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Solanum tuberosum lectin inhibits Ehrlich ascites carcinoma cells
growth by inducing apoptosis and G2/M cell cycle arrest
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Abstract Recently, a lectin was purified from the potato cul-
tivated in Bangladesh locally known as Sheel. In the present
study cytotoxicity of the lectin against Ehrlich ascites carcino-
ma (EAC) cells was studied by MTT assay in vitro in RPMI-
1640 medium and 8.0–36.0 % cell growth inhibition was ob-
served at the range of 2.5–160 μg/ml protein concentration
when incubated for 24 h. The lectin-induced apoptosis in
EAC cells was confirmed by fluorescence and optical micro-
scope. The apoptotic cell death was also confirmed by using
caspase inhibitors. Cells growth inhibition caused by the lectin
(36 %) was remarkably decreased to 7.6 and 22.3 % respec-
tively in the presence of caspase-3 and -8 inhibitors. RT-PCR
was used to evaluate the expression of apoptosis-related genes
Bcl-X, p53, and Bax. An intensive expression of Bcl-X gene
was observed in untreated control EAC cells with the disap-
peared of the gene in Sheel-treated EAC cells. At the same
time, Bax gene expression appeared only in Sheel-treated
EAC cells and the expression level of the p53 gene was in-
creased remarkable after the treatment of EAC cells with the
lectin. The lectin showed strong agglutination activity against
EAC cells. Flow cytometry was used to study the cell cycle

phases of EAC cells and it was observed that the lectin
arrested the G2/M phase. In conclusion, Sheel lectin inhibited
EAC cells growth by inducing apoptosis.
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Introduction

Lectins are a group of proteins that usually contains two or
more binding sites for sugars or carbohydrate units and have
the ability to agglutinate erythrocytes with known sugar spec-
ificity. Lectins are usually found in plants, animals, virus, bac-
teria, and fungi. The main role of lectin in animals is to facil-
itate cell-cell contact and play numerous functions in plant
such as: carbohydrate transport, protein storage, physiological
regulation, etc. Plant lectins, usually found in bark, leaf, root,
leave, seeds, and rhizomes, represent a unique group of pro-
teins with potent biological activities [1–3]. Several lectins
were purified from plant sources and the mechanism of ac-
tions of most of the lectins against different cancer cell lines
are unknown, although some literatures reported elucidation
of the anticancer mechanism of lectins against different cancer
cell lines [2–12].

A 20,000-kDa chitin-binding lectin was isolated from So-
lanum tuberosum locally known as Sheel potato and charac-
terized in our previous studies [1, 13]. The lectin inhibited the
growth of Listeria monocytogenes, Escherichia coli, Salmo-
nella enteritidis, and Sigella boydii bacteria and also inhibited
biofilm formation by Pseudomonus aeruginosa [13]. The lec-
tin exhibited antifungal activity against Rhizopus spp,
Penicillium spp., and Aspergillus niger [13]. The lectin was
toxic and inhibited 79.84 % EAC cells growth in vivo in mice
with the increase of hemoglobin level and red blood cells

* Syed Rashel Kabir
rashelkabir@ru.ac.bd; rashelkabir@gmail.com

1 Department of Biochemistry and Molecular Biology, Faculty of
Science, Rajshahi University, Rajshahi 6205, Bangladesh

2 Bangladesh Council of Scientific and Industrial Research
Laboratories, Rajshahi, Bangladesh

3 IFST, Bangladesh Council of Scientific and Industrial Research
Laboratories, Dhaka, Bangladesh

4 Environmental Microbiology Laboratory, icddr,b, 68 Shaheed
Tajuddin Ahmed Sarani, Mohakhali Dhaka 1212, Bangladesh

Tumor Biol. (2016) 37:8437–8444
DOI 10.1007/s13277-015-4735-x

http://crossmark.crossref.org/dialog/?doi=10.1007/s13277-015-4735-x&domain=pdf


(RBC) towards the normal and the decreased level of white
blood cells [1]. But the antitumor mechanism of this lectin is
still unknown. In this study, we are reporting the antitumor
activity of potato lectin is due to cell agglutination, G2/M cell
cycle arrest and the induction of apoptosis that was confirmed
by MTT assay, cell morphological study, using caspase inhib-
itors and apoptosis-related genes expression.

