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ABSTRACT
Peptide vaccines derived from tumour-associated antigens have been used as an immunotherapeutic
approach to induce specific cytotoxic immune response against tumour. We previously identified that
MAGED4B and FJX1 proteins are overexpressed in HNSCC patients; and further demonstrated that two
HLA-A2-restricted 9–11 amino acid peptides derived from these proteins were able to induce anti-
tumour immune responses in vitro independently using PBMCs isolated from these patients. In this
study, we evaluated the immunogenicity and efficacy of a dual-antigenic peptide vaccine (PV1),
comprised of MAGED4B and FJX1 peptides in HNSCC patients. We first demonstrated that 94.8% of
HNSCC patients expressed MAGED4B and/or FJX1 by immunohistochemistry, suggesting that PV1 could
benefit the majority of HNSCC patients. The presence of pre-existing MAGED4B and FJX1-specific T-cells
was detected using a HLA-A2 dimer assay and efficacy of PV1 to induce T-cell to secrete cytotoxic
cytokine was evaluated using ELISPOT assay. Pre-existing PV1-specific T-cells were detected in all
patients. Notably, we demonstrated that patients’ T-cells were able to secrete cytotoxic cytokines
upon exposure to target cells expressing the respective antigen post PV1 stimulation. Furthermore,
patients with high expression of MAGED4B and FJX1 in their tumours were more responsive to PV1
stimulation, demonstrating the specificity of the PV1 peptide vaccine. Additionally, we also demon-
strated the expression of MAGED4B and FJX1 in breast, lung, colon, prostate and rectal cancer suggest-
ing the potential use of PV1 in these cancers. In summary, PV1 could be a good vaccine candidate for
the treatment of HNSCC patients and other cancers expressing these antigens.
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Introduction

Globally, head and neck squamous cell carcinoma
(HNSCC) is the sixth most common cancer with more
than 1 million cases diagnosed annually.1 The majority
of the cases occur n developing countries, where thera-
peutic options are limited to surgery, radiotherapy and
chemotherapy2-4 with overall 5-year survival rate of
66%.5 Furthermore, locoregional recurrence is common
in HNSCC patients, and about 20–30% of the patients
will experience distant metastasis where treatment options
become very limited.6

Recently, two monoclonal antibodies (pembrolizumab and
nivolumab) targeting programmed cell death 1 (PD-1), an
immune checkpoint protein, were approved for the treatment
of chemo-refractory HNSCCs. Whilst these offer significant
improvements to the treatment outcome for HNSCC patients,
it benefit only ~18% of HNSCC patients7,8 under-scoring the

urgent need for strategies to improve the overall response rate
in HNSCC patients.

The immune system ensures a check and balance between
immune activation and suppression.9 Blocking immune
checkpoint alone might not be sufficient to fully re-activate
the dampened immune system in cancer patients, as reflected
by percentage of patients responding to immune checkpoint
inhibitors.7,8 A rational way of improving could be the addi-
tion of immunotherapeutic approaches for example antigen-
specific peptide vaccine to enhance the activity of existing
T-cell repertoire. Peptide vaccines derived from immunogenic
tumour antigens have the potential to stimulate cytotoxic
immune responses against tumour cells bearing the same
antigens. There are several advantages in using peptide vac-
cines over other immunotherapies including the ease of pep-
tide synthesis, the ability to induce T-cell response and the
safety of peptide vaccines that have been demonstrated in
many clinical trials.10–12
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Our laboratory has demonstrated melanoma antigen family D,
4B (MAGED4B) and four-jointed box 1 (FJX1) are two important
antigens that play a functional role in carcinogenesis. MAGED4B
promotes migration, proliferation and conferred resistant to
apoptosis in vitro,13 whereas FJX1 enhances proliferation, inva-
sion and increases metastatic ability in vitro.14 Recently, we
showed that MAGED4B and FJX1 peptide induces anti-tumour
immune responses in vitro using PBMCs collected from oral
squamous cell carcinoma (OSCC) and nasopharyngeal carcinoma
(NPC) patients respectively and elicits anti-tumour immune
responses against MAGED4B or FJX1 overexpressing cell
lines.15,16

As combination of immunogenic peptides from multiple
tumour antigens could overcome the limitation of single antigen
peptide vaccine, enhancing the immune response to eradicate
cancer cells. In this study, we investigated the immunogenicity
and efficacy of a dual-antigenic peptide vaccine that is comprised
of both MAGED4B and FJX1 peptides (named as PV1), using
PBMCs collected from OSCC and NPC patients, and compared
their efficacy to respective single-peptide.

