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Abstract. Breast cancer is the most common type of cancer 
in women worldwide. Triple methylation of H4  lysine  20 
(H4K20me3), a key component of epigenetic regulation of 
genomic integrity, is catalyzed by the methyltransferase, 
SUV420H2. Data on the expression status of SUV420H2 in 
breast cancer are limited. In the present study, the influence 
of SUV420H2 suppression on the proliferation of breast 
cancer cells was experimentally investigated. Subsequently, 
SUV420H2 expression was assessed in resectable breast 
cancer along with H4K20me3 status. SUV420H2 expression 
was knocked down in breast cells using small interfering 
RNA oligonucleotides. SUV420H2 expression was deter‑
mined semi‑quantitatively at the mRNA level. H4K20me3 
was measured on extracted histone proteins using an approach 
similar to ELISA. Suppression of the SUV420H2 gene 
resulted in increased cell proliferation. Although the median 
SUV420H2 expression values were similar in tumor tissues 
and non‑cancerous regions in the entire cohort (0.0022 and 
0.0015, respectively; P=0.46), there was a notable differ‑
ence in expression between tumor tissues and the adjacent 
non‑cancerous region in the majority of patients. Increased 
SUV420H2 expression in tumors compared with healthy 
tissue was predominantly observed in patients with early‑stage 
breast cancer, whereas reduced SUV420H2 expression was 
observed in tumors more frequently in patients with advanced 
stage diseases. There was no association between SUV420H2 
expression and the tissue levels of H4K20me3. The results 
showed that SUV420H2 exhibited anti‑proliferative activity 

in vitro, and exhibits a heterogeneous expression pattern in 
breast cancer tissues.

Introduction

Breast cancer is the most common type of invasive malignancy 
in women worldwide, accounting for ~25% of all types of 
cancer, and ranking second after lung cancer in cancer‑related 
deaths in women (1). Deaths from breast cancer are typically 
lower in developed countries, but the mortality is relatively 
higher in Turkey (2) and other developing countries (3). Despite 
substantial research efforts and improvements in personalized 
treatment, including targeted therapies, breast cancer remains 
a major health obstacle worldwide. This is partly associated 
with the heterogeneous nature of breast tumors, and hence a 
lack of appropriate and reliable biomarkers for early detection, 
prediction of therapy outcomes and disease recurrence (4).

Epigenetic changes are involved in the development of 
cancer. Alterations in post‑translational histone modifica‑
tion pathways (PTHMs) are common in the development 
and progression of several types of cancer, including breast 
cancer (5). The methylation of histone proteins is vital for 
cells to perform their physiological functions; histone proteins 
serve several regulatory functions in chromatin formation, 
DNA damage repair, DNA replication and gene expression (6). 
Methylation of histones usually occurs on the lysine residues in 
the tails of histone H3 and H4 (7). Methylation of H4 lysine 20 
(H4K20) is evolutionarily conserved in mammalian cells, and 
occurs at three different levels as mono‑, di‑ and triple‑meth‑
ylation. Triple‑methylation of H4K20 (H4K20me3), catalyzed 
by the methyltransferase enzyme SUV420H2, is enriched in 
the gene‑poor regions of the genome such as heterochromatin, 
telomeres, imprinted regions and repetitive elements, and is 
involved in transcriptional silencing of these regions (8,9). 
Loss of H4K20me3 in tumor tissues has been described as a 
hallmark of cancer (10‑13). Therefore, the study of PTHMs has 
become an essential part of cancer research (14‑18).

