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Background: JL1 is a newly identified CD43 epitope that specifically recognizes leukemic
cells. We analyzed the incidence of JL1 expression and compared the clinical, immunophenotypic, and genetic characteristics of de novo pediatric acute leukemia patients with respect to JL1 expression status to determine the therapeutic potential of an anti-JL1 antibody.
Methods: Seventy-eight patients with pediatric acute leukemia (52 with ALL, 26 with AML)
diagnosed between December 2014 and January 2016 were enrolled prospectively. Flow
cytometry for JL1 expression was performed at diagnosis. Clinical, immunophenotypic,
and genetic characteristics were compared with respect to JL1 expression status by the
Student t-test/Mann–Whitney U test and chi-square test/Fisher’s exact test.
Results: The incidence of JL1 expression was 76.9% and 84.6% in ALL and AML patients, respectively. ALL patients with JL1 expression showed higher CD10 and cytoplasmic IgM expressions than those without JL1 expression (P = 0.022 and 0.003, respectively) and were associated with TCF3-PBX1 and KMT2A-MLLT1 translocations. AML patients with JL1 expression showed higher CD13 and lower CD65 and CD15 expressions
than those without JL1 expression (P = 0.013, 0.007, and 0.024, respectively) and were
associated with RUNX1-RUNX1T1, PML-RARA , and CBFB-MYH11 translocations. The
JL1 expression incidence did not differ between ALL and AML, and the JL1 expression
status did not affect prognosis.
Conclusions: Our findings support the potential therapeutic role of anti-JL1 monoclonal
antibodies; JL1 expression was associated with specific immunophenotypes and genetic
abnormalities. Future studies should examine the prognostic impact of JL1 expression in
pediatric acute leukemias.
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INTRODUCTION
Current therapeutic strategies for acute leukemia include induc-
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tion chemotherapy and additional consolidation or maintenance
chemotherapy using cytotoxic agents; however, patients face a
high risk of mortality or morbidity during the chemotherapy cyhttps://doi.org/10.3343/alm.2019.39.4.358
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cle. Monoclonal antibodies against leukemia-associated antigens induce antibody-dependent cellular cytotoxicity by recruiting tumor cells and exert cytotoxicity via binding to activated immune effector cells. These antibodies could provide an alternative therapeutic strategy to chemotherapy [1-6].
The JL1 antigen is an epitope of CD43, a cell surface glycoprotein of the mucin family. It is also known as a differentiation
antigen expressed on double positive (CD4+ CD8+) human cortical thymocytes [6-9]. In normal bone marrow (BM), the JL1 antigen is expressed neither on hematopoietic pluripotent stem
cells of myelomonocytic and erythroid lineages nor on mature
blood cells (lymphocytes and segmented neutrophils) [7-9]. In
contrast, the JL1 antigen is heterogeneously expressed in myelomonocytic lineages (no or weak expression on promyelocytes,
myelocytes, and metamyelocytes, but strong expression on band
forms); in lymphoid lineages, JL1 antigen is expressed on common lymphoid progenitors and widely distributed during lymphoid maturation but is down-regulated during the final maturation process [7-9]. The JL1 antigen has also been reported to
be expressed on leukemic T, B, and myeloid lineage cells in
> 80% of acute leukemia patients and thus could serve as a
potential candidate for immunotherapy [7-9]. The overall incidence of JL1 positivity was reported to be 80.9%, 87.0%, and
90.1% in non-T ALL, T-ALL, and AML, respectively [7]. Preclinical studies have demonstrated the cytotoxic effects of an antiJL1-based immunotoxin against JL1-positive leukemic cells, which
does not affect most normal tissues other than thymocytes and
certain mononuclear cells of the BM [10]. A study reported that
the JL1 monoclonal antibody recognizes a specific epitope of
human CD43 and that saporin conjugated to the JL1 antibody
can effectively attack leukemic cells in in vitro cytotoxic assays
and result in significantly prolonged survival in a leukemic mouse
model [11].
Effective immunotherapy for acute leukemias depends on the
exclusive expression of an antigen on leukemic blasts but not
on normal hematopoietic cells [12]. Anti-CD20 monoclonal antibody rituximab for B-lineage lymphoma demonstrated the rationale for using immunotherapy in hematologic malignancies [1316]. Previous studies focused on the treatment of refractory or
high-risk acute leukemias. To date, no comprehensive clinical,
immunophenotypic, and genetic investigation of JL1-expressing
de novo pediatric acute leukemias has been performed. We investigated the incidence of JL1 expression and compared the
clinical, immunophenotypic, and genetic characteristics of de
novo pediatric acute leukemia patients with respect to JL1 expression status to determine the therapeutic potential of an antihttps://doi.org/10.3343/alm.2019.39.4.358