Results

Patient demographics

Peripheral blood from 41 HNSCC patients were collected. Of
these, ~49% (20/41) were HLA-A2 positive and were used for
subsequent analysis (Table 1A). A total of 80% (16/20) of
these patients were from advanced disease stages (stage III
and stage IV) reflecting the disease stage of patients who are
typically diagnosed in Malaysia, and the demographics of
these patients are shown in Table 1B. Samples from 15
patients were subjected to the dimer assay while 16 were
subjected to the ex vivo and cytotoxic ELISPOT assays, other
samples were excluded due to insufficient PBMCs or sub-
optimal sample quality.

MAGED4B and FJX1 are tumour antigens overexpressed
in HNSCC

We have previously showed that MAGED4B and FJX1 are
overexpressed in OSCC and NPC respectively13,17,18 and their
expression is minimal or negligible in normal organs
(Figure 1A). To demonstrate that these antigens are also
relevant to HNSCC specimens other than those from our
patients, RNAseq data of 43 HNSCC patients and their
matched normal from the TCGA database19 were analysed.
We found that the majority (31/43) of these patients had
significantly elevated levels of FJX1 (Figure 1B, p < 0.001)
and about 40% (17/43) of the cohort had elevated levels of
MAGED4B (Figure 1C, p < 0.001) when compared to their
matched normal.

We also validated the expression of MAGED4B and FJX1
on commercially available TMAs consisting of HNSCC tissue
specimens by IHC. The expression of MAGED4B and FJX1
were detected in 94.8% and 89.7% of HNSCC specimens
respectively and the presence of MAGED4B and FJX1 expres-
sion is independent of disease stage (Table 2A).
Representative images of intensity for IHC staining is as
shown in Figure 2. Although FJX1 was reported to be secreted
protein,20 the expression of FJX1 protein can also be detected
in the cytoplasmic of cells using IHC, as reported
previously.21

MAGED4B and FJX1 proteins are overexpressed in several
other cancer types

In order to investigate MAGED4B and FJX1 expression in
other cancers and to identify potential patient cohorts that
might benefit from PV1 therapy, we investigated the expres-
sion of MAGED4B and FJX1 using a set of TMA consist of 5
most common cancers worldwide (breast, lung, colon, pros-
tate and rectal cancer). We show that more than 80% of
patients in all five cancers expressed MAGED4B, and a similar
observation was seen for FJX1 expression except for colon
cancer patients where 50% were positive for FJX1 (Table 2B).
When the expression of both MAGED4B and FJX1 were
analysed collectively, more than 90% of breast, colon, lung,
prostate and rectal tumour tissues had either MAGED4B or
FJX1 expression (Table 2B). Consistently, western blot analy-
sis on cell lines representing these 5 cancer types showed that
MAGED4B expression is high in lung (A549) and prostate
(PC3) cell lines, while the expression level is weaker in color-
ectal (HCT-116) and breast cancer cell lines (SKBR-3 and
MCF-7). On the other hand, FJX1 was shown to be expressed
in 5 of the 6 cell lines tested (Figure 3A).

In addition, TCGA data set of matched tumour and nor-
mal controls from these 5 common cancers showed that
mRNA levels of MAGED4B is higher in prostate adenocarci-
noma (PRAD, p = 0.188), lung adenocarcinoma (LUAD,
p < 0.001) and lung squamous carcinoma (LUSC, p < 0.001)
but remained similar levels in breast, colorectal and renal
cancer when compared to respective matched normal samples
(Figure 3B). While mRNA levels for FJX1 was seen elevated in
breast invasive carcinoma (BRCA, p < 0.001), colon adeno-
carcinoma (COAD, p < 0.001), rectal adenocarcinoma

Table 1. (A) Disease type and HLA-A2 status of patients recruited in this study.
(B) Demographic data of HLA-A2 patients.

Variables Sample size, n (%)

A
Total patients 41 (100.0)
Disease

NPC 29 (70.7)
OSCC 12 (29.3)

HLA type
A2 20 (48.8)
Non A2 21 (51.2)

B
Disease

NPC 16 (80.0)
OSCC 4 (20.0)

Age (median, 48.5; range, 30–67)
≤ 40 3 (15.0)
> 40 17 (85.0)

Ethnicity
Chinese 16 (80.0)
Malay 2 (10.0)
Indian 2 (10.0)

Gender
Male 17 (85.0)
Female 3 (15.0)

Overall staging
Early stage (Stage I and II) 4 (20.0)
Late stage (Stage III and IV) 16 (80.0)
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Figure 1. Levels of MAGED4B and FJX1 in normal human organs and HNSCC.
(A) Semi quantitative PCR using commercially available normal human cDNA template (Human MTCTM Panel I and II) showed that both MAGED4B and FJX1 were
expressed at low/negligible level in various human organs. cDNA from HeLa/T expressing FJX1 was used as positive control for FJX1 and cDNA from ORL-195
expressing MAGED4B was used as positive control for MAGED4B. (B) FJX1 expressions are elevated at transcriptomic levels in more than 60% of HNSCC cancer
samples (n = 43), while C, MAGED4B expressions are elevated in about 40% in the HNSCC samples when compared to the matched normals. The relative expression
of MAGED4B and FJX1 in all 43 HNSCC samples were normalised against TBP (TATA-Box Binding Protein).
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(READ, p = 0.036), lung adenocarcinoma (LUAD, p < 0.001)
and lung squamous carcinoma (LUSC, p < 0.001) but
remained similar levels in prostate adenocarcinoma when
compared to matched normal samples (Figure 3C). Our
data, together with RNAseq information from TCGA suggest-
ing that these cancers expressing MAGED4B/FJX1 could
potentially be targeted by PV1.