The loss of H4K20me3 in cultured breast cancer cells was 
found to be accompanied by reduced expression of histone 
methyltransferase SUV420H2  (19). Invasive breast cancer 
cells (such as MDA‑MB‑231 or BT‑474) were shown to express 

Impact of histone methyltransferase SUV420H2 in breast cancer
HÜSNIYE ISIN1,  EMRE ÖZGÜR1,  CANAN KELTEN TALU2,   

DIDEM CAN TRABULUS3,  DIDEM KARAÇETIN4  and  UGUR GEZER1

1Department of Basic Oncology, Oncology Institute, Istanbul University, Istanbul 34093;  
Departments of 2Pathology and 3Surgery, Istanbul Training and Research Hospital,  

University of Health Sciences, Istanbul 34096; 4Department of Radiation Oncology,  
Bakirkoy Sadi Konuk Training and Research Hospital, University of Health Sciences,  

Istanbul 34147, Turkey

Received December 6, 2019;  Accepted July 7, 2020

DOI: 10.3892/br.2020.1336

Correspondence to: Dr Ugur Gezer, Department of Basic 
Oncology, Oncology Institute, Istanbul University, 181 Turgut Özal 
Millet Street, Capa, Istanbul 34093, Turkey
E‑mail: ugurd@istanbul.edu.tr

Key words: breast cancer, epigenetics, histone methylation, triple 
methylation of H4 lysine 20, SUV420H2

https://www.spandidos-publications.com/10.3892/br.2020.1336
https://www.spandidos-publications.com/10.3892/br.2020.1336
https://www.spandidos-publications.com/10.3892/br.2020.1336
https://www.spandidos-publications.com/10.3892/br.2020.1336
https://www.spandidos-publications.com/10.3892/br.2020.1336
https://www.spandidos-publications.com/10.3892/br.2020.1336
https://www.spandidos-publications.com/10.3892/br.2020.1336


ISIN et al:  IMPACT OF SUV420H2 IN BREAST CANCER2

lower levels of SUV420H2 compared with less invasive breast 
cancer cells (20). Another study reported lower SUV420H2 
expression in mesenchymal breast cancer cells compared 
with epithelial breast cancer cells (12). These data suggest 
that reduced SUV420H2 expression may serve as a marker 
of cancer progression. Accordingly, ectopic overexpression 
of SUV420H2 leads to reduced breast cancer cell invasion 
in vitro (20). Data on the expression status of SUV420H2 in 
breast cancer tissues are limited. Data retrieved from data‑
bases showed that breast cancer tissues tended to express lower 
levels of SUV420H2 compared with normal breast tissues (20).

In the present study, the influence of SUV420H2 suppression 
on the proliferation of breast cancer cells was first determined. 
Subsequently, SUV420H2 expression in breast cancer was 
assessed due to the limited availability of data on the expres‑
sion of SUV420H2 histone methyltransferase in breast cancer 
tissues. The results showed that SUV420H2 expression in breast 
tumors relative to non‑cancerous regions was heterogeneous 
and tended to decrease in more advanced tumors.

Materials and methods

Patients and cells. Patients with resectable breast cancer 
(n=102) with no secondary malignancies, were enrolled in 
the present study. Tissues were provided by Istanbul Training 
and Research Hospital from cases between March 2012 and 
November 2013. The present study was approved both by the 
Clinical Research Ethics Committee of Istanbul University 
(approval no. 2017/887) and the Ethics Committee of Istanbul 
Training and Research Hospital (approval no. 2012/1413‑1201). 
Histological classification of breast tumors were performed 
in accordance with the World Health Organization guide‑
lines (21). Tumor grading was performed according to the 
Nottingham modification of the Scarff‑Bloom‑Richardson 
grading system (22). Tumor staging was classified using the 
Tumor‑Node‑Metastsasis system adopted by American Joint 
Committee on Cancer (23). Tumor and adjacent non‑cancerous 
tissue samples were stored at ‑80˚C. The mean age of the 
patients was 53 (range, 20‑87) years. Table I depicts the clinical 
characteristics of the patients with breast cancer from whom 
the tumors were obtained.

For the in vitro studies, the hormone‑sensitive breast cancer 
cell line, MCF‑7, and the triple‑negative MDA‑MB‑231 breast 
cancer cell line were used for silencing SUV420H2 expres‑
sion. Cells with low passage numbers were grown in standard 
conditions (37˚C with 5% CO2 in a humidified incubator) in 
DMEM (Biochrom, Ltd.), containing 10% FBS (Biochrom, 
Ltd.) and penicillin and streptomycin.