JL1 monoclonal antibody.

METHODS
Patient cohort and acquisition of clinical and prognostic
data
In total, 82 patients with pediatric acute leukemia (52 ALL [48
B-ALL and four T-ALL] and 30 AML) diagnosed between December 2014 and January 2016 at Asan Medical Center, Seoul,
Korea, were initially enrolled. Four AML patients who were identified as having secondary AML, such as therapy-related AML or
AML with myelodysplasia-related changes, were subsequently
excluded. We finally included 78 patients diagnosed as having
de novo pediatric acute leukemia (52 ALL and 26 AML) with a
median age of 96 months (range: 2–216 months) and a median
follow-up period of 424 days (range: 79–753 days). This prospective study was conducted in accordance with the Declaration of Helsinki (2013 revision), and written informed consent
was obtained from all patients. It was approved by the Institutional Review Board (IRB) of Asan Medical Center, Seoul, Korea
(approval number: AMC IRB 2014-0066).
Clinical characteristics, including sex, age, hemogram results,
and blast proportions in peripheral blood (PB) and BM at diagnosis, were collected. The prognostic indicator period from diagnosis to first hematologic complete remission (CR), rate of hematologic CR achievement, and relapse rate in patients with first
hematologic CR were analyzed. Hematologic CR was defined as
meeting all of the following response criteria during evaluation at
least four weeks post diagnosis: < 5% blasts in the BM and no
blasts in the PB, normal maturation of all cellular components
in the BM, no evidence of extramedullary diseases (such as involvement of the central nervous system or soft tissue), absolute
neutrophil count ≥ 1 × 109/L, platelet count ≥ 100 × 109/L, and a
clinically proven transfusion independent state. Relapse was defined as the presence of ≥ 5% leukemic blasts in the BM aspirates in patients with a previously hematologic CR state.

Treatment strategies
Patients diagnosed as having ALL received induction chemotherapy comprising vincristine, corticosteroids, and L-asparaginase with added anthracycline. In addition, intrathecal chemotherapy was administered with methotrexate for standard-risk
patients and with corticosteroid and cytarabine for high-risk patients, such as those with T-ALL or a complex karyotype. Following induction chemotherapy and achievement of hematologic
CR, consolidation chemotherapy typically lasting one to two months
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was conducted with methotrexate and 6-mercaptopurine or
6-thioguanine for standard-risk patients; L-asparaginase, doxorubicin, etoposide, cyclophosphamide, and cytarabine for highrisk patients; and a tyrosine kinase inhibitor for patients with
t(9;22)(q34;q11.2). Following consolidation chemotherapy, maintenance chemotherapy typically lasting 16 weeks was performed;
the most commonly applied treatment regimen was administration of 6-mercaptopurine daily and methotrexate weekly, administered as pills, often together with vincristine (administered intravenously) and a corticosteroid (administered orally). The latter two drugs were administered once after every four to eight
weeks.
Patients diagnosed as having AML received induction chemotherapy (7+3 regimen) with a continuous infusion of cytarabine
at a dosage of 100–200 mg/m2 per day on days 1 to 7 and daunorubicin at 60 mg/m2 per day on days 1 to 3. Following hematologic CR, patients received high-dose cytarabine-based consolidation chemotherapy using cytarabine twice daily at a 3 g/m2
dose on days 1, 3, and 5, or received hematopoietic stem cell
transplantation according to the eligibility of hematopoietic stem
cell donors. In cases of acute promyelocytic leukemia, patients

received induction chemotherapy consisting of all-trans retinoic
acid (ATRA) plus daunorubicin and/or cytarabine, as well as consolidation chemotherapy with similar regimens.

