
https://doi.org/10.1177/11769351211039862

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial  
4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without 

further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Cancer Informatics
Volume 20: 1–11
© The Author(s) 2021
Article reuse guidelines: 
sagepub.com/journals-permissions
DOI: 10.1177/11769351211039862

Introduction
Gastric cancer (GC) is the third leading cause of cancer deaths 
in the world, according to GLOBOCAN 2018 data.1 Stomach 
cancer was responsible for over 1 million of new tumor cases in 
2020 and around 769 000 deaths.2 The high mortality rates are 
caused, among several factors, by the late diagnosis. Generally, 
surgical procedures for patient hilling, in advanced stages, are 
not recommended. The risk of developing gastric adenocarci-
noma increases with age, occurring more frequently in ages 
from 55 to 80 years.3 Gastric cancer is influenced by several risk 
factors such as diet, active tobacco smoking, familiar history, 
and Helicobacter pylori infections.4-6 This cancer is character-
ized by a wide heterogeneity at the histopathological and 
molecular levels, turning the prognosis prediction and patients’ 
clinical management difficult.7,8

However, several studies have shown that genetic alterations 
as well as dysregulation of specific epigenetic mechanisms play 
an important role in initiation, progression, and metastasis of 
different cancers including GC.9 These alterations include 
somatic point mutations, somatic copy number alteration 

(SCNA) and modifications in genes related to histone-modi-
fying complexes.10 For example, SCNAs, events that involve 
gains or losses of a large region of tumor DNA, could lead to 
activation of oncogenes or inactivation of tumor suppres-
sors.11,12 Recent studies have identified common SCNAs in 38 
GC samples. In addition, these samples have showed differ-
ences in SCNA content between GC samples from young and 
old patients.13

Concerning aberrant epigenetics, more than 300 genes have 
been recently associated with epigenetic alterations in human 
cancers.14,15 Methylation panels of specific genes can provide a 
new classification of GC able to predict the prognosis of 
patients and the risk of metastasis.16,17 In addition, aberrant 
histone methylation is an important epigenetic alteration seen 
in tumors, which can occur through misbalance in the histone 
methyltransferases (HMTs) function.18,19 These enzymes are a 
group of proteins responsible for the methylation of histones; it 
includes histone lysine methyltransferases (HKMTs) and his-
tone/protein arginine methyltransferases (PRMTs).20,21 
Currently, approximately 51 HMTs have been identified in 
humans.22,23 Several studies have concentrated their efforts to 
discover the relationship between histone methylation patterns 
and tumorigenesis processes. For example, high H3K9me3 
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levels have been associated with tumor staging, GC recurrence 
and worse prognosis of a cohort of 261 GC patients.24 Often, 
HMTs show alterations such as SCNAs, somatic mutations 
and changes in their mRNA expression. Often, some HMTs 
such as EMHT2, NSD3, SMYD3, and SETDB1 are amplified 
and show different patterns of gene expression in several types 
of cancer such as in lungs, breast, and colorectal. Changes in 
their genetic signature could be associated to metastasis and 
decrease in overall survival rate.25-28

Although advances have been made for the understanding 
of epigenetic regulation of cancers, the role of HMTs in some 
cancers, such as GC, remains unclear. Therefore, the objective 
of this study was to evaluate the most common alterations pre-
sent in HMT genes such as SCNAs presence, somatic muta-
tions, and gene expression variation in stomach adenocarcinoma 
samples using bioinformatics analysis. The analysis included 
the public data from CBioPortal and The Cancer Genome 
Atlas (TCGA) databases, which allowed providing a genetic 
atlas of alterations present in HMTs from stomach adenocar-
cinoma samples to improve the understanding of some GC 
processes.

Material and Methods
Public data set and patient data collection

The clinical and biological data from patients with stomach 
adenocarcinoma were obtained through the public repository 
CBioPortal (www.cbioprtal.org). The data set used was 
“Stomach Cancer Adenocarcinoma (TCGA, PanCancer 
Atlas)” with 440 samples. The queries genes used in this study 
were ASH1L, EHMT1, EHMT2, EZH1, EZH2, KMT2A, 
KMT2B, KMT2C, KMT2D, KMT2E, KMT5A, KMT5B, 
KMT5C, MECOM, NSD1, NSD2, NSD3, PRDM1, PRDM10, 
PRDM11, PRDM12, PRDM13, PRDM14, PRDM15, 
PRDM16, PRDM2, PRDM4, PRDM5, PRDM6, PRDM7, 
PRDM8, PRDM9, SETD1A, SETD1B, SETD2, SETD3, 
SETD4, SETD5, SETD6, SETD7, SETDB1, SETDB2, 
SETMAR, SMYD1, SMYD2, SMYD3, SMYD4, SMYD5, 
SUV39H1, and SUV39H2.