PV1-specific CD8 T-cells are present in HNSCC patients

Since both MAGED4B and FJX1 were overexpressed in
HNSCC patients, we hypothesised that MAGED4B- and/or
FJX1- specific CD8 + T-cells would also be present in the
peripheral blood of these patients. Using the dimer assay, we
determined the percentage of CD8 + T-cells that were able to
recognise the PV1 peptides (FJX1 and/or MAGED4B pep-
tides). We demonstrated the presence of FJX1- and/or
MAGED4B-specific CD8 + T-cells in all analysed HNSCC
samples (15/15), ranging from 0.4%-22.1% (mean = 7.1%)
after subtracting negative control values obtained with
mock-peptide loaded dimer (Figure 4). Representative plot
of gating strategy for flow cytometry is shown in
Supplementary Fig. S1. The average FJX1 and/or
MAGED4B-specific T-cell population detected inherently in
patients was higher (7.1%) compared to single FJX1 (2.6%;
p < 0.001) or MAGED4B-specific T-cell (4.6%; p = 0.177)
population, demonstrating stronger immunogenic responses
when both peptides were used in combination. T-cell popula-
tions recognizing the positive control, FluM peptide-loaded
dimer was significantly higher when compared to the mock-
loaded dimer control (p < 0.001).

PV1 induces secretion of cytotoxic cytokines from HNSCC
patients’ T-cells

Next, we sought to determine whether stimulation with the
PV1 peptide vaccine would be able to increase the number of
peptide-specific CD8 + T-cells in vitro. Direct exposure of
fresh PBMC with the peptides in an ex vivo ELISPOT assay
revealed that, the population of CD8 + T-cells that can secrete
IFNγ and granzyme B were low (Figure 5A and 5B). PBMC
samples (n = 16) were then stimulated with either M6, F1 or
PV1, and the expanded T-cells were co-cultured with target

cells expressing MAGED4B (195M) or FJX1 (C666.1F) in a
cytotoxic ELISPOT assay. As seen in Figure 5A and 5B, the
expanded peptide-specific T-cells showed increased cytokine
secretion for both IFNγ and granzyme B compared to the
cytokine secreting cells in the ex vivo ELISPOT assay. Overall,
T-cells activated by either M6, F1, PV1 or FluM peptides
demonstrated 2.4 to 39.7-fold increment (Figure 5C and 5D)
of cytokine secretion in the cytotoxic ELISPOT assay when
compared to T-cells that were not stimulated with peptides,
suggesting of the capability of PV1 peptide vaccine in stimu-
lating and expanding the precursor antigen specific CD8 T-
cells present in these patients.

Level of T-cell activation is higher in HNSCC patients
whose tumours express high MAGED4B and FJX1

Among the 15 patient samples used in the dimer and
ELISPOT assays, we were able to obtain 11 archived FFPE
tumour blocks from these patients. The expression levels of
MAGED4B and FJX1 in these tumours were determined by
IHC and patients were divided into 3 groups (FJX1 and
MAGED4B low, FJX1 or MAGED4B high, FJX1 and
MAGED4B high) based on staining intensity (Figure 1; inten-
sity 0 and 1: low; intensity of 2 and 3: high).

We demonstrated that patients with high expression of
FJX1 or MAGED4B have higher number of cytokine secreting
cells (either IFNγ or granzyme B) when compared to patients
with low expression of FJX1 or MAGED4B (Figure 5E).
Success rate of T-cell recognition and mounting of immune
response is higher in patients whose tumour has expression of
either MAGED4B or FJX1. Patients with no expression of
both MAGED4B and FJX1 have very low antigen-specific
T-cells that recognizes F1 and M6 peptides and are unable
to mount an immune response after being stimulated with F1
and M6 peptides in the ELISPOT assays suggesting the spe-
cificity of PV1 peptide vaccine (Table 3).

Discussion

Many tumours tend to harbour deregulated expression of
proteins that are normally only expressed in immune-privi-
leged sites such as the testis22,23 or those that are only

Table 2. Expression of MAGED4B and FJX1 in: (A) HNSCC and (B) 5 most common cancers worldwide (breast, colon, lung, prostate and rectal cancers).

