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The classification of acute leukemia is important for the selection 
of optimal therapy. Classification often rests on morphologic, 
cytochemical, and immunologic criteria, and the marker enzyme 
terminal deoxynucleotidyl transferase (TdT) has been considered 
to be a reliable indicator of lymphoblastic leukemias. Because 
TdT-positive cells sometimes are seen in leukemias otherwise 
identified as myeloblasts, the authors evaluated blasts identified 
as myeloid by the presence of myeloperoxidase (MPO) for the 
simultaneous expression of TdT. The blasts in the bone marrow 
aspirate or peripheral blood of unselected patients with hema­
tologic malignancies were evaluated and 60 cases are shown. 
The French-American-British system and, in some patients, cy­
tochemical and immunologic studies were used to classify the 
leukemias. The authors demonstrated that blasts simultaneously 
contained MPO and TdT in 29% of patients with acute myelo­
blasts leukemia and 3% of patients with acute lymphocytic leu­
kemia (ALL). This finding supports the hypothesis that TdT is 
an expression of cell primitivity rather than a marker for lym­
phoblastic cells. (Key words: Leukemia; Terminal transferase; 
Myeloperoxidase) Am J Clin Pathol 1987; 87: 732-738 

THE CLASSIFICATION of acute leukemias is based 
largely upon the examination of Romanovsky-stained 
peripheral blood and bone marrow aspirate smears, stan­
dardized for the past ten years according to the French-
American-British (FAB) system, which divides myelo­
blasts leukemias into six types and lymphoblastic leu­
kemias into three.2 This distinction of leukemias as my-
eloblastic or lymphoblastic has been of considerable im­
portance clinically, since response to therapy and 
prognosis are significantly different for these two classes 
of leukemias.1439 Because classification based on mor­
phologic characteristics alone sometimes is imprecise, cy­
tochemical stains1214 and immunologic studies using a 
wide variety of monoclonal antibodies8,24 have become 
widely used to aid in the identification of leukemia cells. 

One of the most useful procedures for the classification 
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of acute leukemia has been the determination of terminal 
deoxynucleotidyl transferase (TdT), a nuclear enzyme that 
had been considered to be specific for lymphoblastic cells.5 

This enzyme may be evaluated immunologically using 
heteroantisera linked with a fluorescence or immunoper-
oxidase visualization technique,22 which makes it possible 
to identify this marker in individual cells. It soon became 
evident that many patients (5-44%) with morphologically 
and cytochemically defined acute myeloblastic leukemia 
(AML) also had cells positive for TdT.67121822 

To resolve the question of whether patients with AML 
who showed TdT-positive cells had two cell types (one 
with myeloid and one with lymphoid characteristics) or 
a single cell expressing two markers, it was necessary that 
the myeloid lineage of the TdT-positive cells be established 
clearly. Several such studies have been reported where 
dual labeling was performed on selected cases. These 
studies initially indicated that cells labeled with more than 
one marker were quite unusual.3'13'23,27'28,37 More recently, 
however, Mirro and associates used dual markers to eval­
uate 12 cases selected from a series of 123 patients with 
acute leukemia and found evidence for dual cell lineage 
in all 12. There was indirect evidence of dual hneage in 
another 13 cases.26 

Although these studies provide strong evidence that, at 
least in some instances, a single cell may react with both 
myeloid and lymphoid markers, the question of how fre­
quently this is found needed to be addressed.25 To deter­
mine the frequency of dual markers in acute leukemias, 
patients newly diagnosed with a hematologic malignancy 
were routinely evaluated for the presence of myeloper­
oxidase (MPO) and TdT from November 1984 until No­
vember 1985. We determined that 29% of patients with 
AML had blasts containing both markers, while only one 
patient (an adult) with acute lymphocytic leukemia (ALL) 
expressed simultaneous markers. 
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Methods 

