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The frequency of t(14;18) in follicular lymphoma (FL) in Japan has
been reported to be low compared to North America and other
European countries. Recently, it has also been reported that FL lacks
t(14;18), mainly among histological grade 3b, and occasionally has
a rearranged Bcl-6 gene. It is not known whether a difference in
histology or immunostaining pattern exists between FL with and
without t(14;18). We performed interphase fluorescence in situ
hybridization (FISH) analysis to detect Bcl-2/IgH, Bcl-6 gene rear-
rangement, Bcl-2 gene amplification, and the cyclinD1/IgH gene in
formalin-fixed paraffin embedded specimens from our FL archives.
The correlation between morphological features, histological grades,
immunohistochemical findings, and cytogenetical aberrations was
studied. In total, we found that 28 of 47 cases (59.6%) had t(14;18).
Bcl-6 gene rearrangement and extra Bcl-2 gene signals were found
in five and two cases, respectively. Only one had cyclinD1/IgH fusion.
Ten of 12 grade 1, nine of 17 grade 2, and 0 of two grade 3 cases had
fusion signals, respectively. None of the above abnormalities were
detected in 12 of 47 cases (25.5%). Our data confirmed a high
frequency of t(14;18) in FL in grade 1, but a lower incidence among
grade 2, that could be attributed to the lower incidence of the
translocation in FL in Japan. Immunostaining of both Bcl-2 and CD10
was highly predictable for the presence of t(14;18); the positive
predictive value was 75%, suggesting the usefulness of the staining.
(Cancer Sci 2005; 96: 77–82)

Follicular lymphoma (FL) is derived from follicular center
B-cells and morphologically has a predominantly follicular

pattern.(1–3) The neoplastic cells are commonly positive for
CD10 and Bcl-2 protein. The natural history of FL is
characterized by occasional transformation to aggressive large
B-cell lymphoma after indolent behavior. The translocation
(14;18)(q32;q21) has been recognized as a hallmark of FL, and
was detected in approximately 80–100% of FL cases in North
America and European countries.(4,5) However, in South-east Asia,
including Japan, the incidence of FL is low among non-Hodgkin’s
lymphoma (NHL) cases,(6–9) and moreover, the typical cytogenetic
abnormality has been considered relatively low,(5,10–12)

suggesting the geographic heterogeneity of this type of
lymphoma.

Recently, it has been reported that FL without t(14;18),
including cases with Bcl-6 gene rearrangements and other
cytogenetic abnormalities such as trisomy 18, is detected mainly
in histological grade 3b in North America and European coun-
tries.(13–16) However, the relationship between the chromosomal
aberration and morphology, histological grade, and immuno-
histochemistry has not yet been clarified. We preformed interphase
fluorescence in situ hybridization (FISH) analysis to detect
Bcl-2/IgH, Bcl-6 gene rearrangement, Bcl-2 gene amplification,
and the cyclinD1/IgH gene in formalin-fixed paraffin embedded
specimens from our FL archives. We also characterized
Japanese FL with and without t(14;18) in terms of morpholo-
gical features, histological grades, and immunohistochemical
findings.

Patients and Methods

Patient samples. Cases diagnosed as having FL between
December 1998 and December 2003 were selected from the
database of the National Cancer Center Hospital (NCCH), Japan.
Only cases with complete records of CD10 and Bcl-2 staining
by immunohistochemistry were included in this study.

Samples for FISH analysis were obtained from lymph nodes,
the gastrointestinal tract, nasopharyngeal area, gallbladder, and
bone in 37, 4, 4, 1, and 1 case, respectively, and selected from
archives of formalin-fixed paraffin embedded specimens kept at
the NCCH.

Histology. Each specimen was stained with hematoxylin and
eosin. We categorized three groups by morphological findings:
(i) typical types with a lymphoid cuff which indicated a mantle
zone, and a diffuse area less than 50%; (ii) a reverse variant
which lacked a lymphoid cuff;(17) and (iii) others. Others were
defined as none of the above and included those samples in
which the diffuse area was more than 50%. Histological grading
was also determined according to the World Health Organization
classification.(1) Cases with a diffuse large B-cell lymphoma
(DLBCL) component in addition to FL were also included. In
this study, histological transformation to large B-cell lymphoma
was defined as follows: (i) cases with prior biopsy specimens
confirmed as FL, or (ii) cases with multiple specimens showing
a diagnosis of both FL and DLBCL.

