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ARTICLE INFO ABSTRACT

Article history: Podocalyxin is an anti-adhesive mucin-like transmembrane sialoglycoprotein that has been implicated in
Received 4 july 2008 the development of aggressive forms of cancer. Podocalyxin is also known as keratan sulfate (KS) pl’Dtl.‘D—
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glycan. Recently, we revealed that highly sulfated KS or another mucin-like tr; brane sialogly
protein podoplaninfaggrus is upregulated in malignant astrocytic tumors. The aim of this study is to

m’:ﬁ: examine the relationship between podocalyxin expression and malignant progression of astrocytic
m“.nr::;“' tumors. In this study, 51 astrocytic tumors were investigated for podocalyxin expression using immuno-
Proteoglycan histochemistry, Western blot analysis, and quantitative real-time PCR. Immunchistochemistry detected
Astrocytic tumar podocalyxin on the surface of tumor cells in six of 14 anaplastic astrocytomas (42.9%) and in 17 of 31 glio-
Clioblastoma blastomas (54.8%), especially around proliferating endothelial cells. In diffuse astrocytoma, podocalyxin

expression was observed only in vascular endothelial cells. Podocalyxin might be associated with the

malignant progression of astrocytic tumors, and be a useful prognostic marker for astrocytic tumors.

© 2008 Elsevier Inc. All rights reserved,

Astrocytic tumors are the most common tumors of the central
nervous system (CNS) and are categorized into diffuse astrocyto-
mas (World Health Organization (WHO) Crade 1), anaplastic astro-
cytomas (WHO Grade Ill), and glioblastomas (WHO Grade V) [1].
Glioblastoma may occur de novo or may result from progression
of low-grade astrocytomas [2]. Molecular mechanisms of malig-
nant progression are associated with inactivation of tumor sup-
pressor genes such as p53-Rb pathway or overexpression of
oncogenes such as epidermal growth factor receptor (EGFR) [3].
However, the mechanisms of malignant progression of astrocytic
tumors have not been resolved completely. Identification of genes
that are expressed differentially in high-grade or low-grade astro-
cytomas is important to elucidate the molecular mechanisms of
malignant progression and to develop novel therapeutic strategies.

Podocalyxin is a type | transmembrane sialoglycoprotein, which
belongs to the CD34 family. Podocalyxin is expressed on the
surface of various normal cells, including kidney podocytes, vascu-
lar endothelial cells, hematopoietic stem cells, and platelets [4-7].
The physiological function of podocalyxin is as an anti-adhesion
molecule that maintains open filtration pathways between neigh-
boring podocyte foot processes through the charge-repulsive

Abbreviations: KS, keratan sulfate; CNS, central nervous system: WHO, World Health
Organization,
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effects of its large, highly sialylated and sulfated extracellular do-
main [8]. In canine kidney (MDCK) cells, podocalyxin overexpres-
sion leads to the inhibition of cell-cell interaction as shown by
decreased cell-cell adhesion, decreased tight junction-dependent
transepithelial resistance, and redistribution of cell junction pro-
teins [2], Decreased cell-cell interaction is a prominent feature of
cancer cells that display a metastatic phenotype, suggesting a pos-
sible role for anti-adhesive molecules, such as podocalyxin, in can-
cer progression. The role of poedocalyxin in cancer remains unclear,
although its expression has been reported in breast, liver, pancreas,
kidney, prostate, testis, and blood cell cancers [10-16]. However,
podocalyxin has been implicated in the development of aggressive
forms of cancer. Increased podocalyxin protein expression is corre-
lated with poor outcome in breast carcinomas, and is implicated in
more aggressive forms of prostate cancer [10,14]. Furthermore,
podocalyxin variants were found to be associated with both the
risk of prostate cancer and prostate tumor aggressiveness. Re-
cently, podocalyxin was reported to increase the aggressive pheno-
type of breast and prostate cancer in vitro through its interaction
with ezrin [ 17]. Thus, podocalyxin is a candidate for playing a crit-
ical role in cancer aggressiveness and malignancy. Podocalyxin is
also reported to be useful to differentiate pancreatic ductal adeno-
carcinomas from adenocarcinomas of the biliary and gastrointesti-
nal tracts [12].

Recently, we showed that the expression of highly sulfated
keratan sulfate (KS) recognized by 5D4 antibody is increased in
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parallel with increasing malignancy of astrocytic tumors [18,19].
KS expression is induced by high expression of five glycogenes in-
volved in KS synthesis. However, in addition to high expression
levels of glycogenes involved in KS synthesis, core proteins of KS
proteoglycan also might contribute to the high expression of KS.
Podocalyxin was recently identified as a KS proteoglycan [20]. In
this study, 51 astrocytic tumors (six diffuse astrocytomas, 14 ana-
plastic astrocytomas, and 31 glioblastomas) were investigated
using immunohistochemistry and Western blot with an anti-pod-
ocalyxin antibody. Furthermore, we investigated the podocalyxin
transcript levels using quantitative real-time PCR in 51 frozen
astrocytic tumors.

Materials and methods

Tissue samples. Tumor specimens were obtained during surgery
from six patients with diffuse astrocytomas, 14 patients with ana-
plastic astrocytomas, and 31 patients with glioblastomas [19,21].
Informed consent had been obtained previously from patients or
their guardians. The histology of these tissue samples was con-
firmed by experienced neuropathologists,

Immunohistochemical analysis. Specimens were deparaffinized,
rehydrated and incubated first with goat anti-human podocalyxin
(2 pg/ml) at 4°C for 18 h, then with biotin-conjugated secondary
anti-goat 1gG antibody (Dako, Glostrup, Denmark) for 1 h, and fi-
nally with peroxidase-conjugated biotin-streptavidin complex
(Vectastain ABC Kit; Vector Laboratories Inc., Burlingame, CA) for
1 h. Color was developed using 3, 3-diaminobenzidine tetrahydro-
chloride tablet sets (Dako) for 3 min. KS expression was assessed
semi-quantitatively from the percentage of tumor cells with cyto-
plasmic/membrane staining: 0, no staining; +, <10%; ++, 10-50%;
and +++, >50%.

Western blot analysis. The tissues were lysed with lysis buffer
(25 mM Tris (pH 7.4), 50 mM Nacl, 0.5% Na deoxycholate, 2% Non-
idet P-40, 0.2% SDS, 1 mM phenylmethylsulfonyl fluoride, and
50 mg/ml aprotinin) [19,21]. Samples of the supematant fraction
were collected after centrifuging at 15,000g for 30 min. Four
micrograms of the proteins were electrophoresed under reducing
conditions on 10% polyacrylamide gel (Atto Bioscience, Tokyo, Ja-
pan). The separated proteins were transferred to a PVDF mem-
brane. After blocking with 3% skim milk in PBS with 0.05% Tween
20, the membrane was incubared with goat anti-human pod-
ocalyxin (0.1 pg/ml; R&D Systems, Minneapolis, MN) or anti-f-ac-
tin antibody (1/5000 dilution; Sigma, St. Louis, MO), and
subsequently with peroxidase-conjugated anti-goat or anti-mouse
antibodies (1/5000 dilution; Bio-Rad Laboratories Inc., Hercules,
CA). It was then developed for 1 min with ECL reagents (Amersham
Pharmacia Biotech Inc.) using Amersham Hyperfilm ECL (Amer-
sham Pharmacia Biotech Inc.).