Materials and methods

Chemicals and reagents

For protein purification, DEAE cellulose and chitin were pur-
chased from Wako (Japan). For cell culture, fetal calf serum
and penicillin-streptomycin from Invitrogen (USA) and
RPMI-1640 medium from Sigma were purchased. MTT was
purchased from Carl Roth (Germany), propidium iodide and
Hoechst-33342 from Sigma (USA), and caspase inhibitors z-
DEVD-fmk and z-IETD-fmk were purchased from Biovision
(USA). All other chemicals/reagents were of analytical grade.
The Sheel potato was collected from Rangpur district of
Bangladesh.

Purification of Sheel lectin

Sheel lectin was purified according to Hasan et al. [1] and the
hemagglutination assay was carried out in a 96-well microtiter
U-bottomed plates as described by Kabir et al. [6].

Cell culture

RPMI-1640 medium was supplemented with 10 % fetal calf
serum, and 1 % (v/v) penicillin-streptomycin was used for
EAC cells culture in a humidified atmosphere of 5 % CO2 at
37 °C.

MTT colorimetric assay

MTT colorimetric assay was used to detect the antiprolifera-
tive activity of Sheel lectin against EAC cell as described by
Kabir et al. [6]. At first 5×105 EAC cells in 100 μl RPMI-
1640 media (with 10 % fetal calf serum and 1 % penicillin-
streptomycin) were plated in each well of the 96-well flat-
bottom culture plate containing serially diluted lectin in
100 μl RPMI-1640 medium and incubated for 24 h at 37 °C
in CO2 incubator. Wells of the culture plate containing the
medium without lectin was used as control. The aliquot was
removed from each well and then EAC cells were washed
thrice and stained with MTT (3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide). After 4 h of incubation at
37 °C, an aliquot was removed again from each well and
acidic isopropanol was added and kept in dark for 30 min.

All experiments were done in triplicate and the absorbance
of the treatment and control groups were measured at
570 nm by titer plate reader and the cell proliferation inhibi-
tion ratio was determined by using the equation:

Proliferation inhibition ratio %ð Þ ¼ A−Bð Þ � 100
.
A;

where A is the OD570 nm of the cellular homogenate (control)
without Sheel lectin and B is the OD570 nm of the cellular
homogenate with Sheel lectin.

Cell morphological change and nuclear damage

After treatment of EAC cells with lectin (160 μg/ml) and
without lectin, EAC cells were washed thrice with phosphate
buffer saline (PBS) and stained with 0.1 μg/ml of Hoechst-
33342 at 37 °C for 20 min in dark and then apoptosis in EAC
cells was morphologically observed under a fluorescent mi-
croscope (Olympus iX71, Korea) as described by Kabir et al.
[6].

Effect of caspase inhibitors on Sheel lectin-induced
cytotoxicity in EAC cells

Caspase inhibitors were used in order to check the role of
caspases in the lectin-induced cell death. EAC cells inoculated
in RPMI-1640 medium were incubated for 2 h in the presence
and absence of 2 μmol/ml of each caspase-3 inhibitor (z-
DEVD-fmk) and caspase-8 inhibitor (z-IETD-fmk). Then
the cells were treated with Sheel lectin at the final concentra-
tion of 160 μg/ml and incubated for 24 h at 37 °C in 5 % CO2

and the cell growth inhibition was detected by MTT assay.

Reverse transcriptase polymerase chain reaction

In this step, EAC cells were treated with lectin (160 μg/ml)
and then total RNAwas extracted from lectin-treated and un-
treated EAC cells using RNA isolation kit according to man-
ufac turer d i rec t ion (Tiangen, China) . A micro-
spectrophotometer (K2800 nucleic acid analyzer, Beijing
Kaiao Technology Development Co., Ltd, China) was used
to determine the amount of RNA and to check the purity. High
capacity RNA-to-cDNA Kit was used to reverse transcribe
RNA into cDNA according to manufacturer instruction (Ap-
plied Biosystems, USA). These cDNAs were used as template
for PCR and the expression level of β-actin, p53, Bax, and
Bcl-X genes were studied. A GeneAtlas (Japan) thermo cycler
was used for the amplification of cDNA and the reaction mix-
ture was prepared with dNTP, Taq polymerase buffer, plati-
num Taq polymerase (Tiangen, China) and 25 pmol each of
forward and reverse primer (IDT Singapore). Expression ofβ-
actin was used to check the quality of RNA. The primers were
used for β-actin, Bax, p53, and Bcl-X was described
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previously [6, 14]. The steps involved were 3 min PCR acti-
vation step at 95 °C, followed by 40 cycles of 95 °C/30 s,
55 °C/30 s, 72 °C/50 s and a final extension of 72 °C/10 min
for each of Bax, Bcl-X, p53, and β-actin genes. PCR products
were analyzed by 1.0 % agarose gel where 100 bp DNA
ladder and 1 kb DNA ladder was used as markers.

