
Citation: Lisica Šikić, N.; Petrić Miše,
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Simple Summary: The Melanoma Antigen Gene (MAGE) protein family is a large group of proteins
that share a common MAGE homology domain. Many MAGE proteins are aberrantly expressed
in a wide variety of cancer types and are of interest as a biomarkers in cancer and targets of im-
munotherapies because of a subset of the proteins that are classified as cancer/testis antigens (CTAs).
In ovarian cancers, MAGE-A1, -A9, and -A10 expression are associated with worse prognosis and
unresponsiveness to platinum-based chemotherapy.

Abstract: Ovarian cancer has a dismal prognosis. Standard treatment following surgery relies
on platinum-based chemotherapy. However, sizeable percentages of patients are unresponsive.
Identification of markers predicting the response to chemotherapy might help select eligible patients
and spare non-responding patients from treatment-associated toxicity. Cancer/testis antigens (CTAs)
are expressed by healthy germ cells and malignant cells of diverse histological origin. This expression
profile identifies them as attractive targets for cancer immunotherapies. We analyzed the correlations
between expression of MAGE-A10 and New York esophageal-1 cancer (NY-ESO-1) CTAs at the
protein level and the effectiveness of platinum-based chemotherapy in patients with advanced-
stage high-grade serous ovarian carcinoma (HGSOC). MAGE-A10 and NY-ESO-1 protein expression
was analyzed by immunohistochemistry (IHC) in formalin-fixed, paraffin-embedded samples from
93 patients with advanced-stage HGSOC treated at our institutions between January 1996 and
December 2013. The correlation between the expression of these markers and response to platinum-
based chemotherapy, evaluated according to RECIST 1.1 criteria and platinum sensitivity, measured
as platinum-free interval (PFI), progression free (PFS), and overall survival (OS) was explored.
The MAGE-A10 protein expression predicted unresponsiveness to platinum-based chemotherapy
(p = 0.005), poor platinum sensitivity (p < 0.001), poor PFS (p < 0.001), and OS (p < 0.001). Multivariate
analysis identified MAGE-A10 protein expression as an independent predictor of poor platinum
sensitivity (p = 0.005) and shorter OS (p < 0.001). Instead, no correlation was observed between the
NY-ESO-1 protein expression and response to platinum-based chemotherapy (p = 0.832), platinum
sensitivity (p = 0.168), PFS (p = 0.126), and OS (p = 0.335). The MAGE-A10 protein expression
reliably identified advanced-stage HGSOC unresponsive to platinum-based chemotherapy. Targeted
immunotherapy could represent an important alternative therapeutic option in these cancers.
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1. Introduction

Ovarian cancer is the most lethal of all gynecologic malignant tumors. It is often
diagnosed at a late stage and the 5-year overall survival (OS) rate is around 45% [1].

The international standard of care for women with advanced ovarian cancer is repre-
sented by surgical resection, which is usually followed by platinum-based chemotherapy.
Platinum-based drug combinations are also included in second-line chemotherapy proto-
cols for the treatment of patients with platinum-sensitive, but relapsing ovarian cancers [2].

However, in 20–40% of patients platinum-based chemotherapy is ineffective [2] and
salvage chemotherapy administered to these patients is also frequently characterized by
low response rates.

A multiplicity of molecular mechanisms have been suggested to underlie resistance
to platinum-based treatment. They might include altered expression of platinum trans-
porter proteins, overexpression of detoxificating compounds, and enhanced DNA repair
processes [3].

On the other hand, administration of platinum-based treatments has widely been
shown to be frequently accompanied by severe side effects, including nephrotoxicity,
neurotoxicity, and, most importantly, myelosuppression, resulting in anemia, reduction of
platelet counts, and impaired immune responses [4].

Identification of markers of potential clinical use predicting resistance to platinum-
based chemotherapy is urgently needed, to spare unnecessary toxicity to patients with
unresponsive cancers, and to envisage alternative treatments of these malignancies.

In previous studies [5], we have shown that high E-cadherin expression, as detectable
by standard immunohistochemistry (IHC) techniques, reliably identifies advanced high-
grade serous ovarian cancers (HGSOCs) responding to platinum-based chemotherapy.
These results critically contribute to the selection of patients taking advantage of these
treatments, but fail to provide clues favoring the development of alternative therapies of
potential interest for unresponsive patients.

