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Summary

Materialsand Methods
Introduction

T- and B-CellMarkerAssays.T- and B-cellmarkerswere

We have previously reported that TLL2 is a T-ceii cancer
(4) and have pointed out that several lymphoblastoid cell
lines have been established in culture from patients with
ALL 2Â°TLL. These lines were shown to differ from human Biymphoblastoid lines in that they retain T-cell chamactemis
tics in culture and have not been transformed by Epstein
Barr virus (5). The evidence suggested that these lines are
successfully established in culture because of malignant
properties (2, 4, 5).
These observations led us to seek evidence for leukemia
lymphoma-associated antigens on T-ceil lines. We found (6)
that rabbit antisera prepared against T-cell line HSB-2, hay
ing been extensively absorbed with the autologous B-cell
line CCRF-SB to remove reactivity against B-cell and histo
compatibility antigens and further absorbed with normal
thymocytes, reacted by complement-dependent cytotoxicity
with malignant Iymphobiasts obtained from patients with
TLL or ALL 2Â°TLL. Furthermore, the absorbed antisera
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Â°Theabbreviations used are: TLL, thymic lymphoblastic lymphoma; ALL
2Â°TLL, acute lymphoblastic leukemia secondary to thymic lymphoblastic
lymphoma; ASCL, acute stem cell leukemia; AML, acute myelogenous leuke
mia; PBL, peripheral blood lymphocytes; PHA, phytohemagglutinin; E-ro
settes, rosettes formed by T-cells and sheep erythrocytes; Cl, cytotoxicity
index.
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determined as previously described (4). T-cells were identi
fied by E-mosettes.B-cells were identified by the presence of
complement receptors (antibody- and complement-coated
sheep emythmocyte-mosettes)
and surface immunoglobulin.

Patients.Thediagnosticcriteriausedinclassifyingtumor
patients included histopathology, determination of T- or Bcell markers, and presence or absence of radiological
evidence of a thymic mass. Patients with acute lym phobias
tic leukemia were considered to have leukemia secondary
to TLL if their tumor cells formed E-mosettesand/or if they
presented with a thymic mass. All other patients with acute
lymphoblastic leukemia were classified as having ASCL.

TumorCells.Tumorcellswereobtainedfrompleuralfluid
of 1 patient with TLL and by Ficoli-Hypaque separation from
peripheral blood of 4 patients with ALL 2Â°TLL, 4 patients
with ASCL, 2 patients with AML, and 1 patient with AMML.
All tumor cell suspensions contained more than 80% blasts
as determined by examination of Wright-stained prepara
tions. Tumor cells were used fresh or after frozen storage in
10% dimethyl sulfoxide at â€”130Â°.

NonneopiasticCells. Lymphocyteswere obtainedby Fi
coll-Hypaque separation from peripheral blood of adults
and neonates. Suspensions of thymocytes and tonsil cells
were prepared by mincing surgically excised thymic and
tonsil tissue in 0.15 M NaCI. PHA-stimulated lymphocytes
were harvested from 72-hr cultures of adult PBL incubated
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Absorption studies demonstrate that T-ceil lymphoma
associated antigens detected by rabbit antisera to human T
lymphoblast cell lines are present in suspensions of cord
blood lymphocytes and phytohemagglutinin-stimulated
adult blood lymphocytes in amounts similar to those found
in T-celi lymphoma tumor cell suspensions. Smaller
amounts of antigen activity are found in suspensions of
tonsil cells, thymocytes, and unstimulated adult blood lym
phocytes. Little or no antigen activity is found in suspen
sions of lymphoblasts from patients with other types of
leukemia or from B-cell lines. T-cell depletion removes anti
gen activity from suspensions of normal lymphocytes.
These findings suggest that T-ceII lymphoma-associated
antigens may be fetal antigens expressed by activated T
cells.

were cytotoxic for all T-celI lines. However, they did not
react with leukemic cells from patients with ASCL on AML,
nor did they kill B-cell lines, normal PBL, or thymocytes.
These findings indicated that T-celi lines possess TLL-asso
ciated antigens. To determine whether such antigens are
neoantigens unique to malignant T-cells on normal antigens
expressed in larger amounts on malignant cells, extensive
absorption studies have been carried out with tumor cells
and normal cells from different tissues and from subjects of
different ages. The results of these experiments now show
that suspensions of cord blood lymphocytes and PHA-stim
ulated adult blood lymphocytes contain as much TLL-anti
gen activity as do TLL tumor cells, suggesting that TLL
associated antigens are fetal antigens reexpressed by acti
vated T-ceiis.
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at an initial cell concentration of 106/ml with 1:100 diluted
PHA-M (Grand island Biological Co., Grand Island, N.Y.). By
morphological criteria, 80% of these cells were lympho
blasts. Control lymphocytes from 72-hr cultures without
PHA were also obtained.

sheep erythrocyte-binding

cells on a Ficoll-Hypaque gra

dient.

