
CD90/Thy-1 is preferentially expressed on blast cells of high risk
acute myeloid leukaemias*

The acute myeloid leukaemias (AML) represent a heterogene-

ous group of clonal bone marrow (BM) disorders arising as the

result of progressive genetic damage occurring in haemopoietic

progenitor cells (Fialkow et al, 1989, 1991). These genetic

lesions produce a complete dysregulation of the cell-growth

mechanism with the accumulation of blast cells in BM and

peripheral blood (PB), eventually overcoming normal haemo-

poiesis (Fialkow et al, 1989, 1991).

Distinct subgroups of AML, characterized by completely

different clinical courses, have been identified (Head, 1996;

Leith et al, 1997). In particular, the prognosis of AML has been

reported to be age dependent, with chemoresistance being

observed more frequently in older patients (Head, 1996; Leith

et al, 1997). This is supposedly based on differences in the

underlying genetic defects of AML in elderly when compared

with younger patients. For example, balanced chromosomal

translocations without gain or loss of genetic material are

reported to be more frequent in younger AML patients,

whereas unbalanced abnormalities involving complete or

partial losses of chromosomes or more complex karyotype

aberrations are more often detected in elderly AML patients

(Mauritzson et al, 1999; Mrozek et al, 2000; Moorman et al,

2001; Schoch et al, 2001). Therefore, at least two genetically

defined subgroups of AML may be identified, strikingly

differing in their age-specific incidences. In this regard, a

common mechanism of transformation has been proposed for

elderly AML, AML with complex karyotypes and secondary

AML (sAML), which implies that multiple genetic hits that
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Summary

Different transformation mechanisms have been proposed for elderly acute

myeloid leukaemia (AML) and secondary AML (sAML) when compared with

de novo AML or AML of younger patients. However, little is known regarding

differences in the immunophenotypic profile of blast cells in these diseases.

We systematically analysed, by flow cytometry, 148 patients affected by

de novo (100 cases) or sAML (48 cases). By defining a cut-off level of 20% of

CD34+ cells co-expressing CD90, the frequency of CD90+ cases was higher in

sAML (40%) versus de novo AML (6%, P < 0Æ001), elderly AML (>60 years)

(24%) versus AML of younger patients (10%, P ¼ 0Æ010) and poor- versus

good-risk karyotypes (according to the Medical Research Council

classification, P < 0Æ001). The correlation between CD90 expression, sAML

and unfavourable karyotypes was confirmed by analysing the subset of

CD34+ AML cases alone (91/148). Consistently, univariate analysis showed

that expression of CD90 was statistically relevant in predicting a shorter

survival in CD90+ AML patients (P ¼ 0Æ042). Our results, demonstrating

CD90 expression in AML with unfavourable clinical and biological features,

suggest an origin of these diseases from a CD90-expressing haemopoietic

progenitor and indicate the use of CD90 as an additional marker of

prognostic value in AML.
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occur over a lifetime, may drive an early myeloid stem cell

towards dysplastic growth dysregulation and eventually overt

leukaemia (Johansson et al, 1996; DePinho, 2000; Pedersen-

Bjergaard et al, 2002).

Although sAML, AML of the elderly or with aberrant

karyotypes can be viewed as biologically related entities that

are distinct from de novo AMLs or AML of younger patients,

little information is currently available regarding the putative

differences in the immunophenotypic profile of blast cells in

these diseases (Rosenfeld & Kantarjian, 2001).

The CD90/Thy-1 antigen is a 25–35 kDa, glycosylphospha-

tidylinositol (GPI)-linked surface protein expressed on primi-

tive haemopoietic stem cells in normal BM, cord blood and

fetal liver cells. Although its function has not been completely

unveiled, it is likely that CD90, like other adhesion molecules,

participates in haemopoietic cell adhesion and recognition

(Low & Kincade, 1985). Furthermore, the blockage of CD90 by

specific antibodies (anti-Thy-1 antibody 5E10) inhibits the

in vitro expansion of human CD34+/CD90+ cord blood cells

(Mayani & Lansdorp, 1994). In normal BM, about 5–25% of

CD34+ cells co-express CD90 (Lansdorp et al, 1990; Craig

et al, 1993; Humeau et al, 1996), this subset of progenitors

contains cells with long-term culture-initiating activity and is

capable of reconstituting haematopoiesis both in animal

models and in human beings (Baum et al, 1992; Sumikuma

et al, 2002). Although this data indicate CD90 as a marker of

haemopoietic precursors with stem cell properties, the expres-

sion of this molecule in AML blasts has been poorly

investigated (Holden et al, 1995; Campos & Guyotat, 1996;

Blair et al, 1997; Inaba et al, 1997; Kozii et al, 1997; Wuchter

et al, 2001) and no correlation with clinical and biological

features has yet been proposed.

