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We have reported previously that duodenal follicular lymphoma (FL) is distinct from nodal FL and showed more

resemblance to mucosa-associated lymphoid tissue lymphoma, and that FL frequently involved the duodenal

second portion. In the present study, we examined duodenal FLs and gastric/colonic FLs to clarify the

clinicopathological and immunological differences between the tumor types. We analyzed 8 samples of gastric

FL, 17 of duodenal ones, and 5 of colonic/rectal ones, and characterized them by immunohistochemistry,

immunogenotyping, and histology. Gastric and colonic FLs presented in submucosal to subserosal areas,

whereas duodenal ones presented in the mucosal to submucosal layers. Immunohistochemical analysis

revealed that duodenal FLs exhibited the following phenotypes: CD10 (þ ), B-cell lymphoma 2 (BCL-2) (þ ),

BCL-6 (þ ), activation-induced cytidine deaminase (AID) (� ), BACH2 (þ ), CD27 (þ ), MUM-1 (� ), Blimp-1 (� ),

and loose CD21 network (duodenal pattern). Gastric/colonic FLs exhibited the following phenotypes: CD10 (þ ),

BCL-2 (þ ), BCL-6 (þ ), AID (þ ), BACH2 (þ ), CD27 (� ), MUM-1 (� ), Blimp-1 (� ), and a dense CD21 network

(nodal pattern). Expression of AID and CD27 in lymphoma cells and the CD21 network pattern were

considerably different between duodenal FLs and gastric/colonic ones. Moreover, in situ hybridization revealed

that, in the duodenal FLs, BACH2 was expressed at the periphery of the tumor follicle and tumor villi. The

number of immunoglobulin heavy-chain variable domains VH4 and VH5 were higher in duodenal follicular

lymphomoas than in gastric FLs. The lymphoma cells of duodenal FLs are different from those of gastric/

colonic FLs, and duodenal FL is distinct even within the gastrointestinal tract. Somatic hypermutation in

immunoglobulin genes and CD27 expression are hallmarks of memory B cells. We suggest that duodenal FL

cells are in the memory B-cell stage, and require BACH2 instead of AID for ongoing mutation.
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We have reported that duodenal follicular lympho-
ma (FL) is a distinct FL by virtue of lacking follicular
dendritic cells (FDC), activation-induced cytidine
deaminase (AID), and immunoglobulin variable hea-
vy-chain deviation.1,2 On the other hand, we have
also reported that duodenal FLs harbor t(14;18)(IGH-
BCL-2), exhibit ongoing somatic hypermutations, and
express CD10 and B-cell lymphoma 2 (BCL-2), which
are common features of nodal FL. However, the
proteins have roles in somatic hypermutation in
duodenal FL have not yet been identified.

Although the duodenal second portion is the most
frequent site of FL in the gastrointestinal tract,3,4 it
sometimes occurs primarily in the gastrointestinal
tract outside of the duodenum. Using double-balloon
and/or capsule endoscopy, FLs of the gastrointestinal
tract primarily involve the duodenum and frequently
spread to the small intestine,3 Few FLs occur in the
stomach and colon, but the clinicopathological
features of FL in such organs remain unclear.
AID has a key role in class switching and somatic
hypermutation in B cells,5 and BACH2 also has a
role in these processes in B cells.6 BACH2 and
Bcl-6 suppress Blimp-1, which is a key regulator
of plasma-cell differentiation.7 We have previously
reported the lack of AID expression in duodenal
FLs, but the entity associated with somatic hyper-
mutation and ongoing mutation remains unknown.
Therefore, we focused on BACH2 expression,
especially in duodenal FLs, and sought to clarify
the differences between duodenal and other gastro-
intestinal FLs with special reference to the chara-
cteristics of FDC, the expression of AID and BACH2,
and stage of differentiation in lymphoma cells.

Materials and methods

Patients

Subjects included 8 patients with FL in the stomach,
5 with FL in the colon and rectum, and 17 with FL
in the duodenum, which were previously reported.1

We obtained three samples of reactive lymphoid
hyperplasia of the lymph node and three of the
duodenum for CD27 immunohistochemical control
specimens. Informed consent to use the samples was
obtained from all the patients.