Analysis of genetic alterations present in the HMTs

Genetic alteration rates found up to 30% were the values con-
sidered to select the HMTs for further analysis. The somatic 
mutation, SCNA, and differences in the mRNA expression 
were the genetic alterations evaluated in this work. The muta-
tions were predicted by COSMIC database Catalog of Somatic 
Mutation in Cancer (https://cancer.sanger.ac.uk/cosmic). The 
GISTIC 2.0 program identified SCNAs. The program found 
5 categories of SCNAs such as deep deletion, deletion, diploid 
(unaltered samples), gain, and amplification. The mRNA 
expression data of the HMTs were obtained using the RNASeq 
V2 Illumina files available in this repository. We accessed the 
data from “mRNA expression Z-score relative to normal 

samples (log RNA Seq V2 RSEM)” files. The program 
PROVEAN (http://provean.jcvi.org/) was used to predict the 
effect of somatic mutation on the function of selected HMTs 
gene products. PROVEAN works with similarity search 
among protein sequences (75% global sequence identity). The 
program generates 30 clusters of closely related sequences, 
which will be used to generate the prediction. We used the pro-
gram at its default parameters. Variants with a score equal to or 
below −2.5 are considered “deleterious.” Variants with a score 
above −2.5 are considered “neutral.”

Correlation between mRNA expression and 
SCNA-type alterations for each HMT

The correlation between the mRNA expression values  of each 
HMTs and their SCNA-type alterations was evaluated sample 
by sample. In this analysis, the Z-score data of mRNA expres-
sion normalized with normal samples and the data of SCNA 
alterations (log2 copy number values) were used for each HMT. 
Spearman’s and Pearson’s statistics were used for correlation. 
For variance analysis, nonparametrical tests such as Kruskal-
Wallis and Mann-Whitney were used (P value ⩽ .05).

Stratif ication of patient data using mRNA 
expression of HMTs

We evaluated the variance between mRNA expression values 
for each HMTs relative to several clinical attributes of the 
patients such as disease-free status (living and deceased status) 
and ethnicity (Latin or Hispanic and not Latin or Hispanic). 
Other data used were in according with American Joint 
Committee on Cancer Code such as metastasis staging (M0, 
M1, MX), tumor staging (T1A-B, T2A-B, T3, T4A-B, and 
TX), neoplasm staging (IA-B, IIA-B, IIIA-C, and IV), and 
lymph node staging (N0, N1, N2, N3A-B, and NX). For over-
all survival prediction, ethnicity, metastasis staging, and tumor 
staging 412 samples were used. For neoplasm staging 394 sam-
ples were used, and for lymph node staging, 411 samples were 
used. For all analysis, nonparametrical tests such as Kruskal-
Wallis and Mann-Whitney were used (P value ⩽ .05).

Results
On the stomach adenocarcinoma database used, with 440 sam-
ples, most patients are not Hispanic or Latin (72.3%); they are 
predominantly men (64.5%) in contrast to women (35.5%) and 
the average age found was 67.2 years old in an age range of 40 
to 90 years old. These data are summarized in Table 1.

Most altered HMT in stomach adenocarcinoma 
samples from public repositories

The HMTs that presented the rate of genetic alterations over 
to 30% were analyzed in this study. In total, we found 10 HMTs 
most altered in this database. The most altered HMTs found 

www.cbioprtal.org
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for stomach adenocarcinoma were PRDM14, PRDM9, 
SUV39H2, NSD2, SMYD5, SETDB1, PRDM12, SUV39H1, 
NSD3, and EHMT2. These genes are summarized in Table 2. 
These HMTs are altered in 421 (96%) of 440 stomach adeno-
carcinoma samples. The PRDM14 and PRDM9 genes are the 
most altered within the data set presenting rates of 85% and 
71%, respectively. In addition, the genes PRDM9, NSD2, 
EHMT2, and NSD3 are the most mutated with rates of 5.7%, 
5.5%, 4.5%, and 4.1%, respectively. In addition, their probable 
functions in a cellular context, their role in a methylation of 

lysine residues in the tail of the histones and their chromo-
somal location are summarized in Table 2.

The type of genetic alteration (somatic mutation, SCNA 
and mRNA expression) and its quantity for each HMT are 
summarized in the Table 3 and the presentation of their con-
tent are divided into the following sections.