Immunophenotyping
Flow cytometry for immunophenotyping leukemic blasts was
performed with a FACSCanto II flow cytometer (BD Biosciences,
San Jose, CA, USA). For ALL, CD45, CD34, terminal deoxynucleotidyl transferase (TdT), CD13, CD33, CD10, CD19, CD20,
cytoplasmic CD22 (cCD22), CD2, CD3, cytoplasmic CD3 (cCD3),
CD5, CD7, CD56, cytoplasmic IgM (cIgM), surface IgM (sIgM),
and myeloperoxidase (MPO) were included in the analysis. For
AML, CD45, CD34, TdT, CD13, CD33, CD10, CD19, cCD22,
CD2, CD3, cCD3, CD7, CD56, MPO, HLA-D related (HLA-DR),
CD117, CD65, CD15, CD14, and CD41 were included in the
analysis.
Expression of JL1 on the leukemic blasts was also examined
using FACSCanto II. At least 20,000 nucleated cells were acquired
per tube, and leukemic blasts were isolated based on weak to
intermediate expression of CD45-allophycocyanin (APC)/low
side scattering (SSC) gating. The proportion of JL1 expressing

A
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D

Fig. 1. Schematic illustration of JL1 expression analysis by flow cytometry. The initial cutoff threshold of fluorescence intensity for positive
expression of JL1 determined using isotypic controls was validated with an internal control (lymphocytes) (A). JL1 expression in myeloid
immature cells, and B-ALL examples of JL1 expression and without JL1 expression in leukemic blasts are given in (B-D), respectively (5.8%,
90.8%, and 3.9%, respectively).
Abbreviations: CD, cluster of differentiations; SSC, side scattering; FSC, forward scattering; PE, phycoerythrin; APC, allophycocyanin.

360  www.annlabmed.org

https://doi.org/10.3343/alm.2019.39.4.358

Park SH, et al.
JL1 expression in pediatric acute leukemias

leukemic blasts among the gated leukemic blasts was calculated based on the forward scattering (FSC) vs JL1-phycoerythrin (PE) dot plot. The results of the JL1 expression analysis are
presented as the proportion of JL1-positive cells among the gated
leukemic blasts (Fig. 1). The cutoff threshold of the fluorescence
intensity for positive JL1 expression was initially determined using isotypic controls, and its validity was finally confirmed using
an internal control (lymphocytes without JL1 expression) for each
analysis. Positive JL1 expression was defined as ≥ 20% expression among the gated leukemic blasts. All antibodies except the
ones for CD45 (BD Biosciences) and JL1 (Dinona Inc., Seoul,
Korea) were provided by Beckman-Coulter (Miami, FL, USA).

50.69% vs 54.41%, P = 0.642 and 76.9% vs 84.6%, P = 0.557,
respectively; Table 1).

ALL patients

Conventional karyotype analysis was performed for all patients
at diagnosis. HemaVision (DNA Diagnostic, Risskov, Denmark)
PCR and direct sequencing for the detection of fms-related tyrosine kinase 3 gene internal tandem duplications (FLT3-ITD), FLT3 tyrosine kinase domain (TKD), nucleophosmin (NPM1 ), c-KIT ,
and CCAAT/enhancer-binding protein-α (CEBPA ) mutations were
also performed at diagnosis. In addition, the proportion of recurrent genetic abnormalities (RGA), defined in the 2016 WHO classification, were calculated [17].

The clinical characteristics, including prognosis, of the 48 B-ALL
patients did not significantly differ with respect to the JL1 expression status. The patients with positive JL1 expression showed
higher JL1 expression in leukemic blasts than those without JL1
expression (P < 0.001). Notably, the patients with positive JL1
expression showed higher CD10 and cIgM expressions in leukemic blasts than those without JL1 expression (P = 0.022 and
0.003, respectively).
The patients with positive JL1 expression also showed a high
incidence of TCF3-PBX1 (N = 6) and KMT2A-MLLT1 (N = 2) rearrangement (detected by PCR), indicating the presence of
t(1;19)(q23;p13.3) and t(11;19)(q23;p13.3) chromosomal aberrations, respectively. The presence of these two chromosomal
aberrations in eight patients was further confirmed by karyotype
analysis. These two genetic abnormalities were not observed in
patients without JL1 expression (Table 2).
Four T-ALL patients exhibited JL1 expression (median, 45.0%;
range, 31.6–88.2%), and their karyotype was normal, complex,
hyperdiploidy, and add(7)(q22), respectively (data not shown).

