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ABSTRACT: Histone methyltransferases (HMTs) comprise a subclass of epigenetic regulators. Dysregulation of these enzymes results in aberrant
epigenetic regulation, commonly observed in various tumor types, including hepatocellular adenocarcinoma (HCC). Probably, these epigenetic
changes could lead to tumorigenesis processes. To predict how histone methyltransferase genes and their genetic alterations (somatic mutations,
somatic copy number alterations, and gene expression changes) are involved in hepatocellular adenocarcinoma processes, we performed
an integrated computational analysis of genetic alterations in 50 HMT genes present in hepatocellular adenocarcinoma. Biological data were
obtained through the public repository with 360 samples from patients with hepatocellular carcinoma. Through these biological data, we identified
10 HMT genes (SETDB1, ASH1L, SMYD2, SMYD3, EHMT2, SETD3, PRDM14, PRDM16, KMT2C, and NSD3) with a significant genetic alteration
rate (14%) within 360 samples. Of these 10 HMT genes, KMT2C and ASH1L have the highest mutation rate in HCC samples, 5.6% and 2.8%,
respectively. Regarding somatic copy number alteration, ASH7L and SETDB1 are amplified in several samples, while SETD3, PRDM 14, and NSD3
showed a high rate of large deletion. Finally, SETDB1, SETD3, PRDM 14, and NSD3 could play an important role in the progression of hepatocellular
adenocarcinoma since alterations in these genes lead to a decrease in patient survival, unlike patients who present these genes without genetic
alterations. Our computational analysis provides new insights that help to understand how HMTs are associated with hepatocellular carcinoma, as

well as provide a basis for future experimental investigations using HMTs as genetic targets against hepatocellular carcinoma.
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Introduction
Liver cancer is the third leading cause of cancer deaths in the
world, about 830000 people worldwide died of this type of
tumor in 2020, according to the World Health Organization
(WHO).12 Liver cancer has an incidence that represents
the fifth most frequent cancer in men (7.5% of the total) and
the ninth in women (3.4%), with an unfavorable prognosis
(mortality/incidence: 0.95) and increasing incidence.'
Hepatocarcinoma (HCC) represents 70 to 85% of all primary
liver cancers diagnosed.>* The initial process of HCC develop-
ment has been mainly associated with liver cirrhosis, which often
is related to chronic hepatitis virus B (HBV) infection, in a per-
centage range from 50 to 80% of HCC cases. The family history
of primary liver cancer has also been associated with HCC, and
a synergistic effect with HBV infection.*¢

In addition to risk factors, it has long been known that cancer
cells, such as liver cancer cells, undergo genetic and epigenetic
changes. Genomic analyses have revealed the widespread occur-
rence of mutations in epigenetic regulators and a large number of
epigenome alterations in tumor cells.”? However, it is known
that genetic and epigenetic mechanisms influence each other

*These authors share the same authorship in this work.

and work cooperatively to allow the acquisition of the pathologi-
cal features of cancer.®1% Recent studies have shown that dys-
regulation of a group of proteins called histone methyltransferases
(HMTs) leads to aberrant histone methylation patterns and con-
tributes to the pathogenesis of many human cancers,!! including
hepatocellular carcinoma.!>12 Methylation of the lysine residue
in histones, which is controlled by histone methyltransferases
and demethylases, is an important player in epigenetic regula-
tion. More than 50 HMTs have been identified in humans.12:13
Structurally, HMTs are a diverse group of proteins that can be
broadly classified into 2 functional enzyme families, the SET
domain-containing methyltransferases (variegation suppressor,
zeste enhancer, Trithorax) and the DOT1-like lysine methyl-
transferases.!*!> Emerging evidence indicates that genetic alter-
ations of several HMTs that have oncogenic or tumor suppressor
functions play an important role in initiation and progression of
cancer.$1316 These aforementioned alterations can affect gene
transcription (increasing the expression of oncogenes and/or
suppressing tumor suppressor genes), DNA repair (increasing
genomic instability), cell replication (allowing evasion of various
checkpoints during the cell cycle), and contribute to the develop-
ment of the carcinogenesis process and resistance to conven-
tional therapies.!’-"?
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During the development of HCC, mutations and deregula-
tions of histone-modifying enzymes have been described. For
example, overexpression of EZH?2, a methyltransferase of his-
tone 3 lysine 27 (H3K27) that functions as a catalytic subunit
of the repressive Polycomb complex 2, has been associated with
poor prognosis and an aggressive phenotype in patients with
HCC due to the regulation of genes related to resistance to
chemotherapy.?0?! A recent study demonstrated an inter-
regulation between EZH2 and cell cycle-related kinase
(CCRK) critical in the hepatocarcinogenic process and
tumor progression.?? Similarly, both JMJD1A, a histone 3
lysine 9 demethylase (H3K9) and KDMS5B and LSD1 (his-
tone 3 lysine 4 demethylases) are overexpressed in HCC
patients and are associated with poor prognosis and increased
invasiveness.”> Another important HMT is KMT2C (lysine
methyltransferase 2C) or also called MLL3 (mixed lineage leu-
kemia 3), which is associated with the H3K4 methylation and
is mutated in 8% of tumors in general.?* Whole genome
sequencing (WGS) studies have identified genetic alterations
in genes and pathways involved in HCC development such as
the KM'T2B gene that is a cognate of the KM'T2C gene.?