Immunohistochemical Analysis

Immunohistochemical staining was performed on
sections from 10% buffered formalin-fixed and
paraffin-embedded tissues using heat-induced epi-
tope retrieval or trypsin-induced retrieval, an
avidin–biotin complex method, and an automated
immunostainer (Ventana Medical System, Tuscon,
AZ, USA), as previously described.8 The antibody
panel used to assess these cases was as follows
(clone, dilution): CD20 (L26, 1:200), CD3 (PS-1,
1:50), CD10 (56C6, 1:50), CD5(4C7, 1:100), Bcl-2

(3.1, 1:200), CD23 (1B12, 1:100), CD27 (137B4, 1:50),
and Ki-67 (MIB-1, 1:5000) (Novocastra, Newcastle-
upon-Tyne, UK); CD21 (1F8, 1:20), MUM-1
(MUM1p, 1:50) (DAKO Cytomation, Denmark); Bcl-
6 (D-8, 1:100) (Santa Cruz Biotechnology, Santa Cruz,
CA, USA); cyclin D1 (SP4, ready to use) (Nichirei,
Japan); AID (ZA001, 1:100) (Zymed, South San
Francisco, CA, USA); and Blimp-1 (3H2-E8, 1:200)
(Novus Biologicals, Littleton, CO, USA). Rabbit
polyclonal anti-human BACH2 antibody (F69-2)
was used as a primary antibody at a dilution of
1:500. Muto et al6 recently reported that staining
with the anti-BACH2 antibody was severely
diminished in the spleens of BACH2-deficient
mice, verifying the specificity of the antibody. For
CD20, CD3, CD10, CD5, Cyclin D1, Bcl-2, Bcl-6, and
MUM-1 antigens, samples were scored as positive
when 30% or more of lymphoma cells were
positively stained. For AID expression in tumor
follicles, samples with 5% or more expressing cells
were scored as positive as previously described.9 Ki-
67-positive cells were counted in tumor follicles.
CD21 expression patterns were classified as follows:
nodal (430% positive cells); intermediate (5–30%
positive cells); and duodenal (o5% positive cells
and FDC located at the periphery of tumor follicles).

Fluorescence In Situ Hybridization (FISH)

FISH for t(14;18)(q32;q21)/IGH-BCL-2 translocations
was performed using the LSI BCL-2 FISH DNA
fusion signal probe (Abbott Molecular, Wiesbaden,
Germany) according to the manufacturer’s instruc-
tions. We performed FISH directly on paraffin-
embedded tissue sections and detected the hybridi-
zation signal as previously described.10

In Situ Hybridization

In situ hybridization was performed on paraffin-
embedded tissue sections using a BACH2 RNA
probe, which was designed using a modified multi-
labeling method as previously described.11

DNA Extraction and PCR

DNA was extracted from paraffin-embedded tissue
using the QIAmp DNA Micro Kit (Qiagen, Valencia,
CA, USA). The variable regions (CDR2 and FW3) and
VDJ region (CDR3) of the immunoglobulin heavy-
chain (IgVH) gene were amplified by semi-nested
PCR, using the primers of FR2, LJH, and VLJH as
described earlier.1,12 Primers used were as follows:
50-CCGGRAARRGTCTGGAGTGG-30, as upstream
consensus V region primer (FR2); 50-CTTACCTG
AGGAGACGGTGACC-30, as a consensus J region
primer (LJH); 50-GTGACCAGGTNCCTTGGCCCC-30,
as a consensus J region primer (VLJH). PCR products
were purified using the QIAquick PCR purification
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kit (Qiagen). Then, 1ml of the PCR product was used
for direct sequencing (ABI PRISM Model 3100,
version 3.7, Applied Biosystems). Next, the resulting
immunoglobulin sequence was fed into BLAST
(NCBI) to identify the closest germline sequences.

Western Blotting

CD27 protein expression in tumor samples was
determined by western blot analysis. Protein lysates
were analyzed using standard techniques and
the anti-CD27 rabbit polyclonal antibody (Abcam,
Tokyo, Japan) as described.13 We included one
fresh-frozen reactive lymphoid hyperplasia sample
as a positive control, a HeLa cell line sample as a
negative control, and three fresh-frozen duodenal FL
samples in each analysis.

