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Genomic and structural analysis of genes involved in 
epigenetic regulations of diffuse large B cell lymphoma by 
computational approaches

Although recent advances in cancer treatment contribut-
ed to more efficient treatment options, the number of 

deaths caused by cancer is increasing. Recent report of the 
European Union (EU) discovers that the new cancer cases 
and cancer related deaths in EU states increased more than 
2.3% and 2.4%, respectively, over the last two years, while 

the prognosis for 2040 is that there will be increase of 21% in 
new cancer cases compared to 2020 [1, 2].
Diffuse large B-cell lymphoma (DLBCL) is characterized as 
mature B-cell neoplasm and one of the most common lym-
phoma subtypes [3], where neoplastic cells are large in size 
and organized in a diffuse pattern when compared to the 
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non-cancerous tissue [3]. While median age for DLBCL diag-
nosis is between 60 and 70 years, younger patients can be di-
agnosed as well [4]. Enlargement of lymph nodes and highly 
aggressive growth of tumor mass in bone marrow, liver and 
other organs are some of the characteristic representations of 
DLBCL [3, 5]. During the cell development stages, malignant 
B-cell proliferation triggers DLBCL formation, which is classi-
fied into two main subgroups based on the cell of origin: Ac-
tivated B-cell (ABC) DLBCL and germinal center B-cell (GCB) 
DLBCL [6]. Despite the advances and huge efforts in determi-
nation of efficient therapy options for DLCBL treatment, var-
ious issues, including resistance and toxicity, are among the 
main concerns. Additional contributor to the poor prognosis 
is genomic complexity of DLBCL, where high number of mu-
tations are associated with the DLBCL pathogenesis [7]. Treat-
ments of DLBCL commonly include groups of drugs such as 
CHOP (cyclophosphamide, doxorubicin, vincristine and pred-
nisone) and R-CHOP (with addition of rituximab antibody) 
immunochemotherapy [8]. Additionally, chimeric antigen re-
ceptor-modified (CAR) T-cell therapy shows great potential for 
DLBCL treatment, especially for patients with resistance and 
relapsed DLBCL. This therapy is based on the genetic modifi-
cation of the patient’s own T-cells to target the cancer [9]. 
Epigenetic regulations expand the complexity of gene expres-
sion process by various epigenetic mechanisms, including his-
tone deacetylation and DNA methylation, without altering the 
DNA sequence [10, 11]. Numerous groups of genes, including 
DNA methyltransferases (DNMTs) [12], ten eleven translo-
cation genes (TET) [13], histone deacetylases (HDACs) [14], 
histone acetyltransferases (HATs) [15], polycomb group asso-
ciated genes [16], switch/sucrose non-fermentable (SWI/SNF) 
genes [17], lysine methyltransferases (KMTs) [18], and lysine 
demethylases (KDMs) [19] are essential for epigenetic regula-
tions. Mutations of these genes are leading to epigenetic dys-
regulations and alterations, further affecting gene expression 
and increasing the risk of cancer development. Various can-
cer types, including breast [20], prostate [21] and colorectal 
[22] cancer, acute myeloid leukemia [23], follicular lymphoma 
[24] and DLBCL [25] are associated with the mutations of epi-
genetic regulator genes. In particular, frequent mutations in 
the epigenetic regulatory genes CREBBP, KMT2D, EZH2 and 
TET2 were revealed upon genetic profiling of DLBCL patients, 
promoting the malignant transformation of B cells through 
altered epigenetic regulation [26]. Promising steps are being 
taken in relation to epigenetic therapy for DLBCL, where taze-
metostat inhibitor of epigenetic regulator EZH2, might offer 
favorable treatment option for patients with EZH2 mutations. 
However, this approach still has certain risks, including selec-
tivity of targets and oncogenic activation [27].  
Additionally, important role in cancer research belongs to the 
computational analysis, where genomic data is analyzed by 
using various computational methods in order to correlate 
mutations with the cancer progression and pathogenesis. 
Computational analysis might be used to provide additional 
information and help in prognosis, early detection, as well as 

