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Overexpression of DNA methyltransferase 1 as a negative
independent prognostic factor in primary gastrointestinal
diffuse large B-cell lymphoma treated with
CHOP-like regimen and rituximab
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Abstract. The aims of the present study were to elucidate
the transcript levels of DNA methyltransferase (DNMT)I,
DNMT3a and DNMT3b by quantitative polymerase chain
reaction in patients with primary gastrointestinal diffuse large
B-cell lymphoma (PGI-DLBCL), and determine the association
of their expression with the clinical parameters and prognostic
values of the disease. The results revealed that the expression of
DNMT]1 in patients with PGI-DLBCL was significantly higher
than that in healthy controls (P=0.04), while the expression of
DNMT3a and DNMT3b were significantly lower (P<0.001 and
P=0.001, respectively). The increased expression of DNMT1
was significantly correlated with shorter overall survival and
progression-free survival rates (P=0.018 and P=0.008, respec-
tively). The multivariate analysis demonstrated that the level
of DNMT1 was an independent prognostic factor. In conclu-
sion, DNMT1 was identified to be an independent prognostic
factor for predicting the survival of patients with PGI-DLBCL,;
this suggests that it could be used as a marker to indicate the
prognosis of PGI-DLBCL.

Introduction

Primary gastrointestinal (PGI) lymphoma is an extremely
rare disease that accounts for 1-4% of all gastrointestinal
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malignancies (1). In general, gastrointestinal lymphoma is
secondary to widespread nodal diseases. Lymphomas may
originate from any section of the gastrointestinal tract,
however, the most frequently affected region is the stomach,
followed by the small intestine (2). The most commonly diag-
nosed histopathological subtype of PGI lymphoma is diffuse
large B-cell lymphoma (DLBCL), which accounts for ~50%
of all cases (3). Due to its rarity, only a limited number of
studies concerning PGI-DLBCL have been published (4-6).

Aberrant DNA methylation, which is characterized by
widespread genome hypomethylation, chromosome insta-
bility and localized DNA hypermethylation, is considered
to be an important event, occurring in early tumor develop-
ment (7,8). Methylation patterns are predominantly regulated
by independent DNA methyltransferases (DNMTs), including
DNMTI1, DNMT3a and DNMT?3b (9,10). DNMT1 mediates
maintenance DNA methylation and DNMT3a and DNMT3b
are responsible for de novo methylation (9). Previous studies
have revealed that DNMT1 and DNMT3b overexpression is
associated with unfavorable prognoses in a number of human
cancers, including breast and hepatocellular carcinomas,
lung cancers, acute myeloid leukemia and epithelial ovarian
cancer (11-17).

Increasing evidence suggests that aberrant DNA methyla-
tion is significant in the pathogenesis of lymphomas (18-22).
However, at present, the prognostic significance of DNMT
expression in PGI-DLBCL is yet to be elucidated. The aims
of the current study were to determine the transcript levels of
DNMTI1, DNMT3a and DNMT3b in PGI-DLBCL patients
by quantitative polymerase chain reaction (JPCR), and estab-
lish their clinical significance.

Materials and methods

Patients and controls. In total, 62 patients with a histo-
pathological diagnosis of PGI-DLBCL, and 30 age- and
gender-matched healthy controls were recruited. The study
was approved by Tianjin Medical University Cancer Institute
and Hospital Ethics Committee, and all the patients provided
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written informed consent prior to study participation. Fresh
samples of cancerous tissues and normal tissues were collected
via surgical resection. The samples were frozen in liquid
nitrogen for 30 min in cryovials, and subsequently stored at
-80°C until further analysis. The diagnosis of PGI-DLBCL
was based upon the World Health Organization classification
system for hematological malignancies (23). The patients were
staged according to the Lugano staging system for gastroin-
testinal non-Hodgkin's lymphoma (NHL) (24). The diagnostic
work-up consisted of the patient's history, their performance
status according to the Eastern Cooperative Oncology Group
scale, a physical examination, a baseline endoscopy or barium
meal examination, gastric mucosal biopsies or a gastrectomy, a
complete blood cell count, a biochemical profile, measurement
of serum lactate dehydrogenase (LDH), computed tomography
scans of the thorax, abdomen and pelvic cavity, and a bone
marrow aspiration and biopsy. A low hemoglobin level was
defined as <120 g/1, and a high LDH level as >245 U/I. The
patients were subsequently grouped according to age, gender,
tumor origin, performance status, Lugano staging system
outcome, clinical stage, B symptoms, LDH level, International
Prognostic Index (IPI) score and chemotherapy response. A
retrospective review of the clinical, pathological and treat-
ment results of all patients was conducted and the results were
entered into an anonymized database. The clinical characteris-
tics and histological features of the patients with PGI-DLBCL
are shown in Table I.

