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Ocular adnexa B-cell lymphomas are a relatively rare group of extranodal lymphomas, marginal-zone B-cell
lymphomas of mucosa-associated lymphoid tissue (MALT lymphomas) being the most frequent type at this
location. As with other nongastrointestinal MALT lymphomas, ocular adnexa MALT lymphomas have distinct
characteristics from those of the gastric MALT model, implying specific pathogenic events, which could be of
interest in the prediction of clinical behavior and the choice between therapeutic options. In a series of 39 cases
of ocular adnexa MALT lymphomas, studied using a tissue microarray, we observed that the most frequent
alteration was related to apoptosis regulation. Thus, caspase 3 activity was completely abolished, and
phosphorylated IjBa, a marker of NF-jB activation, showed increased expression, while cases with an
increased number of large cells displayed increased expression of survivin and other cell-cycle-related
proteins, such as cyclin A, cyclin E and Ki67, and p16 expression was reduced. There were no occurrences of
t(11;18)(q21,q21), while 5/37 cases exhibited t(14;18)(q32;q21). Aberrant nuclear expression of bcl10 was
observed in 11 cases, independently of the presence of translocations, and was significantly associated with
phosphorylated IjBa expression and a reduced TdT-mediated biotin-dUTP nicked-end labeling apoptotic index.
Moreover, patients with tumoral bcl10 nuclear expression showed shorter failure-free survival.
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Ocular adnexa B cell lymphomas (OABLs) feature a
variety of different histological types, the most
frequently diagnosed being extranodal marginal-
zone lymphoma of mucosa-associated lymphoid
tissue (MALT lymphoma).1–6

Lymphomagenesis is driven by multiple accumu-
lated genetic abnormalities that determine the
survival of neoplastic cells and involve mainly
cell-cycle and apoptotic pathways.7 MALT lympho-
mas in particular are a paradigm of alternative

genetic events, involving different chromosomal
aberration and/or apoptosis control protein expres-
sion, leading to the deregulation of apoptotic path-
ways through the activation of the NF-kB pathway.7,8

In general, MALT lymphomas at different extra-
nodal locations share some common morphological,
phenotypic and molecular features, which has led to
the establishment of gastric MALT lymphoma as the
prototype for the definition of the features of MALT
lymphoma at different sites.9,10 Nevertheless, there
is increasing evidence to suggest that cases diag-
nosed with MALT lymphomas arising at different
sites differ in the presence of infectious specific
antigens—Helicobacter, Campylobacter, Borrelia,
Chlamydia—promoting lymphoid cell proliferation,
and in the frequency of chromosomal translocations
such as t(11;18)(q21;q21), or the newly described
t(14;18)(q32;q21) and t(3;14) (p14.1;q32).10–12
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As in the case of other extranodal lymphomas,
most MALT lymphomas arising in the ocular adnexa
have an indolent course with a favorable prog-
nosis;1,2 previous reports have demonstrated low
local aggressivity with a reasonably good possibility
of relapse control by radiotherapy.13 This is in
keeping with the findings from a large series of
MALT lymphomas, which showed that the efficacy
of treatment varied accordingly with the site, stage,
and clinical status of patients.14 Nevertheless, a
subset of these tumors shows a higher incidence of
local or distant relapses, or even of systemic
progression.14–16 Whether this can be explained in
terms of the site of origin or the biological features of
the tumoral cells is a matter of debate16 whose
resolution requires further research.

Recent studies concur in that it is possible to
associate the clinical outcome of lymphoma patients
with multiple biological features defined using
cDNA, oligonucleotide or tissue microarrays.17–20

The use of tissue microarrays could be particularly
useful in this context, since tumoral specimens in
ocular adnexa lymphomas are frequently small,
fully embedded in paraffin, and require micro-
dissection or tissue-core selection to guarantee that
the analysis reports on the features of the tumoral
cells.

In order to elucidate the biology of ocular adnexa
MALT lymphomas we have analyzed a tissue
microarray including a large series of 39 cases with
a panel of antibodies and probes directed against
molecules known to be involved in B-cell differ-
entiation, cell cycle and apoptosis control,17–20 and,
for control purposes, compared them with some
non-MALT lymphomas from the same anatomical
region. Moreover, we have included in the analysis a
tissue-microarray in situ hybridization study of the
apoptotic index (TdT-mediated biotin-dUTP nicked-
end labeling (TUNEL)), and of t(11;18)(q21;q21) and
t(14;18)(q32;q21), which are characteristic translo-
cations of MALT lymphomas. We have compared
our results with the clinical data and the follow-up
of the series, in order to establish associations
between these biological characteristics and the
outcome.

Materials and methods

Selection of Cases

Thirty-nine cases of MALT OABLs were collected
from the Department of Pathology of ‘Federico II’
University. The cases, diagnosed between 1980 and
2003, were included in this study on the basis of the
availability of diagnostic paraffin blocks that were
thick enough to provide a minimum of 50 sections,
and of clinical information for more than 6 months
following diagnosis.

All cases were reviewed according to WHO
classification criteria, using standard tissue sections
and immunohistochemical slides.

A smaller group of non-MALT lymphomas, which
are very infrequent in this anatomical region was
also included in the study. It was comprised of four
diffuse large B-cell lymphoma cases, three cases of
follicular lymphoma (one grade 2, and two grade 3)
and one case of Burkitt’s lymphoma.

