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FIGURE 2. Tax-specific CTL responses against autologous ATL cells in vitro. (A) The adoptively transferred Tax-CTL from patient 1 were cocultured with
autologous ATL cells, ATL cell lines, HTLV-1-immortalized lines, or K562 (all CD8 negative) for 4 h. CD8-positive cells are plotted according to HLA-A*24:02/
Tax301-309 tetramer-positivity and IFN-y production, and the percentages in each quadrant are presented in the panels. (B) The adoptively transferred Tax-CTL from
patient 2 were cocultured with aatologous ATL cells, K562, TCL-Kan, or TL-Om! for 4 h. Tax-CTL were also cultured with or without 0.1 wM cognate peptide
(LLFGYPVYYV) for 4 h. CD8-positive cells are plotted according to HLA-A*02:01/Tax11-19 tetramer positivity and IFN-y production, and the percentages in each

quadrant are presented in the panels. (C) The adoptively transferred Tax-CTL from patient 3 were cocultured with autologous ATL cells, K562, TL-Su, or ATN-1 for

4 h. Tax-CTL were also cultured with or without 0.1 WM cognate peptide (SFHSLHLLF) for 4 h. CD8-positive cells are plotted according to HLA-A*24:02/Tax301-
309 tetramer positivity and IFN-y production, and the percentages in each quadrant are presented in the panels. (D) HLA-A, -B, and -C typing of patients 1, 2, and 3.
Cell line HLA-A, -B, and -C typing was from our previous study (17). The Tax/human B-actin mRNA level of ATL cells from patients 1, 2, and 3, presented as mean
value = SD of triplicate experiments when the value of TL-Su was set as unity. The Taxhuman B-actin mRNA level of each cell line was from our previous study (17).

The percentages of CD8-positive CD4-negative T cells in the whole
blood of Tax-CTL—treated NOG mice 1, 2, 3, 4, and 5 were 0.10,
0.55, 0.00, 0.55, and 0.03%, respectively (Fig. 4A, bottom panels).

The percentage of CD4-positive ATL cells in spleen cell sus-
pensions of control NOG mouse 1 was 0.43% (i.e., 0.46% [human
CD45-positive population] X 94.35% [human CD4-positive CD8-
negative cells] = 0.43%). In control NOG mice 2, 3, 4, and 5 and
in Tax-CTL—treated NOG mice 1, 2, 3, 4, and 5, the percentages
of ATL cells in the spleen cell suspensions, calculated in the same
manner, were 3.24, 1.83, 1.97, and 5.32% and 0.24, 0.09, 0.02,
0.11, and 2.98%, respectively (Fig. 4B). Thus, Tax-CTL treatment
significantly decreased the percentage of ATL cells present in the
spleen cell suspensions of these mice as well as in the blood
(p = 0.047; Fig. 5A, middle panel). Again, the percentages of
CD8-positive CD4-negative T cells in the spleen cell suspensions
of Tax-CTL—treated NOG mice 1, 2, 3, 4, and 5 were 0.10, 0.29, 0.02,
0.07, and 2.26%, respectively (Fig. 4B, bottom panels).

The percentages of CD4-positive ATL cells in liver cell sus-
pensions were also quantified. In control NOG mouse 1, this

value was 0.25% (i.e., 0.26% [human CD45-positive population]
X 94.62% [human CD4-positive CD8-negative cells] = 0.25%).
In control NOG mice 2, 3, 4, and 5 and in Tax-CTL-treated
NOG mice 1, 2, 3, 4, and 5, the percentages of ATL cells in the
liver cell suspensions, calculated in the same manner, were 0.50,
0.64, 0.42, and 2.00% and 0.10, 0.05, 0.02, 0.02, and 0.18%,
respectively (Fig. 4C). Thus, Tax-CTL treatment also signifi-
cantly reduced the percentage of ATL cells present in the livers
of these mice (p = 0.009; Fig. 5A, right panel). The percentages
of CD8-positive CD4-negative T cells in the liver cell suspen-
sions of Tax-CTL—treated NOG mice 1, 2, 3, 4, and 5 were
0.01, 0.16, 0.02, 0.01, and 0.12%, respectively (Fig. 4C, bottom
panels).

Microscopy findings in spleens of ATL/NOG mice receiving
cells from patient 1 with or without adoptive autologous
Tax-CTL therapy

In the control NOG mice, large atypical cells with irregular and
pleomorphic nuclei proliferated with a multifocal pattern and
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Control mice
1

FIGURE 3. Macroscopic findings in ATL/NOG mice
with cells from patient 1 with or without adoptive au-
tologous Tax-CTL therapy. The appearance of mice
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treated with Tax-CTL and of the controls is shown in
the bottom and top panels, respectively. Spleens were
much more enlarged in the control mice compared with
CTL-treated mice.

1

replaced normal splenic architecture. Immunopathological analy-
ses of control mouse 4 are shown in Fig. 4D (three left panels). The
atypical cells were positive for CD4 and CD25 (data not shown),
but negative for CD8, consistent with their identity as infiltrating
ATL cells. In the Tax-CTL-treated NOG mice, atypical cells
proliferated with a patchy pattern. Immunopathological analyses
of Tax-CTL-treated NOG mouse 5 are shown in Fig. 4D (right
three panels). The atypical cells were positive for CD4 and CD25
(data not shown), but negative for CD8, again consistent with ATL
cell infiltration. ATL tumor-infiltrating CDS8-positive cells were
also present, consistent with the flow cytometric analyses showing
the presence of CTL (Fig. 4B).

Tax-CTL treatment significantly decreases human sIL-2R
concentrations in serum of NOG mice bearing primary ATL
cells from patient 1

We measured human sIL2R concentrations in serum as a reliable
surrogate marker reflecting ATL tumor burden (26) in the mice.
The serum sIL-2R concentrations in control NOG mice 1, 2, 3, 4
and 5 and Tax-CTL—treated NOG mice 1, 2, 3, 4, and 5, were
28,087, 36,924, 34,611, 36,906, and 42,955 and O, 0, 0, 0, and
1.061 pg/ml, respectively. Thus, Tax-CTL treatment significantly
decreased the ATL tumor burden present in these mice (p = 0.007;
Fig. 5B).

Tax-CTL treatment results in a significant prolongation of
survival of primary patient 1 ATL cell-bearing NOG mice

Tax-CTL recipients had a significant benefit in terms of prolon-
gation of survival compared with controls (Fig. 6A; p = 0.002). In
order to estimate the ATL cell tumor burden during CTL treat-
ment in both groups, flow cytometry analyses of whole blood cells
were performed. Thirty-one days after ATL cell inoculation, the per-
centage of CD4-positive CD8-negative ATL cells in the blood
of control NOG mouse 1 was 2.48% (i.e., 2.49% [human CD45-
positive population] X 99.60% [human CD4-positive and CD8-
negative cells] = 2.48%). In control NOG mice 2, 3, 4, and 5 and
in Tax-CTL~treated NOG mice 1, 2, 3, 4, and 5, the percentages of

CTL treated mice

2 3 4 '

ATL cells in whole blood, calculated in the same manner, were
0.62, 0.56, 0.77, and 1.22% and 0.20, 1.59, 0.11, 0.04, and 0.05%,
respectively. At this time, the percentages of CD8-positive CD4-
negative T cells in the whole blood of Tax-CTL~treated NOG mice
1,2, 3, 4, and 5 were 0.32, 1.09, 0.15, 0.19, and 0.07%, respec-
tively (Fig. 6B, top panels).

In the same animals, 38 d after ATL cell inoculation, the
percentages of CD4-positive ATL cells in the whole blood of
control NOG mice 1, 2, 3, and 4 and in Tax-CTL~treated NOG
mice 1, 2, 3, 4, and 5 were 1.59, 5.83, 1.79, and 0.88% and 0.08,
2.88, 0.06, 0.00 and 0.04%, respectively. Control NOG mouse 5
sickened and died on day 34 due to ATL progression. At this
time, the percentages of CD8-positive CD4-negative T cells in
the blood of Tax-CTL—treated NOG mice 1, 2, 3, 4, and 5 were
0.21, 3.72, 0.08, 0.08, and 0.01%, respectively (Fig. 6B, top,
second panel).

Forty-five days after ATL cell inoculation, the percentage of
CD4- and CD25-positive ATL cells in the whole blood of control
NOG mouse 1 was 4.60% (i.e., 4.70% [human CD45-positive
population] X 97.77% [human CD4-positive and CD25-positive
cells] = 4.60%). In control NOG mice 2, 3, and 4 and in Tax-CTL-
treated NOG mice 1, 2, 3, 4, and 5, the percentages of ATL cells in
whole blood, calculated in the same manner, were 7.07, 1.26, and
1.11 and 0.05, 6.96, 0.04, 0.01, and 0.02%, respectively (Fig. 6B,
bottom, second panel).

Seventy-nine days after ATL cell inoculation, the percentages of
CD4-positive ATL cells in the blood of control NOG mouse 3 and
in Tax-CTL—treated NOG mice 1, 2, 3, 4, and 5 were 0.45, and
0.00, 1.27, 0.01, 0.00, and 0.00%, respectively. Control NOG mice
1, 2, and 4 sickened and died on days 47, 47, and 78, respectively,
due to ATL progression (Fig. 6B, bottom panels). At this time, the
percentages of CD8-positive CD4-negative T cells in the whole
blood of Tax-CTL~treated NOG mice 1, 2, 3, 4, and 5 were 0.00,
1.11, 0.01, 0.00, and 0.00%, respectively (Fig. 6B, bottom panels).
Throughout the study, no toxicity attributable to CTL injections
was observed in any of the mice that had received cells from
patient 1.
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FIGURE 4. Analyses of ATL cell
infiltration of cells from patient |
into the organs. Human CD45-posi-
tive cells in ATL/NOG mice plotted
to show CD4 and CDS8 expression
in blood (A), spleen (B), and liver
(€). The CD4-positive, CD8-negative
cells are ATL cells, and the CDS8-
positive, CD4-negative cells are the
adoptively transferred cells. CD8'"
populations observed in the spleen
(B) and liver (C) cells from CTL-
treated mice are nonspecific signals.
The percentage of each cell type is
indicated in each panel. (D) Mi-
croscopy findings in spleens of mice
with or without adoptive autologous
Tax-CTL therapy. Immunopathologi-
cal analyses of control mouse 4 are
shown. The atypical cells were pos-
itive for CD4, but negative for CDS,
consistent with ATL cell infiltration
(left three panels). Immunopatho-
logical analyses of Tax-CTL~treated
NOG mouse 5 indicate atypical cells
positive for CD4, but negative for
CD8, consistent with ATL cell infil-
tration. ATL tumor-infiltrating CD8-
positive cells were also observed (right
three panels). No toxicity attribut-
able to CTL injections was observed
in any of the mice. Original magni-
fication X200.

