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Few and conflicting cytogenetic data are available
concerning the chromosomal constitution of
(mainly gastric) extranodal marginal zone B-cell
non-Hodgkin’s lymphoma arising from mucosa-
associated lymphoid tissue (MALT)–type lym-
phoma. The majority of salivary gland MALT lym-
phomas are thought to develop from longstanding
Sjögren’s syndrome/benign lymphoepithelial lesion
(BLEL). We tried to achieve a better comprehension
of related cytogenetic alterations by comparing
DNA-ploidy and numerical chromosomal (#) aber-
rations, assessed by different techniques of DNA
cytometry (image cytometry) and interphase cyto-
genetics using nonradiographic in situ hybridiza-
tion (centromere specific probes for #3, 7, 12, 18) on
12 cases of BLEL, 13 low-grade MALT lymphomas
(LG-MALT-L) and 4 high-grade MALT lymphomas
(HG-MALT-L) of salivary gland. Both techniques
were applied on tissue sections preferentially, en-
abling a reliable measurement of histomorphologi-
cally identified areas. No case of BLEL showed cyto-
genetic abnormalities. Three of 4 HG- and 2 of 13
LG-MALT-L exhibited complex chromosomal gains
in nonisotopic in situ hybridization, which were
reflected by DNA nondiploidy in image cytometry.
In 6 of 13 LG- and 1of 4 HG-MALT-L, one or two
numerical chromosomal aberrations were demon-
strated by nonisotopic in situ hybridization, which
could not be resolved by image cytometry. In the 11
DNA-diploid LG-MALT-L, trisomies 18, 3, and 12
were found in 36, 12, and 9%, respectively. In con-
clusion, comparing BLEL, which showed no chro-
mosomal aberrations, with LG- and HG-MALT-L, an

increase in frequency and number of numerical ab-
errations and DNA nondiploidy was seen. Peritet-
raploid DNA nondiploidy might be characteristic for
HG-MALT-L of salivary gland as it is a rare finding in
MALT lymphomas of other sites. It is unclear
whether the documented chromosomal aberrations
in LG-MALT-L, especially increased rate of trisomy
18, indicate a pathogenic impact or merely reflect
genetic instability.
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Non-Hodgkin’s lymphomas (NHLs) account for ap-
proximately 3% of all tumors of major salivary
glands (1). Most of these cases are mucosa-
associated lymphoid tissue (MALT)–type lympho-
mas of primary salivary gland origin according to
the concept of MALT, introduced by Isaacson (2).
These lymphomas recently were classified as ex-
tranodal marginal zone B-cell lymphomas by the
revised European-American classification of lym-
phoid neoplasms (REAL) (3). A secondary infiltra-
tion of glandular parenchyma and/or of intraglan-
dular lymph nodes by primary nodal NHL,
however, has to be considered as well. This differ-
entiation is important, because MALT lymphomas
in general have an indolent clinical course with a
propensity to remain localized to the primary site
for a long period of time as a result of epitheliotro-
pism and a restricted homing pattern (4 –7). Be-
cause they often respond favorably to local therapy,
prognosis generally is considerably better than for
nodal-type NHL (1, 8).

Most salivary gland MALT lymphomas are
thought to develop on the basis of chronic anti-
genic stimulation of Sjögren’s syndrome/benign
lymphoepithelial lesion (BLEL) (4, 5, 8 –10). In re-
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cent studies, we showed that the characteristic duct
lesions develop through a basal cell hyperplasia of
striated ducts with a distinct “lymphoepithelial
metaplasia” (11, 12). In parallel, the often postu-
lated participation of myoepithelial cells was ex-
cluded. This kind of lymphoepithelial lesion, being
a diagnostic hallmark for reactive BLEL, is different
from gastric lymphoepithelial lesion, which is re-
garded as diagnostic for low-grade MALT lympho-
mas (LG-MALT-L) of the stomach (2, 13–15). Tran-
sition of BLEL into LG-MALT-L is diagnosed in
cases with intense periductal expansion of
centrocyte-like or monocytoid marginal zone
B-lymphocytes (so-called “halos”), whereas follicu-

lar colonization of reactive germinal centers is usu-
ally characteristic of more advanced lesions (Fig.
1a) (4, 7–9). Lymphoma diagnosis, furthermore, can
be supported by an aberrant B-cell immunopheno-
type and immunohistochemical evidence of immu-
noglobulin light chain restriction. Molecular biologic
studies on respective clonal gene rearrangement of
the immunoglobulin light chains, conversely, are
only of limited value, as it has been documented
repeatedly in up to 42% of BLEL cases as well (14 –
16). High-grade MALT lymphomas (HG-MALT-L) of
salivary gland are rare; they are believed to develop
either secondarily from LG-MALT-L or de novo (3,
5, 15).

