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Diffuse Large B Cell Lymphoma Shows Distinct Methylation Profiles of
the Tumor Suppressor Genes among the Non-Hodgkin’
s Lymphomas
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Background : Aberrant methylation of CpG islands in promoter regions is one of the major
mechanisms for silencing of tumor suppressor genes in various types of human cancers including non-Hodgkin’s lymphomas (NHL). In this study, we investigated the aberrant promoter
methylation status of known or suspected tumor suppressor genes in NHLs and compared
the methylation profiles between B-cell and T/NK-cell NHLs. Methods : 54 cases of B-cell NHLs
and 16 cases of T/NK-cell NHLs were examined for the methylation status of eight genes
using methylation specific PCR. Results : CpG islands methylation was variously found in
eight genes as follows; DAPK (71%), MT1G (70%), p16 (53%), CDH1 (53%), THBS1 (56%),
MGMT (27.1%), COX2 (13%), and RUNX3 (11.4%). In six cases (8 %), methylation was not
observed in any of these genes. Overall methylation index of B-cell NHLs (0.48) was significantly higher than that of T/NK-cell NHLs (0.32). Of eight genes tested, THBS1 and CDH1
methylations were much more prominent in diffuse large B-cell lymphomas than in T/NK-cell
NHLs or other B-cell NHLs. Conclusion : This study suggests that aberrant CpG island methylation is a frequent event in NHLs, and diffuse large B-cell lymphomas show overlapping but
distinct methylation profiles.
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(DAPK, RUNX3),8,12 angiogenesis inhibitor (THBS1),13 invasion and metastasis (CDH1)11 and cell proliferation (MT1G).14
The methylation status was examined in all the enrolled lymphoma cases and this was analyzed specifically according to the
cellular origins (B-cells or T/NK-cells) of the NHLs.

Hypermethylation of CpG islands in the promoter regions is
an important mechanism of gene silencing for tumor suppressor
genes (TSG).1 The aberrant methylation of the CpG islands has
been correlated with loss of gene expression, and DNA methylation provides an alternative pathway for gene deletion or mutation for the loss of TSG function.1,2 Aberrant promoter methylation has been described in several kinds of malignant tumors,
and each type of tumor may have its own distinct pattern of
methylation.2-4 Hematological neoplasms are also known to have
very different hypermethylation profiles than those of other solid
tumors.4 To date, there haven’t been extensive studies about aberrant promoter methylation of TSGs in non-Hodgkin’s lymphomas
(NHL); only a limited numbers of TSGs have been tested and
their analysis has been restricted to certain types of NHLs.5-9
In this study, we explored the prevalence of aberrant methylation in a selected panel of eight TSGs that are known or rarely
known to exist in lymphomas using methylation specific PCR.
The selected eight TSGs are known to be involved in cell cycle
regulation (p16, COX2),10,11 DNA repair (MGMT),7 apoptosis

MATERIALS AND METHODS
Tumor samples and DNA preparation

Seventy tumor samples that were diagnosed as NHLs were
obtained from the archives of Seoul National University Hospital and Seoul National University Boramae Hospital, Seoul,
Korea between 1999 and 2003. The tumor samples were formalin-fixed, paraffin-embedded tissues derived from lymph
nodes, gastrointestinal tracts, nasal cavity, tonsils, brain or other
involved organs. There were 54 cases of B-cell NHLs and 16
cases of T/NK-cell NHLs. The subclassification of lymphomas,
16
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according to the WHO classification,15 is summarized in Table
1. The control samples included the DNAs obtained from peripheral blood lymphocytes from two healthy adult volunteers and
three lymph node tissues diagnosed as reactive hyperplasia. The
genomic DNA was isolated using a QIAamp DNA mini kit
(Qiagen, Hilden, Germany) according to the manufacturer’s
instruction. The institutional review board of Seoul National
University Boramae Hospital approved this study.

Bad Oeynhausen, Germany) and desulphonated with 0.3 M
NaOH at room temperature for 10 min. After adding three
volumes of 100% cold ethanol and a two-thirds volume of 7.5
M ammonium acetate and storing at -20℃ for 12 h, the precipitated DNA was centrifuged. After washing in 70% ethanol
and drying, it was dissolved in 10 mM Tris buffer.

