—232— BEORE 5£9% - 535 - 201066 B

Fig. e Histopathological Findings of the Liver Metas-

e E

Fig. 5b Histopathological Findings of the Lung Metas- tasis (H-Estain, high magnification)
tasis (D2-40 stain, high magnification)
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Fig. 5¢ Autopsy Appearance of the Brain Metastases
(arrows)

Fig. 5d Histopathological Findings of the Brain Metas-
tasis (H-Estain, low magnification) Fig. 6 CXCR4 Expression (red) in Invasive Paget Cells
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Fig. 7 a-c: Immunofluorescence staining shows SDF-1 (red) expression in lymphatic vessels (green). Nuclei are
stained blue (DAPI stain). Scale bars =20 ym
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An Autopsy Case of Extramammary Paget’s
Carcinoma with Brain Metastases and
Analysis of the Progress Patterns
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We report an autopsy case of Paget's Carcinoma with brain metastases. A 72-year-old man
presented with irregular erythema consisting of hyper- and hypo-pigmented macule and ulcerated red
nodule on the left inguinal region. He was diagnosed with Paget’s carcinoma by skin biopsy. The
biopsy specimen showed numerous lymphatic ducts fulfilled with Paget cells in the dermis. **F-
FDG-PET-CT examination demonstrated multiple metastases to lymph nodes and bones superior to
the inguinal region.

Initially, multiple metastatic lesions seemed to disappear after several courses of chemotherapy.
However, the tumors recurred and metastasis spread to the brain within 1 year after initiating
comprehensive treatment.

An autopsy was performed with written informed consent from the family and these findings
suggest how Paget cells metastasized especially to the lung and brain in this patient.

Skin Research, 9: 229-236, 2010
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It would be of great value to predict the efficacy of tyrosine kinase inhibitors (TKIs) in the treatment
of individual CML patients. We propose an immunoblot system for detecting the phosphorylation of
Crkl, a major target of Ber-Abl, in blood samples after in vitro incubation with TKIs. When the remaining
phosphorylated Crkl after treatment with imatinib was evaluated as the “residual index (R1)", high values

were found in accordance with imatinib resistance. Moreover, RI reflected the outcome of imatinib- as

Keywords:
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well as second generation TKIs with a high sensitivity and specificity. Therefore, this system should be
useful in the selection of TKIs.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

The introduction of tyrosine kinase inhibitors (TKIs) targeting
Bcr-Abl have dramatically improved the treatment of CML. Ima-
tinib mesylate (Gleevec; Novartis Pharmaceuticals, East Hanover,
NJ) was shown to induce high rates of cytogenetic and molecular
responses, resulting in greatly prolonged survival in CML patients
[1,2]. However, despite the remarkable improvement in survival
and responsiveness with imatinib-treatment, a considerable pro-
portion of the patients treated with imatinib have been reported
to exhibit either primary or secondary resistance or intolerance
[3-5]. Clinical resistance to imatinib can result from mutations
in the Abl kinase domain at residues that directly contact ima-
tinib or that influence imatinib binding [6]. As resistance can also
arise in the absence of Bcr-Abl mutations, other mechanisms of
resistance and disease progression may exist, including Bcr-Abl-
independent signaling in CML cells [7]. To overcome the resistance
and intolerance to imatinib, efforts have been made to develop
second- and third-generation TKIs. Examples of such inhibitors
include nilotinib (Tasigna, Novartis) [8], dasatinib (Sprycel, Bristol-

* Corresponding author. Tel.: +81 6 6879 3871; fax: +81 6 6879 3879.
E-mail address: sezoe@bldon.med.osaka-u.ac.jp (S. Ezoe).

0145-2126/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.leukres.2011.01.012

Myers Squibb) [9] and other TKIs under clinical investigation such
as bosutinib [10] and INNO-406 [11]. These TKIs are significantly
more potent than imatinib and have exhibited efficacy against
many types of imatinib-resistant Bcr-Abl mutants. Furthermore,
they are also candidates for first-line therapy, as there is a need
to improve the results achieved with imatinib [12-14]. In parallel
with the entrance of new therapeutic compounds, an important
question is which TKI is the most appropriate to each CML patient.

To establish a system with which we can predict the response
of each patient to TKIs, we investigated in this study the phospho-
rylation of Crkl, a major target of Bcr-Abl, after in vitro incubation
with or without TKls in peripheral blood (PB) samples from patients
either newly diagnosed or resistant to imatinib. It is demonstrated
that this in vitro analysis system is highly reflective of the clini-
cal response to TKIs of CML patients, and these data should prove
useful in selecting TKIs in individual cases.

2. Patients, materials and methods
2.1. Patient blood samples

Thirty-one patients with CML in the chronic phase (CP) were included in
this study (Table 1). The optimal response, response and resistance were defined
in accordance with the European Leukemia Net (ELN) recommendations [15,16].
Briefly, an “optimal response” to imatinib means achieving a complete hemato-
logical response (CHR) at 3 months or complete cytogenetic response (CCyR) at
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6 months after the induction of imatinib, and resistance means failure to achieve
such a response. On the other hand, in nilotinib- or dasatinib-treated patients, a
“response” means a minor cytogenetic response (mCyR) at 3 months or partial cyto-
genetic response (PCyR) at 6 months after the induction of the second generation
TKI, and resistance means failure to achieve this response.

Ten microliters of the PB samples were obtained from patients with informed
consent at the beginning or before the initiation of imatinib, nilotinib or dasatinib.
Half of each sample was used for examination of the Bcr-Abl sequence, which was
performed by the SRL Co.(Tokyo, Japan), and the other half was used forimmunoblot
analysis.

Approvals for the study were obtained from the institutional review boards of
all the participating facilities.

2.2. Reagents

Imatinib, methanesulfonate salt was kindly provided by Novartis Pharmaceu-
ticals (Basel, Switzerland), and nilotinib and dasatinib were purchased from LC
laboratories (Boston, MA). The antibodies used in this study were as follows:
anti-Lyn, anti-phospho-Crkl, anti-phospho-c-Abl from Cell Signaling Technology
(Beverly, MA), anti-phospho-Lyn(Y396) from Epitomics (Burlingame, CA), anti-Crkl,
anti-B-actin from Santa Cruz Biotechnology (Santa Cruz, CA), and the secondary anti-
bodies, anti-Rabbit IgG HRP and anti-Goat IgG HRP were from Promega (Madison,
WI). Pervanadate was purchased from Sigma-Aldrich (St. Louis, MO).

2.3. Cell line

A Ber-Abl positive human cell line, K562, was used in the preliminary experi-
ments in this study. K562 cells were maintained in RPMI11640 (nacalai tesque, Kyoto,
Japan) supplemented with 10% fetus bovine serum (FBS) (EQUITECH-BIO, Kerrville,
TX).

2.4. Immunoblot assays of patients’ samples

Whole blood cell samples from patients were used within 3 h after blood had
been drawn. Red cells were lysed with Whole Blood Lysing Reagents (Beckman Coul-
ter, Brea, CA), and white blood cells were cultured with or without imatinib, nilotinib
or dasatinib. After 5-h incubation, the cell lysates were collected and subjected to
immunoblot assays. Gel electrophoresis and immunoblot assays were performed
according to methods described previously [17,18]. Inmunoreactive proteins were
visualized with an enhanced chemiluminescence detection system (PerkinElmer
Life Sciences, Boston, MA).

A Pervanadate(-)

control imatinib
0 2 524 2 5 24h
Crkl o R R e
B imatinib
1 5 10 uM
pCrkl
Crld R e ‘

pCrkl

B-actin

2.5. Evaluation of phosphorylation intensity and determination of the “residual
index (RI)"

The intensity of each blot of immunoreactive protein was quantified using
ChemiDoc XRS+ with Image Lab Software (Bio Rad, Tokyo Japan). The RI values of
each patient to TKIs were determined in accordance with the numerical expression,
as indicated in Fig. 2A.

