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B REVIEW B

Immunotherapeutic Potential of JL1, a Thymocyte Surface Protein,

for Leukemia

Tumor-specific antigens for leukemia cells have been sought for the past dec-
ades, but none of cell surface markers met sufficient criteria as a ‘phenotypic
signature’. Here we suggest that JL1 antigen can be efficiently used for diagnosis
and treatment. JL1 is a human thymocyte differentiation antigen strictly confined
to a CD4'CD8" double positive subpopulation of cortical thymocytes. Despite
its restricted distribution in normal tissues and cells, the expression of JL1 is
highly associated with hematopoietic malignancies, particularly various types of
leukemia such as T-lineage acute lymphoblastic leukemia (T-ALL), non-T-ALL,
and acute myelocytic leukemia (AML). The expression of JL1 antigen was
observed in 75.6% of leukemic cases (117 out of 154 leukemic patients tested)
with a high mean fluorescence intensity on flow cytometric analysis and con-
firmed by immunoblotting. Since JL1 antigen is selectively expressed on the
surface of human leukemic cells, but not on mature human peripheral blood
cells and normal bone marrow cells, anti-JL1 mAb can be used as a reagent
of choice in the routine diagnosis of various types of leukemia, providing an
excellent candidate for the treatment of these diseases.
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INTRODUCTION

The cloning and functional chatactetization of many
leukocyte sutface molecules with the aid of monoclonal
antibodies (mAbs) has had a profound effect on cancer
immunology as well as basic immunology. The advent
of mAbs provided a powetful new method to search for
cancer antigens and made antibody-based therapies pos-
sible. The identification of tumor specific antigens, which
curtently implies that the molecules are exptessed only
at a cettain developmental stage but are able to be reex-
pressed on malignant tissue later, would make it possible
to distinguish cancer cells from normal cells, and to treat
cancer with antibody-based therapies or vaccination.
These tumor specific antigens fit more with a self/altered
self paradigm than with a nonself paradigm for antigens
recognized in infectious diseases. Such a distinction of
tumor cells from normal cells is based on the premise
that the tumor cell beats a distinct immunophenotype,
referred to as a ‘phenotypic signature’(1). Although these
phenotypic signatures for cancet cells have been sought
among many cell surface matkers over the past decades,
none of these trials have been successful so far.

Key Words : JL1, Thymus, Leukemia, Differentiation antigen, Immunctherapy, Immunodiagnosis

455

E-mail : pshoe@plaza.snu.ac.kr

Since they ate also able to be used as markers for
lineages, differentiation, and activation, the clinical appli-
cation of some mAbs have played essential roles in the
diagnosis and classification of a vatiety of malignancies
such as leukemia and lymphoma (2). For instance, CD10
(CALLA) and CD34 have been used as immunodiagnostic
and immunotherapeutic tools for leukemia (3). However,
theit concomitant exptession in normal cells, outside
tumors, has posed a constraint on the use of these mAbs
in clinical applications.

We pteviously developed a mAb against a 120-130
kDa human thymocyte sutface molecule, designated JLI.
This antigen was exclusively expressed on double positive
(CD47CD8™) cortical thymocytes and was absent from
all other types of normal tissues and cells (4). The fact
that JL1 was also exptessed in several leukemic cell lines
with immature T cell phenotype led to the investigation
of JL1 exptession in various types of leukemias. Surptis-
ingly, anti-JL1 mAb specifically recognized leukemias of
myeloid and B cell origins as well as leukemias corre-
sponding to the cortical stage of T cell differentiation.
Indeed, the expression of JL1 antigen was obsetved in
75.6% of all of leukemic cases (3). The data opened up
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the possibility that the molecular mechanism of these
phenomena might have a relationship with an aberrant
regulation of gene expression in leukemic cells which is
a common featute in vatious types of leukemia.

In this review, two primary issues will be addressed.
One is to introduce the biochemical and functional fea-
tutes of the JL1 molecule. The other is to discuss the
potential usage of the anti-JL1 mAb in clinical aspects
due to its ability to distinguish leukemic cells from not-
mal cells.