Statistical Analysis

All statistical analyses were performed with the
Mann–Whitney U-test using SPSS software (version
14.0; SPSS, Chicago, IL, USA). Values of Po0.05
were considered statistically significant.

Results

Clinicopathological Findings

Clinical features (age, gender, and clinical stage),
histological grading, and immunohistochemical

findings are summarized in Table 1. The study group
comprised 16 men and 14 women, aged between 40
and 81 years, with a median age of 61 years (Stomach
FL: age range, 51–81 years; median age, 63 years.
Duodenum FL: age range, 49–75 years; median age,
61 years. Colon and rectum FL: age range, 40–87
years, median age, 58 years). Clinical stages were
determined according to the criteria recommended
by the International Workshop (Lugano) and are
detailed in Table 1. All stage IV patients had
bone marrow involvement. We excluded patients
with multiple lymph node lesions. In our patient
series, the stage IV patients had both gastrointestinal
lesions and bone marrow lesions, and they had
predominant gastrointestinal involvement. Typical
histological appearance of patient samples showed a
vague nodular pattern composed of small- to
medium-sized cleaved lymphoid cells. The main
locations of gastric and colonic FLs were the
submucosal to subserosal areas (Figures 1a–f).
Duodenal FLs were located in the submucosal area
(Figures 1g–i), and tumor cells were associated with
duodenal villi. Histological grades were distributed
as follows: grade 1: 24 samples; grade 2: 5 samples;
Grade 3A: 1 sample.

Immunophenotyping Results

CD21 expression patterns are shown in Table 2. FDC
were arranged at the periphery of tumor follicles in

Table 1 Clinicopathological features in gastrointestinal FLs

Patient no. Sites Age (years)/gender Stage Grade CD20 CD10 CD5 Cyclin D1 BCL-2 BCL-6 MUM-1 Blimp-1

1 Stomach 60/M I 1 þ þ � � þ þ � �
2 Stomach 75/M IV 1 þ þ � � þ þ � �
3 Stomach 63/M I 1 þ þ � � þ þ � �
4 Stomach 60/F I 2 þ þ � � þ þ � �
5 Stomach 51/F II2 1 þ þ � � þ þ � �
6 Stomach 81/F I 2 þ þ � � þ þ � �
7 Stomach 51/F I 2 þ þ � � ± þ � �
8 Stomach 74/M II1 1 þ þ � � þ þ � �
9 Duodenum 75/M I 1 þ þ � � þ þ � �
10 Duodenum 57/M I 1 þ þ � � þ þ � �
11 Duodenum 58/M IV 1 þ þ � � þ þ � �
12 Duodenum 75/M II2 1 þ þ � � þ þ � �
13 Duodenum 71/F I 1 þ þ � � þ þ � �
14 Duodenum 66/F I 1 þ þ � � þ þ � �
15 Duodenum 51/M I 1 þ þ � � þ þ � �
16 Duodenum 49/M II2 1 þ þ � � þ þ � �
17 Duodenum 62/F II2 1 þ þ � � þ þ � �
18 Duodenum 54/M I 1 þ þ � � þ þ � �
19 Duodenum 61/F IV 1 þ þ � � þ þ � �
20 Duodenum 53/F II2 1 þ þ � � þ þ � �
21 Duodenum 57/F I 2 þ þ � � þ þ � �
22 Duodenum 56/M II2 1 þ þ � � þ þ � �
23 Duodenum 66/F II2 1 þ þ � � þ þ � �
24 Duodenum 55/F II2 1 þ þ � � þ þ � �
25 Duodenum 63/F II2 1 þ þ � � þ þ � �
26 Cecum 42/M II2 2 þ þ � � þ þ � �
27 Colon 40/M I 1 þ þ � � þ þ � �
28 Colon 47/M I 3A þ þ � � þ þ � �
29 Rectum 67/F I 1 þ þ � � þ þ � �
30 Rectum 77/M I 1 þ þ � � þ þ � �

Abbreviations: BCL-2, B-cell lymphoma 2; F, female; FL, follicular lymphoma; M, male.
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15 of 17 duodenal FLs as previously described
(Figure 2a.1 In contrast, among the eight stomach
FLs, seven exhibited a nodal pattern and one
showed an intermediate pattern (Figure 2b). Out of
five patient samples in the colon and rectum, three
were nodal and two were intermediate (Figures 2c
and d). Statistical comparison of the expression
patterns of duodenal FLs and gastric/colonic FLs

showed that the distributions were significantly
different (Po0.001).