In the present study, by analysing the expression of CD90 in

a wide panel of AML cases, we demonstrated that CD90

expression was more frequently expressed on the blast cells of

specific subsets, i.e. sAML, AML with complex karyotypes and

de novo AML of elderly. A significantly lower survival was

consistently documented in CD90+ AML patients. Overall, this

data suggest that CD90 is preferentially expressed on AMLs

with distinguishable clinical and biological features, raising the

hypothesis that a CD90-expressing haemopoietic progenitor

may be the target of the initial genetic lesion in these particular

subsets of disease (Nilsson et al, 2000, 2002).

Patients and methods

Patients

This study includes 148 consecutive patients affected by AML,

observed at the Chair of Haematology of the University ‘Tor

Vergata’ of Rome and at the Division of Medical Oncology of

the Centro di Riferimento Oncologico of Aviano. AML cases

were classified according to the revised French–American–

British (FAB) and World Health Organization (WHO) clas-

sifications (Bennet et al, 1982; Vardiman et al, 2002). FAB

assignment was integrated by the presence of an immuno-

phenotypic profile of blast cells consistent with FAB sub-

grouping, as described (Gattei et al, 1997). The sAML

subgroup included AML evolving from an antecedent myelo-

dysplastic-myeloproliferative disease lasting more than

6 months before the onset of overt AML, and AML with a

marrow dysplasia consistent with the reported criteria (Vardi-

man et al, 2002). In all cases, AML classification was made at

least by two independent observers who were unaware of the

CD90 expression results. Data on response to chemotherapy

were available for 125 of 148 AML patients. In the case of non-

M3 FAB subtypes, patients undergoing intensive chemother-

apy (75/116) received an induction regimen combining

daunorubycin (50 mg/m2), or mitoxantrone (7–12 mg/m2)

or idarubicin (10 mg/m2) for 3 d, in association with cytosine

arabinoside (100 mg/m2 continuous infusion, days 7–10) and

etoposide (100 mg/m2 for 5 d). Postremission therapies

included cytosine arabinoside-containing regimens according

to large European trials (Zittoun et al, 1999). Patients affected

by acute promyelocytic leukaemia (FAB-M3, nine cases) were

treated according to published protocols (Mandelli et al,

1997).

Immunophenotype

Anticoagulated BM and PB samples were collected before

therapy. Approval for this study was obtained from the

institutional review board. Informed consent was provided

according to the declaration of Helsinki. Surface antigens were

analysed by two- or three-colour immunofluorescence by

combining phycoerithrin (PE)-, fluorescein isothyocyanate

(FITC)- and peridinium chlorophyll protein-conjugated

monoclonal antibodies (mAbs). Sources and specificities of

the mAbs used for immunophenotype and lineage assessment

of AML blasts (recognizing the following antigens: CD33,

CD13, CD14, CD19, CD20, CD34, CD15, CD7, CD3, CD4,

CD8, CD2, CD5, CD10, CD19, CD22, CD20, CD11b, CD11c,

HLA-DR, CD56, CD61, CD62, CD41, CD42) have been

reported in detail previously (Gattei et al, 1997; Venditti et al,

1998a). The FITC-conjugated anti-CD90/Thy-1 5E10 mAb,

purchased from Pharmingen (Becton-Dickinson, San Jose, CA,

USA), was employed in combination with PE-labelled anti-

CD34 mAbs. Immunophenotypes were carried out on PB and/

or BM samples, which were either directly analysed at time of

collection or, following separation by centrifugation on a

Ficoll-Hypaque (Pharmacia, Uppsala, Sweden) density gradi-

ent, frozen as mononucleated living cells in liquid nitrogen

until use. AML samples that contained >90% blast cells were

selected for molecular studies (see below) and were further

purified by immunomagnetic depletion of residual T and

B cells, as described (Aldinucci et al, 2002). Irrelevant isotype-

matched antibodies (Becton-Dickinson) were used to deter-

mine background fluorescence. Viable, antibody-labelled blast

cells were identified according to their forward and side scatter

or CD45 expression and side scatter, electronically gated and
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analysed on a FACScalibur flow cytometer (Becton-Dickin-

son), by means of the CellQuest software (Becton-Dickinson)

collecting at least 10 000 events. Expression data for CD90 in

AMLs were reported as the percentage of CD34 cells

co-expressing the CD90 antigen. In particular, in keeping

with previous studies (Holden et al, 1995; Inaba et al, 1997,

1998; Kozii et al, 1997), a sample was classified CD90+ when at

least 20% of CD34 cells displayed a fluorescence intensity for

CD90 >98–99% of the same cell population stained with an

isotype-matched control immunoglobulin.