JL1, A THYMOCYTE-SPECIFIC SURFACE
ANTIGEN

JL1 was first described as a novel 120-130 kDa human
T cell surface molecule in 1993 (4). The JL1 molecule
is a single chain glycoprotein with intramolecular disul-
fide bridges and about a 5 kDa glycosylation. The size
variation of JL1 antigen in different types of cells was
considered to be due to a difference in glycosylation. Im-
munohistochemical and flow cytometric analysis revealed
that it was strongly and specifically expressed on double
positive (CD4"CD8™) cortical thymocytes (Fig. 1A). It is
not likely that the JL1 antigen belongs to a category of
activation molecules because petipheral blood mononu-
clear cells (PBMC), regardless of activation status, were
JL1 negative. Furthermore, both CD34" and CD34"
bone marrow cells as well as leukocytes of cord blood
wete cleatly negative for JL1 (Fig. 1B). Wheteas, many
other cell surface proteins, such as CD1 which represents
the immatute cottical stage of thymocyte differentiation,
are also expressed on extrathymic tissues or cells, the JL1
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molecule is unique in that its expression was undetectable
in normal tissues and cells other than cortical thymo-
cytes. This unique distribution pattern of JL1 suggests
that it may play a role in thymocyte differentiation and
education. Recently, the functional role of JL1 antigen
duting positive selection has been investigated using a
human reaggregate culture system. The differentiation of
immature thymocytes into single positive matutre T cells
was inhibited with anti-JL1 mAb treatment (unpublished
data). In addition, the engagement of the JL1 antigen
increased tyrosine phosphotylation of cellular proteins
and induced homotypic aggregation of cortical thymocyte
through the LFA-1/ICAM-1 pathway, as was the case in
other surface molecules such as CD99, CD45, and CD46
(6). JL1-mediated homotypic aggtegation of thymocytes
also requires functionally intact cytoskeletons, actin poly-
metization and protein tyrosine phosphatase (unpublished
data). On the basis of these data, we propose that the
engagement of JL1 surface molecules with a natural
ligand might play an impottant role in positive selection
of thymocytes.

EXPRESSION OF JL1 ON VARIOUS TYPES
OF LEUKEMIA

We investigated the expression patterns of JL1 in
vatious types of tumor cells from leukemic patients (5).
Unexpectedly, we found that JL1 was widely exptessed
on many different types of leukemia. Most T-ALL cases
showed the JLI positivity (93%). The proportion of JL1-
positive cases in acute non-T-lymphoblastic leukemia
(non-T-ALL) (82%) was also very high although it was
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Fig. 1. Flow cytometric analysis of human thymocytes (A) and bone marrow cells (B). While most of human thymocytes express
JL1 antigen, CD34-positive and -negative bone marrow cells do not express it.
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Table 1. Flowcytometric profile of anti-JL1 mAb immunofluorescence in various leukemias

Type of leukemia No. of cases tested

No. of JL1-positive cases

Percent of JL1-positive cases

T-ALL 27
non-T-ALL* 50
AML 62
Acute biphenotypic leukemia 9
CML in blast crisis 4
CLL of B cell lineage 1
Adult T cell leukemia® 1
Total 154

25 (83.1+16.6)" 9%2.6
41 (72.7+19.3) 82.0
43 (615+29.7) 69.4
6 (63.3+182) 66.7
1 (42.0) 25.0
0 (0) 0
1 (58.0) 100
117 756

* CALLA-positive or negative cases (one case was CALLA-negative and JL1-positive).

T HTLV-related case.

* average percent of positive cells + standard deviation (adapted from W.S. Park et al., Leukemia, in press, 1998. Stockton Press).

lowet than that in T-ALL. Even in AML, 70% of total
cases were positive for JL1. As a whole, the exptession
of the JL1 antigen was observed in 76% of all types of
leukemic cases (117 out of 154 leukemic patients tested)
on flow cytometric analysis (Table 1). The data suggest
that anti-JL1 mAb could be effectively used in the diag-
nosis of most types of leukemia.