targeted therapy for cancer treatments [28]. Moreover, iden-
tification of critical epigenetic mutations might enhance the 
efficiency and development of epigenetic drugs, further lead-
ing to better and more effective targeted therapies [29]. 
The effort devoted to a better understanding of the factors 
and trigger points associated with cancer progression and de-
velopment can have pivotal role in reducing the trend of new 
cancer cases. The scope of this study is to analyze genes cat-
egorized as epigenetic regulators involved in DLBCL patho-
genesis, their mutations, along with the effects on protein 
sequence and structure by using multiple databases.

Materials and Methods
Gene selection
Based on the literature analysis, genes selected for this study 
are mainly involved in epigenetic regulations and are po-
tentially able to contribute to development of different can-
cer types. 69 genes belonging to the following groups: DNA 
methyltransferases, HDACs, HATs, ten-element translocation 
genes, polycomb group associated genes, SWI/SNF complex 
genes, KMTs, KDMs and sirtuins were included. C-bioportal da-
tabase [30] was used for DLBCL studies, and the database with 
the largest sample size (1001 samples, Duke, cell 2017) was 
selected, from which genes involved in epigenetic regulations 
with certain mutations in DLBCL patients were selected. 

Mutation analysis
Mutations in selected genes were further filtered based on the 
mutation type by using c-bioportal database [30]. Research 
focused on the mutations that are known to be putative 
drivers, including missense, truncating (nonsense, nonstop, 
frameshift deletion, frameshift insertion or splice site), inframe 
(deletion or insertion), splice and fusion mutations. Mutations 
that are categorized as mutations of unknown significance are 
excluded from the analysis. Following that, genes with often 
reported mutations in DLBCL patients were selected.

Sequence-based prediction
Impact of the mutations on the protein function was evaluat-
ed by using sequence-based computational tools, including 
PredictSNP [31], SNPs&GO [32], and AlphaMissense [33]; where 
PredictSNP is a consensus of six constituent tools, including 
MAPP, PhD-SNP, PolyPhen-1, PolyPhen-2, SIFT and SNAP for 
disease-related mutation prediction obtained from the Un-
iprot and Protein Mutant Database; SNPs&GO is a server for 
single point protein mutation prediction based on annotation 
of functional protein; and AlphaMissense is a tool used as a 
predictor of the pathogenicity of missense variants. Sequenc-
es of CREBBP (Q92793), EP300 (Q09472) and EZH2 (Q15910) 
were used for the analysis from the Uniprot database [34]. 

Structure-based prediction 
Impact of the mutations on the protein stability was evalu-
ated by using structure-based computational tool DynaMut 
[35], which is using normal mode analysis to evaluate changes 
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in protein stability. Protein Data Bank in Europe Knowledge 
Base (PDBe-KB) database [36] and Protein Data Bank in Europe 
(PDBe) database [37] were both used to select the PDB protein 
structures, chains containing the mutation positions, along 
with analysis of interaction interfaces. 

Visualization of interactions in wild-type and mutant 
structures
Selected proteins were visualized by using BIOVIA Discovery 
Studio 2021. After selection of mutation position, interaction 
types, including hydrogen, electrostatic and hydrophobic 
bonds, along with the unfavorable bumps were selected from 
the interaction monitor. Additionally, molecular scope was set 
to any atom-to-atom interaction. Interactions with the sur-
rounding residues were analyzed and evaluated in both, wild-
type and mutant structures. 

This study was conducted in accordance with the ethical prin-
ciples of the Helsinki Declaration. As no human participants or 
patient data were directly involved, specific ethical approval 
was not required. All data used in this study are publicly avail-
able online at https://www.cbioportal.org/ [30].

