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ABSTRACT

Plant lectins have come into focus as potential
therapeutic molecules by virtue of their potential
for selective targeting of cancer cells. Hematological
cancers are a worldwide health issue. Our study
investigated the effects of Phaseolus wvulgaris
lectin (PHA), Phytolacca americana lectin
(PAA), and Concanavalin A (ConA) on the acute
monocytic leukemia cell line (THP-1). A range
of lectin concentrations (0.39-200 pg/mL) was
applied to THP-1 cells for different time intervals
(24, 48, and 72 hr). MTT(3-(4,5-di methyl thiazol-
2-yl)-2,5-diphenyltetrazolium bromide) test was
performed to assess cell viability. Quantitative
real-time polymerase chain reaction (qRT-PCR)
was applied for the evaluation of CASP3
(apoptosis), LC3 (autophagy), and AKT1 (cell
survival). ConA and PHA exhibited mitogenic
properties, with cell viabilities exceeding 100%
reflecting immunostimulatory rather than cytotoxic
effects. On the other hand, PAA showed strong
cytotoxicity, lowering viability with maximum
cytotoxicity up to 43-59% after 72 hr. Compared
with untreated cells, PAA treatment induced
CASP3 upregulation (28.7-57.9-fold), coinciding
with LC3 activation (15.7-21.8-fold) and an
unchanged level of AKT1, indicating simultaneous
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activation of apoptotic and autophagic pathways.
In conclusion, PAA lectin exhibits superior anti-
cancer activity by dual-activation of the death
pathway of programmed cells, of which apoptosis
is predominant. These results confirm PAA as
a highly promising lead compound for further
developing drugs against hematological cancers.

KEYWORDS: plant lectins, hematological
malignancies, THP-1 cells, apoptosis, autophagy,
caspase-3, PAA.

1. Introduction

Hematological =~ malignancies  represent a
substantial and clinically significant portion of
cancer cases globally. These neoplasms represent
a considerably prevalent category of nosological
classifications within the framework of morbidity
associated with malignant tumors, demonstrating
a grave progression, limited prognostic outlook,
and adverse socio-economic ramifications in their
advanced phases [1]. A worldwide increase in the
incidence of hematological malignancies has been
observed in recent decades [2]. There is a
substantial and growing interest in natural
compounds, particularly plant-derived proteins
with biological activity, for developing novel
therapeutic agents with improved efficacy and
reduced toxicity [3]. Natural products have
traditionally played a crucial role in the treatment
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of human diseases [4], and currently, serve as the
source for a significant number of contemporary
pharmacological therapies, particularly in the field
of cancer treatment [5]. Plant-based anti-cancer
compounds are safer, potent, easily available, and
comparatively cost-effective [6]. Compared with
synthetic drugs, natural compounds are stiffer,
which facilitates protein crosstalk, better fits into
protein receptors, and promotes easier protein
activation [7, 8].

Plant lectins represent a diverse group of
carbohydrate-binding proteins with remarkable
potential as anti-cancer therapeutics [9]. These
naturally occurring proteins can selectively
recognize and bind to specific glycan structures
on cell surfaces, making them particularly
valuable for targeting cancer cells that exhibit
altered glycosylation patterns [10]. Several lectins
have experienced significant growth in recent
years, with emerging applications in cancer
immunotherapy and targeted drug delivery
systems [11]. Understanding the antiproliferative
and cytotoxic actions of plant lectins on cancer
cells could lead to the development of new anti-
cancer medicines. Previous reports have revealed
the ability of plant lectins to bind to tumor cell
surface and induce apoptosis and autophagy [12].
Over the past few years, the molecular machinery
underlying lectin anticancer activity has not been
fully elucidated [13, 14], especially in haematological
tumours. Thus, this research seeks to investigate
the anti-cancer actions of three plant species that
garnered particular attention for their lectin
content and anti-cancer potential: Phaseolus
vulgaris (common bean), Phytolacca americana
(pokeweed), and Canavalia ensiformis (jack bean)
(PHA, PAA, and ConA, respectively) on the
THP1 leukemia cell line with a focus on their
molecular mechanisms of action. The main
mechanisms of cell survival (Protein kinase B
pathway-mediated cell survival (AKT1)), and cell
death induction (caspase activation-mediated
apoptosis (CASP3), and microtubule-associated
protein 1 light chain 3 (LC3)-mediated
autophagy) will be studied. Elucidating these
molecular mechanisms might shed light on the
development of lectin-based therapies for blood
cancers.

