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IMMUNOGENIC PEPTIDE COMPOSITION

Technical field of the invention

The present invention relates to a peptide composition for enhancing anti-tumour
response in a patient in need thereof.

Background of the invention

Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer
behind lung, breast, stomach, colorectal, and liver cancers (Ferlay et al., 2015). As
squamous cells are found in the outer layer of skin and in the mucous membranes,

HNSCC develops in the mucous membranes of the mouth, nose, and throat.

At present, treatment options remain limited to surgery, radiotherapy, and chemotherapy.
A newer type of cancer therapy option, targeted therapy, includes the use of a drug that
targets cancer cells. Currently, the only approved targeted therapy for HNSCC by the US
Food and Drug Administration (FDA) is cetuximab, which target cancer cells by acting as
an inhibitor for epidermal growth factor receptor (EGFR). When patients received a
treatment combination of chemotherapy with cetuximab, the median overall survival
duration improved by 2.6 months, compared against patients who only received
chemotherapy (Vermorken et al., 2008).

Given that the survival duration of these patients only improved slightly, an alternative
cancer treatment has since been warranted. Immunotherapy, a treatment which relies on
a patient’s immune system to fight cancer by stimulating an immune response, includes
different treatments which work in different ways. Some immunotherapy treatments are
used to remove the inhibition of the body’s immune system, while other immunotherapy

treatments work to train the immune system to detect and attack cancer cells specifically.

Immunotherapy has been shown to be a plausible approach for treating HNSCC, as
emerging studies have demonstrated the presence of high mutational loads and high
levels of tumour infiltrating lymphocytes in HNSCC patients. Nasman et al. 2012 further
reports the positive correlation between the high density of infiltrating CD8* T cells with
clinical outcome in patients with both Human Papillomavirus Infection positive (HPV*) and



10

15

20

25

30

35

WO 2018/169385 PCT/MY2018/050011

2

negative (HPV") tonsillar squamous cell carcinoma, highlighting the immunogenic
properties of HNSCC.

Two examples of FDA approved immunotherapy treatments are nivolumab and
pembrolizumab, both of which are anti-programmed cell death protein 1 (PD-1)
monoclonal antibodies used in the treatment of advanced melanoma, non-small cell lung
cancer, and renal cell carcinoma. These immune checkpoint inhibitors have shown
promising results in treating head and neck cancer patients, with the overall survival rate
of HNSCC patients at 36% when a group of HNSCC patients received nivolumab,
compared to a survival rate of 16% in a standard therapy group. Further, these patients
in the former group survived 2.4 months longer compared to the patients in the latter
group, with fewer grade 3 or grade 4 events reported (Ferris et al., 2016).

The objective response rate, that is, a complete response or a partial response of tumour
size reduction, in patients who received pembrolizumab for treating recurrent or metastatic
HNSCC was 16%.

These results are encouraging, yet despite the promising efficacy of available checkpoint
inhibitor immunotherapy, a large proportion of treatment patients have yet to respond to
the therapy. Whilst not completely understood, it is believed that the absence of strong
pre-existing anti-tumour immune response in subjects could deter the efficiency of the
drug, as anti-tumour immunity is critical in influencing the tumour stage and controlling

metastasis.

As such, there is therefore a need for an alternative immunotherapy approach which is
able to enhance the anti-tumour immune response in a subject, which consequently
enhances the efficacy of current immunotherapies.

Summary of the invention

An objective of the present invention is to therefore provide a peptide composition capable

of inducing an anti-cancer response in a patient.

Another objective of the present invention is to provide a peptide composition capable of
delaying the growth of tumour in a patient.
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A further objective of the present invention is to provide a peptide vaccine for inducing an

anti-cancer immune response in a patient.

These and other objectives of the invention are achieved through the use of a peptide
composition, characterised in that the peptide composition comprises at least a Four-
jointed Box 1 (FJX1) peptide and a Melanoma antigen family D4b (MAGEDA4b) peptide.

More specifically, in accordance with the present invention, the peptide composition, PV1,
comprises a FJX1 peptide (F1) and a MAGED4b peptide (M6), which binds with major
histocompatibility complex (MHC) Class | molecules for inducing an anti-cancer immune
response in a subject.

A second aspect of the invention relates to a peptide vaccine according to PV1, wherein
said peptide vaccine comprises at least a M6 peptide and a F1 peptide for inducing an
anti-cancer immune response in a subject by binding with MHC Class | molecules.

The invention further relates to the use of an amount of F1 and M6 peptides in the
manufacture of a medicament for treating any one or a combination of head and neck
squamous cell carcinoma (HNSCC), breast cancer, colon cancer, rectum cancer, lung
cancer, prostate cancer or any other cancer types expressing FJX1 or/ and MAGED4B in
a subject in need thereof, wherein the medicament is capable of binding with MHC Class

I molecules to induce an anti-cancer immune response in the subject.

As F1 and M6 peptides are MHC Class | -specific, it is therefore preferable that the peptide
composition is provided only to subjects with matching HLA subtypes.

Brief description of the drawings

Figure 1 relates to the expression of MAGED4b and FJX1 in HNSCC samples. Figure
1(a) illustrates the representative images of intensity scores for IHC staining. Figure 1(b)
shows the percentage of patients with FJX1 and MAGEDA4b expressions.

Figure 2 illustrates the population of peptide-specific T cells in HNSCC patients. The
average population of antigen-specific T cells that recognize the peptide-loaded dimers
(CD8, TCR and IgG1 positive T lymphocytes) is shown after subtracting non-peptide
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loaded control. Dimer proteins loaded with FJX1 (F1), MAGED4b (M6) and PV1 (M6 and
F1) peptides can be recognized by the inherent T cells from HNSCC patients. As seen in
Figure 2, PV1 peptides can be recognized by higher population of T cells compared to
single peptide, either F1 or M6, alone.

Figure 3 illustrates that higher levels of cytokine is secreted in HNSCC patients after in
vitro stimulation with PV1 peptides. Figure 3(a) shows interferon gamma (IFNy) and
Figure 3(b) shows granzyme B secretion in the ex vivo and cytotoxic (CTX) ELISPOT
assays.

Figure 4 illustrates the efficacy of PV1 peptides in eliciting T-cell responses in patients
who express different expression levels of FJX1 and MAGED4b. Figure 4(a) shows
representative images of different intensities of FUX1 and MAGED4b stains of tumour
tissues. Figure 4(b) indicates the IFNy and granzyme B secretion in response to PV1
stimulation in the cytotoxic ELISPOT assay and correlates with the levels of FJX1 and
MAGEDA4B expression in patients’ biopsies. Figure 4(c) shows PBMCs/ T cells from
patients’ whose tumour highly expresses at least 1 target antigen is more readily being
stimulated and secretes higher levels of IFNy and granzyme B secretion in response to
PV1 stimulation compared to tumour with that have negligible expression of MAGED4B
and FJX1

Figure 5 shows that M6, F1, and PV1 peptides did not increased excessive non-specific
inflammation responses by macrophages when compared to lipopolysaccharide (LPS)
measured by a Griess assay.

Figure 6 shows the immunogenicity of the PV1 peptide when tested in mice. Figure 6(a)
indicates that mice vaccinated with PV1 shows a significant increase in the T cells that
can react against PV1 loaded dimers, compared to only baseline or negligible response
when exposed to non-loaded and irrelevant peptide loaded dimers. Figure 6(b) shows that
mice vaccinated with PV1 are able to recognise T2 cells presenting PV1 peptides in the
ex vivo ELISPOT and induce IFNy secretion in a dose dependent manner.

Figure 7(a) illustrates the body weight of the vaccinated mice during the vaccinated period.
Figure 7(b) shows images of major organs (heart, lungs, kidney, liver, and spleen) of the

vaccinated mice.
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Figure 8 indicates the tumour growth of mice vaccinated with PV1 peptides compared with
a vehicle control.

Figure 9(a) and (b) show the overexpression of FJX1 and MAGED4b protein at mRNA
levels in OSCC and NPC cell lines respectively.

Figure 10 indicates the expression of MAGED4b and FJX1 in various cancer cell lines at
protein level. Figure 10(a) indicates the expression of MAGED4b and FJX1 in 16 ORL
lines (oral cancer cell line), Figure 10(b) shows that expression of MAGED4b and FJX1 in
immortalised NP/ NPC cell lines (nasopharynx or nasopharyngeal carcinoma cell line).
Figure 10(c) demonstrated the expression of MAGEDA4B is undetected in normal oral
keratinocytes while FJX1 is detected at low levels.

Figure 11 (a) and (b) show the expression of FJX1 and MAGED4b at transcriptomic level
in a set of HNSCC samples with matched normal samples derived from The Cancer
Genome Atlas (TCGA) database (https://cancergenome.nih.gov/), normalised against a
TATA-Box Binding Protein (TBP).

Figure 12 shows the expression of MAGED4B and FJX1 at protein level in multiple cancer
cell lines including lung (A549), prostate (PC3), colorectal (HT-29, HCT-116) and breast
(SKBR-3, MCF-7) cancer cell lines.