Each case of MALT OABL was subgrouped
according to the cell type prevalent in the margin-
al-zone type (monocytoid or centrocyte type) and
plasmacytoid. The prevalence of plasmacytoid cells
was recorded if they represented more than 50% of
neoplastic cells. Moreover, as with the histological
progression in the gastric model, the presence of
large cells was recorded for each case as absent/rare
(o5%), numerous (5–10% of the neoplastic popula-
tion), or with clusters of large cells (420 cells).21

Tissue-Microarray Design

Following conventional protocols we used a tissue-
microarray device (Beecher Instruments, Sun Prairie,
WI, USA) to construct a single-tissue-microarray
block of 96 cores. All cases of the MALT and non-
MALT lymphoma groups were histologically re-
viewed. The tumor-cell-rich areas, which were also
representative of the presence of large cells, were
marked in the paraffin blocks. Two selected 1-mm
cores from different areas were included, along
with two separate reactive tonsil tissues as a control
to ensure the quality, reproducibility and homo-
geneous staining of slides.17–20

Immunohistochemical Study

Immunohistochemical staining was performed on
selected proteins involved in B-cell differentiation
and in cell cycle and apoptosis regulation in
lymphomagenesis.

Stained tissue-microarray sections were evaluated
by four different pathologists (RF, AC, DB, SS) using
uniform criteria. Discrepancies were resolved
through simultaneous inspection and discussion of
the results. Single-marker expression was recorded
as negative/positive and high/low-level, after con-
sideration of the expression in reactive compared
with tumoral cells and the specific cut-off of each
marker. Details of cutoffs used for each marker are
presented in Table 1.

As proposed, cytoplasmic bcl10 expression was
scored as strong when it was similar to tonsil
centroblast positivity, moderate when similar to
centrocyte positivity, and weak/absent when similar
to tonsil mantle-zone positivity.22 Nuclear positivity
was also recorded. Phosphorylated IkBa (p-IkBa),
considered to be an indirect expression of NF-kB
activity, was considered positive when expressed in
the cytoplasm and the nucleus.

Discrepancies between two cores from the same
case were resolved in a joint analysis of the two
cores.
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In Situ Detection of Epstein–Barr Virus and Apoptosis

EBER in situ hybridization was performed using
standard procedures and with the appropriate
control tissue. Epstein–Barr virus (EBV) was de-
tected by ISH with fluorescein-conjugated Epstein–
Barr virus (EBER) PNA probe (DAKO, Glostrup,
Denmark). Cases were considered EBV positive
when nuclear positivity was present in a majority
of neoplastic cells.

Apoptosis was detected using the ApopTag Per-
oxidase In Situ Apoptosis Detection Kit (Intergen,
Oxford, UK), based on the TUNEL method. Briefly,
tissue-microarray sections were pretreated with
proteinase K for 15 min, incubated with TdT enzyme
for 1 h at 371C and then with antidigoxigenin
peroxidase conjugate for 1 h. Color was developed
with 3,30 diaminobenzidine tetrahydrochloride
(10 min) and counterstained with hematoxylin.

The reproducibility of the results was confirmed
by comparing restricted lymphoid cell differentia-
tion (CD20, CD3, CD138, CD79a, bcl6, and CD5) and

EBER-ISH marker results with those obtained from
the original whole section for ten selected cases.

Fluorescent In Situ Hybridization Study

Tissue array sections from paraffin-embedded tissue
were heated for 4 h at 621C and immediately
deparaffinized in two rinses of 100% xylene for
10 min each. The slides were then treated with 0.3 M
sodium chloride and 0.03 M sodium citrate for
20 min at 801C, and with 0.05 mg/ml proteinase for
10 min at 371C. For t(11;18)(q21;q21) detection, we
used LSI API2/MALT1 t(11;18)(q21;q21) dual-color,
dual-fusion translocation probe, and for t(14;18)
(q32;q21) we used LSI IGH/MALT1 t(14;18)(q32;q21)
dual-color, dual-fusion translocation probe.

The cutoff value for the diagnosis of rearrange-
ment involving IGH and MALT1 was 5.3%, which is
above the mean percentage of cells with a false-
positive signal plus three s.d., as assessed in tissue
from reactive tonsils present in TMA. Moreover, IGH

Table 1 Characteristics of antibodies

Antigen Clone Source Dilution Reactivity Threshold Internal control

Bcl2 124 DAKO 1:25 High/low 450% neoplastic cell Small lymphocyte
Bax Polyclonal Santa Cruz 1:1000 Positive/negative 410% neoplastic cell Benign small lymphocyte
Bcl-XL 2H12 Zymed 1:10 High/low 410% neoplastic cells TMA controls
Survivin Polyclonal RD System 1:1500 High/low 410% neoplastic cells TMA controls
Caspase-3 C92-605 PharMingen 1:25 Positive/negative 410% positive neoplastic

cells
TMA controls

Bcl10 331.3 Santa Cruz 1:1000 Positive/negative 410% neoplastic cells Reactive lymphocyte
MUM1 Polyclonal Santa Cruz 1:200 High/low 480% positive cells Plasma cells
Bcl6 PG-B6p DAKO 1:10 Positive/negative 410% neoplastic cells GC (germinal center) B cells
CD38 Vs38 DAKO 1:25 High/low 480% positive cells Plasma cells
CD5 4C7 Novocastra 1:50 Positive/negative 410% positive cells Reactive lymphocyte
CD10 56C6 Novocastra 1:10 Positive/negative Any tumoral cell positive GC B cells
CD20 L-26 DAKO 1:100 Positive/negative Any positive neoplastic

