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Abstract

Background: Lung cancer is one of the most common malignant tumors. Histone methylation was
reported to regulate the expression of a variety of genes in cancer. However, comprehensive
understanding of the expression profiles of histone methyltransferases and demethylases in lung
cancer is still lacking.

Methods: We analyzed the expression profile of methyltransferases and demethylases in non-small
cell lung cancer (NSCLC) using TCGA and cBioportal databases. The mutation, expression level,
association with survival and clinical parameters of histone methyltransferases and demethylases
were determined.

Results: We found overall upregulation of histone regulators in NSCLC. Mutation and copy
number alteration of histone methylation related genes both exist in NSCLC. The expression of
certain histone methylation related genes were significantly associated with overall survival and
clinical attributes.

Conclusions: Our result suggests that alteration of histone methylation is strongly involved in
NSCLC. Some histone methylation related genes might serve as potential prognosis predictor or
therapeutic target for NSCLC. The significance of some histone methylation related genes was
contrary to the literature and awaits further validation.
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Introduction

Lung cancer is the Ileading cause of
cancer-related mortality in men and the second

epigenetic modification as a therapeutic target for
lung cancer has never stopped. Epigenetic

leading cause in women in the United States [1].
Approximately 85% to 90% lung cancer patients have
non-small cell lung cancer (NSCLC). However, the
survival of NSCLC patients has not significantly
improved in over 30 years. The exploration of

modifications include DNA methylation, histone
modification and noncoding RNA expression [2].
DNA methylation participates in carcinogenesis both
at the transcriptional and post-transcriptional levels
[3]. Histone modification represents one of the most
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critical epigenetic events in DNA function regulation
in eukaryotic organisms and it includes methylation,
acetylation, phosphorylation and ubiquitination [4].
More and more evidence suggest that histone
modifications (such as methylation and acetylation)
can serve as a binding platform to attract other protein
complexes to chromatin [5-7].

Histone methylation usually occurs on the
N-terminal histone tail of lysine (K) and arginine (R)
residues [8]. Depending on the location and
methylation level of amino acid residues, it can
promote or inhibit the transcription of different genes
and play a very complex role in cancer. In eukaryotic
cells, the basic subunit of a chromatin is the
nucleosome. Genomic DNA is wrapped around a
protein octamer which contains four core histones
(H2A, H2B, H3, H4), forming the structure of the
nucleosome [9-11]. There are five lysines in histone H3
(K4, K9, K27, K36, K79) that have been shown to be
modulated by methylation. In addition, a lysine in
histone H4 (K20) could be methylated by the specific
histone lysine methyltransferase. The methylation of
H3K4 and H3K36 can active gene transcription while
the methyltion at H3K9, H3K27, H3K79 and H4K20

can repress gene transcription [12]. Changes in
histone methylation have been proved to be closely
related to various malignant tumors.

Histone methylation is a dynamic process
controlled by methylases and demethylases. Histone
lysine methyltransferases (KMTs) add methyl groups,
and they function as ‘writers” of the histone code.
Histone lysine demethylases (KDMs) are known as
‘erasers’ of methyl groups [13]. Methylation is
catalyzed by methyltransferase, which can be
modified by monovalent, divalent and trivalent
methylation, and the latter is called “over”
methylation modification (Hypermethylation) [14].
For example, EZH2, which acts as a histone lysine
methyltransferase, mediates trimethylation of lysine
27 on histone H3 (H3K27me3), leading to chromatin
condensation and the transcriptional repression of
target genes, including tumor suppressor genes [15].
Methylation ‘erasers” and ‘writers” by removing or
adding specific methyl groups fundamentally
influence gene expression, genomic stability and cell
fate [16, 17]. In addition, several inhibitors targeting
histone methylation have entered clinical trials [18]. It
has been reported that SMYD3 plays a pivotal role in
the regulation of oncogenic Ras signaling in
pancreatic ductal adenocarcinoma (PDAC) and lung
cancer [19]. However, the molecular profiles of
histone demethylases and methyltransferases have
not been systematically studied. In this study, we
comprehensively analyzed the gene alteration, mMRNA
expression and the relevance with clinical data of

histone methyltransferases and demethylases in
NSCLC.

Materials and Methods

Data acquisition

A total of 925 samples were employed for lung
cancer genomic analysis, including 93 normal patients
and 832 tumor samples. Preprocessed expression
profiles of histone methylation related genes and
patient clinical parameters were manually extracted
from TCGA  database (https://cancergenome
.nih.gov/) and processed via automated pipelines
(TCGAbiolinks [20]) in an attempt to accelerate
analysis. Illumina HiSeq expression raw data was
normalized based on Fragments per Kilobase of
transcript per Million fragments mapped (FPKM)
within the MATLAB software (www.mathworks
.com). The Copy number variation (Amplification and
Deep deletion) and somatic mutation data
(Truncating mutation and Missense mutation) of lung
cancer was downloaded from TCGA through
cBioPortal and GISTIC.

