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FIG. 5. Proliferation of 32Dcl3 and 32Dcl3/DNStat3 by restoration of C/EBPa. A, the expression vector pMY-IRES-GFP/C/EBPa-ER was
transfected inte 32Dcl3 and 32Dcl3/DNStats cells. The expression of C/EBPa-ER was examined by Western blotting (WB) using anti-C/EBP«
polyclonal antiserum. Lane 1, 32Dcl3; lane 2, 32D/CEBPA,; lane 3, 32Dcl3/DNStat3; lane 4, 32Dcl3/DNStat3/CEBPA. B, growth curve of 82Dcl3,
32Dcl3/CEBPA cells (upper panel), and 32Dcl3/DNStat3, 32Dcl3/DNStat3/CEBPA cells (lower panel). Cells maintained in IL-3 were washed twice
with PBS and starved of cytokines for 8 h and stimulated with 10 ng/ml G-CSF plus 0.5 uM 4-HT or vehicle. Viable cells were counted daily by
trypan blue dye exclusion method at the indicated times. The numbers given on the vertical axis represent the mean cell counts (X 10%well) of
triplicate wells. Standard deviations (8.D.) were less than 15% of each mean. Three independent experiments were performed, and similar results

were obtained. Data shown are representative of these results. C,

3H incorporation assays in 32Dcl3, 32Dcl3/CEBPA (upper panel) and

39Dcl3/DNStat3 and 32Dcl8/DNStat3/CEBPA cells (lower panel). Cells maintained in IL-3 were washed twice with PBS and starved of cytokines
for 8 h and stimulated with 10 ng/ml G-CSF plus 0.5 um 4-HT or vehicle for 48 h. During the final 4 h, 1 xCi of [PHlthymidine was added, cells
were harvested by filtration, and radioactivity was counted by scintillation spectrophotometer. Results are expressed as mean cpm of triplicate
wells = S.D. Three independent experiments were performed, and similar results were obtained. Data shown are representative of these results.

Stat3 abrogation on the balance of intracellular signals in other
cytokine pathways. Although Statl was not phosphorylated by
leukemia inhibitory factor stimulation in neither 32Dcl3 cells
nor 32Dcl3/DNStat3 cells, its activation in response to IFN-y
occurred at the same degree in both 32c¢l3 cells and 32Dcl3/
DNStat3 cells (Fig. 3A). As for the Statb activation, the phos-
phorylation of Stat5 by IL-3 stimulation in 32Dcl3 cells was
stronger than that in 32Dcl3/DNStat3 cells (Fig. 3B). These
data indicated that there was the possibility that abrogation of
Stat3 signaling can alter the balance of intracellular signals in
other cytokine signaling pathways. The transcription of
C/EBPa is regulated by C/EBPa itself (20, 21). Then we exam-
ined whether activated Stat3 in G-CSF signaling enhance
C/EBPa activity or not.

We transfected a reporter construct of a minimal TK pro-
moter with CEBP-binding sites (p(C/EBP)2TK), C/EBPw, and
G-CSF receptor to 293T cells. After 12 h of transfection, cells
were stimulated with 10 ng/ml G-CSF. Cells were cultured for
more 24 h, and a luciferase assay was performed. C/EBPa
up-regulated the C/EBPa-dependent gene expression, and the
G-CSF stimulation enhanced this C/EBPa-dependent gene ex-
pression (Fig. 4A). Next we examined the effect of constitutive

active Stat3 (Stat3C) on the augmentation of C/EBPa tran-
scriptional activity instead of the G-CSF stimulation. We trans-
fected reporter construct p(C/EBP)2TK, C/EBPa; and Stat3C to
293T cells. After 24 h of transfection, luciferase assay was
performed. Stat3C augmented the C/EBPa-dependent gene ex-
pression, although Stat3C alone had no influence on the lucif-
erase activity (Fig. 4, B and C).

As p(C/EBP)2TK containg only a C/EBPa-binding site and
does not contain a Stat3-binding sequence, the possibility that
Stat3C makes a complex with C/EBP« and augments the func-
tion of C/EBPa is raised. Then we transfected C/EBPa, Stat3,
and G-CSF receptor to 293T cells and stimulated cells with
G-CSF for 6 h. There is no detectable level of endogenous
C/EBP« or C/EBPS protein in 293T cells. Cells were lysed and
immunoprecipitated with C/EBPB antibody (this antibody
cross-reacts with C/EBPa). As shown in Fig. 4D, immunopre-
cipitants with anti-C/EBPS contain Stat3. In addition, the com-
plex formation between C/EBPa and Stat3 is augmented by
G-CSF stimulation, indicating that activated Stat3 makes the
complex with C/EBPa.

C/EBPa Restores G-CSF-induced Granulocytic Differentia-
tion in 32Dcl3/DNStat3 Cells—To analyze the role of Stat3-
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Fic. 6. Morphologic features of
32Dcl3/DNStat3 and 32Dc¢l3/DNStat3/
CEBPA cells. Granulocytic differentia-
tion of 32Dcl3/DNStat3 cells after induc-
tion of C/EBPa is shown. Cells were
maintained in IL-3 and washed twice
with PBS and then starved of cytokines
for 8 h and stimulated with 10 ng/ml G-
CSF plus 0.5 i 4-HT or vehicle for 5 or 8
days. The cells were cytospun and stained
with May-Grunwald and Giemsa stain
(original magnification, x<400).

32Del3/DNStat3

32Dcl3/DNB1aty/
CEBPA

TasLe II
Differential count of 32Dcl3/DNStat3 and
32Dcl3/DNStat3/CEBPA cells

32Dcl3/DNStat3 and32Dcl3/DNStat3/CEBPA cells were maintained
in IL-3 and starved of cytokines for 8 h and stimulated with 10 ng/ml
G-CSF plus 0.5 pM 4-HT or vehicle for 5 days. Differential count was
performed by May-Grunwald and Giemsa stain. Values are the mean =+
S.D. percent of cells from three independent experiments. Myelocyte
includes promyelocytes, myelocytes, and metamyelocytes. Band(seg)
includes band and segmented neutrophils.