cells
Reactive lymphocyte

Cyclin A 6E6 Novocastra 1:100 Positive/negative 410% neoplastic cells Proliferating cells (G2/M)
Cyclin B1 7A9 Novocastra 1:25 Positive/negative 410% positive cells Proliferating cells (G2/M)
Cyclin D1 DCS-6 DAKO 1:100 Positive/negative Any positive neoplastic

cell
Macrophage and endothelial
cells

Cyclin D3 DCS-22 Novocastra 1:10 Positive/negative 410% positive cells Proliferating cells
Cyclin E 1313 Novocastra 1:10 Positive/negative 410% positive cells TMA controls, proliferating

cells
CDK1 1 Transduction 1:1500 Positive/negative 410% positive cells TMA controls, proliferating

cells
CDK2 8D4 NeoMarkers 1:500 Positive/negative 410% positive cells TMA controls, proliferating

cells
CDK4 35.1 Chemicon 1:10 Positive/negative 410% positive cells TMA controls
CDK6 K6.83 Chemicon 1:10 Positive/negative 410% positive cells TMA controls
P21 EA10 Oncogene 1:50 Positive/negative 410% neoplastic cells Scattered GC
P16 Polyclonal Santa Cruz 1:50 High/low 410% positive cells Normal cells
P27 57 Transduction 1:1000 High/low 410% positive cells Resting lymphoid cells
Ki67 MIB 1 DAKO 1:100 High/low 420% positive cells Proliferating cells
P53 DO-7 Novocastra 1:50 Positive/negative 450%positive cells Scattered GC cells
Hdm2 IF2(mdm2) Oncogene 1:10 High/low 410% positive cells Macrophages
CD3 F7.2.38 DAKO 1:25 Positive/negative Any tumoral cell Reactive lymphocyte
P18 B9 Santa Cruz 1:150 High/low 410% positive cells Normal cells
p-IkBa 1118,

ssc9965
Santa Cruz 1:150 Positive/negative 410% (nucleus and

cytoplasm)
Normal cells

GC¼ germinal center.
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dual-color break-apart rearrangement probes (Vysis
Inc., Downers Grove, IL, USA) were applied to cells
of all t(14;18)(q32;q21)-positive lymphomas to con-
firm the translocation. The Spectrum Green-labeled
LSI IGVH probe covers the entire IGH variable
region, while the Spectrum Orange-labeled probe
lies completely 30 to the IGH locus. As a result of this
probe design, any translocation with a breakpoint at
the J segments, or within switch sequences, should
produce separate orange and green signals. Addi-
tionally, FISH with centromere-specific probes for
chromosome 18 (Vysis) was performed in all cases.
The appropriate probe mix (10 ml) was applied to the
tissue sections and covered with a coverslip. Both
probe and target DNA were simultaneously dena-
tured at 751C for 5 min and incubated overnight at
371C using the Hybrite System. Posthybridization
washes were performed according to the ‘rapid-
wash protocol’ provided by Vysis. Slides were
counterstained with 406-diamidino-2-phenylindole
2HCl (DAPI). FISH was performed according to the
manufacturer’s instructions (Vysis). FISH data were
collected using an Olympus BX 61 fluorescence
microscope equipped with a cooled black-and-white
camera controlled by the associated software
(Olympus, Italy).23,24

Statistical Analysis

The Pearson’s w2 test was used, where appropriate,
to establish whether there were any relationships
between the frequencies of different markers in-
cluded in this study. Differences were considered to
be significant for values of Po0.05.

Overall survival (OS) and failure-free survival
(FFS) curves were calculated using the Kaplan–
Meier method. Statistical significance of associa-
tions between individual variables and OS and FFS
were determined using the log-rank test. All statis-
tical analyses were performed using the SPSS 98
v.12 program.

OS was defined as the time from diagnosis (first
biopsy) to death by any cause, or until the most
recent follow-up. Moreover, taking into account the
long-term survival observed in many of these cases
and the existence of disease-unrelated deaths,
disease-specific OS was also recorded. FFS was
measured as the time from diagnosis to the occur-
rence of progression, relapse after complete remis-
sion, or death from any cause. FFS had a value of
zero for patients who did not achieve complete
remission.

Results

Clinical Findings

The main clinical characteristics of MALT and non-
MALT OABL cases are set out in Table 2. The MALT
lymphoma group was comprised of 39 cases (21

females and 18 males) with a mean age of 62 years
(ranging from 27 to 84 years), and with 26 patients
older than 59 years. The orbital region was involved
in 35 cases (in particular, the lachrymal gland was
infiltrated in 9/35 cases), the conjunctival mucosa in
three cases, and the eyelid in one case. Bone marrow
involvement was observed in four cases. Standard
imaging studies, including ultrasonography and CT
scan revealed no other locations in any of the cases.

Twelve of the 39 cases were studied serologically
for the presence of infection by hepatitis C virus
(HCV) or hepatitis B virus. Six cases were found to
be serum positive for HCV.

Therapy was heterogeneous, the patients being
treated in accordance with their clinical stage,
disease aggressiveness, age, and the status of know-
ledge over the last 20 years. Radiotherapy was
standard, either alone (16/39 cases) or in conjunc-
tion with chemotherapy (6/39 cases). Statistical
analysis of our series revealed no significant
differences between these therapeutic approaches.