Detailed description of the invention

The embodiment of the present invention will now be described in a more detailed manner,
where examples of the preferred embodiment and the scope of the invention will be fully
conveyed to those skilled in the art. However, it should be understood that the present
disclosure is not intended to limit the invention to the precise forms as disclosed, but
rather, provided so that the disclosure will be thorough and complete.

Peptide vaccine, a form of immunotherapy, is designed based on tumorigenic antigen,
and works to stimulate cytotoxic immune responses against the tumour cells bearing the
same antigen in an individual. Amongst several advantages in using peptide vaccines
over other immunotherapies comprise the ease of synthesising, the efficacy in inducing
T-cell responses, and the safety as demonstrated in many studies and trials (Slingluff CL,
Jr, 2011).
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However, existing peptide vaccines have had limited success at inducing clinical tumour
regressions, despite reliable induction of T cell responses, there has been concern
regarding antigenic heterogeneity and antigen loss which limit the efficacy of a single
antigen peptide vaccine. Thus, in order to improve peptide vaccine successes in HNSCC,
a broader immune response, especially one which can respond to multiple antigens,
should be adapted.

Yoshitake et al. 2015 reports that there is an indication that there is indeed a benefit when
multi-antigenic vaccines are used simultaneously in HNSCC, as patient survival was
prolonged by 1.4 months from 3.5 months to 4.9 months compared to patients who only
received standard therapy. Additionally, vaccinated patients who develop cytotoxic T
lymphocytes (CTL) responses have a longer overall survival compared to those with
negative CTL responses. Again, this strongly indicates that peptide vaccines, particularly
multi-antigen peptide vaccines, are able to boost the patient immune response against
tumour cells by eliciting a cytotoxic Killing effect on the tumour cells.

However, the development of multi-antigen peptide vaccines is not an easy feat due to
interference. Major histocompatibility complex (MHC) molecules are essential for the
acquired immune system to recognise foreign molecules, and work to bind to antigens
derived from pathogens on cell surfaces for recognition by the appropriate T cells. When
multi-antigen peptide vaccines are co-administered, the peptides of the vaccine which
bind to the same MHC molecule may interfere with one another, as binding of lower-affinity
peptides to MHC molecules are competitively inhibited by higher affinity peptides. It has
since been suggested to administer these vaccines to different parts of the body to reduce
the chances of interference happening. This approach is nevertheless impractical,
especially when there is an increase in the number of peptides being administered to the
patient.

This fact notwithstanding, the inventors of the present application have successfully been
able to demonstrate the immunogenicity and efficacy of a dual-antigen peptide
composition, henceforth referred to as PV1, in inducing anti-tumour responses in vitro
using peripheral blood mononuclear cells (PBMC) collected from oral and nasopharyngeal
carcinoma subjects, and in an animal model. Particularly, PV1 comprises at least two
peptides which are able to bind with MHC class | molecules to induce an anti-cancer
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immune response in a subject. The at least two peptides comprise peptides derived from
Four-jointed Box 1 (FJX1) and Melanoma antigen family D4b (MAGEDA4b).

It will be appreciated that the term “FJX1” or “F1 peptide” refer to the gene, RNA product,
or protein product and may be used interchangeably.

It will further be appreciated that the terms “MAGED4b” or “M6 peptide” refer to the gene,
RNA product, or protein product, and may be used interchangeably.

It will also be appreciated that the terms “PV1”, “PV1 composition”, and “PV1 peptides”
refers to the combination of M6 and F1  DNA, RNA or protein products and may be used
interchangeably.

During the development of this multi-antigen peptide composition, the pattern of
MAGED4b and FJX1 expression among oral and nasopharyngeal carcinoma subjects
were first identified. Tissue microarray consisting of HNSCC tumour samples were
obtained and the expression level of FJX1 and MAGED4b were determined using an
immunohistochemistry (IHC) method by probing tissue slides with anti-MAGED4b and
anti-FJX1 antibodies.

The expression levels of FJX1 and MAGED4b measured in HNSCC tumour samples are

shown below:

Table 1: Percentage of subjects shown to express MAGED4b or FJX1 or both

Single MAGEDAB Single FIX1 Either MAGED4B/ Both MAGED4B &

: FIX1 EIX1 Negative for both
§OSCC {n=41} 41 {100.0%}) 40 {97.6%) 41 {100.0%}) 40 (97.6%) 0 {0.0%}
Wecmssy  aspos  sspaon woosg O
Total (n=04} 89 (94.7%} 85 {20.4%) 89 (94.7%) 85 {90.4%) 5 {5.3%)

As seen in the table above, the tumour tissue samples of almost all the subjects (94.7%),
whether obtained from subjects with oral carcinoma (OSCC) or subjects with
nasopharyngeal carcinoma (NPC) indicated that MAGED4b or FJX1 was expressed. Of
the 94 tissues collected, only 5 NPC tissues showed no expression of either FJX1 or
MAGED4b. 100% of subjects with OSCC expressed FJX1 or MAGEDA4b.
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The expression of MAGED4b and FJX1 in HNSCC samples is further illustrated in Figure
1, which illustrates the expression of MAGED4b and FJX1 in HNSCC tumour tissue
samples. Immunoreactivity of the antibodies against MAGED4b and FJX1 were scored
based on percentage of tumour cells with positive staining; a 4-point intensity scoring
system, ranging from an intensity of 0 (negative), an intensity of 1 (weak), and intensities
of 2 — 3 (strong), which is depicted in Figure 1(a). Figure 1(b) reflects that FJX1 and
MAGED4b was found by the inventors to be expressed in more than 80% in both early
and late stage OSCC and NPC tumour samples.

It has been discussed in Malaysian patent no. MY-148542-A and Malaysian patent
application no. Pl 2011003259 (both filed by the inventors) that FJX1 was shown to be
expressed in nasopharyngeal carcinoma patients and MAGEDA4b to be expressed in oral
carcinoma patients respectively.

However, it should be highlighted that the difficulty with multi-antigen peptide
compositions, which has already been discussed above, is that interference is likely to
happen as these peptides may compete against each other to bind to the MHC molecules,
thus rendering the efficacy of the peptide composition ineffective. Despite this, it will be
successfully shown that the combination of F1 and M6 peptides in the disclosed PV1
composition does the opposite and in fact increases the efficacy of the peptide
composition, which will be elaborated below.

PV1 comprises peptides derived from FJX1 and MAGED4b, with amino acid sequences
as listed in Table 2 and 3 below. Apart from determining the compatibility of the
combination of peptides, it was also imperative that the peptides were able to bind with

the MHC class | molecules in order to induce an anti-cancer immune response.

Table 2: Peptide sequence of F1
SEQID NO. Peptide Sequences Specificity to HLA-type
1 WLLALGSLLAL HLA-A2

Table 3: Peptide sequence of M6
SEQID NO. Peptide Sequences Specificity to HLA-type
2 RLSLLEVIL HLA-A2
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It will be appreciated that in accordance with the present application, the structure of the
peptide sequences of FJX1 and MAGD4b may be modified or altered, the modification or
alteration comprising deletion, substitution, or insertion of an amino acid in the peptide

sequences.

As both FJX1 and MAGED4b are designed based on human leukocyte antigen A2 (HLA-
A2) epitope, only subjects with blood samples with matching HLA subtype were used by
the inventors. HLA-A2 typing was conducted by staining PBMC samples using
phycoerythrin (PE)-tagged anti-HLA-A2 antibodies, and analysed on a flow cytometer.

To maintain the accuracy of this study, a positive control, a HLA-A2 restricted FluM-
derived peptide, and a HLA-A2 restricted Human Immunodeficiency Virus (HIV) peptide
as an irrelevant peptide control was included. The amino acid sequences of both controls

are as shown below:

Table 4: Peptide sequence of HLA-A2 restricted FluM-derived peptide

SEQID NO. Peptide Sequences Specificity to HLA-type
3 GILGFVFTL HLA-A2

Table 5: Peptide sequence of HIV peptide

SEQID NO. Peptide Sequences Specificity to HLA-type
4 SLYNTYATL HLA-A2

The purity of the peptides was determined using high performance liquid chromatography
(HPLC), all of which were above 80%.

According to the present invention, the peptides may be synthetically prepared or isolated

from natural sources, such as native tumours or pathogenic organisms.

In determining the immunogenicity of PV1, the presence of endogenous FJX1- and
MAGED4b-specific CD8* T cells in the isolated PBMCs were first tested using F1, M6,
and PV1 peptides, with FIuM and HIV peptides used as positive and irrelevant peptide
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controls respectively, in a dimer assay. Peptide specific dimers were first prepared by
incubating a mixture of dimeric human HLA-A2:lg fusion protein, B2-microglobulin and
peptides (F1, M6, PV1, FluM, or HIV) overnight. The next day, freshly isolated PBMCs
were added to the prepared dimers and incubated, before being washed with phosphate
buffered saline (PBS). The PBMCs were then re-suspended in PBS and stained with
fluorescein isothiocyanate (FITC) tagged anti-lgG1, PE tagged anti-CD8, and
allophycocyanin (APC) tagged anti-TCRa/B antibodies. The PBMCs were then washed
and re-suspended in PBS and subjected to flow cytometry analysis, where the presence
of peptide specific CD8" T cells was determined by PBMCs that were assessed to be
positively stained by IgG1-FITC, CD8-PE, and TCRa/B-APC antibodies. The percentage
of CD8'T cells specific for a given peptide was calculated as the value of peptide dimer-
positive CD8* T cells after subtracting the value obtained for staining without the peptides.