Statistical analysis

AML patients

The Kolmogorov–Smirnov test was performed to assess the normality of the distribution of continuous variables. Normally distributed continuous variables were summarized as mean and
SD and compared using the Student t-test. Non-normally distributed continuous variables were summarized as median and
range and compared using the Mann–Whitney U test. Dichotomous variables were summarized as number and percentage
and compared using Pearson’s chi-square test and Fisher’s exact test (for N < 5). All tests were two-tailed. P ≤ 0.05 was considered statistically significant. All tests were performed using
SPSS for Windows, version 21.0 (IBM Corp., Armonk, NY, USA).

The clinical characteristics, including prognosis, of the 26 AML
patients did not significantly differ with respect to the JL1 expression status. Patients with positive JL1 expression showed
higher JL1 expression in leukemic blasts than those without JL1
expression (P = 0.002). Notably, the patients with positive JL1
expression showed higher CD13 expression (P =0.013) and lower
CD65 and CD15 expressions (P = 0.007 and 0.024, respectively)
in leukemic blasts than those without JL1 expression.
The patients with positive JL1 expression also showed a high
incidence of RUNX1-RUNX1T1 (N = 6), CBFB-MYH11 (N = 3),
and PML-RARA (N = 2) rearrangements (detected by PCR), indicating the presence of t(8;21)(q22;q22), inv(16)(p13.1q22),
and t(15;17)(q24;q21) chromosomal aberrations, respectively.
The presence of these three chromosomal aberrations in 11 patients was further confirmed by karyotype analysis. These three
genetic abnormalities were not observed in patients without JL1
expression.
Patients with positive JL1 expression showed an incidence of
27.3%, 18.2%, and 4.5% for the FLT3-ITD, c-KIT, and NPM1
mutations, respectively; patients without JL1 expression showed
an NPM1 mutation incidence of 25.0%. However, the incidences

Genetic analysis

RESULTS
Comparison by disease subgroups
ALL patients were younger than AML patients at diagnosis (median 67 vs 156 months, P < 0.001), and their periods from diagnosis to achievement of first hematologic CR were shorter (median 33 vs 50 days, P = 0.001). However, no other clinical variables differed significantly between ALL and AML patients, nor
did JL1 expression in leukemic blasts and JL1 incidence (mean
https://doi.org/10.3343/alm.2019.39.4.358
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Table 1. Comparison of clinical characteristics and JL1 expression status in 78 de novo pediatric acute leukemia patients at diagnosis with
respect to disease subgroups

Variables
Sex (M : F)
Age (month)*

ALL|| (N = 52)
27 : 25
67.0 (2.0–216.0)

AML (N = 26)
15 : 11
156.0 (18.0–216.0)

P
0.630§
< 0.001‡

WBC ( × 109/L)

51.86 ± 113.09

94.20 ± 149.10

0.166†

Hb ( × 10 g/L)

8.14 ± 2.46

7.17 ± 1.60

0.072†

PLT ( × 10 /L)

69,650 ± 57,410

93,810 ± 104,310

0.190†

Blast in PB (%)

54.27 ± 33.02

50.77 ± 35.10

0.667†

Blast in BM (%)

83.15 ± 17.15

73.68 ± 23.46

0.046†

9

Days from Dx to 1st CR*
Hematologic CR achievement

33.0 (13.0–182.0)

50.0 (27.0–285.0)

0.001‡

51/52 (98.1%)

23/26 (88.5%)

0.070§

Relapse after 1st CR

5/51 (9.80%)

4/23 (17.4%)

0.446§

JL1 expression (%)

50.69 ± 32.23

54.41 ± 34.95

0.642†

JL1 incidence

40/52 (76.9%)

22/26 (84.6%)