Results
Based on the literature analysis, 69 genes that belong to the 
various groups of epigenetic regulators were selected (Ap-
pendix 1). By using the c-bioportal database, 14 genes, includ-
ing DNMT3A, CREBBP, EP300, TAF1, EZH2, ARID1A, ARID1B, 
ARID5b, SETD1B, SETD2, SETD5, KMT2C and KMT2D are fur-
ther filtered and selected with the reported mutations in 
DLBCL patients (Table 1).
Next, among above mentioned genes, genes with the high-
est number of reported mutations in various DLBCL patients 
from c-biportal database were selected, including CREBBP, 
EP300 and EZH2, with four (R1446H, R1446C, Y1503F, Y1503D), 
three (L415P, H1451Y, Y1467D) and two (Y641N, Y641F) often 
reported missense mutations in DLBCL patients, respectively. 
R1446H/C and Y1503F/D missense mutations of CREBBP were 
reported in 18 patients, L415P, H1451Y, and Y1467D missense 
mutations of EP300 were reported in 9 patients, while Y641N/F 
missense mutations of EZH2 were reported in 57 patients. 
PredictSNP computational tool, together with the consensus 
tools, predicted that nearly all selected mutations are delete-
rious with the high expected accuracy percentages, except for 
Y1503F mutation with the expected accuracy of 58% for PhD-
SNP and L415P mutation with the expected accuracy of 50% 
for SNAP tool (Table 2). Additionally, according to SNPs&GO 
computational tool, all mutations are categorized as disease 
related polymorphisms with the highest reliability index (RI) 
values being reported for EP300 gene, being 8, 10 and 9 for 
L415P, H1451Y and Y1467D mutations respectively, while the 

Table 4. Structure-based prediction results based on the 
DynaMut tool 

Gene Mutation ∆∆G ∆∆SVib 
  (kcal/mol) (kcal.mol-1.K-1)

CREBBP R1446H -1.135 (-) 0.244 (–)
 R1446C -0.904 (-) 0.279 (–)
 Y1503F -2.475 (-)  0.918 (–)
 Y1503D -2.475 (-) 0.918 (–)
EP300 L415P -1.341 (-) 0.409 (–)
 H1451Y 9.706 (+) -0.167 (++)
 Y1467D -2.399 (-) 0.882 (–)
EZH2 Y641N 0.578 (+) 0.053 (–)
 Y641F 0.578 (+) 0.053 (–)

∆∆G change in the Gibbs free energy; ∆∆SVib change in vibrational entropy energy 
between wild-type and mutant; (+): Stabilizing; (-): Destabilizing; (++): Increased 
molecule flexibility; (--): Decreased molecule flexibility.

Table 1. List of selected genes with the mutation percentages from C-bioportal database, 1001 DLBCL samples

No Gene Group Mutation (%) Source

1 DNMT3A DNA methyltransferase 4.6 [38]
2 CREBBP Histone acetyltransferase 11.5 [15]
3 EP300 Histone acetyltransferase 5.7 [15]
4 TAF1 Histone acetyltransferase 3.4 [39]
5 TET2 Ten element translocation  6.2 [40]
6 EZH2 Polycomb group  6.1 [41]
7 ARID1A SWI/SNF complex 9.6 [42]
8 ARID1B SWI/SNF complex 8.3 [42]
9 ARID5B SWI/SNF complex 3.2 [43]
10 SETD1B Lysine methyltransferase 8.3 [44]
11 SETD2 Lysine methyltransferase 6.2 [44]
12 SETD5 Lysine methyltransferase 3.1 [45]
13 KMT2C Lysine methyltransferase 5.6 [46]
14 KMT2D Lysine methyltransferase 24.7 [46]

DLBCL: Diffuse large B-cell lymphoma; SWI/SNF: Switch/sucrose non-fermentable.
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lowest RI reported is 3 for both, Y641N/F mutations for EZH2 
(Table 3). Moreover, all selected mutations are showed to 
be likely pathogenic based on the AlphaMissense tool with 
pathogenicity values higher than 0.9 (Table 3).

