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Abstract
Lectins are a class of carbohydrate-binding proteins or glycoproteins and used in the purification and characterization of 
glycoproteins according to their specificity to carbohydrates. In the present study, the mitogenic activity of Artocarpus 
lingnanensis lectin (ALL) and its apoptosis induction in Jurkat T cells were explored. MTT assay revealed strong mitogenic 
potential of ALL. Meanwhile, the anti-cancer activity of ALL was also explored using the human leukemic Jurkat T cell 
line. ALL exhibited strong binding affinity (97%) to the cell membrane, which could be effectively inhibited by N-acetyl-
d-galactosaminide (NAD). ALL induced time- and dose-dependent growth inhibition in Jurkat T cells. ALL could induce 
morphologic change and increase the hypodiploid cell population with the decreased population of S and G2/M phases. The 
induction of phosphatidylserine externalization and PARP cleavage further confirmed its apoptosis-inducing activity due 
to the activation of caspase-8 and -9. The inhibition of caspase-9 but not caspase-8 could rescue ALL-induced apoptotic 
cells. Further studies showed that ALL enhanced the cleavage of Bid, the release of cytochrome C, the depolarization of 
mitochondria and the activation of caspase-3. ALL downregulated the expression of Bcl-xl and Bcl-2 without impact on Bax 
and Bad. In addition, the activation of p38/JNK MAPK signaling pathways was observed to be a requisite for ALL apoptotic 
activity. In contrast, ALL could not induce apoptosis of normal T cells. These findings present the differential effect of ALL 
on Jurkat and normal T lymphocytes, suggesting its therapeutic value in leukemia.

Keywords  Lectin · Glycoprotein · Mitogenic activity · Apoptosis · Leukemia

Introduction

Lectins are a group of sugar-binding proteins or glycopro-
teins, which are classified based on the specificity of carbo-
hydrates such as galactose, glucose and mannose [1]. Lectins 
have been found in many plants [2, 3] and exhibit different 
biologic activities including anti-microorganism, anti-tumor 
and immunostimulation activities, which provide the poten-
tial to develop immunomodulatory agents and anti-tumor 

drugs using lectins. It has been reported that mistletoe lectin 
(Viscum album coloratum) showed immunostimulatory and 
cytotoxic effects against tumor cells [4–6]. Nevertheless, it 
is still necessary to screen novel lectins with high bioactivity 
such as immunomodulatory and anti-tumor activities.

Artocarpus (Moraceae) is a genus of approximately 50 
species widely grown in tropical and subtropical areas [7]. 
It is known as a family containing high-level flavonoids and 
other phenolic compounds with different biologic activities 
[8]. It can be used in traditional medicine to treat inflamma-
tion, cirrhosis, hypertension, malarial fever, dysentery and 
tuberculosis and to control the blood sugar levels in diabetic 
patients [8, 9]. Artocarpus nitidus subsp. lingnanensis, an 
evergreen tree grown in South China, is a Chinese herbal 
medicine used to treat gastritis and rheumatism [10].

In the present study, Artocarpus lingnanensis lectin 
(ALL) purified from Artocarpus nitidus subsp. lingnanensis 
is explored. The mitogenic activity and apoptosis induction 
in tumor cells were investigated. The lectin exhibited immu-
nostimulatory functions by inducing a mitogenic response 
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and cytokine secretion in normal splenocytes. In addition, 
ALL had an anti-proliferative effect on Jurkat T leukemia 
cells by inducing apoptosis. The immunomodulatory and 
anti-tumor effects of ALL suggested its potential medicinal 
applications.

Materials and methods

Purification of Artocarpus lingnanensis lectin

ALL was isolated from the seeds of Artocarpus nitidus 
subsp. lingnanensis following the method described by Cui 
et al. [11]. Conjugation of ALL with fluorescein isothiocy-
anate (FITC) was conducted as previously described by Cui 
et al. [11].

Assay for mitogenic activity in mouse splenocytes

All animal experiments were approved by the Animal Care 
and Use Committee of Guangxi Medical University (Nan-
ning, China). BALB/c mice (20–25 g) were killed by cer-
vical dislocation. Splenocytes were separated, and the cell 
concentration was adjusted to 4 × 106 cells/ml in RPMI 1640 
culture medium. In total, 100 µl of splenocytes was seeded 
to 96-well plates followed by 100 µl of ALL at various con-
centrations (0.5–40 μg/ml) with or without NAD (20 mM). 
Concanavalin A (Con A) at 5 μg/ml was used as the posi-
tive control. The cells were incubated at 37 °C for 48 h in a 
humidified atmosphere supplemented with 5% CO2. Cells 
were pulsed with [3H]-thymidine (0.5 mCi/well, GE Health-
care, Bucks, UK) for 16 h. The cells were subsequently har-
vested onto glass fiber. [3H] Thymidine incorporation was 
determined with a β-Scintillation Counter (Wallac, Milton 
Keynes, Bucks, UK).

