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Mucosa-associated lymphoid tissue lymphoma (MALT lymphoma)arises from Helicobacter pylori

(H. pylori)-associated chronic gastritis,and eradication of H. pylori is an effective treatment in most
 

cases. Using Wotherspoon and Isaacson’s scoring system for the evaluation of gastric MALT lymphoma,

in which grades up to 3 are considered reactive and grades 4 and 5 neoplastic,we assessed the his-

tological findings of gastric biopsied specimens after eradication of H.pylori,and examined the relation-

ship between the grade and the PCR-based monoclonality or the MIB-1 index. Expression of Ki-67

(MIB-1)antigen was examined immunohistochemically in 17 biopsied specimens from 3 patients,and 59
 

samples taken from these specimens were analyzed by PCR for immunoglobulin heavy chain gene
 

rearrangement. Monoclonality was observed in 88%, 67%, and 17% of grade 5, 4 and 3 samples,

respectively. No monoclonal band was detected in the samples of grades 1 and 2. The MIB-1 indices

(mean±SD)in the interfollicular areas of grade 1 to 5 were 0.9±0.7,0.9±0.2,1.1±0.6,1.5±0.5,and 2.9±

1.6%, respectively. It is concluded that there is a good correlation between histological scoring and
 

PCR-based monoclonality as well as MIB-1 indices.
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INTRODUCTION
 

Gastric mucosa-associated lymphoid tissue

(MALT)lymphoma is a unique disease;it arises
 

from Helicobacter pylori (H. pylori)-associated
 

chronic gastritis,and eradication of H. pylori is
 

an effective treatment in most cases . Further-

more,a number of MALT lymphoma cells prolif-

erate depending upon other stimuli such as cyto-

kines produced by H. pylori-specific T cells .

Therefore,neoplastic and reactive stages are not
 

clearly delineated. Wotherspoon et al.proposed
 

a scoring system for histological evaluation of
 

gastric MALT lymphoma . They divided H.

pylori-associated gastric lesions into 6 grades
 

ranging from a reactive state to a neoplastic
 

state:grade 0 is defined as the state of no or
 

scanty infiltration of lymphoid cells;grade 1
 

shows small aggregates of mature lymphocytes
 

without lymphoid follicles;grade 2 is chronic
 

active gastritis accompanied by lymphoid folli-

cles;grade 3 is defined as probably benign,but
 

shows focal infiltration of dense lymphoid cells
 

into the epithelium;grade 4 is defined as being
 

probably malignant with infiltration of lymphoid
 

cells showing mild atypia and lymphoepithelial
 

lesion(LEL)-like changes in small groups;grade
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5 is typical and definite low-grade MALT
 

lymphoma with dense infiltration of centrocyte-

like (CCL)cells and prominent LELs;grades 3
 

and 4 are regarded as the gray zone.

There have been reports on the relationship
 

between the histological scoring and clonality of
 

infiltrating lymphoid cells . However, the
 

validity of this scoring system remains to be
 

evaluated. In this report,polymerase chain reac-

tion (PCR)-based clonality analysis was conduct-

ed in consecutively biopsied specimens from 3
 

cases of gastric MALT lymphoma in the course
 

of antibiotic therapy. This study was undertaken
 

with the expectation to provide a precise evalua-

tion of the scoring system regarding mono-

clonality. Furthermore, expression of Ki-67
 

antigen was examined as a marker of cell prolif-

eration that may reinforce the scoring system.

MATERIALS AND METHODS

 

We examined three patients with gastric
 

low-grade MALT lymphoma diagnosed at the
 

Department of Pathology, Okayama University
 

Graduate School of Medicine and Dentistry

(Table 1). The diagnosis of MALT lymphoma
 

was based on characteristic histological features

 

such as LELs. Informed consent for the investi-

gation was obtained from the patients.

Case 1:A 46-year-old female subject suffer-

ing from abdominal pain. Endoscopic examina-

tion revealed multiple ulcers of the stomach.

Biopsied specimens showed proliferation of CCL
 

cells and LELs, which are characteristic of
 

MALT lymphoma. PCR analysis confirmed the
 

clonality of the lymphoma cells. One month after
 

eradication therapy for H. pylori, the lesion im-

proved as observed endoscopically;however, a
 

small number of lymphoma cells remained in-

filtrated the epithelium(grade 4). The lymphoma
 

cells disappeared from the biopsied specimen 4
 

months after eradication therapy.