FIGURE 1. Low-grade mucosa-associated lymphoid tissue–type lymphoma (LG-MALT-L) (Case 13). a, in a pan-keratin stain, lymphoepithelial duct
lesions advocate preexisting benign lymphoepithelial lesion. Transition into LG-MALT-L is indicated by intense marginal zone-type periductal
expansion (small arrows) and confluence (large arrows; original magnification, 343) of centrocyte-like neoplastic B-lymphocytes, highlighted in a
Feulgen-stained section (b; original magnification, 4503). c, d, e, corresponding DNA histograms show DNA diploidy in image cytometry of tissue
section (ICM-S; CVdiploid, 6.6%) (c), in image cytometry of cell suspension (ICM-N; CVdiploid, 5.9%) (d), and in flow cytometry (FCM; CVdiploid, 4.7%)
(e). f, nonradiographic in situ hybridization of tissue section using a centromere-specific probe for chromosome 7 exhibits two copies in the majority
of nuclei within histomorphologically identified lymphoma areas (original magnification, 12003). However, trisomy 18 is diagnosed with gain of an
additional third copy number in more than 15% of nuclei (g; arrows; original magnification, 12003).
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On the basis of the hypothesis that most MALT
lymphomas of salivary glands develop from BLEL,
the goal of our study was to gain insight into the
genetic alterations during this poorly understood
transition. Most cytogenetic data on MALT lympho-
mas were derived from gastric tumors, because the
stomach is by far the most common site (16 –23)
(Table 1). There are no data on DNA ploidy in
salivary gland MALT lymphomas as yet, and con-
ventional and interphase cytogenetics applied to
either fresh tumor specimens or cell suspensions of
paraffin material have rendered only scant and
conflicting information regarding chromosomal ab-
errations (16, 17, 19, 24). To the best of our knowl-
edge, no study has combined DNA cytometric de-
termination of the total nuclear DNA content and
evaluation of specific chromosomal aberrations (8,
11, 18, 20), assessed by interphase cytogenetics in
cases of BLEL and LG- and HG-MALT-L of salivary
gland. Both techniques were applied on paraffin
sections preferentially, because a reliable measure-
ment of histomorphologically identified lymphoma
areas was a central aim of our study.

MATERIALS AND METHODS

Patients and Tumors
Formalin-fixed, paraffin-embedded archival ma-

terial (24 parotid, 4 submandibular, 1 lacrimal
gland) from the Institute of Pathology at the Uni-
versity of Munich from 27 patients was studied
(1983 to 1998); in 1 patient, two follow-up biopsies
were available. All cases were revised according to
histomorphologic criteria, including immunohisto-
chemistry (CD3, CD20, CD 68, Bcl-2, MIB1/Ki67,
pan-keratin, antibodies against immunoglobulin
light chains), as suggested by Isaacson (2) and
Quintana et al. (15). In summary, LG-MALT-L was

diagnosed in cases with broad, halo-like periductal
and confluent sheets of monocytoid or centrocyte-
like lymphocytes (Figs. 1a, b) demonstrating an ab-
errant B-cell phenotype, Bcl-2 positivity, and im-
munohistochemical restriction of immunoglobulin
light chains (Fig. 1b). Follicular colonization is a late
phenomenon and, hence, was not mandatory for
lymphoma diagnosis. HG-MALT-L was diagnosed
in cases with large confluent sheets of blasts with
high mitotic index or proliferative activity in Ki67
staining, respectively (Fig. 2b). To further rule out
specimens with secondary infiltration by nodal
NHL, according to Isaacson (2), only cases with
limited stage IE/IIE disease but no cases with gen-
eralized lymphomas (IIIE/IVE) were included. In
three cases, the diagnosis of LG-MALT-L had been
confirmed by external reference pathology. Alto-
gether, the collective comprised 12 cases with BLEL
and 13 LG- and 4 HG-MALT-L. The mean age
(6standard deviation) of the patients was 61.1
(611.7) for BLEL, 62.5 (613.2) for LG-MALT-L, and
73.0 (63.2) for HG-MALT-L; the female/male ratio
was 5:1 (Table 2). Duct lesions were present in 11 of
12 cases of BLEL and, as an indication of residual
BLEL, in 10 of 13 LG- and 2 of 4 HG-MALT-L.
Clinical and laboratory data implying Sjögren’s syn-
drome (oral/conjunctival sicca syndrome, ANA-
and/or SS-A/B antibodies, associated autoimmune
diseases) were found in 9 of 12 cases of BLEL and 8
of 13 LG- and 2 of 4 HG-MALT-L. In five cases of
lymphoma, magnetic resonance imaging scans
were available, each demonstrating radiologic fea-
tures favoring a primary salivary gland MALT lym-
phoma, as described earlier by our group (6) (Fig.
2a). Follow-up data were not available for 5 of 12
patients with BLEL and for 6 of 15 patients with
lymphoma. In the other cases, clinical information