2.6. Statistical analysis

Analysis of variance was used to assess data reproducibility. The Mann-Whitney
rank sum was used to define differences between groups.

3. Results
3.1. Immunoblot analysis of phosphorylated Crkl in CML patients

To assess the drug response of the CML patients, we performed
immunoblot assays detecting phosphorylated Crkl,a direct target of
Bcr-Abl kinase. To establish the experimental procedures, prelim-
inary experiments were performed with K562, a CML blast crisis
cell line, or blood sample from a newly diagnosed CML patient
(Patient A), 98% of whose PB cells were Bcr-Abl-positive on fluores-
cence in situ hybridization (FISH). First, to determine the optimum
incubation period for the TKIs, PB cells were incubated with or with-
out TKIs for varying time periods. A two-hour incubation was not
sufficient because imatinib did not completely suppress the phos-
phorylation of Crkl, while 24-h incubation was too long because the
PB neutrophils appeared todie (Fig. 1A, left panel). A five-hour incu-
bation completely eliminated the phosphorylation of Crkl without
cell death. On the other hand, simultaneous treatment with a phos-
phatase inhibitor sustained the phosphorylation of Crkl even after
treatment for 24 h (Fig. 1A, right panel). Thus, we decided to incu-
bate cells for 5 h without phosphatase inhibitors. Next, to build an
in vitro simulation model for the estimation of the activities of TKIs
in the body, we fixed the concentrations of TKIs at the peak value
of plasma concentrations in patients (Cmax) after administration
of the recommended dose of TKIs. The Cmax of imatinib in CML
patients after taking orally 400 mg of the drug is 3.0-4.8 wM, and
that of nilotinib after taking 400 mg is 2.9-4.0 M. In the case of

Pervanadate(+)
control imatinib
0 2 5 24 2 5 24h

pCrkl A mmmmm .

v

Crkl

K562/normal PB cells
100 96 50 10 1

C
0.1 0 %

Crkl

Fig. 1. Optimization of western blot after TKI-incubation. (A and B) Blood sample from Patient A was incubated with or without 5 pM imatinib supplemented with (right
panel) or without (left panel) 10 uM of pervanadate for the indicated periods (A) or incubated with imatinib at the indicated concentrations for 5 h (B). The treated cells were
lysed and subjective to immunoblot analysis using the indicated antibodies. (C) K562 cells were mixed into normal human PB cells at the indicated ratios. Then the samples
were subjective to immunoblot analysis.
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dasatinib, the Cmax after the ingestion of 100 mg dasatinib was
100nM [19-21]. In terms of pharmacokinetics, we fixed the con-
centrations of these TKIs (imatinib, nilotinib and dasatinib) at 5 uM,
5uM, and 0.1 wM, respectively. As shown in Fig. 1B, 1 pM of ima-
tinib did not eliminate the phosphorylation of Crkl in the examined
sample of patient A who are newly diagnosed and well responded
to imatinib, but 5p.M and 10 uM of imatinib did, indicating that
1M is too low concentration for estimation of clinical outcome.
Finally, to estimate the sensitivity of this system, K562 cells were
mixed with normal PB cells at variable ratios, as indicated. Fig. 1C
shows that the phosphorylated Crkl at the lowest 1% was detectable
in K562 cells. Thus, we analyzed patients having more than 10%
Bcr-Abl-positive cells in PB by FISH.

3.2. limmunoblot analysis

To quantify the in vitro responsiveness to TKIs, we measured
the density of each blot using a densitometric method. We then
defined “residual index (RI)” for each TKI by the numerical expres-
sion as shown in Fig. 2A. Triplicate measurements were performed
on 3 individual patients (Patient B, C and D). There were no signif-
icant variations among the Rls in each patient. Standard error for
each sample set was less than 5% (4.6%, 1.2% and 3.4%, respectively)
(Fig. 2B).

3.3. Responses to the TKIs in patients with various stages of CML

Fig. 3A represents typical results of the immunoblot analyses
in 2 patients with newly diagnosed CML (Patient 1 and 2), and 2
patients who were receiving imatinib but were displaying resis-
tance (Patient 16 and 17). Although all of these samples exhibited

A Residual Index (RI) (%)

apparent phosphorylation of Crkl without TKIs, the phosphorylated
Crkl disappeared from the samples of Patients 1 and 2 when incu-
bated with imatinib, nilotinib or dasatinib. In the case of Patients
16 and 17, on the other hand, weak bands remained in the ima-
tinib and/or nilotinib-incubated samples, but disappeared in the
dasatinib-treated ones. Thus, this immunoblot analysis appeared
to be useful in evaluating Crkl phosphorylation after in vitro
TKI-incubation. All patients were divided into two groups: one
being newly diagnosed and another receiving imatinib-therapy
but showing resistance. The imatinib-RIs of the samples from the
imatinib-resistant group (median RI: 34.2%) were much higher than
those of the samples from newly diagnosed patients (median RI:
4.2%) (Fig. 3B).

3.4. Sequential examinations using the residual index

Rl values were analyzed sequentially in the course of the differ-
ent TKI-treatments in 2 imatinib-resistant patients (Patient 23 and
27).

Patient 23 (Fig. 4A): after six months of treatment with ima-
tinib, the drug was changed to dasatinib because of a failure to
achieve an optimal response (72% Ph1* in FISH). Six months after
the start of dasatinib, Ph1* cells were disappeared. The samples
were obtained twice: prior to the treatment with imatinib, and at
the time of change to dasatinib. Immunoblot analysis showed that
neither imatinib nor nilotinib eliminated the phosphorylation of
Crkl at the initiation of treatment, but dasatinib did. Furthermore
the RI values were under 10% only in the sample incubated with
dasatinib.

Patient 27 (Fig. 4B): when the first sample was obtained, the per-
centage of Ph1* cells was 93% after 7-year treatment with imatinib.

(pCrkl-density of TKI-treated sample)/(Crkl-density of that)

x100

(pCrkl-density of non-treated sample)/((Crkl-density of that)

density=(measured value)-(background)
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0 e |

Patient B
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Patient D

Fig. 2. “Residual index (RI)". (A) The numerical expression of RI. “Measured value” means the density of each blot measured by densitometric method. (B) The reproducibility
of RIs for imatinib treatment. Means and standard errors, representing triplicate assays in 3 patients, are shown.
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Fig. 3. Different RI values against imatinib between patients at diagnosis and patients showing imatinib-resistance. (A) Four typical data of immunoblots were represented.
PB cells from newly diagnosed patients (Patient 1 and 2) or patients (Patient 16 and 17) who had been receiving imatinib-therapy but showed its resistance were incubated
for 5h in vitro with or without indicated TKls. The concentration of imatinib, nilotinib, and dasatinib are 5 wM, 5 uM, and 0.1 wM, respectively. The incubated cells were
lysed and subjected to immunoblot analysis using the indicated antibodies. (B) RIs against imatinib were calculated in 15 patients at diagnosis and 14 patients who had
been receiving imatinib-therapy and showed its resistance. The distribution of Rls in each group was plotted. Representative box plots show values within the 25th to 75th
percentile. Medians are indicated in crossbar. Fifth and 95th percentiles are shown by error bars. The statistical difference was p<0.05.

Then the treatment was changed to dasatinib, which was stopped
because of a strong pancytopenia. The patient was then treated with
nilotinib, but the percentage of Ph1* cells again increased. The sec-
ond sample was obtained at the time of the change from dasatinib
to nilotinib. In both samples, the incubation with the three TKIs
did not eliminate the phosphorylation of Crkl. Although the second
sample exhibited a strong sensitivity only to dasatinib (RI=4.1%),
the remaining CML cells additionally displayed continuous Lyn-
phosphorylation (Fig. 4B).

