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(BM) and can develop de novo or from either myelodysplas-
tic syndrome (MDS) or anticancer treatment [8]. One of the
most robust predictors of AML prognosis is blast karyotype
19,10]. A good prognosis is thus predicted from the presence
in leukemic clones of t(8;21), t(15;17), or inv(16) chromoso-
mal rearrangements, whereas —7/7q—, 11923, or more com-
plex abnormalities are indicative of a poor outcome. Such
stratification is not informative, however, for predicting the
prognoses of patients with a normal karyotype, who consti-
tute approximately 50% of the AML population.

A clinical record of a preceding MDS phase is also an
indicator of poor prognosis for individuals with AML. Ther-
apy-related acute leukemia {TRL) can develop after the
administration of alkylating agents, topoisomerase inhibitors,
or radiotherapy. The clinical outcome of TRL is generally
worse than that of de novo AML [11], and a subset of indi-
viduals with TRL also exhibits multilineage dysplasia of
blood cells. Prediction of the outcome of and optimization of
the treatment for each AML patient would thus be facili-
tated by the ability to differentiate de novo AML from MDS-
related AML and TRL. However, dysplastic changes (in par-
ticular, dyserythropoiesis) in differentiated blood cells are
also found not infrequently in the BM of healthy elderly indi-
viduals [12]. The differential diagnosis among AML-related
disorders is therefore not always an easy task in the clinical
setting, especially if a prior record of hematopoietic parame-
ters is not available.

The application of DNA microarray analysis to AML has
the potential (1) to identify molecular markers for the differ-
ential diagnosis of AML-related disorders, (2) to provide a
basis for the subclassification of such disorders, and (3) to
yield insight into the molecular pathogenesis of AML. In this
article, I review progress related to the first 2 of these goals.

2. Identification of Molecular Markers for the
Differential Diagnosis of AML

2.1. Karyotype

Given that the current classification of AML relies on
blast karyotype, it would be informative to determine
whether karyotype is related to the gene expression profile
of blasts. In other words, is DNA microarray analysis able to
substitute for conventional karyotyping?

Schoch et al performed microarray analysis with BM
mononuclear cells {(MNCs) isolated from individuals with
AML and compared the data among the patients with
t(821), t(15:17), or inv(16) chromosomal anomalies [13].
Each of these 3 AML subgroups was found to possess a dis-
tinet molecular signature, and it was possible to predict the
karyotype correctly on the basis of the expression level of
specific genes. The leukemic blasts of these subgroups of
AML. manifest distinct differentiation abilities, however.
Blasts with t(8221) remain as immature myeloblasts, those
with t(15;17) differentiate into promyelocytes, and those with
inv(16) differentiate into cells of the monocytic lineage. The
overall gene expression profiles of these 3 types of blasts
therefore might be substantially affected by the mRNA
repertoires of the differentiated cells present within BM. It
remains to be determined whether such “karyotype-specific”

meolecular signatures are indeed dependent on karyotype or
are related to French-American-British (FAB) subtype (dif-
ferentiation ability).

The gene expression profiles of BM MNCs derived from
alarge number of pediatric AML patients were examined by
Yagi et al {14], Clustering of these patients according to the
expression pattern of the entire gene set resulted in their sep-
aration into FAB subtype-matched groups, indicative of a
prominent influence of differentiated cells within BM on the
gene expression profile. It may nevertheless prove possible
to capture bona fide karyotype-dependent genes from large
data sets with the use of sophisticated bioinformatics
approaches and then to use the expression profiles of these
genes for “pseudokaryotyping.”

Virtaneva et al purified CD34+ progenitor cells from the
BM of individuals with AML and compared the gene expres-
sion profiles of the patients with a normal karyotype and
those with trisomy 8 [15]. They also compared such AML
blasts with CD34* fractions isolated from the BM of healthy
volunteers. The use of CD34* (immature) cells for microar-
ray analysis would be expected to reduce the influence of dif-
ferentiated cells within BM on the overall pattern of gene
expression. These researchers found that the AML blasts dif-
fered markedly from normal CD34* cells in terms of the gene
expression profile. However, the blasts with trisomy 8 did not
appear to differ substantially from those with a normal kary-
otype. It is possible that blasts with a normal karyotype or
those with trisomy & are too diverse to allow identification of
distinguishing gene markers.

2.2. De Novo AML versus MDS-Related AML

Although dysplasia is the diagnostic hallmark of MDS,
such abnormal cell morphology is also associated with other
conditions, and the subjective assessment of the extent of
dysplasia suffers from the risk of variability from physician to
physician. It is therefore desirable to identify molecular
markers that are able to distinguish de novo AML from
MD§-associated AML. It is also important to clarify whether
de novo AML and MDS-associated AML are indeed distinct
clinical entities or whether they overlap to some degree.

