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Abstract

Background: Rituximab combined with cyclophosphamide, doxorubicin, vincristine and prednisone (CHOP) is
used as standard frontline regimen for diffuse large B-cell lymphoma (DLBCL). The landscape of somatic mutations
in DLBCL revealed that inactivation of EP300 plays an important role in lymphomagenesis. A common EP300 single
nucleotide polymorphism (SNP) rs20551 results in the substitution of valine for isoleucine at codon 997 close to the
Bromodomain. However, the association between SNP rs20551 and clinical prognosis in DLBCL patients treated with

R-CHOP is unknown.

Methods: In this study we analyzed the EP300 SNP rs20551 and prognosis of 226 DLBCL patients who treated with
R-CHOP or R-CHOP-like regimes from 2002 to 2013. Determination of the EP300 SNP rs20551 from genomic DNA was

obtained by Sanger chain termination sequencing.

Result: In this study, the frequency of the A and G allele of the EP300 SNP rs20551 in 226 patients were 92.5 and
7.5%, respectively. We did not observe obvious correlation between patients’ disease features and the EP300 SNP
rs20551. But the patients with genotype AA had a higher 5-year overall survival rate than those with genotype GA
(77.0% vs. 64.7%, p = 0.045). Furthermore, multivariate Cox regression analysis showed that the GA genotype of EP300
SNP rs20551 was an independent poor prognostic factor for DLBCL patients treated with Rituximab-chemotherapy

(p =10.009, HR 2.956, 95% CI 1.315-6.645).

Conclusion: This study suggests that EP300 SNP rs20551 might be a useful biomarker to predict the long-term out-

come of R-CHOP in DLBCL patients.
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Background

Diffuse large B-cell lymphoma (DLBCL) is the most
common subtype of B-cell non-Hodgkin’s lymphoma
(NHL) and can be classified into two cell-of-origin
molecular subtypes: germinal center B-cell (GCB) and
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activated B-cell (ABC) types [1]. DLBCL is an aggres-
sive and heterogeneous disease generally treated with the
anthracycline-based chemotherapy regimen of CHOP
(cyclophosphamide, doxorubicin, vincristine and pred-
nisone) [2, 3]. The CD20 antibody rituximab is com-
monly used to treat many types of CD20-positive NHL,
including DLBCL. The combination R-CHOP regimen
dramatically improves outcome and prognosis, which is
considered as the standard treatment for DLBCL [4, 5].
However, approximately 30% of patients do not respond
or develop resistance to this immunotherapy, which
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remains a major cause of morbidity and mortality [6].
The prognostic outcome of DLBCL depends on patient
age, clinicopathological features, and genetic factors. The
International Prognostic Index (IPI) is identified as the
most common and useful factor to predict the progno-
sis of NHL, including DLBCL [7]. However, the efficiency
of IPI could be enhanced by inclusion of additional
prognostic markers. Therefore, development of novel
prognostic factors based on the biology of DLBCL is an
unmet clinical need.

EP300, also known as E1A binding protein p300, is
encoded by the EP300 gene, which is located on chro-
mosome 22q13.2. EP300 is a member of the histone
acetyltransferase (HAT) family [8, 9] that regulates tran-
scription via catalyzing post-translational acetylation of
lysine residues. EP300 plays an essential role in regulating
vital cellular processes such as the cell cycle and apopto-
sis by modulating chromatin structure through its own
HAT activity and by interacting with transcription factors
and other histone acetylators [10, 11]. EP300 knockout
results in early embryonic lethality and germline muta-
tion of EP300 causes Rubinstein—Taybi syndrome, which
is characterized by increased predisposition to childhood
malignancy [12]. The role for EP300 in cancer is implied
by the fact that it is targeted by oncoproteins, it is fused
to MLL in leukemia, and two missense sequence altera-
tions in EP300 have been identified in epithelial malig-
nancy [13-16]. In addition, somatic mutations in EP300
have been found in gastric cancer, colon cancer, acute
myeloid leukemia and glioblastoma [16-18]. Next-gen-
eration whole-exome sequencing analysis has indicated
that inactivating mutations of EP300 play a haploinsuf-
ficient role in the pathogenesis of malignancies derived
from B lymphocytes [19]. EP300 mutation represents a
common event that has been identified in 10% of DLBCL
patients. In the EP300 gene, several mutations have been
observed in the catalytic HAT domains. The mutant pro-
teins in the HAT domain have lost their normal acetyl-
transferase activity, which causes significant pathological
and developmental phenotypes and affects the therapeu-
tic response of tumor cells [19]. rs20551 (A/G) is a single
nucleotide polymorphism (SNP) of EP300 gene, which
results in an amino acid alternation from isoleucine to
valine at position 997. Analysis of Ensembl data [20] has
shown that this amino acid is located upstream of the
bromodomain and may play an important role in HAT
activity, suggesting that rs20551 may influence the pro-
tein function of EP300.