3.5. RIs in patients with Bcr-Abl point mutations

The most important issue in TKIs resistance is the acquisition of
point mutations in Ber-Abl. Ber-Abl mutations were detected in 4
samples (Table 2). The RI values of Patient 28, with a threonine-
to-isoleucine mutation at codon 315 (T315I), were higher than
10% in all the TKI-treated samples. In accordance with the in vitro
results, the disease was refractory to both imatinib and dasatinib.
A phenylalanine-to-leucine mutation at codon 317 (F317L) and a
methionine-to-threonine at codon 351 (M351T) were detected in
Patient 27. F317L is reported to confer high responsiveness to nilo-
tinib, while M351T does the same to dasatinib. The RI values of this
patient were over 10% in all of the samples treated with TKIs, which
conformed the outcome of failing to achieve CHR after nilotinib
or dasatinib treatment. Next, the RI value in the sample with the
phenylalanine-to-valine mutation at codon 359 (F359V) (Patient
23) was less than 10% only in the dasatinib-treated sample, which
does not conflict with the reported IC50 data. Finally, although the
F317L mutation is reported to be highly sensitive to nilotinib, the
RI value for nilotinib in Patient 19, who later proved to be resistant
to nilotinib but responded to dasatinib, was higher than 10%, and
lower than 10% for dasatinib. Therefore, Rls are likely to be highly
correled with the favorability of Bcr-Abl mutations to TKIs, and in

some cases, to predict the responsiveness with higher sensitivity
than mutations.

3.6. Correlation of RI with patient outcome

To analyze whether the Ris correlate with the clinical response
to TKIs, newly diagnosed patients (n=15) were separated into two
groups in accordance with the most recent outcome, imatinib-
sensitive (n=13), who achieved an optimal response after the
sample collection, and imatinib-resistant (n=2), who did not. The
median RI of the patients in the sensitive group was 4.2% and
that in the resistant group was 43.2% (p<0.05) (Fig. 5, left panel).
We also assessed the predictability of the response to nilotinib.
Eight patients imatinib resistant had undergone nilotinib-therapy.
Among them, 4 achieved optimal responses and the others failed.
The median Rl in the nilotinib-sensitive group was 3.5% in contrast
to 31.2% in the resistant group (Fig. 5, middle panel). Although the
sample size was too small to conduct statistical analysis, the RIs
were clearly separated between dasatinib-sensitive and -resistant
groups (Fig. 5, right panel).

When the cut-off value of RI was set at 10%, the specificities,
sensitivities and predicted values were all 100% in terms of nilo-
tinib and dasatinib responsiveness (Table 3). Also, in the evaluation
of imatinib-treatment, the specificity and sensitiveness were more
than 77%. Therefore, it is suggested that the RIs (cut-off value: 10%)
are useful as a novel predictor for clinical utility of TKIs, especially
in imatinib-resistant cases.

4. Discussion

Imatinib, the first approved TKI for CML, frequently induces
durable cytogenetic remission and thus occupies an important
position as the current standard of care. Now, second-generation
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Table 1

Patient characteristics.
Characteristic
No. of patients 31
Median age, y (range) 55(20-89)
Sex (male/female) 14/17
Treatment before sample collection
No 13
IFN 3
TKI 18
Bcr-Abl mutation 4
Median follow-up, months (range) 6(3-14)

TKIs, such as nilotinib and dasatinib, have now been made
available [12,13]. Although these TKIs are significantly more
potent and show higher sensitivity against some imatinib-
resistant mutations, there are no useful guidelines for the proper
choice of second-generation TKIs in imatinib-resistant patients.

Table 2
Patients with BCR-ABL mutations, and their Rl values.

Furthermore, second-generation TKIs have recently been recom-
mended as first-line therapies based on the evidence that an earlier
achievement of remission may provide a better clinical outcome
or less disease progression. There is still a need for indicators
pointing to the proper drug choice for individual patients. The
in vitro responsiveness to TKIs in terms of cell proliferation has
been demonstrated to be a predictor of clinical response. The 1C50,a
cell based screen for resistance determining the drug concentration
that can induce 50% of growth suppression, is a potent predictor
of the responsiveness to drugs. In patients with de novo CML, the
|C50imatinib was reported to possess a high predictive value [22].
However, determination of the IC50 for each TKI requires so much
effort and time that an application suitable for all patients may be
quite a distant prospect. Furthermore, as the optimal concentration
varies for each TKI, comparing the efficacy between different TKIs
is difficult. Although the cellular IC50 s for the effect of TKIs on Bcr-
Abl point mutations have been reported [23-26], this information

Patient Mutation Ris Clinical outcome

Imatinib Nilotinib Dasatinib
Patient 19 F317L 40.0 308 39 Imatinib and nilotinib resistant, and dasatinib respond
Patient 23 F359V 15.8 119 14 Imatinib resistant, and nilotinib and dasatinib intolerant
Patient 27 M351T/F317L 74.0 76.9 516 imatinib resistant, and nilotinib and dasatinib intolerant
Patient 28 T3151 104.2 88.0 93.0 Imatinib and dasatinib resistant
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Fig.5. Rlvalues in patients grouped by clinical response to each TKI-therapy. Fifteen patients were newly diagnosed as CML, and their PB cells were obtained just before the
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Representative box plots show values within the 25th to 75th percentile. Medians are indicated in crossbar. Fifth and 95th percentiles are shown by error bars.

Table 3
Sensitivity and specificity.
Optimal response Resistance Predicted value
Newly diagnosed and Imatinib-treated patients (n=15)
RI<10 10 0 100%
RI>10 3 2 40%
Specificity/sensitivity 77% 100%

Imatinib-resistant and Nilotinib-treated patient (n=8)

RI<10 4 0 100%
RI>10 0 4 100%
Specificity/sensitivity 100% 100%

Imatinib-resistant and Dasatinib-treated patients (n=4)

RI<10 3 0 100%
RI>10 0 1 100%
Specificity/sensitivity 100% 100%
Newly diagnosed and later achieved Imatinib-treated and showed Predicted value
optimal response resistance to Imatinib
Allincluded and evaluable patients (n=27)
RI<10 10 1 91%
RI>10 3 13 81%
Specificity/sensitivity 77% 93%

is only useful when the mutated subclone is the predominant cell to imatinib, a few samples had markedly high RIs in patients
population. who later achieved optimal responses to imatinib. These excep-

In this study, we evaluated the effect of TKIs on Crkl phospho- tional cases will have to be followed for a longer period. The data
rylation as a “residual index”. It is noteworthy that the samples showed 100% of sensitivity and 77% of specificity when the Ris
from patients who had shown resistance to imatinib had much were separated at 10%. On the other hand, in imatinib-resistant
higher RIs than the samples from newly diagnosed patients. In the patients, the results of the tests did reflect the patient outcome.
case of newly diagnosed patients, most samples responsive to ima- Although the sample size was small, the immunoblot analysis was
tinib in vitro, but two patients whose samples displayed markedly able to predict the clinical responsiveness to nilotinib or dasa-
high RIs in vitro proved not to achieve an optimal response to tinib treatment with 100% sensitivity and specificity. Thus, this
the drug. Although substantial accordance was later detected in system can be a useful tool for selecting TKIs, especially in imatinib-
the immunoblot data between the responsiveness and resistance resistant patients. It may be inferred that the lower confidence in

al. Predictability of the response to tyrosine kinase inhibitors
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the case of the untreated patients might due to a multiplicity of CML
subclones.