Although DNA microarray analysis is a promising tool
for the identification of such molecular markers able to dif-
ferentiate de novo AML from MDS-related AML, a simple
comparison of BM MNCs for these 2 conditions is likely to
be problematic. The cellular composition of BM MNCs dif-
fers markedly among individuals. Differences in the gene
expression profile between BM MNCs from a given pair of
individuals may thus reflect these differences in cell compo-
sition [16]. The elimination of such pseudopositive and
pseudonegative data necessitates the purification of back-
ground-matched cell fractions from the clinical specimens
before microarray analysis.

Given that de novo AML and MDS both result from the
transformation of hematopoietic stem cell (HSC) clones,
HSCs would be expected to be an appropriate target for
purification and gene expression analysis. With the use of an
affinity purification procedure based on the HSC-specific
surface protein CD133, also known as AC133 [17], we have
purified CD133* HSC-like fractions from individuals with
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various hematopoietic disorders, and we have stored these
fractions in a cell depository referred to as the Blast Bank.
With such background-matched purified samples, we
attempted to identify differences in gene expression profiles
between de novo AML and MDS-associated AML [18]. To
minimize further the influence of differentiation commit-
ment of blasts toward certain lincages, we used only Blast
Bank samples with the same phenotype, the M2 subtype
according to the FAB classification. We thus characterized
the expression profiles of >12,000 genes in CD133* Blast
Bank samples from 10 patients with de novo AML of the M2
subtype as well as from 10 individuals with MDS-related
AML of the same FAB subtype.

Selection with a Student ¢ test (P < .01) and an effect size
of =5 units for discrimination between the 2 clinical condi-
tions led to the identification of 57 “diagnosis-associated
genes,” the expression profiles of which are shown in a “gene
tree” format in Figure 1A. In this format, genes with similar
expression patterns across the samples are clustered near
each other. Patients were also clustered in this tree (2-way
clustering) on the basis of the similarity of the expression
pattern of the 57 genes (dendrogram at the top). All subjects
were clustered into 2 major groups, 1 composed mostly of de
novo AML patients and the other containing predominantly
patients with MDS-associated AML. Each of these 2 main
branches contained misclassified samples, however, indicat-
ing that simple clustering was not sufficiently powerful to dif-
ferentiate the 2 clinical conditions completely. Furthermore,
this analysis might not adequately address whether de novo
AML and MDS-associated AML should be treated as dis-
tinct entities, at least from the point of view of the gene
expression profile.

Decomposition of the multidimensionality of gene
expression profiles by the application of principal compo-
nents analysis [19] or correspondence analysis [20], for exam-
ple, is often informative for such purposes. Application of the
latter method to the data set of the 57 genes reduced the
number of dimensions from 57 to 3. On the basis of the cal-
culated 3-dimensional (3D) coordinates for each sample, the
specimens were then projected into a virtual 3D space (Fig-
ure 1B). Most of the de novo AML samples were positioned
in a region of this space that was distinct from that occupied
by the MDS-associated AML specimens. However, 2 of the
former samples were localized within the MDS region. These
results suggest that de novo AML and MDS-associated AML
are distinct disorders but that the current clinical diagnostic
system is not efficient enough to separate them completely.

Instead of extracting a molecular signature from the
expression profile of multiple genes, an alternative approach
is to attempt to identify individual gene markers specific to
either de nove AML or MDS-associated AML. We used the
Blast Bank array data to identify MDS-specific markers,
defined as genes that are silent in blasts from all de novo
AML patients but are active in those from at least some
patients with MDS-related AML [16]. This approach resulted
in the identification of a single gene, DLK, that matched
these criteria. DLK is expressed in immature cells [21] and is
implicated in the maintenance of the undifferentiated state
[22]. Selective expression of DLK in MDS blasts may thus
contribute to the pathogenesis of MDS. Increased expression
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Figure 1. Correspondence analysis and 3-dimensional (3D) projection
for differential diagnosis of acute myeloid leukemia (AML). A, Two-way
hierarchical clustering for 57 disease-associated genes and 20 patients.
Each row corresponds to a single gene and each column to CD133* cells
from a patient with de novo AML (blue) or myelodysplastic syndrome
(MDS)-related AML (red). The expression level of each gene is color
coded, with a high level in red and a low [evel in green. B, Projection of the
20 specimens from (A) into a virtual space with 3 dimensions identified by
correspondence analysis of the 57 genes. Patients with de novo AML
(AML) were separated from those with MDS-related leukemia (MDS).
C, Projection of specimens from patients with de novo AML without dys-
plasia (AML) or de novo AML with multilineage dysplasia (MLD}intc a
3-dimensional space based on correspondence analysis of differences in
gene expression. The dendrogram in {A) and 3-dimensional projections in
(B) and (C) were constructed from data in [18] and [28].
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of DLK in blasts from individuals with MDS has also been
demonstrated in other studies [18,23].

