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Background: JL1, a CD43 epitope and mucin family cell surface glycoprotein, is expressed 
on leukemic cells. An anti-JL1 antibody combined with a toxic substance can have tar-
geted therapeutic effects against JL1-positive leukemia; however, JL1 expression on bone 
marrow (BM) lymphoma cells has not been assessed using flow cytometry. We investi-
gated JL1 expression on BM lymphoma cells from patients with non-Hodgkin lymphoma 
(NHL) to assess the potential of JL1 as a therapeutic target.

Methods: Patients with BM involvement of mature B-cell (N=44) or T- and natural killer 
(NK)-cell (N=4) lymphomas were enrolled from May 2015 to September 2016. JL1 ex-
pression on BM lymphoma cells was investigated using flow cytometry. Clinical, pathologi-
cal, and cytogenetic characteristics, and treatment responses were compared according 
to JL1 expression status.

Results: Of the patients with NHL and BM involvement, 37.5% (18/48) were JL1-positive. 
Among mature B-cell lymphomas, 100%, 38.9%, 33.3%, 100%, and 25.0% of Burkitt 
lymphomas, diffuse large B-cell leukemias, mantle cell leukemias, Waldenstrom macro-
globulinemia, and other B-cell lymphomas, respectively, were JL1-positive. Three mature 
T- and NK-cell NHLs were JL1-positive. JL1 expression was associated with age (P =0.045), 
complete response (P =0.004), and BM involvement at follow-up (P =0.017), but not with 
sex, performance status, the B symptoms, packed marrow pattern, cytogenetic abnormal-
ities, or survival.

Conclusions: JL1 positivity was associated with superior complete response and less BM 
involvement in NHL following chemotherapy. 

Key Words: JL1 expression, Flow cytometry, Mature B-cell lymphoma, T- and natural killer-
cell lymphoma 

Received: December 4, 2018
Revision received: March 16, 2019
Accepted: July 26, 2019

Corresponding author: Chan-Jeoung Park, 
M.D., Ph.D.
University of Ulsan College of Medicine and 
Asan Medical Center, 88 Olympic-ro 43-gil, 
Songpa-gu, Seoul 05505, Korea
Tel: +82-2-3010-4508
Fax: +82-2-478-0884 
E-mail: cjpark@amc.seoul.kr

© Korean Society for Laboratory Medicine
This is an Open Access article distributed under 
the terms of the Creative Commons Attribution 
Non-Commercial License (http://creativecom-
mons.org/licenses/by-nc/4.0) which permits 
unrestricted non-commercial use, distribution, 
and reproduction in any medium, provided the 
original work is properly cited.

INTRODUCTION

JL1 is a CD43 epitope and cell surface glycoprotein of the mu-

cin family that is expressed on Stage II double-positive (CD4+ 

CD8+) human cortical thymocytes [1-3]. JL1 is also expressed 

on hematopoietic cells at specific stages of differentiation, in-

cluding early stage lymphoid precursors and late stage myeloid 

cells [2-6]. Subsequently, JL1 was detected on CD34+ CD10+ 

lymphoid precursors and some immature myeloid cells in bone 

marrow (BM) [2, 7]. Although JL1 expression is restricted to 

specific populations of thymocytes and BM cells, it is also ex-

pressed in approximately 60% of acute leukemias, regardless of 

lineage [7]. Moreover, JL1 is significantly expressed in adult and 

childhood acute leukemias [2, 8] and on BM hematopoietic pre-
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cursor cells [4, 7, 9]; however, JL1 expression on BM lymphoma 

cells has not been assessed using flow cytometry. An anti-JL1 

antibody combined with a toxic substance targeting JL1-positive 

leukemia has a therapeutic effect [10]. Hwang, et al. [11] as-

sayed JL1 expression by immunohistochemistry (IHC) in Burkitt 

lymphoma and other lymphomas and found that it was signifi-

cantly correlated with the survival of patients with Burkitt lym-

phoma.

We investigated JL1 expression on BM lymphoma cells in pa-

tients with non-Hodgkin lymphoma (NHL) and BM involvement 

to assess the potential of JL1 as a therapeutic target. 