CML patients develop imatinib resistance through either Bcr-Abl
dependent or independent mechanisms. The most characterized
and frequent mechanism is the acquisition of point mutations
within the kinase domain of the Bcr-Abl gene, and some of the
mutations such as T315I are potent predictors for outcome. How-
ever, even in those patients who have some mutations other than
a few restricted mutations such as T315I and F317L, we cannot
accurately predict the efficacy of TKIs. Furthermore, nearly half of
the patients resistant to imatinib have no mutations in Bcr-Abl,
which indicates that other mechanisms are also important for the
acquisition of drug-resistance. Thus, we need other information for
selecting TKIs. In this study, 4 patients carried point mutations in
this region. Samples from 3 of them had RI values compatible with
the predictive outcomes from the mutations. Notably, the RI val-
ues of the other sample contradicted the response of the mutation,
but accorded with the actual response of the patient. From these
points of view, the system described here can be utilized as another
powerful predictor than IC50s for Bcr-Abl mutations.

The immunoblot system described here has the capacity to
detect TKI-resistant subclones, including CML cells with Bcr-Abl
mutations. In addition, our strategy seems to evaluate Bcr-Abl
activity more directly than the cellular IC50 and require smaller
population of TKI-resistant subclones than Ber-Abl sequence anal-
ysis. Thus, when used together with the cellular IC50 values and
Bcr-Abl sequence, this immunoblot system should help improve
the treatment of patients with CML.

Conflict of interest
The authors state that they have no conflict of interest.
Acknowledgements

We would like to thank Shibano M. (Sakai Munincipal Hospi-
tal, Sakai, Japan), Sugahara H. (Sumitomo Hospital, Osaka, Japan),
Moriyama Y. (Ikeda City Hospital, Ikeda, Japan), Azenishi Y. (Minoh
City Hospital, Minoh, Japan), Ishida N. (Itami City Hospital, Itami,
Japan), and Yamada M. (Suita Munincipal Hospital, Suita, Japan),
who kindly provided blood samples.

References

[1] Kantarjian H, Sawyers C, Hochhaus A, Guilhot F, Schiffer C, Gambacorti-
Passerini C, et al. Hematologic and cytogenetic responses to imatinib mesylate
in chronic myelogenous leukemia. N Engl ] Med 2002;346:645-52.

[2] O'Brien SG, Guilhot F, Larson RA, Gathmann I, Baccarani M, Cervantes
F, et al. Imatinib compared with interferon and low-dose cytarabine for
newly diagnosed chronic-phase chronic myeloid leukemia. N Engl ] Med
2003;348:994-1004.

[3] Sawyers CL, Hochhaus A, Feldman E, Goldman JM, Miller CB, Ottmann OG,
et al. Imatinib induces hematologic and cytogenetic responses in patients with
chronic myelogenous leukemia in myeloid blast crisis: results of a phase 1l
study. Blood 2002;99:3530-9.

(4] Talpaz M, Silver RT, Druker BJ, Goldman JM, Gambacorti-Passerini C, Guilhot
F, et al. Imatinib induces durable hematologic and cytogenetic responses in
patients with accelerated phase chronic myeloid leukemia: results of a phase
2 study. Blood 2002;99:1928-37.

M. Shibata et al. / Leukemia Research xxx (2071) XXX-XXx

[5] Druker BJ, Sawyers CL, Kantarjian H, Resta D], Reese SF, Ford JM, et al. Activity of
a specific inhibitor of the BCR-ABL tyrosine kinase in the blast crisis of chronic
myeloid leukemia and acute lymphoblastic leukemia with the Philadelphia
chromosome. N Engl ] Med 2001;344:1038-42.

[6] Azam M, Latek RR, Daley GQ. Mechanisms of autoinhibition and STI-
571/imatinib resistance revealed by mutagenesis of BCR-ABL. Cell
2003;112:831-43.

[7] Donato NJ, Wu Y, Stapley ], Gallick G, Lin H, Arlinghaus R, et al. BCR-ABL inde-
pendence and LYN kinase overexpression in chronic myelogenous leukemia
cells selected for resistance to STI571. Blood 2003:101:690-8.

[8] Weisberg E, Manley PW, Breitenstein W, Bruggen J, Cowan-Jacob SW, Ray A,
et al. Characterization of AMN107, a selective inhibitor of native and mutant
Bcr-Abl. Cancer Cell 2005;7:129-41.

[9] Talpaz M, Shah NP, Kantarjian H, Donato N, Nicoll ], Paquette R, et al. Dasatinib
in imatinib-resistant Philadelphia chromosome-positive leukemias. N Engl |
Med 2006;354:2531-41.

[10] Boschelli DH, Wu B, Ye F, Wang Y, Golas JM, Lucas ], et al. Synthesis
and Src kinase inhibitory activity of a series of 4-[(2,4-dichloro-5-
methoxyphenyl)amino]-7-furyl-3-quinolinecarbonitriles. ] Med Chem
2006;49:7868-76.

[11] Kimura S, Naito H, Segawa H, KurodaJ, Yuasa T, Sato K, et al. NS-187, a potent
and selective dual Ber-Abl/Lyn tyrosine kinase inhibitor, is a novel agent for
imatinib-resistant leukemia. Blood 2005;106:3948-54.

[12] Saglio G, Kim DW, Issaragrisil S, le Coutre P, Etienne G, Lobo C, et al. Nilotinib
versus imatinib for newly diagnosed chronic myeloid leukemia. N Engl ] Med
2010;362:2251-9.

[13] Kantarjian H, Shah NP, Hochhaus A, Cortes ], Shah S, Ayala M, et al. Dasatinib
versus imatinib in newly diagnosed chronic-phase chronic myeloid leukemia.
N Engl ] Med 2010;362:2260-70.

[14] Wei G, Rafiyath S, Liu D. First-line treatment for chronic myeloid leukemia:
dasatinib, nilotinib, or imatinib. ] Hematol Oncol 2010;3:47-56.

[15] Baccarani M, Saglio G, Goldman J, Hochhaus A, Simonsson B, Appelbaum F,
et al. Evolving concepts in the management of chronic myeloid leukemia: rec-
ommendations from an expert panel on behalf of the European LeukemiaNet.
Blood 2006;108:1809-20.

[16] Baccarani M, Rosti G, Castagnetti F, Haznedaroglu 1, Porkka K, Abruzzese E,
et al. Comparison of imatinib 400 mg and 800 mg daily in the front-line treat-
ment of high-risk, Philadelphia-positive chronic myeloid leukemia: a European
LeukemiaNet Study. Blood 2009;113:4497-504.

[17] Tokunaga M, Ezoe S, Tanaka H, Satoh Y, Fukushima K, Matsui K, et al. BCR-ABL
but not JAK2 V617F inhibits erythropoiesis through the Ras signal by inducing
p21CIP1/WAF1. ] Biol Chem 2010;285:31774-82.

[18] Ezoe S, Matsumura I, Nakata S, Gale K, Ishihara K, Minegishi N, et al
GATA-2/estrogen receptor chimera regulates cytokine-dependent growth of
hematopoietic cells through accumulation of p21(WAF1) and p27(Kip1) pro-
teins. Blood 2002;100:3512-20.

[19] TanakaC, Yin OQ, Sethuraman V, Smith T, Wang X, Grouss K, et al. Clinical phar-
macokinetics of the BCR-ABL tyrosine kinase inhibitor nilotinib. Clin Pharmacol
Ther 2010;87:197-203.

[20] Peng B, Hayes M, Resta D, Racine-Poon A, Druker BJ, Talpaz M, et al. Pharma-
cokinetics and pharmacodynamics of imatinib in a phase I trial with chronic
myeloid leukemia patients. ] Clin Oncol 2004;22:935-42.

[21] Luo FR, Yang Z, Camuso A, Smykla R, McGlinchey K, Fager K, et al. Dasatinib
(BMS-354825) pharmacokinetics and pharmacodynamic biomarkers in animal
models predict optimal clinical exposure. Clin Cancer Res 2006;12:7180-6.