Patients 
Eighty-six patients were evaluated. In 60 of the patients, 

a diagnosis of acute leukemia was established from bone 
marrow aspirate or buffy coat smears stained with the 
Romanovsky method. A minimum of 200 cells were 
counted, and nearly all cases also had a core biopsy eval­
uated (stained with hematoxylin and eosin and with 
Giemsa). Classification was determined using morpho­
logic and, in many cases, cytochemical and immunologic 
characteristics. Cytochemical reactivity of blast cells was 
evaluated using periodic acid-Schiff (PAS), chloroacetate 
esterase (CAE), alpha-naphthyl acetate esterase (NSE) with 
and without fluoride inhibition, and acid phosphatase 
(AcP) reactions according to standard methods. Cyto­
chemical MPO stains were done in some cases also. A 
case was designated positive if 3% of the blasts were pos­
itive.2 The lymphoblastic leukemia cases were further 
subclassified using monoclonal antibody J5 (CALLA), E-
rosettes, and surface and cytoplasmic immunoglobulins 
according to previously described technics.'519 Some of 
the cases were classified using some or all of a monoclonal 
antibody profile consisting of 12, My7, My9, Bl, B4, Tl, 
Ti l , T4, and T8 and evaluated using fluorescence ac­
tivated cell sorting (FACS) technology or immunogold 
staining.910 (Monoclonal antibodies were obtained from 
Coulter Immunology, Hialeah, FL.) A case was considered 
positive for the marker if 10% of the blasts displayed 
binding of the antibody. 

MPO and MPO Antibody Preparation 
MPO was purified from human polymorphonuclear 

(PMN) leukocytes (obtained from patients undergoing 
therapeutic phlebotomy for secondary polycythemia) ac­
cording to Anderson and associates,1 using gel filtration 
and column chromatography. Protein assays were done 
by the Schacterle-Pollack method,33 using a bovine serum 
albumin (BSA) standard, and myeloperoxidase enzyme 
assays were done according to Himmelhoch and associ­
ates.17 Purity of the preparations was established by gel 
electrophoresis, which demonstrated a single band. Rab­
bits were immunized by injecting 375 ng of MPO in com­
plete Freund's adjuvant per rabbit in each thigh and sub-
cutaneously in the back of the neck. Intravenous booster 
injections were given on days 10 and 17, using 75 fig 
MPO in saline. On day 27, the serum was tested for an­
tibody and the gamma globulin fraction was purified by 
treatment with Cellex D®20 (Bio-Rad, Rockville Centre, 
NY). The reactivity of the antibody was compared to cy­
tochemical MPO methods and the optimal antibody con­
centration for immunocytochemical assays was deter­
mined by incubating dilutions of antiserum with meth-

anol-fixed smears of normal peripheral blood. The 
primary antibody was visualized using rhodamine-con-
jugated goat antirabbit serum, and the smears were eval­
uated using a Nikon Labophat® equipped with fluorescein 
isothiocyanate (FITC) and rhodamine filters (excitation 
wave lengths 410-485 and a 50-W mercury lamp). The 
antibody to myeloperoxidase reacted strongly with neu­
trophils and precursors of neutrophils and weakly with 
monocytes. It did not react with eosinophils, platelets, or 
lymphocytes. 

Dual Labeling 

The double labeling was performed sequentially as de­
scribed by Folds and associates.13 Briefly, indirect im­
munofluorescence on methanol-fixed bone marrow as­
pirates or peripheral blood buffy coat smears for TdT was 
done according to Bollum and co-workers.5 (The primary 
antibody to TdT, the secondary antibody, and reagents 
were obtained from Supertech Laboratories, Bethesda, 
MD). The TdT antibody does not react with cells in adult 
bone marrows but may react with up to 10% of cells in 
pediatric marrows (in patients younger than two years of 
age). The procedure then was repeated with the MPO 
antibody as described above. At least 200 cells per slide 
were evaluated to determine the percentage of the blasts 
that were positive for TdT or MPO. A cell reacting either 
with TdT or MPO antisera was evaluated immediately 
for the simultaneous presence of the other by switching 
the filter. At least 100 more of the TdT-positive cells were 
evaluated specifically to determine the percent TdT-pos­
itive cells that also were MPO positive. All of the cases 
were evaluated by one of the authors (S.S.K.), and nearly 
every case also was evaluated by L.P. or J.R.K. 

Results 

The reactivity of the antibody to MPO was compared 
with the standard cytochemical method in 21 cases of 
acute nonlymphocytic leukemia and 10 cases of ALL. 
Equivalent results were seen in the two methods, and the 
immunocytochemical method appeared to be more sen­
sitive. No positive blasts were seen in the ALL cases, and 
three of the patients with acute nonlymphocytic leukemia 
were MPO negative by both methods. 