In addition, the upregulation of histone methyltransferase
SETDB1 (forked SET domain 1), an epigenetic regulator
responsible for methylating the amino acid residues (lysine 9)
on histone H3 (H3K9), is associated with HCC progression,
aggressiveness, and poor prognosis.?® SETDB1 inactivation
prevents cancer cells migration by eliminating of lung metasta-
sis in mice model.?” Finally, another HMT group, the NSD
family (NSD1-3), which plays an important role in the expan-
sion of different tumors,?® when they are overexpressed, as in
the case of the NSD1 gene, in tissues and cell lines, they are
associated with a poor prognosis for HCC. The deletion of this
gene has been shown to inhibit the proliferation, migration,
and invasion of cancer cells.?’

This new knowledge has positioned the enzymes involved
in epigenetic pathways as new therapeutic targets for HCC.
For this, it is important to know the behavior of methyltrans-
ferase alterations associated with various types of cancer in
order to generate a specific genetic atlas that provides new tar-
get genes for cancer control. The computational analysis of the
behavior of these HMTs genes in terms of their alterations,
mutations, among other genetic and genomic aspects, opens
the way to start new in vitro studies. Therefore, we propose to
determine through a computational approach a specific
genomic landscape for HMT in HCC, its relationship with
patient prognosis, and to propose HMT genes as a new target
tor HCC management.

Methodology

Biological data of HMT genes associated to HCC
from public database

Biological and clinical data were obtained through the public
repository CBioPortal (www.cbioprtal.org).’® For the analysis,

it was used a total of 366 samples from patients with hepato-
cellular carcinoma. The data was harbored in the “Liver
Hepatocellular Carcinoma (TCGA, Firchose Legacy)” study.?!
The analysis was started with the 50 HMT genes (ASHIL,
EHMTI1, EHMT2, EZHI1, EZH2, KMT2A, KMT2B, KMT2C,
KMT2D, KMT2E, KMT5A, KMT5B, KMT5C, MECOM,
NSD1, NSD2, NSD3, PRDMI1, PRDM10, PRDM11,
PRDM12, PRDM13, PRDM1i14, PRDMI15 PRDM]I16,
PRDM?2, PRDM+4, PRDMS5, PRDM6, PRDM?7, PRDMS,
PRDMY, SETDI1A, SETDI1B, SETD2, SETD3, SETD4,
SETD5, SETDé6, SETD7, SETDB1, SETDB2, SETMAR,
SMYD1, SMYD2, SMYDJ3, SMYD4, SMYDS5, SUV39HI,
SUV39H?2) described for human.

Categories of biological data associated to HCC used
in the computational data mining

Only the samples that presented the data of interest (360 sam-
ples) were considered in our study. Follow is the categories of
biological data used in this study.

a) somatic mutations: the mutations in the histone methyl-
transferase genes were identified using the COSMIC
database (Catalog Of Somatic Mutation In Cancer),
the searches were performed automatically by the
repository used.

b) Somatic copy number alterations (SCNA): identified
by the GISTIC 2.0 program. The program finds 5 cat-
egories of somatic copy number alterations (SCNA)
and attributes a value to each one (deep deletion: -2;
shallow deletion: -1; diploid: 0 (contains no alteration);
gain: 1; and amplification: 2).