Results of AID and BACH2 expression analyses
are also shown in Table 2. Only 1 of 17 duodenal FLs
expressed AID (Figure 2e), whereas 6 of 8 gastric FLs
were positive for AID (Figure 2f). All colonic and
rectal samples were positive for AID. BACH2
expression was comparatively different: 14 of 17
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Figure 1 Pathological features of gastric, duodenal, and colonic/rectal follicular lymphoma (FL). (a) Gastric FL (HE stain; low power
field). Tumor cells are present in the proper muscle to subserosal area. (b) CD10 immunostaining of gastric FL (low power field). (c) B-cell
lymphoma 2 (BCL-2) immunostaining of gastric FL (low power field). (d) Gastric FL (HE. stain). Vague nodular tumor follicles are
present. (e) CD10 immunostaining of gastric FL. Tumor cells are positive. (f) BCL-2 immunostaining of gastric FL. Tumor cells are
positive. (g) Colonic FL (HE stain). Tumor cells are present in the musculature proper area. (h) CD10 immunostaining of colonic FL.
Tumor cells are positive. (i) BCL-2 immunostaining of colonic FL. Tumor cells are positive. (j) Duodenal FL (HE stain). Tumor cells are
present in the lamina propria area. (k) CD10 immunostaining of duodenal FL. Tumor cells are positive. (l) BCL-2 immunostaining of
duodenal FL. Tumor cells are positive.
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duodenal FL samples were positive for BACH2.
Interestingly, the AID-positive sample (no. 20) was
negative for BACH2. In seven samples, BACH2 was
expressed at the periphery of the tumor follicle and
tumor villi (Figure 2g, Table 2; shown as (þ )).
BACH2 was also commonly expressed in other FLs:
six of eight gastric FLs were positive for BACH2
(Figure 2h) as were three of five colonic/rectal FLs.

In situ hybridization analysis of BACH2 expres-
sion confirmed the immunohistochemical findings.
Tumor cells at the peripheral zone of tumor follicles
and at the villi expressed BACH2 mRNA (Figures 3a
and b). This pattern corresponded with the protein
expression pattern. We also examined Blimp-1
expression and found no Blimp-1 expression in
any of the patient samples (Table 2).

We examined differentiation in lymphoma cells
using CD27 staining. As both mutated IgMþ B-cell
populations and the class-switched memory B cells
share expression of the TNF-receptor superfamily
member CD27, which is not expressed in unmutated
naive B cells,14,15 CD27 is thought to be a memory
B-cell marker.16 Figure 3c shows CD27 expression in
the reactive lymphoid hyperplasia of the duode-
num: the CD27-positive B cells or plasma cells were
present at the villi and lymphoid follicle. CD27
expression is also shown in the reactive hyperplas-
tic germinal centers of the tonsil: the positive cells

were scattered in the germinal center (prominent in
light zone) and interfollicular zone (Figure 3d).

As shown in Table 2, 15 of 17 duodenal FL samples
strongly expressed CD27 (Figure 3e). Western blotting
analysis also confirmed CD27 protein expression in
duodenal FL (Supplementary Figure 1). In eight
gastric and seven colonic FL samples, all samples
were negative for CD27 (Figure 3f), except those of
patients no. 7 and no. 26. Statistical comparison of
expression patterns in duodenal FLs and nodal,
gastric, and colon FLs showed that the distributions
are significantly different (Po0.001).

IgVH Gene Usage

We could detect monoclonal bands in six of eight
gastric FL samples and one of five colonic/rectal FL
samples. These results are shown in Table 2. In
gastric FL, five of six were VH3 and one was VH4. In
duodenal FL, 9 of 17 were VH3, 5 were VH4, and 3
were VH5.