Cytokine ELISA assay

Culture supernatants were harvested from splenocytes 
treated with ALL at 10 μg/ml or Con A at 5 μg/ml or main-
tained only in culture medium (control) for 48 h. The secre-
tion of IFN-γ, IL-2 and IL-4 was analyzed  using an ELISA 
kit according to the manufacturer’s protocol. All assays were 
performed in triplicate.

Cultivation of Jurkat T cells and normal T 
lymphocytes

Human T-lymphoma Jurkat cells were purchased from the 
Cell Bank of Chinese Academy of Sciences (Shanghai, 
China). The cell line was cultivated in RPMI-1640 culture 
medium (Hyclone, Logan, UT, USA) at 37 °C in a humidi-
fied atmosphere with 5% CO2.

Peripheral blood mononuclear cells were separated 
from healthy donors by Ficoll density gradient centrifuga-
tion using standard procedures. Individuals were recruited 
between October 2013 and January 2014. Selected individu-
als were informed about the study and invited to participate 
after consenting, and the participants’ identity and records 
were anonymized prior to analysis. Peripheral T lympho-
cytes were separated using the RosetteSep human T cell 
enrichment cocktail (Stemcell Technologies, Vancouver, 
Canada). The purified T lymphocytes (> 95% CD3+ T cells) 
were cultivated in RPMI 1640 culture medium (106 cells/
ml) at 37 °C in a 5% CO2 incubator before use. The study 
was conducted after obtaining consent from each of the par-
ticipants and approved by the Ethics Committee of Guangxi 
Medical University.

Analysis of lectin binding

Jurkat T cells were blocked with 3% BSA, followed by stain-
ing with FITC-labeled ALL at 4 °C for 1 h. Carbohydrate-
mediated binding was analyzed by pretreating the FITC-
ALL with 20 μM of NAD for 1 h at 37 °C prior to staining. 
Samples were analyzed by a FACS Calibur cytometer (Bec-
ton-Dickinson, Mountain View, CA, USA).

Carbohydrate binding was also analyzed by confocal 
microscopy. Jurkat cells were incubated in FITC-ALL for 
1 h at 4 °C and then fixed with 2% para-formaldehyde for 
10 min followed by staining with DAPI. Samples were visu-
alized with confocal laser scanning microscopy (Zeiss LSM 
510, Göttingen, Germany).

Cell proliferation assay

Jurkat cells were seeded in a 96-well plate and incubated in 
RPMI-1640 culture medium (2.5 × 104 cells/ml) overnight. 
ALL at different concentrations (100 µl, final concentra-
tions of 0–160 μg/ml) was added to the wells. To observe 
the competitive effect on carbohydrates, ALL (20 μg/ml) 
was pretreated with 20 μM NAD for 1 h as the described 
above. After incubation for 48 h, the cell proliferation was 
determined with cell counting kit-8 (CCK-8; Sigma, USA). 
The percentage of viable cells was calculated with respect 
to the control considered as 100%. The IC50 was calculated 
by the Probit regression analysis in SPSS 13.0 (SPSS Inc., 
Chicago, IL, USA).

To determine the involvement of caspases or the MAPK 
signal pathway in ALL-induced apoptosis, Jurkat cells were 
pre-incubated with the pan-caspase inhibitor ZVAD-FMK, 
caspase-9 inhibitor Z-LEHD-FMK, caspase-8 inhibitor 
Z-IETD-FMK (BD Biosciences, Franklin Lakes, NJ, USA), 
p-p38 inhibitor SB203580 and p-JNK inhibitor SP600125 
(Sigma Chemical Co., St. Louis, MO, USA) followed by 
CCK-8 assay.
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Cell cycle analysis

Jurkat T cells were incubated in RPMI-1640 culture medium 
containing 5, 10 and 20 μg/ml ALL, respectively, for 24 h, 
harvested by centrifugation, washed with PBS and fixed with 
ice-cold 70% ethanol at 4 °C overnight, followed by incu-
bating with 0.1% Triton X-100, 0.2 mg/ml RNase A (Sigma 
Chemical Co., St. Louis, MO, USA) and 50 μg/ml PI (Sigma 
Chemical Co., St. Louis, MO, USA) at 4 °C for 30 min in a 
dark environment. The DNA content was then determined 
using FACSCalibur (Becton-Dickinson, Mountain View, 
CA, USA).