As seen in Figure 2, the average population of antigen-specific T cells that recognise the
peptide-loaded dimers after subtracting non-peptide loaded control is shown. Dimer
proteins loaded with F1, M6, and PV1 peptides can be recognised by the inherent T cells
from HNSCC subjects, with the 7.1% of T-cells recognizing PV1 peptides, the highest
population of T cells compared to single peptides M6 or F1 alone. This therefore indicates
that PV1 has a stronger immunogenicity when both peptides are used in combination.

Then, ex vivo and cytotoxic Enzyme-Linked ImmunoSpot (ELISPOT) assays were used
to evaluate the presence of interferon gamma (IFNy) and granzyme B cytokines secreting
T cells at a single cell level, and to study the response of peptide-pulsed CTLs derived
from the patients to the target cell lines overexpressing the target antigens respectively.

During the ex vivo ELISPOT assay, PBMCs were incubated with interleukin 7 (IL-7) and
interleukin 12 (IL-12) proteins in culture medium before washing the PBMCs with salt
solution and re-suspending it in complete culture medium. Then, the suspended cells were
mixed with F1, M6, PV1, FluM, and HIV peptides respectively and incubated in anti-human
IFNy and granzyme B coated ELISPOT plates. The ELISPOT assay was then performed
with slight modifications from manufacturer’s instruction. Specifically, the suspended cells
were placed on the respective ELISPOT plate for overnight to capture the cytokine
released. IFNy and granzyme B detection antibodies were diluted in PBS containing
human AB serum and incubated in each respective plate the next day. This was followed
by washing and adding diluted streptavidin tagged secondary antibodies and further
incubating the plates. Nitro-blue tetrazolium and 5-bromo-4-chloro-3'-indolyphosphate
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(BCIP/NBT) plus substrate was then added to visualise spots formed by cytokine
secreting T cells. Finally, the detected spots were quantified and analysed, where peptide-
specific CTLs were calculated by subtracting spots formed in the background control wells
with no exposure to peptide, and where FluM and HIV peptides were used as positive and
irrelevant peptide controls respectively.

The cytotoxic ELISPOT assay was used to study the response of peptide-pulsed CTLs
derived from the patients to target cell lines overexpressing the target antigens. CTLs
were co-cultured with target cells, where this culture was re-suspended in complete
culture media supplemented with IL-7 and interleukin 2 (IL-2) proteins and applied to IFNy
and granzyme B ELISPOT plates. The cell suspension was further incubated to allow the
interaction between CTLs and target cell line before determining the potential killing ability
of CTLs against FJX1 and MAGED4b expressing target cells.

It can be seen from Figure 3 that higher levels of cytokine is secreted in HNSCC patients
after in vitro stimulation with PV1 peptides. The graphs in Figure 3(a) and 3(b) show that
the secretion of IFNy and Granzyme B in ex vivo and cytotoxic (CTX) ELISPOT assays.
Prior to peptide stimulation, inherent T cell response against M6, F1 and PV1 is low. After
the T cells are stimulated by peptide-pulsed dendritic cells, cytotoxic ELISPOT results
showed that PV1 induces comparable or better cytotoxic T cell response against target
cells (195M and C666.1F), secreting higher levels of IFNy and granzyme B.

It was also discovered that patients with tumours which overexpressed MAGED4b and/or
FJX1 respond better after PV1 stimulation compared to those weakly expressing the
MAGED4b and/or FJX1, indicating the specificity of PV1.

To elaborate further, Figure 4 indicates 4 groups of subjects based on the intensity of
FJX1 and MAGEDA4b stains of their tumour tissues. Figure 4(a) illustrates representative
images of different expression levels of FJX1 and MAGED4b in staining patients’ tumour
samples. It can be seen in Figure 4(b) that patients with express a high level of FJX1 or
MAGED4b in their tumours have better response when stimulated with PV1, and secrete
higher levels of granzyme B and IFNy in the cytotoxic ELISPOT assay, compared to
patients with low expression of these proteins. Further, it can also be seen in Figure 4(c)
that patients expressing high level of both antigens have a better response towards target
cells after being stimulated with PV1, while patients who express low levels for both
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antigens do not respond to the stimulation, suggesting the specificity of PV1 peptide

vaccine

To evaluate if the peptides cause any cellular toxicity or non-specific inflammatory
responses, a Griess assay for measuring inflammation response by macrophages was
first used to assess the levels of inflammation induced by M6 and F1 peptides. Mouse
macrophages were treated with various concentrations of M6, F1, and PV1 peptides.
Dimethyl sulfoxide (DMSOQO) in PBS was used as a negative control, whilst LPS was used
as a positive control. The degree of inflammation was indirectly measured based on the
levels of inducible nitric oxide synthase (INOS) produced by the mouse macrophage.

Figure 5(a) shows the degree of inflammation induced by M6 or F1 peptides on the mouse
macrophage. It can be seen that the production of nitrite by the mouse macrophage in the
presence of M6 peptide was lower than mouse macrophage which received the LPS
stimulation by a 7-fold, regardless of the concentration of M6 peptide administered.
Similarly, this can also be observed in mouse macrophage in the presence of F1 peptide,
where the amount of nitrite release is 10-fold lower than that of the positive control (LPS).
Given the low production of nitrite by the M6 and F1 peptides, it can therefore be
suggested that the upregulation of INOS expression is not stimulated by said peptides,
subsequently indicating that the degree of inflammation induced by the M6 and F1
peptides were low and is not expected to cause undesirable effect by inducing non-
antigen-specific responses

Consistent results were shown when the M6 and F1 peptide were combined as the PV1
peptide, where the amount of INOS accumulation was significantly lower than those in the
LPS treatment group, as seen in Figure 5(b).

Then, further assessments were run to determine the evaluation of the PV1 composition

in an animal model.

Armed with the results obtained from the dimer and ELISPOT assay using patient PBMCs,
the immunogenicity and efficacy of PV1 were evaluated using a transgenic mouse model,
which enables the modelling of human T-cell immune responses to HLA-A2 presented
antigens.

Mice were vaccinated with 6 different treatment groups as seen in the table below:
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Table 6: Treatment groups of vaccinated mice

Groups Trestment
Group L I DR

Graun WA

Group X Iug PVI S P8
STnuR 4

Srovup 5 MR PYL # R4
Grongps 200 aE PV 4 RS

where DMSO is dimethyl sulfoxide, PV1 is a composition comprising of M6 and F1

peptides, and IFA is Incomplete Freund’s adjuvant.

After the vaccination period, the mice were euthanized and the immune cells were
harvested from the mice spleen. The presence of IFNy-secreting peptide specific CD8* T
cells of vaccinated mice was determined using a dimer assay and compared against the
results of the vehicle control group.

Then, using an ELISPOT assay, the population of T-cells capable of carrying out cytotoxic
function to kill cancer cells presenting the peptides post-vaccination was evaluated.

As seen in Figure 6(a), mice vaccinated with a concentration as low as 500ug of PV1 were
able to demonstrate a high recognition towards PV1 loaded dimers, compared to the
vehicle control mice. This response is peptide specific as the vaccinated mice showed a
baseline or negligible response when exposed to non-loaded and irrelevant peptide (HIV)
loaded dimers.

In addition, the inherent T cells from vaccinated mice were also able to recognise T2 cells
presenting the PV1 peptides, and were able to execute Killing activities against these T2
cells at dose dependent manners in the ex vivo ELISPOT assay as seen in Figure 6(b).
Again, this indicates and encourages the suggestion that the PV1 vaccination may
increase PV1 recognising T cells in these mice.



10

15

20

25

30

35

WO 2018/169385 PCT/MY2018/050011

14

Advantageously, it should be noted that throughout the vaccination period, mice weight
were taken once a week. No weight loss or adverse events during this period were
observed. Additionally, major organs such as the heart, lungs, kidney, liver, or spleen were
harvested from the mice from all PV1 administered treatment groups, where no local
toxicity was observed in these mice. This is further illustrated in Figures 7(a) and (b).

Since a concentration of 500ug of PV1 was able to stimulate T cell recognition towards
PV1 in the immunogenicity test, 1000pg was chosen to be tested in the subsequent
assessment to determine the efficacy of PV1 in delaying tumour growth. A total of 1 x 10°
of syngeneic B16 melanoma cells expressing human HLA-A2 (AAD) and MAGED4b
genes were transplanted into mice subcutaneously. After the tumour size reached 30 —
50 mm?, the mice were randomly assigned to two treatment groups. The first group
received 1000 pg of PV1 peptides with Incomplete Freund’s Adjuvant (IFA), while the
vehicle control group received 5% DMSO in PBS. The tumour size was measured twice
weekly.

As illustrated in Figure 8, it can be seen that mice treated with PV1 and adjuvant showed
a delay in tumour growth in comparison to the vehicle control group. This therefore
indicates that PV1 is able to delay tumour growth.

