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Abstract

AIM: To investigate the relation of the response to Helicobacter
pylori eradication therapy to the depth of tumor invasion
and chromosome abnormalities in patients with mucosa-
associated lymphoid tissue (MALT) lymphoma and to
determine the clinical value of aneuploidy.

METHODS: We studied 13 patients with localized gastric
MALT lymphoma of stage E1. Before eradication therapy,
the depth of tumor invasion was assessed by endoscopic
ultrasonography in 8 patients and by endoscopic examination
and gastrointestinal series in the remaining patients. To
detect chromosomal abnormalities, paraffin-embedded tissue
sections of diagnostic biopsy specimens underwent tissue-
fluorescence /n situhybridization (FISH), using chromosome-
specific a-satellite DNA probes for chromosomes 3,7,12,
and 18 and YAC clones for t(11;18)(g21;g21).

RESULTS: Seven of the 13 patients had complete regression
(CR) in response to H pylori eradication therapy. No patient
with CR had submucosal tumor invasion. Trisomy 18 was
seen in 1 patient with CR, and both trisomies 12 and 18
were present in another patient with CR. All patients with
no response or progressive disease had deep submucosal
tumor invasion and showed t(11;18)(q21;g21) or trisomy
3. Trisomy 7 was not detected in this series of patients.

CONCLUSION: The depth of tumor invasion is an accurate
predictor of the response of stage E1 MALT lymphoma to
H pylori eradication therapy and is closely associated with
the presence of chromosomal abnormalities. Trisomy 3 may

predict the aggressive development of MALT lymphoma.
© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

In 1993, mucosa-associated lymphoid tissue (MALT) lymphoma
was reported to regress after eradication of Helicobacter pylori
(H pylori)™. Subsequently, this response to successful
eradication of H pylori has been consistently confirmed in large
series of patients®'%. H pylori eradication therapy is now
considered the treatment of choice for MALT lymphoma.
However, 20% to 30% of patients with MALT lymphoma do not
respond to such a therapy®'%. To improve the prediction of
response, various prognostic factors have been proposed,
including endoscopic findings'®, H pylori infection!®",
histological grade®®, clinical stage®®, and t(11;18)(q21;q21).
Clinical stage and t(11;18)(q21;921) are now considered the most
reliable and useful prognostic factors. H pylori eradication therapy
is generally ineffective against advanced MALT lymphoma, but
some stage E1 cases are also resistant. Studies using endoscopic
ultrasonography (EUS) have shown that the depth of tumor
invasion is an accurate predictor of response in patients with
stage E1 disease. Intramucosal tumors have a high rate of complete
regression, whereas those with submucosal or deeper invasion
have a low rate of regression.

t(11;18)(q21;q21) and aneuploidy are recurrent chromosomal
abnormalities in MALT lymphoma. Chromosomal abnormalities
are considered as the signs of biological malignancy and, in
fact, MALT lymphoma positive for t(11;18)(q21;q21) does not
respond to H pylori eradication therapy, irrespective of disease
stagel!""3l. As for aneuploidy, clinical data on trisomies is scant.
We developed a fluorescence in situ hybridization (FISH)
technique for the analysis of small paraffin-embedded tissue
sections and used this technique to investigate the correlation
of chromosomal abnormalities with the depth of tumor invasion
in stage E1 MALT lymphoma and to determine the clinical value
of aneuploidy.

MATERIALS AND METHODS

Patients

Thirteen patients with gastric MALT lymphoma were studied.
The patients were given a diagnosis of gastric MALT lymphoma
at, or were referred to, our clinics and Kohka Public Hospital
from January 1995 to December 2001. Diagnosis was based on
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histological evidence of MALT lymphoma as assessed by
Isaacson’s criteria and Wotherspoon’s scoring system on
examination of endoscopic biopsy specimens or surgically
resected specimens!. H pylori infection was diagnosed on the
basis of histological examination, culture studies, serological tests,
BC-urea breath tests, and rapid urease tests. Immunohistochemical
analysis was performed with the use of keratin, EMA, LCA,
L26, and UCHL-1. Surface marker analysis was performed on
paraffin-embedded biopsy specimens by anti-CD20, CD3, CDS5,
CD10,CD45,CD23, and CD33 antibodies (DAKO Corporation,
Carpenteria, CA) to confirm B cell lineage. Clinical stage was
evaluated according to the Ann Arbor system modified by
Musshoff!*®!, Patients were examined by routine laboratory tests,
physical examination, chest radiographs, thoracic and abdominal
computerized tomography (CT) scans, 99 m gallium scintigraphy,
and bone marrow aspiration (done in 2 patients). In 8 patients,
the depth of tumor invasion in the gastric wall was evaluated
by EUS with an Olympus transendoscopic miniature ultrasonic
probe (UM-2R or UM-3R; Olympus Optical Co. Ltd., Tokyo,
Japan). In the remaining patients, the depth of invasion was
assessed by endoscopic examination and gastrointestinal series.
The eradication regimens consisted of lansoprazole 40 mg,
amoxicillin 1 g, and clarithromycin 500 mg, given orally for 14 d.