Cell fractions other than CD133* cells are also potential
targets for microarray analysis. Pellagatti et al chose periph-
eral blood neutrophils to investigate the gene expression
profiles of MDS and MDS-associated AML [24]. They iden-
tified genes whose expression was dependent on MDS sub-
type. Given the high activity of ribonuclease in neutrophils,
however, it is important to confirm the reproducibility of
expression data obtained with these cells.

2.3. Dysplasia

In addition to the dysplastic blood cells associated with
MDS, prominent dysplasia is apparent in certain individuals
with de novo AML for whom the possibility of a prior MDS
phase can be excluded [25,26]. Such de novo AML with dys-
plasia has a poor outcome with conventional chemotherapy
[27], as does MDS-related leukemia. In the revised classifi-
cation of AML by the World Health Organization [8], an
entity of AML with multilineage dysplasia {AML-MLD)
has been propoesed; this entity probably includes both de
novo AML with dysplasia and AML secondary to MDS.
Whether such an amalgamation has clinical relevance awaits
further studies.

To clarify directly whether de novo AML-MLD is indeed
a clinical entity distinct from de novo AML without dyspla-
sia, we searched for differences between the transcriptomes
of CD133* cells derived from individuals with diagnoses of
these 2 conditions [28]. We attempted to construct a 3D view
of the samples with the coordinates calculated from corre-
spondence analysis of genes found to be associated with dys-
plasia (Figure 1C). Most cases of AML-MLD were separated
from those of AML without dysplasia in the 3D space. In
contrast to the prominent separation power of the first
dimension in Figure 1B, both the first and second dimensions
substantially contributed to separation of the sampies in Fig-
ure 1C. These data indicate that de novo AML without dys-
plasia can be differentiated from de novo AML-MLD on the
basis of gene expression profiles,

3. Stratification of AML
3.1. Analysis of BM MNCs

Given that the current classification of AML is not suffi-
ciently powerful to predict the prognosis of each affected
individual, it is hoped that DNA microarray analysis will pro-
vide a better stratification scheme to separate AML patients
into prognosis-dependent subgroups. To this end, Bullinger
et al isolated MNCs from either BM or peripheral blood of
116 adult AML patients and examined the gene expression
profiles of these cells with DNA microarrays harboring
>39,000 ¢cDNAs [29]. From the data set, they then screened
“class predictor” genes, whose expression was correlated
with the duration of patient survival. Class prediction based
on such genes separated the patients into 2 classes, and long-
term survival differed significantly between these 2 classes
for both the training set (P < .001, log-rank test) and the test
set (F = .006). This expression profile-based classification

also separated AML patients with normal karyotype into 2
classes with distinct prognoses (P = .046). Although the num-
ber of genes used for the class prediction was relatively large
(n = 133), these data demonstrated that DNA microarray
analysis is able to predict the prognosis of AML patients in a
manner independent of karyotype.

Similarly, Valk et al measured the expression levels of
approximately 13,000 genes in BM MNCs isolated from 285
patients with AML [30]. Unsupervised clustering based on
the gene expression profiles separated the patients into 16
subgroups. The prognoses of patients differed among these
clusters, but whether the ability to predict prognosis was
independent of karyotype was not addressed.

The gene expression profiles of BM MNCs from 34 pedi-
atric AML patients were compared for those individuals who
maintained complete remission (CR) for >3 vears and those
who failed to enter initial CR [14]. Thirty-five genes were
identified as associated with prognosis and were used to sep-
arate the individuals into 2 groups. The difference in survival
between the 2 groups was again statistically significant (P =
.03), although whether this approach was independent of the
current classification system was not addressed.