Quantitative real-time PCR analysis. Total RNAs were prepared
from 51 astrocytic tumors (six diffuse astrocytomas, 14 anaplastic
astrocytomas, and 31 glioblastomas) using an RNeasy mini prep kit
(Qiagen Inc., Hilden, Germany). The initial cDNA strand was syn-
thesized using SuperScript Il transcriptase (Invitrogen Corp., Carls-
bad, CA) by priming an oligo-dT primer according to the
manufacturer's instructions. We performed PCR using oligonucleo-
tides: human podocalyxin sense (5'-acaggaaacaccetcigrge-3') and
human podocalyxin antisense (5'-gaaggtggetttgactgete-3'). Real-
time PCR was carried out using the QuantiTect SYBR Green PCR
(Qiagen Inc.). The PCR conditions were 95 °C for 15 min (1 cycle),
followed by 40 cycles of 94 °C for 15 s, 53 °C for 20 5, and 72 °C
for 10s. Subsequently, a melting curve program was applied with
continuous fluorescence measurement. A standard curve for pod-
ocalyxin templates was generated through serial dilution of PCR
products (1 x 10* to 1 x 10% copies/ pl). The expression level of

podocalyxin was normalized by total RNA weights. The statistical
significance of podocalyxin mRNA expression in astrocytic tumor
tissues was determined using paired ( tests.

Statistical analyses, Results are expressed as the mean % stan-
dard deviation. Student’s t-test was used to determine significance
among the groups. A value of p < 0.05 was considered significant.

Results

Immunohistochemical staining for podocalyxin in malignant astrocytic
[umaors

The cellular distribution of podocalyxin in astrocytic tumors
was examined immunohistochemically using goat anti-human
podocalyxin polyclonal antibody. This polyclonal antibody was
produced in goats immunized with recombinant human pod-
ocalyxin extracellular domain (23-425 a.a.), and purified using
podocalyxin affinity chromatography. In many recent studies,
this antibody was applied to the immunohistochemistry, Wes-
tern blot, and immunoprecipitation, indicating that this anti-
body is specific to human podocalyxin [20.22,23]. Herein, we
used 51 surgical tissue samples (six diffuse astrocytomas: Grade
Il, 14 anaplastic astrocytomas: Grade Ill, and 31 glioblastomas:
Grade IV) for immunohistochemistry. Podocalyxin immunoreac-
tivity was detected in six of 14 (42.9%) anaplastic astrocytomas
and in 17 of 31 (54.8%) glioblastomas; staining was graded as
+++ in seven glioblastoma and as ++ in three glioblastoma cases
(Table 1). Podocalyxin was not detected on tumor cell surfaces
in diffuse astrocytomas, yet was observed in vascular endothe-
lial cells in these specimen (Fig. 1A and B). Representative
staining for podocalyxin in astrocytic tumor samples is shown
in Fig. 1. Immunostaining for podocalyxin demonstrated pre-
dominantly cell-surface patterns. In anaplastic astrocytoma, the
tumor cell surface was stained using anti-podocalyxin (Fig. 1C
and D). In glioblastomas, podocalyxin-pasitive tumor cells were
prominent around microvascular proliferations (Fig. 1E and F).
Proliferating endothelial cells were also positive for podocalyxin

(Fig. 1F).

Analysis of podocalyxin expression using Western blot in astrocytic
tumors

To confirm the podocalyxin expression in astrocytic tumors, ly-
sates of frozen tumor specimens from 51 patients were analyzed
using Western blot analysis with anti-podocalyxin antibody. As
shown in Fig. 2, podocalyxin was highly detected in extracts of
anaplastic astrocytoma and glioblastoma. Samples of one of 14
anaplastic astrocytomas (7.1%) and seven of 31 glioblastomas
(22.6%) showed relatively high levels of podocalyxin, while expres-
sion in five of 14 anaplastic astrocytomas (35.7%) and 11 of 31 glio-
blastomas (35.5%) was more moderate. The other astrocytic
tumors including diffuse astrocytic tumors produced weak immu-
noreactive bands, since podocalyxin is expressed in all vascular
endothelial cells (Fig. 1).

Table 1

Results of podocalyxin | ining in 51 with astrocytic tumors

Tumor type No. of cases Podocalyxin Positive

-re *r * ra[r

Diffuse astrocytoma 6 1] 0 1] 6 ox
(grade 1)

Anaplastic astrocytoma 14 o I 5 B 429%
{grade 111)

Glioblastoma (grade IV) 31 7 3 7 14 54.8%
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Fig. 1. Immunohistochemical detection of podocalyxin in astrocytic tumors, Podocalyxin was not detected on tumor cell surfaces in diffuse astrocytomas; however,
podocalyxin staining was observed in vascular endothelial cells, although as shown in this figure few endothelial cells are usually detected in diffuse astrocytomas (A: 100,
B: 400x ). In anaplastic astrocytoma, the tumar cell surface was stained positively (C: 100, D: 400x ). Accentuated staining is visible around an area of microvascular

proliferarion in glioblastoma (E: 100x, F: 400x ). Bar, 10 um,

Differential expression of the podocalyxin mRNA in astrocytic tumors

To quantify the expression of podocalyxin mRNA in human
astrocytic tumors of different grades, we performed quantitative
real-time PCR analyses of astrocytic tumors from 51 patients. The
relative podocalyxin mRNA expression levels of each tumor grade
are shown in Fig. 3. Average copy numbers of podocalyxin
mRNA/ug total RNA in diffuse astrocytomas, anaplastic astrocyto-
mas, and glioblastomas were 535£289, 918595 and
3670 + 2916, respectively, Podocalyxin transcript levels were sig-
nificantly higher in glioblastomas than in diffuse astrocytomas or
anaplastic astrocytomas (p < 0.01).

Discussion

Podocalyxin expression has been reported to increase the
aggressive phenotype of breast and prostate cancer, and be corre-
lated with their poor prognosis [10,14,17]. Recently, we showed
that highly sulfated keratan sulfate detected by 5D4 antibody is
upregulated in accordance with malignancy of astrocytic tumors
[19]. We speculated that expression of core proteins of KS proteo-
glycan is upregulated in malignant astrocytic tumors. Podocalyxin
was recently identified as a keratan sulfate (KS) proteoglycan: pod-
ocalyxin has the keratan sulfate antigens TRA-1-60 and TRA-1-81,
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which are also known as human pluripotent stem cell markers, in
embryonal carcinoma [20]. Furthermore, podocalyxin expression
correlates with tumor aggressiveness or malignancy: therefore,
we herein investigated the podocalyxin expression in brain
tumors, focusing on astrocytic tumors of different grades.

