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ABSTRACT
Cancer is the second leading cause of death today[1], accounting for nearly 1 in 6 deaths
worldwide. Despite this, diagnosis and treatment models for cancer are limited and as
such, new methods to identify and treat susceptible patients are required urgently. HLAF-adjacent transcript 10 (FAT10) is an oncogene that is strongly implicated in the
development of inflammation-associated cancers[2]. Previous research on this highly
polymorphic gene has identified 2 haplotypes – the reference haplotype, which is found
in both cancer patients and healthy individuals, as well as an additional haplotype that is
occurs at higher frequency in cancer patients and is associated with higher odds of cancer.
In this study, it was hypothesised that the cancer-associated FAT10 haplotype can better
promote tumorigenicity and could thereby serve as a useful biomarker for cancer. Here,
we functionally characterize the 2 FAT10 haplotypes to understand how they influence
some of the hallmarks of cancer. The cancer-exclusive haplotype was observed to
enhance hallmarks of cancer, namely uncontrolled cell growth, resisting cell death and
anchorage-independent growth as compared to the reference haplotype. Moreover, we
uncovered the differential gene expression patterns induced by each haplotype.
Molecules involved in cell adhesion and proliferation, as well as transcription were
upregulated by the cancer-associated haplotype and hence could have contributed to the
increased tumourigenic potential of the cancer haplotype.
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INTRODUCTION
Cancer and inflammation
As the leading cause of death in Singapore, cancer is a significant and formidable threat to public
health. In 2015 alone, cancer had accounted for 29.7% of deaths islandwide[3], with 14,148[4] new
incidents reported. This justifies the growing call for the development of new methods of diagnosis
and treatment in our world today.
In recent years, epidemiologic studies have shown that nearly 15%[5,6,7] of cancer incidents
worldwide are associated with chronic infection and inflammation. Chronic inflammation can arise
from a multitude of factors, ranging from diseases to chronic
infection. For example, Helicobacter pylori infections have been
epidemiologically found to be associated with gastric cancer[8].
As these infections result in prolonged immune reactions by the
host immune system, this more often than not establishes
chronic inflammation, a precedent to cancer and tumour
development. Currently, inflammation is classified as one of the
hallmarks of cancer[13] that assists the process of tumorigenesis

[Figure 1] Hallmarks of cancer

Inflammation and FAT10 – a mediator of carcinogenesis
HLA-F-adjacent transcript 10 (FAT10) is a ubiquitin-like protein that has been found to be capable
of tagging proteins for proteasomal degradation[9]. Previously found to be highly expressed in
inflammation-associated cancers like liver, gastro-intestinal and gynaecological cancers[2], research
has also shown that FAT10 has the ability to confer malignancy[10] in both non-tumorigenic and
tumorigenic cells. These evidences point towards FAT10’s role in the development of cancer. Unlike
ubiquitin, FAT10 is not typically expressed in tissues. Yet, in the presence of pro-inflammatory
cytokines such as Tumour Necrosis Factor Alpha (TNFα) and Interleukin-6 (IL-6), as well as TNFα
and Interferon-γ (IFNγ), FAT10 has been observed to be synergistically expressed in almost all
tissues. Moreover, this upregulation is moderated by transcription factors NF-κB and STAT3, which
are activated in most cancers and are known to mediate inflammation-associated malignancies.
Mechanistically, FAT10 has been found to interact non-covalently with Mitotic Arrest Deficient 2
(MAD2) – a mitotic spindle checkpoint protein that prevents the cell from proceeding to anaphase
until all chromosomes have been properly attached to the mitotic spindle assembly. FAT10-MAD2
interaction disrupts the localisation of MAD2, prompting nondisjunction, aneuploidy and
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subsequently chromosomal instability, which is yet another hallmark of cancer. This interaction
between FAT10 and MAD2 was shown by in vitro and in vivo studies to promote malignancy[11].
FAT10 haplotypes – a potential biomarker for cancer
Genetic polymorphisms such as single nucleotide polymorphisms (SNPs), among other factors, have
recently been found to play key roles in influencing patient susceptibility to cancer[12]. These
mutations which occur at a single nucleotide level and in more than 1% of a population, can reside
in either coding or non-coding DNA. SNPs in the exons of genes can alter amino acids, as well as
protein structure and function and a combination of SNPs on a single chromosome gives rise to a
haplotype. By analysing genomic data of 269 cancer patients from The Cancer Genome Atlas (TCGA)
[Figure 2] 2 FAT10 Haplotypes and 665 healthy individuals from the 1000