TABLE 1. Cytogenetic Investigations on MALT Lymphomas

Studies Applied technique No. LG/HG Prevalent cytogenetic findings

Salivary gland MALT lymphomas
Auer et al. (24) conventional cytogenetics 3 LG trisomies 3, 18 in 1 case, complex # gain in 1 case
Ott et al. (16) conventional cytogenetics 8 LG/HG trisomy 18 in 1 of 4 LG cases

complex # gain in 2 of 4 HG cases
Whang-Peng et al. (23) conventional cytogenetics 1 LG trisomies 3, 12, 18
Wotherspoon et al. (17) NISH (cell suspension) 11 LG trisomy 3 in 82%, trisomy 18 in 18%
Present study DNA cytometry and NISH

(tissue section)
17 LG/HG trisomies 18, 3, 12 in 36, 12, 9% in LG cases,

peritetraploid DNA nondiploidy in 3 of 4 HG cases
MALT lymphomas of all locations, especially gastrointestinal

Barth et al. (22) CGH 31 HG overrepresentation of all or part of #12, 11 in 29, 19%
Chan et al. (21) CGH and FISH 15 HG trisomy 12 in 11 of 15 cases
Dierlamm et al. (31) conventional cytogenetics/

FISH (cell suspension)
36 LG trisomy 3 in 61%; complex # gain in 2 of 22 cases

Ott et al. (19) FISH (cell suspension) 105 LG/HG trisomies 3, 7, 12, 18 in 20, 3, 3, 7% in LG cases;
trisomies 3, 7, 12, 18 in 31, 27, 23, 8% in HG cases

Ott et al. (16) conventional cytogenetics 44 LG/HG t(11;18)(q21;q21) in 7 of 20 LG cases, trisomy 3 in 2
of 20 LG cases, complex # gain in 3 of 24 HG cases

Wotherspoon et al. (17) NISH (cell suspension) 70 LG trisomy 3 in 60%, trisomy 18 in 21%
Wotherspoon et al. (18) conventional cytogenetics 23 LG trisomies 3, 7, 12, 18 in 22, 17, 13, 9%

MALT, mucosa-associated lymphoid tissue; LG, low grade; HG, high grade; NISH, nonisotopic in situ hybridization; FISH, fluorescence in situ
hybridization; CGH, comparative genomic hybridization; #, chromosome.
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was incomplete or the follow-up period was short
(6 patients). In one patient, transition of LG- to
HG-MALT-L could be documented histologically;
this was the only patient, as far as we know, who
died of disseminated disease. Transformation of
BLEL into LG-MALT-L was not seen in the patients
with clinical follow-up.

DNA (Flow and Image) Cytometry
Ploidy data were gained by means of flow cytom-

etry (FCM) and image cytometry (ICM), using
Feulgen-stained tissue sections (ICM-S) and nu-
clear suspensions (ICM-N). For FCM and ICM-N

analysis, any excess of normal tissue was removed
from the paraffin blocks by dissection after com-
parison with adjacent hematoxylin-eosin sections.
The nuclear preparation was performed after a
modification of the method of Hedley et al. (25), as
described by Baretton et al. (26). For ICM-S analy-
sis, 6- to 8-mm-thick sections were dewaxed in xylol
and rehydrated. Afterward, sections—and also nu-
clear pellets from part of disintegrated tumor tissue
(ICM-N)—were stained according to the Feulgen
method (5 n HCl at 22° C for 55 min, 120 min
Schiff’s reagent, 3 3 10 min SO2 water). In five
cases, only ICM could be performed because the
remaining amount of tissue was too small for FCM.