HNSCC MAGED4B FJX1 MAGED4B and/or FJX1 MAGED4B and FJX1 Both negative

A
Stage I (n = 15) 15 (100.0%) 14 (93.3%) 15 (100.0%) 14 (93.3%) 0 (0.0%)
Stage II (n = 22) 22 (100.0%) 20 (90.9%) 22 (100.0%) 20 (90.9%) 0 (0.0%)
Stage III (n = 15) 15 (100.0%) 14 (93.3%) 15 (100.0%) 14 (93.3%) 0 (0.0%)
Stage IV (n = 15) 14 (93.3%) 14 (93.3%) 14 (93.3%) 14 (93.3%) 1 (6.7%)
Unknown stage (n = 30) 26 (86.7%) 25 (83.3%) 26 (86.7%) 25 (83.3%) 4 (13.3%)
Total (n = 97) 92 (94.8%) 87 (89.7%) 92 (94.8%) 87 (89.7%) 5 (5.2%)

Cancer type MAGED4B FJX1 MAGED4B and/or FJX1 MAGED4B and FJX1 Both negative

B
Breast 41/41(100.0%) 36/41 (87.8%) 41/41 (100.0%) 36/41 (87.8%) 0/41 (0.0%)
Colon 25/30 (83.3%) 15/30 (50.0%) 27/29 (93.1%) 11/29 (37.9%) 2/29 (6.9%)
Lung 42/42 (100.0%) 37/48 (77.1%) 42/42 (100.0%) 32/42 (76.2%) 0/42 (0.0%)
Prostate 34/42 (81.0%) 37/44 (84.1%) 38/40 (95.0%) 29/40 (72.5%) 2/40 (5.0%)
Rectal 13/16 (81.2%) 12/14 (85.7%) 13/14 (92.9%) 11/14 (78.6%) 1/14 (7.1%)
Total 155/171

(90.6%)
137/177
(77.4%)

161/166
(97.0%)

119/166
(71.7%)

5/166
(3.0%)
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expressed during embryogenesis.24,25 The unique expression
or overexpression of these antigens offer an opportunity for
them to be used as targets for cancer therapy. Our previous
studies identified 2 such tumour antigens, MAGED4B and
FJX1, with negligible expression in normal head and neck
tissues, but are overexpressed in OSCC and NPC
respectively.13,15

In this study, we expanded our study cohort and demon-
strated that 94.8% of the OSCC and NPC tumours have
overexpression of either MAGED4B and/or FJX1. Further
correlative studies revealed that MAGED4B and FJX1

expression did not correlate with patients’ disease staging.
This suggest that these proteins might be important for cancer
initiation and progression, as their expression was present in
both early and advanced stages. As both MAGED4B and FJX1
are functionally important,13,14 we hypothesised that both
MAGED4B and FJX1 could be important targets for
HNSCC treatment. In addition, we also showed that
MAGED4B and FJX1 are expressed in other cancer types,
including breast, colon, lung, prostate and rectal cancers,
indicating that targeting these 2 antigens could also benefit
patients suffering from these cancers as well. However,

Figure 2. Expression of MAGED4B and FJX1 in HNSCC samples.
Representative images of intensity scores for IHC staining, ranging from negative (intensity = 0), to weak (intensity = 1) and strong (intensity = 2–3) staining.
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Figure 3. The expression of MAGED4B and FJX1 in 5 most common cancers.
(A) Western blot analysis showed the expression of 2 target antigens in cell lines including lung (A549), prostate (PC3), colorectal (HT-29, HCT-116) and breast (SKBR-
3, MCF-7). Lysates from ORL-195 overexpressing MAGED4B and HeLa/T overexpressing FJX1 were used as positive controls for the western blot analyses. RNA-seq
data for (B) MAGED4B and (C) FJX1 expression in 5 most common cancers comparing to head and neck cancer data sets derived from TCGA (BRCA: breast invasive
carcinoma, PRAD: prostate adenocarcinoma, COAD: colon adenocarcinoma, READ: rectal adenocarcinoma, LUAD: lung adenocarcinoma, LUSC: lung squamous
carcinoma, HNSC: head and neck squamous carcinoma). The symbol * denotes p value < 0.05, while ** denotes that p value < 0.001.
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targeting these antigens separately might not be an efficient
therapeutic approach as several studies showed that antigenic
heterogeneity and antigen loss are common phenomena that
could limit the effectiveness of single antigen peptide
vaccines.10,26 In order to overcome such limitations, we
chose to target multiple antigens to induce broader immune
responses for tumour eradication. Importantly, multiple anti-
genic peptide vaccines could benefit a larger patient cohort.27