Based on the results above, PV1 strongly indicates that it is efficient in delaying the growth
of the tumour with negligible, if any, adverse effects on the major organs of the vaccinated

mice.

The PV1 peptide vaccine has demonstrated to be immunogenic both in vitro and in vivo.
Most importantly, the use of PV1 has exhibited antigen-specific cytotoxicity against target
cancer cell line expressing MAGED4b and FJX1 in vitro and delayed tumour growth in
vivo, suggesting the potential of PV1 as therapeutic vaccine candidate for HNSCC
Beneficially, PV1 could benefit not only HNSCC patients, but also those suffering from
breast, colon, lung, prostate, and rectum cancers. In table 7 below, the inventors show
that MAGED4b and FJX1 are also expressed in tumour tissues of patients with breast,

colon, lung, prostate, and rectum cancers.

Table 7: Percentage of patients shown to express MAGED4b or FJX1 or both, and the
level of expression of each protein



WO 2018/169385

{a}

PCT/MY2018/050011

15

MSAGECAB

Regathe Ly

MRC

Bian EREL

REEIR RREY

Footad

SRR

;2;;
fauiy

RASGRDR

Either Both MAGEDAR oo
MAGEDSES FIXY  REG th nagaue

ORCE { el 8
KB {rady}

&1 {10045

3

4T {HONON)  40{97 8N 00O}

AR {S0.3W] 45 {84 5553 S f50.455)

¥

S (09,7

ST BE{MIAN 5 5,25

ot

o,

Lancer
Py

High

Brasst
Lolen
Lung
Prostate

Regtum

a8y
0%
SR
(YT
Gfaz
{0
£13.0%%%
38

2541
(BRI

Fotsd

1B371
{2A%




10

15

WO 2018/169385 PCT/MY2018/050011
16
i}
Either Both MASEDMEB .
Lancer type BRAGEDSE FIXY ; Both negative
ARCETIHRE FANGEDLSS FDI & EML e
Brsast SLAMUNGNY BAITET SN 43400 3874 B f144Y (G0
Cashon FERORAIN ISS0E00M RSN LIS BTES ZO% e
Lang AZAAT IURON, ITMSFTIN AIIONOKD 3TAMRITEIN AT H)
Prostats 3§92 {8 AT IR IR0 REON) RCHIC R Y, KPESHINIT Y
Restam TG BN 2R TR 1E 14 {5250 13419 RS A8 (R
Totaf IS5/A17L (BOENY IFAPT AR RIS IO IDWISETIIE SAiss )
{2
eI FIgt
Canoer type
Earky Late Farly
Eraast FEAIRTINONNNY IR {URON IRAIE 5B
Colon 20723 {8708} 57 {7 LN
fang APMO{ IBOIRG T OIS IS RO
Proststs FOFEE R 3435 pRRaN 23 36 BN
Rectuny RE RS R ESEENTE R TR R S
Totad RRECTRES R 2 I TSR kR 0138 PR A

It can be seen from Table 7 above that FJX1 and/or MAGED4b are expressed in more
than 90% of OSCC and NPC samples. These two antigens were also expressed in tissues
of patients with breast, colon, lung, prostate, and rectum cancer. About 97% of subjects
with these cancer types were measured to express either MAGED4b or FJX1 [Table 7(d)].
The expression of MAGED4b and FJX1 was detected in both early and late stages tumour
of these 5 cancer types (Table 7). Given that both the proteins were highly overexpressed
in almost half of these cancer types, this strongly indicates that a peptide composition,
comprising FJX1 and MAGED4b may be developed to treat not only HNSCC subjects,
but also subjects with breast, colon, lung, prostate, and rectum cancer.

According to the present application, the peptide composition can further be developed
into a multi-antigen peptide vaccine. Particularly, a vaccine comprising at least FJX1 and
MAGED4b peptides may be developed for inducing the anti-cancer immune response in
the subject by binding with  MHC Class | molecules. In the preferred embodiment, the
MHC class | molecules are HLA-A2 molecules.



10

15

20

25

30

35

WO 2018/169385 PCT/MY2018/050011

17

The peptide vaccine may be used in combination with any available cancer therapeutic
treatments. Taking an immune checkpoint inhibitor as an example, when used alone the
immune checkpoint inhibitor may not be sufficient in reactivating a patient’'s immune
system. However, when used in combination with PV1, an approach to increase the
repertoire of antigen specific T cells, is believed to be capable of further enhance the
response rate in HNSCC patients.

However, it will be appreciated that the cancer therapeutic treatment is not limited to
immune checkpoint inhibitors alone, and may comprise other cancer therapeutic

treatments.

Additionally, adjuvants may also be administered in combination with PV1 and the cancer
therapeutic treatment selected to increase immune response to PV1. An example of an
adjuvant such as Freund’s adjuvant or human granulocyte macrophage colony-

stimulating factor (GM-CSF) may be useful.

Alternatively, the peptide composition can also be used in the manufacture of a
medicament. Particularly, an effective amount of FUX1 and MAGED4b can be used in the
manufacture of a medicament for treating any one or a combination of HNSCC, breast
cancer, colon cancer, rectum cancer, lung cancer, or prostate cancer in a subject in need
thereof, wherein the medicament is capable of binding with the MHC Class | molecules to

induce an anti-cancer immune response in the subject.

The following examples are included to further disclose the preferred embodiments of the
invention. However, it will be appreciated that the techniques as employed in the
examples follow represent techniques discovered by the inventors to function well in the
practice of the invention, and can thus be considered to constitute preferred modes for its
practice. However, those skilled in the art may adapt changes in the specific embodiments
which are disclosed and may still obtain a like or similar result without departing from the
scope of the invention.

EXAMPLE 1

Materials and methods

Patient samples
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Newly diagnosed HNSCC patients from 4 referral hospitals in Malaysia (Penang General
Hospital, Penang, Tengku Ampuan Rahimah Hospital, Selangor, University of Malaya
Hospital, Kuala Lumpur, and Tung Shin Hospital, Kuala Lumpur) were enrolled for this
study. This project was approved by the Institutional Review Board, Faculty of Dentistry,
University of Malaya [reference: DF OS0910/0049(L)], and the Medical Research and
Ethics Committee, Ministry of Health, Malaysia (NMRR-09-944-4848).

The purpose of the study was explained to all patients, with written informed consent
obtained prior to collection of the blood samples.

The blood samples were processed to determine the HLA molecule type of each of the
patients, which will be described in detail herein below. The demographic information of

all patients is shown in Table 8 below.

Table 8: Summary of recruited HLA-A2 patients’ clinical characteristics

Variables Sample size, n (%)
Disease

Nasopharyngeal cancer 16 (80.0)

Oral cancer 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 | and Il) 4 (20.0)

Late stage (Stage Il and V) 16 (80.0)

Cell lines

Oral (ORL-48, ORL-115, ORL-136, ORL-150, ORL-153, ORL-156, ORL-166, ORL-174,
ORL-188, ORL-195, ORL-196, ORL-204, ORL-207, ORL-214, ORL-215, ORL-247),
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nasopharyngeal (NP69, NP640, HK1, TWO01, C666.1, HeLa/S and HeLa/T), breast (MCF-
7 and SKBR-3), colon (HT-29 and HCT-116), prostate (PC-3), lung (A549) cancer cell
lines, four normal oral keratinocyte primary cultures (ORL-231, ORL-295, ORL-235, ORL-
232) and two immortalised nasopharynx (NP) cell lines, NP69 and NP460 were used by
the inventors. The HelLa/S and HelLa/T were a variant of HeLa cells that were previously
mistaken as NPC cell lines (Ye et al. 2015). These cell lines were purchased (Gibco,
Thermo Fisher, MA, USA) and cultured in recommended media (DMEM/F12 for oral
cancer cell lines; RPMI-1640 for nasopharyngeal, breast, colon and lung cancer cell lines)
and supplemented with 2mM L-glutamine (Sigma Aldrich, MO, USA) and 10% fetal bovine
serum (Gibco, Thermo Fisher, MA, USA). Whereas, Keratinocyte-SFM (Gibco, Thermo
Fisher, MA, USA) was used to culture normal oral keratinocyte and non-malignant
nasopharynx cell lines. Cell lines overexpressing target antigens, ORL195-MAGED4B
(referred as 195M) and Hela/T-FJX1 (referred as HelLa/T-F), were used as positive
controls in western blot experiments. C666.1-A2 cell line (as provided by Dr. Ricardo
Dolcetti, Centro di Riferimento Oncologico, Italy) overexpressing FJX1 (referred as
C666.1F); and ORL-195 overexpressing MAGED4B (referred as 195M) were used as
target cell lines in cytotoxic ELISPOT assay which will described more below. All cell lines
used in this study has been authenticated prior to their use in this study.

Peptides

The peptides utilised in this example comprises of two HLA-A2 restricted peptides derived
from FJX1 (F1) and MAGED4b (M6). HLA-A2-restricted FluM-derived peptide was used
as a positive control and a HIV peptide was used as an irrelevant peptide control. The
sequences of the peptides are as shown in Tables 2 — 5. All peptides used for this study
were produced commercially by JPT Peptide Technologies (Berlin, Germany). The purity
of the peptides was determined and ensured through the use of HPLC, wherein the purity
results of the peptides were above 80%.