Relapse or persistence of local disease was
observed in 13 cases. Relapse was recorded at the
same site of origin in seven cases, and in the
contralateral orbital region in two cases. Disease
persisted after therapy in two cases. Dissemination
was recorded in three cases: to loco-regional lymph
nodes in two cases, and to the ovary in the third.

The mean OS in the series was 58 months (range
from 6 to 215 months). The mean disease-specific
OS, recorded in two cases, was 33 months, and the
mean FFS was 28 months (range from 0 to 74
months). At the end of follow-up 24 patients were
alive without disease, eight were alive with disease,
two had died from causes attributable to the disease
and five had died from causes unrelated to the
disease.

Main Morphological and Immunohistochemical
Features of MALT OABLs

Tumoral biopsy revealed a diffuse or vaguely
nodular pattern of growth, with rare residual
follicles in 10/39 cases, clearly highlighted by
follicular dendritic cell staining (CD23 antibody).
The neoplasia was mostly constituted by marginal-
zone cells (monocytoid- and centrocyte types) with
interspersed lymphoplasmacytoid cells; lympho-
plasmacytoid cell prevalence was recorded in two
cases only. A low proportion (5–10%) of scattered
centroblast- and immunoblast-like cells was present
in 24 cases (61%). No cases with clusters of more
than 20 large cells were observed (Figure 1).

Standard immunohistochemical staining showed
pan-B markers in all cases (CD20 and CD79a), and
negativity for germinal-center markers (CD10 or
bcl6). Expression of CD43 (12/36) was variable. No
positivity of neoplastic cells was observed for CD5
and CD23. Light-chain restriction was revealed in 33
cases; in particular, 25/34 showed kappa-chain
restriction and 9/34 lambda-chain restriction.
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Table 2 Main clinicopathological features of patients

Case no. Sex Age Site Histology/cytotype
prevalence

Bone
marrow

HCV EBER Therapy Relapse
(months
since
diagnosis)

Systemic
progression
(months from
diagnosis)

Follow-up time
(months since
diagnosis)

LC CD38 MUM1 CD43 Light-chain
restriction

Status

1 M 68 O MALT, Mz � ND � WW NO NO 173 No � � � L A
2 M 58 O MALT, Mz � ND � CT+RT Yes (69) NO 213 No � � � L DO
3 M 76 O MALT, Mz � ND � CT NO NO 215 No � � � No DO
4 F 27 O MALT, Mz � ND � CT Yes (54) Y 6 Yes � � + k D
5 F 44 O MALT, Mz � ND � RT NO NO 138 No � � � No A
6 M 75 O MALT, Mz � ND � WW NO NO 20 No � � + k DO
7 F 65 O MALT, Mz � ND � RT Yes (7) NO 163 No � � + L AWD
8 M 66 C MALT, Mz � ND � WW NO NO 53 No � � � k DO
9 F 83 O MALT, Mz � ND � WW NO NO 24 Yes � � + k DO

10 F 61 O MALT, Mz ND ND � WW Yes (17) Y 147 No � � � k A
11 F 37 O MALT, Mz � ND � WW Yes (74) NO 138 No � � + k A
12 F 66 O MALT, Mz � + � RT NO NO 81 No � � + k A
13 F 54 O MALT, Mz � � � CT+RT NO NO 104 Yes + + � k A
14 M 67 C MALT, Mz � ND � RT NO NO 105 No � � � L A
15 M 49 O MALT, Mz � ND � RT NO NO 94 Yes � � + L A
16 M 64 O MALT, Mz � ND � WW Yes (13) NO 78 No � � + k AWD
17 M 65 O MALT, Mz � + � RT NO NO 61 No � � � k A
18 F 67 O MALT, Mz ND ND � CT+RT NO NO 6 Yes � � � k A
19 M 79 O MALT, Mz � � � WW Yes (12) Y 47 No � � ND k AWD
20 F 74 O MALT, Mz � + � WW Yes (50) Y 51 Yes + � � k AWD
21 F 76 O MALT, Mz � ND � WW Yes (35) Y 35 No � � � k AWD
22 F 78 O MALT, Mz ND ND � RT NO NO 6 Yes � � � No A
23 F 55 O MALT, Mz + � � CT+RT NO NO 6 No � � ND L A
24 M 62 C MALT, Mz + � � CT+RT NO NO 32 Yes � � � L A
25 M 46 O MALT, Mz ND ND � RT NO NO 6 No � � � No A
26 F 50 O MALT, Mz ND ND � RT NO NO 6 Yes � � + k A
27 F 78 O MALT, PL ND ND � RT NO NO 6 No + + + k A
28 F 30 O MALT, Mz � � � WW NO NO 27 Yes � � � k A
29 M 77 O MALT, Mz ND + � RT NO NO 8 No + + � k A
30 F 55 P MALT, Mz � ND � RT Yes (12) NO 25 No + � � L A
31 M 70 O MALT, Mz � ND � WW NO NO 22 Yes + � � L A
32 F 69 O MALT, Mz + ND � CT+RT NO NO 11 No � � ND k AWD
33 M 78 O MALT, Mz � ND � RT NO NO 21 No + � + k A
34 M 69 O MALT, Mz � ND � CT Yes (5) Y 7 Yes � � � k D
35 F 84 O MALT, PL � + � RT Yes (16) NO 18 Yes + + � k AWD
36 F 60 O MALT, Mz + + � CT NO NO 18 Yes � � + k A
37 M 65 O MALT, Mz � ND � CT NO Y(0) 15 Yes � � � ND AWD
38 F 37 O MALT, Mz � � � RT NO NO 12 No � � � k A
39 M 42 O MALT, Mz � ND � RT NO NO 6 No + � � k A
40 F 60 P FL ND ND � WW Yes (12) NO 12 � � � L D
41 F 85 O FL ND ND � RT NO Y 6 � � � No A
42 M 67 O FL � � � RT Yes (36) NO 178 � � ND No A
43 F 82 O DBCL ND + � CT+RT NO NO 13 + + � L A
44 F 82 P DBCL � ND � WW NO NO 15 � + + k DO
45 F 69 O DBCL ND ND � ND NO NO 6 + � � k A
46 M 44 O DBCL + ND � RT NO NO 38 � � � L A
47 M 20 O Burkitt � � + CT NO NO 115 � � � k A

