carcinoma-1 (NY-ESO-1) and
the melanoma-antigen family A proteins (MAGE-A),
which are encoded respectively by the CTAGBI and
MAGEA family of genes located on the X chromosome.’
It has been reported that over-expressed NY-ESO-1 and/or
MAGE-A could elicit potent T-cell responses.”’ They
have been shown to evoke spontaneous cytotoxic T-cell
responses in melanoma, esophageal carcinoma, bladder
cancer, and non-small-cell lung carcinoma.®’ Therefore,
NY-ESO-1 and MAGE-A are promising tumor-specific
immunotherapeutic targets.®’

Several studies have evaluated MAGE-A and NY-
ESO-1 expression in breast cancer. For example,
Raghavendra et al found that MAGE-A and NY-ESO-1
were frequently expressed in triple-negative breast cancer
(~47% and 17% of cases, respectively).* Matkovi¢ et al
conducted a retrospective study that included samples
from 49 medullary breast cancer patients. They found
that MAGE-A and NY-ESO-1 antigens were highly
expressed in medullary breast cancer, and the expression
of these CTAs may represent a marker of potential prog-
nostic relevance in this type of cancer.'® Furthermore,
a possible predictive role for CTAs was detected by
Roguljic et al They found that CTAs from the MAGE
family (MAGE-A1, multi-MAGE-A, and MAGE-A10)
and NY-ESO-1 were associated with the histopathologi-
cal predictive variables of breast ductal carcinoma
in situ.'’

The co-expression of MAGE-A and NY-ESO-1 in
breast cancer has also been found in previous studies.*
However, the prognosis of patients with MAGE-A and
NY-ESO-1 co-expression has not been explored pre-
viously. This study aimed to quantify the expression of
MAGE-A and NY-ESO-1 CTAs in breast cancer and
establish the prognosis of breast cancer patients with
MAGE-A and NY-ESO-1 co-expression.

Materials and Methods

Patients and Clinical Parameters

A total of 122 patients with breast cancer were recruited
from our hospital between March 2009 and March 2010.
None of the patients underwent chemotherapy, radiother-

apy,
informed consent was provided by all the participants

or endocrinotherapy prior to surgery. Written

before enrollment, and the study protocol was approved
by the Medical Ethics Committee of our hospital.

The clinicopathological data of the patients were retro-
spectively collected, including age, tumor size, clinical
stage, histological grade, estrogen receptor (ER) status,
progesterone receptor (PR) status, human epidermal
growth factor receptor 2 (HER2) status, vascular endothe-
lial growth factor (VEGF) status, tumor protein p53 status,
and lymph-node metastasis status.

Immunohistochemical Staining
Deparaffinization of the paraffin-embedded tissue sections
(5 wm) was accomplished using xylene and graded alco-
hols. Antigen retrieval was conducted for 30 minutes using
Bond epitope retrieval solution 2 (ethylenediaminetetraa-
cetic acid, pH 9.0) followed by the incubation of the
primary antibody for 30 minutes. The primary antibodies
used in this study were NY-ESO-1 (1:100 dilution;
Invitrogen Technologies, Grand Island, NY, USA) and
MAGE-A (1:100 dilution; Santa-Cruz Biotech, Dallas,
TX, USA). Immunohistochemical (IHC) staining for NY-
ESO-1 and MAGE-A was performed on 4-micron thick
formalin-fixed paraffin-embedded serial sections using an
automated staining system (Leica Bond). Appropriate
positive controls were included in each staining run
(MAGE-A, placenta; NY-ESO-1, normal tes‘cicle).12

The NY-ESO-1 and MAGE staining intensity was
assessed by two pathologists. Positivity for NY-ESO-1
and MAGE-A was defined by the membranous and/or
cytoplasmic expression. Immunoreactivity for the MAGE-
A4 and NY-ESO-1 was scored in the following way: 0, no
positive tumor cells (negative); 1+, <20% positive tumor
cells (mild reaction); 2+, 21-50% positive tumor cells
(moderate reaction); and 3+, >50% positive tumor cells
(strong reaction). The immunoreactivity scores were pre-
sented as either negative or positive, with positive includ-

ing mild, moderate, and strong reactions.'*'?

Follow-Up

Based on their NY-ESO-1 and MAGE-A status, the 122
breast cancer patients were divided into the following four
groups: NY-ESO-1 (-)/MAGE-A (-), NY-ESO-1
(-)/MAGE-A (+), NY-ESO-1 (+)/MAGE-A (-), and NY-
ESO-1 (+)/MAGE-A (+). The patients in the four groups
were followed up via telephone, outpatient services, or
hospitalization to record their survival state up to
March 2021. Overall survival (OS) was defined as the
time from the day of diagnosis to death for any reason or
the final follow-up, if death had not occurred before then.
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Statistical Analysis

SPSS v20.0 software (IBM Corp.) was used to analyze the
data. The associations between MAGE-A, NY-ESO-1, and
the clinicopathological parameters were evaluated through
the chi-square test and Fisher’s exact test. The Kaplan—
Meier method was used to estimate the OS time of the
patients, with Log rank tests being performed to assess
P < 0.05 was considered to
a statistically significant difference.