RNA isolation and reverse transcription-polymerase chain
reaction (RT-PCR)

Total RNA (1 lg) from selected AML samples (14 cases), and

primary BM stromal cells utilized as CD90 positive control

(Craig et al, 1993; Mayani & Lansdorp, 1994; Gattei et al,

1996), were extracted by the guanidium thiocyanate method

and reverse transcribed in a 20-ll reaction mix as described.

cDNA (2 ll) was amplified with 25 pmol of primers specific

for CD90 (sense, 5¢-AAC GGC CTG CCT AGT GGA C-3¢,
region 131–149; antisense, 5¢-CCA GAG GTG TGC GGA

GAG-3¢, region 744–727), using the following PCR conditions:

4 min at 94�C, 35 cycles of 30 s at 94�C, 30 s at 59�C and

1Æ5 min at 72�C, and a final extension of 5 min at 72�C. All

cDNAs were checked for first strand synthesis as reported

(Degan et al, 2000). Ten millilitre of amplified product were

run in ethidium bromide-stained 1Æ5% agarose gels.

Immunoprecipitation with anti-CD90 5E10 mAbs and
Western blotting

Cell lysates (500 lg to 1 mg) from purified AML blasts, the

SD-1 (CD90+) and the KG-1A (CD90)) cell lines were

prepared and precleared exactly as described (Craig et al,

1993). Similarly, for immunoprecipitation, unlabelled anti-

CD90 5E10 mAbs at the final concentration of 5 lg/ml were

added to the cleared cell lysates and immunoprecipitated with

protein A-Sepharose beads (Craig et al, 1993). After the beads

were washed with buffers of increasing salt concentrations

(Craig et al, 1993), the samples were boiled, subjected to

4–20% sodium dodecyl-sulphate-polyacrylamide gel electro-

phoresis (SDS–PAGE) in non-denaturating conditions and the

proteins revealed by Western blotting, utilizing the anti-CD90

5E10 mAb in conjunction with horseradish peroxidase conju-

gated anti-mouse IgG (Amersham Life Science, Amersham,

UK) in a standard enhanced chemiluminescence system (ECL-

Plus, Amersham, UK).

Cytogenetics

Procedures for cytogenetic evaluation have been described in

detail previously (Stasi et al, 1993). Briefly, following a

methotrexate cell synchronization and a direct preparation,

chromosomes were examined after Giemsa staining. At least 20

metaphases were analysed in patients designated as having a

normal karyotype. Karyotypes were interpreted using Interna-

tional System for Cytogenetic Nomenclature criteria (Mitel-

man, 1995). The detection of a minimum of two metaphases

with an identical rearrangement or extra chromosome was

regarded as evidence of the existence of an abnormal clone

(Mitelman, 1995). For correlation studies between CD90

expression and karyotypes, patients were stratified according

to Medical Research Council (MRC) classification into

favourable, intermediate or adverse cytogenetic risk groups

(Grimwade et al, 1998).

Statistical analysis

The association between the expression of CD90 and clinical

data at diagnosis, i.e. age, sex, FAB subtype, white blood

counts, percentage of BM blasts and cytogenetic class was

studied by analysis of variance. For non-normal distributed

values, differences were calculated by means of standard

deviations of the t-test. The relationship between dichotomic

variables was assessed by two-sided chi-square test (Armitage

& Berry, 1987). The Kaplan–Meier method (Kaplan & Meier,

1958) was used for estimation of overall survival (OS). OS was

calculated from the date of diagnosis to the date of death

whatever the cause or last follow-up. For comparison of

survival of two or more groups, the log-rank test was applied.