RNA, ¢cDNA preparation and gPCR. For the RNA extraction
step, ~25 mg of tumor tissue was pulverized under liquid
nitrogen using a pestle and mortar. The RNA was subse-
quently extracted using RNeasy (Qiagen Inc., Valencia, CA,
USA), according to the manufacturer's instructions. Following
this, reverse transcription reactions were performed using a
PrimeScript 1st Strand cDNA Synthesis Kit (Takara Bio, Inc.,
Otsu, Japan), according to the manufacturer's instructions and
qPCR was performed using a CM9600 Sequence Detection
System (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The
amplification step was performed in a total volume of 20 pl,
with 10 pl kit-supplied QuantiTect™ SYBR® Green RT-PCR
Master mix (Applied Biosystems Life Technologies, Foster
City, CA, USA), 0.4 ul of each primer (10 uM), 2 ul of cDNA
(50 ng RNA) and 7.2 ul ddH,0. The PCR cycling parameters
were set as follows: 95°C for 30 sec, followed by 40 cycles of
PCR reacting at 95°C for 5 sec, and finally 60°C for 34 sec.
[ actin was used as an internal standard. The AACT values
were calculated using the differences between the target genes
and P actin. The primer sequences are shown in Table II. Each
experiment was conducted in triplicate.

Immunohistochemical staining and scoring. The biopsied
tissues were initially fixed in 10% buffered formalin,embedded
in paraffin and cut into 4-ym sections. Following this, depa-
raffinization and heat-induced antigen retrieval steps were
performed. The endogenous peroxidase activity was blocked
using 0.5% hydrogen peroxide. Subsequent to washing with
phosphate-buffered saline (PBS), the sections were incubated
with anti-cluster of differentiation (CD)10 (cat. no. ZMO0283),
-B-cell lymphoma 6 (BCL-6; cat. no. ZM-0011) and -mela-
noma associated antigen 1 (MUMI; cat. no. ZA-0583)
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Table I. Clinical characteristics of primary gastrointestinal dif-
fuse large B cell lymphoma patients.

Characteristic Patients, n (%)
Age, years

<60 35 (56.5)

>60 27 (43.5)
Gender

Male 33(53.2)

Female 29 (46.8)
Origin

Stomach 41 (66.1)

Intestinal 21 (33.9)
Performance status

ECOG 0-1 45 (72.6)

ECOG 2-4 17(27.4)
Lugano staging system

I-1I 20 (32.3)

1E-1IV 42 (67.7)
Pathological type

Non-GCB 45 (72.6)

GCB 17 (27.4)
LDH

Normal 22 (35.5)

Elevated 40 (64.5)
Hemoglobin

Normal 30 (48.4)

Low 32 (51.6)
B symptoms

Positive 13 (21.0)

Negative 49 (79.0)
IPI

0-2 39 (62.9)

3-5 23 (37.1)
Therapeutic evaluation

CR 32 (51.6)

PR/SD/PD 30 (48.4)

ECOG, Eastern Cooperative Oncology Group; GCB, germinal
center B-cell-like; LDH, lactose dehydrogenase; IPI, International
Prognostic Index; CR, complete remission; PR, partial remission;
SD, stable disease; PD, progressive disease.

antibodies (ZSGB-BIO, Beijing, China) at 4°C overnight.
After washing with PBS again, the secondary antibodies
were added to the sections. The nuclei were subsequently
stained with hematoxylin, and the color was developed using
diaminobenzidine. A positive result was recorded when =30%
of the cells were stained. The tissues were also analyzed for
CD10, BCL-6 and MUMI1 immunoreactivity according to
the immunophenotypic profile criteria of DLBCL described
previously by Hans ez al (25). The intensity of the staining and
the percentage of positive cells were recorded. The staining
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Gene Forward sequence (5'—3") Reverse sequence (5'—3'")
DNMT1 GTGGGGGACTGTGTCTCTGT TGAAAGCTGCATGTCCTCAC
DNMT3a CAGCTTCCACGTTGCCTTCT CATCTGCAAGCTGTCTCCCTTT
DNMT3b CCCATTCGAGTCCTGTCATT GGTTCCAACAGCAATGGACT
[ actin CCTGGCACCCAGCACAAT GGGCCGGACTCGTCATAC