Previous studies on oesophageal cancer patients showed that
multiple antigen peptide vaccines can elicit a more robust
immune response in patients and resulted in better overall
survival compared to those having CTL responses against
single-antigen peptides.28 A recent clinical trial demonstrated
HNSCC patients treated with a multiple-antigen peptide vac-
cine have prolonged overall survival from 3.5 months to
4.9 months compared to patients who received optimal sup-
portive care.11

In the current study, we combined peptides from both
MAGED4B and FJX1 (PV1) and sought to test the immuno-
genicity of PV1 as a dual-antigenic peptide vaccine using
PBMCs from HNSCC patients. Our results showed that the
dual-antigenic peptide vaccine PV1 is more immunogenic
compared to the single peptides. We detected larger numbers
of inherent T-cells that are able to recognise PV1-loaded
dimers compared to dimers loaded with either M6 or F1
peptide alone in the dimer assay. We then evaluated the
ability of these T-cells to secrete cytokines using the
ELISPOT assay. Although ELISPOT is an indirect method to
measure cytolytic activity via secretion of cytokines, it has
been demonstrated to be sensitive in detecting the functional

T-cells at single cell level.29 Although the ability of T-cells to
secrete IFNγ and granzyme B was relatively weak in the direct
ex vivo ELISPOT assay, in vitro stimulation of these T cells
with PV1 or individual peptides was able to increase the
numbers of cytokine secreting T-cells as detected in the cyto-
toxic ELISPOT assay. IFNγ and granzyme B secretion after
PV1 stimulation was at least similar, if not better, compared
to stimulation by single peptide. In our study, we observed
that the FluM peptide-stimulated T cells also seemed to gen-
erate a positive response against the 195M or C666.1F cells in
the cytotoxicity experiments. We believe this to be an aberrant
response that is most probably be due to strongly activated
flu-specific T cells, which may not have been fully rested from
their original stimulations with FluM peptide. Another possi-
bility is that it is due to M6 and/or F1-specific T cells present
in the FluM cultures that have been non-specifically activated
as bystanders (since the majority of the positive responders
are from the same patient samples that have also high
responses in their M6, F1 or PV1 stimulated cultures).

Notably, our data showed that patients with higher expres-
sion levels of MAGEDB4 or FJX1 in their tumour tissue also
had higher levels of peptide-specific T-cells that were more
readily activated and yielded strong immune responses upon
PV1 stimulation. This encouraging data suggests the possibi-
lity that pre-existing PV1-specific T cells might only be sub-
optimally activated ex vivo, resulting in low secretion of cyto-
kines, but can be re-activated after stimulation with PV1.
Patient screening based on the expression levels and/or the
presence of either MAGED4B or FJX1 in the tumour would
be an important inclusion criterion for targeting patients for
PV1 vaccine therapy.

However, as shown in Table 3, levels of antigen expression
in tumour this does not serve as the sole-criteria to determine
the success of augmentation of immune response. We also
noticed that despite the expression of MAGED4B or FJX1 in
the tumour tissues, a small portion of recruited patients do
not response to the PV1 re-stimulation. For example, despite
having high expression of both antigens and detectable levels
of MAGED4B and FJX1 peptide specific T-cells, the ELISPOT
results of patient no. 060616 did not show any augmentation
of immune response upon stimulation. We understand that
one of the limitations of using peptide vaccine targeting self-
antigen is the difficulties of mounting immune response due
to tolerance. To overcome such limitation, enhancing the
efficacy of vaccine by fusing it with non-self proteins could
enhance the recruitment of T-helper cells and antibody
response for better tumour elimination.30 Another method
to circumvent the tolerance including the use of co-stimula-
tory agonistic antibodies to convey activation signals to
T-cell.31 Another possibility for lack of immune response
after re-stimulation, is the presence of other inhibitory
mechanisms that block the re-sensitising of T cell response,
such as the presence of immune checkpoint molecules.
Although improved efficacy has been demonstrated with
immune checkpoint inhibitors such as nivolumab and pem-
brolizumab, the full promise of cancer immunotherapy
remains elusive as the majority of patients still do not benefit
from these new therapies. One of the reasons proposed for
these treatment failures is the lack of a strong pre-existing

Figure 4. PV1 is immunogenic.
The graph shows the average population of antigen-specific T-cells that recog-
nise the peptide-loaded dimers (CD8+ TCR+ IgG1+ %), after subtracting mock-
peptide loaded control. Dimer loaded with F1, M6 and PV1 peptides can be
recognised by the inherent T-cells from HNSCC patients where PV1 peptides can
be recognised by higher population of T-cells compared to single peptide (F1 or
M6) alone.
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anti-tumour immune response in some patients. Therefore,
combination of different immunotherapy approaches could
improve response rate. Combining immune checkpoint inhi-
bitors with an immunogenic immune activator such as cancer
vaccines or co-stimulatory signals has been reported to alter
the effector T-cells to regulatory T-cells ratio by increasing
antigen-specific T cells and activating the immune response in

a more efficient manner.32–36 We propose that a more robust
immune response can be induced when immune checkpoint
inhibitors are used in combination with PV1, as we have
demonstrated the ability of PV1 in augmenting antigen-spe-
cific T-cells in most patients.