To evaluate the simultaneous impact of different variables on

duration of OS, a multivariate analysis was performed using

the Cox regression model. Only variables for which univariate

analysis had shown a significant association were considered in

the multivariate analysis. Among them, expression of multi-

drug resistance 1 (MDR1)-associated glycoprotein p170 and of

Bcl-2 and Bax oncoproteins, whose prognostic impact on AML

has been already described (Del Poeta et al, 1996, 1999, 2003),

were also considered. In our AML series, data on the

expression of MDR1-associated glycoprotein p170 and of

Bcl-2 and Bax oncoproteins, investigated as reported in detail

elsewhere (Del Poeta et al, 1996, 1999, 2003), were available in

78 and 70 of 148 cases respectively. In all cases, a P-value of

0Æ05 or less was considered statistically significant.

Results

Table I summarizes the clinical features of AML patients

analysed for CD90 expression by flow cytometry. Among 148

AML patients, all FAB subtypes were represented and

cytogenetic profiles were available for 68 of 148 patients.

CD90 was exclusively expressed by the CD34+ cell fraction

(Fig 1A and B). In particular, CD90 antigen was usually

expressed on CD34bright cells (Fig 1A, panel A), although, in a

minority of cases, the CD34dim blast fraction alone was

predominantly stained with the anti-CD90 mAb 5E10 (Fig 1A,

panels B and C). When lysates of blast cells from an AML case

expressing CD90 antigens at a high cell density (see Fig 1A,

panel A) were checked for immunoprecipitation with the

CD90/Thy1 Expression in Poor-risk AML
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anti-CD90 mAb 5E10, a broad band with a major component

at about 25 kDa, similar to that previously described (Craig

et al, 1993) and stronger than that expressed by the CD90+ cell

line SD-1, was observed (Fig 1B).

By establishing a cut-off level at 20% of CD34 cells

co-expressing CD90, the overall frequency of CD90+ cases

was 17% (25/148). A summary of the characteristics of CD90+

AML cases is reported in Table II. In a more complete flow-

cytometric profile, the 25 cases of CD90+ AML expressed,

along with CD34 (25/25), the other progenitor markers CD117

(21/25) and HLA-DR (22/25), as well as the myeloid antigens

CD13 (24/25) and CD33 (22/25) in almost all cases. Other

phenotypic markers were either mainly negative (CD7) or

variably expressed (CD14, CD15) by CD90+ AML blasts.

CD90 expression was also assessed at the mRNA level by

RT-PCR analysis of purified AML blasts of 14 cases. As shown

in Fig 2, the presence of an amplified product of the expected

size (614 bp) was consistent with flow cytometric data. In

particular, a specific band was detected in four AML cases that

were CD90+ by flow cytometry, and in an additional case

(UPN33) in which the percentage of CD34 cells co-expressing

CD90 was slightly below the borderline values (15%, not

shown). Conversely, cDNAs from nine AML cases classified as

CD90) by flow cytometry displayed either no CD90-specific

transcripts (7/9 cases) or very faint amplification bands (2/9

cases, Fig 2).

Table I. Clinical characteristics of patients.

AML

Number of patients 148

Secondary AML* 48 (32)

Age, years, median (range) 64 (12–89)

Male/female 62/86

FAB subtypes

M0 10 (8)

M1 35 (26)

M2 28 (21)

M3 9 (7)

M4 22 (17)

M5 24 (18)

M6 3 (2)

M7 2 (1)

Cytogenetic-risk groups�
Good/favourable 12 (18)

Intermediate 43 (63)

Poor/adverse 13 (19)

AML, acute myeloid leukaemia; FAB, French–American–British clas-

sification.

Values are given as n (%).

*Defined according to WHO criteria (Vardiman et al, 2002), and

including 15 cases formerly classified as refractory anaemia with excess

of blasts in transformation.

�Patients were stratified according to the Medical Research Council

classification of cytogenetic risk, into ‘favourable’ [cases with t(8;21),

t(15;17), or inv(16), irrespective of the presence of additional cyto-

genetic abnormalities], ‘adverse’ [cases lacking these favourable risk

aberrations in which complex cytogenetic changes (five or more

unrelated abnormalities), )5, del(5q), )7, or 3q abnormalities] and

‘intermediate’ [cases with normal karyotype, 11q23 abnormalities,

trisomy 8 (+8), or other chromosomal changes not encompassed by

the favourable or adverse risk groups] risk groups.