Celis G-CSF+Vehicle G-CSF+4HT

32Dcl3/DNStat3

Myeloblasts 98.0 =0 99.3 + 0.47

Myelocytes 1.3 +0.94 0.67 = 0.47

Band(seg) 0.67 = 0.94 00
32DcI3/DNStat3/CEBPA

Myeloblasts 90.7 + 3.3 3.0+ 28

Myelocytes 5.0 +0.82 54.3 +24

Band(seg) 43 +26 42.7 + 0.47

regulated C/EBPea function in the G-CSF signaling pathway,
we transfected a C/EBPa-tamoxifen receptor fusion protein
(C/EBPa-ER) into 32Dcl3 and 32Dcl3/DNStat3 cells (32Dcl3/
CEBPA cells, 32Dcl3/DNStat3/CEBPA cells, respectively). The
expression of C/EBPa-ER in these cells was verified by Western
blotting (Fig. 5A). C/EBPa-ER localizes to the cytoplasm and is
in an inactive form in the absence of tamoxifen. Upon treat-
ment with tamoxifen, it translocates from cytoplasm to nucleus
and becomes active. 32Dcl3, 32Dcl3/CEBPA, 32Dcl3/DNStat3,
and 32Dcl3/DNStat3/CEBPA cells were cultured with G-CSF
in the presence or absence of tamoxifen, and cell proliferation
was examined by both counting viable cells and [*H]thymidine
incorporation. 32Dcl3/DNStat3 proliferated in response to G-
CSF, and proliferation was not affected by the presence of
tamoxifen. Conversely, G-CSF-induced proliferation of 32Dcl3/
DNStat3/CEBPA cells in the presence of tamoxifen was dra-
matically reduced (Fig. 5, B and C).

32Dcl3/DNStat3 cells maintain morphologically immature
characteristics and proliferate without granulocytic differenti-
ation after G-CSF stimulation. We examined the morphological
changes in 32Dcl3 and 32Dcl3/DNStat3 cells induced by G-CSF
after translocation of C/EBP« from the cytoplasm to the nu-
cleus. When tamoxifen was added to medium containing G-
CSF, 32Dcl3/DNStat3/CEBPA cells rapidly began to differen-
tiate into granulocytes, and 5 days later, about 40% of the cells
were morphologically similar to mature neutrophils. In con-
trast, 32Dcl3/DNStat3/CEBPA cells cultured in G-CSF-con-

Day8

Day5

taining medium without tamoxifen appeared immature with
blast-like morphologic features (Fig. 6, Table II). To quantita-
tively analyze the difference in granulocyte maturation in
32Dcl3/DNStat3/CEBPA cells stimulated by G-CSF in the
presence of tamoxifen, the mature granulocyte marker Gr-1
was monitored by FACS analysis. 32Dcl3 cells differentiate
into Gr-1-positive neutrophils in response to G-CSF (Fig. 7A4).
As shown in Fig. 7D, Gr-1-positive cells were increased by the
addition of tamoxifen in 32Dcl3/DNStat3/CEBPA cells treated
with G-CSF, although low levels were detected in the absence
of tamoxifen.

C/EBPa Up-regulates Genes That Are Related to Granulo-
cytic Differentiation—In a conditional expression system, in-
duction of C/EBP« leads to expression of granulocyte-specific
genes, such as neutrophil primary granule genes (lysozyme M,
NGAL) and the G-CSF receptor gene (17). In 32Dcl3/DNStat3
cells, the expression of these genes following G-CSF stimula-
tion was inhibited (Fig. 8, A, C, and E). Interestingly, only
NGAL was up-regulated by G-CSF in 32Dcl3/DNStat3/CEBPA
cells following the restoration of C/EBP« (Fig. 8B). Conversely,
the expression of lysozyme M and the G-CSF receptor were not
changed by the restoration of C/EBP« (Fig. 8, D and F). These
data suggest that regulatory factors in addition to C/EBP« may
be involved in the induction of expression of granulocyte-spe-
cific genes by G-CSF.

DISCUSSION

G-CSF plays a pivotal role in granulopoiesis and granulo-
cytic differentiation. The binding of G-CSF to its receptor leads
to the activation of the Jak-Stat pathway, phosphatidylinosi-
tol-8 kinase pathway, and Ras-MAP kinase cascade (22). In the
Jak-Stat pathway, G-CSF activates Jak1, Jak2, and Tyk2 fol-
lowed by the activation of Statl, Stat3, and Stat5 (7, 8).

Dominant-negative Stat3 inhibits G-CSF-induced transcrip-
tional activity of Stat3 (Fig. 1A), as does G-CSF-induced granu-
locytic differentiation in vitro (11). Also, more transgenic mice
with a targeted mutation of their G-CSF receptor that abolishes
G-CSF-dependent Stat3 activation show severe neutropenia with
an accumulation of immature myeloid precursors in their bone
marrows (12). Consequently, Stat3 is thought to play an essential
role in G-CSF-induced granulocytic differentiation.

32Dcl3 cells differentiate into neutrophils after treatment
with G-CSF, and 32Dcl3/DNStat3 cells (32Dcl3 cells expressing
dominant-negative Stat3) proliferate in G-CSF without differ-
entiation. The degree of the phosphorylation of ERK1/2 by
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Fic. 7. The expression of Gr-1 on 32Dcl3, 32Dcl3/DNStat3, and 32Dcl3/DNStat3/CEBPA cells. 32Dcl3 (4) and 32Dcl3/DNStat3 cells (B)

maintained in IL-3 (broken line) were starved of cytokines for 8 h and stimulated with 10 ng/ml G-CSF for 5 days (solid line). 32Dcl3/DNStat3/
CEBPA (C) cells maintained in IL-3 were starved of cytokine for 8 h and stimulated with 1.0 ng/m1 IL-3 (C) or 10 ng/ml G-CSF (D) plus 0.5 um 4-HT

(solid line) or vehicle (broken line) for 5 days.

G-CSF stimulation in 32Dcl3/DNStat3 cells was stronger than
that in 32Dcl3 cells (Fig. 1B). We reported that Stat3 null bone
marrow cells displayed a significant activation of ERK1/2 after
G-CSF stimulation than wild-type bone marrow cells did using
Stat3 conditional deficient mice (23). Then the augmented
phosphorylation of ERK1/2 in response to G-CSF in 32Dcl3/
DNStat3 cells might be caused by the functional abrogation of
Stat3 in 32Dcl3/DNStat3 cells.