There were 28 cases classified as AML. A brief clinical 
profile and their diagnostic laboratory studies are shown 
in Tables 1-3. There were 13 females and 15 males, and 
6 were 18 years of age or younger. The mean age of the 
adults was 64 years. The mean age of the children was 
12.8 years. Eleven of the patients with AML (39%), con­
firmed with cytochemical and/or immunologic data, 
showed no evidence of TdT activity (Table 1). Seventeen 
of the patients with AML (61%) had blast cells reacting 
with TdT. Nine of these cases, shown in Table 2, showed 
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Patient* 

1.M2 
2. M2 
3. M2 
4. Ml 
5. M2 
6. Ml 
7. Ml 
8. M2 
9. M5 

10. M2 
11. M5 

Table 1 

Age/Sex 

62/M 
78/F 
12/M 
78/F 
45/F 
49/M 
18/F 
8/M 

65/M 
71/M 
76/F 
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'. Laboratory Features of TdT-Negative Patients with Acute Myeloblasts Leukemia 

WBC 
XIO'/L 

48.8 
98.0 
6.4 
1.3 

75.0 
138.0 

6.5 
23.9 
2.9 

101.7 
29.6 

Percentage 
Blasts 

PB 

76 
97 
36 
0 

92 
16 
32 
4 
9 

87 
78 

ASP 

ND 
90 
35 
50 

>90 
29 
38 
42 
90 
90 

>90 

Immunofluorescencef 

MPO 

>50 
>50 
>50 

30 
>75 
>75 
50W 

35 
Rare 
>75 
<5 

TdT 

Neg 
Neg 
Neg 
Neg 
Neg 
Neg 
Neg 
Neg 
Neg 
Neg 
Neg 

Dual 

No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 

Cytochemistry^ 

Auer rods 10% 
SBB, MPO 
CAE, NSE, SBB 
MPO 
SBB, MPO 
CAE, Auer rods, MPO 
SBB, MPO 
CAE, SBB 
NSE 
NSE, Auer rods 
ND 

Surface Markers§ 

Present 

ND 
ND 
ND 
ND 
My9, My7 
ND 
My7, My4, la 
My7, My9 
ND 
ND 
My7, la 

Absent 

ND 
ND 
ND 
ND 
B1,J5,T11 
ND 
B4,J5, Til 
B1.J5, Til 
ND 
ND 
B1,B4,J5, T11.T1 

* Patient number and FAB classification. 
t Percent positive blasts. 

X Cytochemistries supporting diagnosis of AML; MPO not done in cases 1, 3, 8-11. 
§ Surface markers supporting diagnosis of AML by FACS unless otherwise indicated. 

no evidence of simultaneous expression of MPO and TdT. 
Three of these patients had 13-20% TdT-positive cells. 
One of these, case 2, had no surface marker studies and 
conceiveably could be biphenotypic. The other two were 
not felt to be biphenotypic because of negative lymphoid 
surface markers. Two patients had numerous TdT-posi­
tive cells. Although neither of these patients showed dual 
labeling, they were believed to be myeloid leukemias be­
cause of the surface marker results. Eight of the 17 patients 
with TdT-positive results had cells that simultaneously 
exhibited MPO and TdT (Table 3), with a representative 
cell shown in Figures \A and B. The percentage of doubly 
labeled cells was independent of the total number of TdT-
positive cells. Only two of these patients (case 1 with 15% 
and case 6 with 14%) had what would be considered to 
be significant numbers (>10%) of TdT-positive cells. Case 
1, however, had only a rare dual cell, while case 6 had 

80% (of the TdT-positive cells) doubly marked. In addi­
tion, case 6 displayed especially prominent MPO activity 
in the TdT-positive blasts, such that the MPO fluorescence 
could be seen with the FITC filter (Fig. 2). Two patients, 
patients 3 and 8, who showed relatively few TdT-positive 
cells, exhibited double marking in most of these cells, 
strongly suggesting that the TdT-positive cells were not 
indicative of a second leukemic population but rather 
represented TdT-positive myeloid cells. 