significance. indicate

Results

Patient Characteristics

The median age of the 122 patients at diagnosis was 58 years
old (range: 34-76), and the median follow-up period was 101
months. Most of the patients were at clinical stage grade 2
(62.30%) and at histological stage grade 2 (60.66%), while
lymph-node metastasis had occurred in 49.18% of the patients.
In addition, 63.93% of the patients were ER positive, 62.30%
were PR positive, 42.62% were HER2 positive, 90.16% were
VEGF positive, and 40.98% were p53 positive. The character-
istics of the 122 patients are shown in detail in Table 1.

NY-ESO-1 and MAGE-A Expression
MAGE-A and NY-ESO-1 showed homogeneous staining,
with positivity in both cytoplasmic and nuclear tumor cell
compartments (see Figure 1). The results showed that 54
cases (44.26%) were MAGE-A positive and 46 patients
(37.70%) were NY-ESO-1 positive. Interestingly, 22 of the
46 NY-ESO-1-positive cases co-expressed MAGE-A.
Thus, the 122 breast cancer patients were divided into
four groups: the NY-ESO-1 (—)/MAGE-A (-) group (44
cases), the NY-ESO-1 (—)/MAGE-A (+) group (32 cases),
the NY-ESO-1 (+)/MAGE-A (—) group (24 cases), and the
NY-ESO-1 (+)/MAGE-A (+) group (22 cases).

Associations Between MAGE-A, NY-ESO-

I, and the Clinicopathological Parameters
As shown in Figure 2A, the expression of MAGE-A was
positively associated with ER status (x> = 4.026, p =
0.045) and HER2 status (y° = 5.482, p = 0.019).
However, the associations between MAGE-A expression,
PR expression, p53 status, VEGF expression, and lymph-
node metastasis status were not statistically significant. As
shown in Figure 2B, the expression of NY-ESO-1 was not
associated with any of the clinicopathological parameters
shown above (ER, HER2, PR, VEGF, or lymph-node
metastasis) apart from p53 (x> = 4.541, p = 0.033).

Table | Clinical Data of the 122 Breast Cancer Patients

Clinical Parameters Cases (n) Percent (%)
Age (years)
<55 66 54.10
255 56 45.90
Clinical stage
[ 20 16.39
1l 76 62.30
1] 26 21.31
Histological grade
| 16 13.11
Il 74 60.66
1] 32 26.23
Size of tumor (cm)
<2 14 11.48
>2 or <5 24 19.67
>5 84 68.85
Metastatic state of
lymph node
No 62 50.82
Yes 60 49.18
Estrogen receptor
status
- 44 36.07
+ 78 63.93
Progesterone
receptor status
- 46 37.70
+ 76 62.30
P53 status
- 72 59.02
+ 50 40.98
Human epidermal
growth factor
receptor 2 status
- 70 57.38
+ 52 42.62
Vascular endothelial
growth factor status
- 12 9.84
+ 110 90.16

Of the 22 cases with NY-ESO-1 and MAGE-A co-
expression, 15 (68.18%) were ER positive, 14 (63.64%) were
PR positive, 17 (77.27%) were HER2 positive, 16 (70.73%)
were p53 positive, and 9 (40.91%) had lymph-node metastasis.
The cases with NY-ESO-1 and MAGE-A co-expression had
high expression rates of HER2, ER, PR, and p53.
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Figure | Positive expression of MAGE-A/NY-ESO-1 in breast cancer tissues.

Comparison of Survival Times

In this study, the median follow-up period was 101
months. The survival curves of the four groups are
shown in Figure 3. The lowest survival rate was observed
in the NY-ESO-1 (+)/MAGE-A (+) group with a 5-year
survival rate of 59.09% and a median survival of 97
months. In contrast, the highest survival rate was seen in
the NY-ESO-1 (-)/MAGE-A () group, with a 5-year
survival rate of 86.19% and a median survival of 119
months. In addition, the median survival for the NY-ESO
-1 (-)/MAGE-A (+) and NY-ESO-1 (+)/MAGE-A (-)
groups were 112 months and 103 months, respectively.
However, the survival time among the four groups was
not significantly different (p = 0.184).

Discussion

This study investigated the expression of MAGE-A and
NYESO-1 in breast cancer and found that MAGE-A and
NY-ESO-1 were expressed frequently. Furthermore,
MAGE-A and NY-ESO-1 co-expression existed in about
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Figure 3 Kaplan—Meier survival analysis of the whole follow-up cohort.

18% of the patients and tended to indicate a poor
prognosis.