In this study, we first investigated the podocalyxin expression
by ir histochemistry (Fig. 1), and showed significantly differ-
ent podocalyxin expression between anaplastic astrocytomas
(Grade I1I; 42.9%) and glioblastoma (Grade IV; 54.8%; p <0.05).
Using Western blot analysis and real-time PCR. we confirmed this
result (Figs. 2 and 3), Taken together, these results indicate that
podocalyxin expression might be associated with the malignant
progression of astrocytic tumors. We previously investigated the
expression of podoplanin, another mucin-like sialoglycoprotein,
which is associated with malignant progression of astrocytic tu-
mors [21,24,25]. Podoplanin was detected on the cell surface in
27% of anaplastic astrocytomas and 47% of glioblastomas. In con-
trast, podoplanin expression was not observed in diffuse astrocyto-
mas. Because both podocalyxin and podoplanin are associated with
the malignancy of astrocytic tumors, we investigated whether pod-
ocalyxin expression is correlated with podoplanin; however, we
found no correlation between the expression levels of the two
sialoglycoproteins (data not shown). We might be able to predict
the malignancy of astrocytic tumors if we appropriately combine
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Fig. 2. Western blot analysis of podocalyxin expression in astrocytic tumors. Tissues from diffuse astrocytomas (A: lane 1-6), anaplastic astrocytomas (B: lane 7-20), and

glioblastomas (C: lane 21-51) were solubilized, and 4 pg of the p
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Fig. 3. Quantirative real-time PCR analysis of podocalyxin in astrocytic tumors. The
transcript levels for a podocalyxin gene in 51 astrocytic tumors (six diffuse
astrocytomas, 14 anaplastic astrocytomas, and 31 glioblastomas) were measured
using real-time PCR. Values normalized to the level of total RNA are presented,
“p<0,01, p < 0.05.
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the expression level of these several molecules. Further study is
needed to clarify the pathophysiological function of podocalyxin
in astrocytic tumors, such as invasiveness or angiogenesis, using
more clinical samples.

In summary, we investigated the expression of podocalyxin in
51 astrocytic tumors using immunohistochemistry, Western blot,
and real-time PCR analyses. Podocalyxin expression was not ob-
served in diffuse astrocytoma except in vascular endothelial cells.
Furthermore, podocalyxin mRNA and protein expression were
markedly higher in glioblastomas than in anaplastic astrocytomas.
These data suggest that podocalyxin expression is associated with
malignancy of astrocytic tumors, and might be useful as a prognos-
tic factor.
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Follicular lymphoma (FL) is one of the most common subtypes of
non-Hodgkin lymphoma and frequently transforms to diffuse large
B-cell lymphoma (DLBCL). To clarify some aspects of the natural
history of FL, we retrospectively examined 43 consecutive patients
wha had DLBCL with pre- or coexisting FL grade 1or 2. The patients
comprised 22 men and 21 women with a median age of 53 years.
Maost of the patients (34/43) showed advanced-stage (lll or IV) disease
initially. We examined both FL and DLBCL components morphologically,
i hi hemically, and by interface fluorescence in situ
hybridization (FISH: IGH/BCL2 fusion, BCL6 translocation) analysis.
Most of the DLBCLs were classified as the centroblastic subtype, with
two exceptions of the anaplastic subtype. | histochemical
analysis of both the FL and DLBCL components revealed the
following respective positivity rates: CD20 100%/100%, CD10 86%/
66%, Bcl-2 96%/91%, Bcl-6 84%/88%, MUM1 16%/34%, CD30
0%/20%, CD138 0%/0%, and CD5 0%/3%. Loss of CD10 (6/36, 17%)
and gain of MUM1 (7/28, 25%) and CD30 (521, 24%) through
transformation were not infreq High positivity rates for Bcl-2
and Bcl-6 were maintained throughout transformation. Among the
DLBCLs, 84% were classified as the germinal center B-cell phenotype
(GCB) and 16% as non-GCB in accordance with the criteria of Hans
et al. IGH/BCL2 fusion was detected by FISH in B9% of FLs and
82% of DLBCLs. BCL6 translocation was detected in 1/6 (17%)
DLBCLs without IGH/BCL2 fusion. Thus, although the morphological
features and FISH results for DLBCL were consistent with trans-
formed FL, the i phenoty h d wide het ity

(Cancer Sci 2008; 99: 1760-1768)
F ollicular lymphoma (FL) is one of the most common subtypes
of non-Hodgkin lymphoma in the Western world, accounting
for 22% of all cases worldwide."” FL. occurs over a broad range
of ages, and most cases are manifested initially in lymph nodes.
The risk of FL transformation has been reporied as being
approximately 20% at 8 years.?” Transformation to DLBCL is
observed frequently, with cells most commonly resembling
centroblasts,® but occasionally resembling anaplastic large cells
with CD30 expression.” Rare cases have transformed to Burkitt
or Burkit-like lymphoma,'” or precursor B-lymphoblastic
lymphoma/acute lymphoid leukemia.”™ Moreover, composite FL
and Hodgkin lymphoma have been suggested 1o represent two
morphologic manifestations of the same tumor clones.*?

In recent years, several analyses of genetic alterations that
appear to affect the risk for FL transformation have been
reported, including ¢-MYC translocation,® p53 mutation,'*'"
deletions of the tumor suppressor genes pl5 and p16,"*" and
chromosomal 6q23-26 and 17q aberrations.” However, there
have been few immunohistochemical analyses of transformed FL.
FL is positive for the pan-B-cell marker CD20, and frequently
positive for CD10, Bel-2 and Bcel-6, but is usually negative for

Cancer Sci | September 2008 | vol.99 | no.9 | 1760-1768
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the postgerminal center B-cell or plasma cell markers CD30,
MUM1 and CD138, and CD3. Because only one study has dem-
onstrated gain of CD30 expression through FL transformation,”
we considered that more analyses were needed to clarify the
immunophenotypic changes occurring during the transformation
of FL 1o DLBCL.

Since 2000 DLBCL has been subdivided into GCB and
non-GCB (including the activated B-cell phenotype [ABC] and
type 3 phenotype) using the cDNA microarray technique.”*'®
The GCB group shows better outcomes and includes cases with
translocation (14;18)(q32;q21). For clinical practice, Hans et al.
showed that a | of immunohistochemical markers comprising
CDI10, Bel-6, and MUM1 could be used on paraffin-embedded
tissues to seg’nrnl: DLBCL into tumors with a GCB or non-GCB
phenotype.™” Davies ef al. examined 35 cases of transformed
FL, and found that 89% of them had a GCB phenotype and
9% had a non-GCB phenotype."®

The translocation (14;18)(?32:q21) is present in 80-100% of
FLs in Western countries,"** whereas in South-East Asia,
including Japan, the incidence of translocation is considerably
lower: about 60%.“" It is unclear whether FL with 1(14;18)
frequently transforms to DLBCL.

The aim of this stady was to clarify the natural history of FL.,
mainly in view of immunophenotypic changes through trans-
formations. We evaluated low-grade FLs and their transformant
DLBCLs using morphological, immunhistochemical, and FISH
analyses to delineate the heterogeneity of DLBCL after trans-
formation from low-grade FL.

Materials and Methods

Patients. The criteria used for identification of transformed FL
were those reporied for aggressive B-cell lymphomas in a
review based on the workshop of the XIth Meeting of the
European Association for Hacmatopathology.® Briefly, it was
considered that the term ‘transformation” should be used only
when there was morphological evidence of simultaneous or
prior low-grade FL. Therefore, in the present study, we chose
DLBCL with simultaneous or prior low-grade (grade 1 or 2) FL.
We retrospectively studied 43 consecutive patients with DLBCL
with pre- (20 cases) or coexisting (23 cases) FL grade 1 or 2
treated at the National Cancer Center Hospital, Tokyo, Japan,
between 1997 and 2005. The total number of DLBCL
specimens was 47 (1-3 per case), and the total number of
specimens of low-grade FL was 53 (1-5 per case). A total of
400 FLs and 653 DLBCLs were registered during the same

“To whom ch should be E-mail: ak hi
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period. Clinical information was extracted from the medical
records, and is summarized in Table 1.