Quantitative PCR (qPCR)

Quantitative PCR (gPCR) was used to determine the mRNA level of the two target
antigens, the M6 and F1 antigens, in OSCC and NPC cell lines. Total RNA from all of the
16 OSCC and 7 NPC cell lines were extracted using the Nucleospin RNA |l Purification
Kit (Macherey-Nagel, Diren, Germany) and used to synthesis cDNA using oligo (dT)
primer and Superscript |l (Invitrogen, Thermo Fisher, MA, USA). Quantitative PCR was
performed with standard SYBR Green protocol using ABI Prism 7500® Sequence
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Detection System (Applied Biosystems, Germany). Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was amplified and served as an internal control.

The primers used are as below:

FJX1: sense 5’CCCGCAAAGGTGTCTAAAAACTS3 and
antisense 5GTGCTGGCACAGTAAAGAATCCTS3;

MAGED4b: sense 5CCAGAATCAGAACCGAGAZ and
antisense 5CCAAAATCTCCGTCCTCAZ;

GAPDH: sense 5GAAGGTGAAGGTCGGAGTC3 and
antisense 5 GAAGATGGTGATGGGATT TC 3.

A minimum of 2-fold increase in the relative expression was considered overexpressed

when compared to expression levels of normal oral and nasopharynx tissues.

Western blots

Cells were lysed on ice with RIPA lysis buffer (5% NaDOC, 1% SDS, 25mM HEPES pH
7.5, 1 M HCI, 1.5 mM MgCl,, 1 mM EDTA, 1% Triton X-100, 1 mM DTT) supplemented
with 1X HALT protease inhibitor cocktail (Pierce Biotechnology, IL, USA). Cell lysates
were collected after centrifugation at 10000g for 20 minutes at 4°C. The concentration of
total protein was determined using Bradford protein assay (Pierce Biotechnology, MA,
USA). 50 ug of total protein was subjected to 12% and 10% SDS-polyacrylamide gel
electrophoresis (for the detection of FJX1 and MAGED4b protein respectively) and
transferred onto Immobilon-P membrane (Millipore, MA, USA). Blots were blocked with
5% skimmed milk (Tris-buffered saline with 0.1% Tween-20, TBST) for 1 hour and further
incubated with the following primary antibodies: anti-MAGED4B (1:1000, Sigma Aldrich,
MO, USA), anti-FJX1 (1:2000, Aviva Systems Biology, CA, USA). Blots were washed (x3
for 5 minutes each) in TBS buffer containing 0.1% Tween-20 (TBS-T) and then probed
with respective secondary antibodies conjugated with horseradish peroxidase (1:10000;
Southern Biotech, AL, USA) for 1 hour. After washing (TBS-T), detection was performed
via enhanced chemiluminescence method, using the FluorChem HD2 Imaging System
(ProteinSimple, CA USA). The blots were probed with anti-GAPDH (1:1000, Trevigen,
MD, USA) or anti-actin (1:1000, Milipore, CA, USA) antibodies as housekeeping control

for each experiment.
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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; rectum, n=16) included in
the study were purchased from Biomax (MD, USA). Expression levels of the target
proteins were detected by immunohistochemistry (IHC) using anti-MAGED4B (1:100; Cat.
no. HPA003554; Sigma Aldrich, MO, USA) and anti-FJX1 (1: 200; Cat. no. HPA059220;
Sigma Aldrich MO, USA) antibodies followed the detection system using Dakocytomation
Envision+ Dual Link SystemHRP (DAB+) kit (Dako, Glostrup, Denmark). IHC analysis was
also performed on the archived FFPE OSCC and NPC tissue sections from the patients
enrolled for the PV1 efficacy evaluation. Immunoreactivity of the two antibodies was
scored based on percentage of tumour cells with positive staining and a 4-point intensity
scoring system: 0 = negative expression; 1 = weak positive; 2 = moderate positive; 3 =
strong positive (Charafe-Jauffret et al. 2004). All IHC analysis was evaluated by certified
pathologist. Tissue microarrays with missing, incomplete cores, or too little tumour to
assess were excluded from the analysis.

Preparation of peripheral blood mononuclear cells (PBMC)

35 ml of blood from OSCC or NPC patients was collected in CPT Vacutainer tubes ( Becton
Dickinson, USA) and PBMCs were isolated according the instructions of the manufacturer.
PBMCs were then washed in Hanks’ Balanced Salt Solution (HBSS) (Gibco, Thermo
Fisher, MA, USA) and re-suspended in complete culture media containing Roswell Park
Memorial Institute (RPMI) media (Gibco, Thermo Fisher, MA, USA) supplemented with
5% heat-inactivated human AB serum (Gemini Bio-Product, CA, USA), 1X
penicillin/streptomycin (Gibco, Thermo Fisher, MA, USA) and 2mM L-glutamine. The
isolated PBMCs were then used for HLA typing through the use of a HLA-A2:lg dimer
assay, and ex vivo and cytotoxic ELISPOT assays, which will be described in detail below.

HLA typing of blood specimen

Given that both the FJX1 and MAGEDA4b peptides are HLA-A2 specific, the inventors only
utilised blood samples with the matching HLA subtype. The HLA-A2 status was
determined by staining PBMC samples using phycoerythrin (PE) tagged mouse anti-
human HLA-A2 antibody (clone BB7.2; BD Pharmingen, CA, USA). PBMCs stained with
PE-tagged mouse anti-human HLA IgG2b k-isotype (clone BB7.2; BD Pharmingen, CA,
USA) and mouse anti-human HLA-ABC (clone DX17; BD Pharmingen, CA, USA) were
used as negative and positive controls respectively. For staining, cells were incubated
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with the appropriate antibodies at 4°C for 1 hour, washed, and analysed on a FACSCanto
2 cytometer (BD Biosciences, CA, USA).

Dimer assay

The presence of endogenous FJX1 and MAGEDA4b specific CD8" T cells in PBMCs of
HLA-A2 positive NPA and OSCC patients were assessed using the HLA-A2:lg dimer
assay. Peptide specific dimers were prepared by combining 1ug of recombinant soluble
dimeric human HLA-A2:1g recombinant protein (BD Pharmingen, CA, USA), 0.25ug of 32-
microglobulin (Sigma Aldrich, MO, USA) and 5ug of peptide (F1, M6, or PV1) and
incubated overnight at 37°C. Dimers loaded with complete culture media (CM) and R32-
microglobulin were used as background control, dimers loaded with HIV peptide and 32-
microglobulin were used as an irrelevant peptide control, and FluM-loaded dimers with
32-microglobulin were used as a positive control. The next day, freshly isolated PBMCs
were added to the respective peptide loaded dimers in separate round bottom
polypropylene tubes (BD Falcon, CA, USA) and incubated for 30 minutes at 4°C and
washed with 1ml of phosphate buffered saline (PBS). The cells were then re-suspended
in 100 ul of PBS and stained with FITC-conjugated rat anti-mouse IgG1 (clone A85-1; BD
Biosciences, CA, USA), PE-conjugated mouse anti-human CD8 (clone HIT8a; BD
Biosciences, CA, USA), and APC-conjugated mouse anti-human TCR a/B (clone
BW242/412; Miltenyi Biotech, Germany) for 1 hour at 4°C. The cells were then washed
and re-suspended in PBS and subjected to flow cytometry analysis using the FACSCanto
2 cytometer (BD Biosciences, CA, USA). The presence of peptide specific CD8* T cells
was determined by cells that were assessed to be positive for IgG1, CD8, and APC, and
the percentage of CD8* T cells specific for a given peptide and calculated as the value of
peptide dimer-positive CD8* T cells after subtracting the value obtained for staining
without the peptides.

Ex vivo ELISPOT

ELISPOT assay was used to evaluate the presence of cytokines (IFNy and Granzyme B)
secreting T cells at a single cell level. As described previously, ex vivo ELISPOT was used
to determine the inherent T cells from patient PBMCs that recognized the peptides (Lim
et al. 2014). First, PBMCs were incubated with 50 ng/ml of IL-7 and 10 ng/ml of IL-12 in
culture medium for two hours at 37 °C. After two hours of incubation, the cells were
washed with 4 ml of HBSS (Gibco, Thermo Fisher, MA, USA) and re-suspended in 200l

of complete culture media. The suspended cells were then mixed with 50ug/ml of F1, M6,
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PV1, FluM and HIV peptides. Each of the 100 pl of mixture was incubated overnight in the
anti-human IFNy/ Granzyme B coated ELISPOT plates (Mabtech, Sweden). After an
overnight incubation, the ELISPOT assay was performed according to the manufacturer’s
instructions with slight modifications. IFNy or Granzyme B detection antibodies were
added into the respective plates and incubated for two hours at 37 °C. This was followed
by washing and the addition of the streptavidin tagged secondary antibody and the plate
was further incubated for 45 minutes at 37 °C. Both antibodies were diluted at 1:500 in
PBS containing 0.5% human AB serum (Gemini Bio-Products, CA, USA). BCIP/NBT-plus
substrate was added to visualize spots formed by cytokine-secreting T cells. The detected
spots were then quantitated using CTL ELISPOT Analyzer (Cellular Technology Limited,
OH, USA) and analyzed using the ImmunoSpot Professional Software (Cellular
Technology Limited, OH, USA). Peptide-specific CTLs were calculated by subtracting
spots formed in the background control wells with no exposure to peptide and FluM
peptide and HIV peptides were used as positive and irrelevant peptide controls
respectively.