Notably, immunotherapies based on immunological checkpoint blockade (ICB) are
known to be poorly effective in HGSOC [6], possibly due to a relatively low mutational
burden [7], resulting in a limited generation of neo-antigens [8].

More recently, adoptive immunotherapies, based on the transfer of gene-engineered T
cells expressing chimeric antigen receptors (CARs) have been proposed for the treatment
of advanced ovarian cancers and associated peritoneal carcinomatosis [9]. However, an
important obstacle for the development of adequate protocols is represented by the relative
paucity of tumor “specific” markers expressed by HGSOC cells, significantly increasing the
risk of “on target, off tumor” side effects [9].

Cancer/testis antigens (CTAs) are a family of proteins highly expressed in germinal
cells and cancers of different histological origin [10–12] including ovarian cancers [13].

Members of the melanoma-associated antigen-A (MAGE-A) CTA subfamily are over-
expressed in many cancers and have been suggested to be involved in tumor progression,
metastasis, and resistance to treatment, and to be associated with poor prognosis also in
ovarian cancers [13,14]. Remarkably, MAGE-A10 is one of the most immunogenic CTAs,
and specific cellular immune responses have been observed in the peripheral blood of
healthy donors and patients with cancer [15,16].

New York esophageal squamous cell carcinoma-1 (NY-ESO-1) is another well-characterized
CTA, expressed in numerous malignancies including ovarian cancers [17,18]. Notably,
specific humoral and cellular immune responses have repeatedly been reported, and anti-
NY-ESO-1 vaccination has been proposed for ovarian cancer treatment [18].
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We hypothesized that targeted immunotherapies could provide innovative therapeutic
options for patients with platinum-resistant HGSOC. To begin to explore this issue, in this
study we assessed the expression of highly immunogenic MAGE-A10 and NY-ESO-1 CTAs,
at the protein level, in advanced stage HGSOC and we investigated its correlation with
responsiveness to first-line platinum-based chemotherapy.

2. Materials and Methods
2.1. Study Design

This study was based on an updated analysis of a previously investigated cohort of
patients [5], focusing on 93 patients with histologically confirmed International Federation
of Gynecology and Obstetrics (FIGO) III and IV stage HGSOC [19] treated at the Clinical
Hospital Centre Split and General Hospital Zadar, Croatia, between January 1996 and
December 2013. All patients had undergone debulking surgery followed by first line
platinum-based chemotherapy. Inclusion in the study required availability of primary
tumor specimens collected at initial laparotomy and full medical data.

Patients were classified according to FIGO stage [19], tumor grade [20], residual
tumor after primary surgery [21], age, chemotherapy regimens, and number of cycles of
chemotherapy, as previously described [5]. Response rates, progression-free (PFS) and
overall survival (OS) data were obtained from histopathological reports and the patients’
medical records.

2.2. Chemotherapy Treatment

A large majority of the patients (n = 83, 89%) received paclitaxel plus platinum com-
binations. In particular, 81 (87%) patients received paclitaxel plus cisplatin/carboplatin
(TC) every three weeks or as dose-dense (DD) TC and 2 (2%) patients received cisplatin,
gemcitabine, and paclitaxel (TCG). All other patients (n = 10, 11%), received cisplatin-based
chemotherapy without paclitaxel. In particular, 7 (8%) patients were administered cisplatin,
doxorubicin, and cyclophosphamide (CAP), 2 (2%) cisplatin and cyclophosphamide (CC)
and 1 (1%) patient received cisplatin only [5].

Among all the patients, 60 (65%) were administered 6 cycles of chemotherapy and 33
(35%) received more than 6 cycles of treatment. Response to platinum-based chemotherapy
was defined according to the RECIST 1.1 criteria [22].

Sensitivity to treatment was defined according to the platinum-free interval (PFI)
as platinum-refractory, platinum-resistant and platinum-sensitive according to standard
criteria [2,5,23].

The Ethical Committee for Biomedical Research of the Clinical Hospital Split and
School of Medicine approved this research to be in compliance with the Helsinki Declaration
(reference number 49-1/06).