Fluorescence In Situ Hybridization

The t(14;18) translocation was detected in 13 of 15
(about 87%) duodenal FL samples, 3 of 8 (38%)
gastric FLs, and 3 of 5 (60%) colon and rectal FLs
(Figure 4a). In gastric FL samples, the frequency of the

Table 2 CD21 pattern, AID, BACH2 expression and genetical study in gastrointestinal follicular lymphomas

Patient no. Sites Stage CD21 pattern AID BACH2 CD27 t(14;18) VH usage

1 Stomach I Nodal � þ � þ ND
2 Stomach IV Intermediate þ þ � þ VH3-30
3 Stomach I Nodal þ � � � VH3-21
4 Stomach I Nodal þ þ � � VH3-30
5 Stomach II2 Nodal � þ � þ ND
6 Stomach I Nodal þ þ � � VH3-7
7 Stomach I Nodal þ þ þ � VH3-30
8 Stomach II1 Nodal þ � � � VH4-34
9 Duodenum I Duodenal � � þ ND VH3-73
10 Duodenum I Duodenal � � þ ND VH3-48
11 Duodenum IV Duodenal � þ � þ VH3-72
12 Duodenum II2 Duodenal � þ þ � VH4-34
13 Duodenum I Duodenal � (þ ) þ þ VH5-a
14 Duodenum I Nodal � þ þ � VH3-73
15 Duodenum I Duodenal � (þ ) þ þ VH4-b
16 Duodenum II2 Duodenal � (þ ) þ þ VH4-39
17 Duodenum II2 Duodenal þ � þ þ VH3-15
18 Duodenum I Duodenal � (þ ) þ þ VH5-51
19 Duodenum IV Duodenal � þ � þ VH5-51
20 Duodenum II2 Duodenal � (þ ) þ þ VH4-61
21 Duodenum I Duodenal � (þ ) þ þ VH4-39
22 Duodenum II2 Duodenal � þ þ þ VH3-73
23 Duodenum II2 Duodenal � (þ ) þ þ VH3-23
24 Duodenum II2 Nodal � þ þ þ VH3-23
25 Duodenum II2 Duodenal � þ þ þ VH3-23
26 Cecum II2 Nodal þ þ þ � ND
27 Colon I Intermediate þ þ � þ ND
28 Colon I Nodal þ � � þ VH3-33
29 Rectum I Intermediate þ þ � � ND
30 Rectum I Nodal þ � � þ ND

Abbreviation: AID, activation-induced cytidine deaminase; ND, not determined.
(þ ): positive at the periphery of tumor follicle and villi.
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translocation was significantly lower than that in
duodenal FLs (P¼ 0.015). Furthermore, gastric FLs
with lower clinical stages (Stage I–II1, localized tumor
stage) had a lower tendency to exhibit the t(14;18)
translocation (Table 2). The IGH-BCL-2 translocation
was more frequent in duodenal samples (87%) than in
gastric (40%) and colonic (59%) FLs (P¼ 0.008).

Discussion

Although the gastrointestinal FLs are relatively rare,
accounting for 1–3.6% of all gastrointestinal lym-
phomas, duodenal FLs have recently been found
with increasing frequency by upper gastrointestinal
endoscopic examination. These FLs are character-
ized by lower clinical stage, lower histological
grading, and better prognosis. Gine et al17 reported
that the frequency of clinical stage III–IV in nodal
FL was 81%. Solal-Celigny et al18 found a similar
frequency of 78%. In our previous multicenter

retrospective study, 41 of 191 patients with
gastrointestinal FL (21.5%) were stage IV.4

Histological differences between duodenal FLs and
stomach and colon FLs involved tumor depth, size
of individual tumor follicles and the size of the
lesions. Duodenal FLs were mainly located in
submucosal areas, and tumor cells were present
in mucosal villi. Macroscopically, duodenal FLs
typically present as small white multiple nodules.
These histological differences suggest the associa-
tion of a mucosal homing receptor such as a4b7 as
reported by Bende et al.19 Most duodenal lymphoma
samples are obtained by biopsy, and the assessment
thus performed is considered insufficient. However,
in our previous patient series, a few patients were
examined by ultrasonic endoscopy. All patients who
had macroscopically multiple white nodules had a
limited submucosal layer. In our present series of
duodenal FLs, all macroscopic types were found to
be typical multiple white nodules. The patients in
the present series were examined by CT and/or MRI.