SUV420H2 knockdown in breast cancer cells. The effect 
of SUV420H2 knockdown on the survival of breast cancer 
cells was assessed. For silencing experiments, commercially 
available small interfering (si)RNA oligonucleotides 
(SMARTpool siRNA; GE Healthcare Dharmacon, Inc.) 
targeting four different exons of the SUV420H2 gene 
(SUV420H2‑siRNA) were used. Scramble siRNA was used as 
the negative control (nc‑siRNA). The sequences of the siRNAs 
targeting SUV420H2 were: 5'‑GUG​AAG​GUG​CUC​CGG​GAC​
A‑3', 5'‑GCG​GUG​AAG​AGC​UGU​GAC​A‑3', 5'‑CGA​CAG​AGU​
GAC​AGC​ACG​A‑3', and 5'‑CUC​AGC​GCU​GGA​AAC​UUU‑3'. 

The sequence of the scrambled siRNA was 5'‑GCA​CGC​UCC​
UAC​GAA​UGC​UAG​UAA​A‑3'. A total of 40 h after seeding, 
~2x105 cells were transfected using the cationic lipid‑based 
commercial transfection agent Lipofectamine 2000® (Thermo 
Fisher Scientific, Inc.), according to the manufacturer's 
protocol. Cells were incubated under standard culture 
conditions for 48‑72 h, after which, cells were harvested and 
stored at ‑80˚C until further use. SUV420H2 gene expression 
in transfected cells was analyzed as described below.

Real‑time analysis of cell proliferation. Real‑time analysis 
of cell proliferation was performed using an iCELLigence 
system (Roche Diagnostics GmbH). For analysis, ~2x104 cells 
were seeded into each well of the e‑plate following baseline 
measurements using culture medium. siRNA transfection was 
performed as described above. The proliferation kinetics of 
the cells was monitored for up to 72 h after transfection.

Colony formation assays. The colony forming capacity of 
breast cancer cells was studied as a further measure of the 
effect of SUV420H2 knockdown. For this assay, 1x104 cells 
were seeded into each well of 6‑well culture plates. Transfection 
was performed as described above, and cells were grown 
for 10 days under standard culture conditions. At the end of 
incubation period, the medium was removed, and cells were 
washed with PBS. Cells were fixed with methanol (100%) for 
20 min at room temperature and stained with crystal violet for 
30 min at room temperature. After washing, the plates were 
allowed to dry overnight. Subsequently, the number of colonies 
formed were counted under a light microscope (magnification, 
x40; Jenaval, Carl Zeiss AG).

Measurement of SUV420H2 expression in cultured cells and 
breast tissues. SUV420H2 expression was analyzed at the 
mRNA level. Total RNA was isolated from cells or tissues 
using TRIpure® RNA Isolation solution (Sigma‑Aldrich; 
Merck KGaA) according to the manufacturer's protocol. 
Extracted RNA was diluted in a final volume of 30 µl using 
RNase‑free water and stored at ‑80˚C following assessment of 
integrity using agarose gel electrophoresis on a 2% gel and 
spectrophotometric purity analysis (Varioskan Flash; Thermo 
Fisher Scientific Inc.). cDNA synthesis was performed using 
the commercially available RevertAid First Strand cDNA 
Synthesis kit (Thermo Fisher Scientific Inc.) according to the 
manufacturer's protocol. cDNA samples were stored at ‑20˚C 
until further use.

SUV420H2 expression was determined semi‑quantitatively 
using GAPDH as the reference gene. SYBR-Green (Thermo 
Fisher Scientific Inc.) was used as the fluorescent molecule for 
quantitative PCR. The sequences of the primers used were: 
SUV420H2 forward, 5'‑GGC​CCG​CTA​CTT​CCA​GAG‑3' and 
reverse, 5'‑GCA​GGA​TGG​TAA​AGC​CAC​TT‑3'; and GAPDH 
forward, 5'‑GCT​CTC​TGC​TCC​TCC​TGT​TC‑3' and reverse, 
5'‑ACG​ACC​AAA​TCC​GTT​GAC​TC‑3'. Measurements were 
performed twice in a LightCycler 480 instrument (Roche 
Diagnostics GmbH), and relative SUV420H2 expression was 
calculated using the 2‑∆∆Cq method (24).