Merphological review. The materials were fixed in 10% neutral-
buffered formalin, embedded in paraffin, cut into 4-pm thick
sectlnns. and stained wuh hematoxylin-eosin (HE) for histologic
ey ion. All speci were reviewed by two pathologists
(AMM and YM) to confirm that the morphologic characteristics
fulfillled the criteria for FL and DLBCL in the 2001 World
Health Organization classification of lymphoid ncoplasms, ™"
Tumors were judged to be FL grade 1 when neoplastic follicles
contained 0-5 centroblasts/10 HPF, and FL grade 2 when they
contained 6-15 centroblasts/10 HPF. We diagnosed DLBCL
when the tumor cells were spread diffusely without a follicular
pattern and large lymphoid cells accounted for more than 30%
of the tumor cells. DLBCL was subclassified as the centroblastic,
anaplastic, immunoblastic, or T-cell/histiocyte rich variant.
The centroblastic variant was subclassified as monomorphous
(comprising only large lymphoid cells) or polymorphous (comprising
a mixture of large- and medium-sized 1 hoid cells).

mmnmmm and in situ ization. We performed
immunohistochemical staining for both FL and DLBCL
components on formalin-fixed paraffin-embedded tissues using
a panel of monoclonal and polyclonal antibodies. Sections 4-pum
thick were cut from each paraffin block, deparaffinized, and
incubated at 121°C in pH 6.0 citrate buffer for 10 min for
antigen retrieval. Antibodies included those against the following
antigens: a pan-B-cell marker, CD20 (L.26, x100; Dako, Glostrup,
Denmark); a pan-T-cell marker, CD3 (PS1, x25; Novocastra,
Newcastle-upon-Tyne, UK); FL markers, CD10 (56C6, x50
Novocastra), Bel-2 (124, x100; Dako); and Bel-6 (poly, %50;
Dako, Kyoto, Japan); postgerminal center B-cell or plasma cell
markers, CD30 (Ber-H2, x100; Dako, Denmark); MUMI
(MUMI1p, x50; Dako, Japan); and CD138 (5F7, x25; Novocastra);
and CD5 (4C7, x50; Novocastra), employing an autostainer with
the standard polymer (Dako autostainer plus: CD3, CD5, CD10,
and CD30) or labeled streptavidin-biotin method (Biogenex
autostainer: CD20 and Bel-2), or manually by the standard
avidin-biotin complex method (Bcl-6, MUMI, and CD138).
Immunoreactivity was judged positive if more than 30% of the
tumor cells were stained. All immunohistochemical specimens
were judged by AM Maeshima, and Y Matsuno confirmed them.

To classify each case as having either a ‘GCB phenotype’ or
a 'non-GCB phenotype’, a panel of three antigens (CDI10,
Bel-6, MUMI) was used according to the protocol reported by
Hans er al /" Briefly, cases were assigned to the ‘GCB phenotype’
if the specimens were positive for CD10, If the specimens were
negative for both Bel-6 and CDI10, the corresponding cases
were assigned to the ‘non-GCB phenotype’. If the specimens
were positive for Bel-6 and negative for CD10, the expression of
MUM1 was used to determine the group: if MUM1 was negative,
the case was assigned (o the ‘GCB phenotype’, and if positive,
to the 'non-GCB phenotype’'.

Interphase fluorescence in situ hybridization (FISH) analysis.
Sections 4-pum thick were cut from each paraffin block and used
for FISH analysis. The specimens were treated with a 2x saline
sodium citrate buffer (85C, pH 7.3), digested with 0.005% and
0.3% pepsin/0.0IN HCl for 14min at 37°C, rinsed in
1% phosphate buffer saline (PBS, pH 7.4) for 5 min, formalin
MgCL/PBS for 10 min, rinsed in 1% PBS for 5 min twice, and
dehydrated in an ethanol series. Next, the samples were
denatured in 70% formamide/20x SSC for 2 min at 37°C and
dehydrated with 70% ethanol for 5 min, followed by 100%
ethanol. Denatured probes (10 pL) were dropped onto the slides,
covered with a coverslip, and sealed with rubber cement. The
slides were then treated using a microwave procedure to intensify
the signals. The microwave (MI-77; Azumaya Company, Tokyo,
Japan) was set to irradiate the samples for 3-second periods at
intervals of 2 s, for a total of 60 min at a frequency of 2.45 GHz

Maeshima et al.

and an output power of 250 W with the temperature sensor set
to 37°C. After incubation overnight at 37°C, the slides were
washed with 50% formamide/2x SSC for 10 min at 45°C, and
then washed twice more for 10 min each at room temperature;
the slides were then washed with 2x SSC for 10 min. The
specimens were rinsed in 4x SSC/A.05% Triton for 5 min,
2x SSC for 5 min at 45°C, and 0.2¢ SSC at room temperature,
The slides were covered with antifade solution and viewed under
a BX60 fluorescence microscope (Olympus, Tokyo, Japan) using
a 100x oil immersion lens and appropriate filters.

LSI IGH Spectrum Green/LS1 BCL2 Spectrum Orange Dual
Fusion Translocation Probe (Vysis, Downers Grove, IL, USA)
was used to detect 1(14;18): IGH/BCL2 fusion. LSI BCL6 Dual
Color, Break Apart Rearrangement Probe (Vysis) was used to
detect 3q27: BCL6 translocation. Judgment of the fusion gene
was performed as described previously.?" Briefly, a total of
50-200 nuclei per case were scored, and if more than 2% of the
tumor cells had two fusion signals in the IGH/BCL2 examination,
they were judged positive for fusion, If more than 1.5% of tumor
cells had split signals in the BCL6 examination, they were judged
positive for translocation.

Statistical analysis. Five-year and 10-year overall survival rates
were calculated by the Kaplan-Meier method. Univariate analysis
was performed using the log-rank test for clinicopathologic
parameters, as shown in Tables 1-3, Clinical information of
patients with pre-existing FL and those with coexisting FL. was
compared by the Fisher's exact test, Mann-Whitney U-test or
log-rank test in Table 2, Differences were considered significant
when P-value was less than (.05.

Results

Patients. Clinical information is summarized in Table 1. The
patients comprised 22 men and 21 women, ranging in age from
25 to BO years with a median age of 53 years. Most of them
(34/43) had advanced-stage (111 or IV) initially. All of the patients
received treatments after initial diagnoses: cyclophosphamide,
doxorubicin, vincristine and prednisone (CHOP) + radiation
(12 cases), rituximab (R)-CHOP + radiation (22 cases), or other
types of treatment (cyclophosphamide, vincristine, prednisone
and procarbazine (C-MOPP), vincristine, cyclophosphamide,
prednisone and doxorubicin (VEPA), methotrexate, doxorubicin,
cyclophosphamide, vincristine, prednisone and bleomycin
(MACOP-B), vincristine/vindesine, doxorubicin and prednisone
(VCR/VDS + DOX + PSL), R+ radiation and radiation) (8 cases).
Overall survival after initial diagnosis was 76.5% at 5 years and
57.3% at 10 years. Overall survival after transformation was
60.0% at 5 years. Clinical information was compared between
19 patients with pre-existing FL. and 24 patients with coexisting
FL, and is summarized in Table 2.

Morphology. The results of morphological analysis, immuno-
histochemical staining for each antibody, and FISH analysis are
summarized in Table 3 and Table4. A total of 47 DLBCL
specimens from 43 patients were reviewed. The biopsy sites
were lymph node (27), tonsil (6), spleen (1), and extranodal sites
(13: gingiva 1, stomach 1, small intestine 1, terminal ileum 1,
rectum 3, bone marrow 2, skin 3, lung 1). The subtypes of
DLBCL in the final specimens were centroblastic
(30), centroblastic pol (11), and anaplastic (2). Notably,
one case (no. 38) finally transformed to classical Hodgkin
lymphoma, mixed cellularity, after transformation of FL 1o
DLBCL. Massive necrosis was detected in four cases (9%).