Somatic mutations of HMT in stomach 
adenocarcinoma

In total, for the 9 HMTs, were described 139 mutations. Except 
the PRDM12 gene, which has no somatic mutation informa-
tion available, the other 9 HMTs presented information about 
somatic mutations. The mutation most common in all HMTs 
studied was missense type (Table 3) followed by truncating 
mutations (Table 3). PRDM9 (23), NSD2 (19), SETDB1 (16), 
NSD3 (11), and EHMT2 (10) presented the major amount of 
somatic mutation missense type. Almost all HMTs in analysis 
(except SUV39H2) also presented truncating mutation type, 
which NSD3 (8), EHMT2 (6), and NSD2 (5) presented the 
major occurrence of this mutation type. NSD2 (2), SUV39H1 
(1), and EHMT2 (1) presented fusion mutations and NSD3 
and EHMT2 showed one inframe mutations for each gene. 
Finally, the genes PRDM9, NSD2, and EHMT2 presented 
somatic mutation associated to splice process.

In this database, no mutations showed biological or clinical 
annotation, that is, the probable biological effects of these 
mutations are not presented (Tables 3 and 4). PRDM14 showed 
9 mutations and 2 missense mutations (S291G and S297R) 
inside its SET domain. PRDM9 presented 27 mutations and 1 
missense-type mutation inside the SET domain (G188A). In 
addition, the missense mutation R337S/T appears in 2 sam-
ples. SUV39H2 had 3 missense mutations, and the H331Y 
mutation appears on its SET domain. NSD2 showed 27 muta-
tions, 1 missense mutation on the SET domain (P1132T), and 
2 recurrent mutations (R729C). SMYD5 had 8 mutations, 
which 4 missense mutations are inside its SET domain (M117I, 
E203D, and 2 R52W). SETDB1 presented 19 mutations, 
which 10 are in the SET domain, 2 frameshift deletion, 1 non-
sense and 1 missense (G816C, G876Vfs*8, P950Qfs*16, 
A982T, R1018*, K1162N, V1232F, R1243H, D1241G, and 
R1256W). SUV39H1 harbors 8 mutations, which one 
frameshift deletion and 3 missense mutations are inside the 
SET domain (R144H, A198Rfs*140, G216R, and N223S). 
NSD3 gene presented 20 mutations, which the majority is, 
missense type. One missense mutation is located inside its 
SET domain (G1176S) and the mutation T419Nfs*28/Pfs*8 is 
recurrent, present in 4 samples. Finally, the EHMT2 gene 
showed 19 mutations, in which 2 missense mutations (R1135H 
and R1145Q) are inside the SET domain, 1 mutation inside its 
pre-SET domain, and 1 frameshift deletion mutation 
L855Cfs*36 occurred 4 times in the samples. All data are sum-
marized in Tables 3 and 4.

Table 1. Summary of clinical data from patients with stomach 
adenocarcinoma (data from CBioPortal www.cbioportal.org, accessed 
in July 09, 2021).

ChARACTERISTICS NO. Of PATIENTS 
(%)

Total 440 (100)

Gender

 female 156 (35.5)

 Male 284 (64.5)

Age

 Average 67.2 years

 Range 40-90 years

Ethnicity category

 Not hispanic Or Latino 318 (72.3)

 NA 117 (26.6)

 hispanic Or Latino 5 (1.1)

Cancer type detailed

 Stomach adenocarcinoma 165 (37.5)

 Intestinal-type stomach adenocarcinoma 81 (18.4)

 Tubular stomach adenocarcinoma 79 (18.0)

 Diffuse type stomach adenocarcionoma 72 (16.0)

 Mucinous stomach adenocarcionoma 22 (5.0)

 Signet ring cell of the stomach 13 (3.0)

 Papillary stomach adenocarcinoma 8 (1.8)

Subtype

 STAD_CIN 223 (50.7)

 STAD_MSI 73 (16.6)

 NA 57 (13.0)

 STAD_GS 50 (11.4)

 STAD_EBV 30 (6.8)

 STAD_POLE 7 (1.6)

Abbreviation: NA, not available.

www.cbioportal.org
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Although all somatic mutations seen in the HMTs have no 
biological effect available, a computational simulation has 
shown how deleterious could be a specific mutation in these set 
of proteins. Thirty-five mutations were predicted to be delete-
rious. SETDB1 has the major highest number of deleterious 
mutations, and 9 deleterious missense mutations. For example, 
the mutation S291G (PRDM4) was considered deleterious, 
and it was within the SET domain of the protein. The same 
result can be seen for H331Y (SUV39H2), P1132T (NSD2), 
R52W (SMYD5), G816C, V1232F, D1241G, R1243H, 

R1256W (SETBD1), D291Y (SUV39H1), G1176S (NSD3), 
and R1135H (EHMT2). Other likely deleterious mutations 
are also summarized in the Table 5. A total of 104 mutations 
seen here were predicted to be neutral, probably with no bio-
logical effect on the HMT function.