Genome

Project,

research

from

our

laboratory identified 97 SNPs at the FAT10
gene. In this study, 2 FAT10 exon haplotypes,
were examined into greater detail (shown in
Figure 2). Of the 2 haplotypes chosen, a reference haplotype (Ref. Haplotype) had been previously
shown to promote cancer and enhance tumourigenesis[11]. Thus, we wanted to find out if the other
haplotype (Cancer Haplotype), which was associated with higher odds (odds ratio=2.06, p=1.71E-05)
of developing cancer, could promote cancer phenotypes to a greater extent compared to the
reference haplotype.

HYPOTHESIS
In this study, we hypothesised that the cancer haplotype, which was associated with higher odds of
developing cancer, will promote cancer phenotypes to a greater extent compared to the reference
haplotype. As such, the FAT10 haplotypes, which influence cells’ tumourigenic potential, can serve
as effective biomarkers for more reliable prediction, diagnosis and treatment.

MATERIALS AND METHODS
Cell culture and constructs
In this study, HCT116 cell lines which stably overexpressed the 2 different FAT10 haplotypes (Ref.
and Cancer haplotypes) were cultivated. As a negative control, HCT116 cells with an empty vector
(VC) were used. HCT116 cells were cultivated in McCoy’s 5A Medium with 5% Fetal Bovine Serum
(FBS) and incubated at 37°C with 5% CO2. Culture medium was changed every 2-3 days, and cells
passaged when cell confluence reached 90%.
Cell Growth Assay
To quantitate cell proliferation, 3 × 103 HCT116 cells in 200 µL of McCoy’s 5A medium from each
sample were seeded into three wells of a 24-well plate, while empty wells were filled with 200 µL of
phosphate-buffered saline (PBS) to prevent drying before they were placed into the IncuCyteÒ
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ZOOM System – an automated, live-cell imaging and analysis platform where 4 images of each sample
was taken at 10x objective every 6 hours. Thereafter, the percentage area of confluence was used as
a measure of cell growth and data was processed. The doubling times of each haplotype was then
calculated for comparison:
Apoptosis Assay
To detect apoptosis, camptothecin (CPT), an anticancer drug which induces DNA double-strand
brakes and subsequently apoptosis, was added to samples. Following which, cells were then
harvested, stained with Annexin V and the 7-aminoactinomycin D (7-AAD) and finally analysed using
a flow cytometer.
Soft-Agar Colony Formation Assay
Anchorage-independent growth was assessed by seeding cells into soft agar made using Low Melting
Point Agarose. The base layer was made by diluting 2% stock solution with McCoy’s 5A Medium
before 2 mL of this 0.9% LMP agarose solution was added to each well. Similarly, the top layer of
0.7% LMP agarose was diluted before 106 cells were suspended and added to each well. After
incubation, colonies were then stained with 1% methyl blue dye and quantitated.
cDNA Microarray Analysis and Ingenuity Pathway Analysis (IPA)
Prior to analyses, HCT cells were previously sent for complementary DNA (cDNA) microarray
profiling. After which, microarray analysis was performed using PartekÒ Genomics SuiteÒ Software
to determine differentially expressed genes between the 2 different FAT10 Haplotypes, as well as to
perform hierarchical clustering. Subsequently, Ingenuity® Pathway Analysis (IPA), was used to
determine significant networks by which differentially expressed genes between the 2 FAT10
Haplotypes could be classified under.