[22] White D, Saunders V, Lyons AB, Branford S, Grigg A, To LB, et al. In vitro sen-
sitivity to imatinib-induced inhibition of ABL kinase activity is predictive of
molecular response in patients with de novo CML. Blood 2005;106:2520-6.

(23] von Bubnoff N, Schneller F, Peschel C, Duyster J. BCR-ABL gene mutations in
relation to clinical resistance of Philadelphia-chromosome-positive leukaemia
to STI571: a prospective study. Lancet 2002;359:487-91.

[24] von Bubnoff N, Veach DR, Miller WT, Li W, Sanger ], Peschel C, et al. Inhibition
of wild-type and mutant Bcr-Abl by pyrido-pyrimidine-type small molecule
kinase inhibitors. Cancer Res 2003;63:6395-404.

[25] von Bubnoff N, Veach DR, van der Kuip H, Aulitzky WE, Sanger |, Seipel P,
et al. A cell-based screen for resistance of Bcr-Abl-positive leukemia identi-
fies the mutation pattern for PD166326, an alternative Abl kinase inhibitor.
Blood 2005;105:1652-9.

[26] O'Hare T, Walters DK, Stoffregen EP, Sherbenou DW, Heinrich MC, Deininger
MW, et al. Combined Abl inhibitor therapy for minimizing drug resistance in
chronic myeloid leukemia: Src/Ablinhibitors are compatible with imatinib. Clin
Cancer Res 2005;11:6987-93.

; ?rédihtability of the respo et
es201101012

- 286 -



ORIGINAL ARTICLE

European Journal of Haematology 86 (412-419)

Presence of B-cell clones in T-cell lymphoma

Mona A.A. Zaki', Naoki Wada', Masaharu Kohara', Junichiro tkeda’', Yumiko Hori', Shigeki Fujita®,
Hiroyasu Ogawa?, Haruo Sugiyama®, Masayuki Hino® Yuzuru Kanakura®, Eiichi Morii’,

Katsuyuki Aozasa’

"Department of Pathology, Osaka University Graduate School of Medicine, Suita, Osaka; 2Department of Intemal Medicine, Hyogo College of
Medicine, Nishinomiya, Hycgo; *Department of Functional Diagnostic Science, Osaka University Graduate School of Medicine, Suita, Osaka;
“Department of Clinical Hematology and Diagnostics, Osaka City University Graduate School of Medicine, Osaka; SDepartment of Hematology
and Oncology, Osaka University Graduate School of Medicine, Suita, Osaka, Japan

Abstract

Objectives: The presence of B-cell clones in 76 cases with peripheral T-cell lymphoma (PTCL) and precur-
sor T-lymphoblastic lymphoma (T-LBL) and its correlation with Epstein—-Barr virus (EBV) was studied. Meth-
ods: DNA was extracted from paraffin sections and/or fresh-frozen samples and then used for clonality
analysis using a modified BIOMED-2 polymerase chain reaction (PCR)-based method.Results: T- and B-cell
clones were detected in 59 (77.6%) and 14 (18.4%) of 76 patients, respectively: 90% and 30% of cases
with PTCL, not otherwise specified, 76.4% and 17.6% of cases with angioimmunoblastic T-cell lymphoma,
77% and 7.6% of cases with adult T-cell lymphoma, 50% and 0% of cases with anaplastic large T-cell
lymphoma, 62.5% and 12.5% of cases with T-LBL, and 50% and 0% of cases with intestinal T-cell lym-
phoma, respectively. Histological and immunohistochemical analyses revealed the presence of large B
cells in lesional tissues, which were occasionally monoclonal. The presence of B-cell clones was highly
associated with EBV positivity, as revealed by /n situ hybridization. In two cases that were evaluated by
serial histological and molecular examination, EBV-positive cells persisted in one and disappeared in the
other. Conclusions: These findings suggest a role for EBV in the evolution of B-cell clones in T-cell lympho-

mas.
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Peripheral T-cell lymphomas are a heterogeneous group
of tumors representing approximately 7% of all non-
Hodgkin’s lymphomas, according to a large international
survey (1). In the World Health Organization (WHO)
classification of lymphoid neoplasms, each disease is clas-
sified based on the combined findings of clinical features
and morphological, immunohistochemical, and genotypi-
cal findings. However, diagnosis of PTCL remains diffi-
cult because a polymorphous pattern of proliferation
containing varying numbers of inflammatory cells occurs
frequently, potentially masking the neoplastic nature of
the disease. Under such conditions, molecular analysis
for detection of clonal proliferation of T-lymphoid cells
is a prerequisite to confirm the diagnosis for these cases.

412

Thus, clonality analysis with a polymerase chain reaction
(PCR)-based method is considered to be reliable for
detection of both T- and B-cell clones (2, 3).

Recently, the presence of B-cell clones that fre-
quently contain Epstein—Barr virus (EBV) genomes was
reported in cases of PTCL, particularly among cases of
PTCL, not otherwise specified (PTCL-NOS) and angi-
oimmunoblastic T-cell lymphoma (AITL) (4-8). Immu-
nodeficient conditions that evolved during the courses
of these lymphomas may be responsible for this phe-
nomenon. However, the clinical significance of this
phenomenon as well as its behavior and course has
not yet been clarified because of very limited informa-
tion.

© 2011 John Wiley & Sons A/S
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In this study, various types of PTCL and precursor
T-lymphoblastic lymphoma (T-LBL) were analyzed for
the presefice of B-cell clones using a modified PCR-based
method with paraffin-embedded and fresh-frozen sam-
ples. Subsequently, the association with EBV, the histo-
morphology of the lesions, clinical findings (including the
presence of immunodeficient conditions), and outcomes
were evaluated.

Materials and methods

Patients

Between November 1999 and February 2009, 4162
patients were registered with the Osaka Lymphoma
Study Group (OLSG), Osaka, Japan. Histological speci-
mens obtained by biopsy were fixed in 10% formalin
and routinely processed for paraffin embedding. Histo-
logical sections (4 um) were cut and stained with hema-
toxylin and eosin and then were subjected to a standard
avidin-biotin complex immunoperoxidase procedure. All
the histological sections were reviewed by one of the
authors (KA) and then were classified according to the
WHO classification system. The diagnosis of malignant
lymphoma was confirmed in 3307 (79.5%) of 4162 cases.
Of these 3307 cases, 3031 (91.7%) were non-Hodgkin’s
lymphoma (NHL) and 276 (8.3%) were Hodgkin’s lym-
phoma. The T-cell lymphoma cases consisted of 558
(16.9%) cases of NHL, 241 cases of PTCL-NOS, 64
cases of AITL, 80 cases of adult T-cell leukemia/
lymphoma (ATL), 47 cases of anaplastic large-cell lym-
phoma (ALCL), 31 cases of T-LBL, and 12 cases of
intestinal T-cell lymphoma (ITL). Initially, the most
recent 197 cases (77 PTCL-NOS, 30 AITL, 38 ATL, 35
ALCL, 11 T-LBL, and six ITL cases) were retrieved, and
then DNA was extracted from their paraffin blocks. In
total, 76 cases (30 PTCL-NOS, 17 AITL, 13 ATL, six
ALCL, eight T-LBL, and two ITL cases), from which
DNA with >300 bp was available for analysis, were

Tabte 1 Clinical findings in cases of T-cell lymphomas

B-cell clones in T-cell lymphomas

selected; fresh-frozen tissues were available in 14 of these
cases. Clinical data for these cases are summarized in
Table 1.

Immunohistochemistry (IHC}

Monoclonal antibodies used for IHC were CD20,
CD79a, CD3, CD8, CD30, CD21, and ALK (Dakocyto-
mation, Glostrup, Denmark; diluted at 1 :400, 1: 100,
1:50, 1:100, 1:50, 1:100, and 1: 50, respectively),
CD4 (1 : 40; Novocastra Laboratories, Newcastle, UK),
CD10 (used as a prediluted antibody; Nichirei Bioscienc-
es, Tokyo, Japan), and programmed cell death 1 (PD-1;
1:50; Abcam, Tokyo, Japan). Immunohistochemistry
was performed using an automated staining system
(Dako Autostainer; DakoCytomation, Glostrup, Den-
mark).