2.3. Immunohistochemical Staining

Immunohistochemistry (IHC) was performed as previously detailed [24] on 4 µm thick
sections from paraffin embedded tissues, using as primary reagents, monoclonal antibodies
(mAb) 3GA11 (anti MAGE-A10) and D8.38 (anti NY-ESO-1) [25,26] on an automated system
Ventana BenchMark Ultra autostainer (Roche, Tucson, AZ, USA). Sections of normal human
testes served as positive controls. Cells were considered positive if staining was detectable
in either the cytoplasm or the nuclei, or both, regardless of intensity. Percentages of positive
tumor cells were evaluated by two pathologists. The cut-off point for positive tumor
classification was any convincing cytoplasmic/nuclear expression in >10% tumor cells.

2.4. Statistical Analysis

Correlations between the clinical-pathological parameters and MAGE-A10 or NY-
ESO-1 positivity, as defined above, were analyzed by using Chi-squared tests. Patients
survival was evaluated by using Kaplan–Meier survival curves, and differential survival
was investigated by using Log-rank tests. Multivariate Cox’s proportional hazard’s analysis
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was used to explore the potential ability of MAGE-A10 or NY-ESO-1 protein expression to
predict responsiveness to platinum-based chemotherapy and p values ≤0.05 in all cases
were considered statistically significant. All analyses were conducted by using the SPSS
version 16.0 software package.

3. Results
3.1. Demographics and Clinical-Pathological Characteristics

A total of 93 patients with advanced HGSOC were included in the study. In partic-
ular, tumors from 72 patients (77%) were of FIGO III stage and tumors from 21 patients
(23%) were of FIGO IV stage. The median age of patients was 57 years (IQR: 37–79 years).
The median follow-up was 60 (IQR: 4–175) months. The clinical-pathological character-
istics of these patients, including FIGO stage, surgery outcome, chemotherapy regimens
and number of treatment cycles, response to treatment, PFS and OS, as obtained from
histopathological reports and patient medical records, are reported in Table 1.

Table 1. Demographics and clinical-pathological characteristics.

Disease Status at the End of Follow-Up

Total Dead Alive Alive

(N = 93) (N = 67) with Recurrence
(N = 9)

without Recurrence
(N = 17)

Age (median, IQR) 57(37–79) 59(37–79) 62(49–75) 54(44–76)
PFS (median, IQR) 16(4–175) 14(4–109) 22(8–42) 37(16–175)
OS (median, IQR) 40(7–175) 36(7–144) 44(34–83) 69(37–175)

FIGO stage (N, %) III 72(77) 50(75) 6 16(94)
IV 21(23) 17(25) 3 1(6)

Surgery (N, %) Optimal 14(15) 0 4 10(15)
Suboptimal 75(81) 9 12 54(80)
Unknown 4(4) 0 1 3(4)

Chemotherapy cycles (N, %) 6 60(64) 5 16 39(58)
>6 33(36) 4 1 28(42)

Response to chemotherapy (N, %) CR 62(66,7) 40(59,7) 6 16
PR 11(11,8) 8(11,9) 2 1
SD 5(5,4) 5(7,5) 0 0
PD 15(16,1) 14(20,9) 1 0

N: number; PFS: progression-free survival; OS: overall survival; CR: complete response; PR: partial response; SD:
stable disease; PD: progressing disease.

A total of 67 patients (72%) had died and 26 (28%) were alive at the end of the follow-
up (2016). Out of the alive patients, 9 (35%) had developed recurrence despite ongoing
adjuvant treatment, and 17 (65%) remained without disease recurrence.

3.2. Immunohistochemistry

As previously reported [24], MAGE-A10 immunostaining was mainly detectable in
the nuclei of malignant cells, whereas NY-ESO-1 specific mAb mainly stained cytoplasm
(Figure 1). Overall, MAGE-A10 immunostaining was positive in 47 (50%) advanced HG-
SOCs, and NY-ESO-1 in 33 tumors (35%). Co-expression of both CTAs was observed in 23
(24.7%) cancers.
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tion ×200.

3.3. Response to Chemotherapy

All patients were administered cis-platinum in combination with additional chemother-
apeutics in≥6 cycles of treatment (see above). A full analysis of responsiveness to treatment
has previously been reported [5]. Briefly, according to the RECIST 1.1 criteria, 62 (66.7%)
patients showed a CR, 11 (11.8%) a PR, and in 5 (5.4%) patients SD represented the best
response to treatment. In contrast, 15 (16.1%) patients were unresponsive and PD was
evident (Table 1).