¢) mRNA expression: Identified by RNASeq V2 Illumina
sequencing methodology. The HMT gene expression
data used were normalized with diploid samples that do
not contain SCNA-like alteration (data provided by
cBioPortal). Data is provided as relative gene expression
and values are represented as Z-scores.

d) In addition, the clinical data of the patients were
accessed, such as weight (kg), vital status (alive or dead),
follow-up time of the cancer since diagnosis (months),
genetic alterations mentioned above, and histological

neoplasm grade (G1, G2, G3, and G4).

Genetic alteration map of HMT genes in HCC

samples

We selected HMT genes with an overall genetic alteration rate
greater than 14% in 360 hepatocellular carcinoma samples,
proceeding with these genes in all subsequent steps of the
study. The genes were the SETDBI (SET Domain Bifurcated
Histone Lysine Methyltransferase 1), 4SH1L (Histone-Lysine
N-Methyltransferase ASH1L), SMYD2 (SET And MYND
Domain-Containing Protein 2), SMYD3 (SET And MYND
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Domain-Containing Protein 3), EHMT2 (Euchromatic
Histone Lysine Methyltransferase 2), SE7D3 (SET Domain
Containing 3, Actin Histidine Methyltransferase), PRDM14
(PR Domain Zinc Finger Protein 14), PRDM16 (PR Domain
Zinc Finger Protein 14), KMT2C (Lysine (K)-specific methyl-
transferase 2C), and NSD3 (Nuclear Receptor Binding SET
Domain Protein 3) genes. The genetic map indicates the
genetic alterations (%) and describes the 10 HMT genes. This
map was obtained from the OncoPrint program associated

with the CBioPortal database.

Characterization of somatic mutation in HMT'
genes from HCC samples

Each HMT gene who presented a rate greater than 14% of
genetic alterations in HCC samples reported in CBioPortal
repository was evaluated regarding their mutation content. The
types of mutations present in each gene were evaluated based
on their descriptions. In addition, available annotations regard-
ing biological function or effect of each mutation were evalu-
ated for each gene studied. The figures of the mutated genes
were generated in the MutationMapper program available
within the repository used.

Correlation between mRINA expression and
SCNA-like alterations for HMT genes in
hepatocellular carcinoma samples

We evaluated the correlation between the relative values of
gene expression and the presence of different SCNA-like alter-
ations of the 10 HMT genes. For this analysis, Z-score data of
relative expression of mRNA normalized with normal samples
(diploid) and biological data of SCNA-like alterations (deep
deletion, deletion, diploid, gain, and amplification) were used.
For the correlation and validation analysis, the Spearman and
Kruskal-Wallis non-parametric tests were used. Statistical sig-
nificance was evaluated with P-values less than 0.05.

Stratification of patient data that presented genetic
alteration in HMT genes

We evaluated the correlation between some clinical attributes
of the patients such as altered genomic fraction, weight (kg)
and histological neoplasm grade (G1-G4) with the presence
and/or absence of the genetic alterations described in this study
(somatic mutations, SCNA, and differential mRNA expres-
sion). The data of each studied gene SETDBI, ASHIL,
SMYD2, SMYD3, EHMT2, SETD3, PRDM14, PRDM]I16,
KMT2C, and NSD3 which presented genetic alteration were
associated with the clinical data that contained the mentioned
clinical information. A pool of 67 unaltered samples was used
in this analysis. To validate the analyses, non-parametric statis-
tics such as # test (Mann-Whitney) and chi-square were used.
Statistical significance was evaluated with P-values less than
0.05 and Kaplan-Meyer test.

Computational analysis of patient survival

The analysis of survival probability in individuals with hepato-
cellular carcinoma represented in the 360 samples was evalu-
ated through the genetic alterations in the SETDBI, ASHIL,
SMYD2, SMYD3, EHMT2, SETD3, PRDM14, PRDM]I16,
KMT2C,and NSD3 genes. We used as variables a group where
the 10 gene samples are genetically altered with a group where
these gene samples are not altered. For both groups, clinical
data such as vital status (alive or dead) and lifetime (given in
months) were considered. Individuals who died were censored
from the statistics. This analysis provides a probability of sur-
vival of an individual over time. Statistical significance was
evaluated with P-values less than 0.05. The error risks of the
work are minimal, once the results have been produced compu-
tationally. The error risks that the work presents is, for instance,
the propagation of an error from the database such as some
wrong sample or wrong values. However, a statistic was applied
to validate the analysis performed and reduce these risks.