Dendritic cells (DCs) and cytotoxic T-lymphocytes (CTLs) isolation and culture
Dendritic cells from patients were isolated and subsequently used as antigen presenting
cells. Briefly, PBMCs were re-suspended in macrophage-serum free media (M-SFM)
(Gibco, Thermo Fisher, MA, USA), seeded in a 6-well plate and incubated for 1 hour at
37°C. After incubation, non-adherent cells from PBMCs were collected, rinsed in HBSS
and then re-suspended in complete culture media contained 10ng/ml IL-7. Approximately
2-5 x 105 cells per well were seeded into round bottom 96-well plates. Cells were then
incubated for 2-5 days at 37°C for T cell expansion with the addition of 50ug/ml of
peptides. The adherent cells resulting from the incubation, were cultured at 37°C for 2-5
days in M-SFM in the presence of 100ng/ml GM-CSF and 25ng/ml IL-4 to induce
differentiation of dendritic cells (DCs). Differentiated DCs were collected from the culture
dish by dislodging the cells with media and then aliquoted into 1.5ml centrifuge tube,
incubated with 50ug/ml peptides (F1, M6 and PV1) for 2 hours at 37°C before applying to
the matured T cells derived from non-adherent PBMCs. After co-culture for 18-24 hours,
10 ng/ml of IL-2 was added to the DCs/T cell culture and incubated for an additional 24
hours. After incubation, culture media containing IL-2 was replaced with fresh complete
culture media and further incubated in 37°C for 3—5 days to allow the activation of cytotoxic
T-lymphocytes (CTLs). CTLs were then co-incubated with target cells (195M and
C666.1F) in the post-expansion cytotoxic ELISPOT assay to determine the potential killing
ability of CTLs against FJX1 or MAGED4b expressing target cells.
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Cytotoxic ELISPOT Assay

Cytotoxic ELISPOT assay was used to study the response of peptide-pulsed CTLs
derived from the patients to the 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, and this
culture was re-suspended in 200pl of complete culture media supplemented with 20 ng/
ml of IL-7 and IL-2 and then applied 100yl in each well to the IFNy or Granzyme B
ELISPOT plate. Cell suspension was then further incubated in 37°C for 16 hours. Then,
ELISPOT assay was performed as described above.

Results

Patient demographics

Peripheral blood from 41 HNSCC (NPC and OSCC) patients was collected for use in this
study. Of these, ~50% (20/41) were HLA-A2 positive and used for subsequent analysis.
Amongst these patients, 16/20 were NPC patients and 4/20 were OSCC patients. 80%
(16/20) of these HLA-A2 positive patients are from advanced disease stages (stage Il
and stage 1V) and the demographics of these patients are shown in Table 8. Of the 20
HLA-A2 patients, samples from 15 patients were subjected to the dimer assay while 16
were subjected to the ex vivo and cytotoxic ELISPOT assays. The remaining samples
were excluded from the experiments due to either insufficient PBMCs or sub-optimal
sample quality (blood lysed).

MAGED4B and FJX1 are tumour antigens overexpressed in HNSCC

The inventors have previously showed that MAGED4b and FJX1 are overexpressed in
OSCC and NPC respectively, whereas the expression is negligible in their respective
normal counterparts (Chong et al. 2012; Chong et al. 2009; Ahmad Zabidi MM 2011; Bose
et al. 2009). In this study, overexpression was screened in these 2 antigens in an
expanded set of HNSCC samples. The data obtained showed that FJX1 is overexpressed
in both NPC and OSCC cell lines. As seen in Figure 9(a), a greater than 2 fold increased
at the mRNA level was detected in 5/16 OSCC (ORL-150, ORL-153, ORL-156, ORL-174
and ORL-48) and 6/7 of NPC (HK1, TWO01, TW04 and C666.1) and immortalized NP
(NP69 and NP460) lines when compared to normal oral keratinocytes and normal
nasopharynx tissues respectively. Notably, all OSCC (with exception of ORL-136) and
NP/NPC lines were observed to express notable levels of FJX1 at protein level [Figure
10(a)] compared to normal oral keratinocytes [Figure 10(c)]. Similarly for MAGED4B,
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mRNA levels were found to be greater than 2 fold in OSCC cell line ORL-153, the
immortalized NP69, and NPC cell line C666.1 [Figure 9(b)]. Noteworthy, all OSCC (except
ORL-195 and ORL-48) and all NPC lines showed marginal expression of MAGED4B at
protein level when compared the positive control [cells ectopically overexpressing
MAGED4B; Figures 10(a) and 10(b)], and in primary cultures of normal oral keratinocytes,
no MAGED4B expression was detected [Figure 10(c)]. The inventors also explored
RNAseq data of 43 head and neck cancers with matched normal data from the TCGA
database (Cancer Genome Atlas N. 2015) and noted that the more than 60% of the
tumour cohort had significant elevated level of FJX1 [Figure 11(a), p < 0.01] and about
40% of the cohort has elevated level of MAGED4B [Figure 11(b), p < 0.01] when
compared to the matched normal data.

The inventors next validated these observations for MAGED4B and FJX1 expression
levels in commercially obtained TMAs consisting of OSCC and NPC cores (collectively
known as HNSCC) and representative staining is shown in Figure 1(a). Broadly, both
MAGED4B and FJX1 expression were detected at protein level, with the staining intensity
scores ranging from 0, 1, 2 and 3. The expression of MAGED4B and FJX1 were detected
in majority of the OSCC samples (49/49 and 47/49 respectively); while for NPC cases,
strong presence of both proteins (MAGED4B; 58/63 and FJX1; 64/74) was detected
[Table 7(a)]. When both TMAs were analysed together, the inventors demonstrated as
high as 94.7% (89/94) of these HNSCC samples overexpressed either MAGED4B or
FJX1 and only 5.3% (5/94) cases were negative for both antigens [Table 7(b)]. However,
no significant correlation was found between staining intensity of FJX1 with disease stage
or grade of differentiation of the tissues. On the other hand, the levels of expression of
MAGED4B is significantly correlated with the grade of differentiation of OSCC samples (p
= 0.016) and NPC (p = 0.007) but not with any disease stage, as seen in the table below.

Table 9: Statistical analysis comparing IHC staining intensity with staging
and differentiation grade

Sakigens Farameter fested NPC DI

FIX1 stage {earky{ Iate} g B4ATS 8= 387FF
dfferentiation grade AR g=8451 g=0598

HISGEDNE  stage {earlyf laled n=0.513 £=0375
differentiation grade §{RMH o = HO07 & =018
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Endogenous T cells recognizing PV1 is presence in HNSCC patients

Since both MAGED4B and FJX1 were shown to be present in HNSCC patients, it is
hypothesised that MAGED4B and/or FJX1 specific CD8+ T cells would also exist. Using
the dimer assay, the inventors determined the percentage of CD8* T cells (CD8+ TCR+
lgG1+) that were able to recognize the PV1 peptides (MAGED4B and FJX1 peptides).
The inventors demonstrated the presence of PV1-specific CD8+ T cells in all analyzed
HNSCC samples (15/15), the mean ranged from 2.6% - 7.1% after normalizing with the
non-peptide loaded dimer control (Figure 2). The average endogenous PV1-specific T cell
population detected was higher (7.1%) compared to single F1 (2.6%; p < 0.001) or M6-
specific T cell (4.6%; p = 0.177) population, demonstrating stronger immunogenicity when
both peptides were used in combination. No significant differences were observed
between the T cell population recognizing the HIV peptide-loaded dimer when compared
to non-loaded dimer control (p = 0.125). While T cell population recognizing the positive
control, FluM peptide-loaded dimer was significantly higher when compared to the non-
loaded dimer control (p < 0.001).

The inventors then correlate the presence of PV1 specific CD8+ T cells with the
expression of MAGED4B and FJX1. The mean percentage of MAGED4B-, FJX1- and
MAGED4B & FJX1 -antigen specific CD8+ T cells was used as cut off to group patients
into high and low antigen specific T cells. The inventors demonstrated about 33% of
patients with high levels of antigen-specific T cell recognizing F1, M6 and PV1-loaded
dimers, are expressing high levels of both FJX1 and MAGED4B. On the contrary, only
10% of patients with low levels of antigen specific CD8+ T cells expressing highly of both
antigens. Strikingly, patients who express minimal of both FJX1 and MAGED4B always
showed low percentage of F1, M6 and PV1 antigen specific T cells, as seen in the table
below.