RESULTS
In this section of the report, gene names were not included due to Intellectual Property reasons.
Cancer-associated Haplotype possesses greater potential to enhance cell growth in transformed cells
Cancer is most commonly defined as an abnormal growth
of cells capable of sustained proliferation[13]. As such, I
assess the growth effects of FAT10 haplotypes on cells.
Using the incucyte system, which detected cell confluency
over time (Figure 3), the cellular doubling time of each
[Figure 3] Cell confluency of 3 cell lines

cell line was then calculated and averaged amongst the 3

replicates. As seen in Figure 4, the reference haplotype displayed a faster growth rate than VC,
similar to the trend observed in previous studies[11]. Notably, the cancer haplotype had the lowest
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doubling time amongst the 3 cell lines (18.2h), which
was also significantly lower (p=0.044) when compared
to the VC. This suggests that the cancer-associated
haplotype promotes faster growth in cells, compared to
the reference haplotype.
Cancer-associated Haplotype confers resistance to
[Figure 4] Doubling Time for each cell line
*represents statistically significant comparison (p<0.05) against VC

apoptosis in cancer cells
Apoptosis, or programmed cell death, is a process that

eliminates dysfunctional cells before tumour development – a natural barrier to tumourigenesis. To
overcome this, most cancer cells acquire resistance to apoptosis
and thus, the apoptosis assay was performed to assess the ability
of these FAT10 haplotypes in modulating this hallmark of cancer.
Prior to analyses, cells from each sample were first exposed to
camptothecin (CPT), which acts as an apoptosis signal and
induces cell death. Vehicle-treated VC and CPT-treated VC was
then compared and the statistically significant increases in
apoptotic cells indicates that CPT-induced apoptosis was
successful. Following which, analyses were performed to find out
if the FAT10 haplotypes would display resistance to apoptosis.
Subsequent to Annexin V and 7-AAD staining, scatter plots from
flow cytometry analysis of each cell line were generated (Figure
5). Each plot was divided into 4 categories based on cells’ staining
for each of the 2

[Figure 5] Scatter plots of each cell line
subjected to CPT-induced cell death

dyes. Total apoptotic cells were identified by
Annexin-V positive staining. In examining the cells'
capability to resist cell death, the percentage of
cells which underwent apoptosis in each sample
was compared. As depicted through Figure 6, the
ref. haplotype had a lower percentage of cells that
[Figure 6] % of cells that underwent apoptosis
*represents statistically significant comparison (p<0.05) against VC

underwent apoptosis than VC, in line with the trend

that was previously found[11]. More importantly, the cancer haplotype had significantly lower
(p=0.022) apoptotic cells (11.0%) upon CPT challenge relative to the VC. This suggests that the
cancer haplotype best enhances resistance to cell death in cancer cells, one of the hallmarks of
cancer.
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Cancer Haplotype significantly increases anchorage-independent growth in cancer cells
To further understand the effect of the various FAT10
haplotypes on cancer cells, the anchorage-independent
growth of each cell line was assessed via the soft-agar
colony formation assay. In normal, non-transformed cells,
attachment

[Figure 7] Representative images for soft-agar assay

to a solid surface is essential for growth and
proliferation – the lack of which would induce cell
death. However, transformed cells often display
anchorage-independent

growth.

Representative

pictures of the assay on each HCT116 cell line are
[Figure 8] Number of colonies in each sample
*represents statistically significant comparison (p<0.05) against VC

shown in Figure 7. To determine the effect of the

FAT10 haplotypes on anchorage-independent growth and malignant transformation of each sample,
the number of colonies in soft-agar was counted and averaged across 3 replicates. Similar to previous
assays, reference haplotype conferred a greater number of colonies, just as found in previous studies.
In particular, the cancer haplotype conferred that greatest number of colonies (62 colonies) in its
HCT116 sample (Figure 8), and hence displayed significantly higher (p=0.035) anchorageindependent growth relative to the VC.
FAT10 Haplotypes modulate differential gene expression patterns in HCT116 cells
Having established that the cancer haplotype
enhances certain hallmarks of cancer in
HCT116 cells compared to the ref haplotype, we
next investigated the possibility of differentially
expressed genes accounting for these observed
cancer phenotypes between the haplotypes
[Figure 9] Hierarchical clustering of significantly
dysregulated genes between ref and cancer haplotypes

through cDNA microarray analysis. A two-sample t-test
was performed on data collected to compare gene
expression values between the cancer and reference
haplotype (Figure 9). In the transformed HCT116
samples, 61 differentially regulated probes were
identified between the reference and cancer haplotype,
[Figure 10] Types of dysregulated molecules

using the threshold of unadjusted p < 0.05 and fold-
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change > |2|. Unadjusted p-value was used as multiple test corrected p-values did not yield sufficient
differentially regulated probes for analysis. Having found the genes differentially expressed between
the haplotypes, we wanted to find out what
functions

and

pathways

these

associated with using IPA.

genes

were

From the 61

dysregulated genes, 30.3% of molecules were
found to be transcription regulators and 10.1%
phosphorylation-related

(Figure

10).