Although our data demonstrate the potential for a PV1
peptide vaccine to successfully augment the immune response

Figure 5. In vitro stimulation with PV1 peptides increases cytokine secretion in PMBC obtained from HNSCC patients (n = 16).
The graphs show the: (A) IFNγ and (B) granzyme B secretion from PBMC of patients in the ex vivo and cytotoxic (CTX) ELISPOT assays. Prior to peptide vaccine
stimulation (ex vivo), inherent T-cell response against M6, F1 and PV1 is low. The level of cytokine secretion increased after the T-cells were stimulated by peptide-
pulsed DCs (CTX). Ex vivo assays were conducted by exposing PBMCs to peptides in overnight cultures and measuring the response. In the CTX assay, T cells were co-
cultured with autologous peptide-pulsed DC and expanded with IL-2 prior to incubation with the respective target cell lines in overnight cultures. Fold change
increment of: (C) IFNγ and (D) granzyme B secreting T-cell post M6, F1, PV1 and FluM peptides stimulation is shown. (E) Patients were placed into 3 groups based on
the intensity of MAGED4B and FJX1 staining of their tumour tissues. Patients with high expression of MAGED4B/FJX1 in their tumours have better responses when
stimulated with PV1, and secrete higher levels of IFNγ and granzyme B in the cytotoxic ELISPOT assay, compared to patients with low expression of these proteins.
195M cells were used as target cells for T cells stimulated with MAGED4B peptide and C666.1F was used for T cells stimulated with FJX1 peptide.
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of HNSCC patients in vitro, the current study is constrained
by a few limitations. We acknowledge the small cohort of
patients studied (41 in total and 20/41 are HLA-A2 positive)
who were from a wide range of ages (30–67 years old). This
opens up the possibility that the older patients might experi-
ence immune-senescence37,38 which could render their
PBMCs to be non-responsive to PV1 peptide stimulation.
Further, the associations between the T cell immune
responses and patient survival status has yet to be made
because the samples studied are from newly diagnosed
HNSCC patients.

Nonetheless, although we do not observe significant
expression of these 2 antigens in our normal samples, we
are aware that there are marginally expression of these anti-
gens in normal brain sample, as reported by BioGPS and
Protein Atlas.39,40 As the nature of brain’s unique immunolo-
gically features, such as presence of blood-brain-barrier which
do not allow crossing of blood cells into the brain, inherent
immunosuppressive environment, low expression of MHCs
and lack of antigen-presenting cells,41 hence, central nervous
system could be protected from unwanted side effects from
peptide vaccine treatment. However, as the immune regula-
tion mechanism in brain is not fully understood, caution steps
remain crucial and further investigation the safety of PV1
peptide vaccine in animal model is warranted.

In conclusion, the use of a dual-antigenic peptide vaccine
comprising of both MAGED4B and FJX1 peptides against
HNSCC is feasible and warrant further investigation using
in vivo models for the safety, immunogenicity and efficacy
of PV1.

Materials and methods

Patient samples

Forty-one newly diagnosed OSCC and NPC patients (collec-
tively called HNSCC patients from here on) were enrolled
into this study. This project was approved by the
Institutional Review Board, Faculty of Dentistry, University
of Malaya [DFOS0910/0049(L)] and Medical Research and
Ethics Committee, Ministry of Health, Malaysia (NMRR-09–
944-4848). Written informed consent was obtained from par-
ticipating patients. Demographic information of patients
included in this study are shown in Table 1A and 1B.

Cell lines

Cancer cell lines included in this study (from the oral cavity,
nasopharynx, breast, colon, prostate and lung) and their
respective culture media is summarized in Supplementary
Table S1. Cell lines overexpressing target antigens, ORL-195-
MAGED4B (referred as 195M) and HeLa/T-FJX1 (referred as
HeLa/T-F), were used as positive controls in western blot
experiments. C666.1-A0201 cell line overexpressing FJX1
(referred as C666.1F), and 195M were used as target cell
lines in cytotoxic ELISPOT assays as described below. All
cell lines used in this study have been authenticated.

Peptides

The PV1 peptide vaccine consists of two HLA-A2-restricted
peptides derived from FJX1 (F1; WLLALGSLLAL), and
MAGED4B (M6; RLSLLLVIL), which were selected based on
their superior immunogenic characteristics in our previous
studies.15,16 HLA-A2-restricted influenza peptide, FluM
(GILGFVFTL) was used as positive control. All peptides
used for this study were produced commercially by JPT
Peptide Technologies with purity > 80%.