0.557§

RGA from PCR

19/52 (36.5%)

14/26 (53.8%)

0.145§

PCR results (N of patients)

FUS-ERG (2)

KMT2A-MLLT3 (3)

KMT2A-AFF1 (2)

RUNX1-RUNX1T1 (6)

ETV6-RUNX1 (6)

PML-RARA (2)

BCR-ABL1 (3)

CBFB-MYH11 (3)

TCF3-PBX1 (6)

SET-NUP214 (1)

KMT2A-MLLT1 (2)

Normal (11)

NA

Normal (31)
Karyotype results (N of patients)

add(7)(q22) (1)

inv(16)(p13.1q22) (3)

add(9)(p21) (1)

complex (3)

t(9;22)(q34;q11.2) (3)

del(13q) (1)

complex (7)

del(9q) (1)

del(9p) (2)

t(9;11)(p22;q23) (3)

+10 (1)

t(15;17)(q24;q21) (2)

t(16;21)(p11.2;q22) (2)

t(8;21)(q22;q22) (6)

hyperdiploidy (10)

+8 (2)

t(4;11)(q21;q23) (2)

Normal (5)

NA

t(11;19)(q23;p13.3) (2)
t(8;9)(q24.3;p13) (1)
t(2;16)(p11.2;p11.2) (1)
t(1;19)(q23;p13.3) (6)
Normal (13)
*These variables did not show normal distribution in the Kolmogorov–Smirnov test; thus, the median values and ranges are presented. All other continuous
variables are presented as mean ± SD.
P values were obtained from the Student t-test†, Mann–Whitney U test‡ and chi-square/Fisher’s exact test§; ||The 52 patients with ALL included 48 patients
with B-ALL and 4 patients with T-ALL.
Abbreviations: M, male; F, female; WBC, white blood cells; PLT, platelets; PB, peripheral blood; BM, bone marrow; Dx, diagnosis; CR, complete remission;
RGA, recurrent genetic abnormalities included in the 2016 WHO classification; NA, not applicable; add, addition; t, translocation; inv, inversion; del, deletion.
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Table 2. Comparison of the clinical, immunophenotypic, and genetic characteristics of 48 de novo pediatric B-ALL patients at diagnosis
with respect to JL1 expression status

Variables

JL1 negative (N = 12)

Sex (M : F)

JL1 positive (N = 36)

P

6:6

18 : 18

0.999§

84.8 ± 64.7

72.3 ± 52.6

0.506†

WBC ( × 109/L)

77.15 ± 169.10

47.99 ± 95.99

0.461†

Hb ( × 10 g/L)

9.03 ± 3.01

9.38 ± 10.49

0.910†

PLT ( × 10 /L)

56,000 ± 48,090

70,670 ± 60,310

0.449†

Blast in PB (%)

65.00 ± 30.93

54.36 ± 32.72

0.328†

Blast in BM (%)

83.85 ± 17.00

84.02 ± 15.11

0.975†

60.5 ± 47.3

45.8 ± 36.3

0.268†

12/12 (100.0%)

35/36 (97.2%)

0.560§

3/12 (25.0%)

2/35 (5.7%)

0.097§

JL1 expression* (%)

5.60 (1.00–19.00)

65.23 (20.00–99.00)

CD45 expression (%)

76.09 ± 29.20

82.97 ± 16.63

0.316†

CD34 expression (%)

38.34 ± 42.69

51.17 ± 40.34

0.352†

TdT expression (%)

53.51 ± 28.69

59.09 ± 29.06

0.566†

CD13 expression (%)

13.04 ± 17.62

9.13 ± 15.73

0.474†

CD33 expression (%)

8.98 ± 16.68

10.55 ± 22.27

0.825†

CD10 expression* (%)

67.40 (0.00–94.00)

93.70 (0.00–99.00)

0.022‡

CD19 expression (%)

75.83 ± 24.79

82.75 ± 17.31

0.289†

CD20 expression (%)

11.55 ± 23.49

10.12 ± 16.15

0.815†

cCD22 expression (%)

31.72 ± 28.52

35.75 ± 29.16

0.679†

cIgM expression* (%)

2.35 (0.00–7.00)

7.00 (0.00–85.00)