The impact of the rs20551 polymorphism of EP300
gene on DLBCL prognosis has not been fully elucidated.
Here, this is the first study to investigate the association
between EP300 SNP rs20551 and DLBCL prognosis.
Survival analysis revealed that EP300 SNP rs20551 was
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significantly correlated with clinical outcome, indicating
that rs20551 could be an independent predictor for prog-
nosis in DLBCL patients treated with R-chemotherapy.

Methods

Patient characteristics

From December 2002 to November 2013, 226 patients
with pathologically diagnosed DLBCL who received
R-CHOP or R-CHOP-like chemotherapy (e.g. R-COP,
R-CCOP, R-CHO or R-CHOPE) as a frontline regimen
were recruited for this retrospective study from Peking
University Cancer Hospital. In all of 226 patients, four-
teen patients have received autologous stem-cell trans-
plantation. Peripheral blood specimens from all DLBCL
patients were obtained before initial therapy. R-CHOP
chemotherapy was administrated as follows: one course
of chemotherapy consisted of an intravenous infusion of
750 mg/m? cyclophosphamide, 50 mg/m? doxorubicin,
and 2 mg vincristine, and oral administration of 100 mg
prednisone on days 1-5, which was repeated every
3 weeks. Rituximab 375 mg/m? was infused over 4—6 h
on day 1 before CHOP or CHOP-like chemotherapy was
started. The response to R-CHOP was evaluated after
completion of 2—3 courses of treatment and 1-2 months
after completion of all therapy, then every 3 months
for the first year and every 6 months thereafter until
progression.

We obtained all the clinical and pathological data by
medical record review, including gender, age, tumor
stage, histological subtype, B symptoms, IPI score, East-
ern Cooperative Oncology Group performance status
(ECOG PS), lymph node or extranodal invasion, hema-
tological examination, therapeutic regimens, and curative
effect. Informed consent was obtained from all individ-
ual participants included in the study. This retrospective
study was approved by our Institutional Review Board.

DNA extraction and genotyping

Genomic DNA was isolated from whole blood with the
QIAmp DNA Mini Kit (Qiagen, Hilden, Germany) and
stored at —20 °C. Genomic DNA was diluted in nuclease-
free water to a final stock concentration of 30 ng/pl, and
1 ul DNA stock was used in each PCR. The primer for
rs20551 was forward 5-TTGCTGAGAAGCAGCCTT
CC-3'andreverse 5'-CTTGGCTGGTCTTCCTCCTC-3'.
PCR conditions were programmed on a thermo cycler
(Gene Cycler, Bio-Rad, Hercules, CA, USA) as follows:
denaturation at 94 °C for 5 min, followed by 35 cycles of
94 °C for 30 s, 60 °C for 40 s, 72 °C for 40 s, followed by
72 °C for 7 min. Amplified products were analyzed by gel
electrophoresis on 2% agarose gels, and were sequencing
using ABI 3730XL Avant Genetic Analyzer (Applied Bio-
systems, Carlsbad, CA, USA). Finally, the sequences were
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analyzed with the Seqman software (DNASTAR, Madi-
son, W1, USA).

Statistical analysis

Overall survival (OS) was measured from the date of
diagnosis to the date of death or last follow-up for those
who were alive at the time of analysis. Progression-free
survival (PES) was calculated from the date of diagnosis
to the date of disease progression or to the date of the
last follow-up for those who were alive at the time of
analysis. The clinical characteristics and response rate of
the patients were compared using Chi square tests. The
Kaplan—Meier method was used to construct survival
curves, and results were compared using a log-rank test.
The Cox regression model was used to evaluate the prog-
nostic factors. p < 0.05 was considered to indicate statis-
tically significant differences. IBM SPSS Statistics version
20.0 was used for all statistical analysis. The survival
curves were displayed using GraphPad Prism 6 software.

