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Abstract. Melanoma-associated antigen A (MAGEA) repre-
sent a class of tumor antigens that are expressed in a variety
of malignant tumors, however, their expression in healthy
normal tissues is restricted to germ cells of testis, fetal ovary
and placenta. The restricted expression and immunogenicity
of these antigens make them ideal targets for immunotherapy
in human cancer. In the present study the presence of natu-
rally occurring antibodies against two MAGEA subfamily
proteins, MAGEA4 and MAGEA10, was analyzed in patients
with melanoma at different stages of disease. Results indi-
cated that the anti-MAGEA4/MAGEA10 immune response
in melanoma patients was heterogeneous, with only ~8% of
patients having a strong response. Comparing the number
of strongly responding patients between different stages of
disease revealed that the highest number of strong responses
was detected among stage II melanoma patients. These find-
ings support the model that the immune system is involved in
the control of melanoma in the early stages of disease.

Introduction

Melanoma-associated antigen A (MAGEA) subfamily
proteins are members of cancer/testis antigens (CTAs), whose
normal expression is limited to germ cells, but ectopic expres-
sion can be observed in tumor cells of different origins (1).
The MAGEA genes were initially identified as tumor antigens
that can be recognized by cytotoxic T-lymphocytes in mela-
noma patients (2). The MAGEA subgroup of CTA family
comprises eleven genes that show striking homology with
each other and are encoded as a cluster at the Xq28 region (3).
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Their normal expression is restricted to the testis, trophoblast
and placenta (3,4). MAGEA expression in somatic cells
is silenced by promoter DNA methylation (5), but in tumor
cells genome-wide epigenetic reprogramming can result in
promoter hypo-methylation, leading to aberrant expression of
one or more of these genes (1,6).

MAGEA expression is observed mainly in cancers that
have acquired malignant phenotypes, invasiveness or metas-
tasis, and the expression of MAGEA family proteins has been
linked to poor prognosis in cancer patients. MAGEA family
proteins have oncogenic functions, including support of
growth, survival and metastasis, and are thought to contribute
actively to malignancy (7). At the molecular level, MAGEA
proteins are involved, through direct and indirect mecha-
nisms, in the regulation of the tumor suppressor protein p53
pathway (8-12). MAGEA proteins can also activate specific
RING finger type E3 ubiquitin ligases (13,14), thereby regu-
lating the ubiquitin signaling in cancer cells.

MAGEA proteins are known to be highly expressed in a
wide range on cancers including bladder, lung, skin and breast
malignancies (6,15-18). Expression of these antigens may
be highly heterogeneous in a variety of tumors of different
histological origin, with percentages of positive cells ranging
between 5 and 60% (18). MAGEA subfamily proteins are
highly conserved and it is very difficult to get antibodies
that recognize only one member of the family specifically.
For example, MAGEA4 and MAGEAI10 proteins share more
than 50% sequence identity on the amino acid level, but have
different sizes and cellular localizations (19). Several antibodies
used in immunohistochemical studies cross-react with many
MAGEA proteins and have been seen in multiple cancer types
to localize both in the cytoplasm and in the nucleus (20-22).
This has complicated the immunohistochemical analysis of
cancer tissues and limited the analysis of specific subfamily
members, which may have different expression patterns,
subcellular localizations and impacts on the malignancy.

Melanoma is the most serious type of skin cancer and its
incidence has risen over the years. The etiology of melanoma is
multi-factorial, resulting from gene-environment interactions,
with the main environmental factor for melanoma develop-
ment being exposure to sunlight and UV radiation (23). The
importance of the immune system in the etiology of human
skin cancer has been long recognized, based primarily upon
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the increased incidence of skin cancers in organ transplant
recipients and mechanisms of ultraviolet (UV) radiation-medi-
ated immunomodulation (24). Although the rate of melanoma
incidence is rising, especially within young females, there is no
direct correlation with the increase of mortality. Histological
regression in primary cutaneous melanoma has been shown
to occur in 10-35% of cases (25). Thus, it can be hypothesized
that the immune system is involved in controlling the mela-
noma progression, especially in younger individuals.