Immunohistochemistry. Immunohistochemichal studies were
performed on formalin-fixed paraffin embedded specimens by
the standard avidin–biotin methods. Monoclonal antibodies used
were for: CD20 (Dako, Glostrup, Denmark), CD3 (Novocastra,
Newcastle-upon-Tyne, UK), Bcl-2 (Dako), and CD10 (Novocastra).
CD5 (Novocastra), cyclin D1 (Dako), and CD21 (Dako) were
added, if necessary.

Preparation of glass slides for FISH analysis. The established tissue
FISH procedure was performed with minor modifications of
parameters as follows. Each specimen was cut at a thickness
of approximately 4 µm. The sample was treated in a solution of
0.3% pepsin/0.01 N HCL for 14 min at 37°C, denatured in 70%
formamide/20 × SSC for 2 min at 73°C. A microwave treatment
procedure was then carried out to intensify the signals. The
microwave (MI-77, Azumaya Company, Tokyo, Japan) was set to
beam irradiation at intervals of 3 s on and 2 s off, at a frequency
of 2.45 GHz at 250 W output power, with the temperature
sensor set to 37°C for 60 min.(18) Incubation was performed over-
night at 37°C. Slides were covered with an antifade solution and
viewed under a BX60 fluorescence microscope (Olympus, Tokyo,
Japan) using a ×100 oil immersion lens and appropriate filters.

We used the reactive lymph node as a negative control and the
threshold was determined. The lymph nodes were obtained from
surgically resected specimens of solid cancer and had been
confirmed to be negative for the cancer cells. If the frequency
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was above this level, the sample was judged to be positive for
the aberration. Each specimen was overviewed with low magni-
fication and only cells located on the center of the follicle were
evaluated. Each specimen was examined independently by three
investigators (Y K, Y Y, N S), and when the judgment was the
same, the result was counted as successful staining and included
in this study.

Probes applied to FISH analysis. All the probes were purchased
from the manufacturer (Vysis, Downers Grove, IL, USA). To
detect t(14;18), we used the LSI IGH/BCL2 Dual Color, Dual
Fusion Translocation Probe. To detect Bcl-6 gene rearrangement,
the LSI BCL6 Dual Color, Break Apart Rearrangement Probe
was used. To detect amplification or deletion of chromosome
18, the CEP 18 Spectrum Orange probe, which hybridizes to the
centromeric region of chromosome 18, was used. To detect
t(11;14), we used the LSI IGH/CCND1 Dual Color, Dual
Fusion Translocation Probe.

First, all the specimens were analyzed by both probes to detect
t(14;18) and Bcl-6 gene rearrangements (Fig. 1a,b). If extra
Bcl-2 signals were detected (Fig. 1c), the CEP18 Spectrum
Orange probe was applied to confirm if the extra signals were
due to either gaining chromosome 18 or amplification of Bcl-2
gene/Bcl-2 gene rearrangement with other genes. Finally, samples
without abnormalities following these procedures underwent
FISH using LSI IGH/CCND1 Dual Color, Dual Fusion Trans-
location Probe to detect t(11;14).

Statistical analysis. To compare incidence of t(14;18) among
each histologic grade group, we performed chi-squared indepen-
dence test using a 4 × 2 contingency table. Because almost
all cases with FL + DLBCL had grade 3 FL, we analyzed grade
3a, grade 3b, and FL + DLBCL together as a grade 3 group in
the analysis. After the analysis, we performed Fisher’s exact
probability test to compare the incidence of t(14;18) in each
histologic grade.

To test whether or not immunohistochemical staining could
predict the presence of t(14;18), we performed sensitivity and
specificity tests. A true positive (TP) was defined as being posi-
tive for immunohistochemical results in t(14;18)-positive patients,
whereas a false-positive (FP) was defined as being negative for
immunohistochemical results in t(14;18)-positive patients. A
true negative (TN) was defined as being negative for immuno-
histochemical results in t(14;18)-negative patients, whereas a
false-negative (FN) was defined as being positive for immuno-
histochemical results in t(14;18)-negative patients.