Case 2:A 61-year-old female subject under-

went endoscopic examination of the stomach,

and specimens were taken from the rough surface
 

of the body mucosa. The lesion was histological-

ly diagnosed as gastric MALT lymphoma. She
 

received eradication therapy for H.pylori,result-

ing in marked reduction of the lesion, 9 months
 

later.

Case 3:The patient was a 40-year-old male
 

subject. An irregularly-shaped ulcer of the stom-

ach was detected endoscopically. The biopsied
 

specimens had the features of MALT lymphoma.

Eradication therapy for H. pylori lasting 4
 

months reduced the lesion, and the lymphoma
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cells disappeared histologically(grade 2). How-

ever,the biopsy specimens taken 13 months after
 

eradication showed infiltration of CCL cells

(grade 4), suggesting the recurrence of MALT
 

lymphoma.

To determine the cellular characteristics,

immunohistological examination was performed
 

by the indirect immunoperoxidase method,using
 

a dextran polymer-conjugated secondary anti-

body labeled with peroxidase(Envision ,DAKO
 

Japan, Kyoto, Japan), or by the labeled
 

streptavidin-biotin (LSAB) method, using  a
 

biotinylated secondary antibody and peroxidase-

labeled streptavidin (ScyTek Lab,Logan,Utah,

USA). Briefly,approximately 3μm-thick paraf-

fin sections were prepared and deparaffinized.

Immunostaining was carried out according to the
 

manufacturer’s instructions using the Envision

immunostaining system or the biotin-streptavidin
 

system kit. The following primary monoclonal
 

antibodies (MAbs) were used:MAbs to CD10,

CD5, and CD23 from Novocastra Lab Co. Ltd

(Newcastle,U.K),MAbs to BCL-2,CD20,CD79a,

CD45RO, CD3εand Ki-67 antigen from DAKO
 

Japan,MAb to cytokeratin AE1/AE3 from Roche
 

Diagnostics (Tokyo,Japan),and MAb to cyclin
 

D1 from Zymed Co.Ltd.(So-SF,CA,USA). For
 

the double immunostaining of the Ki-67 antigen
 

and the T (CD3ε)or B (CD79a)-cell marker,the
 

LSAB method using  alkaline phosphatase-

labeled streptavidin was applied to detect Ki-67
 

antigen.

Two to six DNA samples were extracted
 

from each of the 17 paraffin sections according to
 

the method described by Wright and Manos .

To detect the monoclonal rearrangement of im-

munoglobulin heavy chain genes,each DNA sam-

ple was subjected to the two-step PCR method
 

described by Ramasamy et al. to amplify the
 

FR2A-LJH and the FR2A-VLJH regions . A
 

sample from reactive lymph node hyperplasia
 

and a sample lacking the DNA template were
 

amplified in a similar way to serve as negative
 

controls. DNA extracted from the lymph node of
 

diffuse large B-cell lymphoma, whose mono-

clonality was confirmed by Southern blot analy-

sis,was used as a positive control. The amplified
 

products were subjected to electrophoresis on a
 

4% agarose gel. The specimen was evaluated as
 

being monoclonal when two or more samples
 

from each paraffin section showed identical
 

bands. Monoclonality of the samples after H.

pylori eradication was attributed only when the
 

bands were identical before and after the eradica-

tion.

Expression of Ki-67 antigen in the 17 speci-

mens from the 3 patients was examined immuno-

histochemically using MIB-1 MAb as described
 

previously . The presence of the Ki-67 antigen
 

was evaluated on photographs taken at high
 

magnification, and the MIB-1 index (number of
 

Ki-67-positive cells/number of total lymphoid
 

cells x 100)was calculated.

Theχ test was used to analyze the correla-

tion between the rate of monoclonality and his-

tological grades. The MIB-1 indices of the sam-

ples were compared by the Student’s t-test.

RESULTS

 

The histological  diagnosis of MALT
 

lymphoma was confirmed by positive immunos-

taining of lymphoma cells for CD20,CD79a,and
 

BCL-2 and negative immunostaining for cyto-

plasmic CD3εCD45RO, CD10, CD5, CD23, and
 

cyclinD1.