0.003‡

sIgM expression (%)

3.08 ± 4.15

4.94 ± 5.47

0.285†

RGA from PCR (%)

4/12 (33.3%)

15/36 (41.7%)

0.739§

ETV6-RUNX1 (2)

ETV6-RUNX1 (4)

NA

BCR-ABL1 (1)

BCR-ABL1 (2)

FUS-ERG (1)

FUS-ERG (1)

KMT2A-AFF1 (1)

KMT2A-AFF1 (1)

Age (month)

9

Days from Dx to 1st CR
Hematologic CR achievement (%)
Relapse after 1st CR (%)

PCR results (N of patients)

Normal (7)

< 0.001‡

TCF3-PBX1 (6)
KMT2A-MLLT1 (2)
Normal (20)

Karyotype results (N of patients)

Hyperdiploidy (3)

add(9)(p21) (1)

t(8;9)(q24.3;p13) (1)

t(9;22)(q34;q11.2) (2) complex (5)

t(16;21)(p11.2;q22) (1)

del(9p) (2)

t(9;22)(q34;q11.2) (1) complex (1)

+10 (1)

t(4;11)(q21;q23) (1)

t(16;21)(p11.2;q22) (1) hyperdiploidy (6)

Normal (4)

t(4;11)(q21;q23) (1)

NA

t(11;19)(q23;p13.3) (2)
t(2;16)(p11.2;p11.2) (1)
t(1;19)(q23;p13.3) (6)
Normal (8)
*These variables did not show normal distribution in the Kolmogorov–Smirnov test; thus, the median values and ranges are presented. All other continuous
variables are presented as mean ± SD.
P values were obtained from the Student t-test†, Mann–Whitney U test‡ and chi-square/Fisher’s exact test§.
Abbreviations: M, male; F, female; WBC, white blood cells; PLT, platelets; PB, peripheral blood; BM, bone marrow; Dx, diagnosis; CR, complete remission;
RGA, recurrent genetic abnormalities included in the 2016 WHO classification; NA, not applicable; CD, cluster of differentiations; TdT, terminal deoxynucleotidyl transferase; c, cytoplasmic; s, surface; t, translocation; add, addition; del, deletion.
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Table 3. Comparison of the clinical, immunophenotypic, and genetic characteristics of 26 de novo pediatric AML patients at diagnosis with
respect to JL1 expression status

Variables

JL1 negative (N = 4)

JL1 positive (N = 22)

P

Sex (M : F)

3:1

12 : 10

0.614§

Age (month)

100.5 ± 83.62

142.9 ± 57.34

0.214†

WBC ( × 109/L)

31.77 ± 59.81

105.55 ± 158.35

0.373†

Hb ( × 10 g/L)

8.33 ± 1.56

6.96 ± 1.55

0.119†

PLT ( × 10 /L)

86,750 ± 42,360

95,090 ± 112,630

0.887†

Blast in PB (%)

19.25 ± 33.89

56.50 ± 32.85

0.049†

Blast in BM (%)

64.00 ± 38.82

75.45 ± 20.47

0.380†

Days from Dx to 1st CR

95.0 ± 62.7

83.9 ± 74.7

0.786†

Hematologic CR achievement (%)

4/4 (100.0)

19/22 (86.4)

0.432§

Relapse after 1st CR (%)

2/4 (50.0)

2/19 (10.5)

0.125§

JL1 expression* (%)

4.30 (1.00–8.00)

59.45 (21.00–100.00)

0.002‡

CD45 expression (%)

61.95 ± 26.96

72.30 ± 19.30

0.361†

CD34 expression (%)

13.23 ± 25.25

42.80 ± 34.64

0.119†

0.60 ± 0.52

4.24 ± 34.64

0.213†

CD13 expression (%)

42.95 ± 34.37

78.29 ± 22.29

0.013†

CD33 expression (%)

90.20 ± 14.71

74.87 ± 25.95

0.267†

CD10 expression (%)

0.55 ± 0.47

3.04 ± 8.70

0.579†

CD19 expression (%)

5.55 ± 7.88

9.78 ± 19.57

0.678†

cCD22 expression (%)