Quantification of H4K20me3 levels in tissue samples. For 
H4K20me3 measurement, histone proteins were extracted 
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from the tissues using the commercially available EpiQuik 
Total Histone Extraction kit (Epigentek Group, Inc.). Briefly, 
1 ml 1X lysis buffer (Epigentek Group, Inc.) was added to 
tissue lysates and centrifuged at 9,500 x g for 1 min at 4˚C. 
Supernatant was removed, and 200 µl lysis buffer was added 
to the pellet containing the cell nuclei and incubated for 
30 min on ice. This was followed by a further centrifugation 
step (5 min, 12,000 rpm, 4˚C). The supernatant containing 

histone proteins was transferred to fresh tubes and 60  µl 
Balanced‑DTT buffer (Epigentek Group, Inc.) was added. 
Quantities of histone proteins were spectrophotometrically 
measured using Varioskan (Thermo Fisher Scientific, Inc.) 
at 280 nm using FBS as a standard. The purity of the samples 
was evaluated by measuring the 260/280 nm ratio. Histones 
were aliquoted and stored at ‑80˚C for subsequent use.

Extracted histones were used to measure H4K20me3 levels. 
An ELISA‑like measurement of H4K20me3 was performed 
using the EpiQuik Global Tri‑Methylation Histone H4K20 
Quantification kit (cat. no. P‑3068‑98; Epigentek Group, Inc.) 
according to the manufacturer's protocol. For measurement, 
200 ng histone proteins was applied, and measurements were 
performed twice at 450 nm. H4K20me3 quantities were rela‑
tively calculated as the measured absorbance values, and were 
directly proportional to the amount of the modification.

Statistical analysis. The numerical data from the in vitro tests 
were compared using a Student's t‑test, and the data are presented 
as the mean ± standard deviation. SUV420H2 and H4K20me3 
levels in tumor tissues and non‑cancerous regions were compared 
using a paired samples t‑test, and the data are presented as box 
plots. Statistical analysis of SUV420H2 and H4K20me3 in the 
patient subgroups was performed using a Kruskal‑Wallis test and 
a χ2 test. Kaplan‑Meier analysis and log rank tests were used to 
assess the survival curves and prognostic value of SUV420H2 
expression in breast cancer. P<0.05 was considered to indicate 
a statistically significant difference. Statistical analysis was 
performed using SPSS version 18 (SPSS, Inc.).

Results

SUV420H2 knockdown in breast cancer cells results in stimu‑
lation of cell proliferation. Knockdown experiments in MCF‑7 
and MDA‑MB‑231 cells were used to reduce the gene expres‑
sion levels of SUV420H2. Compared with cells transfected 
with nc‑siRNA, SUV420H2 expression was downregulated 
45% in mean in SUV420H2‑silenced MCF‑7 cells (P=0.048) 
and 42% in MDA‑MB‑231 cells (P=0.01; Fig. 1A). The effect 
of SUV420H2 knockdown on cell proliferation relative to 
the control cells was assessed in real‑time using the iCEL‑
Ligence instrument (Fig. 1B). Knockdown of the SUV420H2 
gene in both cell types resulted in increased cell prolifera‑
tion compared with nc‑siRNA‑transfected MCF‑7 (Fig. 1C) 
and MDA‑MB‑231 cells  (Fig.  1D). The colony formation 
assay also showed that SUV420H2 knockdown resulted in 
cell proliferation; the number of colonies were increased 
in the SUV420H2‑kncokdown cells compared with the 
nc‑siRNA‑transfected cells (Fig. 1E and F).