Monoclonality of the biopsied specimens was
 

examined before and after eradication of H.

pylori (Table 1). Monoclonal B-cell proliferation
 

was detected as a single band by PCR analysis of
 

the immunoglobulin heavy chain genes (Fig. 1).

No monoclonal band was detected in the samples
 

lacking DNA or in samples from reactive lymph
 

node hyperplasia. Generally, B-cell mono-
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clonality detected by PCR method was in good
 

correlation with histological scoring. Mono-

clonal proliferation was observed in 14 out of 16
 

grade 5 samples (88%),and 10 out of 15 grade 4
 

samples examined (67%). In contrast,no mono-

clonal band was detected in the 9 grade 1 samples
 

and the 13 grade 2 samples. The difference of
 

frequency of monoclonality between grades 4-5
 

and grades 1-3 was statistically significant(p＜0.

01). In the grade 3, 1 out of 6 samples (17%)

showed monoclonal proliferation.

The interfollicular areas with a considerable
 

amount  of lymphoid cell  aggregates were
 

selected as the fields for estimation of MIB-1
 

indices (Fig.2A-C). The reactive germinal cen-

ters and the lesions of follicular colonization
 

were not estimated for comparison because these
 

areas showed extremely high MIB-1 indices(Fig.

2D). The immunoreactive cells were rather lar-

Fig.2. Expression of Ki-67 antigen in MALT lymphomas
 

A, interfollicular area of grade 2;B, interfollicular area of grade 4;C, interfollicular area of
 

grade 5;D,follicular colonization of grade 5.

Fig.1. PCR analysis of immunoglobulin heavy
 

chain genes for case 2
 

A,grade 5(before eradication);B,grade 3
(9 months after eradication);C,grade 1(16

 
months after eradication). P:positive con

 
trol, R :reactive lymph node hyperplasia.
A clonal band is present in the PCR prod

 
ucts from both grade 5 samples and from

 
one of the three grade 3 samples. There is

 
no clonal band in grade 1 samples.

-

-
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ger than the nonreactive cells. MIB-1 indices

(mean±SD)in the interfollicular areas of grades
 

1-5 were 0.9±0.7,0.9±0.2,1.1±0.6,1.5±0.5,and 2.

9±1.6%,respectively. The average MIB-1 index
 

for grade 5 samples was significantly higher than
 

that of grades 1－3(p＝0.02). The average MIB-1
 

index of follicular colonization was 38.2±5.5%.

Double immunostaing of MALT lymphoma tis-

sues revealed that these MIB-1-positive cells in
 

the samples were exclusively B cells. (data not
 

shown).

DISCUSSION
 

In the present study,we found a good corre-

lation between histological scoring and PCR-

based clonality in gastric MALT lymphomas. In
 

grades 4 and 5, 77% of the specimens were
 

monoclonal, whereas no monoclonal band was
 

found in the cases of grades 1 and 2. Not all
 

B-cell lymphoma samples were shown to be
 

monoclonal by the PCR analysis used in this
 

study. The sensitivity of this method is reported
 

to be about 66-100% . The frequencies of
 

monoclonality for grades 4 and 5 in the present
 

study were compatible with these reports. In the
 

biopsy A of case 3, we could not detect any
 

monoclonal band (Table 1). This DNA sample
 

was not amplified with PCR primers for β-

globin;therefore this specimen seems to be in-

adequate for DNA analysis. Interestingly, sam-

ples of grade 1 or 2 occasionally showed faint
 

clonal bands;however, this clonality was not
 

reproducible, and a second trial resulted in
 

smears or clonal bands of different size. Accord-

ing to our experience,this phenomenon does not
 

happen in nodal lymphomas such as diffuse large
 

B-cell lymphoma or follicular lymphoma (data
 

not shown). The precise reason for this phenome-

non has not been clarified yet. There may be
 

several expanding clones in these samples,some
 

of which might be detected rather at random.

According to these findings, we would like to
 

emphasize the importance of reexamination of
 

the same samples. A number of authors de-

scribed that PCR monoclonality was sustained
 

for a considerably long period after eradication
 

of H. pylori, even without MALT lymphoma
 

histology . We suspect that some of these
 

findings might be derived from the “transient”

clonal bands.