Polymerase chain reaction

Presence of the MAGED4B and FJX1 at transcriptomic level in
normal human organs were determined by PCR using cDNA
from Human MTC™ Panel I (Clontech, Cat. #636,742) and II
(Clontech, Cat. #636,743) as template. The primers used were:
FJX1 (5ʹ-ACTACCTGACGGCCAACTTC-3ʹ and 5ʹ-CGCC
TCATTGTCCAGAAAG-3ʹ); MAGED4B (5ʹ-CCAGAA
TCAGAACCGAGA-3ʹ and 5ʹ-CCAAAATCTCCGTCCTCA-3ʹ.
GAPDH (5ʹ-GAAGGTGAAGGTCGGAGTC-3ʹ and 5ʹ-GAA
GATGGTGATGGGATTTC-3ʹ) was also amplified and served
as an internal control.

Analysis of MAGED4B and FJX1 genes in the cancer
genome atlas (TCGA)

The RNA-Seq gene expression profile of MAGED4B and FJX1
of matched tumour-normal head and neck cancers (HNSC,
n = 43), breast invasive carcinoma (BRCA, n = 112), colon
adenocarcinoma (COAD, n = 26), rectal adenocarcinoma

Table 3. Peptide-specific T-cells (Dimer Assay) population and T-cell cytokine responses (ELISPOT Assay) after being stimulated with peptides, in patients with no
expression of MAGED4B/FJX1, patients with either MAGED4B or FJX1 expression and patients with both MAGED4B and FJX1 expression. The percentage of peptide-
specific population shown in dimer experiment was after subtracting the mock-dimer control (range: 0.0% – 3.0%).

Antigen expression (IHC)
% Population of peptide specific

T-cells (Dimer)

Patient no. MAGED4B FJX1 FluM MAGED4B FJX1 Responses upon peptide stimulation (ELISPOT)

195635 - - 2.8 0.2 0.4 N
045497 - + 0.8 0.9 3.5 Y
145091 - + 3.9 12.7 1.5 N
156479 - + 1.2 0.0 1.4 Y
205945 - + 6.9 4.1 1.0 N
065217 - + 1.8 4.2 3.4 Y
105203 - + 8.8 9.3 3.6 Y
011815 + - 6.9 4.1 1.0 N
055593 + + 0.0 2.7 4.0 Y
135443 + + 4.2 5.5 5.4 Y
060616 + + 2.5 2.0 5.1 N
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(READ, n = 6), lung adenocarcinoma (LUAD, n = 58) and
lung squamous carcinoma (LUSC, n = 51) samples, in the
form of Fragments Per Kilobase of transcript per Million
mapped reads upper quartile (FPKM-UQ) were extracted
from GDAC Firehose (http://firebrowse.org/). The gene
expression of MAGED4B and FJX1 relative to TBP (TATA-
box binding protein) expression for each tumour-normal
pairs was analysed. Paired t-test was used to assess the differ-
ential gene expression between match tumour normal sample
pair, and p < 0.05 is considered as statistically significant.

Western blots

Lysates from cell lines were harvested and processed as
described previously.42 Fifty micrograms of total protein was
subjected to 12% and 10% SDS-polyacrylamide gel electro-
phoresis (for the detection of MAGED4B and FJX1 protein
respectively) and transferred onto Immobilon-P membrane
(Millipore, Cat. #IPVH00010). Briefly, blots were incubated
with primary antibodies: anti-MAGED4B (1:1000; Sigma
Aldrich, Cat. #HPA003554), anti-FJX1 (1: 2000; Aviva
Systems Biology, Cat. #ARP47013) for overnight, then probed
with respective secondary antibodies conjugated with horse-
radish peroxidase (1:10,000; Southern Biotech, Cat. #1036–05)
for 1 hour. The detection was performed via enhanced che-
miluminescence method, using the FluorChem HD2 Imaging
System (ProteinSimple, USA). The blots were probed with
anti-GAPDH (1:1000; Trevigen, Cat. #2275-PC-020) or anti-
actin (1:1000; Milipore, Cat. #MAB1501) antibodies as house-
keeping control for each experiment.

Immunohistochemistry

Tissue microarray (TMA) slides [consisting of NPC (n = 74),
OSCC (n = 49) and 179 multiple cancers (breast, n = 41;
colon, n = 30; lung, n = 48; prostate, n = 44; rectal, n = 16)]
included in the study were purchased from Biomax (USA).
Expression levels of the target proteins were detected by
immunohistochemistry (IHC) using anti-MAGED4B (1:100;
Sigma Aldrich, Cat. #HPA003554) and anti-FJX1 (1:200;
Sigma Aldrich, Cat. #HPA059220) antibodies, and processed
using Dakocytomation Envision+ Dual Link System HRP
(DAB+) kit (Dako, Cat. #K4065) as described previously.42

Immunoreactivity of the two antibodies was scored by a board
certified pathologist based on a 4-point intensity scoring
system: 0 = negative expression; 1 = weak positive; 2 = moder-
ate positive; 3 = strong positive, as reported previously.43

Score 0 and 1 expression were grouped as low expression, 2
and 3 expression were grouped as high expression in subse-
quent analysis.

