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A b s t r a c t

To evaluate the frequency and significance of
myeloperoxidase positivity in adult acute lymphoblastic
leukemia (ALL), bone marrow biopsy material from 82
adults with ALL was evaluated with a polyclonal
myeloperoxidase (pMPO) antibody. Nineteen cases
(23%) demonstrated evidence of pMPO
immunoreactivity. Positive cases were precursor B-cell
lineage, and CD13 or CD15 expression was more
frequent than in the pMPO-negative cases. A subset of
pMPO-positive cases studied with a monoclonal MPO
antibody was negative. Western blot analysis using the
pMPO antibody showed the expected 55-kd band for
myeloperoxidase in pMPO-positive and pMPO-
negative ALLs, suggesting a lack of specificity of this
antibody in ALL. Forty-two percent (8/19) of the
pMPO-positive ALL cases demonstrated evidence of
t(9;22) by either karyotype or polymerase chain
reaction analysis. The pMPO-positive ALLs had a
lower frequency of extramedullary disease than the
pMPO-negative group and a trend toward improved
overall survival compared with the pMPO-negative
group. Immunoreactivity with pMPO in adult ALL may
lead to an incorrect interpretation of biphenotypic acute
leukemia using a recently described scoring system,
and a revision to that scoring system is proposed to
accommodate pMPO-positive ALL.

Acute lymphoblastic leukemia (ALL) is characterized by
the expression of lymphoid-associated antigens and terminal
deoxynucleotidyl transferase (TdT) in the precursor
lymphoid forms of the disease. When studied with a rela-
tively large number of myeloid-associated antibodies, 42% of
ALLs also will aberrantly express one or more myeloid-asso-
ciated antigens.1 The significance of such aberrant antigen
expression is controversial, but it is more common in
Philadelphia chromosome–positive ALL and leukemias with
11q23 abnormalities. Despite the presence of myeloid-associ-
ated antigens in many ALL cases, they generally are negative
for myeloperoxidase (MPO) using cytochemical methods.

The cytochemical detection of MPO is one of the most
reliable means of identifying myeloid lineage in acute
leukemias; however, the minimally differentiated subtype of
acute myeloid leukemia and some monoblastic leukemias are
negative for MPO by this method.2 Minimally differentiated
acute myeloid leukemias express myeloid-associated anti-
bodies, with or without MPO antigen expression, by
immunophenotyping methods.3,4 Immunoreactivity for MPO
is considered highly specific for myeloid lineage and is
recognized as the most discriminating myeloid lineage–
specific marker in the European Group for the Immunologic
Classification of Leukemia scoring system for acute bipheno-
typic leukemia ❚Table 1❚.5,6 This scoring system weights each
marker with a point system relative to its specificity for B, T,
or myeloid lineage. Flow cytometric immunophenotyping
and immunocytochemical analysis are the best methods to
analyze most markers used in this system. Antibodies
directed against some lineage-specific markers, namely CD3,
CD79a, and MPO, also are available for use in paraffin-
embedded tissues, providing a potentially useful means to
classify acute leukemias that do not have material available
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for flow cytometric or immunocytochemical analysis.7

Despite the apparent specificity of MPO for myeloid lineage,
a subset of ALLs is positive for MPO with the polyclonal
antibody commonly used on paraffin-embedded tissue
sections.7 These cases may not express other myeloid-associ-
ated antigens that would be needed to otherwise support a
diagnosis of biphenotypic acute leukemia. The use of
immunohistochemical analysis for the classification of acute
leukemias might result in the misclassification of an ALL as
acute myeloid leukemia or biphenotypic leukemia if this
reaction pattern is not recognized and other appropriate
marker studies are not performed.

The purpose of the present study was to identify the
frequency of immunoreactivity of adult ALL with a poly-
clonal MPO (pMPO) antibody and to evaluate the signifi-
cance of this finding in relation to other immunophenotyping
results, cytogenetic abnormalities, and clinical features.