The diagnosis of ALL, based on morphologic and cy-
tochemical and/or surface marker criteria, was made in 
30 cases. Eighteen of these patients could be morpholog­
ically classified as LI ALL, with 12 of 14 CALLA positive 
and 16 of 16 PAS positive. All had most of their blasts 
TdT positive (85 ± 4%) and showed only a rare MPO-
positive cell that could easily be identified as a developing 
myeloid cell. None of these patients had cells simulta-

Table 2. Laboratory Features of TdT Positive Patients with Acute Myeloblastic Leukemia 

Patient* 

1.M1 
2. M2 
3. M4 
4. AUL 
5. M4 

6. Ml 
7. Ml 
8. M5 
9. M4 

Age/Sex 

66/F 
75/F 
65/M 
58/M 
62/M 

17/F 
72/M 
50/F 
41/M 

WBC 
X10'/L 

4.6 
2.5 
5.1 

143.0 
31.0 

48.4 
126.4 

1.5 
7.8 

Percentage 
Blasts 

PB 

65 
20 
83 
55 
24 

11 
77 
64 
12 

ASP 

>70 
69 

>90 
71 
20 

ND 
64 
81 

>90 

Immunofluorescencef 

MPO 

10 
>50 
>80 

<5 
60 

25 
25 
<5 
15 

TdT 

<1 
20 
<5 
<5 
<5 

18 
13 

>75 
60 

Dual 

No 
No 
No 
No 
No 

No 
No 
No 
No 

Cytochemistry^ 

ND 
MPO 
NSE 
NSE 
ND 

ND 
ND 
NSE 
SBB 

Surface Markers§ 

Present 

ND 
ND 
ND 
My7, My4, la 
My9, My7, M02, 

My4, la 
My7, My9 
My7, My9, la 
My7, My9, la 
My9, My7, la, 

M4 

Absent 

ND 
ND 
ND 

B4, J5, Tl 1 

B1,J5, Til 
B1.B4, J5, Tl 
J5 
T1,T11 

* Patient number and FAB classification. 
t Percent positive blasts. 
% Cytochemistries supporting diagnosis of AML; MPO was negative in case 4; not done in 

cases 1,3,5-11. 

§ Surface markers supporting diagnosis of AML by FACS unless otherwise indicated. 
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Table 3. Laboratory Features of Patients with Simultaneous MPO and TdT in Acute Myeloblastic Leukemia 

1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 

Patient* 

M2 
Ml 
M4 
M2 
M2 

M2 
Ml 
MlorAUL 

Age/Sex 

71/M 
57/F 
72/M 
63/M 
8/F 

14/F 
84/F 
54/F 

WBC 
XIO'/L 

20.8 
6.5 
1.8 

29.7 
8.9 

2.9 
76.0 

1.4 

Percentage 
Blasts 

PB ASP 

54 50 
52 Dry 
0 >90 

90 >90 
83 88 

0 38 
93 ND 

Rare 67 

Immunofluorescencet 

MPO 

>50 
>50 
>75 

80 
>75 

80 
13 
16 

TdT 

15 
5 
1 
9 

10 

14 
9 

>5 

Dual* 

<2 
50 
75 
3 

100 

80 
<2 
60 

Cytochemistry§ 

NSE 
CAE 
SBB, NSE, MPO 
SBB, MPO 
CAE, MPO, NSE, 

Auer rods 
CAE 
ND 
Neg 

Surface Markersll 

Present 

ND 
ND 
ND 
My9, My7, 
ND 

My7, My9 
My7, la 
ND 

la 

Absent 

ND 
ND 
ND 
B4,J5, Til 
ND 

J5, Til 
B1,B4, J5,T11 
ND 

* Patient number and FAB classification. 
t Percentage positive blasts. 
X Percentage of TdT-positve cells that are MPO positive. 

§ Cytochcmistries supporting diagnosis of AML; MPO not done in cases 1, 2. 6, and 7. 
H Surface markers suppoiting diagnosis of AML by FACS unless otherwise indicated. 

neously positive for TdT and MPO. The clinical and lab­
oratory data on the remaining 12 patients with ALL are 
shown in Table 4. One of these patients, patient 1, had 
blasts simultaneously positive for MPO and TdT. This 
patient's leukemia was classified as lymphoblastic because 
of the large number of TdT-positive cells. All cytochem-

istries were negative, and surface markers were not avail­
able. All of the patients achieved remission with admin­
istration of vincristine, L-asparaginase, and prednisone. 

There were two patients with mixed acute leukemias. 
Both were children, and both were characterized by un­
usual case histories (reported separately).30 One of the pa-

FlG. 1. A leukemic blast is shown with the fluorescein filter (A, upper, 
left) to exhibit TdT activity in the nucleus and with the rhodamine filter 
(B, upper, right) to exhibit myeloperoxidase positive granules in the cy­
toplasm (XI,000). 