3.2. Analysis of Purified Fractions

As described in section 2.2, microarray analysis of purified
fractions is likely to be more accurate than is that of BM
MNCs for the extraction of prognosis-associated molecular
signatures. We have analyzed the expression intensities of
approximately 33,000 genes (likely representing almost the
entire human genome) in CD133* HSC-like fractions iso-
lated from 66 patients with AML who received standard
chemotherapy. Of these patients, 51 individuals entered ini-
tial CR, whereas the remaining 15 failed to do so. Compari-
son of the data set for these 2 classes resulted in the identifi-
cation of a small number of outcome-related genes
(Yamashita et al, unpublished data). Principal components
were extracted from the gene expression patierns, and the
patients were projected into a virtual 3D space based on the
coordinates obtained by correspondence analysis. Individu-
als who entered CR were separated from those who did not
(Figure 2A), indicating that the gene expression profile of
leukemic blasts indeed differs between AML patients who
respond to chemotherapy and those who do not. In this
analysis, the separation of the 2 groups of patients was
achieved mostly in the first dimension. We therefore sepa-
rated the patients into 2 subgroups according to whether the
coordinate in the first dimension was <-0.3 or =-0.3. The
individuals in the latter group lived significantly longer than
did those in the former (Figure 2B). These data support the
feasibility of a novel stratification scheme for AML based on
the gene expression profile.

4. Conclusion

Newly developed genomics tools allow global assessment
of mRNA levels, DNA copy number, or genomic polymor-
phisms. Among these tools, DNA microarray analysis has
proved highly successful in studies of human specimens, not
only from individuals with hematopoietic disorders but also
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Figure 2. Stratification of acute myeloid leukemia (AML) on the
basis of microarray analysis of gene expression. A, Projection of 'speci-
mens from patients with AML who underwent initial chemotherapy-
induced complete remission {CR) and those who did not (Failure) into
a 3-dimensional space based on correspondence analysis of differences
in gene expression. B, Kaplan-Meier analysis of the subjects in (A),
revealing significantly different prognoses for the 2 classes with a coor-
dinate in the first dimension of <-0.3 or =-0.3.

from those with solid tumors or nonmalignant degenerative
diseases. Insight into many more human disorders is likely
soon to be provided by such global profiling of gene expres-
sion. It is important to bear in mind, however, that DNA
microarray data are prone to contamination with pseudopos-
itive or pseudonegative results. The efficient characterization
of AML thus appears to require optimal purification of tar-
get cell populations. Provided that experiments are designed
carefully, DNA microarray analysis is likely to shed new light
on the molecular pathogenesis of AML.
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1 x 1088 CD138 B tEfifa % FACS o & o THl
T2 DRRMHLET 2. ThIZETRAY
— X% 7 A% REREEOMIBOMALD 18
LI EIRT i Ch 5. BAEY—XH T A2k

AHRREALOREL R LIR T, b R IERET

BT HEEEOFEEMNC F CD138 Bz
L8% LAFEL 2%, [ LAEH#E MNC £ #ifk
%7 AT B & BT CD138 B PEMAL 94.9%
DELHTHEORWERMRSHEIELhE 0
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MNC cDh13s*
(= (=]
(== @
(=32 (=18
P~ P~
8t af
o S 1.8% : 0ol 94.9%
S ot Sol
22 1 og
O g i M O &t M1
st 8 :
=3 =44 .
o L bl ey o o) ol L
0 10" 102 10 10* 10° 10" 102 10° 104
CD138PE CD138PE

E1 cD13sBitimsansit
B L 0 BMER (MNC) kL, E5KHCDIEERRHVHE
KY—ZXH 951250 CDI3R MM (CD138*) ZHfLL 7. W
mizat LT FITCREAHCDI38HMkIC K 2 FACSEHF 24T o 72 A b
X5 AEFT. TRAENIZEIT S CDIBEMAROBSDUTRLT

H5.

THhhH., AFTEOFA MAY YERE Wright-
Glemsa e IZTHERTI L, HHELEERRO
AN b SN T VA Z ERER IR

C. #RMEHEOHEN

1. REIFOTILHT 24T TORR
Magrangeas &, 88FlOMMBEEB L UoH
OEERREEARE (plasma cell leukmia: PCL)
BESML O CDISHERERREEELL, &
Fr TN E O REEMR L cDNARER LT
AZAAL FODNA=ZO7 L4 (5376815
F)and FUF AL X8R0, BohilE
TRET27 7 A AVEMMOREREI DT
vORTIA THTREL TS, LEREEL
Fyu7) vHgGThHirdbo (486 kigA (21
Bl) EThEEL, WEZRNTARE SO 774
NELOBEFHAMHU LA, ShbizidEs
7Y yHERETETTCEL, GATAGR
LKF1 % 0iEERTF, F7:BRCA1FEOHAMEH
BEFIEEIN TV, Fhihod 7y 47K
FHRETE Y PCBIARETFRANSY -V O
FEEL»S, ¥ T VORBHEERTS L
Bence Jones protein ¥ 4 7O MM B &L 1gG,

IGABERWTFRELRESHIORE V-T2
BET 2 Edbhoi.