Materials and Methods

Patients

The study included 82 adult patients (53 men [65%] and
29 women [35%]) with new or relapsed ALL evaluated at the
City of Hope National Medical Center, Duarte, CA, between
January 5, 1989, and July 15, 1997, with available flow cyto-
metric immunophenotyping data and paraffin-embedded
biopsy or clot section material for immunohistochemical
analysis. Patients with evidence of previous chronic mye-
logenous leukemia (CML) were excluded. This retrospective
study was approved by the City of Hope National Medical
Center Institutional Review Board (IRB No. 95124). Clinical

information, previous immunophenotyping data, cytoge-
netics data, and follow-up data were obtained by review of
the medical record and previous pathology reports. Variables
evaluated included peripheral blood WBC count at initial
examination, time to first complete remission (CR), presence
and site of extramedullary disease at initial examination,
general immunophenotype (precursor B, mature B or T
lineage), specific marker expression (CD10, CD19, CD20,
TdT, CD13, CD15, CD33, and CD34), cytogenetic abnor-
malities (t[9;22]; abnormalities of 11q23, 12p, 14q23, or
19p13; deletions of 6q or 9p; trisomies; isochromosomes;
other abnormalities; and ploidy), bone marrow or stem cell
transplant status, presence and site of disease recurrence, and
status at time of last contact.

Diagnosis and Immunophenotyping Studies

Cases were diagnosed using a combination of morpho-
logic examination, cytochemical analysis, and immunophe-
notyping using previously described criteria.1,8 Previous
cytochemical studies included MPO cytochemical analysis
using the benzidine dihydrochloride method.9 All cases were
studied previously by flow cytometric immunophenotyping
of involved peripheral blood or bone marrow, although the
panel of antibodies used varied over time, as previously
described.1 Briefly, flow cytometric analysis of bone marrow
aspirate or peripheral blood specimens was performed,
initially with an Epics 5 (Coulter, Hialeah, FL) and later with
a FACScan instrument (Becton Dickinson, Mountain View,
CA). After mononuclear cell enrichment by centrifugation
over Ficoll-Paque (Pharmacia, Piscataway, NJ) or
Histopaque-1077 (Sigma, St Louis, MO), the peripheral
blood or bone marrow samples were studied for surface
antigen expression using a panel of monoclonal antibodies.
Blasts were considered positive if 20% or more expressed an
antigen. Blasts initially were gated for analysis using forward
vs side scatter and, since 1995, using CD45 antigen expres-
sion and right-angle light scatter.10 Isotype controls were
used to determine positive and negative antigen expression.
TdT (Supertechs, Bethesda, MD) was determined by flow
cytometric, immunohistochemical, or immunocytochemical
methods.

Paraffin-section immunohistochemical analysis was
performed on all available bone marrow tissue for each case,
including decalcified trephine biopsy material and nondecal-
cified clot biopsy material. Trephine biopsy specimens were
decalcified using S/P Decal Solution (Stephen’s Scientific,
Riverdale, NJ). The specimens originally were fixed in
formalin, B-5, or Bouin solution. From each block, 3- to 4-
µm sections were stained with H&E and pMPO (1:1,000
dilution, DAKO, Carpinteria, CA). Heat-induced epitope
retrieval11 was performed by steaming the slides for 20
minutes in a 0.01-mol/L concentration of sodium citrate
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❚Table 1❚
Revised European Group for the Immunological
Classification of Leukemias6 Scoring System for Biphenotypic
Acute Leukemia*

Lineage

Points B T Myeloid

2 CD79a CD3 (m/cyt) Anti-MPO
cyt IgM Anti–TCR alpha/beta
cyt CD22 Anti–TCR gamma/delta

1 CD19 CD2 CD117
CD10 CD5 CD13
CD20 CD8 CD33

CD10 CD65s
0.5 TdT TdT CD14

CD24 CD7 CD15
CD1a CD64

cyt, cytoplasmic; m, membrane; MPO, myeloperoxidase; TCR, T-cell receptor; TdT,
terminal deoxynucleotidyl transferase.

* A diagnosis of biphenotypic acute leukemia requires a score of more than 2 points
for the myeloid and 1 of the lymphoid lineages.
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buffer (pH 6.0) before the immunohistochemical staining.
Immunohistochemical staining using the avidin-biotin-
complex method was used as previously described with
diaminobenzidine as the chromogen and counterstained with
hematoxylin.12 Cases with sufficient frozen cells also were
studied with a monoclonal MPO antibody (clone MPO-7;
1:100 dilution; DAKO) on methanol-fixed cytocentrifuged
preparations using the alkaline phosphatase anti–alkaline
phosphatase method. Immunohistochemical and immunocy-
tochemical analyses were performed with an automated
stainer (Techmate 1000, Ventana, Tucson, AZ) according to
the instructions provided by the manufacturer. Staining was
considered positive when 5% or more of the immature cells
expressed the antigen, usually showing granular cytoplasmic
reactivity. Appropriate positive and negative controls were
performed for each staining run.