Results

Patient characteristics

The general characteristics of the 226 DLBCL patients
(108 male and 118 female) in this study are summarized
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in Table 1. The median age at diagnosis was 57 years
(range, 15-90 years). One hundred and forty-seven
patients (65.0%) exhibited B symptom, 129 (57.1%)
patients were in stages 3 or 4, and 75 (33.2%) patients
were at intermediate-to-high or high risk according to
the international prognostic index (IPI) scores. One hun-
dred and fifty-three (73.9%) patients were classified into
non-GCB subtype. Bone marrow was involved by lym-
phoma in 11 patients (4.9%) at diagnosis. Two hundred
and twenty-six patients received R-CHOP or R-CHOP
like treatment as a frontline regimen, and the clinical effi-
cacy was evaluated in this retrospective study.

EP300 SNP rs20551

The genotype of EP300 SNP rs20551 in 226 patients
was shown in Table 2. One hundred and ninety-two
(85.0%) patients carried the homozygous AA genotype,
34 (15.0%) patients had the heterozygous GA genotype,
and no GG genotype was detected. The frequency of the
A allele in 226 patients was 92.5%, and the frequency of
the G allele was 7.5%. The genotype distribution of SNP
rs20551 in the DLBCL population included in our study
was in Hardy—Weinberg equilibrium (Fisher’s exact test,
p = 1.000).

Table 1 DLBCL patients’ characteristics and their correlations with the genotype of EP300 SNP rs20551

Clinical parameters No. Genotype p Clinical parameters No. Genotype P
AA GA AA GA

Gender Stage
Male 108 91 17 0.779 |-l 97 85 12 0.330
Female 118 101 17 115\ 129 107 22

Age IPI score
<60 144 123 21 0.797 0-2 151 128 23 0911
>60 82 69 13 3-5 75 64 11

B symptoms Ki67
Positive 147 126 21 0.663 <75% 101 90 M 0.158
Negative 79 66 13 >75% 113 93 20

LDH Subtype
Positive 107 94 13 0.248 GCB 54 46 8 0.969
Negative 119 98 21 non-GCB 153 130 23

B2-MG Extra nodal site
Positive 56 46 10 0.385 <1 159 133 26 0420
Negative 160 139 21 >1 66 58 8

ESR HBV infection
Positive 133 115 18 0.936 Positive 110 93 17 0.764
Negative 79 68 M Negative 114 98 16

ECOG
0-1 208 178 30 0313
2-3 17 13 4

LDH lactate dehydrogenase, MG microglobulin, ESR erythrocyte sedimentation rate, ECOG Eastern Cooperative Oncology Group, /P! International Prognostic Index,

GCB germinal center B cell subtype, HBV hepatitis-B virus
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Table 2 Genotype and allele frequency of EP300 SNP
rs20551 in 226 DLBCL patients

Frequency Count

Genotype

AA 0.850 192

GA 0.150 34

GG 0 0
Allele

A 0.925 418

G 0.075 34

Impact of EP300 SNP rs20551 on the efficacy

of R-chemotherapy

Of all the 226 patients evaluable for response to R-CHOP
or R-CHOP like treatment, the overall response rate
(ORR) was 85.8% (194 of 226 patients), including a com-
plete response (CR) rate of 67.3% (152 of 226 patients)
and a partial response (PR) rate of 18.6% (42 of 226
patients). However, as shown in Table 3, no correlation
between SNP rs20551 and the efficacy of R-chemother-
apy was observed.

Survival analyses according to the genotype of EP300 SNP
rs20551

All 226 patients were evaluated for overall survival (OS)
and progression-free survival (PFS). After a median fol-
low-up time of 63.5 months (range 2.0-158.9 months),

Table 3 Clinical response to R-CHOP therapy according
to the genotype of EP300 SNP rs20551

Response Genotype p
AA GA

All patients
CR 130 22 0.731
PR+ PD + SD 62 12
OR 163 31 0333
PD +SD 29 3

Non-GCB subtype
CR 84 12 0.255
PR+ PD + SD 46 11
OR 110 21 0.399
PD+SD 20 2

GCB subtype
CR 36 8 0.144
PR+ PD+ SD 10 0
OR 39 8 0.237
PD + SD 7 0

CR complete response, PR partial response, OR overall response, SD stable
disease, PD progressive disease
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78 (34.5%) patients relapsed or progressed and 59 (26.1%)
patients died. As shown in Fig. 1a, the patients with gen-
otype AA had a higher 5-year OS rate than those with
genotype GA (77.0% vs. 64.7%, p = 0.045), which might
indicate the role of EP300 SNP rs20551 as a biomarker to
predict the long-term outcome of R-CHOP or R-CHOP
like treatment. A 5-year PFS rate of 68.6% was observed
in the AA patients, compared with 52.9% in the GA
patients; but this higher PFS rate did not reach statistical
significance (p = 0.102, Fig. 1b).