Further

analysis done via DAVID found that the top 2
pathways these genes were associated with were
cell adhesion and proliferation. This supports the

[Figure 11] Top 2 pathways of genes

previous findings of enhanced cancer phenotypes in the cancer-associated haplotypes when
compared to the reference haplotype.
DISCUSSION
Cancer is a deadly disease that accounts for nearly 9 million cases of death each year, with early
diagnosis and treatment imperative for disease-free survival. Recently, much interest has been
generated in investigating the relationship between genomics and cancer in the hope of achieving
more accurate cancer predictions and hence an eventual reduction in cancer-related deaths. The call
for biomarkers to identify individuals susceptible to cancer has shed light on FAT10, an oncogenic
protein that has been found to be overexpressed in inflammation-associated cancers. Notably,
research from our lab has found this gene to be highly polymorphic and 1 haplotype was found to
have increased odds of developing cancer. Herein, the results obtained from this study will be
evaluated and their insights discussed.
FAT10 haplotypes modulate some hallmarks of cancer
In line with the association studies previously conducted, we previously hypothesised that the
cancer haplotype would be more tumouregenic than the reference haplotype. This modulation of the
tumourigenic properties of cancer for each haplotype was assessed via 3 functional assays. Firstly,
in support of our hypothesis, the cancer haplotype displayed significantly faster growth compared
to the reference haplotype, consistent with the belief that the cancer haplotype would incur
enhanced tumourigenesis. In accordance with our hypothesis that the cancer haplotype can enhance
tumourigenic phenotypes, the cancer haplotype was significantly resistant to apoptosis, as seen
through the significantly lower percentage (11.0%) of apoptotic cells in cancer. The third hallmark
of cancer, anchorage-independent growth, was assessed through the soft-agar colony formation
assay. The cancer haplotype had the greatest number of colonies with a p-value of 0.082 yield when
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the cancer and reference haplotypes were compared, hence displaying significantly higher
anchorage-independent growth. Overall, these findings are in support of the cancer haplotype
conferring enhanced tumourigenicity compared to the reference haplotype.
Dysregulated genes induced by FAT10 haplotypes might lead to differences in tumourigenic traits
Having established that the cancer haplotype enhances tumourigenesis more than the reference
haplotype, we wanted to find out whether differentially expressed genes between the 2 haplotypes
could have caused the differences observed. Hence, pathway analyses were conducted and the
different types of molecules found. As mentioned previously, majority of dysregulated molecules
were found to be transcription regulators and phosphorylation-related and their associated
pathways cell adhesion and proliferation. As these molecules play key roles in modulating normal
cell characteristics, it can be said that the upregulation of these genes are responsible for the
observed differences.
Caveats
Due to time and technical constraints, only selected hallmarks of cancer were assessed in this study.
Future studies could examine the metastatic potential of cells expressing these haplotypes using
scratch wound assay which evaluates cell migration capabilities. More experimental repeats could
be conducted to evaluate if the difference observed is real and statistically significant.
CONCLUSION
FAT10 exon haplotypes have previously been discovered in cancer patients or healthy individuals
and their association with enhanced susceptibility to cancer established. This study had embarked
on the functional characterisation of 2 FAT10 Haplotypes in cancer cells to establish its potential in
promoting tumourigenesis. Through the various characterisation assays, the cancer haplotype was
proven to enhance certain hallmarks of cancer compared to VC and reference haplotypes, namely
sustained proliferation, resistance to apoptosis and anchorage-independent growth. Genes
differentially expressed by the various FAT10 haplotypes were also uncovered and their functions
analysed. It is believed that the induction of certain molecules, could have contributed the increased
tumourigenic potential of the cancer haplotype. Hence, our study sets precedence to future work and
the full understanding of the potential of FAT10 haplotypes as biomarkers for cancer.
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【評語】090023
HLA-F-adjacent transcription 10 (FAT10) is an oncogene
that is strongly expressing in inflammation-associated cancers.
However, the underlying mechansim is unclear.
1. The other functions such as proliferation, invasion, and
migration can be tested.
2. The FAT10 depletion experiment should be performed to
further validate its function.