We compared gene profiles between two cell lines, 32Dcl3
and 32Dcl3/DNStat3 cells, to identify target genes of Stat3 in
G-CSF signaling. We found that C/EBPa mRNA levels are
rapidly up-regulated in 32Dcl3 cells following G-CSF treat-
ment; these levels are increased 2.39-fold after 6 h and 4.20-
fold after 48 h of treatment. In contrast to 32Dcl3 cells, C/EBP«
mRNA levels are not changed in 32Dcl3/DNStat3 cells after
G-CSF stimulation (Fig. 24). The observation that cyclohexi-
mide does not inhibit G-CSF-induced increases in C/EBPa
transcript levels (Fig. 2B) suggests that C/EBP« is induced by
G-CSF directly downstream of Stat3. Dah!l et al. (24) also re-
ported that G-CSF induced the expression of C/EBP« in IL-3-
dependent progenitors, SOCS3 is one of the major target genes
of Stat3. We previously reported that the expression level of
SOCSS3 protein in Stat3-deficient bone marrow cells is a trace,
and it is not augmented by G-CSF stimulation (23). Contrary to
this suppression of SOCS3 in Stat3-deficient cells, the induc-
tion of SOCS3 by G-CSF is not abolished in 32Dcl3/DNStat3
cells (data not shown).

The phosphorylation of ERK1/2 by G-CSF is stronger and the
phosphorylation of Stath by IL-3 is weaker in 32Dcl3/DNStat3
cells when compared with those in 32D/CI3 cells, although
Statl phosphorylation by IFN-y was not changed between
these two cells (Figs. 1B and 3). Then there is the possibility
that the transfection of dominant-negative Stat3 affects other
signaling pathways in 32Dcl3/DNStat3 cells, resulting in the
change of C/EBPa regulation. To clarify whether Stat3 directly
up-regulates C/EBPa in the G-CSF signaling pathway in
32Dcl3 cells or not, we examined the effect of Stat3C on the
transcription of C/EBPa. C/EBPa up-regulated the C/EBPa-de-
pendent gene expression, and the G-CSF stimulation enhanced
this C/EBPa-dependent gene expression (Fig. 44). Strikingly,
Stat3C augmented the C/EBPa-dependent gene expression as
G-CSF stimulation did (Fig. 4, B and C). This means that
G-CSF-induced up-regulation of C/EBPa-dependent gene ex-
pression is, at least partly, due to the activation of Stat3.

Two possibilities arise for the mechanism of the induction of
C/EBPa transcription by activated Stat3 in the G-CSF signal-
ing pathway. One is that activated Stat3 binds to the promoter
region of C/EBPx and induces the transcription of C/EBPa.
Analysis of the reported murine C/EBPa promoter sequence
(20) identified no Stat-responsive elements (TTN5AA) (25, 26),
but we found six Stat-responsive elements between 6 and 4 kb
upstream of the C/EBP« transcription initiation site. Activated
Stat3 might bind these Stat-responsive elements between 6
and 4 kb upstream of the C/EBP« transcription initiation site.
The other possibility is that activated Stat3 might form the
complex with C/EBPa and augment the transcriptional activity
of C/EBPa because C/EBPa itselfis the only protein reported to
activate the murine C/EBPa promoter (20, 21). When a mini-
mal TK promoter with CEBP-binding sites (p(C/EBP)2TK) to-
gether with C/EBPa was transfected to 293T cells, C/EBP«
up-regulated C/EBPa-dependent gene expression. Activated
Stat3 (Stat3C) enhanced this C/EBPa-dependent gene expres-
sion in collaboration with C/EBPe«, although only Stat3C has
no transcriptional activity on p(C/EBP)2TK (Fig. 4, B and C).
In addition, the stimulation of G-CSF allows Stat3 to make the
complex with C/EBPa (Fig. 4D). Then activated Stat3 by G-
CSF makes the complex with C/EBPa and augments the tran-
scriptional activity of C/EBPa. This is one of the reasons why
induction of C/EBPa transcript through Stat3 activation by
G-CSF occurred in 32Dcl3 cells. Several reports have described
factors that repress C/EBPa promoter activity, such as SP1
(27), AP2A (28), or MYC (29). We show here for the first time
that Stat3 augments the C/EBPa promoter activity.

Intracellular transcript levels of several genes were changed
following G-CSF treatment downstream of Stat3 activation (Ta-
ble I). To better identify the role of C/EBP« in Stat3-mediated
signaling in G-CSF-induced granulocyte differentiation,
C/EBPoa-ER (C/EBPa-tamoxifen receptor fusion protein) was sta-
bly expressed in 32Dcl3 and 32Dcl3/DNStat3 cells. C/EBPa-ER
translocates from the cytoplasm to the nucleus and becomes
activated upon treatment with tamoxifen. Strikingly, transfec-
tion of C/EBP«-ER into 32Dcl3/DNStat3 cells abolished prolifer-
ation and induced myeloid differentiation by G-CSF without
Stat3 activation (Figs. 5, B and C, and 6). These data indicate
that C/EBPa activation induced by G-CSF through Stat3 plays
an essential role in stopping the cell proliferation and inducing
the differentiation to the myeloid lineage.
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Fic. 8. Granulocyte-specific gene expressions after C/EBP« induction. The time course of NGAL (A and B), G-CSF receptor (G-CSFR)
(C and D), and lysozyme M (E and F) mRNA expression following G-CSF stimulation in 32Dcl3 and 32Dcl3/DNStat3 cells (4, C, and E) or by G-CSF
stimulation with 4-HT or vehicle in 32Dcl3/DNStat3/CEBPA cells (B, D, and F) is shown. Cells maintained in IL-3 were starved of cytokines for
8 h and stimulated with G-CSF, G-CSF, plus 4-HT and G-CSF plus vehicle. Total RNA was isolated at the indicated times after the stimulation
and transcribed to cDNA, which was subjected to real-time PCR. The numbers given on the vertical axis represent the fold induction of ratios of
average GAPDH-normalized expression values when compared with those before stimulation. Three independent experiments were performed,
and similar results were obtained and shown data are the representative of them.