M¼male; F¼ female; O¼orbit; C¼ conjunctiva; L¼ eyelid; Mz¼marginal-zone type; P¼plasmocytoid; ND¼not determined; WW¼watch and wait; CT¼chemotherapy; RT¼radiotherapy;
LC¼ large cells; A¼ alive; DO¼dead from other causes; D¼dead; AWD¼ alive with disease.
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Figure 1 (a) Classical ocular adnexa MALT lymphoma; (1) prevalence of monocytoid cells (H&E) (�63); (2) prevalence of plasmocytoid
cells (H&E) (�63); (3) prevalence of centrocytic cells (H&E) (�63); (4) lymphoepithelial complex (�63); (5) strong cytoplasmatic
expression of Bcl10 (� 63); (6) aberrant nuclear expression of Bcl10 (� 100); (7) high nuclear expression of p-IkBa (�100); (8) absent
expression of caspase 3 (�63); (9) low expression of ki67 (�63); (10) low expression of cyclin E (� 63), (11) low expression of cyclin A
(�63); (12) low expression of cyclin B1 (�63); (13) normal expression of p16 (� 63); (14) low expression of Bcl-XL (�63); (15) low
expression of survivin (�63); (16) reduced TUNEL apoptotic index (�63). (b) Ocular adnexa MALT lymphoma with large cell (� 63): (1)
increased number of large cells (H&E); (2) increased expression of ki67; (3) increased expression of cyclin E; (4) increased expression of
cyclin A; (5) increased expression of cyclin B1; (6) reduced expression of p16; (7) increased expression of Bcl-XL; (8) increased expression
of survivin.
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In all, 9/39 cases showed CD38 positivity, which
was associated with distinct plasma cell differentia-
tion in two cases.

Tissue-Microarrays Analysis

The results of the TMA-immunohistochemical
evaluations are reported in Tables 3–6.

In particular, and as expected for a low-grade
lymphoma, in MALT OABLS, neoplastic cells of
our series strongly expressed some markers in-
volved in apoptosis regulation, such as bcl2 (39/39
cases), and diminished caspase 3 activity (38/39
cases). The group was divided considering the

expression of cytoplasmic and nuclear p-IkBa (19/
39), nuclear bcl10 (14/37), survivin (6/38) and
Bcl-XL (6/39).

Profiling of cell-cycle markers revealed a rela-
tively low level of expression of protein related
to G2/M transition, that is, cyclin A (4/39 cases),
cyclin B1 (4/39 cases), and CDK1 (11/39 cases).
There were similar findings for proteins related to
G1/S transition, that is, cyclin D1 (0/39), cyclin D3
(6/39), cyclin E (7/39), CDK2 (0/39), CDK4 (12/39),
and CDK6 (14/39). Some abnormalities in the
expression of CDK inhibitors were observed in the
series. Thus, while p18 was uniformly expressed by
neoplastic cells; p21 was strongly expressed by
tumoral cells in four cases; loss of nuclear p27 was

Table 3 Expression of proteins involved in cell cycle

Case Histotype Ki67 CDK1 CDK2 CDK4 CDK6 CycD1 CycD3 CycE CicA P16 P18 P21 P27 P53 Hdm2

1 MALT L � � � � � � � � H L L H � L
2 MALT L � � � � � � � � H ND L H � L
3 MALT L + � + � � � � � H L L H � L
4 MALT L � � � � � � � � L H L L � L
5 MALT L � � � + � � � � H ND L H � L
6 MALT L � � � � � � � � L H L L � L
7 MALT L + � + + � + � � H H L H � H
8 MALT L � � � + � � � � L L L H � L
9 MALT L � � � � � + + � H L L L � L