A total of 53 FL specimens from 43 patients were reviewed.
The biopsy sites were lymph node (21), tonsil (2), spleen (1),
and extranodal sites (29: nasopharynx 1, esophagus 1, stomach
6, duodenum 6, small intestine 2, colon 1, bone marrow 11,
skin 1). The grades of FL were grade 1 (20), grade 2 (27),
judged as limited to low-grade FL. due to the very small amount
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Table 2. Patients’ clinical data at initial diagnosis

19 cases with pre-existing FL 24 cases wilh coexisting FL P-value’
Gender (male/female) 1/8 113 0.54
Age (median, range) 57 (40-79) 52 (25-80) 0.30
Stage (1, WA, Iv) s5/14 4/20 0.47
LDH (normal/igher than normal) 13/6 1410 0.54
PS (021 132 1317 0.24
Extranodal involvement (0/21) 13/6 1113 o1
& symptom (-/+)' 141 182 0.72
Bulky mass (—+) 18n 2173 0.62
1P1 (L, LWVHI, H)* 14N 14/6 0.10
S-year QS from initial diagnosis 80.2% 65.2% 0.43
S-year OS5 from transformation 47.7% 65.2% 0.1

'Fisher's exact test, Mann-Whitney U-test or log-rank test.

‘data for PS, B symptom, and IPl were not obtained in eight cases.

FL, follicular lymphoma; H, high; HI, high intermediate; IPI, international prognostic index; L, low; LDH, serum lactate dehydrogenase; L), low
intermediate; OS5, overall survival; PS, performance status.

Fig. 1. (a-h) A case of transformation of follicular lymphoma (FL) with a CD10%/CD30/MUM1" phenotype to diffuse large B-cell lymphoma (DLBCL)
with a CD107/CD30%MUM1* phenotype. FL, lymph node. (a) Hematoxylin-eosin (HE) (x40), (b) CD10* (x40), (c) CD30" (x200), (d) MUM1- (x200).
DLBCL, small intestine, () HE (x400), (f) CD10" (x200), (g) CO30* (x200), (h) MUM1* (x200).

of material available (6). There were 17 cases with a grade 3a  were available for 41 FL specimens and 43 DLBCL specimens,
component and three with a grade 3b component. but in relatively few of the FL and/or DLBCL cases were not

Immunohistochemistry. The results of immunohistochemistry  available for some of the markers. All tumors were positive for
are summarized in Table 3, Table 4, and Fig. 1. Paraffin sections  CD20 and negative for CD3. CD10 was positive in 86% (31/36)

1764 doi: 10.1111/.1349-7006.2008.00873.x
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Immunophenotype of a
DLBCL component
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(grade 1 or 2) FL component
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Immunophenotype of a low-grade

Table 3. Results of immunohistochemistry and FISH analysis

Case no.
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Table 4. Summary of results of immunchistochemistry and FISH analysis

Antibody FL component
cD20 100% (40/40)
cD10 86% (31/36)*
Bel-2 96% (42/44)
Bel-6 B4% (26/31)
MUM1 16% (5/31)
cD30 0% (0/28)
D138 0% (0/28)
cDs 0% (0/21)
GCB, non-GCB

FISH: IGH/BCL2 B89% (16/18)

DLBCL component Gain/loss/no change

100% (43/43)
66% (27/41)' 1/6/29
91% (38/42) 1437
88% (28732) 4/2120
34% (12/35) M0
20% (6/30) 5016
0% (0/28)
3% (1/38) 1/0/19
84% (31/37), 16% (6/37)
82% (28/34)

‘excluding bone marrow specimens.

DLBCL, diffuse large B-cell lymphoma; FISH, fluorescence in situ hybridization; FL, follicular lymphoma; GCB, germinal center 8-cell phenotype.

of FLs and 66% (27/41) of DLBCLs, representing a gain in one
case, loss in six cases, and no change in 29 cases (including 21
positive cases and eight negative cases). Bone marrow specimens
were excluded because only these materials showed extremely
low CDI0 expression. Among six cases of DLBCL showing
loss of CDI10, two were diagnosed as DLBCL several times
(nos. 6 and 7), and both cases showed loss of CD10 expression
between the first and second occasions. Bel-2 and Bel-6 were
frequently expressed in both FL and DLBCL. Bcl-2 was positive
in 969% (42/44) of FLs and 91% (38/42) of DLBCLs, representing
a gain in one case, loss in four cases, and no change in 37 cases
through transformation. Bel-6 was positive in 84% (26/31) of
FLs and 88% (28/32) of DLBCLs, representing a gain in four
cases, loss in two cases, and no change in 20 cases through
transformation. Among 32 DLBCL cases for which both Bel-2
and Bel-6 immunohistochemistry could be performed, 25 were
Bel-2+/Bcl-6+, four were Bel-2+/Bel-6—, 3 were Bel-2-/Bel-6+,
and no case was Bcl-2-/Bel-6-.

The postgerminal center B-cell and plasma cell marker MUM
| was positive in 16% (5/31) of FLs and in 34% (12/35) of
DLBCLs, representing a gain in seven cases, loss in one case,
and no change in 20 cases (including four positive cases and 16
negative cases). CD30 was negative in all FLs and positive in
20% (6/30) of DLBCLs. Two cases of DLBCL with anaplastic
morphology were positive for CD30. CD30 showed scattered
expression in marginally and sparsely distributed large lymphoid
cells of low-grade FL and FL grade 3, but no case showed
positivity in over 30% of the cells. CD5 was negative in all FLs
and positive in only one case (no. 2) of DLBCL. This positive
case was FL grade 2 in an abdominal lymph node with a CD10"/
Bel-2+/Bel-6-/CD5/eyclin D1-immunophenotype and IGH/BCL2
fusion by FISH analysis initially, and showed transformation to
centroblastic monomorphous DLBCL in the tonsil, revealing
a CD107/Bel-2+/Bel-6+/CD35*/cyclin D1-immunophenotype and
IGH/BCL2 fusion by FISH analysis. In the one case of classical
Hodgkin lymphoma after transformation from FL via DLBCL
(no. 38), FL in the stomach and esophagus and DLBCL in a
cervical lymph node had a CD20*/CD307/CD10* phenotype and
IGH/BCL2 fusion by FISH analysis, but Hodgkin/Reed-Sternberg
cells in an inguinal lymph node had a CD20/CD30*/CD15%/CD10
phenotype, and were negative for EBER-1 in situ hybridization
and positive for IGH/BCL2 fusion by FISH (Fig. 2).

Thirty-one (84%) DLBCLs were classified as GCB, and six
(16%) DLBCLs were classified as non-GCB. Two cases of
DLBCL (nos. 6 and 7) for which several sequential biopsies
were taken were judged from the final biopsy specimen: these
were non-GCB in the final DLBCL specimens, but had been
GCB in the initial specimens.