2. Materials and Methods

2.1. Cell culture and lectin treatment of
THP1 cell lines

In the present study, cancer cell lines were
obtained from the American Type Culture
Collection (ATCC, Manassas, Virginia, United
States). The cell lines were cultured in RPMI-
1640 media (Roswell Park Memorial Institute)
with 10% FBS (fetal bovine serum), 100 U/mL
penicillin, 100 pg/mL streptomycin, and 10 mM
HEPES (N-2-hydroxyethylpiperazine-N'-2-ethane
sulfonic acid) (all sourced from Biowest, Rue de
la Caille 49340 Nuaillé - FRANCE). Cells were
cultured at 37 °C in a humidified incubator with
5% CO;, and 95% air, and every 3 to 4 days, cells
were subcultured with Trypsin/EDTA (1X)
solution from Biowest.

2.2. Cytotoxicity of the lectins on THP1 cell lines

Plant lectins (PHA, PAA, and ConA) were
acquired from Sigma-Aldrich (St. Louis, MO,
USA). The lectins were dissolved in phosphate-
buffered saline (PBS) (Sigma) to achieve a
concentration of 1 mg/mL and were kept at -20 °C
until used in experiments. For the MTT assay, the
cancer cells were seeded on 96-well plates and
treated with various concentrations of PHA, PAA,
or ConA (0.39, 0.79, 1.58, 3.17, 6.25, 12.5, 25,
50, and 100 pg/mL) for 24, 48, and 72 hr. At the
end of the incubation period, all media were
discarded, and each well received 20 pL of
MTT solution (5 mg/mL in PBS, Sigma-Aldrich),
which was then incubated at 37 °C for 4 hours.
Dimethyl sulfoxide (DMSO) was used to dissolve
the insoluble purple crystals of formazan resulting
from living cells which have the ability to reduce
the yellow tetrazolium salt with the help of
the dehydrogenase enzyme in the mitochondria.
Absorbance was measured at 570 nm using a
microplate reader (SunriseTM, Tecan Group Ltd.,
Mannedorf, Switzerland). Results were compared
with control culture medium [15]. The following
formula was used to calculate cell viability as a
percentage of control cells in culture medium: to
calculate cell viability (%), absorbances of the
treated cells were divided by that of control
cells and then multiplied by 100. Half-maximal
inhibitory concentrations (ICso) for all drugs were
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computed with the online tool “Quest Graph™
IC50 Calculator.” AAT Bioquest, Inc., https://
www.aatbio.com/tools/ic50-calculator). Cytotoxic
efficiency was calculated using the online Al tool
“Claude 3.5 Sonnet.” (© 2025 Anthropic PBC,
https://www.anthropic.com/news/claude-3-5-sonnet).
Based on the cytotoxicity results, the optimal
concentration and time interval were selected for
the subsequent experiments.

2.3. Evaluation of cell viability and cell death
mechanisms by qRT-PCR

Cancer cells (THP1) were resuspended in
complete RPMI-1640 media and dispersed in
triplicate into 6-well flat-bottom cell culture
plates, followed by treatment with PHA, PAA, or
ConA. Total RNA was isolated from the treated
cells using TRIzol reagent (Invitrogen, Thermo
Fisher Scientific) according to the provided
protocol of the manufacturer. The quality and
quantity of the extracted RNA were evaluated
using a NanoDrop 2000 spectrophotometer
(Thermo Fisher Scientific), in which absorbance
at 260 nm and the A260/A280 ratio were
measured. RNA samples with an A260/A280
ratio ranging from 1.8 to 2.0 were chosen for
subsequent analysis. Moreover, the integrity of
the RNA was verified using 1% agarose gel
electrophoresis. Complementary DNA (cDNA)
was synthesized from total RNA with the
TOPscript RT Dry MIX (dT18/dN6 plus) kit
(Enzynomics, Life Technologies (India) Pvt. Ltd.)

Table 1. PCR primer sequences.

according to the manufacturer’s instructions. The
reaction mixture (20 pL) consisted of 1 pug RNA,
2 uL 10x RT Buffer, 0.8 pL 25x dNTP Mix
(100 mM), 2 pL 10x RT Random Primers, 1 pL
TOPscript Reverse Transcriptase (50 U/uL), 1 pL
RNase Inhibitor, and nuclease-free water to a
final volume. Reverse transcription reaction was
carried out in the 2720 thermal cycler (Applied
Biosystems) with the following temperature
profile: 25 °C for 10 minutes (primer annealing),
42 °C for 30-60 minutes (reverse transcription),
and 95 °C for 5 minutes (enzyme deactivation).
The synthesized cDNA was stored at -20 °C until
real-time quantitative PCR analysis.