In the blood of CTL-treated mouse 2, not only the CD4-positive
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the residual ATL cells might persistently stimulate adoptively trans-
ferred CD8-positive cells, leading to the expansion of these T cells
in the mouse.

FIGURE 5. Therapeutic efficacy of adop-
tively transferred autologous Tax-CTL in a
NOG mouse bearing primary ATL cells from
patient 1. (A) The percentages of ATL cells in
whole blood, spleen, or liver cell suspensions of
each autologous primary ATL-bearing NOG
mouse. Tax-CTL treatment led to a significant
decrease of ATL cell infiltration into blood,
spleen, and liver. (B) Human sIL-2R concen-
tration in the serum of each autologous primary
ATL-bearing NOG mouse. Tax-CTL treatment
significantly decreased human sIL-2R concen-
trations in serum in the primary ATL cell-bearing
NOG mice.
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FIGURE 6. Tax-CTL treatment re-
sults in a significant prolongation of
survival in patient 1 primary ATL cell-
bearing NOG mice. Kaplan-Meier sur-
vival curves of Tax-CTL-treated and
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control mice. Tax-CTL recipient mice
had a significant prolongation of survival
compared with controls (p = 0.002) (A).
In order to assess the ATL cell tumor
burden during the CTL treatment in both

groups, flow cytometry analyses of whole
blood cells were performed (B). Thirty-
one days after ATL cell inoculation, hu-
man CD45-positive cells in the ATL/
NOG whole blood are plotted to show

CD4 and CDS8 expression (fop panel).
Control NOG mouse 5 sickened and died
on day 34 due to ATL progression; hu-
man CD45-positive cells in the remaining
mice are plotted to show CD4 and CD8
expression at day 38 (second panel from
top). Forty five days after inoculation,

human CD45-positive cells are plotted to
show CD4 and CD25 expression (second
panel from bottom). Control NOG mice
1, 2, and 4 sickened and died on days 47,

47, and 78, respectively, due to ATL
progression; human CD45-positive cells
in the remaining mice are plotted to show
CD4 and CD8 expression at day 79
(bottom panel). The percentage of each
cell type is indicated in each panel. No
toxicity attributable to CTL injections

was observed in any of the mice. control

death

38

1 CTLtreated

Therapeutic efficacy of adoptive autologous Tax-CTL in ATL/
NOG mice receiving cells from patient 2

ATL cell infiltrations into the organs were evaluated by flow
cytometry. The percentage of CD4-positive CD25-positive ATL cells
in the whole blood of control NOG mouse 1 was 15.3% (i.e., 16.7%
[human CD45-positive population] X 91.5% [human CD4-positive
CD25-positive cells] = 15.3%). In control NOG mice 2 and 3 and
in Tax-CTL~treated NOG mice 1, 2, and 3, the percentages of ATL
cells in whole blood, calculated in the same manner, were 4.4 and
15.3% and 3.3, 5.8, and 5.4%, respectively (Figs. 7A, 8A, left panel).

The percentage of CD4-positive CD25-positive ATL cells in the
bone marrow of control NOG mouse 1 was 0.71% (i.e., 0.88%

[human CD45-positive population] X 80.54% [human CD4-positive
CD8-negative cells] = 0.71%). In control NOG mice 2 and 3 and in
Tax-CTL~treated NOG mice 1, 2, and 3, the percentages of ATL
cells in the bone marrow, calculated in the same manner, were 0.52
and 1.81% and 0.23, 0.11, and 0.13%, respectively (Figs. 7B, 8A,
right panel).

Immunopathological analyses of liver demonstrated that in the
control NOG mice, large atypical cells with irregular and pleo-
morphic nuclei proliferated with a patchy or focal pattern. The
atypical cells were positive for CD4 (Fig. 7C, top panels) and CD25
(data not shown), consistent with their being infiltrating ATL cells.
In the Tax-CTL-treated NOG mice, there were few areas infiltrated
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Original magnification X100.
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FIGURE 8. Therapeutic efficacy of adoptively trans-
ferred autologous Tax-CTL in a patient 2 primary ATL
cell-bearing NOG mice. (A) The percentages of CD4-
and CD25-positive ATL cells in whole blood and bone
marrow of each autologous primary ATL-bearing NOG
mouse. (B) Human sIL-2R concentration in serum of
each autologous primary ATL-bearing NOG mouse. Tax-
CTL treatment significantly decreased human sIL-2R
concentrations in serum in the primary ATL cell-bearing
NOG mice.
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Therapeutic efficacy of adoptive autologous Tax-CTL in the
ATL/NOG mice with cells from patient 3

In this case, Tax-CTL treatment did not show any therapeutic
efficacy in controlling CD4-positive CD25-positive ATL cell in-
filtrations into blood, spleen, liver, or bone marrow, as determined
by flow cytometric analyses. There were also no significant dif-
ferences between CTL-treated and control NOG mice in their
serum human sIL-2R concentrations. Again, no toxicity attribut-
able to CTL injections was observed in any of the mice. Collec-
tively, the conclusion in this study must be that autologous Tax-CTL
treatment did not decrease the ATL tumor burden present in these
mice.

Discussion

In the current study, therapeutic efficacy of adoptive patient-
autologous Tax-CTL against two out of three patients’ ATL cells
was documented in vivo in ATL/NOG mice. In the mouse model
with cells from patient 1, infiltration of substantial amounts of
CD8-positive T cells into each ATL lesion was observed in the
Tax-CTL—-treated mice, associated with a significant decrease of
ATL cell infiltration into blood, spleen and liver, relative to con-
trols. Tax-CTL treatment significantly decreased human sIL-2R
concentrations in the serum (reflecting reduced ATL tumor bur-
den). The efficacy of CTL treatment was also assessed by survival
analysis using other ATL/NOG mice. Tax-CTL treatment led to
a significant prolongation of survival time compared with control
ATL/NOG mice. Adverse events such as organ disorders caused
by CTL treatment were not observed in any of the mice. These
findings show that Tax-specific CTL infiltrated the tumor site,
recognized, and killed autologous ATL cells in mice in vivo. Al-
though Tax expression of the inoculated primary ATL cells from
patient | (which were cultured in vitro) was low as assessed by
flow cytometry (Fig. 1A), potent autologous CTL activity was ob-
served in ATL/NOG mice in vivo. This was partially due to the
fact that ATL cells present at the site of active cell proliferation,
such as spleen or liver in ATL/NOG mice, expressed substantial
amounts of Tax, but it was minimally expressed by the tumor cells
in a quiescent state such as in the blood (17). In mice with ATL
cells from patient 2, the therapeutic efficacy of adoptive patient-
autologous Tax-CTL was also confirmed by decreased ATL cell
infiltration into the organs and the levels of human sIL-2R con-
centrations in the serum. In contrast to these two cases, in mice
with cells from patient 3, no therapeutic efficacy was seen in vivo.
This is consistent with the finding that the adoptively transferred
Tax-CTL did not respond to autologous ATL cells in vitro (Fig.
2C). Although the precise reason for this decreased susceptibility
of patient 3 primary ATL cells to autologous Tax-CTL in vitro and
in vivo is unclear, it is possible that it may reflect the clinical
features of the individual ATL patient. Thus, the clinical mani-
festation in patient 1, the most susceptible in mice in vivo, was
stable disease, with the patient under observation in a watch-and-
wait approach. Clinical manifestations of patient 2, moderately
susceptible in the mouse model, were aggressive, but the patient
did achieve long-term remission. The disease course in patient 3,
in contrast, was aggressive, and no long-term remission could be
achieved. Thus, although the therapeutic efficacy of Tax-CTL
in ATL/NOG mice was different in the three different patients, to
the best of our knowledge, this is the first demonstration, to our
knowledge, that adoptive therapy with Ag-specific CTL expanded
from a cancer patient mediates a potent antitumor effect, leading
to significant survival benefit for autologous primary cancer cell—
bearing mice in vivo (patient 1). The present study not only pro-
vides a strong rationale for exploiting Tax as a possible target for
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ATL immunotherapy, but also contributes to research supporting
the efficacy of adoptive CTL therapy for other types of cancer.

NOG mice have severe, multiple immune dysfunctions, such that
human healthy immune cells engrafted into them retain essentially
the same functions as in humans (27, 28). In addition, primary
human cancer cells also engraft and survive in NOG mice by
interacting with murine cells in the microenvironment; thus, NOG
mice have contributed to analyzing the pathogenesis of several
human cancers, especially hematopoietic malignancies, and evalu-
ating the effects of therapeutic agents (17, 29-32). The primary
ATL cells tested in this study could be maintained by serial
transplantation in NOG mice, but could not be maintained long-
term (>1 mo) in vitro in IL-2—containing media (data not shown).
These findings indicate that the ATL cells survived and prolifer-
ated in a murine microenvironment-dependent manner. That is to
say, the present ATL model should more truly reproduce human
ATL in vivo including the tumor microenvironment, compared with
any other current models, especially those that use established tumor
cell lines.