FEoREASNLRETT) YOLED
BTF AL TICLBHESTo TS, IHEE
MM &k HEAER L DM TRAZCRY BH L
BIEFEMBLZEDA, cHELSMMMARIZ
BWTMIPl« 1V, TGF g3, BMP2 2 L0 E 4
HICBRT 2 /IETFHAFENIIRALTWAS S
EARERS. —F, ASIE T TGE g%
KT 5 LTEBPAREFAUFRMICRRT A2 &
AR ENT (ED). oI MM TES S
NELD 5 4 TIREBICEREOEEEVRL
BUEEM NIRRT 5. 22 TN S LSRR
GEFORATa 7 s AN ERICEEY VTV EE
Uz, REEEZERTLE, H2IFSRE L
HBRENREDBET I NOE T AME
EF VTR, —F, BREYPEERS
FEH IV OEL Gk i V=TI ENE D
EVEEPIIR o, TRETLLEDY TS A
THEMMEZIIBYABRROBEILY ¥ o3
5 & OBEREEI D - 724512, Magrangeas 5O
F—7i, FFEVFNLESIESRLbDL
L CHBRR.
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B1 AHBE «HETREFSREZBETY

gene symbagl gene description accession no, discriminating score
IGL@& Ig A H14524 - 274
IGL® Ig 1 R83186 - 131
CDSN corneodesmosin W95594 - 177
MCP membrane cofactor protein {CD46) H26673 —~ 1.66
IGL@ Ig A H15030 - 162
ABCD4 ATP-binding cassette, subfamily D, member 4 H51632 -122
SAMHDI  SAM domain and HD domain, 1 H47862 -107
LTBP¢ latent transforming growth factor-32-binding protein 4 R73631 - 1.02
TGF3 transforming growth factor, 5-3 W80655 0.73
TNFRSF6 tumor necrosis factor receptor superfamily, member 6 (CD95) AA031300 1.06
BMP2 bone morphogenetic protein 2 AAl14112 1.34
PRECABP PRKCA-binding protein AAG41T722 1.54
HOX11 homeobox 11 AA007444 161
EXTi exostoses, multiple, type 1 R13402 170
IGKC Ig « R71916 1.82

discriminating score lXMIHI BT 2 TPHEOELRREREQETH b OT, ARMCBITARAENRED

ERT.

2. RBYT 24T/ TOER

Zhan G, fEFHILHA, MGUSEESHE &
UMM B Z 74 Flo4T i & b CD138 By a5
5B E M L L, Affymetrix#® GeneChip
HuGeneFL+ v 7 (~6800 it {5F) 12k 5 M4y
{Tof, TAEMICSHE 0L RS EHEMR
HiIZoWTHF v 7T 2 {ToCwd,. ThbEt
NBBDF v TF—& 2 W ¥ 7 v 2ko Rk
BEERT 2L, EEEIE [MGUS + MM + 54
Watk) BLRBRLELNV—-THEHET 2 EA5T
3h, BEFER7C7 74NV 25EEETD
BHEN LR ENDHRE o213,

EHIEMMEATO Y Y IO FRHFHE % 5K
T2E, HSIIRENDLEIICKELLAHEENR
EHTIV—-T (MM1~MM4) 2490hb 2
EFHLIIh oM. LA S MMLIZMGUSHZ&
LIREWEETRA e 7 r 4 0EL S, MM4iE
FREEARR IR b EML - 7Ta T r A Vg LD
ZEHRENI. TRDEMMAOINGY T
A4 THEBEOTHIZ) v o+ B EEEIRE X
no, EWMMMI L MM4% 4 7RITRLRERE

PRLHBUETFFEVALINTLE, DNAHESE
B 5 {5FTF [thymidylate synthase
{(TYMS), mutS homolog 2 (MSH2) %] 2%
MM4 70— IR RENICER L TWwAE I Edb
5 (R2). ThHOF—FIIMMAKCET 25
BENERIML DN ATNE L TV B 2 &2 EFT
Aenzrs. FTAMMBECBIIAENOTF
BIARETFTHLM P p2Izurosy ru,
LT FLANORMmE, & HITMMAEERZ
BOTHELI L RSN