There was a lineage-dependent difference in JL1 ex-
pression between types of leukemia in terms of fluo-
rescence intensity. The average petcentage of positive
cells was 83.1+16.6% in JL1" T-ALL, 72.7%+19.3% in
JL1" non-T-ALL, and 61.5%29.7% in JL1"™ AML. The
petcentage of cases showing a mean fluorescence intensity
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Fig. 2. Immunoblots of bone marrow cell suspensions from
CALLA* non-T-ALL (lanes 3-7), AML (lanes 8-14), and T-ALL
(lanes 15-17) stained by anti-JL1 mAb, show bands of varied
molecular weights from 120 to 160 kDa (A). Molt-4 and thymo-
cytes (lanes 1 and 2, 130 kDa and 120 kDa, respectively) also
show different bands. The protein (JL1) bands are absent or
faint in lanes 11, 15 and 17. Immunoprecipitation of "I-labeled
cell lysates of those samples with low JL1 density on immuno-
blotting was performed (B), and prominent bands correspond-
ing to JL1 antigen are demonstrated in all three samples
(adapted from W.S. Park et al., Leukemia, in press, 1998.
Stockton Press).

of over 100 was 76% in T-ALL, 44% in non-T-ALL, and
30% in AML. These tesults suggest that JL1 expression
could be efficiently used in disctiminating between leu-
kemic cells and normal stem cells.

The expression of JL1 in leukemia was further con-
firmed by immunoblotting (Fig. 2). Leukemic cells from
15 cases of high, intermediate, and low relative antigen
index with flow cytometric analysis showed clear bands
with a slight variation in their sizes atound 120 kDa.
This data support that the flow cytomettic results even
in leukemic cells of the lowest intensity wete not due
to nonspecific binding of anti-JL1 mAb.

We have shown that JL1 was specifically expressed on
the surface of leukemic cells, but not on those of periph-
eral blood lymphocytes and bone marrow cells from heal-
thy donots. It is also worthwhile to note that the affinity
of anti-JL1 mAb to leukemic cells (affinity constant=
1.69X10” L/mol) is high enough to label tumor cells
with high specificity (7).

DIAGNOSTIC AND THERAPEUTIC POTENTIAL
OF ANTI-JL1 MADb

The identification of cell surface molecules, which ate
notmally restricted in disttibution but predominantly
expressed on leukemic cells, would be vety helpful in the
diagnosis and immunophenotypic classification of leu-
kemia (8). Our data showed that the presence of JL1*
PBMC is highly indicative of an attack by leukemia.
Especially, the clinical usefulness of JL1 antigen shares
a common feature with CD34 molecule in that both
molecules are the most effective in the detection of leu-
kemic cells among the currently available mAbs. On the
basis of molecular characteristics of JL1, we suggest that
when leukemic cells are identified as JL1 positive, we ate
able to determine whether patients came to a remission
duting chemotherapy by monitoting them in terms of
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JL1 expression.

Besides their diagnostic utility, tumor specific antigens
have been recognized as a clue to target the cancer cells
by two distinct apptoaches; antibody-based therapies and
vaccine-based therapies (9, 10). Although the clinical use-
fulness of currently available mAbs has been contro-
versial, with a debate centering around the crossreactivity
between normal and tumor cells, JL1 molecule is the
most plausible candidate for this putpose due to its
extremely high specificity. Anti-JL1 mAb is immediately
applicable to antibody-based therapy only if it proves
that it does not cause toxicity in human. The criterion
for deciding whether a given mAb is to be tested as a
therapeutic tool, is the likelihood that the mAb will be
taken up by tumors in significantly greater amounts than
by notmal tissues (9, 11). Since our group showed specific
localization of JL-1 in Molt-4 tumors induced in SCID
mice without antigenic modulation ot shedding, anti-JL1
mADb is thought to meet this requirement (7). With the
specific localization and satisfactory affinity of anti-JL1
mAb, we suggest that JL1 would be the best candidate
for therapeutic trials of leukemia.