The sensitivity was calculated by TP/(TP + FN), whereas the
specificity was calculated by TN/(FP + TN). The positive pre-
dictive value was found by TP/(TP + FP) and the efficacy was
found by (TP + TN)/ total.

Results

Determination of the threshold. Reactive lymph nodes (five
samples) were used as negative controls. The thresholds of
fused signal frequencies were determined as the mean plus 3
standard deviations (SD) of the number of overlapping or
touching signals from 100 to 200 nuclei on each slide (Table 1).
‘One fusion signal pattern’ was defined by observation of one
Orange (O), one Green (G), and ‘one Orange/Green (yellow)
fusion (F) signal’ (1O1G1F pattern) was commonly observed
in paraffin-embedded tissue specimens in addition to the
theoretical fusion pattern (1O1G2F pattern). We evaluated the
frequency of one fusion signal pattern and the threshold was
also determined. The calculated thresholds of the IGH/BCL2 2
fusion pattern and 1 fusion pattern were 2% and 7%, respec-
tively (Table 1). If the fusion signals were greater than these
thresholds, the samples were judged to be positive for fusion. In
the same manner, the cases were judged to have an extra number
of Bcl-2 signals if the frequency was more than 1.5%. The

Fig. 1. Representative result of fluorescence in situ hybridization
analysis. (a) IgH and Bcl-2 gene fusion pattern with the LSI IGH/BCL2
Dual Color, Dual Fusion Translocation Probe (Vysis, Downers Grove, IL,
USA). One orange (1O) Bcl-2 signal, one green (1G) IgH signal, and two
fusion (2F) IgH/Bcl-2 signals are present. (b) Bcl-2 gene amplification or
rearrangement with other genes with LSI IGH/BCL2 Dual Color, Dual
Fusion Translocation Probe. 3O 2G signals are seen. (c) Bcl-6 gene
rearrangement with LSI BCL6 Dual Color, Break Apart Rearrangement
Probe. 1O 1G 1F signals are shown.
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thresholds to 2F and 1F were over 1% and 6%, respectively,
when IgH/CCND1 dual color, dual fusion translocation probes
were used. The breaking apart of the signal threshold was 1.5%
and was again calculated as the mean plus 3 SD of the
frequency of break apart signals for the analysis using BCL6
dual color, break apart rearrangement probes.

Results of FISH analysis and immunohistochemistry. In total, we
studied samples from 47 cases of FL (Table 2). Among them,
two cases were not applicable for CD10 because of insufficient
staining for evaluation. Excluding these cases, 41 were positive
for CD10 (91.1%) with immunohistochemistry.

Forty-two of 47 cases (89.4%) were positive for Bcl-2 by
immunostaining. Twenty-eight of 47 cases (59.6%) were posi-
tive for t(14;18) by FISH analysis; one of these 28 patients was
also positive for Bcl-6 gene rearrangement by FISH analysis.

Nineteen cases (40.4%) were negative for t(14;18). Among
them, four cases (8.5% of total 47 cases) were positive for Bcl-6
gene rearrangement, and two cases (4.3%) were accompanied
by amplification of the Bcl-2 gene or Bcl-2 rearrangement with
other genes. One case (2.1%) was shown to have t(11;14); the
case was negative for CD5 and cyclin-D1 by immunohistochem-
istry and re-examination with a microscope showed again that
the case had morphological features of FL without evidence of
mantle cell lymphoma. Twelve patients (25.5%) had none of the
above chromosomal aberrations as shown by FISH (Fig. 2).

Relationship among morphological features, histological grades, and
chromosomal aberrations by FISH analysis. The relationship between
morphological features and presence of t(14;18), by FISH
analysis, was analyzed in the 41 cases without transformation to
DLBCL. A total 23 cases had t(14;18) typical histology and
among them nine cases showed typical histology, while 18 cases
did not have t(14;18), of which six cases showed typical
histology. A reverse variant was recognized in four cases with
t(14;18), but in no cases without t(14;18). The difference was
not significant (Table 3).