Most of the mutations that are present in stomach adeno-
carcinoma samples were in advanced stage of cancer. For exam-
ple, the mutations of PRDM9 are in that show tumor staging 
between T2* and T4*. The same pattern is seen for NSD2 and 
SETDB1. SMYD5 mutations are associated to advanced tumor 

Table 2. histone methyltransferases genes most altered in stomach adenocarcinoma from CBioPortal database (www.cbioportal.org, accessed on 
July 09, 2021).

GENES UBICATION fUNCTION METhyLATION TyPE GENETIC 
ALTERATION 
RATE (%)

MUTATION 
RATE (%)

PRDM14 8q13.3 Transcriptional regulator h3K9 and h3K27 85 2

PRDM9 5p14.2 Meiotic recombination h3K4 and h3K36 71 5.7

SUV39h2 10p13 Chromatin regulator h3K9 and h3K27 61 0.7

NSD2 4p16.3 Chromatin structure modeling h3K36 and h3K27 60 5.5

SMyD5 2p13.2 Transcriptional regulator, genome stability, DNA replication 
and DNA repair

h4K20 and h3K9 49 1.8

SETDB1 1q21.3 heterochromatin regulation and euchromatic gene silencing h3K9 41 3.9

PRDM12 9q34.12 Transcriptional regulator h3K9 39 NA

SUV39h1 Xp11.23 heterochromatin organization, chromosome segregation, 
and mitotic progression

h3K9 36 1.8

NSD3 8p11.23 Transcriptional regulator h3K4, h3K9, and 
h3K36

33 4.1

EhMT2 6p21.33 Transcriptional regulator and cell cycle h3K9 and h3K21 33 4.3

Abbreviations: h3 and h4, histones h3 and h4; K4, K9, K20, K21, K27, and K36, lysine residues.

Table 3. Genetic alterations of the hMTs in stomach adenocarcinoma from CBioPortal database (www.cbioportal.org, accessed on July 09, 2021).

SCNA MRNA EXPRESSION MUTATION

GENE AMPLIfICATION DEEP 
DELETION

hIGh LOw MISSENSE TRUCATING INfRAME SPLICE fUSION

PRDM14 11 _ 25 349 8 1 _ _ _

PRDM9 15 4 24 273 23 3 _ 1 _

SUV39h2 5 1 266 _ 3 _ _ _ _

NSD2 2 5 255 4 19 5 _ 1 2

SMyD5 _ _ 209 _ 7 1 _ _ _

SETDB1 14 _ 169 _ 16 3 _ _ _

PRDM12 2 1 169 _ _ _ _ _ _

SUV39h1 2 4 146 4 6 1 _ _ 1

NSD3 6 2 74 58 11 8 1 _ _

EhMT2 8 4 121 2 10 6 1 1 1

Abbreviations: hMT, histones methyltransferases; SCNA: somatic copy number alteration.

www.cbioportal.org
www.cbioportal.org
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stages such as T3, T4A, T4B, and TX. With regard to cancer 
staging, this HMT is also associated with advanced stages like 
IIIB, IIIC, and IV.

SCNA and their linking with mRNA expression

Somatic copy number alterations (high amplification, gain, 
shallow deletion, and deep deletion) were found for PRDM14, 
PRDM9, SUV39H2, NSD2, SMYD5, SETDB1, PRDM12, 
SUV39H1, NSD3, and EHMT2 in stomach adenocarcinoma 
samples. In this analysis, 372 samples presented data of 
SCNA and mRNA expression. Almost all HMTs are ampli-
fied in the studied data set of stomach adenocarcinoma where 
the PRDM9 (15), SETDB1 (14), PRDM14 (11), and EHMT2 
(8) are those that have presented the highest number of 
amplifications. However, SMYD5 has no amplifification pro-
file. In addition, several HMTs harbor deep deletion such as, 
PRDM9 (4), SUV39H2 (1), NSD2 (5), PRDM12 (1), 
SUV39H1 (4), NSD3 (2), and EHMT2 (4). SMYD5, SETDB1, 
and PRDM12 have no deep deletion alteration in the sam-
ples. Unaltered samples were called diploid. These data are 
presented in Table 3.

The correlation between mRNA expression and the SCNAs 
can be seen in Figure 1. When the HMTs genes undergo an 

alteration of deletion or deep deletion, a decrease in gene 
expression can be observed. On the contrary, when these same 
genes showed partial genetic gain or they have high amplifica-
tion alterations, their mRNA expressions tend to increase 
(Figure 1A to D). All HMTs presented this behavior between 
mRNA expression and SCNA; however, this tendency to 
increase or to decrease the mRNA expression concerning the 
presence of amplification/deletion were more evident in 
EHMT2, NSD3, SETDB1, SU39H1, and SUV39H2 genes as 
show the Figure 1A to E.