SUV420H2 gene expression status in breast tumor relative to 
the non‑cancerous tissues does differ significantly. Compared 
with the reference gene, the expression levels of SUV420H2 
were relatively low in breast tissue (both non‑cancerous tissue 
and tumor tissue) (Fig. 2A). The relative median values of 
SUV420H2 expression in non‑cancerous regions and tumor 
tissues were similar (0.0015 and 0.0022, respectively; P=0.46). 
There were no association between SUV420H2 expression 
and clinical parameters (data not shown) except for hormone 
receptor status; SUV420H2 expression was higher in hormone 

Table I. Clinicopathological characteristics of the breast cancer 
patients.

Characteristics	 N

Age, year	 52
  ≤53	 50
  >53
Menopausal status
  Premenopausal	 36
  Postmenopausal	 66
Tumor size
  T1	 37
  T2	 57
  T3‑T4	 8
Nodal status
  N=0	 43
  N≥1	 59
Stage
  I	 19
  II	 53
  III	 30
Estrogen receptor
  Positive	 81
  Negative	 21
Progesteron receptor
  Positive	 73
  Negative	 29
HER2 expression
  Positive	 26
  Negative	 76
Molecular classification
  Luminal A	 35
  Luminal B	 42
  Her2‑like	 11
  Basal‑like	 14
Histologic Grade
  1	 8
  2	 67
  3	 27
Nuclear Grade
  1	 2
  2	 65
  3	 35
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receptor‑positive tumors. The median SUV420H2 expression 
was 2.4‑fold higher in ER+ tumors  (Fig. 2B; P=0.12) and 
2.8‑fold higher in PR+ tumors (Fig. 2C; P=0.047) compared 
with hormone receptor‑negative tumors.

Although the median SUV420H2 expression was similar in 
tumor tissues and non‑cancer regions in the entire cohort, there 
were notable differences between tumor tissue and adjacent 
non‑cancerous regions in the majority of individual patients. 
SUV420H2 expression in tumor tissue significantly increased 
(at least 2.5‑fold) in 31 patients out of 102 (30%) compared 
with non‑cancerous regions, whereas a notable decrease of 
SUV420H2 expression (by at least 2.5‑fold) in tumor tissue 
was observed in 30 patients (29%). Interestingly, the patients in 
whom SUV420H2 expression was higher in the tumor compared 
with the non‑cancerous tissue tended to have early‑stage breast 
cancer, whereas in the group with a decrease of SUV420H2 
expression in tumors was observed, the patients frequently 
presented with more advanced staged cancer, with significant 
differences for both nodal status and disease stage (Table II).

SUV420H2 gene expression is not associated with H4K20me3 
levels. H4K20me3 levels in breast tumor tissues and adjacent 

non‑cancerous regions were also assessed. The relative 
quantities of H4K20me3 in tumor tissues were significantly 
higher compared with the adjacent non‑cancerous regions 
(median values 0.1124 and 0.087, respectively; P=0.001; 
Fig. 3B). Patients with stage III breast cancer had 2‑fold higher 
H4K20me3 levels in their tumors compared with patients with 
stage I‑II (relative median levels 0.17 vs. 0.88, respectively; 
P=0.04; Fig. 3B).

There was no association between SUV420H2 expression 
and H4K20me3 levels in tumors. Accordingly, H4K20me3 
levels were similar (0.1 vs. 0.13, respectively; P=0.68) in 
patients with lower SUV420H2 expression (below median) 
and in those with high expression (above median) in 
tumors  (Fig. 3C). Similarly, patients in whom SUV420H2 
expression was increased in tumors compared with adjacent 
non‑cancerous regions had similar H4K20me3 levels in their 
tumor tissues to those in whom SUV420H2 expression was 
decreased in tumors.