Cytogenetic and Molecular Studies

Cytogenetic analysis was performed on peripheral blood
or bone marrow specimens using standard techniques. GTG
banding was used to identify the individual chromosomes.
At least 20 metaphases were examined from each case.
Cytogenetic nomenclature followed standard 1995 Interna-
tional System for Human Cytogenetic Nomenclature
criteria.13

RNA was extracted from peripheral blood or bone
marrow aspirate cells and was analyzed using the reverse
transcriptase–polymerase chain reaction (RT-PCR) designed
to detect both the p210 and p190 bcr/abl fusion transcripts of
the (9;22) translocation, as previously described.14 Primers
used were as follows: p190 BCR 5'-AGA AGC TTC TCC
CTG ACA TCC G-3'; p210 BCR 5'-ACA GGA GAA GCG
CCT TAC CTG-3'; ABL 5'-CGT CCT CCA GCT GTT ATC
TGG A-3'.

For Western blot analysis, cell extraction was performed
as described by Ferrari et al.15 Cell samples stored in liquid
nitrogen were thawed, pelleted, and lysed in tris(hydrox-
ymethyl)aminomethane (Tris)-buffered saline buffer (40-
mmol/L-concentration of Tris-HCL, pH 8, 200-mmol/L
concentration of sodium chloride, and 5-mmol/L concentra-
tion of EDTA) containing a 1-mmol/L concentration of
phenylmethylsulfonylfluoride by 3 cycles of sonication at 30
seconds each. The lysates were centrifuged for 1 hour at 4°C
and 12,000g. The protein concentration of the recovered
supernatant was measured using the BCA Protein Assay Kit
(Pierce, Rockford, IL). Total protein, 20 to 40 µg, denatured
by boiling for 5 minutes in sodium dodecyl sulfate loading
buffer, was loaded on 10% polyacrylamide gel. After elec-
trophoretic separation, the gel was electroblotted to a nitro-
cellulose membrane. Chemiluminescent immunodetection
was performed using WesternBreeze Kit (Novex, San Diego,
CA). Immunodetection of MPO was performed using the

polyclonal antibody described for the immunohistochemical
analysis. Samples tested included 5 pMPO-positive ALL
cases and 2 pMPO-negative cases. NB4 cell line protein was
used as a positive control.

Statistical Considerations

Comparisons between pMPO-positive and pMPO-nega-
tive groups were tested using the Fisher exact test16 with
discrete frequencies and the Wilcoxon rank-sum test17,18 for
continuous measurements. Tests were 2-sided, and the cutoff
for statistical significance was .05. Variables tested for signifi-
cance were as follows: age at diagnosis, sex, diagnosis,
extramedullary disease (subgroups were central nervous
system, lymph nodes, and other sites), WBC count at diag-
nosis, specimen type (primary diagnosis or relapse),
immunophenotype (subgroups were pMPO, CD10, CD19,
CD20, TdT, CD13, CD15, CD33, and CD34), chromosomal
abnormalities [subgroups were t(9;22), 6q, 9p, 11q23, 12p,
14q32, 19p13, trisomies, isochromosomes, others, and hyper-
diploidy], treatment (transplant or no transplant), time from
diagnosis to CR (continuous and divided into ordinal groups,
with never reaching CR treated as the longest time to CR),
bcr-abl polymerase chain reaction testing (p190 vs p210 vs
negative), and disease recurrence (sites were bone marrow or
blood, central nervous system, testis, and other). Kaplan-
Meier19 survival estimates were tested using the Mantel-
Haenszel (log-rank) test.20 The 95% confidence intervals
(CIs) on the Kaplan-Meier estimates were calculated using a
logit transformation of the Greenwood estimate of the vari-
ance.21 Regressions of predictor variables on survival
outcomes were performed using the Cox proportional hazards
regression model.22 Predictors with a P value of less than .2
were entered as candidate variables into stepwise algorithms.
Diagnosis date and treatment date were used as the starting
times for survival analyses. Survival times since date of diag-
nosis are reported; survival times since date of treatment had
similar results. Risk ratios were reported with 95% CI.