DNMT, DNA methyltransferase.

intensity was scored between 0 and 3+ as follows: i) 0, Absence
of staining; ii) 1+, >25 % of the tumor cells exhibited weak
staining; iii) 2+, tumor cells exhibited moderate staining; and
iv) 3+, tumor cells demonstrated strong staining. Tumors with
a score of 1+, 2+ or 3+ were considered to be positive, while
tumors with a score of O were considered to be negative. The
immunohistochemical analysis was performed independently
by at least two histopathologists.

Treatment and response assessment. The patients were treated
with four therapeutic modalities; surgery, chemotherapy, Heli-
cobacter pylori (Hp) eradication and radiotherapy. The aim
of surgery was to remove the tumor tissue. All patients were
treated with 6-8,21-day cycles of the CHOP [cyclophosphamide
(750 mg/m?, day 1), doxorubicin (50 mg/m?, day 1), vincristine
(1.4 mg/m?, day 1) and prednisone (100 mg, days 1-5)] or
R-CHORP [rituximab (350 mg/m?, day 1), cyclophosphamide
(750 mg/m2, day 1), doxorubicin (50 mg/m?, day 1), vincristine
(1.4 mg/m?, day 1) and prednisone (100 mg, days 1-5)] regi-
mens. The Hp eradication regimen, which consisted of proton
pump inhibitors [omeprazole (20 mg, twice daily), lansopra-
zole (30 mg, twice daily) or rabeprazole (10 mg, twice daily)]
and a combination of antibiotics [amoxicillin (1,000 mg, twice
daily), clarithromycin (500 mg, twice daily) and/or metronida-
zole (200 mg, twice daily)], was administered to eight patients,
seven days a month, for three months. In total, six patients
received radiotherapy. The responses were assessed by the
International Workshop for NHL Standardized Criteria (26).

Statistical analysis. The statistical analysis was performed
using SSPS version 19.0 software (SPSS Inc., Chicago, IL,
USA). The results are presented as the mean + standard
deviation. The data were analyzed using the non-parametric
Mann-Whitney U-test. The significant differences between
the survival curves were calculated using the log-rank
test. A GraphPad Prism software package was used for the
Kaplan-Meier estimate graphs. The Cox proportional hazards
regression model was used for the multivariate analysis. P<0.05
was considered to indicate a statistically significant difference.

Results

Clinical characteristics and histological features. In total,
62 patients with PGI-DLBCL, which included 33 males and
29 females (median age, 54 years; range, 32-76 years), and
30 age- and gender-matched healthy controls were enrolled in
the present study. Overall, 20 patients (32.3%) were diagnosed

with an advanced Ann Arbor clinical stage (stages IIE-IV),
and 45 patients (72.6%) exhibited a good performance status
(<2). An elevated serum LDH level was observed in 40 patients
(64.5%); low or low-intermediate IPI scores were identified in
39 patients (62.9%). Based upon the results of the immunophe-
notypical profiles, 17 patients (27.4%) were classified as having
a germinal center B-cell-like (GCB) subtype, and 45 patients
(72.6%) with a non-GCB subtype. In total, 32 patients (51.6%)
achieved complete remission after 6-8 cycles of the CHOP or
R-CHOP regimens, 11 (17.8%) were in partial remission and
19 patients (30.6%) exhibited stable or progressive disease.

mRNA expression of DNMTI, DNMT3a and DNMT3b in
patients with PGI-DLBCL. The mRNA expression of DNMT]1,
DNMT3a and DNMT3b was determined using qPCR. The
expression of DNMT1 mRNA in PGI-DLBCL patients was
significantly higher than that of the healthy controls (P=0.04),
while the expression of DNMT3a and DNMT3b mRNA was
significantly lower (P<0.0001 and P=0.001, respectively) (Fig. 1).