SUV420H2 gene expression does not exhibit prognostic value 
in patients with breast cancer. The patients were followed up for 
75 months. The overall survival (OS) and disease‑free survival 

Figure 1. SUV420H2 silencing in breast cancer cells and its effect on cell proliferation. (A) SUV420H2 expression was successfully knocked down in MCF‑7 
and MDA‑MB‑231 cells. (B) Real‑time analysis of cell proliferation in the iCELLigence instrument in MDA‑MB‑231 cells following transfection with 
SUV420H2‑siRNA relative to nc‑siRNA transfected cells. Mean proliferation index following SUV420H2 knockdown in (C) MCF‑7 and (D) MDA‑MB‑231 
cells. Mean colony forming capacity following SUV420H2 knockdown in (E) MCF‑7 and (F) MDA‑MB‑231 cells. Data are presented as the mean ± standard 
deviation. *P<0.05. nc, negative control; siRNA, small interfering RNA.
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(DFS) were compared between the low SUV420H2‑expressing 
group and high SUV420H2‑expressing group (stratified by 
the median value). Median OS times were 63 and 65 months 
for low and high expression groups, respectively (P=0.734; 
Fig. 4A). Similarly, DFS was very similar for both expres‑
sion groups (P=0.86; Fig. 4B) indicating that the SUV420H2 
expression in tumor tissues had no prognostic value.

Discussion

The experimental evidence in the present study and previ‑
ously published data suggest that SUV420H2 suppresses 

the proliferation, migration and invasiveness of breast 
cancer cells (20). However, SUV420H2 was found to be an 
epigenetic regulator of epithelial‑to‑mesenchymal transition 
in pancreatic cancer cells (25), suggesting that the role of 
SUV420H2 in tumor progression may be cell‑type specific.

Data on the expression status of SUV420H2 in cancer in 
general and in breast cancer are limited (11,20,25), despite the 
well‑defined tumor suppressive role of SUV420H2 in breast 
cancer cells in vitro (11,20). In the present study, SUV420H2 
expression in breast cancer was examined and found similar 
levels of SUV420H2 expression in the entire cohort in paired 
samples comparison between tumor tissues and adjacent 

Figure 2. Levels of SUV420H2 expression in breast tissues. (A) Distribution of relative SUV420H2 expression in breast tumors and the matching non‑can‑
cerous regions. (B) Distribution of relative SUV420H2 expression in ER‑positive and negative tumors. (C) Distribution of relative SUV420H2 expression in 
PR‑positive and negative tumors. The box plots show the median values, the interquartile range (25 and 75%) and the maximum and minimum values. *P<0.05. 
PR, progesterone receptor; ER, estrogen receptor.

Table II. Status of the SUV420H2 expression in the breast tumors.

	 Nodal status	 Stage
Change in SUV420H2	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
expressiona	 N0	 N≥1	 P‑value	 I‑II	 III	 P‑value

Increased, n=31	 20	 11	 0.001c	 27	   4	 0.02b

Decreased (n=30)	   7	 23	 	 18	 12

aRelative to non‑cancerous region with at least a 2.5‑fold change. bP<0.05, cP<0.01.

Figure 3. H4K20me3 levels in breast tissues. (A) Relative H4K20me3 levels in breast tumors and accompanying non‑cancerous tissues. (B) Relative H4K20me3 
levels in patients with stage III disease vs. stage I‑II disease. (C) Relative H4K20me3 levels in tumors with low and high SUV420H2 expression. The box plots 
show the median values, the interquartile range (25 and 75%) and the maximum and minimum values. *P<0.05. H4k20me3, triple methylation of H4 lysine 20.
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non‑cancerous tissues. In individual patients however, a 
heterogeneous pattern of SUV420H2 expression status in 
tumors relative to non‑cancerous regions was observed. In 
patients with early‑stage breast tumors, SUV420H2 expres‑
sion in tumor relative to adjacent non‑cancerous regions was 
frequently higher. In contrast, in patients with larger tumors 
and/or lymphatic metastasis, SUV420H2 expression in tumor 
tissues relative to non‑cancerous tissues tended to decrease. 
These results suggest that SUV420H2 expression decreases 
as breast cancer progresses. Data retrieved from databases 
such as The Cancer Genome Atlas (TCGA), Gene Expression 
Omnibus (GEO), and Methylation and Expression database of 
Normal and Tumor tissues (MENT) revealed that SUV420H2 
expression is lower in breast cancer tissues compared with 
normal tissues (20). In contrast to the present study, the previous 
study was not a paired samples comparison of tumors with 
adjacent non‑cancerous tissues in individual patients. These 
data may thus be summarized by stating that in a substantial 
portion of patients with breast cancer, SUV420H2 expression 
is decreased in breast tumors compared with normal tissue, 
and the loss of SUV420H2 expression may be an indicator of 
breast cancer progression. A limitation of the present study 
was that the protein expression levels of SUV420H2 were not 
assessed, which may have provided additional information 
on its role in tumor development and progression. Based on 
TCGA data, SUV420H2 expression was found to be increased 
in tumor tissues in pancreatic cancer compared with equivalent 
normal tissues, and high levels of SUV420H2 were correlated 
with a loss of epithelial characteristics in progressively inva‑
sive cancer (25). This contradictory state compared with breast 
cancer implies a heterogeneous role of SUV420H2 in cancer 
development and progression.