FIGURE 2. High-grade mucosa-associated lymphoid tissue (MALT)–type lymphoma (Case 29). a, in a transverse section of a T2-weighted magnetic
resonance imaging study, the large tumor, confined to the right parotid gland and adjacent lymph nodes, exhibits typical radiologic features favoring
MALT lymphoma (arrows; site of biopsy). Additional minor involvement of the left parotid gland is radiologically suspected (clinical stage IIE). b, in
a Feulgen-stain, pleomorphic large nuclei of high-grade lymphoma are exhibited (original magnification, 4503). c, the corresponding histogram of
image cytometry of tissue section (ICM-S) with a nondiploid DNA content (4.1c; CVdiploid, 6.1%; CVnondiploid, 8.8%) is supported by image cytometry
of nuclear suspension (ICM-N; 4.0c; CVdiploid, 4.8%; CVnondiploid, 7.7%) (d). e, flow cytometry (FCM; CVdiploid, 4.7%), however, proves not to be
sensitive enough to detect the DNA nondiploid lymphoma cell population because of the abundant background of non-neoplastic cells. f, g,
nonradiographic in situ hybridization of tissue sections (original magnification, 12003) with centromere-specific probes for chromosomes 3 (f) and
18 (g) demonstrate complex chromosomal gains (arrows).
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Only FCM histograms with a coefficient of varia-
tion value of the diploid peak less than 7.5% were
accepted (27). DNA nondiploidy was diagnosed in
FCM when a histogram revealed more than one
identifiable cell population. Cases with DNA index
values between 3.8c and 4.2c were classified as tet-
raploid if more than 20% of the impulses were
registered in this range and a G2/M peak was iden-
tifiable between 7.6c and 8.4c (28). For ICM-S and
ICM-N measurements, a PC-based image analyzer
ACAS (Ahrens, Bargteheide, Germany) composed of
a special software ACAS 4 (Ahrens) and a Laborlux
S microscope (Leitz, Wetzlar, Germany) was used.
For assessment of the diploid range (2.0c), the in-
tegrated absorbance of the nuclei of 25 to 30 gran-
ulocytes was measured (27). For the ICM-S analysis
in hematoxylin-eosin–stained sections, manifest
lymphoma areas or reactive lymphoid tissue (BLEL)
were identified in the respective periductal areas.
Subsequently, 150 to 250 nonoverlapping nuclei
were measured in the corresponding regions of
Feulgen-stained serial sections. In two cases, ICM-S
was not evaluable because of intense nuclear over-
lapping. According to the literature, DNA nondip-

loidy was assumed when stem line ploidy was 2.4c
or more; more than 45% of nuclei exhibited a DNA
content 2.5c or more (26). We are aware that in
tissue sections, a varying portion of the nucleus is
present, depending on the section thickness and
nuclear size (27, 29). This shortcoming of ICM-S
was to be overcome by combination with ICM-N,
where a selective measurement of intact, nonover-
lapping nuclei with cytologic characteristics of the
relevant lymphoma population enabled an exact
determination of a putative aberrant stem line. Be-
cause of the lack of histomorphologic correlation in
ICM-N, nondiploidy was diagnosed only when a
comparable stem line was demonstrated in ICM-S.
Altogether, cases were classified as DNA nondiploid
when an abnormal DNA content was revealed by
FCM or ICM or by both methods.

Interphase Cytogenetics/Nonisotopic In Situ
Hybridization

Because conventional cytogenetic studies have
shown most numeric aberrations for the chromo-
somes 3, 7, 12, and 18 (7, 8, 18, 29), for the NISH

TABLE 2. Clinical Data und Results of Cytometrically Determinded DNA Ploidy Status and Interphase Cytogenetics in

Cases of Sjögren/BLEL and of Low- and High-Grade MALT Lymphomas of Salivary Glands

Case Diagnosis
Sex/Age

(yr)
Site Stagea

DNA cytometry
Interphase

cytogenetics/NISH

ICM-S (C) ICM-N (C) FCM (C) Ploidyb 3 7 12 18 S

1 BLEL F/58 Paro – Di Di Di Di 0 0 0 0 0
2 BLEL F/67 Paro – Di Di Di Di 0 0 0 0 0
3 BLEL M/52 Paro – Di Di Di Di 0 0 0 0 0
4 BLEL F/39 Paro – NE Di Di Di NE 0 0 0 0
5 BLEL F/65 Paro – Di Di Di Di 0 0 0 0 0
6 BLEL F/56 Paro – NE Di Di Di NE 0 0 0 0
7 BLEL M/72 Paro – Di Di Di Di 0 0 0 0 0
8 BLEL F/59 Paro – Di Di Di Di 0 0 0 0 0
9 BLEL F/74 Paro – Di Di ND Di 0 0 0 0 0