In previous studies, the expression of MAGE-A and NY-
ESO-1 in breast cancer ranged from 17% to 74% and from
2% to 40%, respectively.*'*'* The results of this study
showed that, in line with previous studies, 44.26% of patients
were MAGE-A positive and 37.70% of patients were NY-
ESO-1 positive.*'*!* Kerkar et al conducted a systematic
IHC analysis of 3668 cancer cases and found that the expres-
sion of MAGE-A was significantly higher than that of NY-
ESO-1 in the majority of cancers.” The present study also
found that there were more MAGE-A-positive breast cancer
patients than NY-ESO-1-positive. An extensive IHC analysis
of the expression of eight CTAs in 454 invasive ductal
carcinomas revealed that the co-expression of CTAs (includ-
ing MAGE-A and NY-ESO-1) was frequent in breast cancer,
especially in ER-negative tumors.'® The findings of the pre-
sent study also demonstrate that MAGE-A and NY-ESO-1
co-expression is frequent in breast cancer; 22 of the 122
(18.03%) patients co-expressed MAGE-A and NY-ESO-1.
However, in this study, patients with MAGE-A and NY-ESO
-1 co-expression had high ER-positive, PR-positive, and
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Figure 2 (A and B) Chi-square or Fisher’s exact test analysis of associations between expression of MAGE-A/NY-ESO-| and clinical diagnostic or experimental biomarkers.
Abbreviations: ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor receptor 2; LN, lymph node; MAGE-A, melanoma-antigen

family A protein; NY-ESO-1, New York esophageal squamous cell carcinoma-1.
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HER2 rates, which is not consistent with previous studies.*'”
The differences between this study and other studies are
difficult to explain, but the following factors may have
affected the results: 1) the criteria for IHC positivity, 2) the
sample size, and 3) the profiles of the breast cancer patients.

The expression of MAGE-A family and NY-ESO-1
CTAs is often regarded as an independent marker for
poor survival in solid tumors.'®!” Both MAGE-A and NY-
ESO-1 have been demonstrated to be associated with
histopathological predictive variables. In a study con-
ducted by Roguljic et al, MAGE-A was shown to be
significantly associated with a higher expression of ER
and a higher tumor grade and NY-ESO-1 with a larger
tumor size, the expression of tumor-infiltrating lympho-
cytes, and Rl resection.'" In a study conducted by
Raghavendra et al, the expression of both MAGE-A and
NY-ESO-1 CTAs was positively associated with c-Kit,
p53, and the mitosis independent expression of threonine
and tyrosine kinase.® The present study found that the
expression of MAGE-A was positively associated with
ER and HER2 status, while NY-ESO-1 was positively
associated with p53 status. The HER2 gene is amplified
in 15-20% of invasive breast cancers, and its amplifica-
tion is closely linked to HER2 protein overexpression.'®
HER?2 amplification (positive) is a poor prognostic factor
associated with a high rate of recurrence and mortality for
breast cancer.'® Due to the association with HER2 co-
expression, the findings of this study suggest that
MAGE-A-positive tumors also have a poor prognosis.
As it controls the cell cycle, DNA replication, and uncon-
trolled cell division that take place while a tumor is
growing, p53 is known as a tumor suppressor protein.
When it mutates or aggregates, it loses its function, result-
ing in tumor progression and growth.'® Mutations in p53
can result in a stable non-functional protein that accumu-
lates in the nucleus, giving rise to an IHC phenotype
mimicking overexpression.”’ In this study, the positive
association between NY-ESO-1 and p53 expression indi-
cates that NY-ESO-1-positive tumors have a proliferative
advantage.

Although MAGE-A and NY-ESO-1 belong to the same
group of CTAs, they may affect the prognosis of breast
cancer through different mechanisms. As a result, patients
with a co-expression of MAGE-A and NY-ESO-1 seem to
be more difficult to treat. Veit et al found MAGE-A and
NY-ESO-1 co-expression was associated with the reduced
OS of patients with adenoid cystic carcinoma.*' As
expected, in this study, patients with MAGE-A and NY-

ESO-1 co-expression had the lowest 5-year survival rate
and shortest median survival time. This raises the possibi-
lity that therapies simultaneously targeting multiple CTAs
may elicit more efficient antitumor responses than single-
antigen approaches.

This study had several limitations. First, MAGE-A
constitutes a protein family, and 12 subtypes of MAGE-
A have been reported. Each MAGE-A protein contains the
MAGE-A homology domain, but there are some differ-
ences in the structures and functions of these proteins.?
However, this study did not consider the MAGE-A sub-
types in breast cancer. Second, the sample size of this
study was small, so further studies with larger cohorts
are needed. Third, 42.62% of the patients in this study
were HER?2 positive. This is a higher proportion of HER2-
positive patients than reported in previous studies,”> which
may be the result of an insufficient number of patients.
Finally, the impact of CTA expression on the OS of breast
cancer patients could not be evaluated, as the number of
patients who died during follow-up was small.

In conclusion, this study showed that MAGE-A and
NY-ESO-1 were frequently expressed in breast cancer
patients, and the co-expression of MAGE-A and NY-
ESO-1 occurred in about 18% of these patients. It would
appear that MAGE-A and NY-ESO-1 co-expression indi-
cates a poor prognosis for breast cancer patients.
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