Table 10: Patients with percentage of CD8+ antigen specific T cells above/ below mean
percentage in the dimer assay and their antigens (F; FJX1 and M; MAGED4B)
expression on tumour tissues. “H” denotes “high expression” and “L” denotes “low/ weak

expression”.
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PV1 peptides induces cytotoxic cytokines secretion from HNSCC patients T cells
in vitro

Next the inventors sought to determine whether the use of PV1 peptide will be able to
increase the levels of cytotoxic T cells. In order to determine the efficacy of PV1 in inducing
cytotoxic activity in HNSCC patients (n=16; 15 samples overlapped with samples used in
HLA-A2: Ig dimer assay), the inventors stimulated patients’ T cells in vitro with either M6,
F1 or PV1 (F1+M86), and exposed the T cells to target cells expressing MAGED4B (195M)
or FJX1 (C666.1F). Prior to any stimulation, ex vivo ELISPOT assay revealed that
although peptide-specific T cells were detected in the HLA-A2: Ig dimer assay, the
population of IFNy and Granzyme B cytokine secreting cells (CSCs) prior to stimulation
was low [Figure 3(a) and 3(b)]. As seen in Figures 3(a) and 3(b), after the in vitro
stimulation with either M6, F1 or PV1, cytotoxic ELISPOT (CTX ELISPOT) assay showed
that the cytolytic activity was increased, resulting in a higher number of cytokine secreting
cells for both IFNy and Granzyme B when compared to the cytokine secreting cells
population in the ex vivo ELISPOT. Overall, HNSCC patient T cells response to either M6,
F1 or PV1 peptide demonstrate a 2.4 to 39.7 fold increment of cytokine secretion in the
cytotoxic ELISPOT assay when compared to prior peptide stimulation. However, the HIV

peptide also induces increased levels of IFNy and Granzyme B secretion after stimulation.

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

Among the 16 patient samples used in the ELISPOT assay, the inventors were able to
obtain archived FFPE tumour blocks from 12/16 patients. IHC was then performed to
determine the expression of MAGED4B and FJX1 in these tumours. The inventors then
divided the patients into 4 groups (FJX1- low, FJX1-high, MAGED4B-low and MAGED4B-
high) based on the IHC staining intensity [Figure 4(a)], and compared the patients’ T cell
response in the cytotoxic ELISPOT assay after stimulation with peptides. Staining
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intensity 0 is categorized as negative, intensity 1 as low expression and intensity 2-3 is
considered high expression. Patients with higher expression of FJX1 or MAGED4B
demonstrated a higher number of cytokine secreting cells (either IFNy or Granzyme B)
when compared to patients with low expression of FJX1 or MAGED4B [Figure 4(b)]. The
inventors also found that patient with low levels of both FJX1 and MAGED4B expressions
on tissue is less responsive to PV1 stimulation compared to those who express high levels
of either FJX1 or MAGED4B on tumour [Figure 4(c)]. The data suggests that the immune
system of HNSCC patients expressing high levels of either FJX1 or MAGED4B are more
readily to be stimulated with PV1 peptide vaccine.

PV1 might have beneficiary effect in other cancer patients

In order to investigate FJX1 and MAGED4B expression in other cancers and identify
potential patient cohorts that might benefit from PV1 therapy, the inventors investigated
the expression of MAGED4B and FJX1 using a set of TMA with 5 most common cancers
(breast, lung, colon, prostate and rectum cancer). The results demonstrated the
expression of MAGED4B was detected in more than 80% of patients in all five cancers
and similar observation was seen in FJX1 expression except only ~50% of colon cancer
patients were positive for FJX1. When both expressions of both MAGED4B and FJX1 was
analyzed collectively, the inventors showed that more than 90% of breast, colon, lung,
prostate and rectal tumour tissues had either MAGED4B or FJX1 expression [Table 7(a)].
Overall, MAGED4B and FJX1 were shown to be overexpressed in breast, colon, lung,
prostate and rectal cancer tumours regardless the stage of disease [Table 7(b)]. Western
blotting analysis on these 5 cancer cell lines (A549, lung cancer; PC3, prostate cancer;
HT-29, colorectal cancer; HCT-116, colorectal cancer; SKBR-3, breast cancer; MCF-7,
breast cancer), showed that MAGED4B expression is high in A549 and PC3 cell lines,
while the expression level is weaker in HCT-116, SKBR-3 and MCF-7. On the other hand,
FJX1 was shown to express in 5 of 6 cell lines tested (A549, HT-29, HCT-116, SKBR-3
and MCF-7) (Figure 12) except PC3, suggesting that PV1 might have the potential in
targeting these cancers which express MAGED4B and/or FJX1.

Discussion

Many tumours tend to harbour deregulated expression of proteins that normally only
expresses in immune-privileged sites such as testis (Inaoka et al. 2011; Gjerstorff et al.
2015) and during embryogenesis (Lawrence et al. 2011; Becker et al. 2012). The unique
expression of these antigens, making them a good target for cancer therapy. Our previous
studies identified 2 tumour antigens, FJX1 and MAGED4B, which involved in such
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processes, with negligible expression in normal but overexpressed in NPC and OSCC
respectively (Chai et al. 2015; Chong et al. 2012). In this study, the inventors expended
the cohort to a larger number of cell lines and tumour samples. The IHC data
demonstrated that most of the OSCC and NPC tumours has overexpression of either
MAGED4B or FJX1. FJX1 is shown to overexpress in both HNSCC cell lines and tumour
tissue. But for MAGED4B, despite IHC staining showed positive staining in a large number
of HNSCC tumour tissues, the expression levels of MAGED4B detected was low in
HNSCC cancer cell lines. This could be due to the loss of antigen in long term culturing
environment. Further correlative studies revealed that MAGED4B expression is correlated
with the grade of tumour differentiation but the inventors did not find any significant
correlation between the expressions of the 2 antigens with patients’ disease staging. As
OSCC and NPC made up to most of the head and neck cancer (HNSCC) cases, the
inventors hypothesized that both MAGED4B and FJX1 could be important targets for
HNSCC. In summary, inventors confirmed that these two antigens is overexpressed in
~90% of HNSCC patients and served as good therapeutic target for HNSCC patients. On
top of this, the inventors also showed that MAGED4B and FJX1 are presence in tumour
of other cancer types, including breast, colon, lung, prostate and rectum cancers,
indicating that targeting these 2 antigens not only could benefit HNSCC patients, but also
potentially benefit patients who suffer from breast, colon, lung, prostate and rectum

cancers.

The inventors designed a MAGED4B-specific and FJX1-specific peptide vaccine to target
OSCC and NPC respectively. The inventors showed that pulsing of PBMC from OSCC
and NPC patients with peptide vaccine derived from MAGED4B and FJX1 respectively
were able to elicit cytotoxic immune response against target cancer cells. However, due
to the heterogeneity nature of tumours and likelihood of cancer cells losing antigen
expression as they progress (Cecco et al. 2011), targeting single tumour antigen as
treatment modality is always insufficient. In order to overcome such limitations, it is
important to target multiple antigens to induce broader immune response, to ensure that
most tumour can be eradicated, to avoid selection of antigen negative clones (Gerdemann
et al. 2011), and at the same time benefiting a larger patient cohort. Previous studies on
esophageal cancer patients showed that multiple antigens peptide vaccine can elicit a
more robust immune response in patients. Patients who have CTL responses to multiple
antigens peptide vaccine confers to better overall survival compared to those having CTL
responses against single antigen peptides (Kono et al. 2012). In the current study, the
inventors combined peptides of both MAGED4b and FJX1 (named as PV1) and sought to
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test PV1 efficacy as a dual-antigen peptide vaccine targeting head and neck cancer
patients.

The inventor’'s results showed that the dual-antigen vaccine PV1 is more immunogenic
compared to single peptides. Larger population of inherent T cells are able to recognize
PV1 when compared to either M6 or F1 peptide alone in the dimer assay. The inventors
also observed that although the ability of T cells to secrete IFNy and granzyme B was
dampened prior to peptide stimulation in vitro, the levels of IFNy and granzyme B secreting
T cells populations increased in the cytotoxic ELISPOT assay. IFNy and granzyme B
secretion after PV1 stimulation was as high as, if not, better compared to stimulation by
single peptide. In summary, the use of dual antigen peptides comprises of both MAGED4B
and FJX1 peptides against head and neck cancer lines is compelling and warrant further
development to benefit patients. The inventors also observed the priming of T cells by
irrelevant HIV-gag protein peptide, inducing unspecific IFNy and granzyme B secretion
from T cells. As reported previously by Karlsson et al. 2004, the inventors hypothesized
that this unspecific stimulation was due to the poorly soluble peptide that induces false
positive response upon stimulation in vitro. Hence, poorly soluble HIV peptide might not
be a good irrelevant peptide control for cytotoxic ELISPOT assay after peptide stimulation.

Importantly, the inventor's data showed that T cells from patients with higher levels of
antigen expression are more readily to be re-sensitized, and having better response upon
PV1 stimulation. This encouraging data indicates PV1 functions in antigen specific
manner, and patient screening based on the expression level or the presence of either
MAGED4B or FJX1 on the tumour would be an important inclusion criteria for the PV1
therapy.