It is generally accepted that increased regulatory T (Treg) cells
in the tumor microenvironment play an important role in tumor
escape from host immunity in several different types of cancer (33,
34). Therefore, depletion of Treg cells in the vicinity of tumors is
a potentially promising strategy for boosting tumor-associated Ag-
specific immunity (35-38). We have shown that a therapeutic anti-
CCR4 mAb does deplete Treg cells in vitro (39, 40) and in vivo
in humanized mice (27). Furthermore, we confirmed the CD25"
CD4*FOXP3" Treg depletion activity mediated by the humanized
anti-CCR4 mAb mogamulizumab (KW-0761) in humans (41-44).
Therefore, a combination of Tax-CTL adoptive immunotherapy with
mogamulizumab to act not only as an anti-ATL agent but also to
deplete Treg cells would be promising.
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We established an angioimmunoblastic T-cell lymphoma (AITL) mouse model using NOD/Shi-scid, IL-
2Ry™! mice as recipients. The immunohistological findings of the AITL mice were almost identical to
those of patients with AITL. In addition, substantial amounts of human immunoglobulin G/A/M were
detected in the sera of the AITL mice. This result indicates that AITL tumor cells helped antibody produc-
tion by B cells or plasma cells. This is the first report of reconstituting follicular helper T (TFH) function
in AITL cells in an experimental model, and this is consistent with the theory that TFH cell is the cell of
origin of AITL tumor cells.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Angioimmunoblastic T-cell lymphoma (AITL) represents a dis-
tinct clinicopathological entity among nodal peripheral T-cell
lymphomas. A complex network of interactions between AITL
tumor cells and the various reactive cellular components of the
tumor microenvironment forms the clinical and histological fea-
tures of AITL [1]. Because of its complexity, analysis of the
immunopathogenesis of AITL in vitro seems to be impossible. On
the other hand, recent advances in the development of novel mouse
models, in which human hematopoietic and/or immune systems
could be reconstituted, have contributed to analyzing the patho-
genesis of various human diseases and evaluating the effects of
therapeutic agents [2-6]. In the present study, we aimed to estab-
lish a novel AITL mouse model in which both primary tumor
cells of human AITL and microenvironmental reactive cells engraft
and interact with each other, using NOD/Shi-scid, IL-2Ry™!l (NOG)
mice [7,8] as recipients, and analyzed the immunopathogenesis of
AITL.

* Corresponding author. Tel.: +81 52 853 8216; fax: +81 52 852 0849.
E-mail address: itakashi@med.nagoya-cu.ac.jp (T. Ishida).

0145-2126/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.leukres.2012.09.009

2. Materials and methods
2.1. Human cells

The donors of tumor cells provided written informed consent before sampling
in accordance with the Declaration of Helsinki. The present study was approved
by the institutional ethics committee of Nagoya City University Graduate School of
Medical Sciences.

2.2, Animals

NOG mice were purchased from the Central Institute for Experimental Animals
and used at 6-8 weeks of age. All of the in vivo experiments were performed in
accordance with the United Kingdom Coordinating Committee on Cancer Research
Guidelines for the Welfare of Animals in Experimental Neoplasia, Second Edition,
and were approved by the ethics committee of the Center for Experimental Animal
Science, Nagoya City University Graduate School of Medical Sciences.

2.3. Primary AITL cell-bearing mouse model

The affected lymph node cells from two patients with AITL were suspended in
RPMI-1640, and intraperitoneally (i.p.) injected into NOG mice. Lymph node cells
of AITL patient 1 were injected at a dose of 2.5 x 107 lymph node cells/mouse (total
2 mice), and those of patient 2 were injected at a dose of 4.0 x 10% lymph node
cells/mouse (total 3 mice). When mice that had received lymph node cells from
patient 1 or 2 became weakened, they were sacrificed at day 34 and 48, respectively.

2.4. Antibodies and flow cytometry

The following antibodies were used for flow cytometry: MultiTEST CD3 (clone
SK7) FITC/CD16 (B73.1)+CD56 (NCAM 16.2) PE/CD45 (2D1) PerCP/CD19 (SJ25C1)
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Fig. 1. Primary AITL cell-bearing NOG mouse model. (A) Microscopic images with hematoxylin and eosin staining of the affected lymph node of AITL patient 1 are shown.
(B) Macroscopic image of a primary AITL cell-bearing NOG mouse is shown. (C) Sections of the AITL-affected mouse spleen with hematoxylin and eosin staining are shown.
(D) The presence of human CD45-positive cells in the infiltrate of the mouse spleen, bone marrow, and blood was determined by flow cytometric analysis of human CD3 and

CD19 expression.

APC Reagent, MultiTEST CD3 FITC/CD8 (SK1) PE/CD45 PerCP/CD4 (SK3) APC Reagent.
All antibodies were purchased from BD Biosciences (San Jose, CA, USA). Whole blood
cells from mice were treated with BD FACS lysing solution (BD Biosciences) for lysing
red blood cells. Cells were analyzed by a FACSCalibur (BD Biosciences) with the aid
of Flow]o software (Tree Star, Inc., Ashland, OR, USA).

2.5. Immunopathological analysis

Hematoxylin and eosin (HE) staining and immunostaining using antihuman
alpha-smooth muscle actin (a-SMA) (1A4; DAKO, Glostrup, Denmark), VEGF-A
(sc-152, rabbit polyclonal, Santa Cruz, Heidelberg, Germany), CD3 (SP7; SPRING
BIOSCIENCE, Pleasanton, CA, USA), CD20 (L26; DAKO), PD1 (programmed death 1,
CD279) (ab52587, Abcam, Cambridge, MA, USA), CD138 (B-B4, Serotec, Raleigh,
NC, USA), B cell lymphoma 6 (BCL6) (EP529Y; Epitomics, Burlingame, CA, USA),
CD45R0 (UCHL1, DAKO), immunoglobulin kappa (KP-53, Novocastra, Newcastle,
UK) and lambda light chain (HP-6054, Novocastra) were performed. The presence
of Epstein-Barr virus encoded RNA (EBER) was examined by in situ hybridization
using EBER Probe (Leica Microsystems, Newcastle, UK) on formalin-fixed, paraffin-
embedded sections. Double immunostaining analysis of human CD45R0 and human
BCL6 was performed as previously described [9]. Briefly, formalin-fixed, paraffin-
embedded sections of AlTL-affected spleen were immunostained using antibodies
against human CD45RO and human BCL6. CD45RO protein in the membrane was

visualized in purple (Bajoran purple, Biocare Medical, Concord, CA, USA) and BCL6
protein in the nucleus was visualized in brown (DAB, Leica Microsystems).

2.6. Clonality assay

Clonal assessment of the AITL cells was performed using IdentiClone™ TCRB
Gene Clonality Assay (In vivoScribe Technologies, Inc., San Diego, CA, USA) according
to the instructions of the manufacturer. Southern blotting analysis of T cell receptor
C31 gene was performed at SRL, Inc. (Tokyo, Japan).

2.7. Mouse serum protein

The mouse serum protein fraction was analyzed at SRL, Inc. Human
immunoglobulin (Ig) G/A/M in mice serum were also measured at SRL, Inc.

3. Results

3.1. Establishment of the primary AITL cell-bearing NOG mouse
model .

Microscopic images of the affected lymph node of AITL patient 1
are shown in Fig. 1A. There was marked proliferation of arborizing
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Fig. 2. Immunohistochemical analysis of primary AITL cell-bearing NOG mouse model. (A) Microscopic images with hematoxylin and eosin staining, and staining by anti-CD3,
CD20, PD1, and CD138, of the affected lymph node of AITL patient 2 are shown. (B) Immunohistochemical images of sections of the spleen of a primary AITL-affected mouse
that had been injected with affected lymph node cells from patient 2, with hematoxylin and eosin staining, and staining by anti-CD3, CD20, PD1, CD138, immunoglobulin
kappa and lambda light chain, VEGF-A, and alpha-smooth muscle actin (a-SMA).

high endothelial venules (HEV). There was polymorphic infiltrate histiocytes. These histological findings are typical of AITL [10].
composed of small to medium-sized lymphocytes with clear to NOG mice bearing AITL cells from patient 1 presented marked
pale cytoplasm, distinct cell membranes and minimal cytological splenomegaly and mild hepatomegaly. The macroscopic appear-
atypia. The neoplastic cells were admixed with variable num- ance of a primary AITL cell-bearing NOG mouse from patient 1 is
bers of small reactive lymphocytes, eosinophils, plasma cells, and shown in Fig. 1B. Microscopic analysis revealed that the mice spleen
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architectures were partially replaced by the infiltration of small to
medium-sized lymphocytes with clear to pale cytoplasm, distinct
cell membranes and minimal cytological atypia. The infiltrate also
included plasma cells. Marked proliferation of HEV was seen in the
spleen (Fig. 1C).

Flow cytometric analysis demonstrated that human CD3-
positive T cells as well as CD19-positive B cells infiltrated into the
spleen of the mice (Fig. 1D, left 2 panels). Both human T and B
cells also infiltrated the mice bone marrow, but only T cells were
detected in the blood (Fig. 1D, right 2 panels).

Microscopic images of the affected lymph node of AITL patient
2 are shown in Fig. 2A. There was polymorphic infiltrate composed
of small to medium-sized lymphocytes including CD3-positive T
cells as well as CD20-positive B cells. Some of the infiltrated cells
were positive for PD1, which is known to be expressed on follicular
helper T (TFH) cells [11,12] as well as AITL tumor cells [13]. These
histological findings are also typical of AITL [10].