The aim of this study was to evaluate the presence of natu-
rally occurring antibodies against two MAGEA proteins in the
blood samples of melanoma patients with different stages of
disease. MAGEA proteins have oncogenic functions contrib-
uting to malignancy, and they are known to be immunogenic
proteins. The MAGEA4 and MAGEA10 proteins were
expressed in bacteria, purified and used in the enzyme-linked
immunosorbent assay (ELISA) for detection of antibodies.
We were curious to know i) whether the melanoma patients
have antibodies against these proteins, and ii) whether these
antibodies can be treated as a potential prognostic marker.

Materials and methods

Patients and sera. Human sera were obtained from 185 patients
with melanoma attending the North Estonian Medical Centre
(Tallinn, Estonia) within two years (2013-2014). The melanoma
stage was assigned based on tumor thickness, ulceration and
the involvement of lymph nodes or organs. The characteristics
of patients are shown in Table I. As a control, we included
43 sera of healthy blood donors from the Estonian Blood
Bank. We have no data about the gender nor age of blood bank
controls. All samples were handled by standard procedures
and stored at -80°C. Approval for the use of blood samples
for the study was obtained from the Tallinn Medical Research
Ethics Committee (Tallinn, Estonia).

Proteins. MAGEA4 and MAGEA10 coding sequences from
pQOMCF-MAGEA4 and pQMCF-MAGEA0 vectors (19) were
cloned in frame into pET28a vector using Nhel restriction
enzyme to fuse the coding sequence with His-tag. Recombinant
His-tagged MAGEA4 and MAGEAI1O proteins were trans-
formed into Escherichia coli (E coli) cells BL-CodonPlus™RP
(Invitrogen; USA); transformed bacteria were grown at 37°C
to the spectrophotometric density 0.6 (OD 600 nm; Ultraspec
7000; GE Healthcare Life Sciences, Little Chalfont, UK) and
induced with 1 mM IPTG for 2 h at room temperature. Then the
cells were collected by centrifugation (at 8,000 x g for 3 min at
4°C; Centrifuge 5810R; Eppendorf, Hamburg, Germany) and
resuspended in buffer containing 50 mM Tris (pH 8.0) and
500 mM NacCl. Proteins were purified with Ni-Sepharose™ 6
Fast Flow beads (GE Healthcare Life Sciences) under standard
native conditions following manufacturer's recommendations;
20 mM imidazole was added to the buffer for binding reac-
tions, 25 mM for wash buffers and 250 mM for elution of
proteins from the beads. Both proteins were purified using the
same protocol. After purification, the buffer was exchanged to
PBS with Amicon® Ultra centrifugal filters (Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) and the concentration of
proteins was determined by the Bradford assay using bovine
serum albumin (BSA) as a standard.

OUNAP et al: ANTIBODIES AGAINST MAGEA PROTEINS IN MELANOMA PATIENTS

ELISA.Recombinant MAGEA4 or MAGEA 10 protein (2 yg/ml)
in phosphate-buffered saline (PBS) containing 0.1% of Tween-20
was adsorbed onto 96-well MaxiSorp NUNC-immunoplates
(Sigma-Aldrich; Merck KGaA) and incubated overnight at 4°C.
Plates were washed with PBS/0.1% Tween-20 and blocked with
2% BSA in PBS/0.1% Tween-20. Serial dilutions of human
serum in 100 ul of 0.4% BSA/PBS/0.1% Tween-20 were added
to each well and incubated for one hour at room temperature
on the shaker (Titertek-Berthold; Berthold Detection Systems
GmbH, Pforzheim, Germany). Horseradish peroxidase
(HRP)-conjugated goat anti-human IgG (Zymax/Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) was used
as a secondary antibody for 45 min. After washing four times,
the reaction was developed with the TMB Peroxidase E1A
substrate kit (Bio-Rad Laboratories, Inc., Hercules, CA, USA)
for 10 min. and stopped with H,SO,. The absorbance at 450 nm
was measured spectrophotometrically using the ELISA plate
reader Sunrise™ (Tecan, Médnnedorf, Switzerland). For quality
control, we included three reference sera which were analyzed
on every ELISA plate. The CVs of their ODs did not exceed
20%.

Statistical analysis. The data were analyzed in R (version 3.3.0).
Parameter estimates and corresponding CI (credible inter-
vals) were calculated using the BayesFirstAid package (26).
Analysis of variance (ANOVA) with the Tukey post-test was
also done in R.