Results

The database studied presents 366 samples from patients with
hepatocellular carcinoma. However, we used 360 samples,
which presented the genetic features selected for this study
such as mutations, SCNA, and differential gene expression for
HMT genes. The biological data is composed of 248 (67.8%)
samples from men and 118 (32.2%) samples from women.
Additionally, the rate of survival after Syears was about 47%
(overall survival) and the rate of disease free over time reached
around 11% after 10years, demonstrating a tendency for a
decreased patient survival rate in this data set. The ethnicity
linked to samples showed 322 patients no Hispanic (90.7%),
18 Hispanic or Latin (4.9%), and 16 without ethnicity classi-
fication (4.4%). Concerning the age of patients, the diagnosis
time showed a higher number for 45 to 80years old; however,
the range between 65 and 70years old presented a higher
number of cases (67). Furthermore, the race of the patients
comprised White (179—48.9%), Asian (158—43.2%), Black
or African (17—4.6%), and American Indian (2—0.5%). A
percentage of 2.7% of samples had no race declared. All sam-
ples were primary tumor. The samples used showed a notary
prevalence in no Hispanic white and Asian people with age
range around 65 to 70.¢ Other clinical data are summarized in

Table 1.

Overview of genetic alteration in HMT genes from
HCC

Among the 50 human HMT genes described in the literature,
10 of them were selected for the present study, based on their
alteration rate found in HCC samples (more than 14%)
(Figure 1). These genes were SETDBI, ASHIL, SMYD2,
SMYD3, EHMT2, SETD3, PRDM14, PRDM16, KMT2C,
and NSD3, which were altered in 293 (81%) of HCC studied
samples. Additionally, these set of genes presented some types
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Table 1. Summary of clinical data from patients with hepatocellular
carcinoma (data from CBioPortal www.cbioportal.org, accessed in
November, 2022)a.

FEATURES

Tumor type

Biological
data

Gender

Age

Race

Ethnicity

Tumor type

Metastasis
stage

Tumor
stage code

DESCRIPTION OF FEATURES

Hepatocellular carcinoma

Mutations

mRNA expression z-scores
relative to diploid samples

(RNA Seq V2 RSEM)

Putative copy-number

alterations from GISTIC

Male

Female
Average

Range

White

Asian

Black or African
American Indian
NA

Not Hispanic or Latin
Hispanic or Latin
NA

Primary

No

Yes

NA

Mo

MX

M1

T1

T2

T3

T3a

T4

T3b

X

NA

NUMBER OF
SAMPLES

366
362
360

359

248
118
57.5years old
25-90
179
158
17
2
10
332
18
16
366
220
13
133
264

98

179
91
45
28
13

7
]
2

aAll data summarized in this table are publicly available in the CBioPortal
database and were not generated in this study.

of genetic alteration such as somatic mutation, SNCA-like
alterations, and changes of mRNA expression. The rate of alter-
ation varied from 14% (PRMD16, KMT2C,and NSD3) to 43%
(SETDB1). The SETDBI1 (43%) and ASH1L (27%) were the
most altered genes in HCC cohort. In contrast, SETD3 (19%)
and NSD3 (19%) in terms of gene expression showed mRNA

underexpression in several samples (heat map), Figure 1.

KMT?2C the most mutated HMT gene in

hepatocellular cancer

All 10 HMT genes showed somatic mutations in different pro-
portions. The most common type of mutation was missense
(Figure 2). The ASHIL and KMT2C genes presented a rate of
2.8% and 5.6% of somatic mutations in HCC samples. A total
of 10 mutations in ASHIL gene were identified, consisting of 8
missense mutations (D2461G, N2876T, N401I, L7341,
S1368G, P1198T, R1516P, 12797S), 1 frameshift mutation of
the deletion type (129355£5™9), and 1 mutation that compro-
mises the splice process (X1696_splice). In KMT2C gene, a
total of 20 mutations were identified, consisting of 15 non-
sense mutations (S777C, R380C, A4683P, 1L.3004V, S2004C,
S1148P, C310F, P4119L, S842Y, T2008I, D2843N, H3323P,
VIM, D3803G, Q3183G), 3 frameshift deletions (K4212Nfs*6,
K2815Nfs*8,5965V1s*66), 1 nonstop mutation (*4912Lext*36),
and 1 nonsense mutation (E1623%). Five somatic mutations in
KMT2C (K4212Nfs*6, K2815Nfs*8, S965V{s*66, E1623* and
*4912Lext*36) present a biological effect as loss-of-function
and a probable oncogenic effect.