Although the usefulness of the histological

 

scoring appeared convincing, its application to
 

pretreated and post-eradication specimens was
 

not identical. In the cases where eradication was
 

effective, lymphoma cells in the lamina propria
 

and LELs disappeared rapidly after the treat-

ment, compared with lymphoma cells in deeper
 

regions and cellular atypia . In some of the
 

post-treated cases,LELs were very few in spite of
 

rather prominent cellular atypia. These cases
 

were evaluated as grade 5. Evaluation of grade
 

3 was also somewhat difficult. In our study,

B-cell clonality was detected in one grade 3 speci-

men when sample was taken after the eradication
 

of H.pylori. In contrast,no clear monoclonality
 

was detected in grade 3 specimens before the
 

treatment (data not shown). These findings
 

strongly suggest that histological scoring should
 

be carefully applied especially after the eradica-

tion therapy. It may be necessary to devise
 

modified scoring system for such cases.

Nakamura et al. reported that the MIB-1
 

index of low grade MALT lymphoma was 3.1-17.

7% . In the present study,the mean MIB-1 index
 

for grade 5 (2.9%)was lower than the reported
 

values,although it was significantly higher than
 

the average MIB-1 index for grades 1-3. This
 

discrepancy may reflect the difference of estima-

tion methods between the two studies. Follicular
 

colonization showing the high MIB-1 index might
 

be involved in their estimation. The average
 

MIB-1 index for grade 4 was between that of
 

grades 1-3 and of grade 5,but this difference was
 

not statistically evaluated because not enough
 

specimens suitable for estimation was available
 

for grade 4. The grade 4 samples showed mono-

clonality at a rate comparable to grade 5.

However,the size of lymphoid cells was smaller,

and the density of LELs was lower in grade 4.

MIB-1 positivity seemed to be related to the cell
 

size. After the eradication therapy succeeded,

the sizes of lymphoma cells decreased dramati-

cally. Proliferation of MALT lymphoma cells is
 

thought to be helped by T-cells,which react with
 

H.pylori . Eradication of H.pylori may abolish
 

the involvement of T cells and diminish the size
 

and proliferating activity of activated B cells.

In conclusion,both PCR-based clonality and
 

MIB-1 index in MALT lymphomas had a good
 

correlation with histological scoring. These
 

methods are relatively easy to perform;there-

fore,they may be of important help for the diag-

nosis,follow up and remission decision of MALT
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lymphomas.

Acknowledgment
 

We thank Miss Mutsumi Okabe for her tech-

nical support.

This study was supported in part by a Grant-

in-Aid for Scientific Research from the Ministry
 

of Education, Science, Sports and Culture of
 

Japan.

REFERENCE
 

1 Wotherspoon AC,Ortiz-Hidalgo C,Falzon MR,

Isaacson PG:Helicobacter pylori-associated gas-

tritis and primary B-cell gastric lymphoma.

Lancet 338:1175-1176,1991
 

2 Wotherspoon AC,Doglioni C, Diss TC, Pan L,

Moschini A, de Boni M, Isaacson PG:Regres-

sion of primary low-grade B-cell  gastric
 

lymphoma of mucosa-associated lymphoid tissue
 

type after eradication of Helicobacter pylori.

Lancet 342:575-577,1993
 

3 Bayerdorffer E,Neubauer A,Rudolph B,Thiede
 

C, Lehn N, Eidt S, Stolte M, for MALT
 

Lymphoma Study Group:Regression of pri-

mary gastric lymphoma of mucosa-associated
 

lymphoid tissue type after cure of Helicobacter
 

pylori infection. Lancet 345:1591-1594,1995
 

4 Roggero E, Zucca E, Pinotti G, Pascarella A,

Capella C, Savio A, Pedrinis E, Paterlini A,

Venco A,Cavalli F:Eradication of Helicobacter
 

pylori infection in primary low-grade gastric
 

lymphoma of mucosa-associated lymphoid tis-

sue. Ann Intern Med 122:767-769,1995
 

5 Hussell T,Isaacson PG,Crabtree JE,Spencer J:

The response of cells from low-grade B-cell
 

gastric lymphomas of mucosa-associated
 

lymphoid tissue to Helicobacter pylori. Lancet
 

342:571-574,1993
 

6 Hussell T,Isaacson PG,Crabtree JE,Spencer J:

Helicobacter pylori-specific tumour-infiltrating T
 

cells provide contact dependent help for the
 

growth of malignant B cells in low-grade gastric
 

lymphoma of mucosa-associated lymphoid tis-

sue. J Pathol 178:122-127,1996
 

7 Savio A,Franzin G,Wotherspoon AC,Zamboni
 

G,Negrini R,Buffoli F,Diss TC,Pan L,Isaacson
 

PG:Diagnosis and posttreatment follow-up of
 

Helicobacter pylori-positive gastric lymphoma of
 

mucosa-associated lymphoid tissue:histology,

polymerase chain reaction,or both? Blood 87:

1255-1260,1996
 

8 Montalban C,Manzanal A,Boixeda D,Redondo

 

C,Alvarez I,Calleja JL,Bellas C:Helicobacter
 

pylori eradication for the treatment of low-grade
 

gastric MALT lymphoma:follow-up together
 

with sequential molecular studies. Ann Oncol 8

(Suppl 2):37-39,1997
 

9 Aiello A,Giardini R, Tondini C, Balzarotti M,

Diss T,Peng H,Delia D,Pilotti S :PCR-based
 

clonality analysis:a reliable method for the
 

diagnosis and follow-up monitoring of conserva-

tively treated gastric B-cell MALT lymphomas?

Histopathology 34:326-330,1999
 

10 Wright DK, Manos MM. Sample preparation
 

from paraffin-embedded tissues. In:Innis MA,

Gelfand DH,Sninsky JJ,White TJ (edits):PCR
 

protocols:a guide to methods and applications.

San Diego:Academic Press:153-158,1990.

11 Ramasamy I, Brisco M, Morley A:Improved
 

PCR method for detecting monoclonal immunog-

lobulin heavy chain rearrangement in B cell
 

neoplasms. J Clin Pathol 45:770-775,1992
 

12 Gerdes J, Becker MH, Key G, Cattoretti G :

Immunohistological detection of tumour growth
 

fraction (Ki-67 antigen) in formalin-fixed and
 

routinely processed tissues.J Pathol 168:85-86,

1992
 

13 Cattoretti G,Becker MH,Key G, Duchrow M,

Schluter C,Galle J,Gerdes J:Monoclonal anti-

bodies against recombinant parts of the Ki-67
 

antigen (MIB 1 and MIB 3)detect proliferating
 

cells in microwave-processed formalin-fixed par-

affin sections. J Pathol 168:357-363,1992
 

14 Theriault C, Galoin S, Valmary S, Selves J,

Lamant L,Roda D,Rigal-Huguet F,Brousset P,

Delsol G,Al Saati T :PCR analysis of immunog-

lobulin heavy chain(IgH)and TcR-gamma chain
 

gene rearrangements in the diagnosis of lympho-

proliferative disorders:results of a study of 525
 

cases.Mod Pathol 12:1269-1279,2000
 

15 Thiede C,Wundisch T, Alpen B, Neubauer B,

Morgner A,Schmitz M,Ehninger G, Stolte M,

Bayerdorffer E, Neubauer A:Long-term per-

sistence of monoclonal B cells after cure of
 

Helicobacter pylori infection and complete his-

tologic remission in gastric mucosa-associated
 

lymphoid tissue B-cell lymphoma. J Clin Oncol
 

19 :1600-1609,2001
 

16 Neubauer A, Thiede C, Morgner A, Alpen B,

Ritter M,Neubauer B,Wundisch T,Ehninger G,

Stolte M,Bayerdorffer E:Cure of Helicobacter
 

pylori infection and duration of remission of
 

low-grade gastric mucosa-associated lymphoid
 

tissue lymphoma. J Natl Cancer Inst 89 :1350-

1355,1997
 

17 Yamashita H,Watanabe H,Ajioka Y,Nishikur-

a K,Maruta K,Fujino MA:When can complete

 

S.Takase at al.

J.Clin.Exp Hematopathol Vol.42,No.2,Oct 2002



 

regression of low-grade gastric lymphoma of
 

mucosa-associated lymphoid tissue be predicted
 

after helicobacter pylori eradication? His-

topathology 37:131-140,2000
 

18 Nakamura S,Akazawa K,Yao T, Tsuneyoshi

 

M :Primary gastric lymphoma. A clinicopath-

ologic study of 233 cases with special reference
 

to evaluation with the MIB-1 index.Cancer 76:

1313-1324,1995

 

Clonality of treated gastric MALToma