Results

Diagnostic evaluation of the specimens from the 82
patients revealed 67 precursor B-cell (82%), 2 mature B-cell
(2%), and 13 T-cell (16%) ALLs. Twenty-one patients were
first studied at the time of relapse. The blast cells in 19 cases
(23%) immunoreacted with the pMPO antibody ❚Image 1❚.
These included 3 cases (16%) with 5% to 10% MPO-posi-
tive blast cells and 16 cases (84%) with more than 10% posi-
tive blast cells. No differences in immunoreactivity were
identified by type of tissue fixation. The pMPO-positive
cases included 14 men (74%) and 5 women (26%) (median
age, 31.2 years; range, 18.8-59.4 years). No difference in
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age, sex distribution, or peripheral blood WBC count was
observed between the pMPO-positive and pMPO-negative
groups ❚Table 2❚. All pMPO-positive patients achieved a CR;
however, in 1 patient (6%), the time to first CR was more
than 6 weeks. This was in contrast with the pMPO-negative
group in which 9 (16%) of 55 patients required more than 6
weeks to achieve CR and 5 (9%) of 55 patients never
reached CR. Extramedullary disease was a second risk factor
more common in the pMPO-negative group, present in 21
(34%) of the pMPO-negative cases compared with 1 pMPO-
positive case (5%; P = .02).

The 19 pMPO-positive cases were all of precursor B-
cell lineage (P = .06) and, therefore, had a higher frequency
of CD10, CD19, and CD20 expression than did the pMPO-
negative group ❚Table 3❚. No difference in aberrant CD33
expression was identified between the 2 groups (P = 1.00),
but the expression of either CD13 or CD15 was increased
significantly in the pMPO-positive group (53% vs 21%; P
=.01). Immunocytochemical studies performed on cytocen-
trifuged preparations of frozen cells from 8 cases, including
4 pMPO-positive and 4 pMPO-negative ALLs using a mono-
clonal MPO antibody, were negative in all cases.

Exploratory analyses were performed to determine
whether karyotypic differences were observed between the
pMPO-positive and pMPO-negative groups ❚Table 4❚. No
statistically significant differences were observed. In fact, a
nearly identical frequency of isochromosome, 11q23, 12p,
and 14q32 abnormalities between the pMPO-positive and
pMPO-negative groups was observed. Despite the lack of
statistical significance, 9p deletions (P = .10) and t(9;22) (P
= .06) were more frequent in the pMPO-positive group. The

t(9;22)(q34.1;q11.2) was detected by karyotype analysis in 6
(40%) of the 15 pMPO-positive cases studied and in 7 (13%)
of the 52 pMPO-negative cases studied.

Further studies for t(9;22) were performed on cases
when available. RT-PCR analysis for bcr/abl was performed
on samples from 4 of the t(9;22) cytogenetic-positive pMPO-
positive cases and revealed evidence of the p190 fusion
product in 3 cases (1 also had a weak band for p210) and
p210 in 1 case. Of the remaining 13 pMPO-positive cases, 9
were negative for t(9;22) by karyotype analysis and 4 were
not submitted for cytogenetics or were insufficient for
analysis. Nine of the karyotype-negative cases were tested
for bcr/abl fusion products by RT-PCR. Eight were RT-PCR
negative, and 1 demonstrated evidence of the p210 fusion
product. The 4 pMPO-positive cases with no karyotype
analysis all were studied by RT-PCR. Of the 4, 3 were nega-
tive and 1 was positive for p210 bcr/abl by RT-PCR. In
summary, 8 (42%) of 19 pMPO-positive cases demonstrated
evidence of t(9;22) or bcr/abl by one of the methods used
(karyotype analysis, RT-PCR, or both).

All 7 cases (5 pMPO-positive and 2 pMPO-negative)
studied by Western blot analysis with the polyclonal anti-
body demonstrated a predominant band size of 55 kd, as
expected and previously reported for MPO ❚Image 2❚.15

There was insufficient material remaining on these cases for
additional Western blot analysis.