10 BLEL F/75 Paro – Di Di ND Di 0 0 0 0 0
11 BLEL F/71 Paro – Di Di ND Di NE 0 0 0 0
12 BLEL F/45 Paro – Di Di Di Di NE 0 0 NE 0
13 LG-MALT-L F/52 Paro IE Di Di Di Di 0 0 0 1 1
14 LG-MALT-L M/50 Sub IE Di Di Di Di 0 0 1 0 1
15 LG-MALT-L F/63 Lacr IE DI Di ND Di 0 0 0 0 0
16 LG-MALT-L F/59 Sub IE Di Di Di Di 0 0 0 0 0
17 LG-MALT-L F/34 Paro IE Di Di Di Di 0 0 0 2 1
18 LG-MALT-L F/78 Paro IE Di Di Di Di 1 0 0 1 2
19 LG-MALT-L F/74 Paro IE Di Di Di Di NE 0 0 1 1
20 LG-MALT-L F/80 Paro IE Di Di Di Di NE 0 0 0 0
21 LG-MALT-L F/69 Paro IE Di Di ND Di NE 0 0 1 1
22c LG-MALT-L M/69 Paro IE Di ND Di Di 0 0 0 0 0
23c LG-MALT-L M/70 Sub IIE Di Di Di Di 0 0 0 0 0
24 LG-MALT-L F/65 Paro IE Nondi (3.9) Nondi (3.7) Di Nondi 1 1 1 1 4
25 LG-MALT-L F/49 Paro IE Nondi (3.7) Nondi (3.9) Di Nondi 1 1 1 1 4
26 HG-MALT-L F/76 Paro IE Di Di NE Di 0 0 1 0 1
27c HG-MALT-L M/72 Sub IIE Nondi (3.9) Nondi (4.1) Nondi (4.2) Nondi 1 1 1 1 4
28 HG-MALT-L F/75 Paro IE Nondi (3.5) Nondi (3.6) Di Nondi NE 1 1 1 3
29 HG-MALT-L M/69 Paro IIE Nondi (4.1) Nondi (4.0) Di Nondi 1 1 1 1 4

BLEL, benign lymphoepithelial lesion; MALT, mucosa-associated lymphoid tissue; NISH, nonisotopic in situ hybridization (0 5 no aberration); ICM-S,
image cytometry using tissue sections; ICM-N, image cytometry using nuclear suspension; FCM, flow cytometry; (C), c value of DNA nondiploid stem
lines (diploid 5 2.0); F, female; M, male; Paro, parotid gland; Sub, submandibular gland; Lacr, lacrimal gland; Di, diploid, NE, not evaluable; Nondi,
nondiploid; ND, not done; 1, chromosomal gain; 2, chromosomal loss; S, sum of numeric chromosomal aberrations.

a According to Isaacson (2).
b Determined by ICM-S and ICM-N.
c Patient with follow-up biopsies 1 and 3 years after initial biopsy.
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investigation we used commercial biotinylated
DNA probes binding to highly repetitive alphoid
DNA located at the centromeres of chromosomes 7
(D7Z1), 12 (D12Z1), and 18 (D18Z1; ONCOR, Am-
ersham Buchler, Gaithersburg, MD). A probe of
chromosome 3 (P alpha 3.5) was provided by G.
Sauter, M.D. (Basel, Switzerland). NISH was per-
formed after a protocol according to Hopman et al.
(30) with our own modifications (26, 29). Digestion
times were evaluated for each case, ranging from 0
to 2 min. Hybridization signals were enumerated in
200 to 300 interphase nuclei in the regions of inter-
est, described above. Capping of nuclei in sections
can result in underestimating the real chromo-
somal copy number. To rule out methodological
artifacts, all nuclei in well-reacting areas were ana-
lyzed, including those without any NISH signal. To
ensure that the tissue has been adequately di-
gested, the number of nuclei without any signal
should not exceed 15%, with the exception of cases
of partial monosomy. The total percentage of nuclei
containing no, 1, 2, 3, 4, and so forth NISH signals
per nucleus was determined for each DNA probe.
Overlapping nuclei and minor hybridization spots
were not counted; spots in paired arrangement
(split spots) were counted as one signal (29, 30).
According to recent investigations of our group in
prostate cancer and abortion tissue (26, 29), a de-
letion was diagnosed when more than 40% of the
nuclei showed only one or no signal; chromosomal
gain was assumed when more than 15% of nuclei
exhibited three or more signals.