Regarding sensitivity to first-line platinum-based chemotherapy, defined as PFI, tu-
mors from 58 (62.4%) patients appeared to be sensitive, 23 (24.7%) resistant, and 12 (12.9%)
refractory. To facilitate further analyses, patients with resistant and refractory disease were
combined into one group of “resistant” subjects.

The median PFS was 16 months (IQR range 4–175 months) and the median OS was
40 months (IQR range 7–175 months) [5].

3.4. Correlation between CTA Expression and Response to Chemotherapy

MAGE-A10 expression appeared to significantly predict unresponsiveness to first-
line platinum-based chemotherapy (p = 0.005) and poor sensitivity to platinum treatment
(p < 0.001) (Table 2). Accordingly, MAGE-A10 expression in tumor cells was associated
with significantly poorer PFS (p < 0.001) and OS (p < 0.001) (Figure 2).
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Table 2. Correlation between CTA expression and response to chemotherapy.

N (%)

Response to Chemotherapy
CR + PR = OR SD + PD χ2 p

MAGE A-10
Positive 30(41) 17(85)

10.4 0.001Negative 43(59) 3(15)

NY-ESO-1
Positive 25(34) 8(40)

0.045 0.832Negative 48(66) 12(60)

Chemotherapy sensitivity Sensitive 58(80) 0
39 <0.001Resistant 15(20) 20(100)

N: number; CR: complete response; PR: partial response; OR: overall response; SD: stable disease; PD: progressing
disease.
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Multivariate analysis showed that, together with the patients’ age and tumor stage,
MAGE-A10 expression by tumor cells was an independent predictor of unresponsiveness
to first-line platinum treatment (p = 0.005) (Table 3).

Table 3. Multivariate analysis of the age of patients, FIGO stage and expression of MAGE A-10 on
objective response on first-line chemotherapy in 93 patients with advanced-stage high-grade serous
ovarian cancer.

HR (95%CI) p

Age 4.2 (1.2–14.6) 0.025
Stage 5.7 (1.6–21) 0.007

MAGE A10 7.4 (1.8–29.8) 0.005

On the same line, multivariate analysis of sensitivity to platinum, evaluated as PFI,
showed that MAGE-A10 expression in tumor cells independently predicted poor sensitivity
to treatment (Table 4)

Table 4. Multivariate analysis of the impact of FIGO stage, chemotherapy cycles, and expression of
MAGE A-10 on chemotherapy sensitivity in 93 patients with advanced-stage HGSOC.

HR (CI 95%) p

Stage 3.1 (1.0–9.9) 0.050
MAGE A10 6 (2.2–16.4) <0.001

Chemotherapy cycles 1.8 (0.65–4.8) 0.265

Instead, no correlation was observed between NY-ESO-1 and the response to first line
platinum-based chemotherapy (p = 0.832), platinum sensitivity (p = 0.168), and the patients’
PFS (p = 0.126) or OS (p = 0.335).

4. Discussion

Advanced ovarian cancers are characterized by poor prognosis. Following surgery,
treatment mainly relies on platinum-based chemotherapy. Yet, sizeable percentages of
patients do not respond to treatment, and the molecular mechanisms underlying unrespon-
siveness are largely unclear [2–4,27–29].

Markers associated with sensitivity of ovarian cancer cells to treatment have been
identified by us and others. In particular, E cadherin downregulation and overexpression
of epithelial-to-mesenchymal transition (EMT) genes are known features of unresponsive
tumors [5,29]. Accordingly, enhanced tumor cell de-differentiation is known to underlie
resistance to different types of chemotherapy in a variety of malignancies [30], thus suggest-
ing that treatments based on the administration of conventional anti-cancer compounds
might be poorly effective.

On the other hand, notably, immunotherapy based on immunological checkpoint
blockade also appears to be largely ineffective in ovarian cancers.

Innovative approaches are urgently needed.
CTAs are a large family of tumor-associated antigens expressed in healthy germ

cells and in a variety of human cancers [11–14]. As such, they do represent attractive
candidates for cancer immunotherapy. In particular, MAGE-A10 and NY-ESO-1 are highly
immunogenic CTAs and specific immune responses have repeatedly been observed in
patients bearing cancers expressing these antigens [14–17].