The relationship between histological grades and chromo-
somal aberrations by FISH analysis is shown in Table 4. Ten of
12 cases (83.3%) were positive for t(14;18) in grade 1, and nine
of 17 in grade 2 (52.9%), 0 of two in grade 3a (0%), and four
of 10 in the FL + DLBCL (40%) groups. However, a relatively
high incidence was observed in the histological transformation
group at diagnosis (five of six cases, 83.3%).

The incidence of t(14;18) among each histologic grade group
was statistically different (P = 0.047). The incidence of t(14;18)
in grade 2 tended to be lower, and statistically significantly
lower in the grade 3 group compared to that in grade 1; the P-
values were 0.096, and 0.018, respectively.

Extra numbers of Bcl-2 gene signals were detected both in
grades 1 and 2. Bcl-6 gene rearrangement was recognized in the
grade 1, 2, and FL + DLBCL groups; we found five cases had
rearrangements. The case judged to have t(11; 14) was grade 1.

Relationship between immunohistochemistry and t(14;18) by FISH
analysis. The relationship between immunohistochemistry and
t(14;18) by FISH analysis is shown in Table 5. Sensitivity was

100% in all groups, although specificity was 22.2%, 26.3%, and
50.0% in the CD10, Bcl-2, and CD10/Bcl-2-positive groups,
respectively. In both the CD10 and Bcl-2 positive groups, the
positive predictive value and efficacy were 68.9% and 80.0%,
respectively.

Discussion

We found 59.6% of FL cases had t(14;18), in the present study.
The t(14;18) has been recognized as a hallmark of FL and it is
detected in approximately 90% of FL cases in North America
and European countries, whereas the incidence of t(14;18) in
East Asia, including Japan, has been reported to be relatively
lower than that of North America and European countries.(5,10–12)

Amakawa et al. reported that only 10 of 30 cases (33.3%) had
t(14;18),(10) while Yabumoto et al. also reported 45 of 79 cases
(57.0%) had the abnormality by Southern blot hybridization.(11)

Mitani et al. reported 13 of 41 cases (31.7%) had the typical
aberration by polymerase chain reaction (PCR) analysis.(12) The
higher incidence that we observed might be attributed to the
methodology. Conventional cytogenetic analysis commonly
fails to detect cytogetetic aberrations, especially in lymph node
specimens with low grade lymphoma, including FL. PCR analysis
still fails to detect translocation breakpoints outside major
breakpoint and minor cluster regions. Therefore, FISH analysis
can overcome these weak points and detects a greater number of
positive cases. In the present study, using this method, however,
the incidence of t(14;18) in Japan was still lower. This is
consistent with the recent report by Matumoto et al., which
showed 56% of Japanese FL had the translocation using the
same procedure.(19)

It has also been reported that FL lacks t(14;18) mainly among
histological grade 3b, and that it occasionally has a rearranged
Bcl-6 gene in North America and European countries.(13,14) Ott
et al. reported that grade 1, 2, and 3a had typical t(14;18) in 61
of 73 cases (84%), whereas two of 16 cases (13%) had t(14;18),
and seven of 16 cases (44%) had a chromosomal break at 3q27
in G3b ± DLBCL.(13) Bosga-Bouwer et al. reported similar find-
ings by using PCR, and FISH analysis,(14) they found that 10 of
32 cases of G3b without t(14;18) had a 3q27 aberration. In the
present study, most grade 1 cases had t(14;18), whereas the inci-
dence of the aberration was relatively low in grade 2, 3a, and
FL + DLBCL. Especially in grade 2, only nine of 17 cases were
positive for t(14;18), which would lower the total incidence of
positive cases among Japanese FL.

We also checked the incidence of the Bcl-6 gene rearrange-
ment, anticipating a high incidence of this rearrangement among
cases without t(14;18); however, that was not the case and the
incidence was equal to that of North America and other Euro-
pean countries and was recognized regardless of histological
grade. Bcl-2 gene amplification was also detected in a limited
numbers of cases. None of the abnormalities were detected in
one-quarter of the cases using our procedure.

We found that FL that transformed to aggressive large B-cell
lymphoma had a high frequency of t(14;18). We included these
cases, because the clinical course was that of typical FL. The high
frequency might reflect the selection bias that observations of a
typical indolent clinical course per se reinforce the diagnosis of FL.