NOG mice bearing AITL cells from patient 2 presented marked
splenomegaly and mild hepatomegaly. Immunohistochemical
analyses of the AITL mice from patient 2 also demonstrated that the
mice spleen architectures were partially replaced by the infiltration
of small to medium-sized lymphocytes with clear to pale cytoplasm
(Fig. 2B, upper left 2 panels). CD3-positive T cells (Fig. 2B, upper
right 2 panels) as well as CD20-positive B cells (Fig. 2B, middle left 2
panels)infiltrated the mice spleen. Some of the infiltrated cells were
positive for PD1 (Fig. 2B, middle right 2 panels). The infiltrated cells
included CD138-positive plasma cells with no slanted distributions
of immunoglobulin kappa or lambda light chain (Fig. 2B, lower
left 3 panels). EBER-positive cells were not observed in the infil-
trate (data not shown). There were abundant SMA-positive blood
vessels in the spleen, and the infiltrate included VEGF-producing
cells, most of which were AITL tumor cells (Fig. 2B, lower right 2
panels). These observations collectively indicated that the infiltrate
consisted of PD1-positive AITL cells, a large number of reactive lym-
phocytes including both B and T cells, and polyclonal plasma cells,
and there was marked vascular proliferation in the spleen. These
immunohistological findings in the NOG AITL mice (Figs. 1Cand 2B)
were nearly identical to those in the respective donor AITL patients
(Figs. 1A and 2A).

3.2. Human antibody production in the AITL NOG mice

Given the observation that there were abundant reactive human
lymphocytes including B cells and plasma cells in AITL-affected
mice spleen, we investigated whether they produced human Ig in
the AITL NOG mice. As shown in Fig. 3A, significant Ig fractions
and substantial amounts of human IgG/A/M were detected in the
AITL mice from both donors. Double immunostaining revealed that
human CD45R0- and BCL6-double-positive cells were detected in
AlTL-affected spleen (Fig. 3B). On the other hand, CD45RO~BCL6*
cells were considered to be reactive B cells, because BCL6 is a trans-
criptional repressor expressed by germinal center B cells [14,15].
These observations collectively indicated that CD45RO*BCL6* AITL
tumor cells helped antibody production by B cells or plasma cells.
CD45R0O*"BCL6~ cells were also detected in the spleen, and they
were reactive T cells with memory phenotype [16].

3.3. Serial transplantations in AITL NOG mice

Suspensions of spleen cells from the mice receiving primary
lymph node cells from AITL patient 1 were serially i.p. transplanted
into fresh NOG mice. The second NOG mice were sacrificed when
they became weakened. The second NOG mice presented marked
splenomegaly and mild hepatomegaly (data not shown). Flow cyto-
metric analysis demonstrated that human CD3-positive T cells,
including both CD4 and CD8 cells, infiltrated into the mice liver,

A AlTLmousel

©

AlTL mouse 2

control mouse

©

®

T —

S

H
[

1gG <0.3 mg/dL
lgA <0.2 mg/dL
lgM 0.2 mg/dL

IgG 690 mg/dL
IgA 15.0mg/dL
IgM 138 mg/dL

1gG 756 mg/dL
IgA 15.5 mg/dL
1gM 42.9 mg/dL

Fig. 3. Human antibody production in the AITL NOG mice. (A) Serum protein frac-
tion of NOG mice that had been injected with affected lymph node cells from AITL
patient 1 and 2, and that of a naive NOG mouse. (B) Double immunostaining analy-
sis for human CD45R0 and BCL6 in the AlTL-affected mouse spleen. CD45R0 in the
membrane is visualized in purple and BCL6 in the nucleus is visualized in brown.

spleen, and bone marrow. In contrast to the first AITL mice, infiltra-
tion of B cells (CD4 and CD8 double negative cells) was not observed
(Fig. 4A, left 6 panels). In the subsequent 3rd AITL mice, infiltration
of CD8 cells was markedly decreased, and in the 4th AITL mice, the
infiltrate of the liver, spleen, and bone marrow consisted of almost
exclusively CD4-positive T cells (Fig. 4A, right 6 panels). Along with
the disappearance of infiltrating B cells, human Ig was not detected
in the sera of 2nd, 3rd and 4th AITL NOG mice (Fig. 4B). Clonality
analysis by PCR detected clonal rearrangement of the T cell receptor
in the affected lymph node from AITL patient 1 (Fig. 4C, top panel),
which was confirmed by Southern blotting analysis of the T cell
receptor C31 gene (Fig. 4D, left panels, arrows). Clonality analysis
by PCR demonstrated that there were two T cell clones in the spleen
cells of the first AITL NOG mice, and the product size of one of these
two was the same as that of the original AITL patient (Fig. 4C, upper
2 panels, arrows), indicating that a neoplastic T cell clone from the
original AITL patient engrafted and proliferated in the first AITL
NOG mice. This observation was confirmed by Southern blotting
analysis (Fig. 4D, arrows). The same two T cell clones were detected
in the 3rd and 4th AITL mice as those in the 1st AITL mice (Fig. 4C,
lower 3 panels, arrows and arrowheads).

3.4. Macroscopic and microscopic findings of 4th AITL mice

The 4th AITL mice presented marked splenomegaly and mild
hepatomegaly (Fig. 5A). Mice spleen architectures were almost
wholly replaced by the infiltration of small to medium-sized
lymphocytes with clear to pale cytoplasm. There was also marked
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Fig. 4. Serial transplantations of spleen cells from AITL NOG mice. (A) The presence of human CD45-positive cells in the liver, spleen and bone marrow of the 2nd, 3rd, and
4th AITL NOG mice was determined by human CD4 and CD8 expression. (B) Serum protein fraction of 2nd, 3rd, and 4th AITL NOG mice. (C) Clonality analysis by PCR. Arrow
and arrowhead indicate the clonal rearrangement of T cell receptor. (D) Clonality analysis by Southern blotting of T cell receptor CB1 gene. 1, 2, and 3 indicate BamH I, EcoR
V, and Hind I1I, respectively. Arrow and arrowhead indicate the rearrangement band.
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Fig. 5. Macroscopic and microscopic findings of 4th AITL mice. (A) Macroscopic image of a 4th AITL mouse. (B) Immunohistochemical images of the 4th AITL mouse spleen
with hematoxylin and eosin staining, and staining by anti-BCL6, CD45RO0, and CD20 antibodies.

vascular proliferation in the spleen. Most of the infiltrated cells
were positive for CD45R0 and BCL6. In contrast to the 1st AITLNOG
mice, there were no CD20- (Fig. 5B) or CD138-positive reactive cells
(data not shown), which were consistent with the results of flow
cytometric analyses (Fig. 4A).

4. Discussion

The recent identification of CD4" TFH cell as the cell of origin
of AITL provides a rationale to explain some of the clinical and
histological features of AITL. A fundamental function of TFH cells
is regulation of B cell-mediated humoral immunity. It has been
known that in humanized NOG mice reconstituted with human
CD34* hematopoietic stem cells, there was little IgG production
because of the inappropriate differentiation of human B cells in
the mouse environment [17-20]. Considering this fact, it was strik-
ing that the present AITL NOG mice produced polyclonal human Ig
including IgG. This was direct evidence that CD45RO*BCL6" AITL
tumor cells functioned as TFH cells, and to the best of our knowl-
edge, this is the first report to reconstitute TFH function in AITL cells
in an experimental model either in vitro or in vivo. This could also
explain one of the characteristic clinical features of AITL patients,
hypergammaglobulinemia. In the AITL mice, human B cells were
observed in the spleen and bone marrow, but not in blood, sug-
gesting that antibody production mediated by T cells might need
a suitable microenvironment like the germinal center of lymph
nodes.

Serial transplantations of spleen cells of AITL NOG mice resulted
in the reduction of reactive components such as B cell lineage and
CD8-positive cells. CD4-positive AITL neoplastic cells can survive
for a long period of time only by interacting with mouse envi-
ronment cells. As a result, they failed to interact with human B
or plasma cells, leading to the absence of human Ig production in
the 2nd, 3rd, and 4th AITL NOG mice.

In general, not only monoclonal T cell receptor rearrangement,
butalso oligoclonal rearrangements were detected in AITL cases[1].
In the present study, although only one T cell clone (clone #1) was
detected in an AITL patient 1, another T cell clone (clone #2) was
also detected in the AITL NOG mice. We surmise that there were two
neoplastic clones in the patient’s affected lymph node, although the
level of clone #2 was below the detectable limit. Because NOG mice
have severe multiple immune dysfunctions, clone #2 was able to
increase in the mice to a detectable level.

The immunohistological findings of the present AITL mice were
almost identical to those of AITL patients; i.e., only a fraction of

AITL neoplastic cells, which were small to medium-sized cells with
clear cytoplasms and minimal cytologic atypia, were admixed with
a reactive population of small lymphocytes including B and T cells,
and plasma cells, and the spleen showed prominent vasculariza-
tion. On the other hand, there was a lack of myeloid lineage cells
such as eosinophils, histiocytes, and follicular dendritic cells, in the
background inflammatory components, probably due to their fun-
damentally short life span. There was also a lack of EBV-positive
B cells in the infiltrate in the present AITL mice, which could
be explained by the fact that there was a lack of EBV-positive B
cells in the background inflammatory components in the affected
lymph node of both donors. In this type of analysis, attention
should be paid to cross-reaction of antihuman antigens antibod-
ies to mouse cells. The antihuman CD3, CD20, PD1, CD138, BCL6,
CD45R0, immunoglobulin kappa and lambda light chain antibod-
ies in the present study did not react with hematopoietic cells of
mice origin (data not shown), probably due to the lack of mice T, B,
and NK cells in NOG mice [7,8].

In conclusion, primary AITL tumor cells and reactive compo-
nents engrafted NOG mice, and AITL cells interacted with B and.
plasma cells, and functioned as TFH cells. Human Igs including IgG
were produced in the mice. The present observations strongly sup-
port the recent identification of TFH cell as the cell of origin of AITL.
The present procedures using NOG mice would be a powerful tool
to understand the immunopathogenesis of AITL.