FISH analysis. Paraffin-embedded sections were available for
18 FL cases and 34 DLBCL cases. IGH/BCL2 fusion was
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Fig.2. The result of fluorescence in situ hybridization of classical
Hodgkin lymphoma transformed from follicular lymphoma (FL). IGH
and BCL2 fusion pattern with the LS| IGH Spectrum Green/LSI BCL2
Spectrum Orange Dual Fusion Translocation Probe (Vysis, Downers
Grove, IL, USA). Two fusion IGH/BCL2 signals are present.

detected in 89% (16/18) of FL cases and in 82% (28/34) of
DLBCL cases. In all six DLBCL cases without IGH/BCL2
fusion, BCL6 translocation was detected in one case (17%).
Two FL cases without IGH/BCL2 fusion were not available
paraffin-embedded sections.

Statistical analysis. Only the initial treatment regimen was a
significant prognostic factor: patients who received CHOP or
R-CHOP showed a better outcome than patients who received
other treatments (P < 0.001). No other significant prognostic
factors were detected, including GCB versus non-GCB. However,
patients with DLBCL showing CD30-positivity (six cases) did
not dic as a result of disease progression,

Discussion

As transformation of FL to DLBCL is currently the focus of
widespread clinical and pathological interests, we studied the

dol: 10.1111/1.1349-7006.2008 00873 .x
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heterogeneity of the DLBCL component using morphological,
immunohistochemical, and FISH analyses.

FL transformed most commonly to the DLBCL centroblastic
subtype,* but occasionally to the DLBCL anaplastic subtype
with CD30 expression.”” We confirmed that most of the DLBCLs
were of the centroblastic subtype, with two exceptional cases of
the anaplastic subtype.

CD10 shows restricted expression in germinal center B-cells
of reactive lymphoid tissue. Although the reported frequency
of CD10 expression in FL varies, about 60% of FLs express
CD10.* However, no previous report has documented changes
in CD10 expression through transformation from low-grade FL
to DLBCL. In this study, 14 DLBCLs were negative for CD10,
and among them, six showed loss of CD10 expression through
transformation. Previous reports have indicated that CDI10
expression is often stronger in follicles than in interfollicular
neoplastic cells, and that the frequency of CD10 expression is
lower in FL 3 than in low-grade FL.?Y It is suggested that
loss of CD10 expression through FL transformation is possible
in the of escape from the follicular dendritic cell meshwork
and diffusion, and wmor cell enlargement.

Bel-2 is expressed on resting and B and T cells, but not on
normal germinal center cells. Bel-2 protein has an antiapoptotic
function,® and is expressed in the majority of FLs ranging from
nearly 100% in grade 1-75% in grade 3, and in about 30-50%
of de novo DLBCLs.”” Bcl-6 is expressed in germinal center
B-cells and a subset of CD4' T cells.”” Bcl-6 is ex,grcssed in
88% of FLs,” and 55-97% of de novo DLBCLs.*” Most of
the DLBCLs that had transformed from FL retained a high
frequency of Bel-2 and Bcl-6 expression, which tended to be
higher than that in de novo DLBCL, Because Bcl-2 and Bel-6
expression was retained during transformation in most cases,
Bel-2 and Bel-6 positivity might be a precondition for trans-
formation of DLBCL from FL.

MUMI is a lymphoid-specific member of the interferon
regulatory factor family of transcription factors.®” MUMI is
normally expressed in plasma cells and a minor subset of germinal
center B cells, and has been reported Lo be expressed in 50-77%
of DLBCLs.”"™™ In this study, MUMI was positive in 16% of
low-grade FLs and 34% of DLBCLs. This rate was lower than
that in de novo DLBCL, but it was surprising that 34% of
transformed FLs expressed MUMI1. Twenty cases that were
MUM I -positive in both the FL. and DLBCL components were
suggested to be derived from germinal center MUM 1-positive B
cells, and seven cases showing MUM1-gain indicated that this
event was not infrequent during FL transformation.

CD30 was positive in Hodgkin and Reed-Stemberg cells of
classical Hodgkin lymphoma, anaplastic large cell lymphoma,
anaplastic variant of DLBCL, and a subset of non-neoplastic
activated B and T cells."* Most FLs contain a small number of
CD30-positive cells, located mainly at the edge of the neoplastic
follicles,®" and we confirmed this feature. Transformation of FL
into CD30-positive large B-cell lymphoma with anaplastic features
has been reported.” In this study, 20% of the cases gained CD30
expression in DLBCL, which included two cases of the DLBCL
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Rituximab is a chimeric moneclonal antibody that recognizes
the CD20 antigen. It has been used to treat B-cell non-Hodgkin
lymphoma (B-NHL), but recently rituximab resistance has been a cause
for concern. We examined histological and i histochemical
changes in 59 patients with B-NHL after rituximab therapy. The
patients comprised 32 men and 27 women with a median age of
59 years, Pre-rituximab specimens comprised 34 follicular lymphomas
(FL), 11 diffuse large B-cell lymphomas (DLBCL), 10 mantle cell
lymphomas, two marginal zone B-cell lymphomas (MZBCL), and two
chronic lymphocytic leukemias (CLL). CD20 expression in lymph
cdlswuwmwwmmhymﬂuwmmm
rituximab materials were taken a median of 6§ months (4 days to
59 months) after rituximab therapy. Sixteen cases (27%) showed
loss of CD20 expression with four histological patterns: pattern 1,
no remarkable histological change (FL. 5; DLBCL, 3; and CLL, 2);
pattern 2, proliferation of plasmacytoid cells (FL, 2; DLBCL, 1; and
MZBCL, 1); pattern 3, transformation to classical Hodgkin's lymphoma
(FL1)=andpmm4 fi tion to plastic large cell
lymph: like undiff iated lymph (FL, 1). Loss of CD20 was
unrelated to the interval of biopsies, treatment regimen, clinical
response, and frequency of rituximab administration. Loss of CD20
within 1 th of rituximab th y (3/14, 21%) and regain of
CD20 (2/7, 29%) were not freq CD20-posi relapse with
transformation occurred mastfrequem!y in uus of early nlapu ll'l
conclusion, B-NHL sk d logical and i

changes after rituximab therapy, im.lud!ng not only €D20 loss but
also proliferation of plasmacytoid cells or transformation to spedial
subtypes of lymphoma. (Cancer Sci 2009; 100: 54-61)

Rituximab is a chimeric monoclonal antibody that has
recently been incorporated into the treatment of B-cell
non-Hodgkin lymphoma (B-NHL). It recognizes the CD20
antigen, a pan-B-cell marker, binds to it, and induces apoplosis
of CD20-positive cells.”* Rituximab can be used as a mono-
therapy or in combination with conventional chemotherapy for
wreatment of low- and high-grade, untreated, relapsed, or
refractory CD20-positive B-NHL, achieving a high response
rate with a low toxicity.

Recent studies have reported that B-NHL show CD20-
negative relapse after nituximab therapy.*"'” Transformation of
follicular lymphoma (FL) to CD20-negative diffuse large B-cell
lymphoma (DLBCL)."® proliferation of CD20-negative
plasmacytoid tumor cells of marginal zone B-cell lymphoma
(MZBCL)" or lymphoplasmacytic lymphoma,™ transforma-
tion of FL to classical Hodgkin's lymphoma,”'™ and progression
of nodular lymphocyte-predominant Hodgkin lymphoma to
CD20-negative T-cell-rich B-cell lymphoma have also been
reported.®
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Several mechanisms of resistance to rituximab have been
suggested, including selection of a CD20-negative clone as a
consequence of rituximab exposure, masking of CD20 epitopes
by rituximab itself, or true loss of CD20 antigen by genetic and
epigenetic changes, (1343:13.09-30)

In the present study we carried out retrospective analyses
of histological and immunophenotypic changes and outcome
in 59 patients with B-NHL after rituximab-containing therapy, to
explore the effect of rituximab on CD20 expression and morphology
in B-NHL.