10 MALT H � � � + � � � + H H L L � H
11 MALT L + � + � � � � � L L L H � L
12 MALT H + � � + � + � � H H L L � L
13 MALT H � � + + � � � � L H L L � L
14 MALT L + � � � � � � � L H L H � L
15 MALT L � � � � � � � � L H L H � L
16 MALT H + � � � � � � � L L L H � L
17 MALT L � � � � � � � � H L L H � L
18 MALT L � � � � � � � � L ND L L � L
19 MALT L � � � � � � � � L ND L L � L
20 MALT L � � � � � � � � L ND L L � L
21 MALT L � � + + � � � � H H L H � L
22 MALT L � � + + � � � � H H H H � H
23 MALT L � � � � � + + � H L L H � L
24 MALT L � � � � � � + � L H H H � H
25 MALT L � � � � � � � � L H L H � L
26 MALT L � � + + � � � � H H L L � L
27 MALT H + � + + � � + � H H L H � H
28 MALT L � � � � � � � � L ND L H � L
29 MALT H + � � � � � + � L H L H � H
30 MALT L � � � � � � � � H H L H � H
31 MALT H + � + + � + + + L H L H � H
32 MALT L � � � � � � � � L ND L L � L
33 MALT L � � � � � � � � L ND L L � L
34 MALT L � � � � � + � � H H L H � H
35 MALT H + � + + � � + + L H H H � H
36 MALT L � � + + � � � + L H H L � L
37 MALT H + � + + � � � � L H L H � H
38 MALT L � � � � � � � � H L L L � L
39 MALT L � � � � � � � � L H L H � H
40 FL L � � + + � � + + L H L L � H
41 FL L � � � � � � � � H H L H � L
42 FL H + � � � � � � � H L L H � H
43 DBCL L � � + + � � + + H L L L + H
44 DBCL H + � + + � + � + L H H H � H
45 DBCL L � � + + � � � � L H L L � H
46 DBCL L � � � � � � ND � H L L L � L
47 Burkitt H + � + + � + + + L H L L + H

L¼ low level; H¼high level; ND¼not determined.
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observed in 14 cases and loss of p16 in 22 cases
(Figure 1).

TUNEL revealed a reduced apoptotic index with
respect to normal nongerminal center lymphoid
tissue in 8/36 cases (Figure 1). EBER expression
was negative in 39/39 cases.

The FISH study of t(11;18) yielded negative results
in all the cases examined, although t(14;18)(q32;q21)
was present in 5/37 cases (Figure 2). The presence of
t(3;14)(p14.1;q32) was not assayed.11

Relationship between Variables

Pearson’s exact test showed numerous significant
associations between the variables examined.

Cytological Type

Among MALT lymphomas, lymphoplasmacytoid
differentiation was significantly associated with a
high level of expression of CD38 (P¼ 0.03), MUM1
(PE0.000), and cyclin E (P¼ 0.006), when compared
with the cases with prevalent marginal-zone differ-
entiation.

Histological Progression

Cases with a greater presence of large B-cells (more
than 5% of centroblasts or immunoblasts) showed
an increased expression of proteins related to
cell cycle or apoptosis regulation, such as

Table 4 Expression of proteins involved in apoptosis, and data for TUNEL, t(11;18)(q21;q21), and t(14;18)(q32;q21)

Case Histotype Bcl2 Bcl-XL Bax Cytoplasmic Bcl10 Nuclear Bcl10 p-IkBa Caspase 3 Survivin TUNEL T(11;18) T(14;18)

1 MALT + L H AW ND + ND L ND ND +
2 MALT + L H AW ND � � ND ND ND ND
3 MALT + L H AW � + � L L ND ND
4 MALT + L H AW � � � L H � �
5 MALT + L H AW � + � L H � �
6 MALT + L H AW � � � L H � �
7 MALT + L H M + + � L H � �
8 MALT + L H AW + + � L L � �
9 MALT + L H AW � � � L H � �

10 MALT + L H AW + � � H H � �
11 MALT + L H AW � + � L H � �
12 MALT + L H AW � + � L H � +
13 MALT + H L AW � + � H H � �
14 MALT + L H S � + � L H � +
15 MALT + H H AW � + � L H � �
16 MALT + L H M + + � L H � �
17 MALT + L H AW � � � L H � �
18 MALT + L H AW � � � L H � �
19 MALT + L L AW � � � L H � �
20 MALT + L H AW � � � L L � �
21 MALT + L H AW � � � L H � �
22 MALT + L H AW � + � L H � �
23 MALT + L H AW � � � L H � �
24 MALT + L H M + + � L H � �
25 MALT + L H AW � � � L H � �
26 MALT + L H AW � � � L H � �
27 MALT + L H AW + + � L H � �
28 MALT + L L AW � � � L L � �
29 MALT + H L S � � � H H � �
30 MALT + L H S � + � L L � +
31 MALT + H H AW + + + H H � +
32 MALT + L L AW � � � L H � �
33 MALT + L L AW � � � L L � �
34 MALT + L H AW + � � L H � �
35 MALT + H H M + + � H L � �
36 MALT + L H AW � � � H L � �
37 MALT + H L AW + + � L ND � �
38 MALT + L L AW � � � L H � �
39 MALT + L L M + + � L H � �
40 FL � H H AW � � + H L � �
41 FL � L H M � � + L H � �
42 FL � L L M + � � L H � �
43 DBCL � L H M � � + H H � �
44 DBCL � L L M � + + H L � �
45 DBCL + H L M + + � L H � �
46 DBCL + L H M + + � H H ND ND
47 Burkitt � L L M � + + H ND � �

L¼ low level; H¼high level; ND¼not determined; S¼ strong; M¼moderate; AW¼absent/weak.