Bisulphite modifications

A panel of eight genes was analyzed for the methylation status using MSP. The primer sequences of each gene, the product
size, the annealing temperature, and references are given in Table
2. All the PCR amplifications were performed using bisulphatemodified DNA (30-50 ng), primers (10 pmol each), dNTPs (1
mM each), 10X standard PCR buffer (Qiagen) and 0.5 U of
HotStarTaq Plus DNA polymerase (Qiagen) in a volume of 20
L. The reactions were hot-started at 95℃ for 5 min, followed
by 35 cycles at 94℃ (30 s per cycles), with the annealing temperature being specific for each reaction (30 s per cycle), and 72℃
(30 s per cycle), and a final extension step was done at 72℃ for

DNAs were subjected to sodium bisulphite modification, as
described previously.11 In brief, 40 L of DNA (2 g) was denatured at 97℃ for 6 min, it was quickly centrifuged and then
chilled on ice. Ten microliters of 1 M NaOH was then added
and the mixture was stored at room temperature for 15 min.
Five hundred fifty microliters of 3.5 M sodium bisulphite and
1 mM hydroquinone mixture was then added to the denatured
DNA, which was then stored at 55℃ for 16 h. The treated
DNA was purified with a JETSORB gel extraction kit (Genomed,

Methylation-specific PCR (MSP)

Table 1. Case summary of non-Hodgkin’s lymphomas (NHL) according to WHO Classification
B-cell NHL (n=54)

T/NK-cell NHL (n=16)

Burkitt’s lymphoma
Diffuse large B-cell lymphoma
Follicular lymphoma
Mantle cell lymphoma
Extranodal marginal zone B-cell lymphoma
Small lymphocytic lymphoma

2
46
1
2
2
1

T-lymphoblastic lymphoma
Angioimmunoblastic T-cell lymphoma
Anaplastic large cell lymphoma
Extranodal NK/T-cell lymphoma
Peripheral T-cell lymphoma, unspecified

1
2
5
4
4

Table 2. Primer sequences and PCR conditions for methylation-specific PCR analysis
Primer sequence (5’-3’)
Primer name
CDH1
COX2
DAPK
MGMT
MT1G
P16
RUNX3
THBS1

m
u
m
u
m
u
m
u
m
u
m
u
m
u
m
u

Forward

Reverse

TTAGGTTAGAGGGTTATCGCGT
TAATTTTAGGTTAGAGGGTTATTGT
TTAGATACGGCGGCGGCGGC
ATAGATTAGATATGGTGGTGG TGGT
GGATAGTCGGATCGAGTTAACGTC
GGAGGATAGTTGGATTGAGTTAATGTT
TTTCGACGTTCGTAGGTTTTCGC
TTTGTGTTTTGATGTTTGTAGGTTTTTGT
TGCGAAAGGGGTCGTTTTGC
GTGAGTTGGTGTGAAAGGGGTT
TTATTAGAGGGTGGGGCGGATCGC
TTATTAGAGGGTGGGGTGGATTGT
TTCGTTTATTTTGTCGTCGT
TTTGGGTTTATGGGAATATG
TGCGAGCGTTTTTTTAAATGC
GTTTGGTTGTTGTTTATTGGTTG

TAACTAAAAATTCACCTACCGAC
CACAACCAATCAACAACACA
TCTTTACCCGAACGCTTCCG
CACAATCTTTACCCAAACACTTCCA
CCCTCCCAAACGCCGA
CAAATCCCTCCCAAACACCAA
GCACTCTTCCGAAAACGAAACG
AACTCCACACTCTTCCAAAAACAAAACA
GCGATCCCGACCTAAACTATACG
CCACACCACCCACAATCCCA
GACCCCGAACCGCGACCGTAA
CAACCCCAAACCACAACCATAA
CGCTATTATACGTATTCCCG
TTCTCACAACAACAACAACC
TAAACTCGCAAACCAACTCG
CCTAAACTCACAAACCAACTCA

m, methylated sequence; u, unmethylated sequence.