Results

TissueCultureCells. The derivationand maintenancein
culture of T-cell lines CCRF-CEM and HSB-2 and B-cell lines
CCRF-SB, RAJI, and RPMI 7666 have been described previ
ously (5). T-cell line MOLT-3 was kindly supplied by Dr. J.
Minowada, and T-cell line JURKAT was kindly supplied by
Dr. U. Schneider and maintained in the same manner.
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A panel of test cells to be used for cytotoxicity and ab
sorption reactions was first developed and examined for T
and B-cell markers as delineated in Table 1. The T-celi
marker of spontaneous rosette formation with sheep eryth
mocyteswas found on tumor cells from 1 patient (Case 1)
Preparation and Absorption of Antisera. Rabbits me with TLL and 2 patients with ALL 2Â°ILL (Cases 3 and 4).
ceived injections of 5 x 10@viable cells from T-cell line HSB
Tumor cells from 2 other patients with ALL 2Â°TLL (Cases 2
2. This dose was repeated 2 weeks later, and after another 9 and 5), all 3 patients with ASCL, 2 patients with AML, and 1
days the animals were bled by cardiac puncture. Sera were patient with AMML had neither T- nor B-cell markers. Cell
heat inactivated at 56Â°for 30 mm and stored at â€”20Â°.
Anti
lines HSB-2, CCRF-CEM, MOLT-3, and JURKAT, all derived
sera were then sequentially absorbed with B-cell line CCRF
from patients with ALL 2Â°TLL, had T-ceil properties. Cell
SB and thymocytes by incubating a 1:10 dilution of serum
lines CCRF-SB, RAJI, and RPMI 7666 had the B-cell proper
with 10% v/v cells for 30 mm at room temperature.
ties of antibody- and complement-coated sheep erythmo
Cytotoxicity Assay. Complement-dependent cytotoxicity cyte-rosette formation and/or surface immunoglobulin. Al
tests were performed by mixing 10@cells suspended in 10 @xi most all of the thymocytes and PHA-stimuiated adult lym
diiuent with 10 p1 test serum (final dilution of 1:40) in V
phobiasts had T-ceil markers. Mixtures of T- and B-cells
bottom wells of microtiten plates (Cooke Engineering Co., were found in suspensions of PBL from normal adults and
Alexandria, Va.). Diluent in all instances consisted of Hanks' neonates as well as in tonsil cell suspensions.
basal salt solution with 10% fetal calf serum. After 30 mm at
This cell panel was then used to test the specificity of the
37Â°,plates were centrifuged at 250 x g for 5 mm at 37Â°, anti-T-cell line antisera. As shown in Table 2, the pattern of
supemnatant fluid was removed, and 10 @.d
of appropriately
cytotoxic reactivity of a representative antiserum, A12, was
diluted rabbit complement and 10 @.d
diluent were added.
identical to that previously reported for other similarly pre
After 30 mm at 37Â°,10 p1 1% trypan blue were then added,
pared antisera (6). Of the tumor cells tested, only lympho
and the percentage of cells staining with dye was deter
blasts from subjects with TLL or ALL 2Â°TLL reacted strongly
mined. Each test was done in quadruplicate and included
with the antiserum. By comparison. little or no cytotoxicity
controls for diluent and complement cytotoxicity. The CI was seen with other types of leukemic cell. The 4 T-cell
was calculated by the formula:
lines, all derived from patients with ALL 2Â°TLL, reacted
strongly.
In contrast, all 3B-ceII lines examined, including
Cl = 100 x [% dead (test) â€”% dead (c' control)]/[100 â€”%
CCRF-SB,
derived from the same leukemic patient as HSB
dead (c' control)].
2, failed to react in the cytotoxicity test. The antiserum
AbsorptionTests. Absorptiontests were performedby showed little or no cytotoxicity for normal lymphocytes
incubating 10@cells with 0.1 ml diluted antiserum for 30 mm including adult and cord blood lymphocytes, adult PHA
at 25Â°.Cells were then removed by centnifugation at 1500 x
blasts, tonsil cells, and thymocytes.
g for 10 mm, and the supemnatant was tested as above for
Because of the possibility that absorption tests might
cytotoxicity to T-celI line CCRF-CEM. Percentage of absomp reveal antigens not detected by complement-dependent cy
tion was calculated by the formula:
totoxicity, experiments were carried out in which 10@of
each test cell type in the panel was used to further absorb
% A = 100 x [Ci (unabsombed) â€”Cl (absombed)}/Cl
antiserum A12. The percentage of absorption of cytotoxicity
(unabsombed).
of the antiserum for T-cell line CCRF-CEM was then deter
Quantitative absorption tests were performed using 106, mined. As also shown in Table 2, in most instances the
10@,5 x 10w, and, when feasible, 108, and 10@cells. The results of absorption tests paralleled the results of the cyto
toxicity assays. However, in contrast to their cytotoxicity
number of cells required to give 50% absorption of a stand
and dilution of antiserum was then estimated from plots of response, cord blood lymphocytes and PHA-stimulated
adult lymphocytes strongly absorbed antiserum reactivity.
percentage of absorption versus cell number. By assigning
an absorptive capacity of 100 to the ability of 106 cells to Weak but definite absorption reactivity was consistently
result in 50% absorption, a relative absorptive capacity
obtained with tonsil cell suspensions, thymocytes, and
adult PBL. These data confirmed our previously reported
(RAC) for each cell type was then calculated as follows:
finding that appropriately absorbed rabbit antisera to T-cell
RAC=lOOx
lines detect non-HLA antigens which are shamed by T-ceIl
cell no. needed for 50% absorptIon X 106
lines and lymphoblasts from patients with TLL and ALL 2Â°
Purificationof T- and B-lymphocytes.As describedby TLL and that these antigens are absent from B-cell lines and
tumor cells from subjects with other types of leukemia. The
Greaves and Brown (3), T-iymphocytes from tonsil cell sus
absorption studies revealed, however, that these antigens
pensions were purified by a nylon wool column filtration
method, and B-cells were purified by sedimentation of are also present on some normal lymphocytes and that they