The CEBP family of transcription factor is expressed in
multiple cell types, including hepatocytes, adipocytes, kerati-
nocytes, enterocytes, and cells of the lung (30, 31). C/EBPu
transactivates the promoters of hepatocyte- and adipocyte-spe-
cific genes, which are important for energy homeostasis (32,
33), and C/EBPua-deficient mice lack hepatic glycogen stores
and die from hypoglycemia within 8 h of birth (34). In the
hematopoietic system, C/EBP« is exclusively expressed in my-
elomonocytic cells (35, 36). C/EBPa expression is prominent in
mature myeloid cells, and previous investigations found that
C/EBPu is critical for early granulocytic differentiation. Mice
with a targeted disruption of the C/EBPa gene demonstrate an
early block in granulocytic differentiation, but they develop
normal monocytes (19). Conditional expression of C/EBPx is
sufficient to induce granulocytic differentiation (17). In con-
trast to the essential role of C/EBP« in granulocytic differen-
tiation, the role of Stat in granulopoiesis is controversial. Stat3
is the principle Stat protein activated by G-CSF, with Statb
and Statl also activated to a lesser degree (8, 10). In mice
lacking Stat5a and Stat5b, the number of colonies produced in
response to G-CSF was reduced 2-fold despite normal circulat-
ing numbers of neutrophils (9). Myeloid cell lines expressing
dominant-negative forms of Stat3 (11, 37, 38) and transgenic
mice with a targeted mutation of the G-CSF receptor that
abolishes G-CSF-dependent Stat3 activation (12) demonstrate
that Stat3-activation is required for G-CSF-dependent granu-
locytic proliferation and differentiation.

In the present study, we clearly demonstrate that the expres-
sion of C/EBPa mRNA. is up-regulated through the activation of

Stat3 in response to G-CSF, and the Stat3-C/EBP« signaling
cascade plays an important role in G-CSF-induced differentia-
tion. Contrary to these data, however, we and others showed
that mice conditionally lacking Stat3 in their hematopoietic
progenitors developed neutrophilia, and bone marrow cells
were hyper-responsive to G-CSF stimulation (23, 39). Addition-
ally, mice with tissue-specific disruption of Stat3 in bone mar-
row cells die within 4—6 weeks after birth with Crohn’s dis-
ease-like pathogenesis (40). These mice exhibit phenotypes
with dramatic expansion of myeloid cells, leading to massive
infiltration of the intestine with neutrophils, macrophages, and
eosinophils. Cells of the myeloid lineage also demonstrate au-
tonomous proliferation. These apparently disparate results
may be explained by the need for molecules in addition to Stat3
to regulate C/EBPa expression in vivo, the in vivo functional
redundancy among C/EBPa regulators, or the absence of the
abrogation of SOCS3 induction by G-CSF in 32Dcl3/DNStat3
cells. In 32Dcl3 cells, the Stat3-C/EBPa pathway might be
favored, and other pathways may contribute little to granulo-
cytic differentiation in response to G-CSF. )

Among C/EBP family, C/EBPe is important for late phase of
granulocytic differentiation, and its expression is up-regulated
by G-CSF independent of Stat3 (11). A previous report showed
that C/EBPe is a transcriptional target of C/EBPa in 32Dcl3
cells (41). From these reports and our results, we speculated
that a small amount of C/EBPa is enough for the induction of
the transcription of C/EBPe by G-CSF or that there are multi-
ple signaling steps except for Stat3-C/EBPa to induce the tran-
scription of C/EBPe by G-CSF.
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Induction of C/EBPa led to not only morphologic differenti-
ation but also expression of granulocyte-specific genes (17). In
32Dcl3/DNStat3 cells, the induction of the G-CSF receptor,
lysozyme M, and NGAL in response to G-CSF was abrogated
(Fig. 8). Restoration of C/EBPa in these cells led to expression
of only the NGAL gene, and thus, 32Dcl3/DNStat3 cells differ-
entiated by the induction of C/EBPa may not be functional as
mature neutrophils. In these cells, therefore, activation of
C/EBP« is not sufficient for the induction of lysozyme M or
G-CSF receptor genes, and the presence of other molecules
appears to be required for their expression.
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SZ0hd i aEsEEM L AIuERE U e
5L, BEBHEARERNCEREEEOMEIA
Frhorltichh, zhdAoRBOR S IIH
WA T B, LaEdos TERSE2ER L Al
WEETHARS L) R~ 7a7 v A %
T2, FeMERENLBEEAELTHS LT
L9 cHz, BIREHBRENLEBETFORK
BHETHEMLTwSEIICHATLES, DL
BEREBROMBATOREENLEKIRL TS
bicikil, Bt Ttorear—raro
AR RTWBIZEE vy, 2D Tpopulation shift
SR, L 2 RELTORRABENRBOHBBET
—FREAHTHE LR S,

— 108 —



128 Annual Review I 2006

4 7a7 VA BRETZR, BEEHFOFRD
HEPEROSLEE OB ICHERE I N, B
EOEWERPTEIc 25 LIS s, &4l
EMESMESEICRRENICRRETIREEN
ACI1331) iZEFHL, ACIBRMTE77 4 =7
4 A7 LT MR EERE RS X D&
B EE Y m 2 ML RET BN EHE
Blast Banky %BiIAL 7. 20044 12 BHRETT
TIZ Blast Bank % > 7 V% 60041 % 48 2 T
BY, #biiaos 2 ssx7alda s ELT
EHFRRAR L WA B 1210

TIE BRI Blast Bank % FVTHIMWE DO T
BN HEIEIBE LA LS, rize b
BB FPEBINZDNARA 707 LA 2H
WS THEHE AL 2208 % 5200 - AML B 66 Bl &
BEACI33B I D W CEBTFRE a7 7
ANT—=F 2/, Thse6floBE el
IR K o TRAEM (complete remission:
CR) WEBEL ZEMIZS51HB Y, D 15611FE
fREARB L 72, BE GHIE1IEMAIAER
BELTED ZDLDOTTFRARRII VTR
%, ZoWEHLEEEICR LB LRl L 7