A

B

Fig 1. CD90 and CD34 expression in representative MDS and AML

cases. (A) Cells from MDS and AML cases were double-stained with

anti-CD90-FITC (x-axis, green fluorescence) and anti-CD34-PE

(y-axis, red fluorescence) mAbs and analysed by flow cytometry,

collecting at least 10 000 events. Dot-plots represent expression pat-

terns obtained by analysing cells contained within an SSClow/

FSCintermediate/high electronic gate. FAB classification for each case is

reported above the corresponding dot-plot. Each dot-plot shows a

representative pattern for CD90/CD34 expression, as detailed in the

text. (B) Immunoprecipitation and Western blotting: cell lysates

(about 500 lg) from the KG-1A (CD90)) cell line (lane 1), the SD-1

(CD90+) cell line (lane 2) and purified AML blasts from the AML case

reported in A (upper left panel) were immunoprecipitated with anti-

CD90 5E10 mAbs and protein A-Sepharose beads. Samples were then

subjected to 4–20% SDS–PAGE in non-denaturating conditions and

proteins revealed by Western blotting, utilizing the same mAb in

conjunction with horseradish peroxidase-conjugated anti-mouse IgG

in a standard enhanced chemiluminescence system.

F. Buccisano et al

206 ª 2004 Blackwell Publishing Ltd, British Journal of Haematology, 125, 203–212



When comparing the expression of CD90 in de novo AML

(100 patients) versus sAML [48 patients, defined according to

WHO criteria (Vardiman et al, 2002)], a significantly higher

frequency (P < 0Æ001) of CD90+ cases was found in the sAML

group (40% vs. 6%; Table III). Furthermore, by dividing all

AML cases according to a cut-off of 60 years of age, the

frequency of CD90+ cases was significantly higher (P ¼ 0Æ010)

in the group of patients who were older than 60 years,

when compared with patients aged <60 years (24% vs. 8%;

Table III). By splitting the groups of secondary or de novo

AML according to the age of patients, the highest frequency of

CD90+ cases was confirmed in the sAML group, without any

impact of age (Fig 3), whereas, in the de novo AML group,

CD90 was exclusively expressed in elderly patients (P ¼ 0Æ011,

Fig 3). The higher frequency of CD90 expression in sAML

when compared with de novo AML also holds true by

considering the group of CD34+ AML (91/148 cases) alone

(44% vs. 12%; P < 0Æ001, data not shown). Cytogenetics were

informative in 68 of 148 patients, including nine of 25 CD90+

cases (Tables I and II). Distribution of the prognostic classes

according to MRC classification (Grimwade et al, 1998)

showed a significant correlation (P < 0Æ001) between CD90

expression and unfavourable karyotypes (Table III). In partic-

ular, six CD90+ AML accounted for the 50% of AML cases

with unfavourable cytogenetics t(9;22), chromosome 5/7

abnormalities or complex karyotype, while only three of 56

AMLs bearing all the other karyotypes were CD90+ (P < 0Æ001,

not shown). Statistical significance for MRC cytogenetic

classification was also maintained by separately analysing the

group of 38 CD34+ AML cases with informative cytogenetics

(P ¼ 0Æ024, not shown).

Clinical data on treatment and survival were available

for 125 of 148 AML patients, 84 of whom underwent

intensive chemotherapy. As shown in Fig 4A, CD90 expression

identified a cohort of patients that showed a significantly

shorter survival in univariate analysis (P ¼ 0Æ042). Similarly,

Table II. Characteristics of CD90+ MDS and AML patients.

UPN Age (years) WHO FAB BM blasts (%) % CD34+ cells* % CD90+ cells� Karyotype Cytogenetic risk�

UPN32 74 De novo AML M0 80 32 53 t(9;22) Adverse

UPN34 67 De novo AML M1 65 88 74 – –

UPN35 77 De novo AML M2 45 67 21 – –

UPN36 61 De novo AML M2 50 76 45 )5, )10, )15, )7, t(3;5) Adverse

UPN37 62 De novo AML M4 94 25 26 – –

UPN38 78 De novo AML M5 89 39 39 – –

UPN18 70 sAML RAEBt 25 65 26 – –

UPN19 78 sAML RAEBt 23 28 49 46 xy Intermediate

UPN20 53 sAML RAEBt 24 92 44 – –

UPN21 47 sAML RAEBt 27 83 38 – –

UPN22 72 sAML RAEBt 25 88 46 – –

UPN23 65 sAML RAEBt 28 37 27 – –

UPN24 62 sAML RAEBt 21 79 35 – –

UPN25 82 sAML RAEBt 21 55 77 – –

UPN39 68 sAML M0 87 50 50 )7 Adverse

UPN40 74 sAML M1 81 45 45 del(2)(p23p24) Intermediate

UPN41 74 sAML M1 90 54 30 )7 Adverse

UPN45 53 sAML M2 61 45 65 – –

UPN46 82 sAML M2 45 25 23 – –

UPN47 67 sAML M4 55 95 92 46 xy Intermediate

UPN49 18 sAML M4 43 37 37 – –

UPN42 70 sAML§ M1 89 96 31 – –

UPN43 69 sAML§ M1 92 93 35 t(9;22) Adverse

UPN44 28 sAML§ M1 84 75 58 t(9;22) Adverse

UPN50 62 sAML§ M7 79 75 40 – –

UPN, unique patient number; WHO, World Health Organization; FAB, French–American–British classification; BM, bone marrow; MDS, myelo-

dysplastic syndromes; AML, acute myeloid leukaemia; RA, refractory anaemia; RAEB, RA with excess blasts; RAEBt, RAEB in transformation; sAML,

secondary AML.

*Figures refer to the percentage of CD34+ cells within the blast gate, defined according to forward and side scatter or CD45 expression and side

scatter.

�Figures refer to percentage of CD34+ cells that co-expressed the CD90+ antigen, as evaluated by flow cytometry using anti-CD90-FITC mAb in

conjunction with anti-CD34-PE mAb.

�For AML the cytogenetic risk was classified according to the MRC risk classification into favourable, intermediate and adverse risk, as in Table I.

§Secondary AML, evolved from a previous myeloproliferative disorder.

CD90/Thy1 Expression in Poor-risk AML
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expression of other phenotypic markers, including CD34 and

MDR1-associated glycoprotein p170 (Del Poeta et al, 1996,

1999) along with a Bax/Bcl-2 expression ratio below the cut-off

value of 0Æ3 (Del Poeta et al, 2003), age above 60 years and the

presence of unfavourable karyotypes according to the MRC

classification, showed a bad prognostic impact in our AML

series, when separately analysed (Fig 4B and Table IV).

According to a multivariate analysis of the data, however, an

independent predictive value on AML survival was confirmed

only for the expression of MDR1-associated glycoprotein p170

and a Bax/Bcl-2 expression ratio of £0Æ3 (Table IV).

Discussion

Currently available data regarding the expression of CD90 in

haemopoietic disorders, including AML or myelodysplastic

syndromes (MDS), refers either to studies on relatively small

heterogeneous series of patients (Holden et al, 1995; Inaba

et al, 1997; Kozii et al, 1997) or, when carried out on larger

cohorts of patients, usually does not compare CD90 expression

in the various subsets of myeloid malignancies (Campos &

Guyotat, 1996; Wuchter et al, 2001).

In this study, we systematically analysed, by flow cytometry,

148 patients affected by de novo (100 cases) or secondary AML

(48 cases). In keeping with some previous studies (Holden

et al, 1995; Inaba et al, 1997; Kozii et al, 1997), we found that

CD90 was always expressed in the CD34+ cell fraction. For this

reason, CD90 expression data were reported as the percentage

of CD34+ cells. Most of the above reported studies also

identified a sample as CD90+ when as few as 5–10% of cells

were stained over their respective controls (Holden et al, 1995;

Campos & Guyotat, 1996; Kozii et al, 1997). Conversely, in

other reports (Inaba et al, 1997, 1998), the standard cut-off of

20% of positive cells was maintained to distinguish between

CD90+ and CD90) cases. According to these latter studies,

we choose to qualify a sample as CD90+ when at least 20%

of CD34+ cells displayed fluorescence intensity for CD90

>98–99% of the same cell population stained with an

Fig 2. Expression of CD90 mRNA by AML blasts. Total RNA was

isolated from purified AML blasts, reverse transcribed and amplified

with primers pair specific for CD90. Amplified products were resolved

on ethidium bromide-stained agarose gel and visualized by ultraviolet

light. AML cases are identified by their unique patient number (UPN)

and FAB assignment. The SD-1 and KG-1A cell lines were utilized as

positive (+) and negative ()) controls respectively. The band dis-

playing a stronger intensity in molecular weight marker (MW) lanes

correspond to 600 bp.

Table III. Correlation between CD90 expression and clinical features

in AML cases.