Agglutination of EAC cells

U-bottomed 96-well microtiter plate was used for EAC cells
agglutination assay and hemagglutination buffer was prepared
by mixing of 1 M Tris (pH 7.8), 3 M NaCl and 1 M CaCl2 to
the final concentration of 20 mM Tris-HCl containing
150mMNaCl and 10mMCaCl2. For EAC cells agglutination
assay, 50 μl of hemagglutination buffer was added to each
well of the microtiter plate and equal amount of lectin
(0.4 mg/ml) in same buffer was mixed. Then, 50 μl of 2 %
EAC cells suspension previously washed with saline was
added to each well and agitated with micro-shaker for 5 min
and kept at room temperature for 30 min and the visual agglu-
tination titer of the maximum dilution giving the positive ag-
glutination was recorded.

Cell cycle analysis

Cell cycle analysis was used to assess the effect of Sheel lectin
on the EAC cells. In cell cycle analysis, dsDNA is determined
by FACS Flow cytometer (Partec CyFlow SL, Germany) after
staining with propidium iodide. Shortly after, EAC cells were
incubated in RPMI-1640 medium in the presence and absence
of Sheel lectin (160 μg/ml) for 24 h at 37 °C in 5 % CO2.

Phosphate buffer saline was used to wash EAC cells three
times and the cells were fixed with 70 % ethanol. Before flow
cytometric analysis, the cells were washed with PBS, then
treated with RNase-A and stained with propidium iodide.
The amount of fragmented DNA and cell cycle phases were
analyzed from the acquired data as describe by Kabir et al. [6].

Statistical analysis

The experimental results are expressed as the mean± standard
deviation (S.D.). One-way ANOVAwas used for the calcula-
tion of data followed by Dunnett’s t test using SPSS software
of 16 version.

Result

MTT assay

The effect of Sheel lectin on EAC cells was investigated by
MTTassay. Inhibitory effect was found to be 8 % at 2.5 μg/ml
lectin concentration. When the concentration increased to

5 μg/ml, the inhibitory effect reached to 17.2 %. The inhibi-
tory effects were almost same (around 26 %) from 10 to
80 μg/ml lectin concentration. Finally, 36 % inhibitory effect
was observed at 160 μg/ml lectin concentration, as shown in
Fig. 1.

Cell morphological examination

EAC cells were treated with and without Sheel lectin and then
stained with Hoechst-33342 and finally cell morphological
changes were examined by fluorescence and optical micro-
scope. In untreated EAC cells, a round and homogeneously
stained nucleus was observed (Fig. 2a, b) while apoptotic
morphological alteration (e.g., blebbing, cell shrinkage, chro-
matin condensation, and nuclear fragmentation) for lectin-
treated EAC cells was observed (Fig. 2c, d, e) clearly. The
above results confirmed Sheel lectin-induced apoptosis in
EAC cells.

Effect of caspase inhibitors on Sheel lectin-induced
cytotoxicity in EAC cells

Two caspase inhibitors z-DEVD-fmk (caspase-3 inhibitor)
and z-IETD-fmk (caspase-8 inhibitor) were used to check
the involvement of caspases in the lectin-induced apoptotic
cell death of EAC cells. It was observed that EAC cell growth
was inhibited to 36 % in the presence of Sheel lectin and this
inhibitory effect reduced to 22.3 and 7.6 % when cells were
incubated in the presence of z-IETD-fmk and z-DEVD-fmk
respectively, as shown in Fig. 3.

Reverse transcriptase polymerase chain reaction

To check the quality of RNAs, β-actin primers was used for
reverse transcriptase polymerase chain reaction (RT-PCR) and
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Fig. 1 Observation of EAC cells growth inhibition by lectin. The cell
proliferation was measured by the MTT assay (n = 3, mean ± S.D.) after
cells were treated with various doses of Sheel lectin and without lectin for
24 h in CO2 incubator at 37 °C. *p < 0.05, as compared lectin-treated
EAC cells with untreated control
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clear amplification products were obtained for RNAs isolated
from Sheel lectin-treated and untreated EAC cells. Then the
expression of apoptosis-related p53, Bax and Bcl-X genes in
the Sheel lectin-treated and untreated EAC cells were investi-
gated as shown in Fig. 4. In untreated EAC cells (control), an
intensive expression of Bcl-X gene (expressed as the isoform
Bcl-XL) was detected while no expression of the gene was
observed in Sheel-treated EAC cells. At the same time Bax
gene expression was appeared only in Sheel-treated EAC cells
with disappear of the gene expression in control EAC cells.
Expression of p53 gene was increased remarkably after the
treatment of EAC cells with the lectin as shown in Fig 4.