P &
i -

ailure

st dimension

BEOHTITEBEFRAI 707 7 A VIZE) DT
HHIP? ENRBEET 5004774 T
o7a—7%y b (343THEEDEEFICHY)
DORBEF—%h, W/ N — 7 CREPERICE
ROBEBFEREOCHEL, IoichkltdbELs
DT N—TTRREVCFEERE R TEIR T2 A7
J—= v Ll 25, RN 0 EEDE
EFPRoNT. BonlEBETORR 077
ANEZNENDBE ORI b TR, &
72 bDb %\, Z I Tcorrespondence
analysis 19 I k- T, Zho 0EEOREE
N = o2 ROART 2 EERE 07
7ANEIFEEMHL 7 (ThbbRENLKE
BN — vz Tz lf 5 R 3
ERR L7z Licie ). o RIEEET IFEE
UL UARBZEMICEY Y TR RE L D)
M4ATH 2, % DFREIRGE O L ITBERY
FEG & SRR & 2R AR R AT E ST L
THET LI E8bh ok, WWRZ 2 LlI L
—7IEBETRAT 07 7 A VOHE TR E R o7
ENIET 507,

D &) HEM EOMNBEIZEETRICV VL

oL 1

: POV FUVEE SN VR MUY YO NN N S S N TR YR |
0 200 400 600 800 10001200140016001800
Time(day)

4 AC133BIEEIERWCTRTE CUEl16 & hiE)
A ALSEERRI L B WEIEREAIRI U B (CR) L &ML 728 (Falure) & OBTEERICEEED
BLrBET2A7V—=v /L, ZORBIU 774006 RE\ENLbOZIBERE LKL Zhe Y
v7 74N EORBEERICE ST IV EERICEHE L L 25, CREEL Faillure & B % -
BB, B RBEHEO ZEoMEN 03K (FO) 2L Rt 2ick-oTEEL2S

L, %®F#% Kaplan-Meier 75 CHIE L 7z,

— 109 —



UL EIERF—4 <4 707 LA B & 2 et aiEo PREFORE 129

TWBEDTHAHHI? HIAZ LR TAHS
L, BEY YV ZE ETRbBOOBINT
WA I Ehhd, FITERMOREERETD
28k EOMEDS— 03K — 03B E»ic ko TR
EL 2B AV, ZoRMEMGTH R Kaplan-
Meier i & o THEHT LT A, KI4B THS »
EIKMEIIRES FEBRLE S 2 EbD
5. L bka i HiEcPREEERTFER DA
AERER, BHEEOEETORNEEZNET 572
JCTEREOENTHRE TR L FTHS )
2ot 18 s o FREEEG L,
B OB BERAZERIC & % BT CRIE & #1172 100 S
PLEOFREEERFRICHTHS D icdi
v, flifb L Ml R E LTI A 2 8T
{LiERR EIc kB ) 4 A0MER L, PEOBET
TFEFRRIC R oD TR ZVIEELON
%,

oge

DNARA 707 LA DBZOFHMEDARTIE
H - Et SR O 205 0, HEWE
Wi ERERICRA Y L oERAENAYICH 2
Db BRI o, B ATy
=7 FOREIR, BEILE-TELOTEE (b
DR BIERY VY —ATHD, ZOEHEHR
(L2 B BERIZE DI wTH B,
BT LHODNARA 77 LA WEEDY R T A
iz wd, BEEREcE Y ABROMEE
BRI L CDNAYA Z7a7 LA 28258
MIFEL 2\, EBEOERIH - Tk TR
HFERHBIC & > TRIZIHS I LDy %
BHREICREICE X, ZD00RIE LTS
0—F 2R TEIENEETHSY), DNA R
47074 YATLARBRICTYA v EN/E
BICEWTDOR, ZOELOTHVAI Y-
THHEZHRET L LEIONS,

SR

1) International Human Genome Sequencing

Consortium. Finishing the euchromatic sequence of
the human genome. Nature. 2004; 431; 931-45,

2) Dhanasekaran SM, Barrette TR, Ghosh D, et al
Delineation of prognostic biomarkers in prostate
cancer. Nature. 2001; 412: 822-6.

3) van‘t Veer LJ, Dai H, van de Vijver MJ, et al. Gene

expression profiling predicts clinical outcome of

breast cancer. Nature. 2002; 415: 530-6.

Rhodes DR, Chinnaiyan AM. Integrative analysis of

=
Rassd

the cancer transcriptome. Nat Genet. 2005; 37 Suppl:
S3L-T.
5) Grimwade D, Walker H, Oliver F, et al. The
importance of diagnostic cytogenetics on outcome
in AML: analysis of 1,612 patients entered into the
MRC AML 10 trial. The Medical Research Council
Adult and Children’s Leukaemia Working Parties.
Blood. 1998; 92: 2322-33.
Bennett JM, Catovsky D, Daniel MT, et al.

Proposed revised criteria for the classification of

=

acute myeloid leukemia. A report of the French-
American-British Cooperative Group. Ann Intern
Med. 1985; 103: 620-5.

Yagi T, Morimoto A, Eguchi M, et al. Identification

=

of a gene expression signature associated with
pediatric AML prognosis. Blood. 2003; 102: 1849-56.
Bullinger L, Dohner K, Bair E, et al. Use of gene-

[ee)
==

expression profiling to identify prognostic
subclasses in adult acute myeloid leukemia. N Engl
J Med. 2004; 350: 1605-16.

9) Valk PJ, Verhaak RG, Beijen MA, et al
Prognostically useful gene-expression profiles in
acute myeloid leukemia. N Engl J Med. 2004; 350:
1617-28.

10) Miyazato A, Ueno S, Ohmine K, et al. Identification
of myelodysplastic syndrome-specific genes by
DNA microarray analysis with purified
hematopoietic stem cell fraction. Blood. 2001; 98:
422-1.

11) Hin AH, Miraglia S, Zanjani ED, et al. AC133, a
novel marker for human hematopoietic stem and
progenitor cells. Blood. 1997; 90: 5002-12.

12) Tsutsumi C, Ueda M, Miyazaki Y, et al. DNA
microarray analysis of dysplastic morphology
associated with acute myeloid leukemia. Exp
Hematol. 2004; 32: 828-35.