CD90+ cases/total (%) P-values

De novo AML 6/100 (6) <0Æ001

sAML 19/48 (40)

>60 years 20/84 (24) 0Æ010

<60 years 5/64 (8)

MRC classification,* n (%)

Favourable 0/12 (0) <0Æ001

Intermediate 3/43 (7)

Adverse 6/13 (46)

AML, acute myeloid leukaemia; sAML, secondary AML; MRC, Medical

Research Council.

*Patients stratified according to the MRC classification of cytogenetic

risk, into favourable, intermediate and adverse risk groups, as in Ta-

ble I.

Fig 3. Differential expression of CD90 by age in secondary and de novo

AML cases. Expression of CD90 was investigated by flow cytometry in

48 secondary and 100 de novo AML cases, splitting each group

according to the age of patients (> or < of 60 years of age). By defining

a cut-off value of 20% CD34+ cells co-expressing CD90, the frequency

of CD90+ cases was higher in secondary when compared with de novo

AMLs, without any impact of age (P ¼ 0Æ725). Within the group of

patients affected by de novo AMLs, all CD90+ cases clustered in the

group of patients older than 60 years of age (P ¼ 0Æ011).
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isotype-matched control immunoglobulin. Consistently,

RT-PCR assays performed by amplifying cDNAs from purified

AML blasts revealed high amounts of specific CD90 transcripts

in those samples classified as CD90+ by flow cytometry. The

specific binding of the 5E10 mAb to CD90 was confirmed

by Western blot analysis of cell lysates from an AML sample

expressing CD90 antigens at a high intensity in flow cytometry.

By using the standard 20% cut-off value in our cohort of 148

AML patients, 25 cases (17%) were classified as CD90+. This

observation enabled our data to be compared with results from

other studies (Holden et al, 1995; Inaba et al, 1997; Wuchter

et al, 2001), in which the percentage of CD90+ cases, when

higher than in our series (Campos & Guyotat, 1996; Kozii et al,

1997), was usually due to a lower reference value, e.g. 5% of

positive cells, chosen as cut-off between CD90+ and CD90)

cases.

By analysing the characteristics of CD90+ AML cases of our

series, some observations emerged. First, we demonstrated that

the percentage of CD90+ cases was greater in sAML, i.e. AML

evolved from a previous MDS or myeloproliferative disorder

(Vardiman et al, 2002), than in de novo AMLs. Secondly, the

frequency of CD90+ cases was significantly higher in the group

of patients older than 60 years of age. Thirdly, by splitting the

groups of sAML and de novo AML according to age, we

confirmed the higher frequency of CD90+ cases in the sAML

group, regardless of age, and demonstrated that, among

de novo AMLs, all the CD90+ cases clustered in the cohort of

elderly patients. These findings seemed to be in contrast with

Campos and Guyotat (1996) who, in a series 50 AMLs, did not

find any correlation between CD90 expression and other

clinical findings, including cytogenetics, age or preceding

myelodysplasia. These divergent results could be explained by

considering the study by Campos and Guyotat (1996) were

carried out in a smaller group of patients and, again, used a

different cut-off (5% of positive cells) to discriminate between

CD90+ and CD90) cases (Campos & Guyotat, 1996). However,

analysis of our data according to the same criteria (Campos &

Guyotat, 1996) substantially yielded the same statistically

significant results.

The correlation between CD90 expression and cytogenetics

is another finding of our study. In fact, among 68 AML

patients with informative cytogenetics, CD90 expression

strongly correlated with unfavourable karyotypes, classified

according to the MRC classification (Grimwade et al, 1998). In

particular, almost all CD90+ AML cases fell within the group of

AMLs carrying high-risk karyotypes, such as t(9;22), chromo-

some 5/7 abnormalities and complex karyotypes. Conversely,

CD90 expression was never found in AML cases with

favourable karyotypes (Grimwade et al, 1998). These results

are in agreement with the presence of the bcr-abl translocation

in the CD90+ cell fraction of chronic myeloid leukaemia

(Brendel et al, 1999), as well as with the notion that CD90

expression in pre-B acute lymphoblastic leukaemia was higher

Fig 4. Impact of CD90 expression and karyotype on survival in AML.

Survival data were analysed on 84 AML patients undergoing intensive

chemotherapy. (A) In univariate analysis, CD90 expression identified a

cohort of patients showing a significantly shorter survival (P ¼ 0Æ042).

(B) Differences in survival by comparing the various subgroups with

favourable, intermediate or adverse prognostic cytogenetic profiles

according to the MRC classification of cytogenetic risk were statisti-

cally significant (P < 0Æ001). Median follow-up was 48 months (range

4–128 months).