Pathogenicity Score: Pathogenicity values range from 0 to 1 
representing the likelihood of pathogenicity as follows: 0.0 
– 0.33 Likely benign; 0.34 – 0.66 ambiguous; 0.67 – 1.0 likely 
pathogenic.

Prior to structure-based prediction, protein structures, along 
with the chains containing the position of mutations were 
selected by using PDBe-KB and PDBe. For CREBBP mutations, 
R1446H/C and Y1503F/D, chain K of 8HAN (PDB ID) protein 
structure was selected, for EP300 L415P mutation, chain A of 
7QGS (PDB ID) protein structure and for EP300 H1451Y and 
Y1467D mutations chain A of 5KJ2 (PDB ID) protein structures 
were selected. For EZH2 Y641N/F mutations, chain K of 6C23 
(PDB ID) protein structure was selected. Structure-based pre-
diction analysis revealed that most of the selected mutations 
are either destabilizing or/and they are increasing the mole-
cule flexibility. R1446H/C and Y1503F/D mutations of CREBBP 
and L415P and Y1467D mutation of EP300 are both, desta-

bilizing and increasing the molecule flexibility. On the other 
hand, only H1451Y mutation of EP300 decreases the molecule 
flexibility and stabilizes the structure (Table 4 and Fig. 1). 
Furthermore, differences in the interactions in wild-type 
and mutant structures were observed. CREBBP wild-type 
Arg1446 has four conventional hydrogen bond interactions 
with Tyr1450, Val1449, Arg1443 and His1438 and two Pi-Al-
kyl interactions with Tyr1450 and Phe1440. CREBBP mutant 
His1446 has three conventional hydrogen bond interactions 
with Tyr1450, Vak1449 and Arg1443 and one Pi-Pi stacked in-
teraction with Phe1440, while Cys1446 mutant of the same 
protein has three conventional hydrogen bond interactions 
with Tyr1450, Val1449 and Arg1443, Pi-Alkyl interaction 
with Phe1440 and Pi-donor hydrogen bond interaction with 
Tyr1450 (Fig. 2a-c). CREBBP wild-type Tyr1503 and mutant 
Phe1503 have four conventional hydrogen bond interactions 
with Leu1499, Gln1500, Met1506, and Leu1507, Pi-Alkyl inter-
actions with Leu1499 and Ala1474, Pi-Pi T-shaped interactions 
with Trp1502 and Pi-Sigma bond interactions with Ile1471, 
while Asp1503 mutant of the same gene has same conven-
tional hydrogen bond interactions without other interactions 
for the particular mutation position (Fig. 2d-f ). 

Table 2. Sequence-based prediction results based on the PredictSNP and its consensus tools 

Gene Mutation Predict MAPP PhD-SNP PolyPhen-1 PolypPhen-2 SIFT SNAP 
  SNP

CREBBP R1446H 87% (-) 51% (-) 88% (-) 74% (-) 81% (-) 79% (-) 85% (-)
 R1446C 87% (-) 76% (-) 88% (-) 74% (-) 81% (-) 79% (-) 85% (-)
 Y1503F 76% (-) 62% (-) 58% (+) 74% (-) 81% (-) 79% (-) 62% (-)
 Y1503D 87% (-) 77% (-) 82% (-) 74% (-) 81% (-) 79% (-) 81% (-)
EP300 L415P 76% (-) 57% (-) 82% (-) 59% (-) 81% (-) 79% (-) 50% (+)
 H1451Y 87% (-) 57% (-) 88% (-) 74% (-) 81% (-) 79% (-) 89% (-)
 Y1467D 87% (-) 86% (-) 86% (-) 74% (-) 81% (-) 79% (-) 89% (-)
EZH2 Y641N 87% (-) 82% (-) 77% (-) 59% (-) 60% (-) 53% (-) 85% (-)
 Y641F 87% (-) 86% (-) 82% (-) 74% (-) 65% (-) 79% (-) 89% (-)

%: Expected accuracy; (+): Neutral; (-): Deleterious.