a b c
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Figure 2 CD21 and AID immunohistochemistry in duodenal, gastric, and colonic FLs. (a) CD21 immunostaining of duodenal FL.
Follicular dendritic cells (FDC) present at the periphery of tumor follicles (duodenal pattern). (b) CD21 immunostaining of gastric FL.
FDC networks densely present in tumor follicles (nodal pattern). (c) CD21 immunostaining of colonic FL. FDC networks densely present
in tumor follicles (nodal pattern). (b) Intermediate pattern of CD21 immunostaining in colonic FL. (e) AID immunostaining in duodenal
FL. Tumor cells are negative. (f) AID immunostaining of gastric FL. Tumor cells are positive. (g) BACH2 immunostaining in duodenal FL.
Periphery of tumor follicles and villi are positive, but center of tumor follicle is negative. (h) BACH2 immunostaining of gastric FL.
Tumor follicles are positive.
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We think we should examine further studies in the
future.

Both normal germinal centers and nodal FLs
have dense CD21-positive follicular dendritic cell

networks.20 We previously showed that duodenal
FL lacked follicular dendritic cell networks, with
dendritic cells distributed at the periphery of the
tumor follicles.1 In contrast, other gastrointestinal

a b
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Figure 3 BACH2 and CD27 expression. (a) BACH2 in situ hybridization in duodenal follicular lymphoma (FL) sample. Levels of mRNA
expression correlate with protein expression. Inset of Figure 3a shows detection of BACH2 mRNA with sense DIG-labeled probes as a
negative control. (b) Same sample as Figure 3a. Tumor at the villi also expresses BACH2 at the mRNA level. (c) CD27 expression in
reactive lymphoid hyperplasia of the duodenal sample. Positive cells (active B cells and plasma cells) are present at the villi. (d) CD27
immunostaining of reactive lymphoid hyperplasia in the tonsil sample. Positive cells are scattered in the germinal center light zone and
interfollicular zone. (e) CD27 expression in duodenal FL. Tumor cells are strongly positive. (f) CD27 expression in colonic FL. Tumor
follicles are negative.
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tract (stomach, colon, and rectum) FLs had dense
follicular dendritic cell networks similar to those of
nodal FLs. The follicular dendritic cell network
pattern may depend on the nature of the primary
tumor. For example, we documented a patient with
primary FL in the inguinal lymph node, who
achieved complete remission by chemotherapy and
then relapsed with lesions at duodenal and gastric
sites. Interestingly, the nodal and two gastroin-
testinal sites showed the same follicular dendritic
cell pattern (nodal pattern, data not shown).
Conversely, some duodenal and nodal samples
from patients presenting with systemic lym
phadenopathy showed the same dendritic cell
pattern (duodenal pattern, data not shown).

An important question concerns whether tumor
cells invading follicles arise from the villi or whether
they spread from tumor follicles to the villi. Figure 4b
presents a hypothetical schema of development of
duodenal FL. The VH-usage deviation and memory-
cell characters strongly suggested that the presence of
antigen stimulation, chemokines, and adhesion
molecules probably affect tumor spreading. One
hypothesis is that tumor cells originating in the villi
spread to other villi and invade non-tumor follicles.
Tumor cells invading non-tumor follicles disrupt the
follicular dendritic cell network, as seen in follicular
colonization in MALT lymphoma. Another hypoth-
esis is that lymphoma cells from tumor follicles
spread to the villi.

AID has a key role in class switching and somatic
hypermutation in B cells.5 BACH2 also has a role in
these processes in B cells.6 BACH2 and Bcl-6
suppress Blimp-1, which is a key regulator of
plasma-cell differentiation.7 We have previously
reported a lack of AID expression in duodenal FLs.
In the present study, 14 of 17 samples of duodenal FL
expressed BACH2 protein and mRNA. In seven
samples, the BACH2 pattern and the pattern of
tumor cells in the villi and periphery of the tumor
follicles was the same. This unique pattern was not
found in nodal, gastric, or colonic FLs. This difference
was quite interesting, but the mechanism by which
AID and BACH2 are differentially expressed remains
unclear. We cannot clearly demonstrate this

association in our present study, and further studies
will be required to clarify this association.