Grants support

The present study was supported by Grants-in-Aid for Young
Scientists (A) (No. 22689029, T. Ishida), Scientific Research (B) (No.
22300333, T. Ishida, and R. Ueda), and Scientific Support Programs
for Cancer Research (No. 22150001, T. Ishida) from the Ministry
of Education, Culture, Sports, Science and Technology of Japan,
Grants-in-Aid for National Cancer Center Research and Develop-
ment Fund (No. 21-6-3, T. Ishida), and Health and Labour Sciences
Research Grants (H22-Clinical Cancer Research-general-028, T.
Ishida, and H23-Third Term Comprehensive Control Research for
Cancer-general-011, T. [shida, and H. Inagaki) from the Ministry of
Health, Labour and Welfare, Japan.

Conflicts of interest

Nagoya City University Graduate School of Medical Sciences has
received research grant support from Kyowa Hakko Kirin for works

-552-



F. Sato et al. / Leukemia Research 37 (2013) 21-27 27

provided by Takashi Ishida. No other conflict of interest relevant to
this article is reported.

Acknowledgements

We thank Ms. Chiori Fukuyama for her excellent technical assis-
tance, and Ms. Naomi Ochiai for her excellent secretarial assistance.

Authors’ contributions. F.S., T.l, RU., and H.I. designed the
research. F.S,, T, AlL, FM,, AM, and H.T. performed the experi-
ments. All of the authors analyzed and interpreted the data. F.S.
and T.I. wrote the paper, and all of the other authors contributed to
writing the paper.

References

[1] de Lleval L, Gisselbrecht C, Gaulard P. Advances in the understanding
and management of angioimmunoblastic T-cell lymphoma. Br | Haematol
2010;148:673-89.

[2] Barabe F, Kennedy JA, Hope K], Dick JE. Modeling the initiation and progression
of human acute leukemia in mice. Science 2007;316:600-4.

[3] Ishikawa F, Yoshida S, Saito Y, Hijikata A, Kitamura H, Tanaka S,
et al. Chemotherapy resistant human AML stem cells home to and
engraft within the bone-marrow endosteal region. Nat Biotechnol 2007;25:
1315-21.

[4] MoriF, Ishida T, Ito A, Sato F, Masaki A, Takino H, et al. Potent antitumor effects
of bevacizumab in a microenvironment-dependent human lymphoma mouse
model. Blood Cancer ] 2012;2:e67.

[5] Sato K, Misawa N, Nie C, Satou Y, Iwakiri D, Matsuoka M, et al. A novel animal
model of Epstein-Barr virus-associated hemophagocytic lymphohistiocytosis
in humanized mice. Blood 2011;117:5663-73.

[6] Ito A, Ishida T, Utsunomiya A, Sato F, Mori F, Yano H, et al. Defucosylated
anti-CCR4 monoclonal antibody exerts potent ADCC against primary ATLL
cells mediated by autologous human immune cells in NOD/Shi-scid, IL-2R
gamma(null) mice in vivo. ] Immunol 2009;183:4782-91.

[7] Ito M, Hiramatsu H, Kobayashi K, Suzue K, Kawahata M, Hioki K, et al.
NOD/SCID/vycnull mouse: an excellent recipient mouse model for engraftment
of human cells. Blood 2002;100:3175-82.

[8] Ito M, Kobayashi K, Nakahata T. NOD/Shi-scid IL2rynull (NOG) mice more
appropriate for humanized mouse models. Curr Top Microbiol Immunol
2008;324:53-76.

[9] Ishida T, Ishii T, Inagaki A, Yano H, Komatsu H, lida S, et al. Specific recruitment
of CC chemokine receptor 4-positive regulatory T cells in Hodgkin lymphoma
fosters immune privilege. Cancer Res 2006;66:5716-22.

[10] Dogan A, Gaulard P, Jaffe ES, Ralfkiaer E, Muller-Hermelink HK. Angioim-
munoblastic T-cell lymphoma. In: Swerdlow SH, Campo E, Harris NL, Jaffe ES,
Pileri SA, Stein H, Thiele J, Vardiman JW, editors. WHO classification of tumours
of haematopoietic and lymphoid tissues. Lyon: IARC; 2008. p. 309.

[11] Fazilleau N, McHeyzer-Williams L], Rosen H, McHeyzer-Williams MG. The func-
tion of follicular helper T cells is regulated by the strength of T cell antigen
receptor binding. Nat Immunol 2009;10:375-84.

[12] Haynes NM, Allen CD, Lesley R, Ansel KM, Killeen N, Cyster ]JG. Role of CXCR5
and CCR7 in follicular Th cell positioning and appearance of a programmed
cell death gene-1high germinal center-associated subpopulation. ] Immunol
2007;179:5099-108.

[13] Roncador G, Garcia Verdes-Montenegro JF, Tedoldi S, Paterson JC, Klapper
W, Ballabio E, et al. Expression of two markers of germinal center T cells
(SAP and PD-1) in angioimmunoblastic T-cell lymphoma. Haematologica
2007;92:1059-66.

[14] Crotty S, Johnston RJ, Schoenberger SP. Effectors and memories: Bcl-6 and
Blimp-1in T and B lymphocyte differentiation. Nat Immunol 2010;11:114-20.

[15] Klein U, Dalla-Favera R. Germinal centres: role in B-cell physiology and malig-
nancy. Nat Rev Immunol 2008;8:22-33.

[16] Akbar AN, Terry L, Timms A, Beverley PC, Janossy G. Loss of CD45R and gain of
UCHLT1 reactivity is a feature of primed T cells. ] Immunol 1988;140:2171-8.

[17] Ishikawa F, Yasukawa M, Lyons B, Yoshida S, Miyamoto T, Yoshimoto G, et al.
Development of functional human blood and immune systems in NOD/SCID/IL2
receptor {gamma} chain(null) mice. Blood 2005;106:1565-73.

[18] Matsumura T, Kametani Y, Ando K, Hirano Y, Katano [, Ito R, et al. Functional
CD5+ B cells develop predominantly in the spleen of NOD/SCID/gammac(null)
{NOG) mice transplanted either with human umbilical cord blood, bone mar-
row, or mobilized peripheral blood CD34+ cells. Exp Hematol 2003;31:789-97.

[19] Traggiai E, Chicha L, Mazzucchelli L, Bronz L, Piffaretti JC, Lanzavecchia A,
et al. Development of a human adaptive immune system in cord blood cell-
transplanted mice. Science 2004;304:104-7.

[20] Watanabe Y, Takahashi T, Okajima A, Shiokawa M, Ishii N, Katano I,
et al. The analysis of the functions of human B and T cells in humanized
NOD/shi-scid/gammac(null) (NOG) mice (hu-HSC NOG mice). Int Immunol
2009;21:843-58.

-553-



Leukemia Research 27 (2013) 16481655

FELSEVIER

Contents lists available at Sciencelirect

Leukemia Research

journal homepage: www.elsevier.com/locate/leukres

Lenkemia
Researc

uncar v Secwi

Global real-time quantitative reverse transcription-polymerase chain
reaction detecting proto-oncogenes associated with 14q32

CrossMark

chromosomal translocation as a valuable marker for predicting

survival in multiple myeloma

Atsushi Inagaki®*, Emi Tajima®, Miyuki Uranishi®, Haruhito Totani?, Yu Asao®,

Hiroka Ogura?, Ayako Masaki?, Tatsuya Yoshida®, Fumiko Mori?, Asahi Ito?, Hiroki Yano”
, Masaki Ri?, Satoshi Kayukawa*®, Takae Kataoka¢, Shigeru Kusumoto®, Takashi Ishida?,
Yoshihito Hayami?, Ichiro Hanamura“, Hirokazu Komatsu®, Hiroshi Inagaki®,

Yasufumi Matsuda', Ryuzo Ueda?, Shinsuke lida*

2 Department of Medical Oncology and Immunology, Nagoya City University Graduate School of Medical Sciences, Nagoya City, Japan

b Department of Hematology, Kainan Hospital, Yatomi City, Japan
¢ Department of Medical Oncology, Nagoya Memorial Hospital, Nagoya City, Japan
d Department of Hematology, Aichi Medical University, Nagakute City, Japan

¢ Department of Anatomic Pathology and Molecular Diagnostics, Nagoya City University Graduate School of Medical Sciences, Nagoya City, Japan
" Technology Development, Section 1, Research & Development Department, SRL Inc., Hino-city, Japan

ARTICLE INFO ABSTRACT
Article history:
Received 29 July 2013

Received in revised form

17 September 2013

Accepted 28 September 2013
Available online 18 October 2013

CCND1, FGFR3 and c-MAF mRNA expression of tumor samples from 123 multiple myeloma patients were
analyzed by global RQ/RT-PCR. CCND1, FGFR3 and c-MAF were positive in 44 (36%), 28 (23%) and 16 (13%)
of patients, respectively. In 7 patients, both FGFR3 and ¢-MAF were positive. The expression of c-MAF
was independent unfavorable prognostic factors for overall survival (OS). Autologous stem cell trans-
plantation improved progression-free survival of CCND1-positive patients. Bortezomib, thalidomide or

lenalidomide extended OS of FGFR3 and/or c-MAF-positive patients. Thus, CCND1, FGFR3 and c-MAF mRNA
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expression can predict survival and is useful for planning stratified treatment strategies for myeloma

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Multiple myeloma (MM) designates incurable plasma cell neo-
plasia, but there is a great deal of patient heterogeneity with median
survival of 3-4 years; however, survival ranges from a few weeks
after diagnosis to more than 10 years |1,2]. Underlying genetic fea-
tures of the tumor cells largely dictate the clinical heterogeneity of
MM, much of which is characterized by recurrent chromosomal
translocations involving the immunoglobulin heavy-chain (IgH)

* Corresponding author at: Department of Hematology and Oncology, Nagoya City
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locus on chromosome 1432 |2,3]. Five major oncogenes are com-
monly involved in 14g32 translocations: cyclin D1 (CCND1)(11q13),
fibroblast growth factor receptor 3 (FGFR3)/multiple myeloma SET
domain (MMSET) (4p16.3), musculoaponeurotic fibrosarcoma onco-
gene homolog (c-MAF) (16q23), cyclin D3 (CCND3) (6p21) and MAFB
(20g11) {1-3]. The presence of t(11;14)(q13;q32) is associated
with CD20 expression |4}, lymphoplasmacytic morphology {5,6],
hyposecretory disease | 6], and either improved survival or no influ-
ence on survival in patients treated with high-dose chemotherapy
and autologous stem cell transplantation (ASCT) {7-10]. The pres-
enceoft(4;14)(p16;q32)is associated with IgA-type MM, resistance
to treatment with alkylating agents on relapse and is a marked
independent negative prognosticindicator{7,11-15}. The presence
of t(14;16)(q32;p23) is also an unfavorable prognostic indicator
[15]. Thus, 14q32-associated chromosomal translocations could be
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valuable diagnostic markers for predicting treatment efficacy and
survival in MM.