Hoechst 33258 fluorescent staining

Jurkat cells were collected and fixed with 4% paraformalde-
hyde for 10 min followed by staining with Hoechst 33258 
(Molecular Probes, Eugene, OR, USA) for 10 min. Nuclear 
alteration-related apoptosis was examined by fluorescence 
microscope.

Annexin‑V and PI staining

After treatment with ALL at various concentrations for 
24 h, cells were collected and stained with Annexin V-FITC 
(BD Phamingen, CA, USA) and PI at room temperature for 
15 min. Percentages of apoptotic cells were determined with 
a FACSCalibur flow cytometer (Becton-Dickinson, Moun-
tain View, CA, USA).

Determination of caspase activity

Caspase activity was determined using a colorimetric assay 
kit (MBL, MBL International, Woburn, MA, USA) follow-
ing the manufacturer’s protocol. With or without pretreat-
ment of 20 μM p-JNK inhibitor SP600125 or p-p38 inhibi-
tor SB203580 for 30 min, Jurkat cells were incubated with 
ALL (20 μg/ml) for a designated time, and then the cells 
were collected and lysed. After centrifugation at 10,000g for 
10 min, the concentration of protein in the supernatant was 
determined using a BCA protein assay kit (Pierce, Rockford, 
IL, USA) following the manufacturer’s protocol. Samples 
(50 μg) were incubated with the colorimetric substrates 
(LEHD-pNA for caspase-9, DEVD-pNA for caspase-3 and 
IETD-pNA for caspase-8) for 2 h at 37 °C, and the absorb-
ance was determined at 405 nm.

Mitochondrial membrane potential (MMP) analysis

The alteration in MMP in ALL-treated Jurkat cells was 
determined using JC-1 dye, 5,5′,6,6′-tetrachloro-1,1′,3,3′-
tetraethyl-benzamidazolocarbocyanin iodide (Molecu-
lar Probes, Eugene, OR, USA). Red emission from JC-1 

reflects the accumulation of JC-1 monomers in normal 
polarized mitochondria. Green fluorescence indicated the 
monomeric form of JC-1 when the mitochondrial mem-
brane depolarized. Cells were stained with JC-1 at 37 °C 
for 15  min and determined with a FACSCalibur flow 
cytometer (Becton–Dickinson, Mountain View, CA, USA).

Western blotting

Samples were separated by 10% SDS-PAGE and blot-
ted onto nitrocellulose membrane (Schleicher & Schuell, 
Keene, NH, USA). The membrane was blocked in TBS-T 
containing 10% nonfat milk for 1 h and incubated with 
antibodies for PARP (Santa Cruz Biotechnology Inc., 
Santa Cruz, CA, USA), cytochrome C, Bid, Bcl-xl, Bcl-2, 
Bax, Bad (BD Biosciences, Franklin Lakes, NJ, USA), 
caspase-3, ERK1/2, JNK1/2 and p38 (Cell Signaling 
Technology Inc., Beverly, MA, USA) overnight at 4 °C 
followed by horseradish peroxidase (HRP)-conjugated sec-
ondary antibodies (Cell Signaling Technology Inc., Bev-
erly, MA, USA). Proteins were detected with an enhanced 
chemiluminescence (ECL) kit (Pierce Biotechnology, 
Rockford, IL, USA).

Statistical analysis

All data were analyzed with GraphPad Prism 3.0, and com-
parisons were analyzed by one- or two-way ANOVA with 
Bonferroni’s post hoc tests. p < 0.05 was considered a sig-
nificant difference.

Results

Mitogenic activity of ALL in mouse splenocytes

To assay the general effect of ALL on immune cells, we 
examined the proliferation of splenocytes in the presence 
of ALL at different concentrations with Con A as a positive 
control. As shown in Fig. 1a, ALL exerted immunomodu-
latory effects. Treatment with 1–40 μg/ml ALL promoted 
splenocyte proliferation significantly (p < 0.01); however, 
20 mM NAD weakened the mitogenic activity of ALL.

Immunologic assays were also performed to analyze the 
degree of immune response induced by ALL. As shown in 
Fig. 1b, ALL augmented the secretion of some cytokines. 
IFN-γ and interleukin-2 were the major cytokines produced 
by mouse splenocytes treated with ALL, so ALL induced a 
Th1 preferential response; however, the expression of IL-4 
was also upregulated in the presence of 10 μg/ml ALL.
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Binding of ALL to Jurkat T cells

FITC-ALL-stained Jurkat T cells were analyzed by flow 
cytometric analysis. Approximately 97.12% of Jurkat T cells 
were stained with MFI of 187.96  compared with control 
cells with MFI of 3.47. Carbohydrate-mediated binding of 
ALL was analyzed with NAD, which significantly inhib-
ited ALL binding to cells with MFI of 29.61 (Fig. 2a). ALL 
binding was also observed with confocal microscopy after 
staining with FITC-ALL. These results indicated that high-
level ALL receptors were expressed on the surface of Jurkat 
T cells (Fig. 2b).