RESULTS

Cytometric Ploidy Status
All 12 cases of BLEL, 11 of 13 cases of LG-

MALT-L, and 1 of 4 cases of HG-MALT-L were DNA
diploid (Figs. 1c, d), whereas 3 of 4 cases of HG- and
2 of 13 cases of LG-MALT-L were DNA nondiploid
in both ICM-S and ICM-N (Figs. 2c, d), all demon-

strating peritetraploid stem lines (3.6c to 4.1c) with
a maximum difference between corresponding c
values of 0.3c. In the FCM analysis, 22 of 23 cases,
evaluable, proved to be DNA diploid (Figs. 1e, 2e);
only one of five lymphomas with aberrant stem
lines in ICM techniques proved to be DNA nondip-
loid in FCM analysis as well. Taking into account all
three DNA cytometric techniques, 3 of 4 HG- and 2
of 13 LG-MALT-L were DNA nondiploid.

NISH
We evaluated 107 of 116 (92.2%) in situ hybrid-

ization reactions, which were performed using four
centromere-specific probes (#3, 7, 12, 18), on the 29
cases investigated. No BLEL cases, 8 of 13 LG-
MALT-L cases, and all 4 HG-MALT-L cases demon-
strated numeric chromosomal aberrations. With
the exception of one case with loss of one copy of
#18, all cases exhibited chromosomal gain. LG-
MALT-L were associated with trisomies 3, 7, 12, and
18 in 30, 15, 23, and 46% of the cases, respectively.
Three of four HG-MALT-L were characterized by
gains of all four chromosomes tested, whereas one
of four demonstrated gain of #12 only.

Correlation of Ploidy Status and NISH Results
The 5 DNA nondiploid lymphomas (3 of 4 HG-

and 2 of 13 LG-MALT-L), all with peritetraploid
stem lines, demonstrated gains in NISH signal
numbers for all chromosomes tested (Figs. 2f, g).
Seventeen of the 24 DNA-diploid cases (12 of 12
BLEL, 5 of 13 LG-MALT-L) were free of numeric
aberrations for the four centromere probes tested,
whereas 7 cases (6 of 13 LG- and 1of 4 HG-MALT-L)
demonstrated one or two numeric chromosomal
aberrations (Figs. 1f, g). In the 11 DNA-diploid LG-
MALT-L, mostly single numeric gains could be
demonstrated for #18 (4 of 11 [36%]), followed by #3
(1 of 8 [12%]) and #12 (1 of 11 [9%]; see also Tables
2 and 3).

TABLE 3. Correlation of Ploidy (DNA Cytometry) and Numeric Chromosomal Aberrations (NISH)

Diagnosis
No.

cases
DNA cytometry

(ploidy [c])

Interphase Cytogenetics/NISH

Chromosomal status
Number and type of numeric

chromosomal aberrations (#3,7,12,18)

BLEL 12 12/12 DNA diploidy 12/12 disomy –
LG-MALT-L 13 11/13 DNA diploidy 5/11 disomy –

6/11 aneusomy Gain of #18 (3 cases) or of #12 (1 case)
Gain of #3 1 18 (1 case)
Loss of #18 (1 case)

2/13 DNA nondiploidy
(3.7;3.9)

2/2 aneusomy Gain of all chromosomes tested

HG-MALT-L 4 1/4 DNA diploidy 1/1 aneusomy Gain of #12 (1 case)
3/4 DNA nondiploidy

(3.6;4.0;4.1)
3/3 aneusomy Gain of all chromosomes tested

NISH, nonisotopic in situ hybridization; c, c value of DNA nondiploid stem line according to image cytometry with nuclear suspension (diploid 5 2.0);
BLEL, benign lymphoepithelial lesion; LG-MALT-L, low grade mucosa-associated lymphoid tissue–type lymphoma; HG-MALT-L, high grade mucosa-
associated lymphoid tissue–type lymphoma; #, chromosome.
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DISCUSSION

The genetic mechanisms that lead to extranodal
marginal zone B-cell lymphoma of MALT type are
still poorly understood. Molecular genetic studies
have been unable to demonstrate a consistent cy-
togenetic abnormality; trisomy 3 and translocation
(11;18) (q21;q21) have been implicated by some
authors in the development of LG-MALT-L. These
cytogenetic data were gathered mainly in gastric
tumors (16, 18 –23, 31, 32), whereas only few sali-
vary gland MALT lymphomas have been investi-
gated by conventional and interphase cytogenetics
(16, 17, 19, 23, 24) (Table 1). In the present study of
the largest series of salivary gland MALT lympho-
mas to date, we tried to achieve a better compre-
hension of related cytogenetic alterations by corre-
lating DNA ploidy and numeric chromosomal
aberrations, assessed by DNA cytometry and inter-
phase cytogenetics, including cases of BLEL.