The patients with positive antibody response were defined
as follows: pooled MAGEA4 and MAGEA10 response values
obtained from the blood bank donors were log-transformed
to ensure normality, after which the mean and the standard
deviation was calculated from the control subjects only. Then
the melanoma patients, whose log-response value > mean +
2" SD, were redefined as having a strong response. To clas-
sify subjects based on their MAGEA protein levels a logistic
regression model, including both MAGEA proteins, sex, and
age as additive predictors, was trained on the subset of data
containing stage 0, I, and II patients. The pROC package was
used to calculate the receiver operating characteristic (ROC)
curve (27).

Results

Antibody response against MAGEA4 and MAGEA 0 proteins
in melanoma patients. We measured the anti-MAGEA4 and
anti-MAGEA10 antibody levels by ELISA from 185 stage 0
(in situ) to stage IV melanoma patients and from 43 healthy
individuals, who had donated their blood to the Estonian
blood bank. The ELISA was performed using MAGEA4 and
MAGEAI1O0 proteins, which were purified from E. coli, immo-
bilized on microtiter plates, and subsequently probed with
1:200 to 1:800 human sera dilutions. The serums that exhib-
ited high OD values, indicating the presence of anti-MAGEA
antibodies, were tested at least three times on separate ELISA
plates and the mean OD value was used in further analysis.
The OD values obtained from 1:400 diluted serums were used
in statistical analysis.

We first compared the OD values of the controls with
the melanoma patients separately for anti-MAGEA4 and
anti-MAGEA10 response (Fig. 1). In Fig. 1, the Tukey box
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Table I. Characteristics of the melanoma patients.
Stage 0 Stage | Stage 11 Stage IIT Stage IV Total
Number 24 67 43 30 21 185
Sex
Male (%) 4 (16.7%) 17 (25.4%) 14 (32.6%) 12 (40%) 9 (42.9%) 56 (30.3%)
Female (%) 20 (83.3%) 50 (74.6%) 29 (67.4%) 18 (60%) 12 (57.1%) 129 (69.7%)
Disease duration
<5 years 21 (87.5%) 47 (70.1%) 29 (67.4%) 20 (66.7%) 18 (85.7%) 135 (73%)
=5 years 3 (12.5%) 20 (29.9%) 14 (32.6%) 10 (33.3%) 3 (14.3%) 50 (27%)
Mean (range) 2.0 (0-13) 4.5 (0-26) 3.7 (0-18) 4.5 (0-19) 2.8 (0-25) 3.8 (0-26)
Median 1 2 3 3 1 2
Age
Mean (range) 51.9 (18-87) 61.3 (28-87) 64.3 (33-90) 63.4 (43-82) 73.1 (35-92) 62.5 (18-92)
Median 51 65 66 65 78 65
MAGEA4 | | MAGEA10 patients to exhibit aggregate effects over the controls is likely
3 due to the voluntary blood donors, who make up the control
501 group. We have no data about their age and gender, but they
. are probably younger than the melanoma patients. This limits
2 1.5 . . the usefulness of the blood donors as controls. Therefore, in
[ r 2 |: the subsequent analysis we omitted the blood bank controls
8 1.0- 3 . y . and looked at melanoma stages 0 to IV as distinct groups.
o 3 nE To follow the antibody response from limited to advanced
0.51 #‘ ‘T disease, we divided the patients into subgroups, depending
’ . on the status of their disease. In Fig. 2, the Tukey box blots

Cor'1trol Melalmoma
(43) (185)

Con'trol Mela;loma
(43) (185)

Figure 1. Antibody response against MAGEA4 and MAGEAI0 proteins
in melanoma patients and controls. A comparison of the magnitude of the
anti-MAGEA4 and anti-MAGEA10 immune responses of blood bank
controls vs. melanoma patients (stages 0-IV combined) by Tukey box plots
showing median and interquartile ranges. Dots correspond to individual
blood bank controls and patients. The Y-axis denotes optical density values
obtained from the ELISA assay. The number of sera is shown in the paren-
theses. MAGEA, melanoma-associated antigen A.