EAC cells agglutination by Sheel lectin

EAC cells without lectin did not show agglutination activity
(Fig. 5a, c) but after treatment with Sheel lectin a strong ag-
glutination activity against EAC cells were observed at
25 μg/ml and higher concentrations (Fig. 5b, d) and the min-
imum protein concentration for agglutination activity was cal-
culated to be 6.25 μg/ml.

Cell cycle analysis by FACS

Cell cycle of each cell has three phases G0/G1, S, and G2/M.
The effect of Sheel lectin on the different phases of cell cycle
of EAC cells was studied by using FACS flow cytometry. The
percentages of G0/G1, S, and G2/M phases were calculated to
be 62.5, 7.5, and 30.0 %, respectively after treatment of EAC
cells with Sheel lectin. Whereas in untreated EAC cells 66.16,
17.2, and 16.6 % were determined for G0/G1, S, and G2/M
phases, respectively. The above results revealed that the lectin
arrested the G2/M phase of EAC cells (Fig. 6).

Discussion

EAC cells may be a fine cell line for anticancer drug test due to
the lack of H-2 histocompatibility antigens, which may be the
reason for their rapid proliferation and for studying them in
almost any mouse host [15]. In our previous study, it was
observed that Sheel lectin inhibited 79.84%EAC cells growth
in vivo in mice when 1.38 mg/kg/day dose administered in-
traperitoneally for five consecutive days [1]. In the present
study, cytotoxicity was examined against EAC cells in the
RPMI-1640 medium by MTT assay and it was observed that
Sheel lectin inhibited 36 % growth inhibition at 160 μg/ml
protein concentration. The difference between in vitro and
in vivo studies may be due to the length of treatment and like
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Fig. 2 Apoptotic morphological
changes of lectin-treated and
untreated EAC cells. Apoptotic
cell morphological changes were
observed after staining of EAC
cells with Hoechst-33342 by
optical and fluorescence
microscopy (Olympus iX71).
Control EAC cells in a (optical)
and b (fluorescence) and Sheel
lectin-treated EAC cells in c
(optical), d and e (fluorescence).
Arrows indicate apoptotic cells
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Fig. 3 Sheel lectin-induced apoptosis in EAC cells in a caspase-
dependent manner. EAC cells were pre-treated with and without
2 μmol/ml of z-DEVD-fmk and z-IETD-fmk at 37 °C for 2 h, then the
cells were incubated for 24 h at the same environment and finally cell
growth inhibition was determined by MTT assay (n = 3, mean ± SD).
*p < 0.05, as compared lectin-treated EAC cells with and without
inhibitors
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wheat germ agglutinin (WGA), Sheel lectin which is also an
agglutinin may induce lectin-dependent macrophage-mediat-
ed cytotoxicity against EAC cells and can induce tumoricidal
activity of blood monocytes in vivo [16, 17]. An opposite
result also observed for pea lectin that caused 84 % EAC cell
growth inhibition in vitro in RPMI-1640 medium whereas
63 % EAC cells growth inhibition was observed in vivo in
mice [6].

Apoptosis is the process of programmed cell death with the
change of cell morphology including nuclear fragmentation,
blebbing, cell shrinkage, chromatin condensation, and DNA
fragmentation. A group of proteases play essential role in the
apoptosis process by a series of reaction is known as caspases.

At least 12 caspases have been identified in humanswhich can
be categorized as initiator caspases (e.g., Casp-2, −8, −9, and
−10) and effector (executioner) caspases (e.g., Casp-3, −6, and
−7). Initiator caspases cleaves the pro-forms of effector
caspases and activates them. Then, activated effector caspases
cleave other protein substance within the cell to trigger the
apoptotic process. It was reported that lectin of different fam-
ilies induce apoptosis in various cancer cell lines [5, 7, 18–23].
In our earlier experiments, apoptotic morphological changes
in EAC cells were observed for pea lectin and KRL [6, 24]. In
the present study, when EAC cells were treated with Sheel
lectin, cell shape was changed and the nucleus was
fragmented and condensed; these are comparable with the
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Fig. 4 Observation of amplification of tumor related genes Bax, p53,
Bcl-X (as Bcl-XL), and control gene β-actin. Total RNA extracted from
treated and untreated EAC cells and then reverse transcription was
performed using random hexamer. After that PCR reaction was carried