The distribution of mutations occurred along all gene
lengths for all 10 HMT genes. However, for SETDBI gene, all
mutations described (5962*, N1234K, and 1836Sfs*2) occurs
inside the SET domain and for EHMT2 gene, one missense
mutation (E1016G) occurs inside the pre-SET domain.

Analysis of SCNA-like revealed that SETDBI,
ASHI1L, and PRDM14 are amplified in

hepatocellular cancer

In particular, the 10 HMT genes showed different rates of
SCNA-like alteration. However, genes with the highest ampli-
fication and deletion rates can be observed. ASHIL (48),
SETDBI (43),and PRDM14 (42) had high-level amplification
in more than 10% of the samples, being considered the most
amplified genes for this HCC cohort. In contrast, 3 HMT-
encoding genes, NSD3 (189), PRDM16 (145), and SETD3
(129), were deleted in more than 30% of hepatocellular carci-
noma samples, demonstrating an expressive genetic loss for
these elements.

Furthermore, regarding the level of mRNA expression, for
example, SETDB1 (30%), SMYD2 (15%), and EHMT2
(14%) showed a distinct pattern of mRNA overexpression, with
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Figure 1. Overview of genetic alteration in most altered HMT genes: SETDB1, ASH1L, SMYD2, SMYD3, EHMT2, SETD3, PRDM14, PRDM16, KMT2C,

and NSD3 from HCC samples.
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Figure 2. Summary of type of mutation found in the 10 HMT genes.
FS del, frameshift deletion; FS ins, frameshift insertion.

SETDB1 being the most overexpressed HMT gene in the study.
In contrast, the SETD3 and NSD3 genes showed the highest
rates of mRNA underexpression in the HCC cohort, 13.7% and
4.5%, respectively. When comparing mRNA expression with the
type of SCNA alteration, it is possible to observe a trend of
increased expression of certain genes when there is gain or
amplification and decreased expression when there is gene dele-
tion. This type of gene response can be seen in Figure 3, which
shows the analysis of correlation between mRNA expression and
the type of SCNA alteration in the SE7D3, NSD3,and KMT2C
genes. The correlation between the genetic event of genomic
gain or loss and level of mRNA expression is described for sev-
eral genes present in malignant cells.$13

Altered HMT genes decrease the overall patient
survival

Concerning the analysis of overall patient survival, SETDBI,
SETD3, PRDM14, and NSD3 altered genes were linked with

decreased survival probabilities in patients with HCC over
time (months). Here are represented the only statistically sig-
nificant cases within the 10 HMT genes studied. This data can
be seen in Figure 4. On the x-axis it represents the time given
in months, while on the y-axis it represents the probability of
the patient with HCC surviving, either it present a certain
HMT altered or not. Both groups of samples were considered,
samples where the HMT gene were altered and samples that
this same gene does not present any alteration. The crosses in
the figure indicate the patients who died from the disease. The
blue line indicates patients who do not have altered HMT
gene, while the red line indicates patients who have altered
HMT gene. Therefore, the graph shows that over time there
are probabilities that these patients will survive or not, regard-
ing absence or presence of alterations in HMT genes. Since as
time passes, the probability of these people dying decreases or
increases. Our results show a higher probability of survival of
the patient belonging to a group whose HMTs genes are unal-
tered compared to the group which HMTs genes are altered for
the 4 indicated cases. For example, for SETD3 altered gene
(Figure 4a), since the patient diagnosis time until 40 months
after, it can be observed a decrease in survival probability, from
100% to 50%. In comparison with unaltered group, this
decrease is weaker in this time (40 months), reaching around
70% of survival probability. After 40 months, the percentage of
probability is the same in both groups. After 100 months, the
probability to survival with SE7D3 altered is around 30%.
However, after 80 months can be observed a slightly better
scenario for patients with SE7DJ3 altered in contrast with
unaltered group. Similar behavior is seen for SETDBI gene
(Figure 4b). For SETDBI, in the first 60 to 70 months from
the time of diagnosis, there is a difference in the survival pro-

file between the unaltered group and the altered group. The
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Figure 3. Analysis of correlation between SCNA-like alteration and
mRNA expression level in HMT genes. (a) SETD3, (b) NSD3, and