Genomic and protein structure alteration
analysis

We conducted analysis of histone methylation
related regulators in lung cancer in TCGA using the
oncoprint (http:/ /cbioportal.org). The primary search
included alterations, such as amplification, deep
deletion, missense mutations, and truncating
mutations, from GISTIC and TCGA data with the
default setting. The diagram order was ranged
according to alteration frequency of each cancer
patients. Lollipops of each protein structure change of
lung cancer were linked to COSMIC. The detailed
mutation annotations from OncoKB, CIViC and
Hotspot in different genes were displayed in different
regions of the protein structure.

Differential expression and association with
clinical parameters

Gene expression levels were evaluated across the
tumor and normal samples using the median. The
standard deviation of the gene expression level for
each gene was computed with normalized FPKM. We
reconstructed the diagram through computational
bioinformatics method within the R version 3.5.0. In
order to identify gene expression pattern of lung
cancer samples across different clinical parameters,
matching of the clinical data with expression data was
performed using TCGA “hybridization” identifier.
Eventually, 831 patients with gene expression data
from 15 genes were included in the final analysis. All
the genes with P<0.05 were displayed within smoking
year, tumor status and pathologic stage.

http://www.medsci.org



Int. J. Med. Sci. 2019, Vol. 16

924

Co-expression analysis

Co-expression ~ between  methylases and
demethylases in mRNA level was analyzed using the
liner regression. The 95% Confidence intervals were
presented by dot lines.

Statistical analysis

GraphPad Prism 6 software was used for
statistical analysis, data were presented as mean + SD.
Student’s t test was used to compare two groups and
one-way ANOVA was used to compare multiple
groups. The correlation of mRNA expression was
analyzed by Pearson test. Overall survival was shown
as Kaplan-Meier curve with P values calculated using
the log-rank test. P value<0.05 was considered
statistically significant, and all P values are two-sided.

Results

Mutation of histone methyltransferases and
demethylases in lung cancer

An oncoprint image of histone
methyltransferases and demethylases gene alteration

in lung adenocarcinoma and squamous cell carcinoma
was generated in cBioportal based on TCGA data
(Fig. 1). Gene amplification, deep deletion and
missense mutation were frequently found in different
histone methyltransferases and demethylases gene.
Among H3K4 methyltransferases and demethylases,
PRDM9 had the highest frequency of copy number
amplification and missense mutation. The SETD1A,
SMYD3, KDM5A and KDM5B genes were also
amplified to different extent, among which KDM5A
and KDM5B were also H3K9 demethylases.
Moreover, H3K9 methyltransferase SETDB1 and
H3K36 methyltransferase SMYD2 genes were
frequently amplified in lung cancer. Mutation in other
genes was less prevalent than that of the above
mentioned genes.

We further analyzed the influence of somatic
mutation on  protein  structure in lung
adenocarcinoma and squamous cell carcinoma in
cBioportal based on OncoKB data (Fig. 2). We selected
several genes with high frequency of mutation from
previous result (Fig. 1), i.e. PRDMY, SETDB2, SETD?2,
KDM6A /B, DOT1L, etc. A variety of mutation points
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Fig. 1. The genetic alteration of histone methyltransferase and demethylases gene in NSCLC. Data represents various types of alterations including gene amplification, mutation,

and deletion. Data was generated using TCGA datasets from cBioportal.
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were found across the protein for SETD2, DOTIL,
PRDM9 and KDM5A /B. Fewer mutation position was
found for other proteins. Moreover, mutations were
found in the catalytic SET domain for
methyltransferases SETD2, SMYD2, SMYD3, KMT5A,
SETDB2 and PRDM9 and Jmjc domain for
demethylases KDM5A /B.

Expression level of histone methyltransferases
and demethylases in lung cancer

Next we analyzed the mRNA expression level of
histone methylation related genes employing 946
patients (592 Lung adenocarcinoma and 354 Lung
squamous cell carcinoma) RNA sequencing data from

TCGA for comparison between tumor and normal
patient samples (Fig. 3). The results indicated that
most of the histone methylation related genes
(methyltransferases and  demethylases)  were
up-regulated in lung cancer compared to normal
tissue (18/29). Noteworthy, H3K27 methyltransferase
EZH2 was significantly up-regulated while H3K27
demethylase KDMeé6B was significantly
down-regulated in lung cancer. Moreover,
methyltransferases STDB2 and PRDM2 also revealed
an opposite expression tendency with demethylases
KDM1A and KDM5A/B/C in lung cancer in the
current dataset.
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Fig. 2. The mutation in protein structure for key histone methyltransferases and demethylases. Mutation was analyzed in cBioportal based on OncoKB data.
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Fig. 4. Impact of histone methyltransferases and demethylases expression on overall survival. Kaplan-Meier analysis was performed using TCGA data.