Most duodenal follicular samples expressed
BACH2, and all lacked Blimp-1, which is repressed
by BACH2 and Bcl-6. Thus, BACH2 might have a
key role in ongoing somatic hypermutation in
duodenal FLs. Sakane-Ishikawa et al21 described
better prognostic value of BACH2 expression in
diffuse large B-cell lymphomas. Takakuwa et al22

described an inhibitory effect of BACH2 on
proliferation of Raji cell lines. In previous reports,
BACH2 was reported to have a tumor suppressor
role in B-cell lymphomas. On the other hand, AID is
associated with lymphomagenesis and AID
expression is related to poor prognosis in several
B-cell lymphoma subtypes.9,23,24 We do not have
sufficient data for long-term follow-up of patients
with duodenal FL, but based on these reports, we
suggest that BACH2 expression and lack of AID
expression might limit the tumor stage and lead to
better prognosis in duodenal FL.

Expression of CD27 was common (15 of 17) in the
duodenal FL samples. In 16 Grade 1 nodal FLs, all
patient samples were negative for CD27 (data not
shown). In five gastric MALT lymphoma patient
samples, four samples were positive and one was
negative for CD27 (data not shown). In B-cell
differentiation, postgerminal center B cells, selected
by affinity maturation and induced by somatic
hypermutation, differentiate to plasmablasts or mem-
ory B cells.25 CD27 is a tumor necrosis factor receptor
superfamily member and a general human memory
B-cell marker. In human normal intestinal mucosa,
scattered secretory IgAþ CD27þ memory B cells are
present in the lamina propria, but are scarce in gut-
associated lymphoid tissue.26 In duodenal FL
samples, tumor cells expressed IgA, CD27, and
BACH2. Thus, tumor cells differentiate to memory
B cells with somatic and ongoing hypermutations.
For this reason, we note that these data suggest a
resemblance of duodenal FL to MALT lymphoma.
CD27þ memory B cells are subclassified as
IgMþ IgDþ , IgMþ IgD-, IgGþ IgAþ , and IgM-IgDþ .27

Thus, duodenal FLs are subclassified as IgAþ

memory B-cell like. Dong HY et al28 described that

Figure 4 Fluorescence in situ hybridization (FISH) and schema of duodenal FL. (a) FISH for detection of t(14;18) in duodenal follicular
lymphoma (FL) sample. IGH signal (green) and B-cell lymphoma 2 (BCL-2) signal (red) are merged (yellow: arrows). (b) Schema of tumor
origin in duodenal FL.
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CD27 did not distinguish between neoplastic B cells
of naive versusmemory type. Furthermore, Schmitter
D et al29 described CD27 expression in CD70-
stimulated FL cells. Somatic hypermutation by
itself is a feature of both follicular center and
memory B cells, and CD27 is also expressed by
some follicular center cells. Therefore, we should be
more conservative in the precise maturational state of
the duodenal FL cells. However, there might also be
difference between nodal FL and duodenal FL in
terms of CD27 expression.

In gastric and colonic FLs, VH3 gene usage was
frequently observed, but in our samples, we could
detect too few monoclonal bands to allow compar-
ison with duodenal samples. More samples will be
required to compare VH gene usage. Translocations
of t(14;18)(q32;q21) and IGH-BCL-2 are considered
to be hallmarks of FL,29,30 but t(14;18) is present in
about half the healthy samples.31,32 In gastric FL of
lower clinical stage, there were no IGH/BCL-2
translocations. These facts suggest that gastric FL
may be similar to primary cutaneous follicle center
lymphoma.33,34

In conclusion, we suggest that duodenal FL is a
distinct entity among gastrointestinal FLs, by virtue
of AID loss but BACH2 expression, displaying a
specific CD21 pattern, and high frequency of CD27
expression.
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