The inhibition of ALL on proliferation of Jurkat cells

To evaluate the impact of ALL on cell proliferation, the 
cells were incubated with ALL (0–160 μg/ml) for 48 h or 
ALL (20 μg/ml) for an indicated time. The cell prolifera-
tion was analyzed using CCK-8 tests. Figure 3 shows that 
ALL significantly inhibited cell growth from 24 h in a 
time-dependent manner (Fig. 3a, b) and that ALL (10 μg/

ml or above) showed its obvious inhibition in a concen-
tration-dependent manner (Fig. 3c). Lower concentration 
of ALL (5 μg/ml) did not induce the significant inhibition 
of cell proliferation. The IC50 of ALL was evaluated as 
43.57 μg/ml. However, in the presence of 20 mM NAD, 
the inhibition of ALL-induced proliferation was attenu-
ated (Fig. 3d). These preliminary results suggest that ALL 
inhibited Jurkat T cell proliferation dose and time depend-
ently through the interaction with the glycoproteins on 
cell surfaces.

In additional, the effect of ALL on other tumor cells 
was also investigated. Similarly, ALL could significantly 
inhibit the growth of the EL-4 thymoma cell line in a con-
centration-dependent manner with the IC50 of 248.2 μg/
ml (Fig. 3e).

Fig. 1   Effect of ALL on murine splenocytes. a Mitogenic response of 
murine splenocytes induced by ALL. Cells were stimulated by ALL 
with or without NAD (20  mM) at the designated concentrations or 
with 5 μg/ml Con A (positive control) for 48 h at 37 °C. Proliferative 
activity is represented by scintillation counts per minute (CPM). Data 
represented as mean ± SD (n = 3). *p < 0.05, significant difference 
compared with control. **p < 0.01, significant difference compared 
with 20 μg/ml ALL-treated cells. b Cytokine production induced by 
ALL in mouse splenocyte. Splenocytes were treated with ALL and 
ConA as described above for 48  h, and then the levels of IL-2 (i), 
IFN-γ (ii) and IL-4 (iii) in the supernatants were analyzed using 
ELISA kits. Results were expressed as mean ± SE (n = 3). *p < 0.05, 
**p < 0.01 compared with untreated cells

Fig. 2   Binding of FITC-ALL to Jurkat T cells. a Cells were treated 
with FITC-ALL (5  μg/ml) alone or pre-incubated with NAD 
(20 mM), and ALL binding was analyzed by flow cytometry. X- and 
Y-axes represent fluorescence intensity and cell counts, respectively. 
b Jurkat T cells were stained with FITC-ALL and DAPI, followed by 
visualizing with confocal microscopy. Magnification ×40
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Effect of ALL on cell cycle

To evaluate whether ALL-mediated inhibition of cell pro-
liferation is correlated with cell cycle progression, the cells 
treated with different concentrations of ALL were analyzed 
to evaluate the apoptotic cells and cell cycle distribution 
by flow cytometry. Treatment with 5 μg/ml ALL for 24 h 
could not result in an apparent increase in the hypodiploidic 
cell population (6.28%)  compared with untreated cells, but 
compared with 2.37% of untreated cells, there were 22.37% 
hypodiploid cells when treated with 20 μg/ml ALL (Fig. 4a). 
ALL also reduced the cell population at S and G2/M phases 

to 9.35 and 14.41% compared with 16.85 and 21.56% of 
untreated controls, respectively.

ALL‑induced apoptosis in Jurkat T cells

To further explore the mechanism of ALL-inhibited pro-
liferation, first we observed the morphologic change in 
ALL-treated cells stained with Hoechst 33258. As shown 
in Fig. 4b, ALL induced typical morphologic alteration of 
apoptosis including karyorrhexis, chromatin condensation 
and fragmentation. ALL-inhibited proliferation of Jurkat T 
cells was further studied by flow cytometry analysis using 