— 110 —



130 Annual Review [ 2006

13) Ota J, Yamashita Y, Okawa K, et al. Proteomic 15) Fellenberg K, Hauser NC, Brors B, et al
analysis of hematopoietic stem cell-like fractions in Correspondence analysis applied to microarray
leukemic disorders. Oncogene. 2003; 22: 5720-8. data. Proc Natl Acad Sci USA. 2001; 98: 10781-6.

14} Oshima Y, Ueda M, Yamashita Y, et al. DNA 16) Mano H. Stratification of acute myeloid leukemia
microarray analysis of hematopoietic stem cell-like based on gene expression profiles. Int J Hematol.
fractions from individuals with the M2 subtype of 2004; 80: 389-94.

acute myeloid leukemia. Leukemia. 2003; 17: 1990-7.

— 111 —



B 2, H W A B R

— 112 —



—
EIE

Prognosis prediction based on gene expression profile

H ST

Hiroyuki Mano
BIRERIRZEY 7 LIEHERTIRES

OF TIREE G 2BEFFEALLEY DNREICSWTE, ZOBEBETFOREEE RT-PCRETEET 2L
I &V ERIBE S £ CBEOFRHUESTLEIC AU DDH 5. —7, HEHTEAL U > /SEIC BT, DNA
24 7a7 LA EBAVEBEOBIMESH LV L ENFHFRAEE LUTGER SN TS, DNA 71 70
TLAERWAZ L CRF~HABAOERETOREE s —EORRTHELPICTEIENTEBY, 2hb
WALREF -2 0arr 5 BEOBBERCH - RIFRICY 7 LABETERAET 5 2 L REME S

ﬂ'(ué.'_

Key
iw#d}

EBMreal-time RT-PCRi%, & E5EE, DNAYA 207 1, BIcFFEREIOT 71U

t(15 5 17) 26T % 20 EHRE Qs 2
DIREBETFEVEENE LA -V 5 VAL
FIAVBICE > TERBEAFRBLRIL, £t
(9; 22) BT BB AIFEL, LX) 20
JFREGETEDEENE L ST KL > THE
RIZHILEEFNERICEATE R L1, »
G RN HAL O R DS IRIR - PR TFENCER
LTwa 2 ERWHBIRL TS, Lo T,
WHO 12 & 2% L\ HIFESHEE S JIKEEF I
Y 2ENERERLEDDICESRY,

—F, VVSHEDFERX DA LG EEAE
nR% L, RREBETEREPHLPICE -T2
DELT, Ovv bLiiflay v BB S
cyclin D1 @ &7, @uElEMEY v BB %
BCL2 DEFHE, @U F AR Y > 3@
17 % BCL6 OEFEL, @R MIEIEY >3
Bz 817 5 NPM-ALK @A 8B T OB, X
U, ®MALT Y v o8 JEIc 81 5 API2-MALT1 @&
BETFOHERLERDIToNZITELR L, Lk
230 C, BTN voEOREBSERAIZS D
BRI L ELBRETH D).

WRDBH I N TOB5G1E, 2 DRFEEME
BTFHBVIGEBETFEVORELERT S I L

T, WREOBRELXUOBELEOFHB TR LICE
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HELED I 6 2B, 2Dk %7 7
U—FIEAARETH D, R TIE DNA v A 70
TLADED Y —NVEHEIN TS, I
BETREOTEERE, oo,
MBIENT, 70—Y A b A= FRITRE LA
HbaANB I ET, FEEOFEHEFINCEELRE
2RI TEFREIND,

o BBEGFORRTE

1. w2 MIVifliRY 2 /\E

eV PR YD S i t(11; 14)
(q13; q32) D 6115, T OYEEERED
FEER, BT v [oH S T DRSS
2394 20~ DI(CCNDI) Bt L AL, B#&E
DEEGETHEEFET 2L L2k %, CCNDL 3%
RN GLEIA 20 v Thbh, ¥4 270 VikE
%+ —+ (CDK) 23k 3 ¥ 5 & & ciflfig/ai
GLEINS SHICBFIES. < MY
VBBV TIZ CCNDI DFREBEFRD 3 >
=5, GHD7RE—F—Z NV
Y — I ko CEHIFNOEE LS S 2 L Tciliflao
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1 U SEEEEIC 5T Boyclin D1 mRNAL N

VTR & b W)

HEAB I REY ¥ H @ L (normal/
hyperplasia), 181 M [IMEE & O Y » 8k
Y~ A JE(CLL/SLL), = v~ P Vil y v R JE
(MCL) B & ' % OB ##HA (in remission), X 5ICZFh
Mt B U 88k #:9E Hodgkin V) 3 (B-NHL-
other) DEHREIZ D V> TEEH real-time RT-PCR ik
#1{T\, cyclin DI cDNA & CDI9 cDNA D% 7y
FL %,

BEEBEENI oINS ETFHRIN TS,
CCNDI1 #'5. D RFEIE AL D ) v T
EALEDENT, = v MHIIEY v EDER]
ZW EZX LD TEETH L, & IR Vo fED
EmPRIZE WD, CD5YY v SEOBNT L,
CCND1 DRI AHHEDORIETE VR L .

I % T, CCND1 @3 B3HL CCND1 ¥tk z M
7 BRI Lo THES N B Z &8
%otz LirL, CCNDI EHOREMEITHW 3
PRic k> TELELTH D, EEIZERN RT-
PCR %2 & > T CCNDI mRNA % EHEHET 2 Z
ERASNBE LI o7, Hu I EEDN
PCR 3T ® % real-time RT-PCR iz Xk b »¢ 5
7 4 VEIEY v EikR D CCNDI mRNA DEE
21T, OBEAEERE L OHRKE 2175 ¢
VWA, ZO0REE, mRNA ERIE RS g
ik L ABREM LOMHBRELE TS I EDHS
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DT 0722, CCNDI mRNA OERBENEIC v
FOVHIREY v oS IEICRRETHIUE, AR
HE 23 B I U TR L 2o W SRR BB i e 7
ExEh e LTd, MEEDOZETREClXZ v
PEFHEENSG, ZZ T Howe S, TNk
U v oS Ei DA O ERR B 12 8 > T RT-PCR 1
X b BEER R CCNDI mRNA Bifnz i %
I\t L 7%, CCNDI mRNA & CDI19 mRNA
tomlthE7Tuy FLAEEZA E1ICRENB L
BO =y VIR Y o8 ER RN ERHER S
Nz, Kk, BEkans L CEBOERED
BTEbOTIHBRARDY vl REE L 2
HEEIC T2 EHIRF S NG, L2bB1icdh 2 L9
2, ZOHPEMIZY v SR OB IS
TLTED, KEMEHCERETY VA BDIE
FEEZ 740 —CE 5 HENRB I N,