(c) KMT2C. Y-axis: mRNA expression Z-score values relative to diploid
samples (log RNA Seq V2 RSEM). X-axis: SCNA-like alteration
(amplification, gain, diploid (no alteration), shallow deletion, deep
deletion). Data obtained from CBioPortal (www.cbioportal.org, accessed
in November 2022). Statistical analysis: Kruskal-Wallis test, P value: .005.

survival probability is less for the altered group, from 100% to
50% in contrast to the group unaltered from 100% to 60%.
However, after this period, the survival percentage remains the
same in both groups. For PRDM14 (Figure 4c) is observed a
decrease of survival probability to 40% around 60 months and
after 80 months the probability decrease until reach zero in the
altered group. In the unaltered group, the probability also is
lower after 100 months, around 15%. However, in the unaltered
group, the patient can live more time in comparison the group
with PRDM14 altered. Finally, when the NSD3 gene is altered
before 20 months from patient diagnosis, the survival probabil-
ity decrease from 100% to 60% in comparison to the unaltered

group (Figure 4d). At 60months, for the altered group, the

probability decreases below 40%, and this pattern of decline
continues over time, settling at 20% at 90-month follow-up.

Altered HMT genes are probably involved in HCC

progression

The clinical data of the patients were stratified to perform vari-
ous statistical analyzes to find the relationship between the
genetic alterations in the HMT genes and some attributes of
the patients such as weight and cancer progression described in
the neoplasm histologic grade (G1-G4) (Figure 5). We found
that HMT genes such as SETDB1 and EHMT2 are more
altered in patients with lower body weight whereas in patients
who do not show genetic alteration in this group of HMT
genes the weight is higher. For the SETDBI gene (Figure 5a),
the patients with this altered gene presented their body weight
in a range of 60kg to 80kg. In the unaltered group, this range
was from 60kg to almost 100 kg. Similar results were observed
for the EHMT?2 gene (Figure 5b), where the altered group and
the unaltered group presented a similar pattern for weight
range values.

Another result found is related to the neoplasm histologic
grade. For the SETDBI and SMYD3 genes, it is observed that
the advanced grade G3 mainly, and G4 for SETDBI is found
in a higher proportion in the altered group than in the unal-
tered group (Figure 5c and d), suggesting a tendency to cancer
spread and progression in these altered group in comparison to
unaltered group.

Discussion
In the last decades, a biological revolution has taken place, in
which an enormous amount of biological/biomedical informa-
tion has been generated and made available in public databases.
Many databases and computational tools are created daily to
harbor and deliver new biological information about all forms
of life. For humans, many databases share biological/biomedi-
cal information in raw or processed format, be it genomics,
proteomics, metabolomics, and drug design, for example.
However, rather than making the data available, it is important
to process and extract useful information from these reposito-
ries, which could answer various questions about human health.
One way to get to this point is through iz sifico analysis of
genetic and genomic data from diseases, such as cancer.
Another important point is to choose well the useful data set to
answer biological questions that affect human health through
the computational approach. In our work, we selected a group
of genes that could be involved in epigenetic regulation in
both healthy cells and malignant cells, acting in different ways.
Because epigenetic changes are reversible, they provide a
unique opportunity for pharmacological intervention through
inhibitors designed as a new class of anticancer drugs.3>%
Recent evidence shows that the aberrant activity of HMTs, due
to amplification, deletion, or mutation of their corresponding
genes, contributes to the initiation and progression of
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Figure 4. Analysis of overall patient survival linked to altered HMT genes: (a) SETD3, (b) SETDB1, (c) PRDM14, and (d) NSD3. Y-axis: percentage of
survival probability (%). X-axis: time in months. Data obtained from CBioPortal (www.cbioportal.org, accessed in November 2022). Statistical analysis:
Kaplan-Meyer test, P value: .005.
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cancer.31333 Consequently, a promising strategy could target common molecular mechanisms whose dysfunction allows
populations of patients who are carriers of these alterations. For uncontrolled cell proliferation through the deregulation or
years, it has been known that different types of cancer share mutation of genes that positively or negatively influence the
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regulation of cell proliferation, migration and differentiation.3*
Although the genetic term generally leads to understanding
cancer as a hereditary disease, this only occurs in a small per-
centage. In most tumors, the alterations described are only
somatic and, therefore, cannot be transmitted to offspring3>3¢
so it is important to study mutations linked to cancers. Here we
evidence 55 mutations in the 10 HMTs genes studied.
Although none of them had a biological effect annotation, it is
known that indels (insertions and deletions) mutations, as well
as premature termination of protein synthesis, have serious
implications in the functioning of the affected protein.3”38
According to the My Cancer Genome database (www.mycan-
cergenome.org), the KMT2C gene encoding a histone methyl-
transferase H3K4 is mutated at a rate higher than 5% in many
solid tumors. In the present study, the same mutation pattern
was found,3? which this gene presented a mutation rate of 5.6%
with the presence of many nonsense mutations that could lead
to its inactivation. It is known that the disruption of KM7T2C
could be related to the cancer process through transcriptional
deregulation in several pathways.*? This hypothesis is described
for colorectal cancer,® for example, and the data analyzed have
shown a similar pattern of genetic alteration, which could have
implications in HCC cancer.