In situ hybridization (ISH)

ISH using an Epstein-Barr virus-encoded small RNA
(EBER) probe was performed to examine the presence of
the EBV genome using formalin-fixed paraffin-embedded
sections with the EBER DAB application kit (Dako-
Cytomation).

Clonality analysis for B and T cells

One to five 4- to 10-um-thick sections were cut from
the paraffin-embedded samples, deparaffinized with
xylene, washed with absolute and 70% ethanol, and
subsequently digested in lysis buffer (50 mM Tris—HCI,
10 mM EDTA, 150 mMm NaCl, 0.5% sodium dodecyl
sulfate, and 0.4 mg/L proteinase K) at 55°C overnight.
DNA was extracted using a phenol—chloroform extrac-
tion-based protocol, followed by ethanol precipitation
and re-dissolving in TE buffer. Fresh-frozen tissues
were digested in lysis buffer as described earlier at
55°C  overnight, 1/100 volume of RNase A

Case Age range

Disease No. (mean) years M:F Site of involvement (No. of patients) Past History {No. of patients)

PTCL-NOS 30 50~90 (69) 13117 LNs {21), stomach (1), colon (1), spleen SLE (1), Hashimoto thyroiditis
(2), tonsil (2), bone marrow (1) {1), HTN (5)

AITL 17 49~.82 (68) 125 LNs (15), spleen (1) HTN {1), HCV (1), DM (1)

ATL 13 44~77 (59) 85 LNs (8), thyroid (1}, tonsil (1), small n.p.
intestine (1), stomach (2)

ALCL 6 37~75 (57.3) 1:2 LNs (5), Ant. chest wall tumor(1} n.p.

LBL 8 17~32 (24.5) 1:1 LNs (5), tonsil(1), mediastinal, abd. masses n.p.

ITL 2 59~.74 {66.5) 11 Small intestinal LN and lleum HTN

LNs, lymph nodes; SLE, systemic lupus erythematosus; HCV, hepatitis C virus; HTN, hypertension; DM, diabetes mellitus; Ant, anterior; Abd,

abdominal; n.p., not particulary.

© 2011 John Wiley & Sons A/S
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(10 mg/mL) was added, the mixture was incubated at
37°C for at least 1 h, and finally DNA was extracted
as described earlier.

According to the BIOMED-2 protocol, immunoglob-
ulin (Ig) gene rearrangement was analyzed using eight
PCRs with 41 primers: four multiplex PCRs and one
single PCR with 28 primers for the Ig heavy chain
(IgH) gene (three VH-JH and two DH-JH), two mul-
tiplex PCRs with 10 primers for the Ig kappa light
chain (IgK) gene, and one multiplex PCR with three
primers for the Ig lambda light chain (IgA) gene. T-cell
receptor (TCR) gene rearrangement was analyzed using
six PCRs with 56 primers: three multiplex PCRs with
38 primers for the TCR beta (TCRJf) gene, two multi-
plex PCRs with six primers for the TCR gamma
(TCRy) gene, and one multiplex PCR with 12 primers
for the TCR delta (TCRJ) gene. PCR was performed
according to the modified BIOMED-2 protocol, as
described previously (9). Amplification was initiated by
heating at 95°C for 7 min, followed by 40 cycles of
95°C for 30's, 60°C for 30 s, and 72°C for 30 s, and a
final incubation at 72°C for 5 min. Amplified PCR
products were electrophoresed in 5.0% or 6.6% poly-
acrylamide (PAA) gels, based on fragment sizes,
stained with ethidium bromide, and then visualized by
ultraviolet illumination. To determine the sensitivity
limit of PAA gel electrophoresis, we performed a serial
dilution experiment by mixing DNA from the mono-
clonal T-cell line (PEER) with DNA from polyclonal
human tonsillar tissue and then adjusting to a final
concentration of 60%-6%-0.6% of clonal T-cell DNA.
The PEER cell line and polyclonal human tonsillar
tissue were also used as monoclonal and polyclonal
controls, respectively.

Statistical analyses

Differences in frequencies of occurrence of B-cell clones
in different cases and their association with EBV were
compared using chi-squared test or Fisher’s exact proba-
bility test. Survival curves and overall survival rates were

A BIOMED-2 TCRfB

B BIOMED-2 gL

.
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calculated using the Kaplan—-Meier method and were
compared using the log-rank test.

Results

Clonality analysis

Cases yielding smear and oligoclonal bands were defined
as polyclonal, and those with single or double bands in
more than one primer set or showing bands with identi-
cal sizes in duplicate reactions were defined as monoclo-
nal (Fig. 1). Fresh-frozen tissues were available in 14
cases. In these cases, results of the clonality analysis on
paraffin-embedded samples and fresh samples were iden-
tical. The sensitivity limit of our PAA gel electrophoresis
method was more than 6% because a weak monoclonal
band could be observed at that concentration.

Clonal rearrangement of TCR and Ig genes was
detected in 59 (77.6%) and 14 (18.4%) of 76 cases with
T-cell lymphoma, respectively (Table 2).

Peripheral T-cell ymphoma, not otherwise specified

Of the 30 cases studied, 27 (90%) and nine (30%) exhib-
ited clonal rearrangement of TCR and Ig genes, respec-
tively. Among cases with B-cell clones, rearrangement
was detected only in the immunoglobulin heavy chain
(IgH) gene. Three (33.3%) of nine cases with many scat-
tered large B cells (LBCs) were associated with B-cell
clones. Twenty (66.6%) cases had T-cell clones with no
Ig gene rearrangement.

Angioimmunoblastic T-cell lymphoma

Of the 17 cases studied, 13 (76.4%) and three (17.6%)
exhibited clonal rearrangement of TCR and Ig genes,
respectively. Eleven (64.7%) cases had T-cell clones with
no Ig gene rearrangement. Four (23.5%) cases failed to
show monoclonal bands for T cells, whereas one exhib-
ited monoclonal B cells. One (20%) case of five showed
many aggregated LBCs associated with B-cell clones.

Figure 1 Clonality analysis of two cases of
angioimmunoblastic T-cell lymphoma showing
the monoclonal (case 1) and polyclonal (case 2)
bands of two primer sets detected by TCRS
(Fig. 1A) and IgL (Fig. 1B) genes. Follicular
hyperplasia and H,O were used as positive and
negative controls, respectively.

© 2011 John Wiley & Sons A/S
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Table 2 Results of clonality analysis in T-cell lymphomas

B-cell clones in T-cell lymphomas

TCR gene rearrangements

|g gene rearrangements

Disease Case No. TCRy (%) TCRB (%) TCRé (%) Total (%) gL (%) IgH (%) Total (%)
PTCL-NOS 30 24 (80) 12 (40) 7 (23) 27 (90) 0(0) 9 (30) 9 (30}
AlTL 17 13 (76.4} 4 (23.5) 0 (0) 13 (76.4) 2(12) 3(17.6) 3(17.6)
ATL 13 B8 (61.5} 8 (61.5) 4 (31) 10 (77) 010 1(7.6) 1(7.6)
ALCL 6 3 (60) 010 0(0) 3 (50} 010 0(14.2) 0 {0}
T-LBL 8 3 {37.5} 0 (0) 2 (25) 5 (62.5) 0 (0} 1(12.5) 1{12.5)
ITL 2 1 (50) 0 (0) 0 (0) 1 (60} 0 {0) 0 (0) 0 (0)
Total 76 52 (68.4} 24 (31.5) 13017.1) 59 (77.6) 2(2.6) 14 (18.4) 14 (18.4)

PTCL-NOS, peripheral T-cell ymphoma; not otherwise specified, AITL, angioimmunoblastic T-cell lymphoma; ATL, adult T-cell lymphoma; ALCL,
anaplastic large-cell lymphoma; T-LBL, T-lymphoblastic lymphoma; ITL, intestinal T-cell lymphoma.