out using primers specific for Bax, p53, Bcl-X and β-actin. PCR reaction
products separated on 1 % agarose gel stained with ethidium bromide. L
representing DNA ladder; TRNA from Sheel lectin-treated EAC cells; C,
RNA from lectin untreated EAC cells
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Fig. 5 EAC cells agglutination
by Sheel lectin. EAC cells with
and without Sheel lectin in 96
well titer plate was agitated in
micro-shaker for 5 min and then
kept at room temperature for
30 min finally agglutination was
observed by optical microscope.
EAC cells without lectin (a and c)
and EAC cells with 25 μg/ml
lectin (b and d)
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control EAC cells. The initiation of caspase cascade reaction
is regulated by different caspase inhibitors. Here, 36 % of cell
growth inhibition was observed at 160 μg/ml of Sheel lectin
while the inhibitory effects decreased to 7.2 and 22.3 % in the
presence of caspase-3 and -8 inhibitors respectively in the
medium. The above results suggest apoptotic-induced cell
death of EAC cells in the presence of Sheel lectin.

Several genes are involved in apoptosis process and among
them Bcl-2 family is predominantly known for the regulation
of this process. Bcl-X is a member of the Bcl-2 family that is
functionally similar to Bcl-2, which works together with Bax.
The gene product of Bcl-X exists as Bcl-XL (long) and Bcl-XS

(short) [25]. In the present study, when EAC cells were treated
with lectin, Bcl-XL gene expression fully disappeared at the
same time intensive genes expression of Bax was observed.
Beside these, a significant increase of p53 gene expressions

was determined in Sheel lectin-treated EAC cells that indicate
p53 pathway is involved in apoptosis. Several lectin has the
ability to agglutinate cancer cells like red blood cell and the
affinity of lectin towards human cancer cell line is higher than
that of healthy cells [23]. It was also reported that the link
between membrane glycoproteins and lectins is weak, but a
stronger one is formed by multiple binding sites of a lot weak
joints and through this mechanism, lectins can induce apopto-
sis, cytotoxicity, and inhibition of tumor growth [18, 22]. In
the present study, a very strong agglutination of EAC cells was
observed when agitated with Sheel lectin. This strong agglu-
tination suggests that the binding of lectin to the cell surface
receptors of EAC cells. Binding of potato lectin to human
hepatoma (H3B), mouse melanoma (B16), rat osteosarcoma
(ROS), and human choriocarcinoma (JAr) cell lines were also
reported [22].
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Fig. 6 Different phases of EAC cells before and after treatment with
lectin. The percentages of each cell cycle were evaluated by flow
cytometry based on mean values obtained from three independent
experiments. Results are expressed as means ± SD as shown in (a). b
and c representing flow cytometry results for control and the effects of

Sheel lectin on the cell cycle phases respectively. The amount of DNA
directly proportional to the intensity of the PI staining is representing by
the X-axis and the Y-axis representing cell number. **p <0.01 as
compared with the control
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The regulation of cell cycle dynamics of different phases is
due to different factors and different mechanism [26]. Many
antitumor agents arrest the cell cycle at the G0/G1, S, or G2/M
phases and induce apoptotic cell death. The cytotoxic protein
BMP1 effectively arrested cell cycle progression of EAC cells
at the G1 phase [27]. Lectins also retain the ability to induce
cell cycle arrest either in one or in a combination of different
phases. It was reported that Musca domestica larva lectin
(MLL) induced apoptosis by arresting at G1 phase in BEL-
7402 cells [28]. Here, he observed Sheel lectin arrested G2/M
phase of EAC cells cycle. In our earlier study it was observed
that KRL and pea lectin inhibited EAC cells growth by in-
duced G0/G1 and G2/M phases cell cycle arrest respectively
and induced apoptosis, while Momordica charantia seeds
lectin-induced G2/M phase cell cycle arrest without causing
any apoptosis [6, 24, 29]. Induction of apoptosis by G2/M cell
cycle arrest also reported for M. charantia seeds lectin in
hepatocellular carcinoma [8] and Sophora flavescens lectin
in MCF-7 cells [11].

In this present study, due to limitation of facilities, it was
not possible to show the mitochondrial conditions but we
found that the lectin strongly binds with rapidly growing
EAC cells and caused apoptosis-related cell death as proved
by different experiments. The lectin can be designated as a
potent anticancer agent but further studies are necessary be-
fore any clinical trial.
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