Materials and Methods

Patient selection. We reviewed the pathology archives of the
National Cancer Center Hospital, Tokyo, Japan, for the period
2002 10 2007. Fifty-nine consecutive cases of CD20-positive
B-NHL treated with rituximab, with or without chemotherapy, for
which pre- and post-rituximab specimens were available, were
included in our study. Rituximab (Zenyaku Kogyo, Tokyo,
Japan) was used at a standard dose of 375 mg/m® once a week
for rituximab monotherapy and once every 3 weeks for the
rituximab-cyclophosphamide, doxorubicin, vincristine and
prednisone (CHOP) regimen. Clinical information was extracted
from the medical records, and the Ann Arbor system was used
for staging.

Histological review. Biopsy or surgical specimens were fixed in
10% neutral-buffered formalin overnight, embedded in paraffin,
cut into sections 4 pm thick, and stained with hematoxylin-cosin
for histological evaluation. All of the pre-rituximab specimens
were CD20-positive B-NHL by definition, and post-rituximab
specimens included any lymphomas. All of the specimens were
reviewed by three pathologists (AMM., H.T, and YM.) to
confirm that the morphological characteristics fulfilled the
criteria of the World Health Organization classification of
lymphoid neoplasms, 2001.%% Histological subtype, loss of CD20
expression by immunochistochemistry or flow cytometry, presence
or absence of plasmacytoid differentiation, and the relationship
between histological transformation and CD20 loss were

examined.
I histochemistry, flow cy Y. in situ hybridization, and
fluorescence in situ hybridization analyses. We carried out
immunohistochemical staining on formalin-fixed paraffin-
embedded pre- and post-rituximab specimens using a panel of
monoclonal and polyclonal antibodies. Sections 4 pm thick
were cut from each paraffin block, deparaffinized, and incubated
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at 121°C in pH 6.0 citrate buffer for 10 min for antigen retrieval.
Antibodies included those against the following antigens: CD3
(clone PS1, x25; Novocastra, Newcastle, UK; polymer method),
CD20 (L26, x100; Dako, Glostrup, Denmark; labeled vidin—
biotin method [LSAB]), and CD7%9a (JCB117, x100; Dako;
LSAB) routinely; and CD5 (4C7, x50, Novocastra; polymer),
CD7 (CD7-272, x100; Novocastra; avidin-biotin complex method
[ABC]), CD10 (56C6, x50; Novocastra; polymer), CD15 (MMA,
%100; Becton Dickinson, Franklin Lakes, NJ, USA; polymer),
CD30 (Ber-H2, x100; Dako; polymer), CD45 (2B11 + PD7/26,
x100; Dako; LSAB), CD45RO (UCHLI1, x50; Dako; LSAB),
CD56 (1B6, x100; Novocastra; LSAB), ALK (ALK1, x200;
Dako; polymer), Bel-2 (124, x100; Dako; LSAB), Bel-6 (poly,
%50; Dako; ABC), cyclin D1 (SP4, x25; Nichirei, Tokyo, Japan;
polymer), TIA-1 (26gA10F5, x1000; Immunotech, Marseille,
France; polymer), granzyme B (GrB-7, x200; Dako; polymer),
MPO (poly, x1000; Dako; LSAB), MUMI (MUMIp, x50;
Dako; ABC), PAXS (24, x200; Becton Dickinson; ABC), TdT
(poly, x100; Dako; polymer), Igk (poly, x20 000; Dako; LSAB),
Igh (poly, %40 000; Dako; LSAB), IgA (poly, x100 000; Dako;
polymer), I1gG (poly, x20 000; Dako; polymer), and IgM
(poly, x20 000; Dako; polymer) optionally, The percentages
of CD20-positive tumor cells were counted semiquantitatively
by immunohistochemistry (IHC). Immunoreactivity for CD20
was judged positive (no CD20 loss) if >95% of the wmor cells
were stained, partially negative (partial CD20 loss) if 10-95% of
the cells were stained, or negative (CD20 loss) if <10% of the
cells were stained. When a post-rituximab specimen showed loss
of CD20 expression, it was judged as B-cell lineage if there
was positivity for CD79a.

Flow cytometry was carried out using an Epics XL-MCL
instrument with System Il Software (Beckman Coulter). The
flow cytometry panel included CD20 (B-Lyl), CD19 (HD37),
Igx (poly), and IgA (poly) (Dako). Fluorescence in sine hybridi-
zation (FISH) and in siw hybridization (ISH) analyses were
optional. Sections 4 um thick were cut from each paraffin block
and used for FISH analysis. Judgment of the fusion gene was
carried out as described previously.”® Dual-color LSI IGH
Spectrum Green/LSI BCL2 Spectrum Orange Dual Fusion
Translocation Probes (Vysis, Downers Grove, IL, USA) were
used to detect t(14;18): IGHBCL2 fusion. ISH with Epstein-
Barr-encoded RNA (EBER-1) probes (Dako) was carried out in
some cases to delect possible Epstein-Barr virus infection.

Statistical analysis. The relationships between CD20 expression
and treatment regimen (rituximab monotherapy vs combination
therapy with rituximab and chemotherapy), response (complete
response [CR] vs others, or overall response [OR] vs others),
frequency of rituximab administration, and interval between the
last dose of rituximab and rebiopsy were exarruned by x tesl or

B-NHL specimens included 34 FL with or without a DLBCL
component, 11 DLBCL, 10 mantle cell lymphomas (MCL), two
MZBCL, and two chronic lymphocytic leukemias (CLL). We
considered that the following two factors may have contributed
to case selection bias. The first factor is that the date of the
approval of rituximab for low-grade B-cell lymphoma preceded
that for DLBCL for 2 years in Japan. The second factor is that
FL were rebiopsied more frequently than DLBCL because FL
relapsed frequently and were followed up for a long time, and
checks for transformation to DLBCL were somelimes necessary.
Sixteen cases (27%) showed loss of CD20 expression in post-
rituximab specimens by THC or flow cytometry. The frequencies
of CD20 loss in the various histological subtypes were: FL, 26%
(9/34); DLBCL, 36% (4/11);, MCL, 0% (0/10); MZBCL, 50%
(1/2); and CLL, 100% (2/2). Among them, two DLBCL and two
FL showed partial loss of CD20 expression. Among the 12
tumors with complete loss of CD20 expression, seven had avail-
able flow cytometry data, and all of them showed loss of CD20.
Four patterns of loss of CD20 expression were evident
(Table 2): pattern 1, CD20 loss with no remarkable histological
change (FL, 5; DLBCL, 3; and CLL, 2) (Fig. 1); pattern 2, pro-
liferation of plasmacytoid cells (FL, 2; DLBCL, 1; and MZBCL,
1) (Fig. 2); pattern 3, transformation to classical Hodgkin
lymphoma (FL, 1); and pattern 4, transformation to anaplastic
large cell lymphoma (ALCL)-like undifferentiated lymphoma
(FL, 1) (Fig. 3). All of the lymphomas after rituximab treatment
with pattern 1 or 2 histology were paositive for CD79a. Two FL
with pattern 2 showed proliferation of plasmacytoid cells, not
in the marginal zone but in follicles, as with FL with plasma
cells,*"*® and the plasmacytoid wmor cells were positive for
IgM and lgx by IHC. One DLBCL with pattern 2 was negative
for IgM and IgA by IHC in the pre-rituximab specimen, but
positive for them in the post-rituximab specimen. Hodgkin
Iymphoma with pattern 3, which was previously reported to be
a form of transformed FL,” was positive for CD30, CD15, and
the IGH-BCL2 fusion by FISH, and negative for CD10, CD20,
and EBER-1 by ISH. Although we could not determine the
lineage of ALCL-like undifferentiated lymphoma with pattern 4,
because it was positive for only CD45 and CD45RO and negative
for CD3, CDS5, CD7, CD10, CD15, CD20, CD30, CD56, CD79a,
ALK, bcl-2, bel-6, granzyme B, MPO, MUMI, PAXS5, TdT, TIA-1,
and EBER-1 by ISH, it was considered to be transformed FL
because of the presence of the IGHBCL2 fusion revealed by
FISH in both the pre- and post-rituximab specimens (Fig. 3).
Relationship between rituximab therapy and CD20 expression, and
histological changes. The relationships between CD20 expression
and interval after the last dose of rituximab, treatment regimens,
clinical response, and frequency of rituximab administration
were not detected. Among 16 cases showing loss of CD20, the