Fig. 3   Effect of ALL on the proliferation in Jurkat T cells. a Cells 
were incubated with ALL (20 μg/ml) for a designated time. Cell via-
bility was determined using the CCK-8 test. *p < 0.05 and **p < 0.01 
compared with control cells. b The total number of cells was counted 
after ALL (20 μg/ml) treatment for the designated time. *p < 0.05 and 
**p < 0.01 compared with control cells. c Cells were incubated with 
ALL at different concentrations (5–160 μg/ml) for 48 h. Cell viabil-
ity was measured using CCK-8 assays. *p < 0.05 and **p < 0.01 com-

pared with untreated cells. d Cells were incubated with ALL (20 μg/
ml) alone or pre-incubated with NAD (20 mM), followed by the anal-
ysis of cell viability using CCK-8 test. *p < 0.05 compared with con-
trol cells. e Effect of ALL on the proliferation of the EL-4 thymoma 
cell line. Cells were incubated with ALL at different concentrations 
(5–160 μg/ml) for 48 h. Cell viability was measured by CCK-8 test. 
*p < 0.05 and **p < 0.01 compared with untreated cells
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Fig. 4   ALL-induced apoptosis of Jurkat T cells. a ALL induced an 
increase in the hypodiploid cell population. Cells were incubated with 
ALL for 24  h followed by staining with PI and then DNA content 
analysis by flow cytometry. The data were expressed as mean ± SE 
(n = 3). *p < 0.05 compared with control cells. b Morphologic change 
of nuclei in ALL-treated Jurkat T cells. Cells were incubated with 
ALL (20 μg/ml) for 48 h followed by Hoechst 33258 staining. Con-
trol cells (left panel) and ALL-treated cells (right panel). Apoptotic 
nuclei indicated by arrows. c Dose-dependent apoptosis induced by 

ALL. Cells were incubated with ALL at different concentrations for 
48 h followed by Annexin V and PI staining. X- and Y-axes represent 
Annexin V-positive cells (the percentage was presented in the lower 
panel) and PI-positive cells, respectively. The data were expressed as 
mean ± standard deviation (M ± SD) (n = 3). *p < 0.05 and **p < 0.01 
vs. control cells. d Cell lysates of Jurkat T cells were incubated with 
ALL (5–20 μg/ml) for 24 h, and the cleavage of PARP was analyzed 
by Western blot
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Annexin V/PI staining. With the increase of ALL concentra-
tion, the cell population in the lower left quadrant moved to 
the lower right quadrant, indicating Jurkat T cells suffering 
apoptotic lesions at the early stage (Fig. 4c). The cell popula-
tion in the upper right quadrant had a mild increase, suggest-
ing the increased apoptotic cells at the late stage. The graph 
depicts the apoptosis percentage of Jurkat T cells after ALL 
treated with various concentrations (Fig. 4c).

PARP cleavage was analyzed by Western blot. A cleaved 
fragment with a molecular mass of 89 kDa was found in 
Jurkat T cells with ALL treatment (10 or 20 μg/ml) for 24 h 
(Fig. 4d), suggesting that ALL-inhibited proliferation may 
be caused by its induced apoptosis of Jurkat T cells.

ALL‑induced apoptosis in a caspase‑dependent manner

To explore the mechanisms of ALL-induced apoptosis, cas-
pases-3, -8 and -9 activities were analyzed with a colorimet-
ric assay. As shown in Fig. 5a, there was a difference among 

different caspase activation: a 1.65-fold increase within 6 h 
and twofold within 48 h in caspase-9 activity and similarly 
a 1.98-fold increase within 6 h and 2.3-fold within 48 h in 
caspase-3 activity were found in ALL-treated cells, respec-
tively. The activity of caspase-8 increased by 1.45-fold in 
6 h and maintained a stable level after treatment up to 48 h 
(Fig. 5a).

To further determine the function of caspases in ALL-
induced apoptosis, Jurkat T cells were pretreated with 
pan-caspase inhibitor-Z-VAD-FMK, caspase-8 and -9 
inhibitors Z-IETD-FMK and Z-LEHD-FMK for 1 h before 
ALL treatment for 48 h. Cell viability after ALL treatment 
was assessed by the CCK-8 test. Pre-treatment with either 
Z-LEHD-FMK or Z-VAD-FMK apparently suppressed 
ALL-inhibited proliferation. Z-IETD-FMK pre-treatment 
did not reveal an inhibitory effect on ALL-induced cell death 
(Fig. 5b). Similarly, caspase-9 inhibitior decreased caspase-3 
activity significantly (Fig. 5c). These data suggest that cas-
pase-9 was involved in ALL-induced apoptosis.