Table IV. Univariate and multivariate analysis of variables affecting

survival in 148 acute myeloid leukaemia patients.

Univariate Multivariate

p170 0Æ007 0Æ002

Bax/Bcl ratio 0Æ007 0Æ006

CD90 0Æ042 NS

CD34 0Æ030 NS

Age >60 years 0Æ007 NS

Karyotype (MRC) <0Æ001 NS

MRC, Medical Research Council; NS, not significant.

The Kaplan–Meier method was used to estimate survival; for the

comparison in two or more groups, the log-rank test was applied. For

multivariate analysis proportional Cox regression was employed. For

all these tests P £ 0Æ05 was considered significant.
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in cases with karyotypic abnormalities, including t(9;22), than

in those with normal karyotypes (Takahashi et al, 1998).

Correlation between CD90 expression and unfavourable

cytogenetics is in agreement with the significantly lower

incidence of high or intermediate-risk karyotypes in de novo

AMLs in patients under 55 years of age, as previously observed

(Venditti et al, 1998b) Furthermore, CD90 expression identi-

fied a cohort of patients with a lower survival, these differences

resembling those found by comparing the various subgroups

with favourable, intermediate or unfavourable karyotypes

(Bloomfield et al, 1998).

It is generally accepted that chemoresistance still represents a

major problem in the management of AML (Del Poeta et al,

1996, 1999, 2003). It has been demonstrated that both a low

ratio between pro-apoptotic (Bax) and anti-apoptotic proteins

(Bcl-2) (Del Poeta et al, 2003), and the high level of expression

of the p170 glycoprotein efflux pump system (Del Poeta et al,

1996, 1999) has a negative prognostic impact in AML.

Interestingly, when considering those CD90+ AMLs in which

both MDR1 phenotype and Bax/Bcl-2 expression were ana-

lysed (7/25), all cases expressed either a low Bax/Bcl-2 ratio or

high MDR1 levels.

Taken together, our data indicated that the expression of

CD90 was significantly higher in those AML subtypes usually

characterized by a poor prognosis, such as sAML, elderly AML,

de novo AML with unfavourable cytogenetics or unfavourable

drug-resistance profile. This corroborates the notion indicating

these specific AML subsets as almost overlapping entities

sharing several clinical and biological features, including a

worse prognosis (Hann et al, 1997; Leith et al, 1997; Rosenfeld

& Kantarjian, 2001), a phenotype of blast cells more often

expressing CD34 (Masuya et al, 1993; Rosenfeld & Kantarjian,

2001) and, as shown here, CD90, as well as a pathogenesis

characterized by progressive and multiple genetic damage,

eventually leading to a complete dysregulation of cell growth

and differentiation (Heaney & Golde, 1999). The close

similarities of these diseases with MDS prompted us to

investigate the expression of CD90 by the CD34-expressing cell

fraction of MDS. Preliminary studies on a series of 28 MDS

patients (seven with refractory anaemia; 21 with refractory

anaemia with excessive blasts) revealed a higher frequency of

CD90+ cases when compared with the overall AML group

(61% vs. 17%, P < 0Æ001), but not to the sAML subset

(61% vs. 40%, P ¼ 0Æ75; F. Buccisano and V. Gattei, unpub-

lished observations).

In this context, our findings corroborate the hypothesis that

these diseases may arise as the result of transformation of an

earlier myeloid progenitor with a CD34+/CD90+ phenotype

(Mayani & Lansdorp, 1994; Haase et al, 1997; Saitoh et al,

1998; Nilsson et al, 2000, 2002). In this regard, the observation

that the same correlations found by analysing the whole AML

series also holds true by considering the homogeneous group

of CD34+ AML alone, gives further evidence of a role of CD90

in distinguishing patients with particular ‘stem cell features’.

The different patterns of CD34/CD90 expression, identified in

this study by flow cytometry, could imply the involvement of

different subsets of progenitors expressing CD34 and/or CD90

at various intensities. Whether the CD90+/CD34bright or

CD90+/CD34dim blast cell subsets actually represent the

phenotypic counterparts of progenitors with distinctive pro-

liferative or differentiation potential needs to be investigated

by specific in vitro assays on sorted fractions (Pinto et al, 1992;

Blair et al, 1997; Haase et al, 1997; Saitoh et al, 1998; Nilsson

et al, 2000, 2002).
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