Finally, the NSD3 genes showed a strong correlation rate 
Spearman: 0.69 (P = 1.53e−59) and Pearson: 0.77 (P = 2.88e−83) 
when we correlated the mRNA expression to SCNA type. As 
results, probably the SCNA change can interfere in mRNA 
expression levels in this HMT (Figure 2).

Interestingly, there is a highest tendency for HMT gene 
amplification in men contrasting women. For example, for 
PRDM14, almost all samples that have gene amplification 
occurred in men (81.8%), for PRDM9 the rate was 60%, 78% 
for SETDB1, and 75% for EHMT2. When the profile of 
tumor stage and gene amplification was evaluated, it was pos-
sible predict a tendency of PRDM14 and PRDM9 to present 
gene amplification in samples with T3 tumor stage, at rates of 
54.5% and 73.3%, respectively. This pattern was not observed 

Table 4. Summary of all mutations type present in the studied hMTs.

GENE MUTATION

MISSENSE TRUCATING INfRAME SPLICE fUSION

PRDM14 S117N, y413h, S291G, P34L, R444Q, 
G297R, P142Q

V209Sfs*85, y489* _ _ _

PRDM9 R615w, K401T, D871N, N790K, D324N, 
f211V, G188A, A122E, E93D, A137T, E327Q, 
A264P, C529y, S793N, S2N, S143R, 
R643w, R337T, R337S, y526C, T653S, 
S153y

E132*, Q767*, L130* _ I64= _

SUV39H2 h331y, S102y, K117R _ _ _ _

NSD2 R501C, R1355w, R729C, S1332L, R1353w, 
P1132T, L1298I, S678N, K174T, C1323R, 
D1204G, R1320Q, R600Q, P416S, G523E, 
E627D, V831M, A70T

P1343Qfs*49, 
P1317Rfs*12, 
K1220Rfs*109, 
L761Pfs*21, R935*

_ X840_
splice

NSD2-NAT8L, 
NSD2-CfAP99

SMYD5 T416I, E405D, E203D, R52w, L368P, M117I E402Kfs*13 _ _ _

SETDB1 R1256w, R1243h, R636w, A248V, G816C, 
K102T, K290T, K1162N, R57h, N618S, 
A982T, D1241G, R565h, R610Q, R158K, 
V1232f

C876Vfs*8, P950Qfs*16, 
R1018*

_ _ _

SUV39H1 G216R, R144h, D291y, V258I, R265h, 
N223S

A198Rfs*140 _ _ CDKL5-SUV39h1

NSD3 G1176S, y1144C, A320V, K198E, E1272Q, 
M1335V, T109A, S560L, Q962h, A1060T, 
P935S

T419Pfs*8, I161Pfs*8, 
K589Ifs*3, N1066Kfs*14, 
T419Nfs*28, R1310*

K598del _ _

EHMT2 R629Q, A900V, K906M, R1135h, y952C, 
R1145Q, y1043C, R917h, R347Q, Q1019R

L855Cfs*36, E16Rfs*68, 
R347*

E320_
E323del

X816_
splice

EhMT2-CRB1

Abbreviations: hMT, histones methyltransferases.
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for SETDB1 and EHMT2, whose tumor staging was 
heterogeneous.

Stratif ication of clinical data from the patients

To analyze the probability of HMTs are involved with specific 
carcinogenesis processes and clinical features in the patients 
with stomach adenocarcinoma, we accessed their clinical data 
from public repository. As previous mentioned, we accessed 
data such as disease-free status (living and deceased status) and 
ethnicity (Latin or Hispanic and Not Latin or Hispanic). 
Other data, in according with American Joint Committee on 
Cancer Code, also were used such as metastasis data (M0, M1, 
and MX); tumor staging (T1A-B, T2A-B, T3, T4A-B, and 
TX); neoplasm staging (IA-B, IIA-B, IIIA-C, and IV) and 
lymph node staging (N0, N1, N2, N3A-B, and NX). The 

analysis take into account the mRNA expression of each 
HMTs studied here and the specific clinical feature. Only the 
clinical data about disease-free status related to mRNA expres-
sion of SUV39H2 was statistical significant (P value: .0286), 
which the patients, who have presented the status disease free, 
showed the mRNA expression higher than the patients with 
status recurred/progressed (Figure 3).