T-Ce!! Lymphoma-assoCiated Antigens
are particularly prevalent on cord blood lymphocytes and
PHA blasts.
To assess further the relative amounts of TLL-associated
antigens on different cell populations, quantitative absomp
tiontestswere performed using graded increasesin num

Discussion
The absorption studies reported here demonstrate: (a)
that T-cell Iymphoma-associated antigens detected by com
plement-dependent cytotoxicity tests exclusively on TLL tu
momcells and T-ceii line iymphoblasts are also components
of some normal lymphocytes, and (b) that significantly
larger amounts of these antigens are present in suspen
sions of cord blood lymphocytes and adult PHA blasts than
in suspensions of normal thymocytes, tonsil cells, and adult
PBL. Together with the observation that cell suspensions

Table 1
T- and B-cell marker determinations

Cell typeCaseThymic
(%)Tumor

ro
sourceE-rosettes(%)EAC' settes (%)SIg

massDiagnosisCell

cells1
3

fluid

0Cell

8
91

4
2

ALL2Â°TLL

Blood

28

15

1

ALL 2Â°
TLL
ASCL

Blood
Blood

6
3

1
13

13
4

1

2

2

3
2
17
17

7
8
11
0

5
27
0

+

4

+

5
6
7
8
9

+
â€”

ASCL

Blood

â€”

ASCL
ASCL
AML
AML

Blood
Blood
Blood
Blood

AMMLPleural

Blood31

ALL 2Â°
TLL
ALL 2Â°
TLL

+

â€”

â€”

10
11

â€”

12+

â€”TLL

â€”

linesHSB-2

100NormalAdults

Blood
Blood

2
3

010

1
8

131

CCRF-CEM
MOLT-3
JURKAT
CCRF-SB

2Â°
TLL
ALL 2Â°
TLL
ALL 2Â°
TLL
ALL2Â°TLL
ALL 2Â°
TLL

72
39
43
0

0
0
0
2

0
0
0
90

RAJI

Burkitt's

0

63

96

RPMI7666ALL

Normal51

00

5lymphocytesNewborns

(16)â€•Blood60

Â±&@17

30
Â±427

Â±

(3)
Tonsil (4)
Thymus(2)