Fig. 5   Caspase-9 was involved in ALL-induced caspase-dependent 
apoptosis. a Jurkat T cells were incubated with 20 μg/ml ALL dur-
ing the designated time, and the activities of caspase-9, -8, -3 were 
assessed by colorimetric assay, respectively. The activity at 0 h was 
defined as 1. The data were expressed as mean ± standard deviation 
(M ± SD) (n = 3). *p < 0.05 vs. 0  h control. b Jurkat T cells were 
pretreated with pan-caspase inhibitor-Z-VAD-FMK, caspase-8 and 

-9 inhibitors Z-IETD-FMK and Z-LEHD-FMK for 1  h before ALL 
(20 μg/ml) treatment for 48 h. Cell viability was assessed by CCK-8 
test. The data were depicted as mean ± standard deviation (M ± SD) 
(n = 3). *p < 0.05 vs. control cells. c Whole cell lysates were exposed 
to ALL (20  μg/ml) alone or pre-incubated with caspase-9 inhibitor 
zLEHD-FMK (50 μM) and probed with anti-caspase-3 antibody. The 
blot showed the total and cleaved caspase-3
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Loss of mitochondrial membrane potential (MMP)

Caspase-9 is the essential initiator caspase in the mito-
chondrial apoptotic pathway, and the effect of ALL on the 

mitochondrial membrane potential was analyzed using fluo-
rescent probe JC-1. As shown in Fig. 6a, ALL induced a 
dose-dependent depolarization of the mitochondrial mem-
brane as well as the release of mitochondrial cytochrome 

Fig. 6   ALL induced mitochondrial perturbation and expression 
of apoptotic-related proteins in Jurkat T cells. a Effect of ALL on 
MMP. The cells were incubated with ALL at different concentra-
tions for 48 h followed by JC-1 staining (mitochondria-specific dye) 
and then analyzed with flow cytometry. The percentage of MMP-
reduced cells is presented in the lower panel. The data are represented 
as mean ± standard deviation (M ± SD) (n = 3). *p < 0.05 vs. control 
cells. b Release of mitochondrial cytochrome C in Jurkat T cells incu-
bated with ALL (20 μg/ml) for different designated times. Organelle 
and cytosol fractions were isolated, and cytochrome C was analyzed 
by Western blot. c Jurkat T cells were incubated with ALL (20 μg/ml) 
for designated times, and the effect of ALL on the cleavage of Bid 
was analyzed by Western blot. d Jurkat T cells were incubated with 
ALL (20 μg/ml) for designated times, and Bcl-xl, Bcl-2, Bax and Bad 
were analyzed by Western blot. e ALL promoted the activation of 

JNK and p38. Cells were incubated with ALL (20 μg/ml) at the des-
ignated time, and the phosphorylation of ERK, JNK and p38 was ana-
lyzed by Western blot. f Effects of a JNK inhibitor (SP600125) and a 
p38 inhibitor (SB203580) on ALL-induced cell death. ALL (20 μg/
ml) was incubated in presence of SP600125 (20  μM) or SB203580 
(20  μM), and cell viability was analyzed by CCK-8 test after 48  h. 
Data are representative of three independent experiments performed 
in triplicate. *p < 0.05 compared with ALL treatment alone. g Effects 
of SP600125 and SB203580 on caspase-3 activation. Jurkat T cells 
were incubated with 20  μg/ml ALL for 48  h in the presence of 
SP600125 (20  μM) or SB203580 (20  μM), and the activity of cas-
pase-3 was assessed by colorimetric assay. The activity of untreated 
cells was defined as 1. The data were expressed as mean ± standard 
deviation (M ± SD) (n = 3). *p < 0.05 compared with ALL treatment 
alone
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C into the cytosol (Fig. 6b). Furthermore, ALL treatment 
caused an apparent reduction of native Bid expression 
(21 kDa), suggesting the cleavage of Bid and the release of 
mitochondrial cytochrome C (Fig. 6c). These results indi-
cate that ALL induces mitochondrial perturbation in Jurkat 
T cells.

Downregulation of Bcl‑2 and Bcl‑xl in ALL‑induced 
apoptosis

The mitochondrial pathway of apoptosis is controlled by 
Bcl-2 family members [12]. Several proteins of the Bcl-2 
family were analyzed in ALL-treated Jurkat T cells. As 
shown in Fig. 6d, the expression of Bcl-2 and Bcl-xl was 
downregulated at 12 h after ALL treatment and further 
decreased at 24 h. However, we did not detect any changes 
in Bax and Bad. These data indicated that ALL could result 
in the decrease of anti-apoptotic proteins, but no effect on 
pro-apoptotic proteins.