Regarding the level of mRNA expression, the HMTs 
PRDM14 and PRDM9 are downregulated in 349 and 273 
stomach adenocarcinoma samples, respectively, resulting in 
rates of 79.3% and 62%. In addition, SUV39H2 (60.4%), NSD2 
(57.9%), SMYD5 (47.5%), SETDB1 (38.4%), PRDM12 
(38.4%), and SUV39H1 (33.1%) are upregulated in stomach 
adenocarcinoma (Table 3). Regardless of whether the HMT 
was upregulated or downregulated, these 2 changes are pre-
dominant in men, rates more than 55% for each HMT studied. 

Table 5. Prediction of biological effect through somatic mutations in genes hMT-coding of stomach adenocarcinoma samples.

PRDM14 SETDB1

VARIANT PROVEAN 
SCORE

PREDICTION 
(CUTOff = −2.5)

VARIANT PROVEAN 
SCORE

PREDICTION 
(CUTOff = −2.5)

y413h −3.872 Deleterious R1243h −4.438 Deleterious

S291G −2.988 Deleterious G816C −8.924 Deleterious

R444Q −3.294 Deleterious K290T −3.219 Deleterious

PRMD9 D1241G −6.140 Deleterious

 R615w −5.452 Deleterious R610Q −3.533 Deleterious

 C529y −5.137 Deleterious V1232f −4.338 Deleterious

 R643w −5.054 Deleterious SUV39h1

SUV39h2  G216R −7.592 Deleterious

 h331y −5.563 Deleterious  D291y −8.093 Deleterious

NSD2  N223S −4.745 Deleterious

 R501C −3.047 Deleterious NSD3

 R729C −7.022 Deleterious  K598del −3.033 Deleterious

 P1132T −7.201 Deleterious  G1176S −5.383 Deleterious

 C1323R −10.360 Deleterious  y1144C −8.183 Deleterious

 V831M −2.692 Deleterious  P935S −2.979 Deleterious

SMyD5 EhMT2

 R52w −3.327 Deleterious  A900V −2.642 Deleterious

 L368P −6.797 Deleterious  K906M −3.082 Deleterious

SETDB1  R1135h −3.018 Deleterious

 R636w −7.366 Deleterious  y952C −8.652 Deleterious

 A248V −3.506 Deleterious  y1043C −6.378 Deleterious

 R1256w −6.374 Deleterious  

Abbreviations: hMT, histones methyltransferases.
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Furthermore, differential expression whether high or low seem 
to be a common feature in T2 to T4* tumor staging, in which 
T3 staging is overrepresented.

Discussion
Currently, novel anticancer drugs are emerging with a focus on 
HMTs. DNA alterations are not the only factor that lead to 
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Figure 1. Analyses between SCNA and mRNA expression levels of histone methyltransferases (A) EHMT2, (B) NSD3, (C) SETDB1, (D) SUV39H1, and 

(E) SUV39H2. Graphs of relation between SCNA (amplification, gain, diploid, shallow deletion, and deep deletion, axis X) and mRNA expression of 

specific hMTs (axis y). Data obtained from CBioPortal (www.cbioportal.org, accessed in April 16, 2021). Data set: mRNA expression Z-score relative to 

normal samples of EHMT2, NSD3, SETDB1, SUV39H1, and SUV39H2 and SCNA, P value (<.05).
hMT indicates histones methyltransferases; SCNA, somatic copy number alteration.
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carcinogenesis processes but also epigenetics aberrations play a 
role in tumor development through the regulation of mRNA 
expression. Furthermore, the emergence of drug resistance is 
another challenge in cancer treatment, which is closely related 
to epigenetics chances.29 Therefore, the HMTs have become an 
important target group for the development of new cancer 
control methodology.30 Here, we present several changes of the 
genetic signature of 10 HMTs as a genetic atlas to provide new 
information about HMTs and GC to aim of assisting in the 
developing of new strategies to control this cancer type.