0.78 ± 0.35

1.31 ± 2.22

0.639†

CD2 expression (%)

1.58 ± 1.45

7.82 ± 12.77

0.346†

CD7 expression (%)

1.63 ± 2.07

14.58 ± 24.18

0.303†

CD56 expression (%)

31.15 ± 41.83

21.80 ± 32.87

0.695†

MPO expression (%)

13.15 ± 20.92

28.73 ± 28.71

0.314†

HLA-DR expression (%)

92.20 ± 9.68

64.64 ± 37.31

0.161†

CD117 expression (%)

43.10 ± 25.91

55.77 ± 32.67

0.472†

CD65 expression (%)

72.28 ± 29.71

31.50 ± 24.82

0.007†

CD15 expression (%)

69.55 ± 35.64

35.27 ± 24.43

0.024†

CD14 expression (%)

1.48 ± 0.92

9.90 ± 17.30

0.348†

CD41 expression (%)

2.40 ± 1.77

3.10 ± 3.62

0.714†

FLT3-TKD mutation (%)

0/4 (0.0%)

0/22 (0.0%)

NA§

FLT3-ITD mutation (%)

0/4 (0.0%)

6/22 (27.3%)

0.542§

c-KIT mutation (%)

0/4 (0.0%)

4/22 (18.2%)

0.354§

NPM1 mutations (%)

1/4 (25.0%)

1/22 (4.5%)

0.289§

CEBPA mutations (%)

0/4 (0.0%)

0/22 (0.0%)

NA§

RGA from PCR (%)

2/4 (50.0%)

12/22 (54.5%)

0.867§

KMT2A-MLLT3 (2)

KMT2A-MLLT3 (1)

NA

Normal (2)

RUNX1-RUNX1T1 (6)

9

TdT expression (%)

PCR results (N of patients)

PML-RARA (2)
CBFB-MYH11 (3)
SET-NUP214 (1)
Normal (9)
(Continued to the next page)
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Table 3. Continued

Variables
Karyotype results (N of patients)

JL1 negative (N = 4)

JL1 positive (N = 22)

P

+8 (1)

inv(16)(p13.1q22) (3) complex (2)

NA

t(9;11)(p22;q23) (1) complex (1)

del(13q) (1)

Normal (1)

del(9q) (1)
t(9;11)(p22;q23) (2)
t(15;17)(q24;q21) (2)
t(8;21)(q22;q22) (6)
+8 (1)
Normal (4)

*This variable did not show normal distribution in the Kolmogorov–Smirnov test; thus, the median values and ranges are presented. All other continuous
variables are presented as mean ± SD.
P values were obtained from the Student t-test†, Mann–Whitney U test‡ and chi-square/Fisher’s exact test§.
Abbreviations: M, male; F, female; WBC, white blood cells; PLT, platelets; PB, peripheral blood; BM, bone marrow; Dx, diagnosis; CR, complete remission;
RGA, recurrent genetic abnormalities included in the 2016 WHO classification; MPO, myeloperoxidase; NA, not applicable; CD, cluster of differentiations;
TdT, terminal deoxynucleotidyl transferase; c, cytoplasmic; MPO, myeloperoxidase; FLT3-ITD, fms-related tyrosine kinase 3 gene internal tandem duplications; TKD, tyrosine kinase domain; NPM1, nucleophosmin; CEBPA, CCAAT/enhancer binding protein-α; t, translocation; inv, inversion; del, deletion.

of these three genetic mutations (FLT3-ITD, c-KIT , and NPM1 )
did not differ significantly with respect to the JL1 expression status (Table 3).