Patients underwent their first follow-up upper gastrointestinal
endoscopic examination 6 wk after the completion of eradication
therapy to examine the status of H pylori infection. Follow-up
endoscopy and EUS were done every 12 wk until evidence of
histological remission was obtained. At follow-up examinations,
at least six biopsy specimens were taken from each tumor as
well as from suspicious areas and examined histologically.
Regression of disease was assessed on the basis of both
endoscopic and histological findings. Endoscopic response
was classified into four subgroups: disappeared, partially
regressed, no change, or worsened. Histological assessment
was done according to Wotherspoon’s scoring system and
patients were divided into three subgroups: grade 0-2, grade 3,
and grade 4-5. Complete histological remission was defined as
a Wotherspoon’s score of 2 or less for all histological sections
of the biopsy specimens.

Both endoscopic and histological improvements were defined
as complete remission (CR). Stable disease (SD) was defined as
grade 4-5 histological findings during follow-up, with
improvement in endoscopic findings. Other findings were
evaluated as partial response (PR). Progressive disease (PD)
was defined as clear signs of advancing disease stage.

Statistical analysis

The association between discrete variables was assessed with
Mann-Whitney’s U test. P<0.05 was considered statistically
significant.

Tissue-FISH
As reported previously, we used a technique for FISH with o-
satellite DNA probes for chromosomes 3, 7, 12, and 18 and two
YAC clones (y9664, y943b8) for t(11;18)(q21;921) (Kindly
provided by Dr. Seto). YAC y966e4 was centromerically
assigned to the API2 gene at band 11q21 and YAC y943b8
telomerically to the MALT1 gene breakpoint at 18q211721. After
amplification of human sequences by Alu-PCR, probes were
generated by nick translation with biotin-16-dUTP.
Six-micrometer-thick sections of paraffin-embedded tissue
were placed on silane-coated glass slides. The slides were baked
at 56 ‘C for 2 h to promote tissue adherence to the slides and
deparaffinized in xylene and rehydrated in a series of alcohol
(100%, 85%, 70%). Then, the slides were treated with 0.2 mol/L
HCl for 20 min, 2xSSC (0.3 mol/L sodium chloride and 0.03 mol/L

sodium citrate) at 80 ‘C for 20 min, and 0.05 mg/mL proteinase K
in TEN (0.05 mol/LTris-HCl at pH 7.8, 0.01 mol/LEDTA, and
0.01 mol/L NaCl buffer) for 10 min at 37 °C. To allow adequate
digestion, the time for treatment with proteinase K solution
was modified according to section thickness. After digestion,
the slides were immersed in 16 g/L formaldehyde in phosphate-
buffered saline for 10 min and dehydrated in a graded series of
alcohol (70%, 85%, and 100%). FISH probes were applied to
the tissues, covered with slide glasses, heated to 90 C to
denature the probes and target DNA, and incubated at 42 ‘C
overnight. The slides were placed in 2xSSC/50% formamide for
5 min each at 42 “C, washed in 2xSSC/0.03 mg/L DAPI, cover-
slipped, and examined with a fluorescence microscope. We used
a CCD camera (Sensys0400-GI; Photometrics Ltd., Tucson, AZ,
USA) to document the results.

Determination of slice thickness

Determination of slice thickness was a crucial issue for tissue-
FISH, because thin slices would easily cut off signals, resulting
in underestimation of the chromosome copy number. Sections
of archival tissue should be within 6 um thick. We tested sections
of different thickness (2.5-6.0 um). Sections 6 um in thickness
provided many intact nuclei and signals. To examine the
accuracy for this thickness, we performed double-color FISH
for 5 cases. Two cases of chronic gastritis were included as
controls. When 6 pum thick sections were used, perfect signals
(4 signals) were detected in 52.6% to 82.9% (mean 66.7%) of cells.