Table 3. Sequence-based prediction results based on the SNPs&GO computational tool and AI generated AlphaMissense server

Gene Mutation  SNPs&GO   AlphaMissense

  Effect  RI Class  PS

CREBBP R1446H Disease related polymorphism 7 Likely pathogenic  0.995
 R1446C Disease related polymorphism 7 Likely pathogenic  0.994
 Y1503F Disease related polymorphism 4 Likely pathogenic   0.907
 Y1503D Disease related polymorphism 5 Likely pathogenic  0.999
EP300 L415P Disease related polymorphism 8 Likely pathogenic  0.999
 H1451Y Disease related polymorphism 10 Likely pathogenic  0.985
 Y1467D Disease related polymorphism 9 Likely pathogenic  0.999
EZH2 Y641N Disease related polymorphism 3 Likely pathogenic  0.999
 Y641F Disease related polymorphism 3 Likely pathogenic  0.965

RI: Reliability index.
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Differences are also observed between wild-type and mu-
tant structures on the positions 415, 1451 and 1467 of EP300. 
Leu415 wild-type structure has two conventional hydrogen 

bond interactions with Cys411 and Asn419, while Pro415 mu-
tant structure has only one conventional hydrogen bond inter-
action with Asn419 (Fig. 3a, b). His1451 wild-type structure of 

Figure 1. Flexibility visualization of mutations on CREBBP (a-d), EP300 (e-g) and EZH2 (h, i). (a) 
R1446H; (b) R1446C; (c) Y1503F; (d) Y1503D; (e) H1451Y; (f ) Y1467D; (g) L415P; (h) Y641N; (i) Y641F.

a

c

e

h

g

b

d

f

i



Int J Med Biochem170

the same protein has one carbon hydrogen bond interaction 
while Tyr1451 mutant has no interactions (Fig. 3c, d). Wild-type 
Tyr1467 of EP300 has four conventional hydrogen bond inter-
actions with Leu1463, Gln1464, Met1470 and Leu147, three 
Pi-Alkyl interactions with Ile1435, Ala1437 and Leu1463 and 
one Pi-Pi T-shaped interaction with Trp1466 while Asp1467 
mutant has same conventional hydrogen bond interactions 
without any Pi bond interactions (Fig. 3e, f ). 

Wild-type Tyr641 of EZH2 has two conventional hydrogen 
bond interactions with Phe665 and Ile708 and one Pi-Alkyl in-
teraction with Arg685. Asn641 mutant has one conventional 

hydrogen bond interaction with Ile708 while Phe641 mutant 
has same conventional hydrogen bond interaction in addition 
to Arg685 Pi-Alkyl and Phe667 Pi-Pi stacked interaction (Fig. 4). 

Discussion
Epigenetic regulators are potent proteins involved in various 
mechanisms related to gene expression regulations. Any alter-
ations in their structure carries a high risk for tumor develop-
ment [47]. Although there are numerous epigenetic regulators, 
focus of this study are epigenetic regulatory genes reported 
in DLCBL patients. Our results showed that CREBBP, EP300 

Figure 2. Visualization of interaction in wild-type and mutant structures on 1446 and 1503 
positions of CREBBP protein. Brown – protein chain; yellow – interacting residues; grey – 
mutation position; conventional hydrogen bond interactions – green; Pi bond interactions – 
pink; (a) Arg1446 wild-type; (b) His1446 mutant; (c) Cys1446 mutant; (d) Tyr1503 wild-type; (e) 
Phe1503 mutant; (f ) Asp1503 mutant (Created by BIOVIA Discovery Studio 2021).
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e f
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and EZH2 are among most mutated epigenetic regulators in 
DLBCL. CREBBP and EP300 function as the histone acetyltrans-
ferases, while EZH2 has a role in polycomb repressive complex 
[48]. Various reports underline the importance of these genes 
in hematological malignancies, especially in DLBCL [49, 50]. 
CREBBP has crucial role in different processes, including reg-
ulation of gene expression, along with the involvement in cell 

growth, development and differentiation [50]. Similarly, EP300 
has a pivotal role in cell proliferation, apoptosis and differen-
tiation regulation through interactions with various transcrip-
tion factors, including p53 and NF-ĸB [50]. Moreover, EZH2 
acts as a transcriptional repressor, where EZH2 dysregulation 
is mainly associated with negative outcomes when it comes to 
the cancer progression and resistance [51].