Nuclear bcl10 in ocular adnexa MALT lymphomas
R Franco et al

1062

Modern Pathology (2006) 19, 1055–1067



Table 5 Summary of expression of proteins

Diagnosis Cases no. Large cells CD38 MUM1 CD43 Light-chain restriction Ki67 CDK1 CDK2 CDK4 CDK6 CycD1 CycD3 CycE CycA P16 P18

MALT 39 15/39 9/39 4/39 12/36 25k 9H 11/39 0/39 12/39 14/39 0/39 6/39 7/39 4/39 17H 22H
9l 30L 22L 9L

8ND
Low non-MALT 3 0/3 0/3 0/2 1l 1H 1/3 0/3 1/3 1/3 0/3 0/3 1/3 1/3 2H 2H

2L 1L 1L
High non-MALT 5 2/5 2/5 1/5 3k 2H 2/5 0/5 4/5 4/5 0/5 2/5 2/4 3/5 2H 3H

2l 3L 3L 2L

L¼ low level; H¼high level.

Table 6 Summary of expression of proteins, and data for TUNEL, t(11;18)(q21;q21), and t(14;18)(q32;q21)

Diagnosis Cases no. P21 P27 P53 Hdm2 Bcl2 Bcl-XL Bax Cytoplasmatic bcl10 Nuclear bcl10 p-IkBa Caspase 3 Survivin TUNEL T(11;18) T(14;18)

MALT 39 4H 25H 0/39 12H 39/39 6H 30H 31AW 11/37 19/39 1/38 6H 28H 0/36 5/37
35L 14L 27L 33L 9L 5M 32L 8L

3S
Low non-MALT 3 3L 2H 0/3 2H 0/3 1H 2H 1AW 1/3 0/3 2/3 1H 2H 0/3 0/3

1L 1L 2L 1L 2M 2L 1L
High non-MALT 5 1H 1H 2/5 4H 2/5 1H 2H 5M 2/5 4/5 3/5 4H 3H 0/4 0/4

4L 4L 1L 4L 3L 1L 1L

L¼ low level; H¼high level; S¼ strong; M¼moderate; AW¼absent/weak.
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ki67 (P¼ 0.082), cyclin A (P¼ 0.077), cyclin
B (P¼ 0.132), cyclin E (P¼ 0.075), survivin
(P¼ 0.041), and Bcl-XL (P¼ 0.041), and reduced
expression of p16 (P¼ 0.042). All the cell-cycle
markers also showed coregulated expression, as
expected (Figure 1b).

Apoptosis Regulation

Nuclear bcl10 was associated with the expression of
some proteins involved in cell-cycle progression, in
particular Ki67 (Po0.05), CDK1 (Po0.05), CDK4
(Po0.05), CDK6 (Po0.05), cyclin A (P¼ 0.054), and
cyclin D3 (P¼ 0.05). Moreover, it was associated
with the expression of p-IkBa (Po0.05), Hdm2
(Po0.001), p21 (P¼ 0.05), and the TUNEL index
(Po0.001).

The presence of p-IkBa was significantly asso-
ciated with a high level of expression of CDK4
(Po0.05), CDK6 (Po0.001), p27 (Po0.01), and
with the presence of t(14;18) (Po0.05). There
was also a nearly significant trend relating p-IkBa
with reduced TUNEL-apoptotic index (P¼ 0.059).

MALT vs Non-MALT Lymphomas

Comparing MALT with non-MALT lymphomas we
observed in the latter group significantly greater
expression of cyclin A (Po0.05), cyclin E (Po0.05),
and survivin (Po0.01), and a trend towards greater
expression of Hdm2 that just failed to reach
significance (P¼ 0.051).

Advanced-Stage Disease

Finally, the advanced stage of the disease, when
there is neoplastic infiltration of the bone marrow,

was associated with a high degree of p21 expression
(Po0.01).

HCV Serum Positivity

No relation of HCV presence was observed with any
of the clinicopathological parameters examined.

Relationship with FFS and OS

Survival analysis of MALT lymphomas using the
Kaplan–Meier method revealed a shorter FFS for
cases with nuclear expression of bcl10 (Po0.05)
(Figure 3).

Multivariate analysis revealed no significant asso-
ciation with FFS.

None of the variables examined showed associa-
tions with OS.

Discussion

MALT lymphomas in extranodal sites have mainly
been characterized either by grouping all the
different locations, or by following the features
observed in the most characteristic locations, such
as the gastrointestinal tract. Nevertheless, MALT
lymphomas arising at sites other than the gastro-
intestinal tract display some specific morphological
and molecular features.6,10 This has prompted us to
characterize a large series of MALT lymphomas
arising in the ocular adnexa with reference to a
selected number of molecules that could provide
information about the pathogenesis and biological
predictors of this disease.

Historically, lymphomas arising in conjunctiva,
orbit and eyelids have been grouped in a single
category with similar therapeutic strategies and
superimposable prognostic markers.1,2 MALT
OABLs account for 24% of all MALT nongastric
lymphomas, and are the third most frequent group
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Figure 3 Kaplan–Meier curve of failure-free survival in relation to
aberrant bcl10 nuclear expression (Po0.0367).

Figure 2 Two-color FISH to paraffin-embedded tissue for the
detection of the translocation t(14;18) (q32;q21). By using probes
for IGH (green) and MALT1 (red), the translocation of MALT1 is
demonstrated in this image, featuring fusion signals (yellow) in
the interphase nuclei (detail in inset).
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of MALT lymphomas after the gastrointestinal and
cutaneous groups.6

Our data confirm a slight prevalence of female
patients, with preferential involvement of orbit
localization with respect to other sites.2 Median
age in this series was similar to that observed in
other published series of MALT lymphomas.25

Most of the patients in this series have been
treated with approaches aimed at eradicating local
disease, either by surgery or radiotherapy. The
relatively low proportion of patients treated with
chemotherapy does not allow us to conclude which
is the most successful approach. One striking feature
was the relatively favorable clinical outcome, with
only two cases of death attributable to the disease
and 13 cases (30%) showing local relapses, persis-
tence, or systemic progression, with a mean time of
22 months from diagnosis.