We also examined the relationship among morphological
features, immunohistochemistry and t(14;18). In the present
study, typical morphological features did not indicate the pres-
ence of t(14;18), while the reverse pattern did not exclude the
absence of t(14;18), either. However, when immunostaining of
both Bcl-2 and CD10 were positive, the presence of t(14;18) was
highly predictable. This is consistent with Godon et al., who
reported that t(14;18) was detected in all 63 cases (100%) with
CD10 and Bcl-2-positive FL using FISH analysis.(4) The importance
of immunohistchemistry should be stressed when diagnosing FL.

Table 1. Control of the IGH/BCL2 Dual Color, Dual Fusion Translocation
Probe (Vysis, Downers Grove, IL, USA) for reactive lymph nodes
 

 

Pattern Mean (%) SD Mean + 3SD (%) Threshold (%)

1O 1G 2F 0.2 0.48 1.54 2
1O 1G 1F 3.6 0.9 6.28 7
3O 2G or 2O 3G 0 0 0 1.5
1O 2G 17.2 5.7 NA NA
2O 1G 15.2 4.7 NA NA
2O 2G 62 12.8 NA NA

SD, standard deviation; O, orange; G, green; F, fusion; NA, not 
applicable. 
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In contrast, FL without t(14;18) tended to lack Bcl-2 protein
expression. Horseman et al. reported 50 cases of FL without
t(14;18) by conventional cytogenetic analysis, and they found
only 16 Bcl-2 positive cases among them.(16) In their report, 11
of the 16 cases had a chromosome 18 aberration, including
trisomy 18, and only one case had the 18q21 aberration of 34
cases without the Bcl-2 protein. In the present study, we
detected two cases with Bcl-2 gene amplification or rearrangement
with other genes and both cases were positive for Bcl-2 protein,
which is consistent with their report, suggesting that that Bcl-2
over-expression might be due to an amplified Bcl-2 gene.

Table 2. Results of clinical data, morphological feature, histologic grade, and fluorescense in situ hybridization
 

 

Case 
no.

Sex Age
Biopsy 
sites

Morphological 
feature

Histologic 
grade

CD10 Bcl-2 t(14;18) Bcl-6 B.A. Extra Bcl-2 t(11;14)

1 F 60 Mesentric LN, ileum Transformed FL transformed FL – + – – – –
2 F 72 Cervical LN Typical G2 + – – – – +
3 F 61 Cervical LN, stomach Transformed FL transformed FL + + + – – N.D.
4 F 66 Inguinal LN Others G2 + – – – – N.D.
5 M 59 Inguinal LN Others G3a + DLBCL + + – + – N.D.
6 F 30 Inguinal LN Typical G3a + + – – – –
7 M 67 Mediastinal LN Others G1 + + + – – N.D.
8 F 54 Stomach, ileum Transformed FL transformed FL + + + – – N.D.
9 F 78 Tonsil, stomach Reverse G1 + + + – – N.D.
10 M 44 Cervical LN, iliac LN Transformed FL transformed FL + + + + – N.D.
11 F 65 Inguinal LN Others G3b + DLBCL – + – – – –
12 M 19 Inguinal LN Typical G3a + DLBCL + – – – – –
13 F 50 Cervical LN, inguinal LN Others G2 + + + – – N.D.
14 M 61 Inguinal LN Reverse G1 + + + – – N.D.
15 M 63 Iilum Typical G2 + DLBCL + + + – – N.D.
16 M 74 Tongue, gingiva Transformed FL transformed FL + + + – – N.D.
17 M 48 Inguinal LN Reverse G1 + + + – – N.D.
18 F 44 Mesentric LN, stomach Others G1 + + + – – N.D.
19 F 62 Cervical LN, stomach Typical G2 + + + – – N.D.
20 F 55 Axillary LN, stomach Typical G1 + + + – – N.D.
21 F 38 Inguinal LN Others G2 + + – + – N.D.
22 M 59 Cervical LN Reverse G2 + + + – – N.D.
23 F 60 Axillary LN Others G2 + + – – – –
24 F 72 Inguinal LN Typical G2 + + – – – –
25 F 54 Mesetric LN Typical G1 + + + – – N.D.
26 F 45 Inguinal LN, mesentric LN Others G2 + + + – – N.D.
27 M 70 Inguinal LN Typical G2 + + – – + N.D.
28 F 32 Mesentric LN Typical G1 + + + – – N.D.
29 F 67 Cervical LN Others G2 + – – – – –
30 M 68 Axillary LN Typical G3a + DLBCL N.A. + – + – N.D.
31 F 52 Mesentric LN Others G1 + + + – – N.D.
32 F 42 Axillary LN Others G3a + DLBCL + + + – – N.D.
33 M 55 Inguinal LN Typical G1 + + + – – –
34 M 71 Subcutaneous LN Others G3a + DLBCL – + – – – –
35 M 52 Cervical LN, stomach Others G2 N.A. + + – – N.D.
36 M 49 Inguinal LN Others G2 + + – – – –
37 M 58 Inguinal LN Others G1 – + – – + –
38 M 54 Supraclavicular LN Others G3a + – – – – –
39 M 54 Cervical LN Others G2 + + + – – N.D.
40 F 46 Inguinal LN, bladder Transformed FL transformed FL + + + – – N.D.
41 F 69 Inguinal LN Typical G2 + + + – – N.D.
42 F 51 Inguinal LN Others G2 + + + – – N.D.
43 M 54 Inguinal LN Others G3b + DLBCL + + + – – N.D.
44 F 57 Inguinal LN Others G1 + + – + – N.D.
45 M 56 Pharynx Others G3b + DLBCL + + – – – –
46 F 62 Duodenum Typical G3b + DLBCL + + + – – N.D.
47 F 55 Cervical LN Typical G2 + + + – – N.D.