2. MALTY »/\fE

—E DT ISR TIE, Y kiR EE D
TR, BEERENZMAEETPEL 2. fliaE
B IEBRMBEMAMC I FEL B Wnwizd, Z0KR
S D EHEEDEVBHIE L 7 5, Bk
VRIBIZBIIEMABETFELELT ZhET
MALT U > RJ#Ic 81 3 APR2-MALTI & #5951,
KAL) > oS ED NPM-ALK 23F15 41T \» 3,
A1 t(11 5 18) (p21 5 q21.2) D, #BFHIZ t(2:5)
(p23 ; q35) DYBEREEDRER ZNFNEL 2 b
DTHDH, Tk Z21E, API2-MALTI @& 8ET I
AP BEFOR 2 EORANC S T ALE CHIH A
AU, B TORAOEN T MALTI BiEFI26
T2, Lo, ZolafuzikbEc
API2 cDNA ki 5 -794 <—%, MALTI cDNA
L3 -7 94 v —%RETIE, BiAEE T
2B CDNA DA FMIET 5 2 L3 CE S, EE Liu
SITREBIAM &L DFEEL 72 RNA %2 b &2 cDNA
ZUEELL, Bheibhio 5" fl, 3 Mz nFhuc 2 ff
D754 <v—"%HELT7 nested PCR % 1T
A& cDNA D (RT-PCR) 217> 729, #5113
100 AfEAFIC 1 L2 EE L 2w EEMES - o
FETHRHAEEZZ LEZRLTED, EbOTH
BlcZWralggel t2WHsLI LR L
nested PCR O 7 — % BRI TII RS 222 &
D3% ).
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2% 91% 2% 5%
1805l 2048 l 2303 l l 2345
[ [ Janc] ]

MALT{-2 MALT1-1

MALTY

llg i r fgzzil [ Vyfcéspasé", 3

T 715T 991TT1018

12% 35% 34% 19%

2 API2-MALT1EA&EIEF CTBRY X b )
AP BfEF & MALTI BEFOEAENOMNE & (11 18) 12 81F 3 £&EF o Yl b
ZRAICAT (HVIMEOEE D % CHRT). I oUIiHEEir X 51 API2 (DNA ¢ 2 H
T (API2-1, API2-2), MALTI cDNA LT 2 A7 (MALT1-1, MALT1-2)Ic 75 A = — % 8

L, RT-PCR {77z,

D LED, REFREOKE, RAEET
DI % A I OB 2 W ST RS e A
3. L2 L, TRETOL I ARAEEFINES
Bl o U VIR D L ABISMGTH D, %<
DEA GBS FMEROBE $ A k> T 5 H
ODNEEEETFOXEBEB ERET20HRTHS. =
D XD e, BETORERE E R HE
TEZENEBEILA DA, Y v ERER N 5
BRERTLILREHTIRAY, J0L) R
Brid, B BB TTHE 2 long-distance PCR %
o, MELay 7 2BEERIET 5 b 6%
THBY,

%&@ﬂ%ﬁ?@%ﬁ@%——mmv4an
7oA

1. DNAY A 707 L A O H&

%L DY U REFCERRBERAHTHY,
BIED X ) I HEBEETF ORI TEED
FRFMEITH 2 LIEATRTH S, 22 T
BACHEZINE X 51257033, DNA <A 7
07 LA 2 HREEE TR CH 3.

DNAA 2707 LA BAF4 NI 5ED
HED iz cDNA, $ 2 WidBEFHEO LY 2
RIVAFFEBEBEIRBELZbDTHD, R
74 F LOBT-5 o BT B T ORI F
REZ—EOERTHENT LI LBTEL, F—
FR—2 LICHFET A FOSEBEFEEHEL
7oDNARA 77 LA ST CICHRENTED
(77 4 X MY 7 2%, HG-U133 GeneChip® 7

), INLOEEEDNA VA 7a7 L4 2H0
BLET, 2 FEEBETORARPLE
DIRBI (B 2 WIZEEA) EHBEL, HLVwTE
THEZHARE T2 EHHHETH S LTI

L,¥DNARAZur7LfickoCBonsk
BRF—F 2R CRBOSEARICH L WiER%
HBATHZELFHENS,

T, EFICDNA A4 70 7L A ZHWTR
Ry P ENTEEFRHOMM A EHBBIcEBT
LRBOEAE BT 2EREZEZTHED. #
kA EB»SZENFNmMRNA ZRHL, 7V
dT 794 = —%EAS 2, TONEEEES
MATHIEA L BZhFiho cDNA % EHT 3
DI THBH, A D DNA 26K T AR IZ%
HetaFE Cy3 MHGA L7 dUTP 2L, cDNA i
Cy3 ZHUDiAZEY %, FkIC, flfk B @ cDNA %
BT B BRICIE Cy5-dUTP 2 %M L T8
Cy5 ZMUDIAFE 2, ZDHEE, A & B D cDNA I
Hp o 7P R D emission light 2 E T 3 & 66E
THEE SN it b, CTho25RBEAL,
SZIEEDCDNA 24 707 LA & hybridize X
T 2biITH Y, ZDREE, Cy3 E#k DNA &
Cy5 #i# cDNA 13, ARy b LOZBEFOMMG
AL BUIBWZHEABDOLIZIGL BTAEY b
KHET5. 2ODNARA 707 LA %L —3—
TS T 5 &, Cy3 IdfkfE, Cys ldtaniits
FT B, HEARY  LOBEGETHHEEEA O
ALFEBRL TwiUdREaoA Xy bk, BD
AICFEBLL TOUEROD ARy &7 %, £,
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3 DNAF v T7DRAF v »E{E

cDNA v 7% 2% v > LEHEERERT, 2 EHD
G P HELE DNA 222 h Cy3 & Cy5
DEHLETERE L, EE LT hybridize L7z, Cy3
R cDNA 2B b IcHA L ARy P ke, Cyd
B cDNA SE ISR L2 ARy FidRE, WE
MIFFEEERSL-ARy PEEBTRINS,

I B W TIREFRICREL Cw 2 EETFD
BEREAOARY PELTAZE(E3I).