Zhan bid, MLF—% &y b OSEREEM
Jak MMAIML L PHBBFTo TV, 22k 2T
BRIz B THFRMIIRET 2 BEZF L
LT, cyclin-dependent kinase inhibitor 1A, c-
Al ¥ F—VERBRRMICEATELTWS
ZEFHRE N D EOEREENS, fETF
RATO7 7 A ML o TEHHEME & RH
(MGUS + MM) 2REMT 22 LM THo
A, MGUS & MM & # EREICHIBIT 2 2 & IEH
BHTHDLEEMTTHNT.
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IgA-MM @x-MM
s iEaaxannnnnauill ”|Er|l_ﬁ‘l*ﬂillllll||” Il
ghhggammhgmﬁg8ﬁmmw§gm$hﬁgv¢m— Foavnvo-B88nvnomndm-abn
B R e e e e e et
SSSSSSSS OSSOSO EES0SSSSESSSSSSSSSSSSESSSSSSISEES
S S S SN s A S SESa eSS SESE555535055555555555555553555
B2 LEHT2A7ELBRE (TR0 X HEE)
BERE/QT) YOLYY 754 7HEERETFHRORR 707 74 VERICEZORM
MEER L, BTLCEZE0RCRBREVNRVPABMLY L& HHR T, FfhEd
BEOCBEEROTET.
| Hﬂ 'i i liii i
WD = OO OB w G BN OO DD M-t - QDTN CON == 0M00NOuNo) Me B0 b T = Q) GO M= O S e S b
R R G S b e S R D e N
1R o o oddl acd AilliclAddo foooondg o an a ad [+ R R
s A S .|
MM MM2 MM3 M4
MGus < —— > MMl
3 MMBREHCFIOREGEFRESAT7 P AICE3RER CIR13 & h&E)
MM EE 745D FCDISS BRI BT AREFRATI 77 A A BIIH IV OREMEERLAE D

5, MMI~MM4 ZCOLIMOH 7 ¥ 4 FICRESHEENSZ LR ERS,

% 3 MM1 12 MGUS &> CD138

IR 7o 7 s A Ak b b, MMAERREARGR LD 7o 7 r S VEL D,

£2 MI~MBETRABRYRE ZBET D
accession no. function gene symbol  MMI1 {(N=20) P MM4 {(N=18) P x2 WRS Pvalue
D00596 DNA replication TYMS 3 18 2435 126 x 1¥
U35835 DNA repair PRKDC 2 17 2375 455 x 108
U77949 DNA replication CDCé 1 13 1562 514 x 108
191985 DNA fragmentation DFFA 1 12 1338 626 X 10°
U61145 transcription Eza2 4 15 1277 167 x 104
20979 DNA replication CHAFIA 2 12 1075 110 x 104
103911 DNA repair MSH2 0 9 1048 288 x 108
X74330 DNA replication PRIM1I 0 9 1048 936 x 105
X12517 SnRNP SNRPC 0 9 1048 526 x 108
D85131 transcription MAZ 0 9 1048 L08 x 108
L00634 farnesyltransferase FNTA 10 18 977 728 X 10°

WRS: Wilcoxin rank sum test
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D. FHMROMERK

BY YRR E MR & e L
REFOT) CEATKRTICEETLI SR
B, LPLHOBY ¥ RIRFEAED HRIEERIC
BetshTEzoiclb L, RREWNTHLIEEM
RADGABEDE I LA ZXALTE > THE
SHTVWAMIFLAERORTV YL, IDX
JEBY Y RORERRNOMIFIZSDNAF »
TN L Y- NELYVRLITHBIL, ¥
DX A MMABROERICH EEREH
2¥525THAHI.

W TOBY ¥ ERI3FE UARA T CD138 By
HEREAME~ S, 2P TERELF BT
L7z, BR~F—I V¥ 92LELZRTY
515, #Z T Zhan HXRHAICEET S CDI9
BEBY /73R (TH), BHoO CDI3SBEHERA
Mg Q180 BLUEHOCDISBYEEAR
(3141) %, #hEFNCDI9H BV iZCDI3S I3
THAHRMUPBAE —X 7 A ICTHAEL,
Affymetrix HuGeneFL ¥ 7213 HGU9SAV2IZTH
BFRA7a7 7 ANVENETo219, F08
F, ThITHLATWDEBH CD45, CDI19,
CD20 % m &M~ — & — EREAB~D T
WRRAAMET L, —J}CD138, CD38, CD63 %

M- THEREND T LA HASh
7=.