Mann-Whitney U-test. Diffe were

to treatment was no change (NC) in three

L4

when the P-value was less than 0.05.

Results

Patient characteristics. Clinical information for all consecutive
59 patients is summarized in Table 1. The patients comprised 32
men and 27 women, ranging in age from 37 to 80 years with a
median age of 59 years. Eight patients had stage VII disease and
51 patients had stage III/1V disease. All of the patients received
rituximab by definition, with or without chemotherapy (CHOP
or other types of regimen). The 59 patients received a median of
six courses (range 1-17) of rituximab. The median interval
between the last dose of rituximab and rebiopsy was 6 months
(range 4 days to 59 months). The overall response rate was 79%
and the % CR was 46% 1o rituximab-containing regimens.

Four histological patterns of CD20 loss. The results of histological
analysis and immunohistochemical staining for each antibody
are summarized in Tables 1-2. The total of 59 pre-rituximab

Maeshima et al.

cases, and CR or partial response (PR) in the others.

Fourteen patients underwent rebiopsy within 1 month of the
last dose of rituximab. Among them, only three cases (21%)
were negative for CD20. Seven cases showing loss of CD20
expression after rituximab therapy were subsequently observed
and rebiopsied and, among them, two cases (cases FL4-2 and
FL8) regained CD20 expression at 7 and 15 months after the last
dose of rituximab. The other five cases were found not to have
regained CD20 expression at 2, 7, 12, 28, and 44 months after
the last dose of rituximab.

Nine patients with FL achieved CR or PR after treatment with
# rituximab-containing regimen, but their lymphomas showed
early relapse (within 3 months to | year later). Among them,
five cases (cases FL12, FL18, FL25, FL33, and F1.34) relapsed
as CD20-positive DLBCL, two (cases FL16 and F1.21) as CD20-
positive low-grade FL, one (case FL3-2) as CD20-negative FL
grade 2, and one (case FL8) as transformation to Hodgkin's
lymphoma.
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Table 2. Four histological patterns of loss of CD20 expression after
rituximab therapy

Distribution
FL, 5; DLBCL, 3; CLL, 2

Histological pattern

Pattern 1: loss of CD20 with
no remarkable histological change
Pattern 2: proliferation

of plasmacytoid cells

FL, 2; DLBCL, 1; MZBCL, 1

Pattern 3: transformation FL 1
to classical Hodgkin lymphoma
Pattern 4: transformation to L1

anaplastic large cell lymphoma-like
undifferentiated lymphoma

CLL, chronic lymphocytic leukemia; DLBCL, diffuse large B-cell
lymphoma; FL, follicular lymph ; MZBCL, ginal zone B-cell
lymphoma.

Discussion

Recent reports have indicated that the treatment of B-NHL with
rituximab may be associated with CD20-negative lymphoma
relapse,”'” and the frequency of loss of CD20 after rituximab
treatment varies widely (24, 56, 60, and 94%).%131% In the
present study, 16 of 59 B-NHL (27%) showed loss of CD20
after rituximab-containing therapy using a larger series than in

. (a-€) A case of pattern 1 change in €D20-
pasitive follicular lymphoma (FL) to CD20-negative
FL. FL, grade 1, (a) in & lymph node (hematoxylin-
eosin, x40) and (b) with CD20-positive phenotype,
pre-rituximab (x100). FL, grade 2, (c) in a lymph
node (hematoxylin-eosin, »40) with (d) CD20-
negative (x40} and (e) CD79a-positive (x40)

ph ypes, past-r

previous repons. Our results also suggested that the frequency
of CD20 loss was not largely affected by the period before
rebiopsy. Although the site of sampling (bone marrow vs non-
bone marrow) might affect the observed degree of CD20 loss,”™
this issue needs to be studied further using a larger number of
cases. Tumors with loss of CD20 in the present study included
FL, DLBCL, MZBCL, and CLL. Although Goteri et al. reported
that MCL frequently showed loss of CD20 expression in bone
marrow, none of our MCL cases showed CD20 loss."" Because
a previous report indicated that rituximab + CHOP combination
therapy (R-CHOP) had insufficient efficacy for MCL,® it was
considered that this regimen might not have been sufficiently
poltent to induce selection of a CD20-negative clone.

Four histological patterns of CD20 loss were evident. The
majority were patterns | or 2, whereas patterns 3 or 4 were rare.
Recently, several reports have described relapse with pattern |
or 2 histology after rituximab therapy."*'® Using flow cytome-
try, Goleri et al. demonstrated that 26 cases of low-grade B-cell
lymphoma showed CD20 loss in bone marrow aspirates, includ-
ing cases with no histological change, and with residual ’?Iasma-
cytoid tumor cells of lymphoplasmacytic lymphoma."” It has
also been reported that mucosa-associated lymphoid tissue lym-
phoma changes to a pure plasma-cell neoplasm."®

Case FL8, which showed transformation to Hodgkin lym-
phoma (pattern 3), was one of the transformed FL that we
reported previously.”” As composite Hodgkin lymphoma and
FL is reported to be very rare,®"™ rituximab might have
induced transformation to Hodgkin lymphoma. Recently, a case

doi: 10.1111/].1349-7006.2008.01005.x
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Fig. 2. (a-f) A case of pattern 2 change of
follicular lymphoma (FL) to FL with plasma cells.
FL, grade 1 in duodenum (hematoxylin—eosin),
(a) =40, (b) x400, with (c) IgM-negative phenotype
{x100), pre-rituximab, FL, grade 1 with plasmacytoid
differentiation in lymph node (hematoxylin-eosin),
(d) =40, (e) x400, with (f) igM-positive phenotype
(x100), post-rituximab.

Fig.3. (a<) A case of pattern 4 change of
follicular lymphoma (FL) to anaplastic large-cell
lymphoma (ALCL}-ike undifferentiated lymphoma.
(a) FL, grade 2 in lymph node, pre-rituximab
(hematoxylin-eosin, =40). (b) ALCL-like undifferen-
tiated lymphoma in liver, post-rituximab (hematoxylin-
eosin, x400). (c) The result of fluorescence in situ
hybridization of ALCL-like undifferentiated lymphoma.
IGH and BCL2 fusion pattern. Two fusion IGHBCL2
signals were present.
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