In addition, for some time the mutagenic mechanisms have
not explain all cancer of cases. Thus, from the etiopathogenic
point of view, epigenetic changes have been implicated in the
development of different cancers.®!3 Another highly relevant
alteration, are somatic alterations in the number of gene copies
(SCNA), which have been widely described in cancer cells. The
amplification of gene regions that encompass total genes are
seen as driver alterations, they lead to the initiation of a process
of cellular malignancy. We found that ASH1L, SETDBI, and
PRDM14 are at a high level of amplification, which could
reveal that they are located in genomic regions that are ampli-
fied in around 10% of the studied samples, often leading to
increased of their expressions, as we demonstrated in that study.
In contrast, there are the NSD3, PRDM16,and SETD3 genes,
which present homozygous deletion in 30% of HCC sam-
ples, reducing their expressions in HCC studied samples.
Both amplification (gain of function) and deletion (chromo-
somal instability and loss of function) could lead to cancer
development processes, which is largely being determined
experimentally. 4142

With respect to alterations in the expression of the HMT
gene, SETDBI, is upregulated in our study and several other
human cancers, such as ovarian cancers, endometrial cancers,
lung adenocarcinoma, breast cancers, and HCC. Upregulation
of SETDBI leads to several alterations in HCC tissues.2”*3
Another HMT gene found upregulated is the ASHIL, which
encodes a member of the trithorax group of transcriptional
activators, also is overexpression in liver cancer.** Furthermore,
SMYD2 and SMYD3 genes presented high expression of in the
current investigation. The SMYD2 gene have been reported
with mRNA overexpressed in pediatric acute lymphoblastic

leukemia, gastric and liver cancer. Some research articles linked
SMYD?2 gene with inhibitory functions in tumor suppressor
proteins such as p53, Rb,and PTEN.*-47 Additionally, SMYD3
has been linked to several human cancers. High levels of this
enzyme are expressed in colorectal, liver, and breast cancers. 44+
Three other HMTs genes presented overexpression, EHMT2
gene, has been related with fundamental functions in embryo-
genesis in genetic mouse models. Deletion of EHMT2 gene in
mice resulted in embryonic lethality.*%°* The EHMT?2 overex-
pression has been reported in several types of cancers such as
lung cancer, multiple myeloma, ovarian carcinoma, and liver
cancer.’>*? In addition, such overexpression of the EHMT2
gene is associated with decreased of patient survival.54%
Already the PRDM1+4 gene plays an important role in resetting
and maintaining pluripotency in embryonic cells. PRDMI14
expression has not been detected in healthy adult tissues; how-
ever, genomic amplification, methylation and misexpression of
PRDM14 have been detected in several cases of human tumors.
In addition, PRDM14 gene has been associated with initiation
of several cancers.’>>’ Finally, KMT2C are often deleted in
myeloid leukemias®® in our findings, this HMT gene present
an elevation in its expression.

However, in our results, SETD3 and NSDJ3 showed an
under expression in several samples. Generally, NSD3 gene are
amplified in some cancer such as cancer colorectal.’3 Already
SETD3 gene,a SET domain-containing 3 (SETD3), member
of the protein lysine methyltransferase family and with func-
tion to catalyze the addition of methyl group to lysine resi-
dues®® are over expressed in lymphoma, kidney tumor, and
invasive breast cancer.®%61.62 Another research showed that
SETD3 gene level is correlated with cell proliferation of liver
cancer cells in a xenograft mouse model.%®