Zhan S5 KIZGEOPHBETHL2EMAT
D CDI9MPEB ) ¥ 785k & CD138 Ry I T 4
ANDOFALIZE - THRARIET 2 MEF % MM
L, #3REND LI ICBMILRIRFAL LD
BEHEHTF, 7THM—VZREETTH B CASPIO,
MRIEA M B ITGAS6, PECAMI ZAH%4{Lic
o TEBRANSFHRENAZEZRLE. —H, &
ICHEWRBRIAH SN2 0z LTEERTF
THHETSIHEMED N T4, F0MICD
MBEAMARETRreh4 v, BNETFRE
A ZBETFORRSREEATOBY ¥ 7 3kak
UL ARSI TA I L LRENS, ABRE
W LI T 2 ETETFCH S
MYCi, RHEPITO CDI3S mtE~D LIz Pk
—HRAVBBLTEHH, FHA~OF—3 /IR
LTHUTRHAGHSRAZ LIStk ot

RICEAE I &5 B RO BN~
T RAI B S AETFTH LA, #3
12d % BMI1 % STCH % KMt A TREAGHME &
NRETFO—ERIE, BH~OBITICE LR
SoIEHIEsI B E LTS R, TR
ATRE{EEPZVPTIICBW IO TRA
PRERENAETFELT, R42HDE 508

#3 RHINTRERFZE(LT 28ET0

accession no.  symbol function TBC TPC BPC
60519 CASPI0  apoptosis - + +
X53586 ITGA6 adhesion - + +
U04735 STCH chaperone + + +H
L13689 BMI1 transcription; repressor; PeG + +H +H+
134657 PECAMI adhesion + + +H+
Us2632 IRF4 transcription; IRF family + +H+ +H+
M31627 XBPI transcription; hZip family +H+ H+H HH
AB000410 OGGI DNA glycosylase + - -
D8&7432 SLC7A6  solute transporter + - -
Jo4101 ETS1 transcription: ets family + - -

TBC: tonsil B cell, TPC: tonsil plasma cell, BPC: bone marrow plasma cell
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¥y 7 MMERGTHERD b7z,

LI LTBY AR RERSEIsE
FBRHETFRIUAT 7 7 4 VOELDF SHhITE
iz, Zhan HIZ L AFRIFROMERIL LA,
TTIIHALPCENREMMDOY 74 4L 7HTh
LR o LB OZREFRICHEY T L E
RLI-ATHAS S, Hod T IR TEIZR
THUETH (R32EE) OFT, FMkBY ¥
NERBEUTMMATE TRARBU TS D%
WO Az, & WA TTA0 -5 BE T P AN R RE
TRAELT2EETE (84 o TMMAR
ERBEMP T H OB LA, ShbREk
BV ¥ R-RAEIGER-FHETARowT A
HOERE MM AIRLE CRBRSFETY 2=
FREHANTH Y TV ERORFEH 2R Lz L
25, BEIHBOEF RO} IV ERL Y
=T IR ERLBEH TP S PIIho
AR

A7 = F I MM IR 2 IR B AR A B B o b
BHBOMBFrbELI 2 LRI04

henwl, 2%l L REFREMROED G
EMALL 2T BIEAMa Ak L R PEB 1 > /8BRS
PTw2b006, RIALAFREITMRLIZET
WELNDETEHTHLEZ EIHLITHE. =
NIETMMOBEEEERTS L SICMMBEHKIX
(B LHMEERICBWTIR) HNLbnL
ARESNTWD, HAEERLELLITHL. L
PHRKECI LI, Ihb [k oo {bERS
OFFHAR] CHULLA-SBE V- T,
Zhan 5HLUHBELLEMMOF 77V =7
(MM1~4) I2F=N—=3 vy I T20TH5 (F
5). mEZERBBY YR BE V—F
22P10R, 1I3FAFLEIHRE S - MMATEIZR L,
B MM B3, MM22: 181, MM3EE4 B
&l FERICEEAE I BE Y L —
T29FOMI4FUT MMIFEICE L, BRI
RSB BEZY 7 200 OM 14 Flid MM2 T
BT A, bHAAMRREERIIL ZRRFHERES
Bl Twa b CiERl, 5500 HERN
LY ERIZEEFRISEEL T2 MRS HROM

F4 BRMUCHEVBRBFAERT 2BIETE

accession no. symbol function TPC  BPC
U32114 CAVZ signaling: membrane caveolae - +
Us0115 FHLI signaling; LIM domain - +
73936 JAG! signaling; Notch ligand - +
X57025 ICF1 signaling; growth factor - +
7232684 XK membrane transport - +
D10511 ACAT!  metabolism; ketone - +H
Y08999 ARPCIA actin polymerization - +H
M14745 BCLZ2 signaling; antiapoptosis - ++
M24486 P4HAI collagen synthesis - +
M60315 BMP86 signaling; TGF family - +