blots were used to show the median and interquartile ranges,
as well as dots corresponding to individual patients and blood
bank controls. The mean immune responses of patients were
not elevated as compared with the blood bank controls. The
mean OD value of the sera of melanoma patients was 0.59
(SD 0.31) for MAGEA4 and 0.73 (0.38) for MAGEA10. For
blood bank controls, the mean OD value was 0.67 (0.26) for
MAGEA4 and 0.70 (0.28) for MAGEA10. We could not find
evidence for elevated mean effects of melanoma patients over
blood bank controls, the probability that the patients mean
value was higher than the controls was 0.3% for MAGEA4
(two-sided P-value=0.004) and 62% for MAGEA10 (P=0.87).
On the other hand, the patients had higher variability at their
anti-MAGEA4 and anti-MAGEA10 responses than controls;
the probability that the controls have higher standard devia-
tions was 2 and 6% for MAGEA4 and MAGEA 10, respectively.
We suggest that the higher variability of the immune response
in patients could mean that in some patients the antibody
response is induced, while in others is not. The failure of the

were used to show the median and interquartile ranges,
as well as dots corresponding to individual patients; the
number of patients is shown in parenthesis under the stage
number. As shown in Fig. 2, some stage I, IT and III patients
exhibited elevated anti-MAGEA4 and/or anti-MAGEA10
immune responses. The one-way ANOVA P-value was
0.10 for MAGEA4 and 0.043 for MAGEA1O0, indicating
that there are statistically significant contrast(s) in the
MAGEAI10 data. We used the Tukey HSD post-test to find
groups that significantly differ from each other. This showed
that in the case of MAGEAIO, there was a single contrast,
stage 0 vs. stage II patients, which had a significant differ-
ence in mean OD values (P=0.047). The mean OD values
between stage 1T and stage IV patients were slightly different
(P=0.10), but no difference was observed between stage 11
and III patients (P=0.78). In the case of MAGEA4, we did not
observe statistically significant differences in mean values
between patients with different stages of disease (P=0.74
for stage O vs. stage II; P=0.18 for stage II vs. stage IV and
P=0.47 for stage II vs. stage III). These data show that there
is no strong difference in mean OD values between stage 11
and III, but is a slight difference between stage II and IV
for MAGEAT10. Although, we found only a single statisti-
cally significant contrast, due to the limited sample size this
does not necessarily mean that there are no real differences
between stage II and ITI&IV. We sought to clarify this point
further by polynomial regression modelling. We predicted
anti-MAGEA4/A10 response levels (as measured by OD)
from the stage of melanoma modelled as a continuous ordinal
variable. These models indicate that for both proteins there
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Table II. Patients with strong antibody response.

Patient Gender Age (years) Disease duration (years) Stage Protein OD value
M35 F 61 2 1B MAGEA4 2.05
M38* F 73 18 1I MAGEA4 227
Ml111° M 67 1 [c MAGEA4 1.49
M123 F 65 0 IB MAGEA4 148
M162 M 64 3 1A MAGEA4 1.75
M3 F 57 1 IB MAGEA10 1.49
M38* F 73 18 11 MAGEAI10 1.67
M47 F 71 4 1B MAGEA10 2.09
M63 F 80 3 IIA MAGEA10 1.48
M70 F 64 9 1B MAGEA10 143
M76 F 61 6 1B MAGEA10 1.77
M99 F 66 5 1B MAGEA10 1.88
MI11° M 67 1 1ic MAGEA10 1.55
M115 M 72 1 1B MAGEA10 1.95
M119 F 76 11 IB MAGEA10 145
M137 F 72 0 1B MAGEA10 1.58
M144 F 52 1 1A MAGEA10 1.77

**These patients have a strong antibody response against MAGEA4 and MAGEA10 protein. MAGEA, melanoma-associated antigen A.
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Figure 2. A subgroup analysis of the magnitude of the anti-MAGEA4 and anti-MAGEA 10 immune responses of melanoma patients (stages 0-1V). Tukey box
plots with median and interquartile ranges are shown, as well as dots corresponding to individual blood bank controls and patients. The Y-axis denotes optical
density values at 495 nm. The number of sera is shown in the parenthesis. MAGEA, melanoma-associated antigen A.

is an initial rise in optical density that peaks at stage II, and
thereafter falls again (data not shown).

As our samples were not balanced for age and sex
(Table I), we also looked for associations between these
variables and anti-MAGE response. By applying linear
regression towards our stage O to IV melanoma samples, we
could find no significant association between the age of the
subjects and anti-MAGEA4 or anti-MAGEA10 response (data
not shown). However, we found a weak association between
anti-MAGEA10 levels and sex (r?=0.025; female melanoma
patients have on average 0.15 OD units higher anti-MAGEA10
response than male patients, 95% CI: 0.04,0.26). But the width

of the CI indicates that our sample size is not large enough to
decide whether this effect is scientifically relevant.