To the best of our knowledge, no data are avail-
able on DNA ploidy in salivary gland MALT lym-
phomas. Comparing BLEL with LG- and HG-
MALT-L, we found an increasing rate of DNA
nondiploidy: Whereas all cases of BLEL proved to
be DNA diploid, we found a peritetraploid DNA
distribution in 3 of 4 HG- and 2 of 13 LG-MALT-L.
As discussed earlier, we performed ICM-S of tissue
sections preferentially, bearing in mind that quan-
titative measurements of sections are hampered by
a certain degree of nuclear overlapping and trun-
cation of nuclei (27, 29). In additionally performed
ICM-N, all aberrant stem lines of ICM-S could be
verified (Figs. 1c, d, 2c, d). Moreover, DNA nondip-
loidy in ICM could be substantiated in all five cases
by the evidence of complex chromosomal gains in
the NISH technique. In comparison, the sensitivity
of FCM clearly was lower: In only one of five aber-
rant cases, DNA nondiploidy was detected in FCM
analysis as well. This presumably is due to the high
number of reactive cells in nuclear suspensions
used for FCM analysis. As no direct histo- or cyto-
morphologic control is possible in this approach,
small aberrant cell clones can be masked within the
abundant background of non-neoplastic cells in the
FCM histograms (28) (Figs. 2c– e). Thus, a compar-
ison of the different DNA cytometric techniques, as
well as earlier results by our group (27, 29), supports
an approach to use tissue sections for the determi-
nation of the nuclear DNA content.

As we have found a peritetraploid DNA nondip-
loidy in three of four cases of HG-MALT-L, doubling
of the total chromosomal number might be an im-
portant step in the progression to high-grade tu-
mors of salivary glands. This is underlined by a
conventional cytogenetic study by Ott et al. (16), in
which a doubling of chromosomal number was de-
tected in 3 of 24 HG-MALT-L of different localiza-

tions, manifesting in only 1 of 19 gastric but in 2 of
4 salivary gland tumors (Table 1). In comparison, in
nodal-type NHL, a frequency of DNA nondiploidy is
reported in 7 to 30% of low-grade and 30 to 80% of
high-grade tumors (33, 34). Although only a small
number of HG-MALT-L of salivary glands have
been investigated and a comparison of the different
techniques is difficult, our results and the findings
by Ott et al. (16) indicate that a peritetraploid DNA
distribution might be a prevalent feature of HG-
MALT-L of the salivary glands, but probably not of
the stomach or of other sites. Further investigations
of more cases are required to prove this hypothesis.

As we have detected a peritetraploid DNA distri-
bution also in 2 of 13 LG-MALT-L, determination of
DNA ploidy does not allow a clear-cut distinction
between LG- and HG-MALT-L of salivary glands.
Regarding the 11 DNA-diploid LG-MALT-L, we
found gain or loss of one or two chromosomes in 6
of 11 cases, applying NISH analysis. Thereby, tri-
somies 18, 3, and 12 were detected in 36, 12, and 9%
of the cases, respectively. These findings are in con-
trast to a NISH study of cell suspensions by Woth-
erspoon et al. (17), who found trisomy 3 in 82% of
LG-MALT-L of salivary glands, whereas Ott et al.
(16) in conventional cytogenetics did not find a
consistent aberration in four low-grade tumors (Ta-
ble 1). Possible underlying molecular mechanisms
by which trisomy 18 or 3 might contribute to the
pathogenesis of LG-MALT-L of salivary gland re-
main speculative at this stage. The limited
follow-up data of the present study do not allow a
prognostic evaluation of the cytogenetic findings.