COXIRLTEARY FEBITHHAEDR
WMELHETZ LT, FRFOALRY bk
OEBEFOREY » VBB 2 RRENERE
TES. 1MDDNA <A 707 LA RT3 T~
WHED DNA WA PIEEINTE D, 1 EOE
Bo I o8 0B TFORBHREZ TUFEIIC
B TEBDTH 2,

2. UEAMKHREY > /NE

BY U AEREEOTE AERMAEILY v E
ik, HEDOBEKE T » L bEEEERT 23
Hodgkin U ¥ (DY 78 4 7 Ch 5. FEER
LIFLIE CHOP LR ETP VY P I A 7Y VR
MEIE L E L LHREDERICH 203, BE
o ER ORI EREEDETLOLS
V>, Alizadeh 5%, DNA A4 77 LA 2T
VAR Y > D 20 THIERD L v T
HBRFRE L THNEEEE 2R3 % ARk 2 et
LD, CoBWOkoll, FTEETLB YV
NERB X OAMEEMRY v (D DNA 4 75
) —2 51547 cDNA 7% £ 5T 17,856 BinT %
ARy P LEARY LTy TRABL, VEAME
KAL) v SHE, JEAEHEY v o)0E, B X OEE
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all patients
1.0 fgrmmmmmmm oo
i
!
] F—t  GCBlike
: LLLA I I
: 1 i
= : (19 patients, 6 deaths)
g 0.5 oo
e 1
Q.
. activated B-like
,,_H_i_ ,,,,, ..]..
(21 patients, 16 deaths)
p=0.01
0 . . . . ;
0 2 4 6 8 10 12

overall survival (years)

4 VEAMKHEBEY L /NEOFHCT LD

)

U F AMERATIATIEE ) v S EBEEE Y V{0
WEIRERE ST 7 74 050 Wik B U v B
ICHIEA Y — M7= v TVEE(GC B-like) " & “TE
YEBI B V) oo SERIC AL 72 B (activated B-like) 1243t
MEBOEGTFRE2 VI 7L, BEVWERICFE
FRETHD I LIS,

Y U oMEEIIE O BE Y Y 7 v VW T DNA <
A ra7 VAR RT %, i, KO
@EAXLDES N Sl g T, B
Y O A I A iEE L SR B, T U v 88K
REODWTHRE LT 5,

ZOREER, O AR Y v oI i3 EhEt
DB Y v AIRICEBFREEAAY — v HTw 3
BEETEMELB Y v RBRIC T 2N FEET 3
ZEMTREN, LAOWHETTRICARERED
BHONBIEDBHL o, Tihbb, &
ML B Y v SERIC B MflED & 22 5 ) oS EE
Zo 5 FEEFER(16%) 1, WD B Y v Bk
LU= MRED & 7 5 ) VR ERE D Z1(76% ) 1T H
RCEBIECDOTHH(F4), 2D tid,
DNA 74 71 7 LA i & 47 ¢HE Hodgkin B
MWy v RBOH Sy 77N — T EETHE R
CE, L Z2oaEnTREEIcERERER
REZAZLERBRLTED, SBOEROEIC
BIJ2DNARA 707 VLA D6 kAlaEER
ML7bDE L TEERR,

¥ 77, Rosenwald & 1%, 7 X Y 7 National Cancer
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Institute 12 CER L 72 cDNA= A4 70 7 L A
(Lymphochip, # 12,200 fi¥f o & F #E{ETF cDNA
ZEE) & T E AR RAMIIEEL ) v oS8 240
BIDYT > TVICB W TCEBTFRIE7 27 7 4 L%
18728, Alizadeh & 23Res L7 Vbl B U v o8
BRICSEBANR S — v 03U v VB & “TE T
B U oRERICRZ v FOVEE RN T B DR
S0 7 100 FEHOEEFICB Y 2 HRFERE S b LiC
GED24001% 7 5 A8V TTBE, TN
% Alizadeh &5 DRIBT 2 2830 I2E 30
)V— 7" %type 3 subgroup” I S B T E b
D, ERBIN—TOWY 5 FEFRIZNEN
60%, 35%, BLU39%Tho7z. HEHwSN
T & 7o F# Tk (international prognostic index :
IPDVc & 59 77V —70HEE 15 3 BER
THOMIRD D3, BETHRR 9774
VIZTPT A a7 LML L 2 FHRFETH B 2
EWbdrol,

@& BbOIC

BEY Y REDOL K BFERRAHZSHICE Y
T, DNA =4 707 L AIC X 2 ORI
FREPWEOHFEZ TR, FRERKRDOMBEHE
HICHHEHATH S, LhrL, THoDWEDRED
KigzhZno7ay ey ML 2 EEEGE
BT A VBB TH A S,

A 7AT LA LD TRFHEORFIZ, »
HIXIREE D OMBENIZ B 1) 2 R IH 7 E B
Th 2 BIETFIL “WROFHERT 7 — 5" L v

IT AN —HBLUCHRL, R —vHELT
WEBEWZADTIERVWTH A5 D, HiTo<A
7u7 LA KBIRFELEMCTHY, BHL»
L0%, NY—VERBMOBELS LIz, Dk
WEET 2y FTOETES L) IC B LTS
N5, 20D, BRIk h b REOWEKDE
W7F = BEETH S S, —7F, BHREEDBEH
2OITRITOBEEE, WNRERBZY VAHHND
A2 EHRE IOV THEBELZEAQETH
%, 7= 213, Hodgkin JHD Y > 38D k 5 1ok
HEEMIEAZ < 2 50 2 &) igalE, Hicy v
Nz 7a 7 LA CHE L T IERIC 7
EDESOREHTHS ), AROHEENICRS
LB BRFICE 2P vt 7P L4
WX FITD, ES BORFRICART 2 2 L 21
L,
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