Survival Analysis

No differences in survival were observed between the 2
pMPO groups by primary disease vs relapse, transplant
status, disease recurrence, or site of recurrence. Univariate

28 Am J Clin Pathol 2001;116:25-33    © American Society of Clinical Pathologists

❚Image 1❚ Myeloperoxidase positivity in acute lymphoblastic leukemia. Some cases were positive in only a subpopulation of
cells (A), while others showed diffuse and strong positivity in the blast cells (B). Both cases also were positive for CD19, CD10,
and terminal deoxynucleotidyl transferase (×600).
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❚Table 2❚
Clinical Features of Patients With pMPO-Positive and pMPO-Negative Acute Lymphoblastic Leukemia

Variable pMPO-Positive (n = 19)* pMPO-Negative (n = 63)* P

Age (y)
Median 31.2 31.7 .76†

Range 18.8-59.4 18.8-62.3
Sex

Male 14 (74) 39 (62) .42
Female 5 (26) 24 (38)

Specimen type
Primary 15 (79) 46 (73) .77
Relapse 4 (21) 17 (27)

WBC count at diagnosis, /µL (× 109/L)
25,000 or more (25.0 or more) 7/18 (39) 24/56 (43) 1.00
<25,000 (<25.0) 11/18 (61) 32/56 (57)

Extramedullary disease‡

Present 1 (5) 21/61 (34) .02
CNS 0 4
Lymph node 0 11
Other sites 1 15

Absent 18 (95) 40/61 (66)
Time to first CR (wk)

<4 12/18 (67) 36/55 (65) .13
4-6 5/18 (28) 5/55 (9)
>6 1/18 (6) 9/55 (16)
Never 0 5/55 (9)

Treatment
Stem cell transplant 0 1/62 (2) .68
Bone marrow transplant 11/18 (61) 31/62 (50)
No transplant 7/18 (39) 30/62 (48)

Disease recurrence‡

Present 12 (63) 38/59 (64) 1.00
Blood or bone marrow 10 30
CNS 2 10
Testis 2 1
Other site 1 8

None 7 (37) 21/59 (36)

CNS, central nervous system; CR, complete remission; pMPO, polyclonal myeloperoxidase.
* Data are given as number or number (percentage) unless otherwise indicated. When not available for all cases, data are given as number of affected cases/total number of cases

(percentage).
† Wilcoxon rank-sum test; all other P values were calculated using the Fisher exact test.
‡ More than 1 site was involved in some patients.

❚Table 3❚
Immunophenotypic Features of Patients With pMPO-Positive and pMPO-Negative Acute Lymphoblastic Leukemia*

Variable pMPO-Positive pMPO-Negative P†

Immunophenotype category
Precursor B-cell 19/19 (100) 48/63 (76) .06
Mature B-cell 0/19 (0) 2/63 (3)
Precursor T-cell 0/19 (0) 13/63 (21)

Immunophenotype
CD10+ 16/19 (84) 42/61 (69) .25
CD19+ 19/19 (100) 49/63 (78) .03
CD20+ 12/19 (63) 18/60 (30) .01
TdT-positive 18/18 (100) 52/54 (96) 1.00
CD13+ 6/17 (35) 8/54 (15) .08
CD15+ 5/17 (29) 7/47 (15) .28
CD33+ 4/17 (24) 14/58 (24) 1.00

CD13+, CD15+, or CD33+ (any one) 10/19 (53) 22/63 (35) .19
CD13+ or CD15+ 10/19 (53) 13/63 (21) .01
CD34+ 14/19 (74) 31/52 (60) .40

pMPO, polyclonal myeloperoxidase; TdT, terminal deoxynucleotidyl transferase.
* Data are given as number of cases affected/number of cases tested (percentage).
† Fisher exact test.
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Cox proportional hazards regression analysis confirmed the
significance of diagnosis immunophenotype grouping, time
to first CR, and disease recurrence as predictors of overall
survival, disease-free survival (DFS), and time to relapse.

Univariate Cox proportional hazards regression analyses
were performed for overall survival (outcome death), DFS
(either death or relapse), and relapse alone. Multivariate
survival models using stepwise Cox proportional hazards
regression were constructed. Covariates with a P of less than
.20 by univariate Cox regression were included as candidates
for entry into the models. For the end point of overall
survival in years since date of diagnosis, a model with time
to first CR, cytogenetic abnormalities, pMPO immunoreac-
tivity, and CD13 expression was constructed. For DFS and
for relapse, only time to first CR entered the models.