Adult T-cell lymphoma

Ten (77%) and one (7.6%) cases exhibited clonal
rearrangement of TCR and Ig genes, respectively. In the
case with the B-cell clone, Ig gene rearrangement was
detected using the incomplete DH-JH primer set: this
case was also EBV positive. One (20%) case of five
showed few scattered LBCs that were associated with B-
cell clones, and the predominant reactive cells were mac-
rophages with epithelioid features.

Anaplastic large-cell lymphoma

Three (50%) of the six ALCL cases exhibited clonal rear-
rangements of TCR genes without Ig gene rearrange-
ment.

Precursor T-lymphobilastic lymphoma

Five (62.5%) and one (12.5%) of eight cases exhibited
clonal rearrangements of TCR and Ig genes, respectively.
In two (25%) of the five cases, T-cell clones were
detected by TCRS gene analysis. Four (50%) of eight
cases showed a few scattered LBCs with B-cell clones in
one.

Intestinal T-cell lymphoma

One of the two ITL cases showed monoclonal rearrange-
ment of TCRy without concurrent Ig gene rearrangement
with a few scattered LBCs observed in both cases.

In situ hybridization

ISH with the EBER probe yielded positive signals in the
nucleus. When positive signals were found in more than
three per 100 large lymphoid cells, these cases were
judged to be EBV positive based on previously used cri-
teria (4, 5). Twenty-one (27.6%) of all PTCL cases were
judged as EBV positive: 10 (33.3%) of 30 PTCL-NOS,
seven (41%) of 17 AITL, three (23%) of 13 ATL, one

© 2011 John Wiley & Sons A/S

Table 3 The correlation between presence of B-cell clones with EBV
and large B cells

. Large B cells
Case No. of EBV-positve ~———
Disease Ne. cases (%) Few Many
Peripheral T-cell lymphoma, not otherwise specified
With B-cell clones 9 6 {66.6) 4 3
Without B-cell clones 21 4(19) 9 5
Angioimmunoblastic T-cell lymphoma
With B-cell clones 3 2 (66.6) 2 1
Without B-cell clones 14 5(35.7) 10 4
Adult T-cell lymphoma
With B-cell clones 1 1 (100) 1 0
Without B-cell clones 12 2(16.6) 4 0

(16.6%) of six ALCL, and no T-LBL or ITL cases was
EBYV positive (Table 3).

B-cell clones were detected in six of 10 EBV-positive
cases with PTCL-NOS, showing that the appearance of
B-cell clones was significantly correlated with EBV posi-
tivity (P < 0.05). Cases with many scattered/aggregated
LBCs showed a higher frequency of EBV positivity than
those without among all PTCL cases (P = 0.001) and
PTCL-NOS cases (P = 0.04).

Clonality analysis in serial biopsy cases

Clonality analysis was performed on serially biopsied
specimens in two cases (cases 1, 2). A brief clinical
course of these cases is described later.

Case 1.

A 59-yr-old woman was initially diagnosed with multiple
myeloma in 2005. Three years later, a swollen lymph node
(LN) was biopsied and diagnosed as PTCL-NOS. IHC jus-
tified the diagnosis of PTCL-NOS with monoclonal B-cell
proliferation (Fig. 2A,B). In double staining using EBER
ISH and IHC with CD20, EBV-positive cells expressed
CD20, indicating that EBV infected LBCs (Fig. 2C). One
year later, ulcerative lesions in the ileocecal region were bi-
opsied, revealing a finding similar to the previously biop-
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Figure 2 Case 1. Peripheral T-cell lymphoma, not otherwise specified (PTCL-NOS). (A) Diffuse proliferation of medium-to-large lymphoid cells
with irregular, hyperchromatic nuclei. Hematoxylin and eosin staining (magnification x200). (B) Immunohistochemistry with CD3 antibody. Med-
ium-to-large lymphoid cells showing positive staining (magnification x200). (C) Double staining using in situ hybridization (ISH) with the EBER
probe and immunohistochemistry with the CD20 antibody. EBV signals were detected in the nuclei of CD20* cells (magnification x400). (D) EBV-
positive cells in the lymph node (LN) at first biopsy. ISH, magnification x200. (E) EBV-positive cells were slightly decreased in the colon at the sec-
ond biopsy. ISH, magnification x200. (F) EBV-positive cells were increased in the LN at autopsy (C). ISH, magnification x200.

sied LN, whereas ISH revealed that the EBV-containing
cells decreased in number compared with those in the LN
(Fig. 2D,E). Clonality analysis revealed a weak monoclo-
nal band in the IgH chain different in size from that in the
original LN. Monoclonal proliferation of T cells was not
detected. The patient died and an autopsy revealed that
proliferating cells in the small and large intestines as well
as the para-aortic LN were positive for leukocyte common
antigen, but negative for CD3, CD79a, and CD20. ISH
revealed that EBV-containing cells were larger in number
in the LN and colon at autopsy than in the initially biop-
sied LN (Fig. 2F).

Case 2.

Clinicopathological findings in this case were reported pre-
viously (6). Briefly, a 69-yr-old man presented with LN
swelling in the right inguinal region, which was biopsied
(LN1) and diagnosed as PTCL. About 51 months after
combination chemotherapy, erythematous papules, sys-
temic lymphadenopathy, and a fever of 38°C appeared.
Skin (S1) and lymph nodes (LN2) were biopsied. Erythem-
atous papules disappeared spontaneously but reappeared
and were biopsied (S2). The patient died 4 months after
disease recurrence. LN1 was diagnosed as being CD3*,
CD4%, and CD8". In LN2, the large cells with CD3%,
CD4*, and CD8" decreased in number, while numerous
CD20 * large cells were discernible. Clonality analysis
revealed the persistent presence of an identical T-cell clone
in LN1 and LN2. Clonal bands of the IgH chain gene were
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detected in LN2, but not in LN1. S1 and S2 showed dif-
fuse proliferation of small to large lymphoid cells that
were CD20™, CD3*, CD4*, and CD8" in the upper der-
mis. Clonality analysis revealed the presence of a T-cell
clone identical to LN1 and LN2 with no B-cell clone, indi-
cating the recurrence of PTCL. EBV genomes, detected in
the nucleus of LBC, appeared only in LN2. Taken
together, EBV-positive LBCs appeared transiently during
the course of PTCL-NOS.

Clinical findings

Clinicopathological findings in the 76 cases are summa-
rized in Table 1. Among PTCL cases, ages of patients
were higher in PTCL-NOS and AITL than in ATL and
ALCL cases. Except for PTCL-NOS and ALCL cases,
men predominated. Ages of the patients in T-LBL ran-
ged from 17 to 36 (mean, 24.5) yrs with a male/female
ratio of 1: 1. No difference was found between clinical
and histopathological findings regarding the presence or
absence of B-cell clones except for AITL cases, in which
the frequency of patients less than 60 yrs old was higher
in cases with B-cell clones than in those without
(P = 0.01). The LN was the most common site for
involvement, except in ITL cases. HTLV-1 was negative
except in ATL cases. Most patients received chemother-
apy, with three patients receiving radiotherapy. The che-
motherapeutic agents used were cyclophosphamide,
hydroxydaunorubicin, vincristine, and prednisone with

© 2011 John Wiley & Sons A/S

- 291 -



Zaki et al.

or without methotrexate in most patients. Complete
remission occurred in 14 cases and disease progression in
28 cases. Relapse occurred 2-87 (mean 25.6) months
after completion of therapy in 15 of 61 cases for which
follow-up data were available.