It is now possible to measure some specific recurrent chro-
mosomal changes. However, few chromosomal abnormalities are
discernible in MM patients by conventional analysis because
of the weak proliferation of the tumor cells (making it diffi-
cult to obtain good metaphases). Recently, the development of
techniques such as double-color interphase fluorescence in situ
hybridization (DC-FISH) may help circumvent the non-proliferative
pitfall. Additionally, we established a global real-time quantita-
tive/reverse transcription-polymerase chain reaction (RQ/RT-PCR)
technique for detecting the expression of six 14q32 chromosomal
translocation-associated proto-oncogenes in marrow plasma cells
from MM patients [ 16]. This RQ/RT-PCR technique can detect trans-
criptional activation of 14q32-associated proto-oncogenes, is easy
to perform on clinical samples, and may be more efficient and cost-
effective than interphase FISH [ 161,

We have now extended our analysis to a consideration of the
prognostic value of determining the levels of expression of 14q32-
associated proto-oncogenes such as CCND1, FGFR3 and c-MAF in
123 consecutive patients with newly-diagnosed MM. The goal of
the present study was to investigate whether elevated expression
of particular oncogenes is associated with prognosis and treatment
efficacy in MM and to compare the global RQ/RT-PCR technique and
interphase FISH in terms of clinical usefulness.

2. Materials and methods
2.1. Patients and control subjects

This study included 121 symptomatic MM and 2 plasma cell leukemia (PCL)
patients, diagnosed between 1996 and 2010 at five different hospitals in Japan.
Patients with other plasma cell disorders such as asymptomatic myeloma (SMM,
n=8), monoclonal gammopathy of undetermined significance (MGUS, n=17), two
solitary plasmacytoma, two Castleman’s disease, and two primary amyloidosis were
included as controls. The diagnosis and classification of MM and other plasma cell
neoplasms was according to the criteria proposed by the International Myeloma
Working Group (IMWG) | 171. We took the clinical characteristics at the initial diag-
nosis of MM/PCL for our analyses. The study was approved by the local Ethics
Committee and written informed consent was obtained from all patients prior to
bone marrow sampling, in accordance with the Declaration of Helsinki.

2.2. Quantification of 14932 chromosomal translocation-associated
proto-oncogene CCND1, FGFR3 and c-MAF mRNAs

Plasma cells were purified from mononuclear cells obtained from 1 to 2 mL of
bone marrow aspirate by positive selection using anti-CD138 antibody-coated beads
and an automatic magnetic cell sorting system (Miltenyi Biotec, Auburn, CA, USA)
according to the manufacturer’s instructions. CCND1, FGFR3 and c-MAF mRNA levels
in purified plasma cells were determined by modified global RQ/RT-PCR as described
in the Supplemental Methods. The copy number ratio of each proto-oncogene was
calculated by dividing its expression level by that of B-ACTIN, with a ratio >10-2
being defined as positive, as in our previous study [ 161,

2.3. Conventional Giemsa (G)-banded karyotyping and Fluorescence in situ
hybridization (FISH)

Conventional G-banded karyotyping and FISH for detecting chromosomal
translocations t(11;14), t(4;14) and t(14;16) were performed by SRL Co., Ltd (Tokyo
Japan) as described in the Supplemental Methods.

2.4. Statistical analysis

CCND1 mRNA levels were compared in patients with or without t(11;14)
using the Mann-Whitney U test. Survival analyses were performed by the
Kaplan-Meier method, and survival curves were compared using the log-rank and
Breslow-Gehan-Wilcoxon tests. For survival analysis, the baseline was taken as
the date of bone marrow collection (initial diagnosis of MM/PCL), and all patients
who were still alive were censored at the date of last follow-up. Hazard ratios
for overall survival (OS) and/or progression-free survival (PFS) in MM/PCL cases
with or without ASCT or treatment with novel drugs in CCND1*, FGFR3*[c-MAF*
and negative for all three proto-oncogenes (triple negative) groups were calculated
by the Cox proportional hazards model. Univariate and multivariate analyses were
performed with the Cox proportional hazard model. Multivariate analyses used vari-
ables selected by stepwise regression from any variables that were shown to be

significant by univariate analysis. The clinical characteristics of CCND1*, FGFR3*, c-
MAF* and triple-negative MM/PCL patients were compared by Chi-square testing.
Data were analyzed with the aid of StatView software (SAS Institute, Version 5.0,
Cary, NC). P<0.05 was considered significant.

3. Results

Atotal of 123 MM/PCL patients was studied, including 36 under-
going ASCT and 59 treated with novel drugs such as bortezomib,
thalidomide and lenalidomide. There were 53 males and 70 females
with an age range of 34-93 years (median age, 68 years). Their
characteristics are summarized in Table 1.

3.1. CCND1, FGFR3 and c-MAF mRNA expression in MM/PCL
patients

CCND1, FGFR3 and c-MAF were expressed in 44 (36%), 28 (23%)
and 16 (13%) of the 123 patients, respectively (Fig. 1). None of
these three proto-oncogenes was expressed in 42 patients (34%),
whereas in 7, both FGFR3 and c-MAF were positive (Fig. 1). Expres-
sion of CCND1 precluded expression of FGFR3 and/or c-MAF in these
patients, as previously reported [1&]. CCND1 expression was also
detected in 2 of 8 SMM, 3 of 17 MGUS, and one of the two primary
amyloidosis cases. It was not detected in the solitary plasmacy-
toma and Castleman’s disease patients. FGFR3 was expressed in 1
of 8 SMM and 1 of 17 MGUS cases, but not in solitary plasmacytoma,
Castleman’s disease or primary amyloidosis. Finally, c-MAF was not
detected in any patients with these other plasma cell disorders.

3.2. Associations between CCND1, FGFR3 and c-MAF mRNA
expression and 1432 chromosomal translocations detected by
FISH

The presence or absence of t(11;14) was evaluated by FISH in
31 of the 44 CCND1* MM/PCL patients. Thirteen (42%) had t(11;14),
12 (39%) had polysomy 11, and the other 6 (19%) were normal.
Patients with CCND1 expression and carrying t(11;14) had higher
levels of CCND1 mRNA than those with polysomy 11 or normal sta-
tus (Mean =+ 1SD of the copy-number ratio of CCND1: 124.4+89.3
versus 10.6 +21.0, P<0.0001). Of the 28 FGFR3* MM/PCL patients,
17 were evaluated for t(4;14) by FISH; all were found to harbor
t(4;14). Finally, of the 16 c-MAF" MM/PCL patients, 9 were evalu-
ated for t(14;16). Five patients (56%) who were c-MAF*[FGFR3~ had
t(14;16), whereas the remaining four had t(4;14) but not t(14;16)
(Fig. 1).

Table 1

Patients’ characteristics.
Total number 123
Age (year), median (range) 68 (34-93)
Sex (male/female) 53/70
M-protein

e 63 (51.2%)

IgA 24 (19.5%)

BJP 27 (22.0%)

IgD 6 (4.9%)

Non secretory 3(2.4%)

Stage (Durie-Salmon)

1 3(2.4%)

il 27 (22.0%)

11 93 (75.6%)
WBC (x10%/pL), median (range) 5.0(1.3-24.5)
Hb (g/dL), median (range) 9.2 (4.0-14.5)
PLT (x103/pL), median (range) 190.0 (43.0-558.0)
Ca (mg/dL), median (range) 9.9 (8.4-16.8)
TP (g/dL), median (range) 9.1 (4.5-14.3)
Albumin (g/dL), median (range) 3.5(1.9-5.1)
Creatinine (mg/dL), median (range) 0.8(0.3-12.7)
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Fig. 1. Expression of CCND1, FGFR3 and c-MAF mRNA in symptomatic myeloma (MM), plasma cell leukemia (PCL), asymptomatic (smoldering) myeloma (SMM), monoclonal
gammopathy of undetermined significances (MGUS), solitary plasmacytoma, Castleman’s disease, and primary amyloidosis. The copy number ratios of the proto-oncogenes
associated with the 14q32 chromosomal translocations CCND1, FGFR3 and c-MAF are shown. Samples were obtained from 123 patients with MM or PCL, 8 with SMM, 17 with
MGUS, 2 with solitary plasmacytoma, 2 with Castleman’s disease, and 2 with primary amyloidosis. Samples are ranked according to the level of mRNA expression of CCND1,
FGFR3 and c-MAF and according to the disease. The copy number ratio of each proto-oncogene was calculated by dividing its expression level by that of 8-ACTIN mRNA. A
copy number ratio =102 is defined as positive. Positivity for CCND1 and FGFR3 or c-MAF was mutually exclusive, so there are 3 patient categories; (1) CCND1*; (2) FGFR3*[c-
MAF*; and (3) patients without proto-oncogene expression (triple-negative). The yellow bars indicate cases confirmed to carry particular chromosomal translocations by
FISH: t(11;14) for CCND1* cases, t(4;14) for FGFR3* cases, and t(14;16) for c-MAF* cases. The orange bars represent cases whose FISH analyses were negative for particular
chromosomal translocations such as t(11;14), but showed another abnormality such as polysomy 11. The blue bars represent cases whose FISH analyses were normal. The
gray bars show cases where FISH was not performed. The panels under Case No. display the results of G-band karyotyping of each case. Red panels indicate abnormal
karyotypes with hyperdiploidy; gray, abnormal karyotypes but normal chromosome number; blue, abnormal karyotype with hypodiploidy; and white, normal karyotype.