Histones methyltransferases are often altered in much type 
of cancers. The HMTs studied harbor about 31% of somatic 
mutation in the 440 stomach adenocarcinoma samples evalu-
ated, with PRDM9, NSD2, NSD3, SETDB1, and EHMT2 
being the most mutated HMTs. According to CBioPortal 
repository, not all mutations have any biological or clinical 
annotation. However, even without the biological significance 
of the 139 mutations seen in these HMTs, for example, it is 
known that NSD2, is mutated in blood cancers, SETDB1 is 
altered by amplification, mutation, and fusion in melanoma, 
lung cancer, and mesothelioma and NSD3, is altered by ampli-
fication in several cancers such as breast and colorectal. 
Furthermore, all evaluated HMTs had mutation in their SET 
domain, and the EHMT2 gene harbored mutations in its pre-
SET domain. Both domains play an important role in the rec-
ognition of specific residues in histone proteins and many 
amino acids residues within these domains need to remain 
invariant not to affect the function of these enzymes.31 It may 
be mutations at these sites could lead to changes in the biologi-
cal function of HMTs, mainly recurrent mutations such as 
R337S/T in PRDM9, T419Nfs*28/Pfs*8 mutation in NSD3 
and L855Cfs*36 for EHMT2 gene. However, computational 
simulations found 35 probably deleterious somatic mutations 
in this stomach adenocarcinoma data set. These mutations 
were found in 9 HMTs (the PRDM12 has no somatic muta-
tion in this data set). Eleven of them were located within the 
SET domain and were linked to SUV39H2, NSD2, SMYD5, 
SETBD1, SUV39H1, NSD3, and EHMT2 HMTs. These 
mutations are likely to be novel and therefore have no func-
tional annotations. This simulation delivers new information 
that could lead to future studies to confirm the deleterious role 
of this type of HMT mutation in GC.

Regarding the SCNA signatures observed for HMTs, sev-
eral common features are seen in cancers and the amplifica-
tion appears to be a frequent change that can activate 
oncogenes and inactivate tumor suppressors. Somatic copy 
number alteration is the somatic alteration that can affect a 
large portion of cancer-related genome; in addition, they are 
extremely frequent in this tissue type.32 In some cases, focal 
SCNAs have led to the identification of cancer-causing genes 
and suggested specific therapeutic approaches.33-36 Genes 
that can drive the oncogene process in human cancer have 
overexpression related to their gene amplification, where they 
present a correlation between gene expression and change in 
the number of gene copies.22,37 For example, the high ampli-
fication is common for NSD3 gene. This HMT is amplified 
in breast, lung, head and neck, and osteosarcoma cancers lead-
ing cell cycle progression.37

Here, except for the SMYD5 gene, all studied HMTs are 
amplified, being PRDM9, SETDB1, PRDM14, and EHMT2 
the most amplified HMTs. In addition, the EHMT2 and 
NSD3 genes also harbor deep deletion events. Regarding the 
high-amplification behavior, for example, it has been reported 
that SETDB1 is amplified in basal breast cancer,22 showing 
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that the recurrence of this change in different tumors is com-
mon. Overall, SETDB1 activity is correlated with increased 
aggressiveness and worse disease prognosis and is allocated as 
an oncogene in the Cancer Gene Census (CGC) database. In 
colorectal cancer, SETDB1 is overexpressed.38 Probably the 
origin of its high expression could also be linked to its amplifi-
cation.39 Furthermore, in previous studies, another gene encod-
ing an HMT, NSD3, was reported that to be amplified in 
colorectal and breast cancer.22,37

Several studies have proposed that there is a correlation 
between mRNA expression and SCNA.22,37 Here, when the 
HMTs studied undergo a process of deletion or deep deletion, a 
decrease in gene expression can be observed. On the contrary, 
when these same genes show partial gain or show high-amplifi-
cation alterations, their expressions increase (Figure 1). This 
same behavior between mRNA expression and SCNA was 
observed for all HMTs; however, the most evident pattern of 
increase or decrease of the mRNA expression in relation to 
presence of amplification/deletion was observed for NSD3, 
SETDB1, SU39H1, and SUV39H2 (Figure 1). Among them, 
the NSD3 gene shows strong correlation values Spearman: 0.69 
(P = 1.53e−59) and Pearson: 0.77 (P = 2.88e−83) between 
mRNA expression and SCNA. The SCNA can probably inter-
fere with mRNA expression levels in this HMT, increasing 
when there is amplification or decreasing when there is deletion 
(Figure 2). These processes generate a series of histopathologi-
cal states driven by the accumulation of genetic alterations, 
which, as note, have repercussions on changes in gene expres-
sion and may direct normal cells to states of hyperplasia, dyspla-
sia, invasive cancer, and even metastasis.40 Changes in NSD3 
gene expression can be associated with variation in prognosis 
depending on the cancer type. In colorectal cancer, the decreased 
HMT mRNA expression is linked to poor prognosis.37