Association of DNMTI expression with the clinicopatho-
logical characteristics of PGI-DLBCL. The patients with
PGI-DLBCL were divided into subgroups according to specific
clinical parameters, such as the Lugano stage (stages I-II and
stages IIE-IV subgroups), the IPI score (low IPI, 0-2; and
high IPI, 3-5 subgroups), and the DLBCL type (non-GCB and
GCB subgroups). It was revealed that DNMT1 expression was
significantly higher in the high IPI subgroup than in the low IPI
subgroup (P=0.03; Fig. 2). By contrast, there were no signifi-
cant differences in the expression of DNMT3a and DNMT3b
between any of the subgroups (data not shown).

DNMTI is a negative independent prognostic factor for
patients with PGI-DLBCL. The patients were divided into
high-expression (above the median) and low-expression
(below the median) groups depending on mRNA expression
levels. The results demonstrated that the overall survival (OS)
and progression-free survival (PFS) rates of the high-DNMT1
group were significantly shorter compared with those of the
low-DNMTI1 group (P=0.038 and P=0.012, respectively;
Fig. 3). The univariate analysis revealed that DNMTI1
expression, Lugano staging, pathological type and IPI scores
were factors associated with the prognosis of patients with
PGI-DLBCL (Table IIT). The multivariate analysis showed
that in addition to the IPI score, DNTMI expression was also
an independent predictive factor for mortality and disease
progression (Table I'V).
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Table III. Univariate analysis revealing the significance of different prognostic variables for primary gastrointestinal diffuse large

B cell lymphoma.
Overall survival Progression-free survival

Variable HR (95% CI) P-value HR (95% CI) P-value
DNMT1 expression (low vs. high) 5.87 (2.31-12.68) 0.015 3.78 (1.24-8.62) 0.012
ECOG (0-1 vs. 2-4) 3.24 (1.67-8.90) 0.072 2.56 (1.24-9.78) 0.145
Lugano stage (I-II vs. IIE-1V) 2.13(0.45-7.89) 0.032 3.02 (0.24-8.34) 0.024
Pathological type (non-GCB vs. GCB) 3.56 (0.83-10.76) 0.027 1.56 (0.45-6.76) 0.032
LDH (normal vs. elevated) 0.67 (0.06-1.18) 0.124 0.92 (0.06-3.54) 0.294
IPI (0-2 vs. 3-5) 3.45(0.23-11.92) 0.016 2.30 (0.23-10.34) 0.031
Treatment (surgery+R-CHOP vs. surgery+CHOP) 2.01 (0.54-5.72) 0.569 1.03 (0.78-8.45) 0.756
Therapeutic evaluation (SD vs. PR/SD/PD ) 2.69 (0.35-6.97) 0.187 1.45 (0.56-12.46) 0.357

HR, hazard ratio, DNMT1, DNA methyltransferase 1; ECOG, Eastern Cooperative Oncology Group; GCB, germinal center B-cell-like; LDH,
lactose dehydrogenase; IPI, International Prognostic Index; R-CHOP, rituximab administered with cyclophosphamide, doxorubicin, vincristine
and prednisone; CHOP, cyclophosphamide, doxorubicin, vincristine and prednisone; SD, stable disease; PR, partial remission; PD, progressive

disease.
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Figure 1. Relative mRNA expression of DNMT1, DNMT3a and DNMT3b in PGI-DLBCL patients and healthy controls. The mRNA expression was detected
using quantitative polymerase chain reaction. The bars indicate the relative mRNA levels (mean + standard deviation). (A) The levels of DNMT1 mRNA from
PGI-DLBCL patients were significantly higher than those of healthy controls (P=0.04), while the expression of (B) DNMT3a and (C) DNMT3b mRNA was
lower (P<0.0001 and P=0.001, respectively). DNMT, DNA methyltransferase; PGI-DLBCL, primary gastrointestinal diffuse large B cell lymphoma.

Discussion

The processes that underlie the pathogenesis of PGI-DLBCL
are yet to be elucidated. Previous studies have hypothesized
that abnormal DNA methylation is an important event that
occurs early in tumor development (27,28). DNA meth-
ylation is regulated by DNMTs, predominantly DNMTI,

DNMT3a and DNMT3b (9,10). Therefore, we hypothesize
that the dysregulated expression and function of DNMT],
DNMT3a and DNMT?3b is significant in the pathogenesis of
PGI-DLBCL.