Evaluation of numerical chromosome aberrations by single color
FISH

Conventional fluorescence microscopy was used to score the
copy number of chromosome 3, 7, 12, and 18 signals. The number
of signal spots on a minimum of 100 to 300 non-overlapping nuclei
was counted. We counted only intact, non-overlapping nuclei
with clear counterstaining that were ofa similar size and an intensity.
Nuclei with paired spots (split spots) were counted as having
one signal. The cut-off values for interphase analysis were
based on the data obtained from three cases of chronic gastritis.

Evaluation of t(11;18)(q21;q21)

At least 100 nuclei per slide were evaluated. Derivative signal
constellations with one signal pair and one separate red and green
signal per nucleus were counted. The cut-off level was determined
by examining three cases of chronic gastritis as negative controls.

RESULTS

Clinicopathologic features of the patients

Seven men and 6 women with a mean age of 55.0 years (range
49 to 72) were studied. On the basis of endoscopic findings,
MALT lymphomas were classified as superficial spreading type
in 10 patients, mass forming type in 2, and diffuse infiltrating
type in 1. All but one patient had H pylori infection. H pylori
was successfully eradicated in all patients with infection.

All patients had stage EI disease, with no high-grade
components. The depth of tumor invasion was intramucosal in
7 of the 13 patients. The other 6 patients had deep submucosal
invasion (Table 1).

Tumor response

Among the 13 patients, 7 showed gross tumor regression (No.
1,2,3,4,5,6,and 7)at the first follow-up endoscopic examination.
In all patients with CR, the time for regression after antibiotic
therapy was within 8 mo (range, 1 to 8). The complete remission
rate was 53.8%. One patient had PR (No. 8). Three patients had
NR (No.9, 10 and 11). Patient 9 had spontaneous regression
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Figure 1 Results of tissue-FISH. A: Three signals of the chromosome 3 centromere detected in tumor nuclei by double-color FISH
on paraffin-embedded tissue sections (No.7); B: Arrows indicate API2/MALT1 fusion signals due to a t(11;18)(q21;q21) (No.10)
(arrows); C: A tumor cell with three red signals for chromosome 3 and two green signals for chromosome 18 (arrows).

Table 1 Clinicopathological data of 13 patients with gastric MALT lymphoma

Case Sex/Age(yr) Hp. Endoscopic Depth Response Time for regression Second Follow-up
No. findings # (mo) therapy (mo)
1 M/72 (+) SS m CR 8 ) 105
2 F/69 (+) SS m CR 2 ) 81
3 F/73 (+) SS m CR 1 ) 41
4 F/55 (+) SS m CR 6 ) 30
5 F/60 (+) SS m? CR 25 ) 35
6 F/50 (+) SS m? CR 1 ) 26
7 M/72 (+) SS m? CR 4 ) 26
8 M/49 -) SS Sm PR () observation 49
9 M/71 (+) SS Sm NR -) observation 45
10 M/ 68 (+) MF Sm NR -) EMR 29
11 M/49 (+) DI Sm NR -) Ritsuximab—RT 23
12 F/59 (+) MF Sm’ PD ) Gastrectomy 91
13 M/69 (+) SS Sm? PD (-) CHOP 26

Abbreviations: SS, superficial spreading; MF, mass forming; DI, diffuse infiltrating; CHOP, cyclophosphamide, doxorubicin,
vincristine, prednisolone; EMR, endoscopic mucosal resection. 'Assessed by samples resected surgically; *assessed by the endo-
scopic and gastrointestinal X ray examination.

and was observed without additional therapy. Patient 10 received
endoscopic mucosal resection as an additional therapy. However,
residual tumor was suspected on histological examination.
Patient 11 was given anti-CD20 antibody therapy (rituximab)
and radiation therapy.

Two of the 13 patients had PD (No. 12 and 13). Patient 12
received surgical resection and remained in remission for 36 mo.
Patient 13 showed no evidence of regression and was given
cyclophosphamide, doxorubicin, vincristine, and prednisolone
(CHOP) chemotherapy. However, systemic disease developed.