Product Annealing
Refersize temperature
ence
(bp)
(°C)
97
91
161
171
98
98
81
93
93
113
150
151
100
120
74
115

53
59
61
61
60
60
65
59
59
59
65
60
55
55
62
62

11
10
8
7
14
11
12
13
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10 min in the PTC200 thermal cycler (MJ research, Waltham,
MA, USA). The PCR products (5 L) were electrophoresed on
2% agarose gels and they were visualized after staining with
ethidium bromide. For each MSP reaction, we used normal
lymphocyte DNA treated with Sss1 methyltransferase (New
England Biolabs, Beverly, MA, USA) and distilled water without template DNA as a positive and negative control, respectively.
Statistical analysis

The frequencies of methylation for the two groups were compared using Fisher’s exact test or the 2 test. The methylation
index (MI), as a reflection of the methylation status of all of the
tested genes, is defined as the total number of genes methylated divided by the total number of genes analyzed. We calculated the MIs for each case to compare the extent of methylation
for the panel of the examined genes16 and then we determined
the mean for the different groups. Statistical analysis of MI between two variables was performed using the Mann-Whitney U
nonparametric test. For all tests, p value <0.05 was considered
to be statistically significant. All statistical analyses were performed using SPSS software (SPSS for windows Release, version
12.0, SpSS, Chicago, IL, USA).

RESULTS
None of the eight genes had methylation detected in the five
control samples. However, methylation for these genes was common in NHLs (examples in Fig. 1). Out of the 70 cases of NHLs,
T13
L

B38

B21

B19

U M U M U M U M U M U M

B5

B31

B52

B17

U M

U M

COX2
DAPK
CDH1
MGMT
MT1G
P16
RUNX3
THBS1

Fig. 1. Methylation specific PCR results for eight genes in nonHodgkin’s lymphomas. The PCR products in lane U indicate the
presence of unmethylated alleles, and the products in lane M
indicate the presence of methylated alleles.
L, size marker (100 bp DNA ladder).

Fig. 2. Summary of the methylation analysis of DAPK, MT1G, p16,
CDH1, THBS1, MGMT, COX2, and RUNX3 in non-Hodgkin’s lymphoma samples. The filled boxes indicate the presence of methylation and the open boxes indicate the absence of methylation.
Dx, diagnosis; No, case number; Sum, the number of methylated
genes; DLBCL, diffuse large B-cell lymphoma; MZL, extranodal
marginal zone B-cell lymphoma; BL, Burkitt’s lymphoma; MCL,
mantle cell lymphoma; FL, follicular lymphoma; SLL, small lymphocytic lymphoma; AILT, angioimmunoblastic T-cell lymphoma;
ALCL, anaplastic large cell lymphoma; NKTL, Extranodal NK/Tcell lymphoma; PTCL, peripheral T cell lymphoma, unspecified;
LBL, T-lymphoblastic lymphoma; C, control sample.
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Table 3. Methylation frequency of each gene tested in B-cell
and T/NK-cell non-Hodgkin’s lymphomas (NHL)
B-cell NHLs (n=54)
T/NK-cell NHLs
(n=16)
CDH1
COX2
DAPK
MGMT
MT1G
P16
RUNX3
THBS1
Methylation
index

5 (31.3%)*
0
11 (68.8%)
2 (12.5%)
9 (56.3%)
9 (56.3%)
2 (12.5%)
3 (20.0%)�
0.32‖

DLBCL
(n=46)

Other B NHLs
(n=8)

30 (65.2%)*,�
9 (19.6%)
35 (76.1%)
14 (30.4%)
35 (76.1%)
24 (52.2%)
6 (13.0%)
32 (69.6%)�,�
0.50‖

2 (25.0%)�
0
4 (50.0%)
3 (37.5%)
5 (62.5%)
4 (50.0%)
0
4 (50.0%)�
0.34

Total
(n=70)
37 (52.9%)
9 (12.9%)
50 (71.4%)
19 (27.1%)
49 (70.0%)
37 (52.9%)
8 (11.4%)
39 (56.5%)

�
�
�
*p, 0.018; p, 0.033; p, 0.001; p, 0.033; ‖p, 0.007.

64 cases (91.4%) exhibited aberrant promoter methylation in
at least one gene. The detailed results for the methylation of eight
genes in each lineage of lymphoma are given in Fig. 2. Each of
the eight genes showed methylation of CpG islands in the promoter region at frequencies of 11-71%, and the methylation
frequencies of each examined gene are summarized in Table 3.
In particular, five genes (CDH1, DAPK, MT1G, P16 and THBS1)
were frequently methylated (>50%) in all the NHLs.
Because most of the B-cell NHLs were diffuse large B cell
lymphomas (DLBCL), we analyzed the methylation frequencies
of DLBCL compared to those of the T/NK-cell lymphomas or
the other B-cell lymphomas. Of the eight genes tested, CDH1
and THBS1 were more methylated in DLBCLs than that in the
T/NK-cell lymphomas or the other B-cell lymphomas (Table 3).
In addition, the mean MI of the DLBCLs (0.5) was significantly higher than that of the T/NK-cell NHLs (0.32; p=0.007).
The differences of the mean MI among the B cell lymphomas
(0.5 for the DLBCLs and 0.34 for the other B-cell NHLs) were
statistically insignificant (p=0.055).