METHODS

Patients, treatment, and response evaluation
A total of 48 patients with BM involvement of mature B-cell or T- 

and natural killer (NK)-cell lymphoma were enrolled at Asan Medi-

cal Center, Seoul, Korea, from May 2015 to September 2016. 

Lymphoma was diagnosed by lymph node biopsy, according to 

the 2016 WHO classification of lymphoid neoplasms [12]. BM 

involvement in NHL was diagnosed based on a combination of 

cell morphology on BM aspirate smears, clot sections, biopsies, 

and IHC for CD20, CD79a, CD3, CD4, CD8, CD56, and CD34. 

Flow cytometry was conducted for JL1, CD2, CD3, cytoplasmic 

CD3, CD5, CD7, CD10, CD20, kappa, lambda, CD22, CD23, 

CD45, CD56, FMC7, and terminal deoxynucleotidyl transferase. 

Performance status was evaluated according to the Eastern 

Cooperative Oncology Group (ECOG) criteria [13]. The ECOG 

criteria assess how the disease affects the daily living abilities of 

the patient.

Among 48 patients, two died before treatment, and five refused 

chemotherapy; hence, 41 received chemotherapy based on the 

National Comprehensive Cancer Network (NCCN) clinical prac-

tice guidelines [14-17]. Standard front-line chemotherapy for 

mature B-cell lymphoma and mature T- and NK-cell lymphoma 

included rituximab with cyclophosphamide, doxorubicin, vin-

cristine, and prednisone (R-CHOP); CHOP alone; rituximab plus 

cyclophosphamide, vincristine, and prednisone (R-CVP); or 

rituximab alone. Treatment response was assessed based on 

the NCCN guidelines [16, 17]. The median patient follow-up 

duration was 12 (range: 1–29) months. This study was con-

ducted in accordance with the Declaration of Helsinki (2013 re-

vision). Written informed consent and approval by an Institutional 

Review Board were exempted because the assessment of JL1 

expression was included in the routine immunophenotyping of 

BM aspirates. Clinical, pathological, and cytogenetic character-

istics of the patients were obtained from electronic medical re-

cords.

Flow cytometry 
BM aspirates and biopsies were collected from the posterior il-

iac crests of patients with NHL. Flow cytometric analysis of JL1 

expression on lymphoma cells in BM aspirates (EDTA) was con-

ducted using a FACSCanto II flow cytometer (Becton Dickinson, 

Sunnyvale, CA, USA). CD19- fluorescein isothiocyanate (FITC), 

JL1- Phycoerythrin (PE), and CD45- allophycocyanin (APC) 

were used to measure JL1 expression on B-lymphoma cells. 

Panels of CD7-FITC/JL1-PE/CD3-Peridinin chlorophyll protein 

Fig. 1. Measurement of JL1 expression on lymphoma cells by flow cytometry in a patient with follicular lymphoma and bone marrow in-
volvement. Mononuclear lymphoma cells were isolated by gating intermediate to bright CD45-APC expression and low SSC (A), CD19+ B-
lymphoma cells were isolated by gating intermediate to bright CD45-APC and positive CD19-FITC stained cells (B), and the proportion of 
JL1-expressing lymphoma cells among B-lymphoma cells was calculated using a CD19-FITC vs JL1-PE dot plot (C). The results of JL1 ex-
pression analysis are presented as the proportion of JL1-positive cells among gated lymphoma cells (24.3% in this case).
Abbreviations: CD, cluster of differentiation; SSC, side scatter; FSC, forward scatter; PE, phycoerythrin; APC, allophycocyanin.
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(PerCP)/CD45-APC, CD4-FITC/JL1-PE/CD3-PerCP/CD45-APC, 

or CD56-FITC/JL1-PE/CD3-PerCP/CD45-APC were used to mea-

sure JL1 expression on lymphoma cells according to the T- or 

NK-cell type of the original lymphoma. 