The physiological functions of CTAs are still largely unclear. Data on MAGE-A,
the best studied CTAs, suggests that they are involved in early oncogenesis, and in the
regulation of cell cycle progression and cellular apoptosis [10]. Expression of MAGE-A and
NY-ESO-1 proteins has previously been shown to be associated with poor prognosis by
us and others in a variety of cancers of different histological origin [11–14,31]. Moreover,
interestingly, overexpression of CTA genes has also been suggested to correlate with
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resistance to chemotherapy in head and neck cancers and in medulloblastoma [32–36].
Intriguingly, defined established tumor cell lines expressing MAGE-A CTA have been
reported to be platinum resistant [36].

Underlying mechanisms have been explored and evidence has been provided sug-
gesting that the expression of MAGE-A genes inhibits cancer cell apoptosis, possibly by
modulating wild type TP53 gene expression [33,37,38]. On the other hand, MAGE-A CTA
gene expression might represent a marker of widespread DNA de-methylation, critically
contributing to the selection of chemoresistant malignant cell subclones [39].

Regarding ovarian cancers, expression of MAGE-A4, MAGE-A9, MAGE-A10, and
NY-ESO-1 proteins in tumor cells has previously been reported to be associated with poor
prognosis [14,40–42], but no data regarding sensitivity to chemotherapy treatment have
been provided.

Here we report that MAGE-A10 protein expression in ovarian cancer surgical speci-
mens reliably predicts unresponsiveness to first line platinum-based chemotherapy and
poor sensitivity to platinum treatment. Accordingly, consistent with previous reports [14],
MAGE-A10 protein expression is associated with significantly poorer PFS and OS. Most
importantly, multivariate analysis of our data indicates that MAGE-A10 protein expression
qualifies as predictor of resistance to treatment independently from age and FIGO stage.

In contrast, we did not observe any correlation between NY-ESO-1 protein expres-
sion and response to first-line platinum-based chemotherapy, platinum sensitivity, or the
patients’ PFS and OS.

To the best of our knowledge, this is the first study evaluating the impact of MAGE-A10
protein expression on HGSOC chemosensitivity. Therefore, MAGE-A10 could represent
a novel biomarker identifying a more aggressive phenotype. Further analysis could be
undertaken in patients with secondary cytoreduction and contribute to clinical decisions
regarding the implementation of radical surgery procedures [43].

The limitations of our report should be acknowledged. They include a small number
of patients and a relatively short follow-up time. Nevertheless, although validation and
mechanistic studies are warranted, our results could be of high clinical relevance. First,
assessment of MAGE-A10 protein expression might help to identify patients with platinum-
resistant tumors, thereby sparing them chemotherapy-associated adverse effects. On
the other hand, considering the high immunogenicity of MAGE-A10, it is tempting to
speculate that immunotherapy specifically targeting this CTA, based on vaccination or
adoptive immunotherapy with engineered T cells expressing a MAGE-A10-specific HLA-
restricted T-cell receptor [44] might powerfully complement platinum-based chemotherapy,
by eliminating resistant cells.

Cellular and humoral immune responses specific for cancer/testis antigens (CTAs),
and, in particular, MAGE-A10, have frequently been observed in patients with tumors
of different histological origin (e.g., [14–16]) and were not reported to be associated with
clinical symptoms suggesting ongoing autoimmune reactions targeting healthy tissues.
Most notably, human spermatogonia do not express HLA Class I determinants [45], and
in females MAGE-A CTA expression is only detectable in the placenta [46,47]. Moreover,
vaccination against MAGE-A CTA, irrespective of vaccine formulation and adjuvant has
not been shown to be associated with on-target off-tumor toxicity [48–51].

However, adoptive treatment with T cells transduced with genes encoding a HLA-
A2-restricted MAGE-A3 specific T-cell receptor (TCR) has been shown to result in severe
neurotoxicity, initially attributed to the recognition of rare MAGE-A12-expressing neu-
rons [52], and, more recently, to the targeting of EPS8L2 protein expressed in multiple
tissues [53]. Instead, a similar adoptive treatment targeting MAGE-A4 and including pa-
tients with ovarian cancer has successfully been implemented [48–51], with one patient
developing pseudogout arthritis [54,55]. Adoptive treatments with HLA-Class II restricted
transduced CD4+ T cells have also been proposed [56].

On the other hand, MAGE-A10 has only been targeted in three clinical trials based on
peptide vaccination [51,56,57]. Moreover a MAGE-A10 targeted adoptive immunotherapy
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protocol has recently been used in patients with advanced NSCLC with an acceptable safety
profile [58].