Impact of histone methyltransferases and
demethylases on patient survival

Kaplan-Meier analysis using TCGA data
revealed that the expression level of several histone
methyltransferases ~ and  demethylases = were
significantly associated with overall patient survival
(Fig. 4). Our results indicated that patients with
higher expression of H3K4 histone demethylases
(KDM1A, KDM5A, KDM5B and KDM5D) had a
significantly worse prognosis (Fig. 4). Meanwhile, low
expression of H3K4 histone methyltransferases
SMYD3 was also associated with poor overall
survival. High expression of H3K27 histone
methylation regulators EZH2 and KDM6A both
predicts poor overall survival. For H3K36 histone
methylation  regulators, high expression of
methyltransferase SMYD2 (P=0.0017) and
demethylase KDM4C (P=0.0069) and low expression
of demethylases KDM4A (P=0.0049), KDM4B
(P=0.0208) were significantly associated with poor
overall patient survival. Among H3K9 regulators, low
expression of SETDB2 (P=0.0003) and high expression
of PRDM2 (P=0.0112) were associated with poor
overall survival. The high expression of H4K20
histone methyltransferases KMT5A also predicts poor
survival.

Association of histone methylation regulators
with clinical parameters

Since we have shown that differential expression
of several histone methylation regulators significantly
influence patient overall survival, we further studied

the association of the expression of these regulators
with clinical parameters (Fig. 5). Result of the
expression of histone methylation regulators and
smoking history revealed that the level of SMYD2
(P=0.0193), SUV39H1 (P=0.0473), KDM5B (P=0.0037)
and KDMI1A (P=0.0057) were significantly elevated in
patients with longer smoking history (Fig. 5A). In
contrast, SETD7 level decreased with smoking years.
In different tumor pathologic stages, we found that
SETDB2 (P<0.0001), KDM4C (P=0.0003) and KDM6A
(P=0.0002) expression levels significantly
downregulated from stage I to III (Fig. 5B). Moreover,
the levels of KDM4C (P=0.0006), KDM6B (P=0.0394),
SETD2 (P=0.0063) and PRDM2 (P=0.0146) were lower
in dead patients compared with live patient (Fig. 5C).
The level of SETDB2 (P=0.0196) and KDM4C
(P=0.0048) were also significantly lower in tumor
compared with tumor free samples, although
marginally (Fig. 5D). Taken together, the data
suggests a tumor suppressive role for SETDB2 and
KDM4C.

Correlation between methyltransferases and
demethylases

Next we analyzed the relationship of
methyltransferase and demethylase expression in
lung cancer (Fig. 6). Pearson’s correlation analysis
indicated  that the expression of some
methyltransferases and demethylases were negatively
correlated. For H3K36, the methyltransferase SMYD2
showed a negative correlation with demethylases
KDM4A and KDM4B expression (Fig. 6A). For
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H3K27, the methyltransferase EZH2 was negatively
correlated with both KDM6A and KDM6B (Fig. 6B).

Discussion

The methylation of histones refers to the
different degrees of methylation occurring at different
sites in the H3 and H4 histone N terminal arginine or
lysine residues, which are catalyzed by the histone
methyltransferase containing the SET [Su(var)3-9,
Enhancer-of-zeste, Trithorax] domain [9]. A growing
body of evidence indicates that amplification,
translocation or mutation of histone methyltrans-

ferases and demethylases is linked to the
development of many human cancers [21]. We
analyzed genetic alteration of histone
methyltransferase and demethylases in lung
adenocarcinoma and squamous cell carcinoma using
TCGA data. Relatively high alteration rate was seen in
histone methyltransferases (SETD1A, SMYD3,
PRDM9Y, SETDB1, EZH2, SMYD2) and demethylases
(KDM5A/B, KDM6A/B, KDM2A) (Fig. 1). PRDM9
(PR domain-containing protein 9) was highly active
histone methyltransferase catalyzing mono-, di-, and
trimethylation of the H3K4 mark [22]. PRDM9 has
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also been regarded as a meiosis-specific protein that
methylates H3K4 and variation strongly influences
recombination hot-spot activity and meiotic
instability in human [23]. Recently, PRDM9 variability
has been implicated in genome instability and having
a potential role in the risk of acquiring genome
rearrangements  associated ~ with  childhood
leukemogenesis [24]. KDM5A [25, 26] and KDM5B
[27] were previously identified as DNA damage
response proteins and critical regulators of genome
stability and associated with tumor cell migration.
Moreover, previous study also indicated that SETDB1
function as an oncogene in lung cancer [28, 29]. We
further analyzed mutation position across the protein
structure of histone methylation regulators in lung
cancer patients (Fig. 2). Results revealed that some
mutations were within the catalytic domain, which
may influence the activity of histone methylation
regulators.

