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Acute Lymphoblastic Leukemic Cells with T (Thymus-Derived)

Lymphocyte Markers

Abstract. Five of nine children with acute lymphoblastic leukemia had lympho-
blasts that bound sheep erythrocytes or reacted with antiserum to thymocytes,
suggesting involvement of T (thymus-derived) cells. When lymphoblasts from all
patients were examined by immunofluorescence they were found to lack a marker

for B (bone marrow or bursa-equivalent) cells, that is, the presence of surface

immunoglobulins.

A heterogeneous population of lym-
phocytes are present in the peripheral
blood. Bursa-equivalent or bone mar-
row-derived lymphocytes (B cells) are
characterized by surface immunoglobu-
lins and receptors for a complement
component (C3) and aggregated im-
munoglobulin (/-3). Human T (thy-
mus-derived) lymphocytes lack the
above receptors but bind washed sheep
red blood cells (SRBC’s) in a rosette
distribution (3, 4). Using these mark-
ers, other investigators have studied the
lymphocytes of human leukemia.
Chronic lymphatic leukemia (CLL)
represents, in most cases, a monoclonal
proliferation of B lymphocytes (5, 6).
Burkitt’s lymphoma of both African
(7) and non-African (8) types often
arises in B lymphocytes. Similarly, some
leukemias and lymphomas could be ex-
pected to be of T cell origin. The cells
of a patient with malignant lymphoma

that appeared to originate in the thymus.

were of T origin, as shown by the
SRBC rosette technique (9). Addi-
tionally, a cell line comprised of T
lymphoid cells was established in con-
tinuous culture from a patient with
acute lymphatic leukemia (10).

In order to study the possibility that
acute lymphoblastic leukemia (ALL),
the most common malignancy- of child-
hood, involves T cells, we studied lym-
phoblasts directly after removal from
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peripheral blood. We now report that
lymphoblasts from some of these chil-
dren form rosettes with SRBC’s and re-
act with antiserum to thymocytes and
thus carry membrane markers for T
cells.

Patients with ALL or CLL confirmed
by biopsies of bone marrow, and nor-
mal persons as controls, were included
in the study. X-ray evaluation of the
mediastinum was. performed on all pa-
tients with ALL. Chronic lymphatic leu-
kemia patients were adults with signifi-
cant lymphocytosis (more than 30,000
lymphocytes per cubic millimeter). At
the time the children with ALL were
studied, they were not on treatment and
had a significant percentage of lympho-
blasts (46 to 99 percent) in the periph-
eral blood. Peripheral blood was sepa-
rated on a Ficoll-Hypaque gradient.

The separated mononuclear cells were
washed three times and preincubated
with latex particles so that contaminat-
ing monocytes, which phagocytosed the
particles, could be distinguished from
lymphocytes and lymphoblasts. These
mononuclear cells were then resus-
pended in phosphate-buffered saline,
mixed with washed SRBC’s, and incu-
bated at 4°C for 1 hour according to the
method of Jondal et al. (3). Cells were
considered to be positive when three or
more SRBC’s were bound to the surface
of latex-negative cells. Confirmatory.
SRBC rosette data were obtained by
using cytocentrifuge-prepared, stained
slides. . ‘

Antiserum to human thymocytes was
produced by multiple immunizations of
a goat with viable human thymocytes.
The antiserum was subsequently ab-
sorbed with human erythrocytes and
lymphocytes from a patient with CLL
of B lymphocyte origin, in which more
than 90 percent of cells were bearing
surface immunoglobulins. After ab-
sorption, the antiserum was used at a
1 : 100 dilution in a cytotoxicity assay.
Equal volumes of antiserum, undiluted
rabbit complement, and lymphocytes
were incubated at 37°C for 45 minutes,
atfer which the cells positive for trypan
blue were determined. Complement
controls were subtracted to give the
reported figures.

Lymphocyte surface immunoglobu-
lins were detected by using fluorescein
conjugated monovalent  antiserums
against p, y, and a heavy chains and
k and A light chains in a previously de-
scribed method (11). Reported results
are totaled from the heavy or light
chain determinations.

In peripheral blood of normal in-
dividuals, 60 determinations yielded
50 to 78 percent lymphocytes forming
rosettes with SRBC’s (Table 1). In
three persons with CLL, 1 to 6 percent
of peripheral lymphogytes bound
SRBC’s, indicating that the majority of
the lymphoid cells were not of T cell

Table 1. T an_d B sur.face markers from peripheral blood lymphoid cells from normal controls
and from patients with leukemia. Numbers in parentheses indicate the number of individuals

tested.

T cells

B cells

Patients
Rosette-forming cells

Surface immuno-
globulins* (%)

Thymocyte antigen
(% cytotoxicity)

Normal controls 50-78% (60)
(1100-2800/mm?)
Chronic lymphatic 1-6% (3)
leukemia (1200-2700/mm?)
Acute lymphoblastic 1-68% (9)
leukemia (660-151,500/mm3)

50-70 (13) 14-33 (10)
0-5 (6) 0-99 (12)
3-69 (4) 1-24 (7)

* Determined by immunofluorescence.
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Table 2. Clinical data and lymphoid surface markers from patients with acute lymphoblastic leukemia; N.T., not tested.