FIG. 2. A leukemic blast photographed with the fluorescein filter shows 
visible MPO granules in addition to the TdT-positive nucleus (X 1,000). 
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Table 4. Laboratory Features of Patients with Acute Lymphoblastic Leukemia 

Patient* 

1. L2/L1 
2. L1/L2 
3. L1/L2 
4. L1/L2 
5. L2/L1 
6. L1/L2 
7. L2/L1 
8. L2/L1 
9. L1/L2 

10. L3 
11. L2 
12. L1/L2 

Age/Sex 

19/M 
1/M 

27/M 
10/F 
17/M 
16/M 
68/M 
75/M 
8/M 

10/M 
6/M 
7/M 

WBC 
XIO'/L 

6.7 
13.7 
22.1 
9.2 

10.2 
43.6 

1.1 
5.8 

38.0 
12.7 
3.8 
8.8 

Percentage 
] 

PB 

60 
31 
92 

1 
95 
48 

3 
34 
84 
2 

31 
78 

Blasts 

ASP 

90 
80 

>90 
76 

>95 
74 

>90 
>90 

96 
83 
95 
90 

Immunofluorescencef 

MPO 

Rare 
Neg 
Neg 
Rare 
Rare 
25 
10 
Neg 
<2 
Many 
Neg 
Rare 

TdT 

>80 
>10 
>90 

60 
60 
61 
90 

>75 
>90 

0 
92 
90 

Dual 

5-10 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 

Cytochemistry^ 

All Negative 
PASV 
PAS 
PAS, 
PAS, NSE** 
PAS, NSE, ACPft 
ND 
PAS 
PAS 
ACP 
PAS 
PAS 

Surface Markers§ 

ND 
ND 
ND 
ND 
T l . T l l 
T11,T8 
CALLA, la, B4, Tl 
CALLA,Ia, B4, B1,T1,T11 
CALLA, la 
CALLA, Bl, la 
CALLA 
CALLA 

* Patient number and FAB classification. 
t Percentage positive blasts. 
X Cytochemistries supporting diagnosis of ALL. 
§ Surface markers supporting diagnosis of ALL using immunogold method. 

H Coarse block-like granules. 
** NSE perinuclear dot. 
f t Golgi zone granule. 

tients had equal numbers of MPO-positive and TdT-pos­
itive blasts and had CALLA-positive as well as CALLA-
negative blasts. Twenty-five percent of the TdT-positive 
blasts showed MPO-positive granules. The other child's 
leukemia was predominently lymphoblastic, Bl positive, 
with 80% TdT-positive blasts. Twenty-five percent of these 
blasts were MPO positive. None of the 13 cases with 
chronic myeloblastic leukemia (CML), including a ju­
venile CML, exhibited dual markers. Two of these patients 
were in myeloid blast crisis. 

Discussion 

Our study demonstrated, in an unselected series, that 
8 of 28 (29%) patients with AML, 1 of 30 (3%) patients 
classified as having ALL, and 2 of 2 patients with mixed 
leukemias had cells with dual markers. The degree of dual 
positivity was variable and was not proportional to the 
number of TdT-positive cells. This series clearly estab­
lishes that TdT-positive nuclei occur in cells that possess 
MPO-positive granules, including cases where the total 
number of cells with any marker is small, and further 
shows that this occurrence is not uncommon in AML. 
None of our patients with CML, including two in blast 
crisis, exhibited dual markers. Bettelheim and associates 
reported two cases with mixed blast crises, but none had 
dual markers.4 Although other reports have shown that 
lymphoid markers, including TdT, occurred in cells that 
are MPO-positive or exhibit myeloid-specific surface 
markers,3,13'23,27,28,37,38 these studies evaluated only selected 
patients. 

Although the explanation for the simultaneous presence 
of TdT and MPO or of other mixed lineage markers is 
not entirely clear, there is considerable evidence for the 