Kaplan-Meier survival analyses suggested a trend
toward significance in overall survival between pMPO-nega-
tive and pMPO-positive patients (P = .07) ❚Figure 1❚. The 5-
year survival of pMPO-negative patients was 26% (95% CI,
17%-41%) compared with 45% (95% CI, 26%-75%) for
pMPO-positive patients. Almost identical results were
obtained when counting survival time from date of treatment
instead of date of diagnosis. The trend toward improved
survival in the pMPO-positive group could not be attributed
to differences in hematopoietic stem cell transplantation
between the 2 groups.

Immunophenotype grouping at diagnosis significantly
predicted overall survival (P = .01). Patients with precursor
B-cell ALL had 1.80 times the risk of death of patients with
T-cell ALL (95% CI, 0.77-4.22; P = .18). Patients with
mature B-cell ALL had 12.80 times the risk of death of
patients with T-cell ALL (95% CI, 2.34-70.3; P = .003).
Similar higher risks were shown for DFS and relapse.
Patients with CD13+ ALL showed trends toward higher risk
of death (risk ratio, 1.83; 95% CI, 0.93-3.62; P = .08) or DFS
outcome (risk ratio, 1.84; 95% CI, 0.96-3.54; P = .07).

30 Am J Clin Pathol 2001;116:25-33    © American Society of Clinical Pathologists

❚Table 4❚
Cytogenetic Features of Patients With pMPO-Positive and pMPO-Negative Acute Lymphoblastic Leukemia*

Cytogenetic Feature pMPO-Positive (n = 15) pMPO-Negative (n = 52) P†

Normal 1 (7) 14 (27) .16
Abnormal‡ 14 (93) 38 (73)

6q deletion 2 (13) 4 (8) .61
t(9;22) 6 (40)§ 7 (13) .06
9p deletion 4 (27) 5 (10) .10
11q23 abnormality 2 (13) 8 (15) 1.00
12p abnormality 1 (7) 3 (6) 1.00
14q32 abnormality 1 (7) 5 (10) 1.00
19p13 abnormality 2 (13) 2 (4) .21
Trisomies 6 (40) 15 (29) .53
Isochromosomes 1 (7) 4 (8) 1.00
Others 6 (40) 26 (50) .57
Hyperdiploidy

None 10 (67) 37 (71) .64
Moderate 4 (27) 9 (17)
Massive 1 (7) 6 (12)

pMPO, polyclonal myeloperoxidase.
* Data are given as number (percentage).
† Fisher exact test.
‡ More than one abnormality was present in some cases.
§ When molecular studies were included, 8 (42%) of 19 cases demonstrated evidence of t(9;22) or bcr-abl.

❚Image 2❚ Western blot analysis of acute lymphoblastic
leukemia cases using the polyclonal myeloperoxidase
antibody. Lanes 1-5 represent cases of myeloperoxidase-
positive acute lymphoblastic leukemias (ALLs) by
immunohistochemistry, and lanes 6 and 7 myeloperoxidase-
negative cases of ALL by immunohistochemistry. The
negative control contained no protein extract, and the
positive control contained protein extracted from the NB4
cell line. Although multiple weak bands were detected in
most cases, all 7 ALL specimens contained a 55-kd
predominant band that is expected for myeloperoxidase.
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Patients with CD34+ ALL showed elevated risk of DFS
outcome (risk ratio, 1.88; 95% CI, 1.03-3.45; P = .04),
although significance did not carry over to relapse or overall
survival alone.

There was a nonsignificant trend for patients with cyto-
genetic abnormalities to have twice the risk of death of
patients without such abnormalities (risk ratio, 2.03; 95% CI,
0.94-4.37; P = .07). For relapse or death, the risk was 2.00
(95% CI, 0.97-4.15; P = .06).