Univariate and multivariate analyses

In the univariate analysis, the following variables on OS
were evaluated, including gender (male vs. female), age
(<60 vs. >60 years), stage (stages 1, 2 vs. 3, 4), IPI score
(0-2 vs. 3-5), B symptoms (positive vs. negative), sub-
type (GCB vs. non-GCB), Ki67 (<75 vs. >75%), LDH
level (normal vs. abnormal), B2-microglobulin level
(normal vs. abnormal), ESR (normal vs. abnormal),
ECOG (0-1 vs. 2-3), extra nodal involvement (<1 site
vs. >1 sites), HBV infection (positive vs. negative), clini-
cal response (OR vs. PD + SD), and EP300 SNP rs20551
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Fig. 1 Kaplan-Meier curves for overall survival and progression-free
survival in DLBCL patients according to the genotype of EP300 SNP

rs20551
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(AA vs. GA). The analysis has shown that age > 60 years
(p = 0.018), higher stage (p < 0.001), abnormal B symp-
tom (p = 0.016), abnormal LDH level (p < 0.001), abnor-
mal p2-microglobulin level (p = 0.001), higher IPI score
(p < 0.001), PD 4 SD (p < 0.001), extra nodal involve-
ment >1 sites (p = 0.001), and the GA genotype of EP300
rs20551 (p = 0.048) were significantly associated with
poor OS. Moreover, as shown in Table 4, multivariate
Cox regression analysis displayed that the GA genotype
of EP300 SNP rs20551 also was an independent poor
prognostic factor for OS (p = 0.009, HR 2.956, 95% CI
1.315-6.645).

Discussion

The acetylation of histone lysine residues is a dynamic
process, which is regulated by the balance between the
activity of acetyltransferases and deacetylases. Acetyla-
tion of lysine residues on histone weakens its interaction
with DNA, thereby conferring a more open chromatin
structure and allowing active transcription. EP300 acts as
an intrinsic HAT, which is also a transcriptional coacti-
vator, and plays a critical role in tumorigenesis [21, 22].
Thus, gene mutations influencing the structure of EP300
are found in several types of cancer, including BCL [19,
23]. However, despite the clearly important role for
EP300 mutation in lymphomagenesis, the exact mecha-
nisms by which they promote malignant transformation
remains largely undefined. Previous studies have shown
that EP300 mutants have reduced HAT activity to acety-
late BCL6 proto-oncogene and P53 anti-oncogene [19],
disrupting the balance between the activities of these two
genes, which is critical for the regulation of DNA damage
response in mature GCB cells [24, 25].

The rs20551 polymorphism of EP300 gene is located
in the coding sequence in exon 15, in the chromosomal
region 22q13.2, and codes for a missense change (I > V),
which could influence the protein structure and func-
tion of EP300. A study in Hispanic Americans has dem-
onstrated that rs20551 gene variant in EP300 plays an
important role in childhood acute lymphoblastic leu-
kemia [26]. The influence of gene variants in rs20551
on clinical outcome in recipients who diagnosed with a
hematological malignancy that received HLA-identical

Table 4 Multivariate analysis of EP300 SNP rs20551
on survival in 226 DLBCL patients