hypothesis that, at least in some cases, a common stem 
cell precursor undergoes leukemic transformation, with 
resulting biphenotypic expression. Support for this idea 
comes from Perentesis and associates,31 who reported a 
case in which AML occurred in a patient who presented 
with a TdT+ CALLA+ BA-1+ BA-2+ Peanut agglutinin 
(PNA) and TA-1 neg ALL. Although dual labeling was 
not done in this study, this patient's cells continued to 
exhibit the BA-1 and BA-2 markers on cells that now 
reacted with TA-1, PNA, and NSE, while lysozyme levels 
became markedly elevated and TdT and CALLA reactiv­
ity no longer were present. The hypothesis is further sup­
ported by Tindle and associates,38 who developed the 
monoclonal antibody, BI-3C5, from an AML cell line 
and found that it reacted both with 14 of 17 early myeloid 
(Ml and 2) leukemias and 12 of 16 acute lymphoblastic 
(TdT+ CALLA+) leukemias but failed to react with more 
differentiated acute leukemias. Kita and associates ex­
amined 15 non-T, non-B ALL patients and found that 5 
of them expressed both TdT and myeloid surface markers 
simultaneously. This was interpreted as representing an 
immature stage of hematopoiesis corresponding to the 
bifurcation of lymphoid and myeloid pathways.21 Other 
support comes from Fialkow and associates," who eval­
uated G6PD in malignant blasts and determined that in 
some patients with AML a pluripotent stem cell was in­
volved. Ha and colleagues16 studied 60 cases of acute leu­
kemia using the presence of immunoglobulin gene rear­
rangement to identify cells of B-lymphocyte lineage and 
found that, while CALLA+ leukemias all showed rear­
rangements, other acute leukemias did also. They found 
2 of 9 T-cell ALLs, 2 of 3 acute undifferentiated leukemias 
(AULs), and 1 of 13 AMLs that exhibited gene rearrange­
ment. Palumbo and colleagues29 and Rovigatti and as-
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sociates32 also evaluated this parameter and found evi­
dence for rearrangement of immunoglobulin heavy chain 
genes in some patients with myeloblastic leukemia and 
in some myeloblastic cell lines. Smith and co-workers,34 

however, interpreted the occurrence of bilineage marking 
to indicate abnormal gene expression in leukemia. 

Since the first report of dual marking by Folds and 
associates in 1982, the sophisticated methods for the de­
termination of identifying markers has come into wide 
use. Reports of doubly or multiply marked cells have rap­
idly increased, shedding light on the phenotypic charac­
teristics of leukemic blasts and suggesting that mixed lin­
eage cells may be a product of the differential evolution 
of the pleuripotent stem cell toward one cell line or an­
other with respect to nuclear, cytoplasmic, and surface 
membrane characteristics. The therapeutic implications 
of this phenotypic identification will only become clearer 
when clinicopathologic correlations can be established. 
Preliminary evidence, however, suggests that phenotypic 
characteristics may be of relevance to response to treat­
ment.35 It is likely to be of some importance therefore to 
identify leukemic blasts using these immunocytochemical 
"fingerprints," not only at the time of diagnosis, but also 
at relapse, because it has been shown that phenotypic 
switching occurs26,36 and the degree of heterogeneity re­
cently described suggests that switching may not be un­
common. 

Because MPO is specific for myeloid cells, while TdT 
positivity may occur both in lymphoid and in myeloid 
blasts, the presence of both of these markers in a single 
cell suggests a need for caution in a patient who otherwise 
appears to have lymphoblastic leukemia. Thus, patient 1 
in Table 4, who was felt to have ALL clinically and mor­
phologically, might more appropriately be re-classified as 
having AML or being biphenotypic; and two patients 
shown in Table 2 illustrate that large numbers of TdT-
positive cells may be seen in leukemias felt to be nonlym-
phocytic on the basis of surface membrane studies. 

Observations of the frequent expression of dual lineage 
markers in AML present a persuasive body of evidence 
for the presence of a common myeloid-lymphoid pro­
genitor. The frequency of MPO-positive TdT reacting cells 
in AML and its rarity or absence in ALL suggests that in 
ALL the cells are biologically primitive but committed to 
lymphoid maturation. Thus, these cells could share a my­
eloid membrane epitope, as shown by Kita and associ­
ates,21 but would not show a cytoplasmic enzyme. The 
presence of TdT positivity in AML then should not be 
taken as showing dual lineage but rather as an indicator 
of cell primitivity or as an indicator of asynchrony of 
nuclear and cytoplasmic development. These cells are 
committed to myeloid differentiation but retain TdT ac­
tivity. The data further suggest that the presence of TdT 

antigen is not sufficient for a diagnosis of ALL, and the 
rarity of MPO positivity in well-documented ALL suggests 
that caution be exercised when classifying a TdT-positive 
leukemia when MPO-positive granules are simultaneously 
present. 

The use of multilabel immunofluorescence for mi­
croscopy and flow cytometry, together with immunogold 
and cytochemistry, provide a rich resource for the char­
acterization of leukemic cells. Their use to date has greatly 
expanded our understanding of the nature of acute leu­
kemia and indicates the direction that must be taken for 
future study. 
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