Regarding the relation between alterations in HMT genes
and survival patient, our study revealed that SETDBI,
PRDM14, SETD3,and NSD3, could affect the survival patient
leading to poor prognosis. SETDBI is overexpression in several
cancers such as breast cancer, non-small cell lung cancer, pros-
tate cancer, colorectal cancer, acute myeloid leukemia, glioma,
melanoma, pancreatic ductal adenocarcinoma, liver cancer,
nasopharyngeal carcinoma, gastric carcinoma, and endometrial
cancer. In colorrectal cancer, this genetic alteration is related
with poor prognosis and decrease of survival of patients.?
Similarly, NSD3 is described as a regulator of the apoptotic
process of lymphocytes. The high expression of NSD3 could
play an important role in the progression of breast cancer and
colorectal cancer, leading to the worst prognosis.!>¢* Here, we
report these genes as likely targets to better study HCC prog-
nosis, since they are involved in decreased patient survival. In
addition, these results could open up new treatment pathways
and establish new protocols for evaluating the prognosis of
patients. In addition, the SETD3 gene in patients with breast
cancer (triple negative) is associated with a poor prognosis. If
the patient harbors a mutation in the p53 genes in addition to
altered expression of SETD3, their prognosis is worse even in
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patients with ER-positive tumors.®? Finally, for the PRDM14
gene, an abnormal expression associated with metastasis and
invasion is observed in patients with colorectal cancer. In addi-
tion, PRDM14 overexpression is related to stage III colorectal
cancer, which enhanced the invasive, drug-resistant, and in
wvitro cell dividing properties of the colon cancer cells.®

An important finding presented here is about the relation-
ship between the patient’s weight and genetic alterations in the
SETDBI1 and EHMT?2 genes. Both genes are more altered in
patients with lower weight compared to the control group
(without alteration in both genes). In the control group, the
patients showed a higher body mass index (BMI). It is known
that the body mass index could be closely related to the prog-
nosis and mortality of various diseases such as cancer.%® For
example, overweight men have a better prognosis than normal-
weight men with HCC; however, normal-weight women have
a better prognosis than overweight women.®® No study have
related the weight of HCC patients with alterations in the
SETDBI and EHMT?2 gene. It is likely that these findings
could indicate a worse prognosis for patients with alterations in
SETDBI1 and EHMT2 and who presented a decrease in their
BMI.

Our findings indicated that SETDBI and SMYD3 are more
altered in patients with histological grades 3 and 4 than in the
control group (without alteration in any grade G1-G4 for these
genes). This finding likely indicates that SETDBI and SMYD3,
when disrupted, might be involved in the process of HCC
growth and propagation. SET'DBI was related to the histologi-
cal grade (initial grade) in patients with breast cancer.®” SMYD3
is a histone methyltransferase previously linked to cancer cell
invasion and migration. In breast cancer, it promotes the epi-
thelial-mesenchymal transition in breast cancer.® These alter-
ations in advanced histological neoplasm degrees such as G3
and G4, as demonstrated here, could represent their roles as
invasion and migration factors in HCC cells.

It is interesting to note that the SETDBI gene probably
has valuable importance in HCC. SETDBI1 was one of the
most altered genes presenting a high level of amplification and
it is overexpressed in several samples. In addition, it was asso-
ciated with decreased patient survival, it is altered in patients
with reduced body mass index and its genetic alterations seen
here are related to advanced histological neoplasm grades
(G3-G4). All these features lead to the understanding of
SETDBI as an HCC cancer driver gene and in vitro experi-
ments might be needed to better study the behavior of this
gene in HCC.

Conclusions

For the scientific community, it is important that different
types of biological data are available in public repositories.
Computational analyzes allow us to understand the details of
biological processes faster and more accurately. For several
studies, the first steps are with a computational approach. This
type of analysis can improve accuracy and drive experiments

for further in witro studies. Currently, instead of generating a
significant amount of biological data, it is important to extract
useful biological information from available genomic data, for
example. Therefore, biological data mining can provide the
crucial foundation for experimental research. In this approach,
through the extraction of biological data from public reposito-
ries, we were able to identify that certain alterations in HMT
genes could likely be involved with hepatocellular carcinoma.

Our findings strongly evidenced that genetic alterations
such as somatic mutation, SCNA, and gene expression changes
of HMT genes, may play an important role in the generation
and development of hepatocellular carcinoma, laying a solid
foundation for future studies. Furthermore, our work provides
a genetic content for future studies, which could use HMT
genes such as SETDB1, PRMDI14, NSD3, and KMT2C in in
vitro assays as interesting targets for HCC study.
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