Patients with strong antibody response. Next, we focused on
patients with strong anti-MAGEA4 and/or anti-MAGEA10
immune responses. Here we included patients whose OD
values were higher than the mean OD of the healthy blood
bank donors plus 2 SD-s (28). Table II shows the patients with
strong antibody response. The sera of 15 patients from 185 (8.2;
95% CI: 4.7, 13%) had a strong antibody response against the
MAGEA4 and/or MAGEA1O protein (Table II). Two patients
(M38 and M111) had a strong response against both proteins,
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Figure 3. Comparison of OD values of MAGEA4 and MAGEA10 among the strongly responding patients. Lines correspond to mean values of ELISA assay
for MAGEAA4 (blue) and MAGEA10 (orange), respectively. Error bars show the SD of at least three different experiments performed on separate ELISA plates.

MAGEA, melanoma-associated antigen A.
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Figure 4. The fraction of strongly responding patients in relation to the mela-
noma stage. Patients with OD values higher than the mean OD of the healthy
blood bank donors plus 2 SD-s are included. The number of sera is shown in
the parenthesis. MAGEA, melanoma-associated antigen A.

that is why there are 17 patients listed in Table II. The mean age
of strongly responding patients was 67 years (median 67 years)
and they were first diagnosed from O to 18 years (mean 5 years,
median 3 years) before this analysis was performed. Most of
them are women, there are only 3 men (20; 95% CI: 5.4, 43%)
among the patients with strong antibody response, while the
whole cohort consists of 30.3% of men. Altogether, 5.6% of
men and 9.3% of women had strong antibody response against
one or two of the MAGEA proteins.

MAGEA proteins are highly similar to each other with
half of the amino acids identical between MAGEA4 and
MAGEAI10 proteins. We have analyzed the sera separately
for MAGEA4 and MAGEAIO response, and the statistics was
performed and cut-off values calculated independently of each
other. Interestingly, there were 12 anti-MAGEA10 responses
and 5 anti-MAGEAA4 responses, out of the total of 17 strong
responses (estimated relative frequency of MAGEA4 is 0.31;
95% CI: 0.13, 0.52; 5% probability of relative frequency >0.5)

©_|
o
> o]
s °
2 <_|
o (=]
(4]
N
o
o —
I [ I I I I
0 02 04 06 08 1
1 — Specificity

Figure 5. ROC curve for anti-MAGE antibody detection. Antibody levels
among 185 melanoma patients and 43 blood bank controls were determined
by ELISA. The AUC value was 0.74. ROC, receiver operating characteristic;
MAGE, melanoma-associated antigen; AUC, area under the curve.

(Table II). Consequently, only two patients out of 15 (13.3,
95% CI: 2.7, 35%) had strong and statistically significant
responses against both, MAGEA4 and MAGEAI10 proteins.
In Fig. 3, we compare the antibody response against two
different antigens among the same patients. Some patients
(M38, M111, but also M35, M123 and M137) had antibodies
against both MAGE-A proteins, the others (M47, M63, M70,
M76, M99 and M162) against only one of the two proteins,
either MAGEA4 or MAGEA0. Five patients of 15 (33%) had
a statistically significant higher OD value (P<0.01) against
MAGEAI10 than MAGEAA4, while only one patient, M162, had
a better immune response against MAGEA4 (Fig. 3). These
data show that among strongly responding patients, there are
more anti-MAGEA10 than anti-MAGE4 responses.
Comparing the number of strongly responding patients
between different stages of disease revealed that the highest
number of strong responses was detected among stage II mela-
noma patients (Fig. 4). In the case of MAGEAI10, 7 of 43 (16.3,
95% CI: 7.3, 29%) sera were positive among stage II patients,
and 3 of 29 (10.3, 95% CI: 2.4, 24%) in stage III patients. In
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the case of MAGEA4, there was no clear preference to any
stage, strongly responding sera belonged to patients of stages I,
IT and III. We could not detect any strong response from the
blood samples of melanoma patients with stage O and I'V.