Preparation of peripheral blood mononuclear cells
(PBMC)

Thirty-five millilitres of blood from HNSCC patients was
collected in CPT Vacutainer tubes (Becton Dickinson, USA)
and PBMCs were isolated as per manufacturer’s instruction.
As both the MAGED4B and FJX1 peptides are HLA-A2
specific, HLA-A2 status was determined by staining of

PBMC samples with phycoerythrin (PE) tagged mouse anti-
human HLA-A2 antibody (Clone BB7.2; BD Pharmingen,
Cat. #558,570) as described previously.15,16 Only patients
with positive HLA-A2 were used for subsequent HLA-A2:Ig
dimer assay, ex vivo and cytotoxic ELISPOT assay as
described below.

Dimer assay

The presence of MAGED4B and FJX1 specific CD8 + T-cells
in PBMCs of HLA-A2 positive HNSCC patients was assessed
using the HLA-A2:Ig dimer assay. Briefly, freshly isolated
PBMCs were added to the respective peptide loaded DimerX
human HLA-A2:Ig fusion protein (BD Biosciences, Cat.
#551,263) as described previously.16 The presence of pep-
tide/dimer specific CD8 + T-cells was determined by cells
that are positive for IgG1, CD8 and TCR after subtracting
the value obtained from mock-peptide loaded dimer.

Ex vivo ELISPOT

Ex vivo ELISPOT was used to determine the presence of
inherent T-cells from patient PBMCs that recognise the
peptides.16 Briefly, isolated PBMCs were incubated with
50 ng/ml of IL-7 and 10 ng/ml of IL-12 in T-cell culture
medium containing RPMI (Gibco, Thermo Fisher, Cat. no.
21,870–100) supplemented with 5% heat-inactivated human
AB serum (Gemini Bio-Product, Cat. 100–512), 1X penicillin/
streptomycin (Gibco, Thermo Fisher, Cat. no. 15,140,122) and
2mM L-glutamine for two hours at 37°C. The cells were then
mixed with 50 μg/ml of F1, M6, PV1 and FluM peptides and
incubated overnight in the anti-human IFNγ (Mabtech RES-
3420-4APW-10) and granzyme B (RES-3485-4APW-10)
coated ELISPOT plates. After an overnight incubation, the
ELISPOT assay was performed according to the manufac-
turer’s instructions. The detected spots were then quantitated
using CTL ELISPOT Analyzer (Cellular Technology Limited,
USA) and analysed using the ImmunoSpot Professional
Software (Cellular Technology Limited, USA). Peptide-recog-
nizing T-cells were calculated by subtracting spots formed in
the background control wells with no exposure to peptides.
The FluM peptide was used as positive control.

Dendritic cells (DCs) and cytotoxic T-lymphocytes (CTLs)
isolation and culture

T-lymphocytes were expanded from non-adherent cells iso-
lated from patient PBMC.15 The collected cells were cultured
in T-cell culture medium containing 10 ng/ml IL-7 (R&D
Systems, Cat. #207-IL-005) and 50 µg/ml of peptides for
2–5 days at 37°C. The adherent cells were cultured at 37°C
for 2–5 days in M-SFM in the presence of 100 ng/ml GM-CSF
(R&D Systems, Cat. #215-GM-010) and 25 ng/ml IL-4 (R&D
Systems, Cat. #204-IL-010) to induce differentiation of den-
dritic cells (DCs). Differentiated DCs were further incubated
with 50 μg/ml peptides (F1, M6 and PV1) for 2 hours at 37°C
before pulsing to the T-cells derived from non-adherent
PBMCs. After co-culture for 18–24 hours, 10 ng/ml of IL-2
(R&D Systems, Cat. #202-IL-010) was added to the DCs/T-
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cell culture and incubated for an additional 24 hours. Fresh
media was replenished the next day and DCs/T-cells were
further incubated in 37°C for 3–5 days to allow the activation
of CTLs.

Cytotoxic ELISPOT assay

Cytotoxic ELISPOT assay was used to study the response of
peptide-pulsed CTLs derived from the patients against target
cell lines overexpressing the target antigens. CTLs were co-
cultured with 195M and C666.1F at an effector to target ratio
of 20:1, with the presence of 20 ng/ml of IL-7 and IL-2 on the
IFNγ/granzyme B ELISPOT plate for 16 hours at 37°C. Then,
ELISPOT assay was performed as described above.
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