Cancer vaccines are intended to induce T cells ot other
components of the immune system to tecognize and vig-
orously attack malignant cells. Although it has yet to be
studied whether immunizing leukemia patients against
JL1 antigen can induce immunity against leukemia with
minimal side effects, it appears unlikely that it will cause
harmful immunological side effects by JL1 expression in
the cortical thymocytes. In fact, thymectomized patients
show few immunological deficits, since the thymus un-
detgoes an involution and loss of function once the
petipheral T cell repertoite has been established (12).
Recently, it has been suggested that tumot specific anti-
gens, MAGE, BAGE and GAGE, which are expressed
in 60% of Caucasian melanoma, might possibly induce
protection against parental tumot cells without severe
side effects (13, 14). Likewise, JL1 antigen may be the
best candidate for the development of a cancer vaccine
for leukemia. In addition, there is stll another possibility
that and-JL1 mAb is applicable to autologous bone
marrow transplantation through a immunochemopurging
protocol (unpublished data).

In summaty, we conclude that JL1 would be the
best ‘phenotypic signature’ of leukemia among “tumot-
specific” molecules reported so far due to its two uni-
que charactetistics. The first is the natrow distribution
pattern of its expression in normal tissues and cells
despite its expression in wide range of leukemia. The
second is the high affinity of anti-JL1 mAb to tumor
cells. On the basis of these features of JL1 molecule,
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we suggest that JL1 antigen would be most useful in
immunodiagnosis and immunotherapy of all kinds of
acute leukemia.

REFERENCES

1. Compana D, Pui C-H. Detection of minimal residual disease
in acute leukemia: methodological advances and clinical sig-
nificance. Blood 1995; 85: 1416-34.

2. Boldt DH, Kopecky KJ, Head D, Gehly G, Radich JP,
Appelbaum FR. Expression of myeloid antigens by blast cells
in acute lymphoblastic leukemia of adults. The southwest on-
cology group experience. Leukemia 1994; 8: 2118-26.

3. Knapp W, Dorken B, Gilks WR, Rieber EP, Schmidt RE, Stein
H, Kr von dem Borne AEG. Leukocyte Typing 1V. White cell
differentiation antigens. London: Oxford Univ Press, 1989:
334, 817-29.

4. Park SH, Bae YM, Kwon HJ, Kim TJ, Kim J, ILee SJ, Lee
SK. JLI, a novel differenfiation antigen of human cortical
thymocyte. J Exp Med 1993; 178: 1447-51.

5. Park WS, Bae YM, Chung DH, Kim TJ, Choi EY, Chung J-K,
Lee MC, Park SY, Park MH, Park SH. A cell surface molecule,
JLI: a specific target for diagnosis and treatment of leukemias.
Leukemia 1998 (in press).

6. Hahn JH, Kim MK, Choi EY, Kim SH, Sohn HW, Ham DI,
Chung DH, Kim TJ, Lee WJ, Park CK, Ree HJ, Park SH.
CD99 (MIC2) regulates the LFA-1/ICAM-1-mediated adhesion
of lymphocytes, and its gene encodes both positive and nega-
tive regulators of cellular adhesion. J Immunol 1997; 159:
2250-8.

7. Chung JK, So Y, Hong MK, Choi SR, Jeong JM, Lee DS,
Lee MC, Koh CS, Choi EY, Park SH. In vitro and in vivo
properties of murine monoclonal antibody for a novel imma-
ture thymocyte-differentiated antigen, JLI1. Nucl Med Biol 1997;
24: 433-7.

8. George AJT, Spooner RA, Epenetos AA. Applications of mon-
oclonal antibodies in clinical oncology. Immunol Today 1994;
15: 559-61.

9. Old LJ. Immunotherapy for cancer. Sci Am 1996: 102-9.

10. Shu S, Plautz GE, Krauss JC, Chang AE. Tumor Immunology.
JAMA 1997; 282: 1972-81.

11. Goldenberg DM, Schlom J. The coming of age of cancer
radioconjugates. Immunol Today 1993; 14: 5-7.

12. George AJT, Ritter MA. Thymic involution with aging: obso-
lescence or good housekeeping? Immunol Today 1996; 17:
267-72.

13. Houghton AN. Cancer antigens: immune recognition of self
and altered self. J Exp Med 1994; 180: 14.

14. Boon T, van der Bruggen P. Human tumor antigens recog-
nized by T lymphocytes. J Exp Med 1996; 183: 725-9.