There was no significant association between expres‑
sion of SUV420H2 and the age, menopausal status, tumor 
stage, lymphatic metastasis, histologic grade or nuclear 
grade of the patients. However, there was an association 
between SUV420H2 expression and the hormone receptor 
status. SUV420H2 expression was higher in patients with 
hormone receptor‑positive tumors compared with hormone 
receptor‑negative tumors. The functional basis of this associa‑
tion and its relationship with prognosis should be investigated 
in future studies.

Based on the in vitro data and tissue analysis, the loss of 
H4K20me3 in tumor tissues has been described as a hallmark 
of cancer (10‑13). Similar to the heterogeneity in SUV420H2 
expression in breast cancer, the H4K20me3 expression pattern 
in breast tumors seems to be heterogeneous. Elsheikh et al (26) 
reported in their immunohistochemical study, which consisted 
of a large series of breast tumors, that H4K20me3 expression 
was increased in breast tumors in 70% of patients with inva‑
sive breast carcinoma compared with normal tissue, whereas 
it was decreased in the remaining 30%. Yokoyama et al (11) 
also described a heterogeneous pattern of H4K20me3 levels in 
breast tumors using immunohistochemistry, where the reduc‑
tion of H4K20me3 in tumors compared with non‑cancerous 
regions was more frequently observed. In the present study, the 
status of H4K20me3 in tumor tissue relative to non‑cancerous 
tissue among the patients was also heterogeneous, although an 
increase was more frequently observed. It is possible that the 
existing heterogeneity in H4K20me3 expression in tumors may 
be amplified by variations in methodologies. In the present 
study, H4K20me3 levels were measured on extracted histone 
proteins, whereas previous studies used immunohistochem‑
istry. The assessment of H4K20me3 by immunohistochemistry 
may be a more informative method of assessing distribution 
morphologically in tumor tissue.

There was no prognostic predictive role for SUV420H2 
expression in breast cancer identified in the present 
study, based on a 75  month follow‑up period. However, 
longer follow‑up times are required to more accurately eval‑
uate the prognostic role of SUV420H2 expression in breast 
cancer.

In conclusion, the results of the present study indicate that 
the methyltransferase SUV420H2, which exhibits anti‑tumor 
activity in vitro, is heterogeneously expressed in breast tumors 
relative to matched non‑cancerous regions of the breast. The 
reduction of SUV420H2 in tumors relative to non‑cancerous 
regions was apparently more frequent in patients with more 
advanced disease, which suggested that tumor cells which 
downregulated SUV420H2 expression during progression 
were more likely to survive or proliferate. These data may 
provide a basis for further analysis of SUV420H2 in future 
studies examining the potential SUV420H2 as a target for 
therapeutic interventions in patients with breast cancer.

Figure 4. Survival analysis in patients with breast cancer. Kaplan‑Meier analysis of overall and disease‑free survival in patients with low and high SUV420H2 
expression.
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