Table 2 Results of tissue-FISH

Chromosome aberration

Follow up

At a mean follow-up time of 43.5 mo (range 12-91 mo), all
patients with CR were alive and free of lymphoma. The mean
disease-free survival during the study period was 31.6 mo
(range 8.0-83.0mo).

Tissue-FISH analysis

In control patients, cells with three signals were detected within
the range of 1.6% to 2.89%. The cut-off value for trisomy was
calculated from the mean+SD and estimated to be 4.06%. For t
(11;18)(q21;921), the cut-off value was 3.7% for fusion between
11g21 and 18q21. Trisomy 3 was seen in 3 patients (20%) (No.
8, 9 and 12). Trisomy 7 was not found. Trisomy12 was present

Case No. in 1 patient (No.7) (6.1%), and trisomy18 was present in 2 patients
+3 +7 +12 +18 t(11;18) (No. 2 and 7) (20%). t(11;18) (q21;q21) was seen in 4 patients

1 0 0 NA 0 NA (No.9, 10, 11, 13). The data are shown in Table 2 and Figure 1.

2 4 2 2.5 14.2 4

3 0 0 0 4 NA Statistical analysis

4 2 0 0 0 0 The response rate was not affected by tumor grade, but was

5 2.5 0 0 3.5 2 affected by the depth of tumor invasion. The response of

6 2 3 0 2 0 intramucosal lymphomas differed significantly from that of deep

7 3 0 24 49 4 submucosal lymphomas (P<0.01). Trisomy 3 was associated

8 10 4 0 4 1 . L. .

9 19 0 1 1 19 with the response to eradlgatlon therapy (P<0.01). Trlsgmy3 or
10 25 3 5 25 17 t(11;18) was closely associated with the depth of tumor invasion
11 0 3 3 0 38 (P<0.01).

12 1 1 2 3 24
13 3 2 1.8 3.2 22

NA: not available.

DISCUSSION
Our study showed that patients harboring trisomy 3 or t(11;18)
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(921;q921) were resistant to H pylori eradication therapy. The
close relation of trisomy 3 to EUS findings suggests that trisomy
3 has some role in the development of MALT lymphoma, but this
remains to be confirmed. However, Dierlamm et al®? showed
that the minimal overrepresented region involves 3q21-23 and
3q25-29 by comparative genomic hybridization. The BCL6
proto-oncogene, located on 3q27, which is rearranged in some
marginal zone B-cell lymphomas, is one of the candidate genes
residing in these critical regions. In patients 8 and 9 harboring
trisomy 3, repeated biopsy showed residual tumor cells despite
improvement in endoscopic findings after eradication therapy.
This finding suggests that most tumor cells in these patients
did not yet obtain a malignant nature and that these cells were
regressed after eradication therapy.

As for other types of aneuploidy, we detected trisomies 7,
12, and 18 in 0%, 6.1%, and 20% of our patients. Previous
studies have estimated that trisomy 7 can be detected in 3% to
15% of patients, trisomy 12 in 3% to 38%, and trisomy18 in 7%
to 36%*%. The roles of trisomies 12 and 18 are not clear. Our
one patient harboring both trisomies 12 and 18 remained in CR
for 12 mo, and another patient who had trisomy 18 remained in
CR for 54 mo. These findings may indicate that trisomies 12 and
18 do not convey resistance to eradication therapy in gastric
MALT lymphoma. However, the small size of our study group
could not permit this conclusion to be drawn with confidence.

Tissue-FISH is a useful technique, but could underestimate
the actual chromosome copy number because of sliced nuclei®*.
To test the C index of tissue-FISH with 6 um thick sections, we
performed double color FISH, and found that double color FISH
yielded a high proportion of nuclei with four signals and
confirmed that trisomy was negative in 3 negative cases and 2
cases of gastritis. Double color FISH also found a similar
percentage of cells positive for trisomy to that derived by single
color FISH in one positive case. These results indicate that 6 pm
thick sections provide an adequate sensitivity for the detection
of aneuploidy.

In conclusion, t(11;18)(q21;q21) and trisomy 3 closely relate
to the extent of tumor invasion, and trisomy 3 indicates a poor
prognosis in gastric MALT lymphoma. Further studies are
necessary to define the relation between tumor progression
and chromosomal abnormalities in this disease.
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