Nucleated cells (≥50,000 per tube) were acquired, and B-

lymphoma cells were isolated by gating intermediate to bright 

CD45 expression and low side-scatter (SSC), followed by isola-

tion of CD19+ B-lymphoma cells by gating positive CD19+ from 

intermediate to bright CD45+ cells. The proportion of B-lymphoma 

cells expressing JL1 was calculated using JL1 vs CD19 dot plots 

(Fig. 1). T-lymphoid cells were isolated by gating intermediate to 

bright CD45 expression and low SSC, based on CD4+ or CD7+ 

and surface CD3− or CD3+ from the original T-cell lymphoma 

immunophenotyping, using the CD4 or CD7 vs CD3 dot plots. 

The proportion of JL1+ lymphoma cells among the re-gated T-

lymphoid cells was calculated using the JL1 vs CD4 or CD7 dot 

plots. NK-lymphoma cells were isolated from the population gated 

on intermediate to bright expression of CD45 and low SSC and 

re-gated for CD56+ CD3− NK-lymphoma cells based on the CD56 

vs CD3 dot plots. The proportion of JL1-expressing lymphoma 

cells among the re-gated NK-lymphoma cells was calculated 

based on the JL1 vs CD56 dot plots. The JL1 expression results 

are presented as the proportion of JL1-positive cells among lym-

phoma cells (Fig. 1).

Specimens were considered JL1-positive when it was detected 

on ≥20% of lymphoma cells. All antibodies, except for CD45 

(Becton Dickinson) and JL1 (Dinona Inc., Seoul, Korea), were 

obtained from Beckman Coulter (Miami, FL, USA). 

Statistical analysis
Relationships between JL1 expression and clinical, pathological, 

and cytogenetic characteristics were evaluated using the χ2 or 

Fisher’s exact tests. The data were summarized as count (per-

centage) or median (range). Overall survival (OS) rates were es-

timated using the Kaplan–Meier method. OS was defined as the 

time from diagnosis to death from any cause. P <0.05 was con-

sidered statistically significant. SPSS version 22.0 for Windows 

(IBM Corp., Armonk, NY, USA) was used for statistical analyses.

RESULTS

Patient characteristics and treatment responses 
The clinical and laboratory characteristics of the 48 patients 

with NHL and BM involvement are presented in Table 1. Of the 

patients with NHL, 44/48 (91.7%) had mature B-cell and 4/48 

(8.3%) had T- and NK-cell lymphomas. The most common sub-

types were diffuse large B-cell lymphoma (DLBCL; 18/48, 37.5%), 

follicular lymphoma (FL; 7/48, 14.6%), mantle cell lymphoma 

(MCL; 6/48, 12.5%), Burkitt lymphoma (4/48, 8.3%), and nodal 

Table 1. Clinical and laboratory characteristics of 48 NHL patients 
with BM involvement

Characteristics N

Sex, M:F 31:17

Age (yr), median (range) 59.5 (5–84)

NHL subtype

Mature B-cell neoplasms 44

Diffuse large B-cell lymphoma 18

Follicular lymphoma   7

Mantle cell lymphoma   6

Burkitt lymphoma   4

Nodal marginal zone lymphoma   2

Pro-lymphocytic leukemia   1

Chronic lymphocytic leukemia   1

Waldenstrom macroglobulinemia   1

Other B-cell lineage lymphoma   4

Mature T- and NK-cell neoplasms   4

Aggressive NK-cell leukemia   1

Systemic Epstein–Barr virus-positive pediatric T-cell 
lymphoproliferative disease

  1

Peripheral T-cell lymphoma, NOS   1

Angioimmunoblastic T-cell lymphoma   1

ECOG performance status*

0   5

1 14

2 16

3   7

4   1

B symptoms 21

Packed marrow pattern 18

Cytogenetic abnormalities 28

Complete response† 22

BM involvement at follow-up 11

Relapse   0

Survival‡ 30

Death‡ 18

*Performance status could not be evaluated in five patients at initial diagno-
sis; †The 41 patients received combination chemotherapy based on NCCN 
practice guidelines [16]; ‡Two years after diagnosis of NHL.
Abbreviations: M, male; F, female; NK, natural killer; NOS, not otherwise 
specified; NCCN, National Comprehensive Cancer Network; NHL, non-Hod-
gkin lymphoma; ECOG, Eastern Cooperative Oncology Group; BM, bone 
marrow.
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marginal zone lymphoma (MZL; 2/48, 4.2%). The ECOG perfor-

mance status values were 0–2 in 35/48 (72.9%) patients, while 

22/41 (53.6%) achieved complete response (CR) following che-

motherapy (Table 1). 