Discussion

We report a high frequency of immunoreactivity of adult
ALL with a polyclonal antibody directed against MPO that is
used commonly for paraffin section immunophenotyping of
acute leukemias. The pMPO immunoreactivity was found
only in cases of precursor B-cell ALL, and these cases had a
significantly higher frequency of CD19, CD20, and CD13 or
CD15 expression. The high frequency of CD19 expression in
the pMPO-positive group is not surprising because all of the
cases in this group had a precursor B-cell (CD19+)
immunophenotype, while all cases of T-cell ALL (CD19–)
were included in the pMPO-negative group. CD20 expres-
sion, however, was detected in only 45% (30/67) of all
precursor B-cell ALLs in the study, a number almost iden-
tical to a previous report of ALLs in our institution,1 but this
antigen was expressed in 63% (12/19) of the pMPO-positive
ALLs. CD20 expression occurs later than CD19 expression
in lymphoid cell development, suggesting a slightly more
mature B-cell immunophenotype in pMPO-positive ALL.

Karyotype analysis suggested an increased frequency of
t(9;22) in the pMPO-positive group, although this finding did
not reach statistical significance (P = .06). Khalidi et al1

previously demonstrated that myeloid antigen expression is

associated more commonly with Philadelphia chromo-
some–positive ALL in our patient population than with
Philadelphia chromosome–negative ALL.1

MPO positivity was not demonstrated by enzyme cyto-
chemical analysis or with a monoclonal antibody in the cases
tested in the present study, suggesting that the polyclonal
antibody detects an antigen other than MPO protein or
detects a variant MPO protein. By Western blot analysis, the
expected 55-kd protein was detected with the polyclonal
antibody. This protein also was detected by Western blot
analysis in pMPO-negative adult ALL cases, including 1
case that had aberrant myeloid antigen expression (data not
shown). The significance of detecting the appropriately sized
protein with the polyclonal antibody in all types of ALL is
not clear, but further suggests a lack of specificity of this
antibody in ALL.

In a Pediatric Oncology Group study, 56% (32/57) of
infant ALLs expressed MPO at either the protein, using a
monoclonal antibody, or the messenger RNA (mRNA)
level.23 These precursor B-cell leukemias did not demon-
strate other myeloid features, and no cases were positive for
the t(9;22). A large number of the infants in that study were
positive for t(4;11)(q21;q23) and other 11q23 abnormalities,
a finding that is not surprising in this age group.

Kantarjian et al24 described 7 cases of apparent ALL
that demonstrated MPO positivity only by electron
microscopy. These cases were of both precursor B- and T-
cell lineage and were considered a new type of mixed-
lineage leukemia. More recent studies have evaluated MPO
mRNA expression. MPO mRNA reportedly is expressed
only in the most immature myeloid cells and should not be
detectable in mature granulocytes.25 The detection of MPO
mRNA has been studied previously by peripheral blood RT-
PCR or by in situ hybridization.26 Zaki et al27 found MPO
RNA expression to be restricted to acute myeloid leukemias.
Ferrari and colleagues15,28 described cases of MPO RNA-
positive ALL using a variety of methods, but the clinico-
pathologic features of the cases were not reported. Those
cases also failed to demonstrate MPO protein expression by
Western blot analysis, but it was not clear whether a mono-
clonal or a polyclonal antibody was used. Crisan et al29

detected peripheral blood MPO mRNA in 6 of 13 cases of
ALL. All 6 cases had karyotypic or molecular genetic
evidence of the Philadelphia chromosome, and the authors
suggested that MPO mRNA-positive cases represent
lymphoid blast transformation of CML. None of our cases
had clinical or laboratory features that suggested preexisting
CML, and patients with known CML were excluded from
the present study.

Serrano and colleagues30 studied 57 cases of ALL for
MPO mRNA by peripheral blood RT-PCR and found 25
(44%) to be positive. Unlike the present study, 8 cases were of
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❚Figure 1❚ Overall survival from date of diagnosis in patients
with polyclonal myeloperoxidase–positive or polyclonal
myeloperoxidase–negative acute lymphoblastic leukemia. P
= .07 (log-rank test). Vertical marks represent censored data.
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T-cell lineage, and pediatric patients were numerous in that
study. Ten of the MPO mRNA-positive cases were Philadel-
phia chromosome–positive (5 p190 and 5 p210). The MPO-
positive group was associated significantly with male sex,
myeloid antigen expression, T-cell immunophenotype, and
presence of bcr/abl, and there was a trend toward an increased
frequency in older patients (median age, 19 years for MPO-
positive vs 7.5 years for MPO-negative). RT-PCR analysis for
MPO mRNA usually is performed on peripheral blood speci-
mens rather than bone marrow samples to avoid the possi-
bility of contamination with normal immature myeloid cells.