The expression level of histone
methyltransferases and demethylases was studied.
Overall, most of the histone regulators were
significantly overexpressed in lung cancer (18/29),
whereas ASCL1, DOT1L, KDM6B, PRDM2, SETD2,
SETDB2 were significantly downregulated (Fig. 3).
Accordingly, KDM6B, PRDM2 and SETD2 have been
shown to possess tumor suppressive function [30, 31]
and PRDM2 was demonstrated as tumor suppressor
in lung cancer [32]. We further analyzed the
differential expression of histone methyltransferases
and demethylases on patient overall survival (Fig. 4).
In accordance with our finding, overexpression of
KDM5B, KDM1A, EZH2 was reported to be
associated with shorter overall survival in different
cancers including lung cancer [33-38]. Among them,
EZH2 might be involved in the progression and
metastasis of lung cancer [39]. Increased activity of
EZH?2 has been reported in different cancers and it is a
potential target in cancer therapy [40]. KDM6A (UTX)
and KDM6B (JMJD3), antagonists to EZH2, were both
tumor suppressors and the high expression of them
was associated with better patient survival [31, 41, 42].
However, our result for KDM6A was in contrary to
the literature and KDM6B was not a significant
prognosis predictor. Though SMYD2 displayed a
small amount of somatic mutation positions (Fig. 2),
its high expression level in lung cancer was associated
with poor prognosis (Fig. 4), which was in accordance
with previous finding in hepatocellular carcinomas
(HCC) [43], esophageal squamous cell carcinoma [44],
gastric cancer [45], head and neck carcinomas [46] and
acute lymphoblastic leukemia [47]. KMT5A is a
potential oncogene [48, 49], however, its relationship
with patient survival has not been explored.
Consistent with its oncogenic function, high

expression of KMT5A predicts poor survival from our
result. In contrast to our finding, low expression of
KDMb5D was associated with poor overall survival in
prostate cancer [50, 51]. Moreover, high expression of
some oncogenes from the literature predicts good
prognosis from our study including SMYD3, KDM4A,
KDM4B and SETDB2. SMYD3 is a well-studied
oncogene [19] and its overexpression is reported to be
associated with poor survival [52]. Although SMYD3
was found overexpressed in our result, its association
with patient survival is contradictory to the literature
and needs further investigation in larger patient
cohort. KDM4A, KDM4B and KDM4C were
overexpressed in various cancers [53] and high
expression of them has been associated with worse
patient survival [54, 55]. Moreover, KDM4A appeared
to have a significant role in the metastatic spread of
lung cancer [56]. SETDB2 was reported as an
oncogene [57] and its low expression was associated
with shorter disease-free survival in clear cell renal
cell carcinoma (ccRCC) [58]. Further enlargement of
sample size and clarification of their function are
needed in lung cancer.

We also determined the association of histone
methyltransferases  and  demethylases  with
clinicopathological parameters (Fig. 5). Increasing
levels of SMYD2, SUV39H1, KDM5B, and KDM1A
and decreasing levels of SETD7 were associated with
longer smoking years (Fig. 5A). Consistent with
previous result, high expression of SMYD2, KDM5B,
and KDM1A predicts poor patient survival (Fig. 4).
KDM1A (also called LSD1), the first reported histone
demethylase is upregulated in many cancers [59] and
is associated with undifferentiated, malignant
phenotype of neuroblastoma [60]. SETDB2 and
KDM4C were decreased from tumor stage I to III (Fig.
5B) and their expression were higher in tumor free
versus tumor samples (Fig. 5D). Moreover, KDM4C
expression was higher in alive compared with dead
patients (Fig. 5C). Altogether, the data indicated that
SETDB2 and KDM4C might be tumor suppressors in
lung cancer, which is contradictory to the literature.
Thus, the expression and function of them needs to be
further confirmed in lung cancer. Furthermore, we
tried to explore the relationship of histone
methylation regulators expression. Correlation
analysis revealed a negative correlation between
methyltransferase and demethylases for H3K27 and
H3K36 (Fig. 6).

In summary, our research findings demonstrated
the molecular landscape of histone lysine
methyltransferases and demethylases in lung cancer
and identified some potential prognosis and/or
therapeutic targets for lung cancer. Further study is
warranted to confirm their expression and function.
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