Figure 3. Visualization of interaction in wild-type and mutant structures on 415, 1451 and 1467 
positions of EP300 protein. Brown – protein chain; yellow – interacting residues; grey – mutation 
position; conventional hydrogen bond interactions – green; Pi bond interactions – pink; (a) 
Leu415 wild-type; (b) Pro415 mutant; (c) His1451 wild-type; (d) Tyr1451 mutant; (e) Tyr1467 
wild-type; (f ) Asp1467 mutant (Created by BIOVIA Discovery Studio 2021).

a
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e f
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Our results suggest that selected mutations, including 
R1446H/C and Y1503F/D for CREBBP, L415P, H1451Y and 
Y1467D for EP300, and Y641 N/F for EZH2 proteins have mostly 
negative impact on the sequence and structure of the pro-
teins, being either deleterious, likely pathogenic, destabilizing 
and/or enhancing the molecule flexibility, along with the im-
pact on the change of interactions between the residues. 
Although the bonds in wild-type and mutant structures are not 
directly interfering with the interaction interfaces indicated in 
PDBe-KB database, they are in close proximity to mutation posi-
tions. In relation to that, selected mutations could possibly affect 
these interactions. Additionally, some of the mutations are posi-
tioned on ligand binding sites, which could impact the binding 
affinity and drug resistance [52]. Our results showed that most 
common CREBBP mutations are R1446 and Y1503. These muta-
tions are also reported in relapse acute lymphoblastic leukemia 
as well [53]. Previous studies indicated the negative correlation 
between the R1446 and Y1503 mutations of CREBBP and can-
cer progression in DLBCL and B-cell lymphomas respectively 
[54]. Pasqualucci et al. [55], showed that the commonly shared 
pathogenic mechanisms of non-Hodgkin B-cell lymphoma are 
CREBBP and EP300 mutations. However, additional analysis is 
required to achieve a more comprehensive understanding. 
Another common mutation selected in current study is H1451 of 
EP300. Duex et al. [56], discussed that H1451 residue mutations 

of EP300 lead to inactivation of HAT. This is in accordance with 
the findings of current study, as the most often reported muta-
tion of EP300 gene is on H1451 in DLBCL patients. HAT domain 
has role in gene regulation by neutralizing the positive charge 
of histones, weakening their interaction with DNA and making 
chromatin more accessible for transcription. As the mutational 
hotspots occur in the HAT domain, it might alter the cellular 
regulations and development, leading to negative outcomes 
in relation to carcinogenesis. As Huang et al. [57] reported that 
CREBBP/EP300 gene mutations increased the rate of tumor pro-
gression in DLBCL with the lower progression-free survival and 
lover overall survival rate when compared to the patients with-
out CREBBP/EP300 mutations. It is obvious that both CREBBP/
EP300 mutations have a crucial effect on DLBCL pathogenesis. 
Another commonly identified mutation is Y641 of EZH2. This 
particular mutation possesses the high importance, as the 
overexpression of EZH2 is closely related to tumor suppressor 
gene silencing [58]. It has been reported that Y641 and A677 
heterozygous point mutations in EZH2 occur in 10–24% of all 
non-Hodgkin lymphoma cases [59]. In addition, Y641 muta-
tion of EZH2 is associated with the immunodeficiency in lym-
phoid malignancies [60]. Morin et al. [61], also identified Y641 
mutation of EZH2 and its correlation with the GCB subtype of 
DLBCL. According to their study, this particular mutation is re-
lated to the pathogenesis of GCB lymphomas. 