Thus, while similar therapeutic approaches should be considered cautiously, intraperi-
toneal administration of T cells engineered to express a MAGE-A10-specific HLA-restricted
T-cell receptor might prove of particular interest in cases of ovarian cancer-associated
peritoneal carcinomatosis [59], typically characterized by a paucity of therapeutic options.

5. Conclusions

Molecular assessment of MAGE-A family members could be helpful to improve the
prognostic evaluation and to provide a new potential therapeutic target for epithelial
ovarian cancer patients.
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24. Mrklić, I.; Spagnoli, G.C.; Juretić, A.; Pogorelić, Z.; Tomić, S. Co-expression of cancer testis antigens and topoisomerase 2-alpha in
triple negative breast carcinomas. Acta Histochem. 2014, 116, 740–746. [CrossRef]

25. Schultz-Thater, E.; Piscuoglio, S.; Iezzi, G.; Le Magnen, C.; Zajac, P.; Carafa, V.; Terracciano, L.; Tornillo, L.; Spagnoli, G.C.
MAGE-A10 is a nuclear protein frequently expressed in high percentages of tumor cells in lung, skin and urothelial malignancies.
Int. J. Cancer 2011, 129, 1137–1148. [CrossRef] [PubMed]

26. Schultz-Thater, E.; Noppen, C.; Gudat, F.; Dürmüller, U.; Zajac, P.; Kocher, T.; Heberer, M.; Spagnoli, G.C. 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, 83, 204–208. [CrossRef]

27. Agarwal, R.; Kaye, S.B. Ovarian cancer: Strategies for overcoming resistance to chemotherapy. Nat. Rev. Cancer 2003, 3, 502–516.
[CrossRef]

28. Shen, D.W.; Pouliot, L.M.; Hall, M.D.; Gottesman, M.M. Cisplatin resistance: A cellular self-defense mechanism resulting from
multiple epigenetic and genetic changes. Pharmacol. Rev. 2012, 64, 706–721. [CrossRef]

29. Leung, D.; Price, Z.K.; Lokman, N.A.; Wang, W.; Goonetilleke, L.; Kadife, E.; Oehler, M.K.; Ricciardelli, C.; Kannourakis, G.;
Ahmed, N. Platinum-resistance in epithelial ovarian cancer: An interplay of epithelial-mesenchymal transition interlinked with
reprogrammed metabolism. J. Transl. Med. 2022, 20, 556. [CrossRef]

30. Tiwari, N.; Gheldof, A.; Tatari, M.; Christofori, G. EMT as the ultimate survival mechanism of cancer cells. In Semin Cancer biology;
Academic Press: Cambridge, MA, USA, 2012; Volume 22, pp. 194–207. [CrossRef]

31. Li, X.F.; Ren, P.; Shen, W.Z.; Jin, X.; Zhang, J. The expression, modulation and use of cancer-testis antigens as potential biomarkers
for cancer immunotherapy. Am. J. Transl. Res. 2020, 12, 7002–7019.

32. Kasuga, C.; Nakahara, Y.; Ueda, S.; Hawkins, C.; Taylor, M.D.; Smith, C.A.; Rutka, J.T. Expression of MAGE and GAGE genes in
medulloblastoma and modulation of resistance to chemotherapy. Laboratory investigation. J. Neurosurg. Pediatr. 2008, 1, 305–313.
[CrossRef]

33. Weeraratne, S.D.; Amani, V.; Neiss, A.; Teider, N.; Scott, D.K.; Pomeroy, S.L.; Cho, Y.J. miR-34a confers chemosensitivity through
modulation of MAGE-A and p53 in medulloblastoma. Neuro-Oncology 2011, 13, 165–175. [CrossRef] [PubMed]