Bcl-6 B.A., Bcl-6 break apart; DLBCL, diffuse large B-cell lymphoma; Extra Bcl-2, Bcl-2 gene amplification or rearrangement with other genes; 
F, female; FL, follicular lymphoma; G, grade; LN, lymphnode; M, male; N.A., not applicabable; N.D., not done; others, none of the above; reverse, 
reverse variant; typical, typical histology.

Table 3. Relationship between morphological features and follicular
lymphoma with or without t(14;18)
 

 

Morphological feature
Follicular lymphoma 

with t(14;18)
Follicular lymphoma 

without t(14;18)

Typical histology 9 6
Reverse variant 4 0
None of the above 10 12
Total 23 18
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One of the other purposes of the present study was to exam-
ine the impact of FISH analysis on the pathological diagnosis.
The Non-Hodgkin’s Lymphoma Classification Project reported
that information from immunophenotypic analyses and cytoge-
netics did not contribute to the accurate diagnosis of FL, although
its importance was pointed out for mantle cell lymphoma
(MCL).(2,3) We sometimes encounter difficulty distinguishing
MCL from FL by pathological diagnosis only. Therefore, we
added the LSI IGH/CCND1 Dual Color, Dual Fusion Translocation
Probe to detect t(11;14) in patients without any abnormality
following an earlier procedure. In the present study, t(11;14)
was detected in one case; this patient was negative for CD5 and
cyclin D1 by immunohistochemistry. Rosenwald et al. identified
MCL without cyclin D1 over-expression and they over-expressed
cyclin D2 or cyclin D3 by gene expression profiling of
cDNA.(20) As the morphology and cytogenetics of these cases
had not been reported, we cannot rule out the contamination of
such cases. The mechanism causing the absence of cyclin D1
expression, despite cyclin D1 and immunoglobulin gene rear-
rangement in this case, is currently unknown. Alternatively, the
possibility of a false-negative result of CD5 and cyclin D1
should be considered; however, FL might include such cases.
Further studies are required in a large series of patients.

In conclusion, the present data supported the recent idea that
FL is a heterogeneous disease according to cytogenetics, his-

tology and phenotype, although the following two points were
different. First, the frequency of FL with t(14;18) in Japan was
relatively high in grade 1 and transformed to aggressive large
B-cell lymphoma cases, whereas it was relatively low in grade 2,
3, and FL + DLBCL cases. Second, FL with positive staining of
both CD10 and Bcl-2 is more likely to have t(14;18). Molecular
techniques, including FISH analysis, in daily clinical use for FL
might contribute not only to an accurate diagnosis, but also
novel findings regarding prognosis and therapeutic approaches.
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