Of the 41 patients who received combination chemotherapy, 

22 (53.6%) patients achieved CR. A total of 12/48 (25.0%) pa-

tients died from septic shock or pneumonia (N=6), respiratory 

failure (N=2), multi-organ failure (N=1), or unknown causes 

(N=3).

Comparison of clinical, pathological, and cytogenetic 
characteristics according to JL1 expression status 
Eighteen NHL patients with BM involvement were JL1-positive 

(18/48, 37.5%). Mature B-cell NHL (15/44, 34.1%) showed a 

tendency towards lower expression of JL1 than T- and NK-cell 

NHL (3/4, 75.0%); however, the difference was not statistically 

significant (P =0.106). Among mature B-cell lymphomas, 4/4 

(100%) Burkitt lymphomas, 7/18 (38.9%) DLBCLs, 2/6 (33.3%) 

MCLs, 1/1 (100%) Waldenstrom macroglobulinemia, and 1/4 

(25.0%) other B-cell lymphoma were JL1-positive. Of the four T- 

and NK-cell lymphomas, three were JL1-positive, and one an-

gioimmunoblastic lymphoma was JL-1 negative (Table 2). 

The median percentage of lymphoma cells in BM aspirates 

from the 48 BM involved NHL patients was 28.2% (range: 6.4–

92.0%). In the JL1-positive BM lymphoma specimens (N=18), 

the median percentage of JL1-positive lymphoma cells was 37.5% 

(range: 16.4–94.1%), with median values of 41.2% in mature 

B-cell NHL and 36.0% in T- and NK-cell lymphoma. In Burkitt 

lymphoma, which had the highest proportion of JL1-positive lym-

phoma cells, the median percentage of JL1-positive lymphoma 

cells was 60.5% (range: 41.2–94.1%) (Table 3). 

Follow-up BM investigations were performed after chemo-

therapy in 27 patients. Of these 27 patients, 2/11 (18.2%) who 

were initially JL1-positive and 9/16 (56.3%) who were initially 

JL1-negative had BM involvement at follow-up (P =0.017).

JL1 expression in NHL was associated with age (P =0.045), 

CR (P =0.004), and BM involvement at follow-up (P =0.017); 

however, no other characteristics, including sex, performance 

status, presence of B symptoms (fever, night sweat, weight loss), 

packed marrow pattern, cytogenetic abnormalities, and survival, 

were associated with JL1 status. Kaplan–Meier analysis showed 

Table 2. Comparisons between JL1-positive and JL1-negative sta-
tus among 48 NHL patients with BM involvement

 
JL1 status

PPositive 
(N=18)

Negative 
(N=30)

Age (yr), median (range) 57 (5–77) 63 (29–82) 0.045

Sex 0.815

   Male 12 19

   Female   6 11

NHL subtype 0.106

Mature B-cell neoplasms 15 29

Burkitt lymphomas   4   0

DLBCL   7 11

MCL   2   4

Waldenstrom macroglobulinemia   1   0

Other B-cell lineage lymphoma   1   3

Follicular lymphoma   0   7

Nodal marginal zone lymphoma   0   2

Pro-lymphocytic leukemia   0   1

Chronic lymphocytic leukemia   0   1

Mature T- and NK-cell neoplasms   3   1

ECOG performance status 0.933

   0, 1, 2 13 22

   3, 4   5   8

B symptoms 11 10 0.074

Packed marrow pattern   4 14 0.090

Cytogenetic abnormalities*   8 20 0.131

Complete response 13   9 0.004

BM involvement at follow-up   2   9 0.017

Survival 12 18 0.557

*Twenty-two patients had complex karyotypes, and t(14;18), +11, del(6), 
dup(1), inv(7), add(8), and dup(1) were observed, respectively, in seven 
patients.
Abbreviations: NHL, non-Hodgkin lymphoma; NK, natural killer; ECOG, 
Eastern Cooperative Oncology Group; BM, bone marrow.