Abbreviations: SMM, smoldering (asymptpmatic) myeloma; and MGUS, monoclonal gammopathy of undetermined significance.

3.3. Overall survival according to CCND1, FGFR3 and c-MAF
expression

The median OS time of the entire MM/PCL cohort was 4.4 years,
with a median follow up of 2.0 years. The OS was significantly
shorter in MM/PCL patients positive for c-MAF relative to those
without (50% OS, 1.9 versus 5.1 years, P=0.0028) (Fig. 2G). In
contrast, negativity or positivity for CCND1 or FGFR3 did not sig-
nificantly influence OS (50% OS, 8.7 versus 4.1 years for CCND1,
P=0.2035; and 5.1 versus 5.1 years for FGFR3, P=0.1328, respec-
tively) (Fig. 2A and D). There were also no statistically significant
differences in OS between MM/PCL patients expressing none of the
three oncogenes and those expressing at least one of them (50% OS,
5.1 versus 3.8 years, P=0.5944) (data not shown).

3.4. Overall survival according to CCND1, FGFR3 and c-MAF
expression in myeloma patients stratified by treatment with novel
drugs

Survival of MM/PCL patients treated with novel agents such as
bortezomib, thalidomide and lenalidomide was also analyzed. First,
patientsnot receiving novel drugs were analyzed separately. It was
found that OS was significantly shorter in MM/PCL patients positive
for FGFR3 than in those not expressing FGFR3 (50% OS, 1.7 versus
3.2 years, P=0.0322) (Fig. 2E). The same was true for c-MAF pos-
itivity (50% OS, 0.9 versus 2.9 years, P=0.0183) (Fig. 2H). On the
other hand, there were no significant differences in OS of patients
positive or negative for CCND1 expression (50% OS, 3.3 versus 2.3
years, P=0.3536) (Fig. 2B), nor between patients negative for all 3
proto-oncogenes relative to those expressing any one of them (50%
0S, 3.2 versus 2.2 years, P=0.2388) (data not shown). Moreover, of

the 59 MM/PCL patients who received a novel agent, the OS was
still significantly shorter in those expressing c-MAF than in those
not expressing it, although both were better than in patients not
so treated (50% OS, 3.3 versus 5.2 years, P=0.0094) (Fig. 2I). How-
ever, in this case, there was no significant difference in OS between
patients positive or negative for either CCND1 or FGFR3 expression
(50% OS, not reached versus 5.1 years, P=0.3429, and 5.1 versus 5.2
years, P=0.8603, respectively) (Fig. 2C and F). Finally, there were
no significant differences in OS regarding triple-negative patients
versus those expressing at least one proto-oncogene (50% OS, 5.2
years versus not reached, P=0.8472) (data not shown).

3.5. Overall and progression-free survival after ASCT or novel
drug therapy in patients stratified into the three subgroups
CCND1*, FGFR3* and/or c-MAF" relative to the triple-negative
group

Expression of CCND1 and FGFR3 and/or ¢-MAF was mutually
exclusive in these patients, thus defining three categories: (1)
CCND1* patients; (2) FGFR3* andfor c-MAF* patients; and (3)
patients expressing none of these three proto-oncogenes (triple-
negative). We compared OS and PFS among patients receiving ASCT
or conventional chemotherapy (CCT) alone in each of these three
subgroups (Table 2, Fig. 3A~H). ASCT improved PFS analyzed in the
entire MM/PCL cohort (Fig. 3A). Stratifying patients into the 3 sub-
groups showed that ASCT only improved PFS of CCND1* patients
(Fig. 3B), but not FGFR3* and/or c-MAF" patients or triple-negative
patients (Table 2, Fig. 3C and D). ASCT had no general significant
OS benefit (Table 2, Fig. 3E-H). We also asked whether novel drugs
influenced OS in each of the three subgroups separately (Table 2,
Fig. 3]-L). In the cohort as a whole, the use of novel drugs did indeed
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Fig. 2. Overall survival (0OS) of MM patients according to the expression of CCND1, FGFR3 and c-MAF. (A) OS curves of all patients with MM enrolled in this study according
to the status of CCND1 expression (n=123). (B) OS curves of the 64 MM patients who were not treated with novel drugs, according to the status of CCND1 expression. (C) OS
curves of the 59 MM patients who were treated with novel drugs in the salvage setting according to the status of CCND1 expression. (D) OS curves of all patients with MM
enrolled in this study according to the status of FGFR3 expression (n=123). (E) OS curves of the 64 MM patients who were not treated with novel drugs, according to the
status of FGFR3 expression. (F) OS curves of the 59 MM patients who were treated with novel drugs in the salvage setting according to the status of FGFR3 expression. (G) OS
curves of all patients with MM enrolled in this study according to the status of c-MAF expression (n=123). (H) OS curves of the 64 MM patients who were not treated with
novel drugs, according to the status of c-MAF expression. (I) OS curves of the 59 MM patients who were treated with novel drugs according to the status of c-MAF expression.

improve OS (Fig. 3I). However, in the three subgroups analyzed
separately, novel drugs were found to statistically significantly
improve OS only of FGFR3" and/or c-MAF* patients (Fig. 3L), but
not CCND1*or triple-negative patients (Table 2, Fig. 3]-K).

Table 2
Hazard ratio and 95% Cls® for survivals in subgroups stratified by expression of
CCND1, FGFR3 and c-MAF mRNA.

n Hazard ratio (95% CI?) Pvalue
ASCT (0S)
CCNDT* 44 0.424 (0.117-1.532) 0.1906
FGFR3* and/or c-MAF* 37 1.441 (0.478-4.344) 0.5160
Triple negative 42 0.971 (0.366-2.575) 0.9528
ASCT (PFS)
CCND1* 44 0.419 (0.185-0.950) 0.0373
FGFR3* and/or c-MAF* 37 0.722 (0.297-1.755) 0.4723
Triple negative 42 0.449 (0.192-1.049) 0.0644
Novel drugs (0S)
CCNDT1* 44 0.355(0.120-1.051) 0.0614
FGFR3* and/or c-MAF* 37 0.116 (0.023-0.573) 0.0082
Triple negative 42 0.740 (0.298-1.838) 0.5164

a (], confidence interval.

3.6. Prognostic factors for myeloma patients

Univariate Cox proportional hazards analysis identified the
following unfavorable prognostic factors for OS: expression of
c-MAF, presence of cytogenetic abnormalities by G-band karyotyp-
ing, not using novel drugs, presence of lambda-type light chain,
and thrombocytopenia (<100 x 103/pL) (Table 3). Multivariate
analysis revealed that all of these factors except thrombocyto-
penia were significant independent unfavorable prognostic factors
(Table 3).

3.7. Associations between 14q32 chromosomal
translocation-associated proto-oncogene expression and patients’
clinical characteristics

The clinical characteristics of the MM/PCL patients strati-
fied according to their expression of CCND1*, FGFR3*, c-MAF*
mRNA are summarized in Table 4. Expression of c-MAF was
significantly ~associated with leukocytosis (>10 x 103/uL)
(P=0.0023), thrombocytopenia (<100x 103/uL) (P=0.0337)
and a low frequency of myeloma cells expressing surface CD56
(P=0.0006). None of the other clinical characteristics surveyed
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Fig. 3. Overall survival (0OS) and progression-free survival (PFS) in all MM patients and in each subgroup based on the CCND1, FGFR3 and/or c-MAF expression status and
treatment with ASCT and novel drugs. (A) PFS curves of all patients with MM enrolled in this study treated with ASCT and CCT (n=123). (B) PFS curves of 44 CCND1* MM
patients treated with ASCT or CCT. (C) PFS curves of 42 CCND1-FGFR3~c-MAF~ MM patients (triple-negative) treated with ASCT or CCT. (D) PFS curves of 37 FGFR3* and/or
¢-MAF* MM patients treated with ASCT or CCT. (E) OS curves of all patients with MM enrolled in this study treated with ASCT or CCT (n=123). (F) OS curves of 44 CCND1*
MM patients treated with ASCT or CCT. (G) OS curves of 42 CCND1~FGFR3~c-MAF~ MM patients (triple-negative) treated with ASCT or CCT. (H) OS curves of 37 FGFR3* and/or
¢-MAF* MM patients treated with ASCT or CCT. (1) OS curves of all patients with MM enrolled in this study treated with or without novel drugs (n=123). (J) OS curves of 44
CCNDT* MM patients treated with or without novel drugs. (K) OS curves of 42 CCND1~FGFR3~c-MAF~ MM patients (triple-negative) treated with or without novel drugs. (L)
OS curves of 37 FGFR3* and/or c-MAF* MM patients treated with or without novel drugs. Abbreviations: ASCT, autologous stem cell transplantation; and CCT, conventional

chemotherapy.

Table 3
Prognostic factors affecting overall survival in the entire MM/PCL cohort.

Variable Univariate Multivariate

Hazard ratio (95% CI*) Pvalue Hazard ratio (95% CI¥) Pvalue
Expression of c-MAF 2.914 (1.396 —-6.082) 0.0044 2.717 (1.288 -5.731) 0.0087
Cytogenetic abnomalities by G-Band 2.876(1.441 -5.742) 0.0027 3.745(1.780 -7.879) 0.0005
Not using novel drugs 2.402 (1.350 —-4.276) 0.0029 2.989 (1.634 —5.468) 0.0004
Presence of A type light chain 1.948 (1.075 -3.528) 0.0278 2.167 (1.169 —-4.018) 0.0141
PLT<100 x 103/pL 2.856(1.326 —6.155) 0.0074 -

a (l, confidence interval.

were associated with expression of any of the 14q32 chromosomal
translocation-associated proto-oncogenes tested here.