https://doi.org/10.1016/S1470-2045(03)00982-3
https://doi.org/10.1007/s40291-020-00476-5
https://www.ncbi.nlm.nih.gov/pubmed/35261795
https://doi.org/10.1371/journal.pone.0104099
https://www.ncbi.nlm.nih.gov/pubmed/25101620
https://www.ncbi.nlm.nih.gov/pubmed/11479225
https://doi.org/10.1002/ijc.22309
https://www.ncbi.nlm.nih.gov/pubmed/17066423
https://doi.org/10.3389/fimmu.2018.00947
https://doi.org/10.1093/annonc/mdx444
https://doi.org/10.1097/AOG.0000000000000917
https://doi.org/10.1097/00000478-200404000-00009
https://doi.org/10.1245/s10434-010-0964-9
https://doi.org/10.1016/j.ejca.2008.10.026
https://www.ncbi.nlm.nih.gov/pubmed/19097774
https://doi.org/10.1097/IGC.0b013e31821bb8aa
https://www.ncbi.nlm.nih.gov/pubmed/21543939
https://doi.org/10.1016/j.acthis.2014.01.003
https://doi.org/10.1002/ijc.25777
https://www.ncbi.nlm.nih.gov/pubmed/21710496
https://doi.org/10.1054/bjoc.2000.1251
https://doi.org/10.1038/nrc1123
https://doi.org/10.1124/pr.111.005637
https://doi.org/10.1186/s12967-022-03776-y
https://doi.org/10.1016/j.semcancer.2012.02.013
https://doi.org/10.3171/PED/2008/1/4/305
https://doi.org/10.1093/neuonc/noq179
https://www.ncbi.nlm.nih.gov/pubmed/21177782


Cancers 2023, 15, 4697 11 of 12

34. Hartmann, S.; Kriegebaum, U.; Küchler, N.; Brands, R.C.; Linz, C.; Kübler, A.C.; Müller-Richter, U.D. Correlation of MAGE-A
tumor antigens and the efficacy of various chemotherapeutic agents in head and neck carcinoma cells. Clin. Oral Investig. 2014,
18, 189–197. [CrossRef] [PubMed]

35. Hartmann, S.; Zwick, L.; Scheurer, M.J.J.; Fuchs, A.R.; Brands, R.C.; Seher, A.; Böhm, H.; Kübler, A.C.; Müller-Richter, U.D.A.
MAGE-A11 expression contributes to cisplatin resistance in head and neck cancer. Clin. Oral Investig. 2018, 22, 1477–1486.
[CrossRef] [PubMed]

36. Duan, Z.; Duan, Y.; Lamendola, D.E.; Yusuf, R.Z.; Naeem, R.; Penson, R.T.; Seiden, M.V. Overexpression of MAGE/GAGE genes
in paclitaxel/doxorubicin-resistant human cancer cell lines. Clin. Cancer Res. 2003, 9, 2778–2785.

37. Marcar, L.; Maclaine, N.J.; Hupp, T.R.; Meek, D.W. Mage-A cancer/testis antigens inhibit p53 function by blocking its interaction
with chromatin. Cancer Res. 2010, 70, 10362–10370. [CrossRef]

38. Nardiello, T.; Jungbluth, A.A.; Mei, A.; Diliberto, M.; Huang, X.; Dabrowski, A.; Andrade, V.C.; Wasserstrum, R.; Ely, S.; Niesvizky,
R.; et al. MAGE-A inhibits apoptosis in proliferating myeloma cells through repression of Bax and maintenance of survivin. Clin.
Cancer Res. 2011, 17, 4309–4319. [CrossRef]

39. Sigalotti, L.; Fratta, E.; Coral, S.; Tanzarella, S.; Danielli, R.; Colizzi, F.; Fonsatti, E.; Traversari, C.; Altomonte, M.; Maio, M.
Intratumor heterogeneity of cancer/testis antigens expression in human cutaneous melanoma is methylation-regulated and
functionally reverted by 5-aza-2′-deoxycytidine. Cancer Res. 2004, 64, 9167–9171. [CrossRef]

40. Yakirevich, E.; Sabo, E.; Lavie, O.; Mazareb, S.; Spagnoli, G.C.; Resnick, M.B. Expression of the MAGE-A4 and NY-ESO-1
cancer-testis antigens in serous ovarian neoplasms. Clin. Cancer Res. 2003, 9, 6453–6460.

41. Xu, Y.; Wang, C.; Zhang, Y.; Jia, L.; Huang, J. Overexpression of MAGE-A9 Is Predictive of Poor Prognosis in Epithelial Ovarian
Cancer. Sci. Rep. 2015, 5, 12104. [CrossRef]

42. Szender, J.B.; Papanicolau-Sengos, A.; Eng, K.H.; Miliotto, A.J.; Lugade, A.A.; Gnjatic, S.; Matsuzaki, J.; Morrison, C.D.; Odunsi, K.
NY-ESO-1 expression predicts an aggressive phenotype of ovarian cancer. Gynecol. Oncol. 2017, 145, 420–425. [CrossRef]
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