Taking into account MALT lymphomas of all lo-
cations, cytogenetic data proved to be even more
diverse. Some authors found a high rate of trisomy
3 in LG-MALT-L of all sites (17, 18, 31); others (16)
described a high rate of t(11;18)(q21;q21). Studies
on HG-MALT-L showed gain of part or all of #12 or
#11 and 12, respectively (21, 22) (summarized in
Table 1). Apart from differing lymphoma localiza-
tion, these cytogenetic discrepancies might be the
result of methodological differences in the tech-
niques applied: MALT lymphomas are character-
ized by a high degree of admixture of reactive lym-
phoid parenchyma and residual epithelial and
stromal cells. As cell suspensions usually have been
applied, an obstacle of studies that use conven-
tional cytogenetics is the lack of a direct histomor-
phologic correlation and, hence, probably limited
sensitivity (26, 29). Furthermore, DNA nondiploidy
or complex chromosomal gains, respectively, can
reliably be detected only by DNA cytometry or con-
ventional cytogenetics. In this respect, a major ad-
vantage of our approach was that two methodolog-
ically different techniques were combined and were
applied preferentially on paraffin sections, enabling
each a reliable measurement of histomorphologi-
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cally verified regions of interest. The documented
good accordance among ICM-S, ICM-N, and NISH,
as well as recent studies by our group (26, 27, 29),
demonstrates the validity of this approach.

In summary, the comparison of cytogenetic find-
ings in Sjögren’s syndrome/BLEL and LG- and HG-
MALT-L of salivary glands demonstrated a progres-
sive increase in frequency and number of
cytogenetic abnormalities: Whereas cases of BLEL
showed abnormal findings neither in DNA cytom-
etry nor in NISH, the majority of LG-MALT-L dem-
onstrated single numeric chromosomal aberrations
in NISH. Thereby, a possible implication of trisomy
18 for the progression of low-grade marginal zone
B-cell lymphomas of salivary glands is indicated,
whereas the postulated role of trisomy 3 could not
be verified. Conversely, few LG- and most HG-
MALT-L were characterized by a peritetraploid
DNA distribution with complex chromosomal gains
in NISH, indicating that doubling of the total chro-
mosomal number might be an important step in
the further progression to salivary gland HG-
MALT-L. However, from a diagnostic point of view,
our cytogenetic findings do not allow a clear-cut
distinction among BLEL, LG-MALT-L, and HG-
MALT-L of salivary glands.
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Book Review

Geisinger KR, Silverman JF: Fine Needle Aspi-
ration Cytology of Superficial Organs and
Body Sites, 221 pp, New York, Churchill
Livingstone, 1999 ($175).

In the preface, the authors emphasize a practical
approach to fine needle aspiration biopsies that
is suitable for both the inexperienced and the
seasoned pathologist. The histopathologic con-
cepts responsible for specific cytomorphologic
details are addressed in a concise, practical fash-
ion using current terminology supported by high
quality color images and charts.

The authors, along with a host of experi-
enced contributors, have recognized the increas-
ing popularity of fine needle aspiration biopsies
and have succeeded in presenting a systemic
account of their combined “practical expertise.”
This comprehensive collaboration adheres to the
philosophy of the integrated diagnostic ap-
proach, using fine needle aspiration as both di-
agnostic and supportive, depending on the situ-
ation.

The target audience is the practicing pathol-
ogist; however, students, residents, fellows, and
practitioners alike will find this volume useful.
Compiled by two recognized experts in the field,
this work is a welcome addition to any library.

The text is organized into six basic chapters
encompassing the type of specimens one would
expect to encounter in day-to-day practice:
lymph node, breast, salivary gland and head and
neck, thyroid, skin, and soft tissue. Each respec-
tive area is well covered, combining text and
color images. Short bulleted lists of pertinent

cytomorphologic features enhance most of the
sections, providing a handy reference for “quick
look” diagnoses. The chapters on lymph node
and on salivary gland and head and neck were
particularly well presented, offering extensive
coverage of both benign and malignant lesions.
The inclusion of ancillary test results such as flow
cytograms and immunophenotypic data gives
the color images more impact, leaving the reader
with enough information to render a quick and
accurate diagnosis for lymphoid lesions. Like-
wise, the salivary gland and head and neck chap-
ter was current and complete, containing a nice
preface on anatomic and clinical considerations,
cytodiagnostic problems related to fine needle
aspiration in this area, and clinical expectations.
The easy-to-read tables conveyed the most im-
portant diagnostic details and differential diag-
noses for salivary gland lesions seen commonly
in general practice.

Although there are larger texts available that
adequately cover fine needle aspiration cytology,
few present this amount of information in such a
practical manner. The text reads well, and the
quality and number of color images will please
readers at all levels of expertise. I recommend
this text for anyone involved with fine needle
aspiration of superficial body sites. Residents,
fellows, and practicing pathologists will be im-
pressed with this comprehensive, practical book.

Paul Munyer
University of Kansas Medical Center
Kansas City, Kansas
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