TPC: tonsi! plasma cell, BPC: bone marrow plasma cell

x5 EEEBICHETAMELALISECL MM Y F 5L —F18

SR oI N—-T MMI1 (n=20) MM2(n=21) MM3{n=15 MM4 (n=18) P
MEBY 3RS (n=22) 3 1 5 13 0.00005
RHREEAISET (n=29) 8 4 14 3 0.000008
FEREAEIZEM (n=20) 6 14 -0 0 0.000001
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MEFLZITEELEW, Lirl, BELLF
BARMEZZ 5N 2 MMAHTEEBEAR DS
{LERS IS BV TR AL RHEB Y v 3 3RSER L
TEY, FHRAGVEFHREN DL MM2 I DR
MLUZFHBEMRRICUTYWS 2 &, BITHR
DT BB L E 2 2 L TCEbDTRIRFEN LW
25,

LI
FHELSEME L, WETHESE 2 MEL 2 L
T/ I 7 A@M %45 77u—F (BAMP R
PN -=2ry) OMEMFRELTELT,
R RAFRETHMEALAE QRN THIE
CD133 Btk m e Al fa 1 53-8 A%, NKRIRaHs%
1EDFRT T d I iE CD3 Batk CD56 B NK sl s
EAEDES LBFTOEHE LTHITHAD
L, MM/MGUS @ CIEARIERT £ 914
CDI8HMET I o EH MR R L LTHRIETSH
5. ChoofFoMERohi MMIZET
HETE VTR LI TH 225, ERORBRE
BRI Y DRIEFETE 32 E AT
HhH. FOBRANEF v 7RFOMRG LMK
BHERETFORERS MM BEICRHEFS L
T B DPESHED G T SRR 21874 &
Tidhbhwv, LALLds, KEOZN - 58
2 EZ D ETHAERTHRAL S 2BET RIS
HWIXRETH Y, 5HIEROBETH, (b
TS 5 RISYE 2 E ORISR E Eh T
I FHTREICHREDEAYBITTETHA
9. EAERIGAE RET LT, B eELR
BEFRESIGIIKIALZLLTE L 2-TK
HEEZLNRB,

ik
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EAERASRY / LSAERIRED
Mg &7

XL HIC

vy ATaVr FOBRRETHE TS
TRy —Z T AN 2001E2 BIIRFEEIRY,
F /2, DV Z euchromatin D FEERRELFI P E A
2003FE 4 4 AICEES N, BE, Bo5h
7 EF EICRHEFOEUHERF TR TV 2 25,
HVFRIZIFORENARENE LEDRE,
v MBETORBIRBESL {3 HHMMEIC R
ZEFHENTED, wink [FA 4
LB PRiho0d b, ABROEEFEIC
BWTiE, [BATHEHIEIHETHIBRLE
FBIZFT— V] O bEEONYEE
RUBETFEMRRB(RET A LT TS
FTERIIZATHAH, BERTIDLH 2
RRWERA 2 ) -y 7R b B L,
DNAFv 7, DNATA42uT7LlA (UF, <
4207LA) bz s,

Cy3-duTP
HBADMRANA t

Cy5-dUTP

HEBOmMRNA
—_— ) o

+ gl

3332

H1 DNATI 70701 2RVERARROER

¢, I~ TTTT
u /ﬁ’ —» " ansA

1. Y4207 L+ DEE
TEEKRMIZ, =4 20T7 L/ 2HWT,
MAtALHEBIcBIARETFOHENTER
AR ETIERTELZTALY (W), TF
A#ALBILFRLFRA YTy —RNA
(mRNA) %L, #VTdT 7547 —%4
£33, TRICHEERELTMA THARA
& B Bk AAH DNA (cDNA) 28T 2 bif
THHA, TORERIZHEEA O DNAIZIZERE
DEXBECYI ¥, T7-HEB D DNAICI
FODEREECYS TN AT EL, TOHE,
HBEEA L BODNA TR - 72 E® emission
light *F+ AHGEFETIEMESNIC LiCh B,
ChOLEHEREREL, 4707 A LA
TVFLE—a v EELDITHEY,
ZDER, Cy3 I3 cDNA L Cy5 £ cDNA
i, ARy P EOSREFOMBALBILS

¢cDNATF Lo

cDNA

HBALBEORMTRETRE7O? 7 AERRBLAVES, TTHBAEBEAFhA 5SRO mANA ENT 3, RIC
CHhEMANAASAUTAT 751 v — L EREMREAVT ONA SR T2, TORCENERETHEICY3 B3 ECYS T
BRLANUTP (FAF270Y L5200 M) EMAZZET, ZRBHENCEONAEREFAFhRT > A EXERXTIRRT S,
COEMONAEAYWEDNARS JAFLAENATYH S =S E 832 LT, HARy MIEMONAYEST 3,
FOER, FEROARy P EOREFCRTIHBACHBB CH I IRARDHE, Cy3 & Cys ENHNBENKLTRENS

ckilaes,
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