Variable Hazard ratio 95% Cl p

GA/AA 2956 1.315-6.645 0.009
B symptom 0.502 0.271-0.928 0.028
B2-MG 2239 1.201-4.175 0.011
IPI 2435 1.362-4.354 0.003
Clinical response 0.06 0.030-0.120 <0.001
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sibling allo-stem cell transplantation has been investi-
gated. Patients with AA gene variant in rs20551 had a
lower relapse rate and better disease-free survival and
OS. The study showed that rs20551 in EP300 was asso-
ciated with different expression in genes involved in
innate immunity and the cell cycle. Patients with the AA
gene variant had lower interleukin-2 production, higher
expression of genes involved in innate immunity and the
cell cycle, and lower expression of p53 [27]. However,
none of the rs20551 genetic variants has been previously
reported in association studies with lymphoma progno-
sis, including DLBCL. In this study, we analyzed the rela-
tionship between rs20551 genotype and clinical features
and prognosis in DLBCL patients and found that patients
with the homozygous A allele in rs20551 had longer OS
than the G allele carriers had. However, it is unclear
exactly how EP300 polymorphism in rs20551 affects
survival of patients with DLBCL after R-CHOP chemo-
therapy. Our results showed that there was no associa-
tion between rs20551 genotype and curative effect. We
hypothesize that the genotype change in EP300 polymor-
phism might affect the HAT activity by causing amino
acid substitution, which disrupts the balance between
acetylation and deacetylation in the tumor microenviron-
ment and influences disease progression.

SNPs are variants in a single nucleotide that occur in
individual genomes and remain consistent throughout
a person’s lifetime. For population diversity, allele fre-
quency data about EP300 SNP rs20551 can be obtained
in the NCBI SNP database, which demonstrates that the
frequency of allele G for EP300 SNP rs20551 is 5.36% in
normal East Asian individuals. However, our data showed
a minor difference in distribution for allele G frequency
between the control group of East Asians and DLBCL
patients. Our analysis indicated that the frequency of
allele G in rs20551 was 7.5% in DLBCL patients, which
was higher than that in healthy East Asians. The change
from allele A to G in rs20551 results in amino acid alter-
ation, which might influence the protein function of
EP300. This difference in allele frequency might explain
the process of lymphomagenesis.

The EP300/CREB-binding protein (CREBBP) complex
acts to acetylate multiple lysine residues on histones.
EP300/CREBBP is involved in a wide range of cellular
activities including proliferation, cell cycle regulation,
apoptosis, differentiation and DNA repair [17, 28]. Muta-
tion in this complex in lymphoma has been described,
showing that about 39% of DLBCL and 41% of follicu-
lar lymphoma patients have genomic deletions and/or
somatic mutations that inactivate or remove the acetyl-
transferase domain of EP300 and CREBBP [19]. EP300/
CREBBP also targets many other transcriptional factors
that are significant in the development of BCL, such
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as p53, BCL6 and ¢-MYC [19, 29-31]. Moreover, the
CREBBP and EP300 coactivator associates with vari-
ous transcription factors that play a critical role in the
immune response [21]. Since all these significant biologi-
cal functions are regulated by EP300 gene, it is believed
that a constitutional variant in this gene could signifi-
cantly influence the clinical outcome of DLBCLs.

The genetic variants of HATs generally indicate exten-
sive deregulation of histone acetylation in B-cell NHL.
From a therapeutic perspective, epigenetic therapies such
as histone deacetylase (HDAC) inhibitors could provide
the opportunity to re-establish physiological acetylation
levels, which would be a potential therapeutic interven-
tion for DLBCL patients with genetic variants of EP300.
These compounds such as vorinostat and panobinostat
have shown some efficacy in hematological malignancy,
including DLBCL, follicular lymphoma and mantle cell
lymphoma [32-34]. However, previous studies could not
confirm the association between the genetic variants of
EP300 and curative response to HDAC inhibitors, possi-
bly due to their retrospective approach and small number
of samples. Therefore, further investigations are needed
to find factors that predict the clinical efficacy of HDAC
inhibitors, such as a prospective analysis of constitutional
gene variants of EP300 and/or CREBBP in randomized
clinical trials.

In summary, our results revealed that the GA genotype
of EP300 SNP rs20551 as an independent poor prognos-
tic factor in DLBCL patients. To the best of our knowl-
edge, this is the first study to explore the association
between EP300 SNP rs20551 and prognosis of DLBCL.
Our study might help to improve prediction of long-term
outcome in patients with DLBCL treated with R-CHOP,
or prompt the use of HDAC inhibitors for further treat-
ment, especially for patients with the heterozygous GA
genotype at EP300 SNP rs20551.

Conclusion

In this retrospective study, we find that the DLBCL
patients with genotype AA of EP300 SNP rs20551
show better survival than those with genotype GA after
R-CHOP or R-CHOP like treatment. Therefore, EP300
SNP rs20551 could be considered as an independent bio-
marker to predict the long-term outcome of R-chemo-
therapy in DLBCL patients.
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