Histopathological findings

In every case, diffuse proliferation of medium-to-large
lymphoid cells was observed with irregular, hyperchro-
matic nuclei, in which prominent nucleoli were discern-
ible. Varying numbers of inflammatory cells, including
small lymphocytes, plasma cells, macrophages, and/or
eosinophils, were found, yielding a polymorphous
appearance. When arborizing vessels and clusters of
medium-to-large cells with voluminous, clear cytoplasm
(clear cells) were found, the diagnosis of AITL was
made, in which proliferating large lymphoid cells
detected by CD10 and PD-1 were occasionally positive
and the follicular dendritic cell meshwork expressing
CD21 were present in all AITL cases, and they were
expanded in most cases. ALCL cases showed relatively
cohesive proliferation of large atypical cells with eccen-
tric horseshoe- or kidney-shaped nuclei and rich eosino-
philic cytoplasm, which were CD4™, CD30%, CD20",
and CD3*. The tumor cells of all ALCL cases showed a
strong and equal level of CD30 expression. According to
the WHO criteria, these findings met criteria for ALCL.
ALK was negative in all but one case. The present series
of ALCL contained relatively elderly patients, which
may explain the absence of ALK * cases. ATL cases usu-
ally exhibited features of PTCL-NOS, but variations in
nuclear size and appearance of multilobated nuclei were
found frequently, giving a pleomorphic appearance. The
tumor cells of ITL were medium to large in size and con-

Figure 3 Immunohistochemical staining  with
CD20 antibody. Large B cells were found as sc-
attered few (A), scattered many (B), aggregated
few (C), and aggregated many (D); magnifica-
tion x10.

© 2011 John Wiley & Sons A/S
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tained a moderate amount of cytoplasm, in which round
nuclei with prominent nucleoli were found. Tumor cells
in T-LBL had medium-sized nuclei with stippled chroma-
tin and scant cytoplasm.

LBCs were found in most cases: a few scattered in 41
cases, many scattered in nine, many aggregates in five,
and a few aggregates in one (Fig. 3). B-cell clones were
detected in four cases with many scattered/aggregated
LBCs (Table 3).

Clinical outcome

The follow-up periods for the survivors ranged from 3 to
103 (mean 25.2) months. The Kaplan-Meier estimated
survival rate at 3 yr was 47.6%. Considering T-cell lym-
phomas as a whole and individually, no significant corre-
lation was found between the appearance of LBCs and
prognosis. The complete remission rate in cases with
LBCs (15%) was lower than that in cases without LBCs
(30%), but the difference was not statistically significant.

Discussion

Approximately 200 T-cell lymphoma cases were initially
retrieved from the OLSG file for this study using paraffin-
embedded samples. However, 76 cases were available for
clonality analysis, because the DNA extracted was occa-
sionally of poor quality because of various factors, such as
fixatives, thickness of sectioned tissues, and duration of
stored times (10-12). Generally, the quality of DNA was
good in samples stored for <2 yr but very poor in those
stored for over 15 yr. More than 50% of the selected cases
were rejected because of poor-quality samples, most likely
because of the following reasons: the cases were registered
with various institutions where handling methods of
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resected specimens varied, samples with storage periods of
<2 yr represented about 8% of cases, and only cases with
more than 300 bp of DNA available for analysis were
selected to obtain comprehensive results.

In the present series, using the modified BIOMED-2
method on paraffin-embedded specimens, T-cell clones
were detected in 59 (77.6%) of 76 cases with T-cell lym-
phomas, 90% in PTCL-NOS, 76.4% in AITL, 77% in
ATL, 50% in ALCL, 62.5% in T-LBL, and 50% in ITL
cases. The present findings were generally consistent with
those in previous studies, in which T-cell clones were
detected in approximately 65-90% of each subtype of
PTCL (2, 4, 5). TCR gene rearrangements could not be
detected in some of the present cases, possibly because of
the relative lower sensitivity of polyacrylamide gel visual-
ization used in our study. T-cell clones were detected
primarily in the analysis of TCRy and/or TCRS gene
rearrangements and less frequently in TCR{J gene
arrangement. Analysis of the TCR$ gene is known to be
more valuable for detection of T-cell clones in T-cell
lymphomas of the immature type (3, 13).

B-cell clones were detected in 14 (18.4%) of 76 cases:
nine (30%) PTCL-NOS, three (17.6%) AITL, one (7.6%)
ATL, and one (12.5%) T-LBL case. Previous studies have
demonstrated simultaneous Ig and TCR gene rearrange-
ments in 10% of lymphoma and leukemia cases (14-16).
This indicates the coexistence of B- and T-cell clones in the
lesional tissues or a dual genotype in the tumor cells. The
dual genotype in tumor cells was described in up to 30%
of cases of precursor lymphoid neoplasms, although it
occurred rarely in lymphomas with a mature phenotype
(17). The present results of Ig and TCR gene rearrange-
ments were found in PTCL cases, suggesting coexistence
of B- and T-cell clones, not the dual genotype.

Previous studies have shown that PTCL with B-cell
clones showed a worse prognosis than PTCL without B-
cell clones (6, 7, 18, 19). In the present cases, PTCL with
B-cell clones exhibited a similar prognosis to PTCL with-
out B-cell clones: the 3-yr survival rate was 38.9% and
52.2%, respectively. However, the complete remission
rate was lower in cases with B-cell clones (15%) than
those without (30%).

The presence of B-cell clones was highly associated with
EBV positivity among the PTCL cases as a whole
(P = 0.0012) and PTCL-NOS cases (P = 0.0112). How-
ever, no significant correlation with EBV was found with
other types of PTCL, possibly because of the small num-
ber of cases examined. Development of B-cell lymphoma
in immunocompromised hosts is well known: escape of
EBV latent gene expressing B cells from immune surveil-
lance because of immunodeficiencies is the most likely
explanation for this. Taking this into account, the presence
of B-cell clones in different types of T-cell lymphomas
might be because of the evolution of immunodeficient con-
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ditions during the courses of these lymphomas (20, 21).
Association of the presence of the EBV genome in LBCs
and occurrence of clonal B-cell proliferation found in the
present series suggest a role for immunodeficient condi-
tions in clonal B-cell proliferation. Another possible expla-
nation is the ability of B-cell clones to proliferate and
expand to clonal cells with the support of cytokines
produced by neoplastic T cells (22, 23).

The presence of the EBV genome in the lesional tissues
of T-cell lymphomas was reported to be in 31-57% of
cases (19, 24-26), although in situ localization of the EBV
genome was not strictly defined to a specific kind of cell
(i.e. neoplastic T cells or possibly intermingled LBCs). The
present findings of double staining in which the EBV gen-
ome was present in CD20* B cells but not in CD3™ T cells
in the lesional tissues of T-cell lymphomas prompted us to
re-evaluate EBV positivity in T-cell lymphomas. From the
histopathological and immunohistochemical findings,
together with results of double staining in a limited num-
ber of cases, EBV seemed to be confined to LBCs.

Information regarding serial biopsies was available in
two of the present cases (i.e. cases 1 and 2). Appearance
of EBV-positive cells was persistent or rather increased
during the 1-yr course of case 1 but was transient during
the 4-month course of case 2. Further analysis is neces-
sary to evaluate the pathological significance of the pres-
ence of EBV-positive LBCs in PTCL. At a minimum,
careful follow-up is recommended for an appropriate
selection of therapeutic modalities.

In conclusion, B-cell clones were occasionally present
in cases of T-cell lymphoma, with close association of
the appearance of LBCs with the EBV genome in the
lesions, suggesting a causal link between EBV and B-cell
proliferation. The response to chemotherapy was worse
in cases with B-cell clones than in those without. EBV-
positive B cells might persist or disappear during the dis-
ease course. Factors affecting the change of EBV-positive
B cells have yet to be clarified.
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