ALL induced JNK and p38 phosphorylation

To further explore the apoptotic mechanism of Jurkat T 
cells induced by ALL, the possible signal transduction 
pathways were analyzed. As shown in Fig. 6e, JNK1/2 
and p38 kinase were activated after 1-h treatment, whereas 
no change was found in the phosphorylation of ERK. As 
JNK and p38 are known to induce cell death, we also 

examined whether JNK and p38 inhibitors can affect 
ALL-induced cytotoxicity. We confirmed that the phos-
phorylation of JNK or p38 was inhibited by SP600125 
or SB203580, respectively (data not shown). Pretreatment 
with SP600125 or SB203580 significantly elevated the 
viability of ALL-treated Jurkat T cells (Fig. 6f) and inhib-
ited caspase-3 activity (Fig. 6g). These data indicate that 
the p38 and JNK/MAPK signal pathways were involved in 
ALL-induced apoptosis.

Effect of ALL on normal T lymphocytes

To observe the response of ALL in normal T lympho-
cytes, human peripheral T lymphocytes were separated by 
the RosetteSep Ab cocktail, and the purified cells (> 95% 
CD3+ T cells) were obtained. To evaluate the effect of 
ALL on normal T lymphocytes, a 3H-thymidine incorpo-
ration assay was carried out in ALL-treated T cells. ALL 
promoted the significant proliferation of normal T cells 
(Fig. 7a). To confirm that ALL cannot cause apoptosis 
of normal T cells, the cells were incubated with ALL for 
24 h, followed by determining the Annexin-V-positive 
cells and apoptosis-related proteins. We found that in nor-
mal T cells, ALL could not promote Annexin-V binding 
(Fig. 7b) and change the expression of apoptosis-related 
proteins (Fig. 7c), indicating that ALL could not cause the 
apoptosis of normal T lymphocytes.

Fig. 7   Effect of ALL on normal human T cells. a T lymphocytes 
were stimulated with ALL at designated concentrations for 48  h at 
37  °C. Proliferation activity was represented by scintillation counts 
per minute (CPM). The values were expressed as mean ± standard 
deviation (M ± SD) (n = 3). *p < 0.05 vs. control cells. b T cells were 

incubated with ALL (20 μg/ml) for 48 h followed by flow cytometry 
analysis. c T cells were treated with ALL (20  μg/ml) for 24  h, and 
then the expression of Bcl-2, Bcl-xl and Bax was analyzed by West-
ern blot
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Discussion

Plant lectins have huge potential because of their medical 
and clinical applications [13]. Lectins are a group of pro-
teins with specific sugar-binding specificity. Their multiple 
functions are tightly correlated with carbohydrate-binding 
types [14], and their activities are usually suppressed by 
mono- and oligo-saccharides [15]. This study presents a 
lectin in seeds of Artocarpus nitidus subsp. lingnanensis, 
a Moraceae with important applications in traditional folk 
medicine. Our previous results showed that ALL is an NAD 
and d-galactose specific lectin [11]. In this study, the mito-
genic and anti-proliferative activity of ALL can be inhibited 
in the presence of NAD. This indicates that ALL’s activity 
depends on carbohydrate recognition. The binding of carbo-
hydrates is reversible so that lectin activity can be modulated 
by introducing or getting rid of specific carbohydrates, there-
fore presenting a good strategy to regulate ALL activity.

ALL can induce a mitogenic response in murine spleno-
cytes and stimulate murine splenocytes to produce high-level 
IL-2, IFN-γ and IL-4 and interferon-γ (IFN-γ). Tumorigen-
esis usually presents abnormal glycosylation of cell-surface 
structures that can promote cancer invasion and metastasis 
[16]. Lectins could bind to the specific carbohydrate and 
regulate cell proliferation. In the present study, we presented 
the anti-tumor activity of ALL against a human leukemia 
cell line, the Jurkat cell line. ALL exhibits the binding to 
the cell surface. In contrast, its binding can be inhibited in 
the presence of NAD. ALL can significantly suppress the 
proliferation and promote the apoptosis of Jurkat cells with 
typical apoptotic changes, such as nuclear fragmentation 
and condensation, phosphatidylserine externalization and 
increased hypodiploid cell population.

Apoptosis is usually involved in death receptor and mito-
chondrial pathways [17]. Caspases are a family of cysteine 
proteases that play a key role in the process of apoptosis by 
cleavage at aspartic acid residues of target proteins [18]. The 
activation of caspase 3, which acts as the crucial effector 
caspase, will trigger the occurrence of apoptosis. Many lec-
tins have been reported that can promote apoptosis through 
a caspase-dependent pathway [19, 20]. Our previous study 
also demonstrated that ALL can induce human B-lymphoma 
cell line Raji apoptosis with the involvement of p38 phos-
phorylation and caspase-3 activation [21]; however, more 
detailed molecular mechanisms in Raji cells remain unclear.