DISCUSSION
In this study, we comprehensively investigated aberrant promoter methylation of multiple tumor suppressor genes in NHLs
using MSP. Out of these eight genes included in our study, four
genes (DAPK, CDH1, p16, and MGMT) have been previously
reported to be frequently methylated (>20%) in hematological
malignancies,5-9,17 and our findings fall within the published
ranges. To the best of our knowledge, the other four genes (THBS1, MT1G, RUNX3, and COX2) we studied have not previ-

ously been investigated in detail in NHLs. THBS1 is a potent
inhibitor of angiogenesis and its inactivation by promoter methylation was detected in glioblastoma18 as well as many other
tumors.6,12,13 MT1G encodes a member of the metallothionein
(MT) heavy metal binding proteins that are active in metal homeostasis and they have been linked with cell proliferation, and
MT1G gene methylation was observed in esophagus, kidney,
thyroid and prostate carcinomas.14,19-21 RUNX3 is one of the
genes with a RUNT domain, and RUNX3 has been reported
to be an important tumor suppressor gene in gastric cancer,22
whereas COX2 is the rate-limiting enzyme for the production
of prostanoids (prostaglandins and thromboxanes) from arachidonic acid, which is known to be causally involved in colorectal
carcinogenesis and gastric cancers.10,23 Of these four genes, we
discovered that the aberrant methylation of MT1G and THBS1
occurred frequently (70.0% and 56.5%, respectively) in NHLs,
which suggested that MT1G and THBS1 may also contribute
to the pathogenesis of NHLs. However COX2 and RUNX3 were
rarely methylated in NHLs (12.9% and 11.4%, respectively).
Our results showing high methylation frequencies (>50%)
in five genes (DAPK, MT1G, THBS1, p16 and CDH1) together with high MI indicated that the simultaneous inactivation of
multiple genes occurred in the lymphoma samples. These findings may be of potential significance for creating demethylating therapeutic strategies.24
Most of the B-cell lymphomas in this study were DLBCL, and
we found that the mean MI of the DLBCLs was hignificantly
higher than that of the T/NK-cell lymphomas, but the difference between the mean MI of the DLBCL and that of the other
B-cell lymphomas was not statistically significant. However,
the number of cases of other B-cell lymphomas (8 cases) in this
study was relatively smaller than that of the other subgroups,
so further studies encompassing many other B-cell lymphomas
are needed.
Among the eight genes we examined, THBS1 and CDH1
were more frequently methylated in DLBCLs compared to T/NKcell NHLs or the other B-cell NHLs. Methylation of THBS1 in
tumor cells will theoretically be expected to produce neovascularization or vascular proliferation, but we did not generally
observe more prominent vascular components in the DLBCLs
than in the other NHLs. There might be some additional pathways related to angiogenesis rather than THBS1 methylation or
there may be other unknown roles for this gene. Further researches should be done regarding this issue. CDH1 (E-cadherin), as one
of the cadherin molecules, may enhance tumor progression and
invasion by multiple mechanisms including reduced cell-to-cell
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adhesion. The fact that CDH1 was highly methylated in DLBCLs correlated with the aggressive behavior of DLBCLs.
In this study, 5 cases of diffuse large B cell lymphoma showed
no methylation in any of the eight tested genes. Three of the
cases were from lymph nodes, one from brain and the other was
from ileum. There were no significant differences between those
methylation-nil cases and the other methylated cases regarding
the morphology, the immunohistochemical markers (such as
CD10, bcl2, bcl6, mum1, etc) and the proliferation indices (data
not shown).
Due to the limited number of cases other than the diffuse
large B cell lymphomas, we could not perform a subtype specific methylation analyses among the eight genes in this study.
However, this study provides insight for understanding the
molecular pathogenesis of NHLs. DLBCLs showed a different
and distinct methylation pattern compared to T/NK-NHLs or
the other B-cell NHLs, which may reflect the different mechanisms of lymphomagenesis according to their cellular lineage.
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