4. Discussion

In the present study, the expression of CCND1, FGFR3 and c-MAF
mRNAs detected by global RQ/RT-PCR was correlated with survival
and treatment outcome in MM/PCL patients. FGFR3* MM patients
not treated with any novel drugs had shorter OS than those not
expressing FGFR3, whereas c-MAF* patients had worse OS than c-
MAF- patients even when treated with novel drugs. ASCT improved
PFS of CCND1* patients, and novel drugs extended the OS of FGFR3*
and/or c-MAF" patients.

In the present study, in some CCND1-, FGFR3- or c-MAF-positive
cases the presence or absence of 14q32 translocation correspond-
ing to each proto-oncogene was determined by FISH. In 31 of

44 CCND1-positive MM cases, 13 (42%) with t(11;14), 12 (39%)
with polysomy 11 and 6 (19%) with normal FISH signals were
found. According to the classification system based on the gene
expression profile (GEP) proposed by Arkansas University {18],
t(11;14)-positive myeloma falls into two groups, CD1 or CD2,
whereas polysomy 11 myeloma falls into a different HY group
{18]. Thus, CCNDI* myelomas came to be regarded as diseases
with different gene expression profiles. In the 17 of 28 FGFR3-
positive cases, it was found that all harbored t(4;14). Thus, t(4;14)
seems to be essential for the expression of FGFR3. In the 9 of 16 c-
MAF-positive myeloma cases, 5 were confirmed to harbor t(14;16),
whereas the other 4 cases lacked t(14;16) but all carried t(4;14)
and all expressed both FGFR3 and c-MAF mRNA detected by global
RQ/RT-PCR. These two translocations, t(14;16) and t(4;14), were
mutually exclusively present in this cohort, suggesting that expres-
sion of c-MAF is caused by different mechanisms in patients with
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Table 4
Clinical characteristics of MM/PCL patients stratified by expression of CCND1, FGFR3 and c-MAF mRNA.
Total (n=123) CCND1* (n=44) Triple Negative ¢-MAF** (n=16) FGFR3*"(n=28) Pvalue®
(n=42)

Age (median) 68.0 69.0 67.0 66.5 67.5

Sex Male 53 (43%) 25 (57%) 17 (40%) 5 (31%) 9 (32%) 0.1227
Female 70 (57%) 19 (43%) 25 (60%) 11 (69%) 19 (68%)

M protein 1gG 63 (51%) 22 (50%) 18 (43%) 12 (75%) 15 (54%) 0.0530
IgA 24 (20%) 5 (11%) 9 (21%) 3 (19%) 10 (36%)
BJP 27 (22%) 11 (25%) 12 (29%) 1 (6%) 3 (11%)
gD 6 (5%) 3 (7%) 3 (7%) 0 (0%) 0 (0%)
Non secretory 3 (2%) 3 (7%) 0 (0%) 0 (0%) 0 (0%)
Kappa 74 (60%) 29 (66%) 23 (55%) 10 (62%) 16 (57%) 0.7393
Lamda 49 (40%) 15 (34%) 19 (45%) 6 (38%) 12 (43%)

D&S* Stage | 3 (2%) 1 (2%) 1 (2%) 0 (0%) 1 (4%) 0.9369
Stage II 27 (22%) 9 (21%) 9 (22%) 5 (31%) 8 (28%)
Stage 11 93 (76%) 34 (77%) 32 (76%) 11 (69%) 19 (68%)

1S§¢ Stage | 22 (19%) 11 (26%) 9 (24%) 2 (14%) 2 (8%) 0.0605
Stage II 47 (42%) 12 (29%) 14 (38%) 6 (43%) 18 (69%)
Stage IIl 44 (39%) 19 (45%) 14 (38%) 6 (43%) 6 (23%)

ECOG PS* 2-4 27 (22%) 14 (32%) 10 (24%) 1 (6%) 3 (11%) 0.0708
0,1 96 (78%) 30 (68%) 32 (76%) 15 (94%) 25 (89%)

WBC >10,000/p.L 2 (2%) 0 (0%) 0 (0%) 2 (13%) 0 (0%) 0.0023
<10,000/p.L 121 (98%) 44 (100%) 42 (100%) 14 (87%) 28 (100%)

Hb <8.5g/dL 44 (36%) 11 (25%) 20 (48%) 4 (25%) 10 (36%) 0.1326
>8.5g/dL 79 (64%) 33 (75%) 22 (52%) 12 (75%) 18 (64%)

PLT <100 x 103/uL 12 (10%) 4 (9%) 2 (5%) 5 (31%) 3 (11%) 0.0337
>100 x 103/l 111 (90%) 40 (91%) 40 (95%) 11 (69%) 25 (89%)

Ca >11 mg/dL 26 (21%) 14 (32%) 8 (19%) 2 (13%) 3 (11%) 0.1258
<11 mg/dL 97 (79%) 30 (68%) 34 (81%) 14 (87%) 25 (89%)

Total protein >10.0g/dL 39 (32%) 13 (30%) 9 (21%) 9 (56%) 11 (39%) 0.0645
<10.0g/dL 84 (68%) 31 (70%) 33 (79%) 7 (44%) 17 (61%)

Albumin <3.5g/dL 59 (48%) 22 (50%) 16 (38%) 7 (44%) 18 (64%) 0.1872
>3.5g/dL 64 (52%) 22 (50%) 26 (62%) 9 (56%) 10 (36%)

LDH >1.0N 32 (26%) 10 (23%) 13 (31%) 4 (25%) 6 (22%) 0.8043
<1.0N 90 (74%) 34 (77%) 29 (69%) 12 (75%) 21 (78%)

B2-microglobulin >5.5mg/L 44 (39%) 19 (45%) 14 (38%) 6 (43%) 6 (23%) 0.3160
<5.5mg/L 69 (61%) 23 (55%) 23 (62%) 8 (57%) 20 (77%)

Creatinine >2.0 mg/dL 19 (15%) 8 (18%) 7 (17%) 1 (6%) 4 (14%) 0.7128
<2.0mg/dL 104 (85%) 36 (82%) 35 (83%) 15 (94%) 24 (86%)

G-Band Abnormal 21 (17%) 7 (16%) 5 (12%) 4 (20%) 6 (21%) 0.5868
Normal 102 (83%) 37 (84%) 36 (88%) 12 (80%) 21 (79%)

PB involvement’ Present 26 (22%) 13 (30%) 5 (12%) 5 (31%) 4 (14%) 0.1176
Absent 93 (78%) 30 (70%) 36 (88%) 11 (69%) 24 (86%)

CD20 Positive 18 (17%) 10 (25%) 5 (15%) 2 (15%) 1 (4%) 0.1793
Negative 88 (83%) 30 (75%) 29 (85%) 11 (85%) 23 (96%)

CD56 Positive 72 (69%) 24 (63%) 24 (71%) 5 (38%) 24 (100%) 0.0006
Negative 32 (31%) 14 (37%) 10 (29%) 8 (62%) 0 (0%)

2 In seven patients, both FGFR3 and c-MAF were positive.

b Pvalue were calculated by the chi-square test.

¢ Durie & Salmon stage.

d International staging system.

¢ Performance status proposed by Eastern Cooperative Oncology Group (ECOG).
! Peripheral blood involvement of myeloma cells.

t(4;14) or t(14;16). One of the mechanisms explaining the expres-
sion of ¢-MAF in FGFR3"[c-MAF* cases is likely to be activation of
the MEK-ERK pathway, since c-MAF transcription was activated by
the MMSET gene through the MEK-ERK pathway | 18,20]. New drugs
targeting CCND1 or FGFR3 are currently under preclinical develop-
ment {21-23]. Our global RQ/RT-PCR could detect expression of
CCND1, FGFR3 and c-MAF independent of the presence or absence
of particular 14q32 chromosomal translocations. Thus, measuring
the expression of each of these mRNAs could be a more useful tool
than FISH to select which individual patients to treat with such new
drugs.

Our global RQ/RT-PCR was useful for predicting survival in MM
patients. Numerous studies had already reported that positivity for
FGFR3 is an unfavorable prognostic factor in MM patients who are
naive tonoveldrugs|7,13-15}, butnotin those receiving such drugs
|24-281. These results were confirmed in our study. Therefore, the
use of novel drugs at least partly overcomes the negative impact
on survival caused by t(4;14) [2,29,30]. The presence of t(14;16)
has also been reported to be an unfavorable prognostic factor for

survival in previous studies {15]. However, t(14;16) may no longer
be an unfavorable prognostic factor when novel drugs are used,
or if del(17) was not also present {31]. In the present study, OS
was significantly shorter for c-MAF" relative to c-MAF~ patients.
Furthermore, c-MAF expression was found to be an unfavorable
prognostic factor for OS regardless of the use of novel drugs. A
major difference between the present and previous studies was
that we regarded cases expressing c-MAF but without t(14;16) as
c-MAF-positive. These cases would then be positive for t(4;14). Lit-
tle is known about the clinical characteristics of c-MAF-positive
myeloma when treated with novel drugs, and further studies are
urgently required.

Our global RQ/RT-PCR also proved able to predict clinical
responses and could thus help us to decide which treatments to
select for individual MM patients. We evaluated the efficacy of
ASCT and novel drugs in the following three subgroups: (1) CCND1*
patients; (2) FGFR3*|c-MAF* patients; and (3) patients expressing
none of these 3 proto-oncogenes (triple-negative). ASCT improved
PES of patients with CCND1" myeloma, but not FGFR3*[c-MAF* or
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