Predictive modelling of anti-MAGE-A responses. To explore
the potential diagnostic value of anti-MAGEA antibodies, we
classified all stage O vs. pooled stage I and II patients using an
additive logistic regression model that includes both MAGEA
proteins, age, and sex. We summarized the model performance
in a ROC curve where we plotted the sensitivity (true positive
rate) values against 1-specificity (false positive rate) values
for each possible cut-point (Fig. 5). The area under the curve
(AUC) is 0.74, suggesting that anti-M AGEA antibodies can be
treated as potential diagnostic biomarkers.

Discussion

MAGEA proteins are cancer-testis antigens (CTAs), which
elicit both cellular and humoral responses. In this study,
we have analyzed the presence of naturally occurring anti-
bodies against two MAGEA family proteins, MAGEA4 and
MAGEAI10, in melanoma patients with different stages of
disease. Our data showed that sera of 15 patients out of 185
(8%) had a strong antibody response against the MAGEA4
and/or MAGEAI10 protein. The highest antibody response was
detected in stage II melanoma patients.

CTAs are named after their typical pattern of expression
in a variety of malignant tumors. Their expression in normal
tissues is restricted to germ cells of the testis. Male germ cells
are devoid of HLA-class I molecules and cannot present anti-
gens to T cells. Therefore, MAGEA antigens can be considered
neo-antigens when expressed in cancer cells (29). Recent
studies have shown that the induction of MAGEA4-specific
immune responses correlated well with the prognosis of
patients vaccinated with MAGEA4 protein and that antibody
response could be a marker for a good prognosis (28).

Our study revealed that 8% of patients had strong antibody
responses against the MAGEA4 or/and MAGEAI10 protein.
When we grouped patients according to the level of the disease,
then stage II patients had more antibodies than others, reaching
to 16% in case of MAGEAI10. Scultz-Thater et al have studied
the prevalence of MAGEAIO in different cancers and shown
that itis expressed in 38% of malignant melanomas (18). Several
studies have shown that MAGEA proteins are associated with
or contribute to solid malignancies, MAGE-A expression is
considered to be an important predictor of malignant trans-
formation (21). For instance, MAGEA4 is expressed in 9% of
primary tumors, but reaching to 44% in distant metastasis (30)
and MAGEA1 expression has been found in 16% of primary
melanomas and 48% of metastatic melanomas (15). However,
in another study no correlation was observed, and MAGEA3/4
protein was present in 25% of primary invasive and metastatic
tumors, but not in in situ melanomas (31). In our study, the
prevalence of MAGEA antibodies was highest in stage II and
lowest in stage 0 and stage IV patients. We have not determined
the expression of MAGEA proteins in the tissue samples of
our patients, but it is very unlikely that MAGEA expression
declines in advanced stages. Previous studies have shown that
MAGEAA4 is rarely lost when once acquired (30). We favor

OUNAP et al: ANTIBODIES AGAINST MAGEA PROTEINS IN MELANOMA PATIENTS

the explanation that stage II melanoma patients have a better
immune response than patients with more advanced stages of
disease. This is consistent with the immune evasion seen in
metastatic cancers (32). Interestingly, there were also very few
responses amongst in sifu and stage I melanoma patients. This
can be explained by the localization of the primary tumor.
Stage 0 or in situ and stage I melanoma are found mostly on
the outer layer of the skin, in epidermis. Stage II melanoma has
spread to the lower part of the inner layer of skin (dermis), but
not yet into the tissue below the dermis or into nearby lymph
nodes. The dermis contains many antigen presenting cells,
which may help to boost the immune response.