Table 3. Flow cytometric measurement of JL1-positive lymphoma 
cells among BM aspirates in the patients with NHL and BM involve-
ment

N Median (range)

JL1-positive lymphoma cells 18 37.5% (16.4–94.1%)

   Mature B-cell NHL 15 41.2% (21.5–94.1%)

      Burkitt lymphoma   4 60.5% (41.2–94.1%)

      DLBCL   7 41.9% (24.3–61.3%)

      MCL   2 46.7% (33.0–60.4%)

      Waldenstrom macroglobulinemia   1 32.8% (-)

      Other B-cell lineage lymphoma   1 37.6% (-)

   T- and NK-cell lymphoma   3 36.0% (16.4–75.4%)

Abbreviations: DLBCL, diffuse large B-cell lymphoma; MCL, mantle cell lym-
phoma; NK, natural killer; NHL, non-Hodgkin lymphoma; BM, bone marrow.  
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that OS did not differ significantly between patients with and with-

out JL1 expression (mean survival time was 11 vs 15 months, 

respectively; P =0.557). 

DISCUSSION

We showed 100% (4/4 patients) JL1-positivity by flow cytometry 

in BM aspirates of Burkitt lymphoma, as well as variable JL1-

positivity in other NHL subtypes. Hwang, et al. [11] reported 

that JL1-positivity by IHC in lymph nodes of Burkitt lymphoma 

was 30.2% (16/53 patients) and that JL1-positivity was not ob-

served in DLBCL, FL, MCL and MZL specimens. The difference 

in JL1-positivity between the results of Hwang, et al. [11] and 

ours is most likely due to the different methods used (IHC vs 

flow cytometry), criteria for JL1-positivity (>50% vs >20%), and 

specimens (lymph nodes vs BM aspirates). The concordance 

between flow cytometry and IHC in lymph nodes of lymphomas 

has been reported as 88% [18]. Flow cytometry has better sen-

sitivity than IHC [18, 19]. 

In our study, 18 of 48 (37.5%) NHL patients with BM involve-

ment were JL1-positive. This is lower than the proportion of JL1-

positivity in adults with AML and ALL reported by You, et al. [20] 

and Park, et al. [21]; however, Park, et al. [21] detected JL1-pos-

itive cells in only 33.3% of adult AML specimens. Some charac-

teristics—including advanced age, advanced disease stage, poor 

performance status, bulky disease, high lactate dehydrogenase 

levels, and central nervous system or BM involvement—are as-

sociated with poor outcomes in both adult and pediatric patients 

with NHL [20, 22, 23]. JL1 expression was significantly associ-

ated with longer OS in patients with Burkitt lymphoma [16]. In 

our study, all four patients with Burkitt lymphoma with BM in-

volvement were JL1-positive. JL1 expression in NHL was signifi-

cantly associated with CR after chemotherapy (P =0.004) and 

lower levels of BM involvement at follow-up (P =0.017); how-

ever, it was not associated with OS (P =0.557). 

The functional significance of JL1 expression in NHL is un-

clear because the molecule that reacts with the anti-JL1 anti-

body has yet to be identified. JL1 can induce homotypic adhe-

sion of immature thymocytes in vitro, a reaction mediated by the 

interaction of lymphocyte function-associated antigen 1 and in-

tercellular adhesion molecule 1, and cytoskeletal reorganization 

[24]. These findings indicate that JL1 may be involved in the 

migration or metastasis of lymphoma and thus may present a 

new target for immunotherapy. The limitations of this study were 

small number of patients and heterogenous subtypes of NHL.

In conclusion, JL1 expression on BM lymphoma cells was de-

tected in 37.5% of patients with NHL with BM involvement. The 

JL1-positive rate was particularly high in Burkitt lymphoma, and 

JL1-positivity was significantly associated with superior CR and 

lower rates of BM involvement in patients with NHL after che-

motherapy. Therapy targeting the JL1 antigen of lymphoma cells 

might not be necessary, because JL1-positive NHL patients showed 

better outcomes.
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