In the present study, our data demonstrate that ALL 
could induce the processing of procaspase-9 and procas-
pase-3, thus leading to the cleavage of PARP. Furthermore, 
the inhibition of caspase-9 and caspase-3 activity can pre-
vent cell death. However, the inhibition of caspase-8 can-
not prevent cell apoptosis. The data indicate that caspase-9 
has a key role in ALL-induced apoptosis in Jurkat cells.

ALL-induced apoptosis is accompanied by the down-
regulation of native Bid. Cleaved BID translocates to mito-
chondria and interacts with Bcl-2 family proteins, thereby 
resulting in the release of mitochondrial cytochrome 
C [22]. In the present study, MMP is significantly lost 
because of the induction of ALL, indicating the involve-
ment of the mitochondrial apoptotic pathway. The depo-
larization of the mitochondrial membrane is also similarly 
observed in Momordica charantia lectin-treated hepatocel-
lular carcinoma cells [23] and P. vulgaris lectin-treated 
MCF7 cells [20]. The loss of MMP can also promote the 
release of cytochrome C and pro-apoptotic protein [24]. 
It has been reported to have downregulated anti-apopto-
sis proteins, damaged the mitochondrial membrane and 
released cytochrome C, thereby correspondingly produc-
ing the activated caspase-9 and caspase-3 in Polygona-
tum odoratum lectin-treated cells [25]. Our data indicate 
that ALL can downregulate anti-apoptosis Bcl-2 family 
members such as Bcl-2 and Bcl-xl without affecting the 
proapoptosis proteins, therefore resulting in cell death. 
These results further suggest that ALL induced a caspase-
dependent apoptosis due to the occurrence of mitochon-
drial perturbation.

Some different mechanisms of the anti-proliferation roles 
of lectins have been reported. ConA is taken up by tumor 
cells, gathered in mitochondria and then sequentially down-
regulates Akt phosphorylation [26]. Polygonatum cyrtonema 
lectin can cause MTP collapse by regulating Bcl-2 family 
members, thus inducing apoptosis in a caspase-dependent 
manner by inactivating ERK, PI3K–Akt ROS-mediated 
p38–p53 pathways [27, 28]. The activation of p38 and JNK 
are proapoptotic [29], and the activation of ERK is corre-
lated to both anti- and pro-tumor activity [30, 31]. Our stud-
ies show that ALL cannot induce the activation of ERK, but 
can induce the phosphorylation of p38 and JNK as early as 
1 h post-incubation with ALL, indicating that the activation 
of p38 and JNK should be prior to mitochondrial perturba-
tion. We further confirmed that JNK inhibitor SP600125 
or p38 inhibitor SB203580 significantly mitigated ALL-
induced cytotoxic effects and caspase-3 activity in Jurkat 
T cells. Previous reports showed that the activation of JNK 
and p-38 signaling induced mitochondria-mediated apop-
tosis through the regulation of the Bcl-2 family [32, 33]. 
Taken together, the effects of ALL in human T-lymphoma 
Jurkat cells may occur by activating JNK and p-38 signaling 
and inducing a caspase-dependent mitochondria-mediated 
apoptosis.

ALL presents different actions on different cells. It can 
evoke mitogenic activity toward mouse splenocytes at 
the dose of 1–40 μg/ml, while it also can accomplish the 
anti-proliferative activity on the Jurkat T cell line. This 
shows that ALL can initiate its immunomodulatory effect 
on splenocytes and its anti-proliferative effect on Jurkat T 
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cells simultaneously. Both activities suggest the therapeutic 
potential of ALL.

Finally, the effect of ALL on normal T lymphocytes has 
also been investigated. We have also examined the response 
of ALL in normal T lymphocytes separated from donors 
with different blood groups and confirmed that ALL could 
not induce the apoptosis of T cells; on the contrary, ALL 
can promote the significant proliferation of the cells with-
out blood group specificities, suggesting that ALL has no 
cytotoxicity to normal T cells. Although some lectins such 
as Phaseolus vulgaris lectin have been documented to have 
the proliferative activity on murine splenocytes and anti-
proliferative activity toward tumor cells [19], yet no reports 
associated with their actions in normal T lymphocytes have 
been documented.

In summary, a novel lectin from Artocarpus nitidus 
subsp. lingnanensis is confirmed to have mitogenic activ-
ity toward mouse splenocytes and anti-proliferative activity 
against T-lymphoma (Jurkat) cells. However, further studies 
are highly required to better understand its action mode on 
other tumors and to explore its possible applications.
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