DISCUSSION
We found that the incidence of positive JL1 expression was 76.9%
and 84.6% in de novo pediatric ALL and AML patients, respectively. Although these results are slightly lower than those reported previously (80.9–87.0% for ALL and 90.1% for AML) [7],
we demonstrated that approximately 80% of de novo pediatric
acute leukemia patients significantly express JL1 antigens in
leukemic blasts. This finding may provide an adequate rationale
for using the JL1 antigen as a candidate target for immunotherapy.
In addition, we found that ALL patients with positive JL1 expression have higher CD10 and cIgM expressions than those
without JL1 expression. As the absolute value of cIgM expression was low, we hypothesize that the clinical significance of differences in cIgM expression is limited. However, the absolute
value of CD10 expression in leukemic blasts of patients with
positive JL1 expression was high, suggesting that pediatric patients with CD10-expressed common cell ALL are more likely to
benefit from anti-JL1 immunotherapy than other patients. The
heterogenous expression of the JL1 antigen on CD34+ and CD10+
lymphoid precursors was also reported in a previous study [11],
which supports our results. In addition, we demonstrated that
only de novo pediatric ALL patients with positive JL1 expression
have TCF3-PBX1 and KMT2A-MLLT1 rearrangements, indicathttps://doi.org/10.3343/alm.2019.39.4.358

ing the presence of t(1;19)(q23;p13.3) and t(11;19)(q23;p13.3)
chromosomal abnormalities, respectively. Our results also suggest that anti-JL1 immunotherapy could be an additional therapeutic option for pediatric ALL patients who harbor TCF3-PBX1
and KMT2A-MLLT1 rearrangements, which result in a poor prognosis in infantile leukemia.
Interestingly, our results showed that all four T-ALL patients
exhibited JL1 expression, which may indicate that the incidence
of JL1 expression in pediatric T-ALL might be higher than in pediatric B-ALL. However, as the number of pediatric T-ALL patients included in our study was very limited, this result should
be interpreted with much caution and should be further addressed
in future studies.
Compared with ALL, the number of pediatric AML patients
without JL1 expression was low, and the statistical power was
limited. However, we demonstrated that de novo pediatric AML
patients with positive JL1 expression have higher CD13 and lower
CD65 and CD15 expressions than those without JL1 expression.
These results suggest that pediatric AML patients with positive
JL1 expression tend to present a more immature leukemic blast
immunophenotype (lower expression of the granulocytic maturation markers CD65 and CD15) than those without JL1 expression.
We also showed that de novo pediatric AML patients with positive JL1 expression, but not those without JL1 expression, exclusively present with RUNX1-RUNX1T1, CBFB-MYH11 , and PMLRARA rearrangements, which indicate the presence of t(8;21)
(q22;q22), inv(16)(p13.1q22), and t(15;17)(q24;q21) chromosomal abnormalities. These results suggest that the application
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of anti-JL1 immunotherapy could be an additional therapeutic
option for pediatric patients with core binding factor (CBF) AML
and acute promyelocytic leukemia.
Moreover, although the differences were not statistically significant, we found that the incidence of the poor prognostic mar
ker, FLT3-ITD and c-KIT mutations, is higher, and that of favorable prognostic markers, such as NPM1 mutations, is lower in
de novo pediatric AML patients with positive JL1 expression than
in those without JL1 expression. These results suggest that antiJL1 immunotherapy could be an additional therapeutic option
for pediatric AML patients who harbor poor molecular prognostic markers. Although a previous study suggested that a geloninconjugated anti-JL1 monoclonal antibody immunotoxin could
be developed as a potential immunotherapeutic agent for treating various types of JL1-positive acute leukemias [10], the therapeutic effect of the JL1 monoclonal antibody has not been validated by well-designed clinical trials. Our study supports the
application potential of the anti-JL1 monoclonal antibody, especially when conjugated with toxic substances, for the treatment
of JL1-expressing pediatric acute leukemias. Well-designed clinical trials focused on this issue are required to further validate
this proposed therapy option.
Our study has major limitations in terms of statistical power
due to the small number of patients in each subgroup, and insufficient analysis of prognosis, including overall and event free
survival, due to high hematologic CR rates and low relapse
rates. All our suggestions should be confirmed with large-scale
comprehensive studies, and the prognostic value of JL1 antigen
expression needs to be investigated using well-controlled prospective studies.
In conclusion, we showed that 76.9% and 84.6% of de novo
pediatric ALL and AML patients demonstrated positive JL1 expression, which supports the potential therapeutic role of antiJL1 monoclonal antibodies. Positive JL1 expression cases were
associated with specific immunophenotypic features and genetic abnormalities; however, the JL1 expression status did not
significantly affect prognosis. This should be further examined
in more comprehensive studies.
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