Recently, two immune checkpoint inhibitors were granted approval by U.S. Food and Drug
Administration as treatment for the HNSCC. Nivolumab (OPDIVO, Bristol-Myers Squibb
Company) was approved in November 2016 and Pembrolizumab (KEYTRUDA, Merck &
Co., Inc.) was granted accelerated approval earlier in August 2016. However, response
rate of HNSCC patients receiving these drugs were reported only as low as 13%
(OPDIVO, Bristol-Myers Squibb Company) (Ferris et al. 2016) and 16% (KEYTRUDA,
Merck & Co., Inc.) (U.S. Food and Drug Administration 2016). Due to the complexity of
immune system that always maintain a check and balance between immune activation
and suppression (Chen L and Flies DB, 2013), using immune checkpoint inhibitors alone
to release the brake of immune response might not be sufficient to reactivate the already
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dampened immune system in patients. Combination with an immunogenic immune
activator such as cancer vaccines derived from tumour antigens has been reported to be
more efficiently activate the immune response by altering the effector T cells to regulatory
T cells ratio, increasing antigen-specific T cells (Morse and Lyerly, 2015; Mkrtichyan et al.
2011; Avogadri et al. 2014; Karyampudi et al. 2014). As demonstrated by the inventors,
the dual-antigen PV1 peptide vaccine is immunogenic and is capable of inducing anti-
tumour immune responses among HNSCC patients, suggesting that combination of
immune checkpoint inhibitors with PV1 might enhance the response rate in HNSCC
patients.

However, different peptides could have different binding affinity towards the MHC
molecules, and hence might cause competition in binding to the epitopes. Therefore a
better formulation to ensure both epitopes of FJX1 and MAGED4B peptides are
presented, or a better strategy in administrating the vaccine, such as to administer at
different site of the body should be considered and warrant further investigation. Overall,
the inventors’ results showed that PV1 performed at comparable level, or even better
compared to single peptide. HNSCC patients with tumours expressing either FJX1 or
MAGED4B could benefit from the vaccine. Our data also suggests that PV1 might also
benefit patients of other cancer types including breast, lung, prostate, colon and rectum
cancers. The optimal dosage to induce sufficient immune response and the efficacy of
PV1 to control tumour burden is currently under evaluation using transgenic in vivo model.

EXAMPLE 2
EVALUATION OF PV1 IN ANIMAL MODEL

PV1 does not increase unwanted inflammatory response

Prior to the evaluation of PV1 immunogenicity using animal model, Griess assay that
measure inflammatory responses was used to assess the toxicity of M6 and F1 peptides.
Mouse macrophage cell line RAW264.7 was treated with various concentration of M6, F1
or PV1 peptides: 25 pg/ml, 50 pg/ml and 100 pg/ml and 10% DMSO in PBS was used as
negative control while 1 ng/ml of lipopolysaccharides (LPS) was used as a positive control.
The degree of inflammation was indirectly measured based on the levels of inducible nitric
oxide synthase (iNOS) produced by RAW264.7 cells.

Figure 5(a) shows the degree of inflammation induced by M6 or F1 peptides on RAW
264.7. The production of nitrite by RAW264.7 in the presence of M6 was at least 7 fold
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lower than those received LPS stimulation (P<0.01). The same trend observed in the F1
treatment group as well in which the amount of nitrite released was 10 fold lower than
positive control (P<0.05). This suggested that the M6 and F1 do not stimulate the
upregulation of INOS expression which further indicated that the degree of inflammation
induced by these two target peptide was low. When M6 and F1 combined as PV1, our
result consistently showed that the amount of INOS accumulation in the PV1 treatment
group was significant lower than those in LPS treatment group (10 fold differences,
P<0.05) [Figure 5(b)]. Griess assay results showed that PV1 did not induce inflammation

in vitro settings.

PV1 vaccination increase activation of antigen-specific T cells

The dual-antigens PV1 comprised of MAGED4B peptide 6 (M6) and FJX1 peptide 1 (F1)
was shown to be immunogenic when tested using peripheral blood mononuclear cell
(PBMC) extracted from HNSCC patients. This study was aim to evaluate the
immunogenicity and efficacy of PV1 using transgenic mouse model B6.Cg-Tg(HLA-A/H2-
D)2Enge/d, which which enables the modeling of human T-cell immune responses to
HLA-A2 presented antigens.

Mice were vaccinated weekly for 3 consecutive weeks (3 doses) with 5 different treatment
groups as shown in Table 6 above. At week 4, mice were sacrificed and the immune cells
was harvested from mice spleen. The presence of IFNy-secreting peptide specific CD8+
T cells of vaccinated mice was determined using dimer assay and compare with the
vehicle control group.

The results showed that PV1 is immunogenic. Animals vaccinated with as low as 500ug
PV1 showed high recognition towards PV1-loaded dimers compared to vehicle control
animals (5% DMSO in phosphate buffered saline, PBS). This response is peptide specific
as the vaccinated mice showed a baseline/negligible response when expose to non-
loaded and irrelevant peptide (HIV) loaded dimer, as illustrated in Figure 6(a).

Using ELISPOT assay, the inventors evaluated the population of T-cells that is capable
of carry out cytotoxic function to kill cancer cells presenting the peptides post-vaccination.
Vaccinated animals are able to recognize T2 cells-presenting the PV1 and execute Killing
activity against these T2 cells at dose dependent manners [Figure 6(b)], suggesting that
the PV1 vaccination has successfully increased the recognition of T cells in these animals
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PV1 is safe and no adverse events observed in vaccinated mice
Animal weight was taken twice a week during the period of vaccination. The inventors did
not observe any weight-loss or adverse events during the 4-week period of immunization

in all treatment groups [Figure 7(a)].

Pathological report of major organs (heart, lungs, kidney, liver and spleen) harvested from
all treatment group mice showed all PV1-treated mice were within normal limit. No local

toxicity observed in these animals [Figure 7(b)].

PV1 delayed tumour growth in mice

In previous immunogenicity study, the inventors showed that PV1 is able to induce
antigen-specific T-cell response at concentration as low as 500 pg. Therefore, 1000 pg
PV1 was used in the subsequent assay to determine the efficacy of PV1 in reducing

tumour burden in mice.

A total of 1 x 10° cells of syngeneic B16 melanoma cell expressing AAD and MAGED4B
genes was transplanted onto the mice. After the tumour size reached 30-50mm?, mice
were randomly assigned to 2 groups. Treatment group mice received 1000ug PV1 with
IFA while the vehicle control groups received 5% DMSO in PBS.

Tumour size was measured twice weekly and mice treated with 1000pg PV1 + IFA
showed delayed tumour growth when compared to the vehicle control (VC) group (Figure
8).
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CLAIMS

1. A peptide composition characterised in that the peptide composition comprises at
least a Four-jointed Box 1 (FJX1) peptide and a Melanoma antigen family D4b
(MAGEDA4b) peptide which binds with major histocompatibility complex (MHC) Class |

molecules for inducing an anti-cancer immune response in a subject.

2. The peptide composition according to claim 1, wherein the MHC class | molecules
are human leukocyte antigen A2 (HLA-A2) molecules.

3. The peptide composition according to claim 1, wherein the FJX1 peptide
comprises a peptide sequence of SEQ ID NO.1.

4. The peptide composition according to claim 1, wherein the MAGEDA4b peptide
comprises a peptide sequence of SEQ ID NO. 2.

5. The peptide composition according to claim 1, wherein the peptide composition
binds with the MHC Class | molecules to increase cytokine secreting cells in the subject
for inducing the anti-cancer response in the subject.

6. The peptide composition according to claim 5, wherein the cytokine comprise of
interferon gamma (IFNy) and granzyme B.

7. The peptide composition according to any of the preceding claims, wherein the
anti-cancer immune response is induced in a subject when FJX1 and/or MAGED4b are
expressed by a cancer cell.

8. The peptide composition according to claim 7, wherein the cancer cells are any
one or a combination of head and neck squamous cell carcinoma (HNSCC) cells, breast
cancer cells, colon cancer cells, rectum cancer cells, lung cancer cells, or prostate cancer

cells.

9. A vaccine comprising the peptide composition as set forth in any of the preceding

claims.
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10. The vaccine according to claim 9, wherein the vaccine may be used in combination
with cancer therapeutic treatments.

11. The vaccine according to claim 10 comprising immune checkpoint inhibitors.

12. The vaccine according to claim 11, wherein the immune checkpoint inhibitors

comprise anti-PD-1 antibodies.

13. The vaccine according to claim 10, wherein the anti-cancer immune response is
induced when cancer cells from any one or a combination of head and neck squamous
cell carcinoma (HNSCC), breast cancer, colon cancer, rectum cancer, lung cancer, or

prostate cancer is detected in the subject.

14. Use of an effective amount of a Four-jointed Box 1 (FJX1) peptide and a Melanoma
antigen family D4b (MAGEDA4b) in the manufacture of a medicament for treating any one
or a combination of head and neck squamous cell carcinoma (HNSCC), breast cancer,
colon cancer, rectum cancer, lung cancer, or prostate cancer in a subject in need thereof,
wherein the medicament is capable of binding with major histocompatibility complex
(MHC) class | molecules to induce an anti-cancer immune response in the subject.