In our study, some patients had strong antibody response
against both MAGE-A proteins, the others exhibited anti-
bodies against either MAGEA4 or MAGEAI10 protein. One
of the limitations of this study is that we do not have biopsies
of patients and we were not able to perform neither qPCR nor
immunochemical analysis to confirm that the antibodies are
specific to MAGEA4 or MAGEA10. However, tumor cells very
often express more than one MAGEA protein. Simultaneous
expression of five or more MAGEA proteins occurs in more
than half of oral squamous cell carcinomas (33) and simul-
taneous expression of MAGEA1 and MAGEA4 expression
occurs in 60-70% of melanomas (30). We favor the explanation
that the two MAGEA proteins used in our study have different
immunogenic properties, so that the MAGEAI1O protein is a
better antigen than MAGEA4. Thus, our work is consistent
with the studies, which have suggested that MAGEAI1O is the
most immunogenic antigen of the MAGEA family (34-36). It
is well known that obtaining antibodies against one specific
MAGEA protein may be challenging; we cannot rule out the
possibility that antibodies detected in our assay are formed
against some other member of the family. MAGEA proteins
are highly similar to each other, with half of the amino acids
identical between MAGEA4 and MAGEA10. The MAGEA
subfamily consists of 11 MAGE-A proteins and in addi-
tion, there are MAGE-B, MAGE-C, MAGE-D etc. families
which all share the MHG (MAGE homology) domain (37).
All these proteins are to some extent similar to each other
(MHG domains has similarities from 25 to 80%) and may
give some cross-reactivity. This may also explain the immune
response against MAGEA proteins in some healthy donors
seen in our study. The other limitation of our study is that
we have used only ELISA assay for screening of the sera.
We choose ELISA, because it is suitable for high-throughput
analysis, but have not analyzed the sera by western blotting.
However, by doing so we might have missed some antibody
responses generated against linear and/or denatured epitopes
of MAGEA proteins.

The existence of strongly responding patients suggests
that their immune system has been activated and has started
to generate antibodies against the primary tumor. So, our data
support the hypothesis that the immune system is involved in
the control of melanoma, at least in the early stages. Several
studies have shown spontaneous regression of primary mela-
nomas, but regression of metastatic tumors is very rare. A
good antibody response at early stages can stop the growth
of primary tumor and further spreading to the lymph nodes
and other organs. Among the 15 patients of our study with
the positive status for MAGEA antibodies, only one has died
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and one has disease progression during the 2-year post-study
follow-up period (data not shown). So, the disease of the
majority of patients with strong antibody response is under
control. However, this cohort is too small to make long-term
conclusions about the prognosis. Longitudinal time-course
studies on larger cohorts are needed to establish the prog-
nostic significance of the presence of MAGEA antibodies
in patients. We plan to follow the patients and their antibody
response for at least five more years and perform then the
survival analysis.

The sensitivity and specificity calculations suggest that
the anti-MAGEA antibody response can be treated as a
potential diagnostic biomarker. One of the limitations for use
in clinics is that MAGE-A proteins are expressed only in a
portion of cancer cells; different works have shown that the
amount of expressing cells is between 25 and 50% (30-31).
When we assume that only half of these people have a
strong immune response, then the expected % of strongly
responding patients will be 12 to 25%. Is this enough for
clinical diagnostics? On the other hand, these antibodies are
so-called early markers and there is a great need for early
cancer markers. So, when the presence of strong antibody
response correlates with good prognosis, then they are/will
be useful for clinics.

In addition, from the clinical aspect, the longitudinal detec-
tion of MAGEA antibody levels could be utilized for profiling
of disease status or of effectiveness of novel immunotherapies,
as there exists a great need for biomarkers which could assist
in discrimination of patients suitable for immunotherapy or for
monitoring the therapy effectiveness of these expensive drugs.
For example, it has been shown that during immunotherapy
with ipilimumab the MAGEA protein levels declined and
elevation correlated with either treatment response or failure,
respectively (38). However, the anti-MAGEA antibody status
of patients prior to and after checkpoint therapy has never been
evaluated.

In summary, our study supports the role of the host
immune response in the progression of melanoma. To the
best of our knowledge, the present study is the first report
on following the antibody response against MAGEA-s
and comparing it with the disease progression. A healthy
immune system enables to create antibodies against cancer
antigens that are expressed specifically by tumor cells.
The link between MAGEA antigens and cancer is widely
known and accepted; several works have shown a good
cellular and humoral response against MAGEAs (1,6,37).
Due to their relatively high tumor specificity, they repre-
sent attractive targets for active specific and adoptive
cancer immunotherapies (39). In the current study, we are
not interested in antigens, but we focus on the antibody
response against the antigens. There are some studies who
have analyzed the antibodies against melanoma antigens
(tyrosinase, and TRPs) in melanoma patients, but not against
MAGE-A proteins (40,41). In the current study, we focused
on naturally occurring antibody response against MAGEA
proteins. We compared the number of strongly responding
patients between different stages of disease and found that
the highest number of strong responses was detected among
stage II melanoma patients. The strong antibody response
could be a marker for a good prognosis (28) as well as an
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early marker which can be used for cancer diagnostics from
liquid biopsy.
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