a

c

b

Figure 4. Visualization of interaction 
in wild-type and mutant structures 
on 641 position of EZH2 protein. 
Brown – protein chain; yellow – 
interacting residues; grey – mutation 
position; conventional hydrogen 
bond interactions – green; Pi bond 
interactions – pink; (a) Tyr641 
wild-type; (b) Asn641 mutant; (c) 
Phe641 mutant (Created by BIOVIA 
Discovery Studio 2021).
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Recent studies suggest that targeting the epigenetic regu-
lators in various cancer types, including DLBCL, might poses 
beneficial effects regarding the treatment [27, 62, 63]. The 
understanding of correlation of analyzed mutation positions 
and DLBCL pathogenesis could contribute to the enhanced 
prediction, diagnosis, and treatment of DLBCL.

Conclusion
Any alterations in epigenetic mechanisms carry a high risk 
for cancer development, and understanding the factors and 
trigger points associated with cancer progression can play 
a pivotal role in reducing the incidence of new cancer cas-
es. Since epigenetic regulators are reported to impact DLB-
CL progression, we focused our research on identifying and 
analyzing potential proteins and genes involved in the epi-
genetic regulation of DLBCL. Using various computational 
tools, we identified and analyzed the effects of commonly 
mutated positions in the CREBBP, EP300, and EZH2 proteins. 
Computational analysis, especially with recent advances in 
artificial intelligence and machine learning methods, plays 
an important role in identifying specific mutations and their 
correlation with cancer. However, it also has limitations, in-
cluding the lack of experimental data, which necessitates 
additional in vitro and in vivo research. To the best of our 
knowledge, this is the first in silico study analyzing sequence 
and structure-based effects of R1446H/C, Y1503F/D, L415P, 
H1451Y, Y1467D and Y641N/F mutations.
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Appendix 1. 68 genes selected for this study mainly involved in epigenetic regulations in different cancers 

Gene  Name Percentage Group

DNMT1   DNA Methyltransferase
DNMT3A DNA Methyltrasferase 3 Alpha 4.6 
DNMT3B   
DNMT3L   
HDAC1   HDAC
HDAC2   
HDAC3   
HDAC8   
HDAC4   
HDAC5   
HDAC7   
HDAC9   
HDAC6   
HDAC10   
HDAC11   
CREBBP cAMP-responsible element binding protein 11.5 HAT
EP300  Histone acetyltransferase p300 5.7 
TAF1 Transcription initiation factor TFIID subunit 1 3.4 
TET1   TET
TET2 Ten element translocation 2 6.2 
TET3   
EZH2 Enhencer of zeste homolog 2 6.1 Polycomb group proteins
ARID1A AT-rich interactive domain 1A gene 9.6 SWI/SNF complex
ARID1B AT-rich interactive domain 1B gene 8.3 
PBRM1   
SMARCA4   
SMARCB1   
ARID1   
ARID2   
ARID3   
ARID4   
ARID5 (B) AT-rich interactive domain 5B 3.2 
JARID1   
JARID2   
SETD1A   KMTs
SETD1B Histone lysine methyltransferase 1B 8.3 
SETD2 Histone lysine methyltransferase 2  6.2 
SETD5 Histone lysine methyltransferase 5 3.1 
KMT2A   
KMT2C Lysine methyltransferase 2C 5.6 
KMT2D Lysine methyltransferase 2D 24.7 
KMT3A   
KMT3B   
KMT6A   
KMT8   
KMT2A   
KMT1C   
KMT1E   
KMT2E   
KMT3C   
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Appendix 1. Cont.

Gene  Name Percentage Group

KMT3E   
KDM1A   KDMs
KDM3A   
KDM5A   
KDM2B   
KDM4B   
KDM5B   
KDM6B   
KDM3B   
KDM5C   
KDM6A   
SIRT1   SIRTUINS
SIRT2   
SIRT3   
SIRT4   
SIRT5   
SIRT6   
SIRT7   