HCV serum positivity was recorded in 5/10
MALT-type lymphoma cases. HCV is known to be a
hepatotropic and lymphotropic virus, and it has
been suggested that it may have a role in clonal
B-cell proliferation.26 The relatively high prevalence
(50%) of HCV infection in this series supports the
hypothesis that it may play a pathogenic role in this
tumor.

Our series shows that the histological features of
the tumor have no effect on clinical prognosis. In
particular, large-cell presence is not significantly
related to relapse and/or progression, in contrast to
the findings in gastric MALT lymphoma.21

Deregulation of apoptosis seems to be a character-
istic feature of this group of neoplasms, showing a
diminished presence of active caspase 3, which is a
common end for different apoptotic pathways, and
an increased expression of cytoplasmic and nuclear
p-IkBa, presumably related to NF-kB activity.

Alterations in the cell-cycle regulators were
observed only in cases with histological progres-
sion, as indicated by an increased proportion of
large B cells. These cases had a higher proliferation
rate and level of expression of some molecules
involved in cell-cycle regulation, such as cyclins A
and E. These are associated with an increase in the
amount of several proteins, such as survivin and
Bcl-XL, that are involved in apoptosis control,
making this group of lymphomas more similar to
large B-cell lymphomas in our series.

In MALT lymphomas arising at gastrointestinal
locations, it is claimed that MALT1, with or without
bcl10 cooperation, activates the phosphorylation
cascade, leading to IkB-a phosphorylation. IkB-a is
a physiological ligand of NF-kB in the cytoplasm,
whose phosphorylation permits the liberation and
migration of NF-kB into the nucleus, where NF-kB
plays its transcriptional role, upregulating the
expression of antiapoptotic proteins.7,27–30 In MALT
lymphoma, deregulation of the expression of
MALT1 gene due to chromosomal translocations
t(11;18)(q21; q21) and t(14;18)(q32;q21) seems to be
one of the main pathogenic mechanisms leading to

reduced apoptotic activity.12,15,22,31–33 In contrast to
what has been described in gastric MALT lympho-
mas, our results did not indicate the presence of
t(11;18). This translocation has been extensively
examined in gastric MALT lymphomas and is
associated with cases of a more advanced stage or
those lacking responses to Helicobacter pylori
eradication.15,34 It occurs in 20–50% of gastric
MALT lymphomas but the true incidence at other
sites, with the exception of lung, is largely un-
known.22,24,31,33,34 In particular, the t(11;18) is
reported as occurring in MALT lymphomas arising
in the ocular adnexa at frequencies between 2.7
and 20%.10,33,34 The different incidence of this
and other translocations in MALT lymphomas
from distinct anatomical sites is probably linked
to specific prelymphomatous conditions that lead
to neoplastic transformation. Another translocation
involving MALT1 and IgH genes, t(14;18) (q32;q21)
has recently been described as occurring more
frequently at sites considered to have a low
incidence of t(11;18), such as skin and orbit.12,33 In
our series t(14;18)(q32;q21) was relatively more
frequent and associated with p-IkBa, thus confirm-
ing the link with NF-kB activity. In this study, we
have not assayed the presence of the recently
described t(3;14)(p14.1;q32).11

Another critical point in the pathogenesis of
MALT lymphomas is the potential role of aberrant
nuclear expression of bcl10. Under physiological
conditions bcl10 plays a dual pro- and antiapoptotic
role.12,15,31–33,35 The nuclear expression of bcl10 has
been proposed as a surrogate of NF-kB activation
after (11;18)(q21;q21), t(1;14)(p22;q32), while strong
cytoplasmic expression has been linked with
t(14;18)(q32;q21).7,12,22,35,36 Strikingly, our data show
a clear association between nuclear bcl10, increased
expression of p-IkBa, and shorter time to failure.
This, in addition to providing predictor parameters,
suggests tentative therapeutic targets. Additionally,
this series featured absent/weak cytoplasmic bcl10
expression compared with tonsil control in most
cases, moderate bcl10 cytoplasmic expression in
five cases, and strong cytoplasmic expression in
three cases. A clear relation between this strong
cytoplasmic expression and t(14;18)(q32;q21) was
not observed, since only two of these three cases
showed t(14;18)(q32;q21) and three cases with
t(14;18) (q32;q21) showed only weak cytoplasmic
bcl10 expression. The lack of association of aberrant
nuclear and strong cytoplasmic bcl10 expression
with any described translocation suggests the
existence of additional chromosomal abnormalities
that are yet to be characterized, such as the
t(3;14)(p14.1;q32).

In conclusion, tissue-microarray analysis shows
that MALT OABLs represent a group mostly char-
acterized by the deregulation of apoptosis. Altera-
tion of apoptosis appears to be partially mediated by
bcl10 shuttling to the nucleus, irrespective of
t(11;18) presence, in contrast to what is observed
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in other MALT lymphomas. On the other hand,
t(14;18) (q32;q21), observed in a restricted number
of cases, seems to affect apoptosis regulation by
itself, because of its association with NFkB activity,
as determined by p-IkBa expression.
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