Increasing evidence indicates that high DNMT1 and/or
DNMT3b expression has a modulating effect upon the clinical
outcome of cancer patients. A previous study revealed that
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Table I'V. Multivariate analysis revealing the significance of independent prognostic variables for primary gastrointestinal diffuse

large B cell lymphoma.

Variable

Overall survival

Progression-free survival

HR (95% CI)

DNMT1 expression (low vs. high)
Lugano stage (I-II vs. IIE-IV)
Pathological type (non-GCB vs. GCB)
IPI (0-2 vs. 3-5)

432 (1.25-8.23)
1.34 (0.69-6.90)
1.13 (0.45-4.56)
2.96 (0.58-5.76)

HR, hazard ratio DNMT1, DNA methyltransferase 1; GCB, germinal center B-cell-like; IPI, International Prognostic Index.

DNMT1 relative mRNA expression

IPl 0-2 group

Figure 2. DNMT1 expression in the IPI subgroups. Patients with primary
gastrointestinal diffuse large B cell lymphoma were divided into low IPI
(0-2) and high IPI (3-5) subgroups. DNMT1 expression was significantly
higher in the high IPI subgroup (p=0.03) compared with the low IPI subgroup.
DNMT1, DNA methyltransferase 1; IPI, International Prognostic Index.

high DNMT1 expression was associated with a subgroup
of gastric cancer patients with poorer outcomes following
platinum/fluorouracil-based neoadjuvant chemotherapy (29).
Another study identified that the level of DNMT1 mRNA was
significantly higher in gastric cancer patients with methylated
Runx3, compared with those with unmethylated Runx3 (30).
Furthermore, increased expression of DNMT1 and DNMT3b
have been detected in the tumor tissues of patients with lung
cancer, and were also associated with poorer prognoses (31-34).
In a study concerning pancreatic cancer patients, those with a
higher DNMT1 expression exhibited a lower overall survival
rate (35). In addition, DNMT1 and DNMT3b were markedly
upregulated in malignant glioma tumor tissues (36), and
DNMT?3b overexpression was identified to be an indepen-
dent prognostic factor for predicting the reduced survival of
DLBCL patients (37).

The present study revealed that DNMT1 mRNA expression
in PGI-DLBCL patients was higher than that of the healthy
controls, and that it was increased in the high IPI subgroup
compared with the low IPI subgroup. The Kaplan-Meier anal-
ysis showed that the high-DNMT1 subgroup exhibited shorter
OS and PFS rates compared with the low-DNMT1 subgroup.
This suggests that DNMT1 is a negative predictive factor
for PGI-DLBCL. The Cox regression analysis revealed that
DNMT]1 was an independent prognostic factor, which suggests
that DNMT]1 expression may be a suitable prognostic marker

P-value HR (95% CI) P-value
0.018 4.02 (1.42-12.63) 0.008
0.082 1.56 (0.54-7.78) 0.160
0.143 1.02 (0.24-3.34) 0.237
0.017 2.56 (0.83-5.76) 0.020
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Figure 3. Effect of DNMT]1 expression on OS and PFES in patients with pri-
mary gastrointestinal diffuse large B cell lymphoma. The (A) OS and (B) PFS
rates of the high-DNMT1 group were significantly shorter than those of the
low-DNMTT1 group (P=0.038 and P=0.012, respectively). DNMT1, DNA
methyltransferase 1; OS, overall survival; PES, progression-free survival.

for patients with PGI-DLBCL. These findings are consistent
with those of other previous studies (28-36). Although previous
studies have reported that the levels of DNMT3a and DNMT3b
were significantly higher in cancer patients (31,33,35,36), the
present study indicated that the expression of DNMT3a and
DNMT3b in PGI-DLBCL patients was markedly lower than
that of the healthy controls. This may be due to the small
number of samples used in the present study. Future studies
with larger patient cohorts are therefore required in order to
address this inconsistency.
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In conclusion, the results of the present study suggest that

DNMTI1, DNMT3a and DNMT3b may be involved in the
etiology of PGI-DLBCL. In addition, the results indicate that
DNMT]1 is a negative and independent prognostic parameter
for patients with PGI-DLBCL, and, therefore, may be used as a
biomarker in order to guide prognosis.
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