Peripheral blood

Sex Thymic )
Patient and en‘:l‘;;gte' ﬁ)ﬁ:fg' Thymocyte iri“;l{fxfg
age (by x-ray) Lymphoblasts Lymphocytes cells ax(1t(;g§n globulins
‘ (%) ‘ (%)
1. P.F. Male, 4 years No 79% (189,600/mm®) 14% (33,600/mm?) 68 69 8
2. JJ. Male, 5 months No 99% (216,800/mm®) 1% (2,200/mm?®) 34 N.T. N.T.
3. EB. Male, 16 years Yes 85% (134,300/mm?) 14% (20,600/mm?) 50 42 4
4, C.T. Male, 14 years . No 46% (1,900/mm?3) 24% (1,000/mm?) 28 N.T. N.T.
5. DP. Male, 12 years No 90% (29,600/mm?) 8% (2,600/mm?®) 3 64 4
6. C.L. Male, 17 years No 94% (261,300/mm?3) 1% (2,3800/mm3) 1 N.T. 1
7. S.0. Female, 14 years No 62% (4,300/mm?) 33% (2,300/mm3) 30 N.T. : 24
8. CB Female, 16 years No 52% (1,600/mm?) 48% (1,400/mm?®) 37 N.T. 12
9. R.S. Female, 5 years No 90% (4,680/mm?3) 5% (260/mm?®) 6 3 17
origin. In children with ALL, 1 to 68 als gave a mean of 21 percent (range, . phoblasts carried T markers while

percent of peripheral lymphoid cells
bound SRBC’s. Also, significant num-
bers. of lymphoblasts formed rosettes
with SRBC’s in four patients with ALL;
in these four children (patients 1 to 4
in Table 2) morphologic evidence of
binding of SRBC'’s to lymphoblasts was
found. Further evidence of binding of
SRBC’s to lymphoblasts is indicated in
these four patients in whom the total
number of cells binding SRBC’s was
greater than the number of mature
lymphocytes contaminating the prepara-
tions (Table 2)—for example, patient
1 had 14 percent lymphocytes and 68
percent cells binding SRBC’s. The re-
maining five patients (patients 5 to 9)
had fewer cells binding SRBC’s than
mature lymphocytes; also in these in-
dividuals no morphological evidence of
SRBC’s binding to lymphoblasts could
be detected.

Results of cytotoxicity testing, ob-
tained with the use of antiserum to

thymocytes, gave 50 to 70 percent cells

positive for thymocyte antigen in pe-
ripheral blood of 13 normal individuals
and 0 to 5 percent positive cells in pa-
tients with CLL (Table 1). These re-
sults are similar to those of the assay
for cells binding SRBC’s. Peripheral
blood lymphocytes from four individu-
als with ALL were tested with anti-
serum to thymocytes. In three, results
were similar to those obtained with the
rosette assay, showing significant lym-
phoblast cytotoxicity in patients 1 and
3 and absence of cytotoxicity in patient
9. The fourth individual, patient 5, al-
though not demonstrating rosette-form-
ing lymphoblasts, was found to have 64
percent cells positive for thymocyte an-
tigen. These data suggest that lympho-
blasts may carry one or both of the
surface markers characteristic of T cells.

Cells bearing surface immunoglobu-
lins (B cells) of ten normal individu-
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14 to 33 percent) (Table 1). In pa-
tients with CLL the range was from
0 to 99 percent; most patients had more
than 60 percent. Seven patients with
ALL gave values ranging from 1 to
24 percent (Table 2). Values of 8, 4,
and 4 percent were found in individu-
als 1, 3, and 5, respectively, all of
which appeared to involve T cells by
the previous tests. The higher values
for cells bearing surface immunoglob-
ulins, 24, 12, and 17 percent for in-
dividuals 7, 8, and 9, respectively,
were found in individuals with higher
percentages of contaminating lympho-
cytes in peripheral blood. Thus, as re-
ported by others, we were unable to
detect significant surface immunoglobu-
lins in lymphoblasts of patients with
ALL (12).

The data presented here indicate that

-some cases of ALL of childhood in-

volve proliferation of cells with sur-
face characteristics of T cells. The tests
employed in our study do not permit
us to distinguish whether the ALL’s,
involving cells with T markers, origi-
nate in thymus, bone marrow, or else-
where. Origin within the thymus is
suggested in the one patient who had
thymic enlargement. Absence of thymic
enlargement in remaining cases suggests
origin in T lymphocytes of bone marrow
or extramedullary origin; thymic origin
with early peripheralization is an al-
ternative explanation which cannot be
ruled out, however.

In four cases of ALL we were unable
to detect lymphoblasts with T or B cell
markers. These data suggest that some
ALL’s originate in undifferentiated cells
or that dedifferentiation may frequently
be associated with malignant transfor-
mation of lymphoid cells, or both. The
latter possibility is suggested by the ob-
servation that even in leukemias with the
presence of T cell markers, some lym-

others did not.

Of interest concerning possible T
and B cell origin of human leukemias
are studies which indicate that, in mice,
virus- or radiation-induced leukemias
often involve T cells while chemically
induced leukemias often involve B
cells (13, 14).

Note added in proof: Since submis-
sion of this report additional cases of
ALL with T cell markers have been
reported (15).
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