43 Â±
98

PHA-stimulated
a

EAC,

antibody-

b Numbers
C

Mean

in
Â±
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adult bloodBlood46

complement-coated
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number

sheep
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bers of absorbing cells. As shown in Chart 1, antiserum A12
was progressively absorbed by increasing numbers of cells
from suspensions of T-celI line CCAF-CEM, TLL tumor
cells, cord blood lymphocytes, adult blood lymphocytes,
tonsil cells, and thymocytes, confirming that TLL-associ
ated antigens are present in each of these suspensions. In
contrast, the failure of even as many as 5 x 108cells from Bcell lines CCAF-SB and RAJI or from a patient with AMML to
absorb antiserum A12 reactivity shows that such cells lack
TLL-associated antigens.
The similarities in the slopes of the absorption curves
between 20 and 80% absorption suggested that a measona
bie numerical estimate of the relative amounts of antigens
in different cell suspensions might be obtained by compam
ing the number of cells in each type of suspension resulting
in 50% absorption. Thus, by assigning a relative absorptive
capacity of 100 to the ability of 106cells to absorb 50% of the
cytotoxicity of A12 for T-ceil line CCRF-CEM, a relative
absorptive capacity for each cell type was calculated (Table
3). By this method of estimation, T-ceIl line CCRF-CEM had
the highest TLL antigen activity of all the cell types tested.
Amounts of TLL antigens on cord blood lymphocytes and
TLL tumor cells were comparable to each other and were
approximately 5 to 10 times greater than those found on
tonsil cells, thymocytes, and blood lymphocytes from older

children and adults. The absorptive capacities of the latter
cell types were roughly similar to each other.
To determine whether those normal lymphocytes that
reacted with the antiserum were T-cells or B-cells, suspen
sions were prepared of tonsil cells depleted of B-cells by
nylon column filtration or depleted of T-cells by Ficoli
Hypaque gradient separation of sheep emythnocyte-binding
cells. These suspensions were then compared with unpuni
fied tonsil cells for their ability to absorb reactivity of antise
mumA12. As shown in Table 4, compared to unseparated
tonsil cells, nylon column-filtered tonsil cells contained a
high proportion of T-cells, whereas Ficoll-Hypaque-sepa
rated cells were mostly B-cells. Absorption tests with 108
cells from each of these 3 tonsil suspensions showed that E
rosette depletion but not nylon column filtration abrogated
the ability of tonsil cells to absorb antiserum A12, indicating
that the antiserum reacts exclusively with T-cells.
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Table 2
Reactivity of antiserum A12' for tumor cells, cell lines, and normal cells
Absorption
Cell types

Diagnosis
TLL

Case

Tumor cells
2

ALL
ALL
ALL
ALL

3
4

5
6
7
8
9

2Â°
TLL
2Â°
TLL
2Â°
TLL
2Â°
TLL

CI
48
39

by

10@cells (%)
86
80

73

85

12
43

81
92

ASCL

0

18

ASCL

0

13

ASCL
ASCL

3
0

1
22

2011AML
10AML
210
12

HSB-2
CCRF-CEM
MOLT-3

Normal

19

95

95

16

78

28

80

CCRF-SB

0

4

RAJI
RPMI 7666

2
0

8
13

Adult PBL (20)â€•
Neonatal PBL

2

22Â±2@

2

84

Adult PHAblasts

4d
5

72â€•
85
0
23Â±7'
18

72-hrdiluent
control
Tonsil(7)â€•
â€”

diluted

b Numbers
C Mean
d A
e

1
6

Thymus

a A12

pool

Mean

1:40.
in

Â± SE.
of
Â±

0

63

JURKAT

B cell lines

2

9
SE.

parentheses,
of

20

cord
of

normal

blood
7

children's

number

of

different

samples

tested.

adults.
specimens.
tonsils

tested

separately.

Table 3
Relativeabsorptive capacitiesâ€•
of cells for antiserum A12
T-cell
CCRF-CEM>100T-celi
line
1)40Cord
lymphoma(Case
lymphocytes29Tonsil5Thymus4Adult
blood

0
a
0
0

lymphocytes3B-cell
blood
CCRF-SB<1B-cell
line
line RAJI<1
a

Relative

absorptive

capacity

=

100 x _________________ 1
cell no. x 106causing 50%absorption of A12
CeI)s used for absorption

Chart 1. The percentage of absorption of cytotoxicity of antiserum A12 for
T-cell line CCRF-CEM by varying numbers of different cell types. - - - -. 50%
absorption level.