Aberrant mRNA expression in multiple HMTs is a common 
feature in many cancers. In our study, the PRDM14 and PRDM9 
are down-regulated in stomach adenocarcinoma. PRDM14 is 
overexpressed in pancreatic cancer tissues compared to its nor-
mal counterparts.41 In a pan-cancer study, PRDM9 exhibited the 
highest expression in cancers such as head and neck squamous 
cell carcinoma and bladder urothelial carcinoma and a tendency 
to be upregulated in 32 types of cancer. In addition, PRDM9 is 
transcriptionally active in many cancers, a cancer condition 
related to nongerm cells.42 PRDM9 is one of the most mutated 
genes in our study. Houle et al42 reported that 45 specific somatic 
mutations in PRDM9 are associated with aberrant mRNA 
expression of this HMT. We also report here that SUV39H2 and 
NSD2 are overexpressed in stomach adenocarcinoma. NSD2 is 
overexpressed in several types of aggressive solid tumors, includ-
ing renal cancer, prostate cancer, breast cancer, cervical cancer, 
and osteosarcoma. This overexpression is associated with poor 
prognosis and recurrence.43

These findings reveal the qualitative relationship between 
genetic variation of HMT and its downstream effect, especially 

for oncogenes and tumor suppressor genes, which have been 
critical for prevention, diagnosis, and treatment of cancer. All 
of the HMTs presented here could be a potential panel of 
prognostic biomarker, especially the HMTs encoded for 
PRDM9, SETDB1, PRDM14, EHMT2, and NSD3 genes.

Finally, with regard to the relationship between HMTs 
alterations and clinical characteristics, we reported here that 
the HMT SUV39H2 showed reduction in its expression in 
patients with recurrence and progression of stomach adenocar-
cinoma. Disease-free patient had increased expression of 
SUV39H2 gene. Many studies have reported that SUV39H2 
acts as an oncogene and is linked to cancer initiation and pro-
gression.44 In breast cancer, SUV39H2 is correlated with meta-
static biology and poor survival. Initially, SUV39H2 is primarily 
responsible for di- and tri-methylation of H3K9 (H3K9me3). 
Elevated H3K9me3 levels were associated with GC recurrence 
and was also able to predict a worse prognosis of a cohort of 
261 GC patients45 This result suggests that SUV39H2 plays a 
role in the progression of stomach adenocarcinoma when its 
mRNA level decreases. This HMT could be a good target to 
study the prognosis in stomach adenocarcinoma.

There is evidence that genetic alterations of various HMTs 
affect the oncogenic or tumor suppressor functions of cancer 
and influence the cancer initiation and progression.46 
Dysregulation of HMTs could cause an imbalance in tran-
scription, and their abnormal gene expression could promote 
changes in the cellular environment, resulting in the initiation 
of the carcinogenesis process.47 Therefore, abnormalities in 
HMTs can induce tumorigenesis through of the developmen-
tal defects, turning these set of enzymes potential markers for 
the treatment of cancer based on the development of antitumor 
drugs.48

Conclusion
By performing a meta-analysis across independent patient 
cohorts, we identified 10 HMTs (PRDM14, PRDM9, 
SUV39H2, NSD2, SMYD5, SETDB1, PRDM12, SUV39H1, 
NSD3, and EHMT2) that showed various changes in stomach 
adenocarcinoma. These HMTs are also altered in other types 
of cancers such as blood, breast, colorectal, and gallbladder. 
Histone methyltransferases such as PRDM14 and PRDM9 
are the most altered in the data set. Furthermore, the genes 
PRDM9, NSD2, EHMT2, and NSD3 are the most mutated 
with rates of 5.7%, 5.5%, 4.5%, and 4.1%, respectively. Many of 
these mutations are recurrent and could lead to loss of biologi-
cal function; 35 mutations were predicted as deleterious; how-
ever, more studies can be carried out to conclude this. All 
HMTs evaluated have mutations in their SET domain and the 
EHMT2 gene harbor mutation in its predomain. Both domains 
play an important role in recognizing specific residues in his-
tone proteins and maintaining invariability within these 
domains is necessary to maintain the enzyme function. 
PRDM9, PRDM14, SETDB1, and EHMT2 showed gene 
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amplification, a feature observed in many cancer-related genes. 
Furthermore, all HMTs genes showed a typical pattern between 
mRNA expression and SCNA, in which increase or decrease in 
mRNA expression was observed regarding the presence of 
amplification/deletion alterations. This pattern was most evi-
dent for NSD3 gene.

Finally, HMT SUV39H2 showed a reduction in its expres-
sion in patients with recurrence and progression of stomach 
adenocarcinoma. This result suggests that SUV39H2 play a 
role in the evolution of stomach adenocarcinoma and altera-
tions in this enzyme, which can interfere in its mRNA expres-
sion, may be associated with the prognosis of stomach 
adenocarcinoma. Our analyses suggest a group of HMTs as 
potential biomarkers and therapeutic targets in stomach ade-
nocarcinoma. This computational approach provides a new 
list of genes that can be used as useful tools for therapeutics 
and diagnosis for GC.
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