The most important reason for describing pMPO posi-
tivity in ALL is to avoid misdiagnosis of ALL cases
immunoreacting with this antibody as acute myeloid
leukemias. Immunohistochemical studies on bone marrow
biopsy material are useful in cases with inadequate aspirate
material for cytochemical analysis and flow cytometric
immunophenotyping.7,31 Unfortunately, commercially avail-
able monoclonal MPO antibodies will not immunoreact in
fixed, paraffin-embedded tissues. The polyclonal MPO anti-
body is still helpful in this setting if used appropriately with
a panel of other antibodies. Polyclonal MPO immunoreac-
tivity alone, however, should not be used as definite evidence
of myeloid lineage in a bone marrow blast cell proliferation.
Antibodies directed against lymphoid markers, particularly
CD3, CD79a, and TdT, also should be used. Immunoreac-
tivity for pMPO in combination with CD79a and TdT would
be most consistent with a precursor B-cell ALL, although a
biphenotypic acute leukemia could not be excluded without
additional immunophenotyping studies for myeloid-associ-
ated antigen expression. Polyclonal MPO reactivity without
associated lymphoid antigen expression remains a reliable
means of diagnosing acute myeloid leukemia in bone
marrow biopsy material. Paraffin section immunoreactivity

for CD117 also may be helpful for confirming myeloid
lineage in a leukemia, but this antigen is expressed in only a
subset of acute myeloid leukemias,32 and the expression
pattern of CD117 in nonhematopoietic tumors must be
recognized.33 Because of the limitations in detecting
myeloid-associated antigens in paraffin sections, flow cyto-
metric immunophenotyping and immunocytochemical
analysis remain the optimal methods for evaluating the
immunophenotype of acute leukemias.

Nine (47%) of the 19 patients with pMPO-positive ALL
in the present study also had expression of at least 1
myeloid-associated antigen, fulfilling criteria of the Euro-
pean Group for the Immunologic Classification of Leukemia
for biphenotypic acute leukemia.5,6 These findings suggest
that immunoreactivity with the polyclonal MPO antibody
should not be weighted as heavily as monoclonal MPO reac-
tivity or cytochemical MPO positivity in the scoring system
of possible biphenotypic leukemia. We propose to retain
monoclonal MPO and MPO cytochemical analysis positivity
as scoring 2 points in that system but reducing polyclonal
MPO to 1 point to reflect its reduced lineage specificity
❚Table 5❚. This would place pMPO in the same category of
other antigens that are not entirely lineage specific.

Lineage infidelity, as evidenced by the coexistence of T-
cell and B-cell receptor gene rearrangements, is common in
ALL.34 Additional lineage infidelity involving the myeloid
lineage is suggested by the aberrant expression of MPO
mRNA in adult ALL, possibly resulting in an abnormal
protein product detected with a polyclonal MPO antibody.
Although more cases should be studied, these findings
suggest a relatively high frequency of polyclonal MPO
immunoreactivity in adult ALL cases; however, this method
may not be reliable as the sole means of characterizing
leukemias in adults.

32 Am J Clin Pathol 2001;116:25-33    © American Society of Clinical Pathologists

❚Table 5❚
Suggested Modification of the European Group for the Immunological Classification of Leukemias Scoring System for
Biphenotypic Acute Leukemia*

Lineage

Points B T Myeloid

2 CD79a CD3 (m/cyt) Anti-MPO (monoclonal)
cyt IgM Anti–TCR alpha-beta MPO cytochemical analysis
cyt CD22 Anti–TCR gamma/delta

1 CD19 CD2 CD117
CD10 CD5 CD13
CD20 CD8 CD33

CD10 CD65s
Anti-MPO (polyclonal)

0.5 TdT TdT CD14
CD24 CD7 CD15

CD1a CD64

cyt, cytoplasmic; m, membrane; MPO, myeloperoxidase; TCR, T-cell receptor; TdT; terminal deoxynucleotidyl transferase.
* Changes are indicated in bold type. A diagnosis of biphenotypic acute leukemia requires a score of more than 2 points for the myeloid and 1 of the lymphoid lineages.
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