depleted of T-ceiis contain less TLL antigen activity than do
untreated cell suspensions, the findings suggest that TLL
associated antigens are fetal antigens meexpressed by ma
tune T-ceils during the cell meplicative cycle.
Other fetal antigens have been found not only on neoplas
tic cells, but also on adult cells when they replicate. For
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example, a-fetopmotein has been detected in large amounts
not only in subjects with hepatomas and teratobiastomas,
but also during the recovery phase of viral hepatitis and in
some subjects with cirrhosis (8). Similarly, a-fetogiobuiin, a
muminefetal protein analogous to human a-fetoprotein, has
been shown to be produced not only by experimentally
induced hepatomas but also by dividing adult liver cells
following partial hepatectomy (1).
Observations such as these have led to the concept that
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T cell lines

AMML

T-Ce!! Lymphoma-associated

Antigens

Table 4

Absorption of cytotoxicity of antiserum A12 for T-cell line CCRF-CEM by purified tonsil T
and B-cells
Tonsil cell treatment
Unseparated

Nylon column filtration
E-rosettedepletion ____
_____________
,,

EAC,

antibody-

and

E-rosettes
(%)
EACâ€•
-rosettes

SIg (%)

Absorption by
10' cells (%)

46
77

33

32

76

4

5

78

1

56

54

complement-coated

sheep

erythrocyte;

SIg,

surface

18
immunoglob

ulin.

ing.

Adult

cells

may

express

only

small

amounts

of this

differentiation antigen because relatively few of them are in
the process of dividing. in the experiments described here,
cord blood lymphocytes may express larger amounts of
TLL-associated antigens than adult blood lymphocytes, not
because they are representative of fetal cells, but because,
when compared to adult blood lymphocytes, more of them
are dividing. This is reflected by their higher spontaneous
uptake of [3H]thymidmne(7).
Regardless of whether TLL-associated antigens are de
scnibed as fetal antigens, differentiation antigens, or cell
cycle antigens, it will be important to determine whether
host immune responsiveness to these antigens exists. Since
attempts to answer this question would be facilitated by
availability of isolated, soluble TLL antigens, we are cur
rentiy attempting to prepare and characterize TLL antigens
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using T-cell lines as an abundant and convenient source of
antigenic material.

Acknowledgments
We thank Robert Fuchs and Cheryl Fox for technical assistance.

References
1. Abelev, G. I., Perova, S. D., and Khramakova, N. I. Production of Em
bryonal Alpha Globulin by Transplantable Mouse Hepatomas. Transplan
tation, 1: 174-180, 1963.
2. Adams, R. A. , Pothier, L. , Flowers, A. , Lazarus, H., Farber, J. , and Foley,
G. E. Malignant Immunoblastoma: Immunoglobulin Synthesis and the
Progression to Leukemia in Hetero Transplanted Acute Lymphoblastic
Leukemia, Chronic Lymphatic Leukemia, Lymphoma, and Infectious
Mononucleosis. Cancer, 31: 1397-1407, 1973.
3. Greaves, M. R., and Brown, G. Purification of Human T and B Lympho
cytes. J. Immunol, 112: 420-423, 1974.
4. Kaplan, J. , Mastrangelo, R., and Peterson, W. 0. , Jr. Childhood Lympho
blastic Lymphoma, a Cancer of Thymus-derived Lymphocytes. Cancer
Res., 34: 521-525, 1974.
5. Kaplan, J. , Shope, T. E., and Peterson, W. D. , Jr. Epstein-Barr Virus
Negative Human Malignant T Cell Lines. J. Exptl. Med., 139: 1070-1076,
1974.
6. Kaplan, J., Tilton, J., and Peterson, W. 0., Jr. Identification of T Cell
Lymphoma Tumor Antigens on Human T Cell Lines. Am. J. Hematol.,

1: 219-224,1976.
7. Leikin, S., Whang-Peng, J., and Oppenheim, J. J. In: J. E. Harris (ed),
Proceedings of the Fifth Leukocyte Culture Conference, pp. 389-402.
New York: Academic Press, Inc. , 1970.
8. Uriel, J. Transitory Liver Antigens and Primary Hepatoma in Man and
Rat. Pathol. Biol., 17: 877-884, 1969.

3475

Downloaded from http://aacrjournals.org/cancerres/article-pdf/2397575/cr0369p23471.pdf by guest on 25 September 2022

derepression of fetal antigen production occurs in associa
tion with normal cell division as well as during malignant
transformation. Since the fetal phase of development is
characterized by widespread cell replication, an alternative
interpretation is that fetal antigens are actually cell division
differentiation antigens. Thus, cells may express large
amounts of a certain differentiation antigen during a spe
cific phase of development such as fetal life, not because
such an antigen is a fetal antigen, i.e., unique to the fetal
phase of development, but rather because more cells that
express that particular antigen are in the process of divid