Quantitative real-time PCR was performed using
a reaction volume of 20 pl using TOPreal™ qPCR
2X PreMIX (SYBR Green with low ROX)
PCR Kit (catalog number RT500S) as per the
manufacturer's instructions (Enzynomics, Life
Technologies (India) Pvt. Ltd.). The primer
sequences for the detection of AKT1, CASP3, and
LC3 are given in Table 1. The PCR cycles were:
1 cycle of 95 °C for 10 minutes, followed by
50 cycles of 95 °C for 10 seconds, 60 °C for
34 seconds, and 72 °C for 30 seconds. The
reaction was carried out on the AriaMx Real-Time
PCR System (Agilent Technologies). GAPDH
was used as a housekeeping gene. The gene
expression levels were calculated using the
2N-AACT) method. Data were expressed as fold
change with respect to untreated cancer cells.

Gene Primer sequence Reference
Casp-3 Forward: 5'-AGCTGGACTGCGGTATTGAG-3' [16]
P Reverse: 5-GGGTGCGGTAGAGTAAGCAT-3'
Aktl Forward: 5'-“GTGGCAAGATGTGTATGAG-3' [17]
Reverse: 5'-CTGGCTGAGTAGGAGAAC-3'
LC3 Forward: 5'-ATCATCGAGCGCTACAAGGGTGA-3' [18]
Reverse: 5'-GGATGATCTTGACCAACTCGCTCAT-3'
Forward: 5-ATGATTCTACCCACGGCAAG-3'
GAPDH Reverse: 5'-CTGGAAGATGGTGATGGGTT-3". [19]

Casp-3: Caspase-3 (cysteine protease), AKT1: AKT Serine/Threonine Kinase 1, LC3: Light chain 3 (Autophagy
protein), GAPDH: Glyceradehyde-3- phosphate dehydrogenase (Housekeeping gene).
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2.4. Statistical analysis

To ensure the reproducibility and reliability of
the findings, experiments were conducted in
triplicate. The results are presented as the mean +
standard error (SE). Statistical analysis was
performed using IBM SPSS (SPSS, Inc., Chicago,
IL) version 26.0. For comparisons of more than
two groups, one-way analysis of variance (ANOVA)
was employed, followed by Tukey’s post-hoc
analysis for pairwise comparisons. The level of
statistical significance was p<0.05.

3. Results

3.1. Cytotoxic activity of plant lectins against
THP-1 cell lines

The most noticeable result of ConA lectin is
an unusual trend in cell viability, with a high
percentage of values exceeding 100%, more
evident at the 48- and 72 hr time points across all
tested concentrations. This phenomenon suggests
that ConA lectins promote cellular proliferation
rather than induce cytotoxicity in THP-1 cells.
Analysis of the dose-response curves (Figure 1)
showed a continuous increase in cell viability over
time. At 24 hr, viability ranged from 84% to 98%,
with minimal cytotoxicity. By 48 hr, cell viability
was between 97% and 119%, reaching its
maximum by 72 hr (97%-157%). This marked
activation of cell proliferation reflects possible
stimulatory effects of ConA. As shown with
ConA, PHA induced very low cytotoxicity in
THP-1 cells after 24 hr (15%) or 48 hr (6%).
Instead, a remarkable increase in cell proliferation
was observed at different doses. Slight cytotoxicity
was found after 72 hr, reaching its maximum at
50 pg/ml (28%). Regarding PAA, the high doses
stimulated cell division, leading to elevated cell
viability at 24 hr and 48 hr. On the other hand,
lower doses induced a slight -cytotoxicity
(reaching 23% in 12.5 pg/ml). The highest
cytotoxicity was observed after 72 hr across
almost all PAA concentrations. The minimum cell
viability was found at 6.25 and 0.39 pg/ml (43%
and 46% respectively) as shown in Figure 1. The
collective cytotoxic activity (IC50) of ConA,
PAA, and PHA lectins in the THP-1 cell line is
shown in Table 2 and the maximum observed
cytotoxic activity for THP-1 in response to all

tested lectins is summarized in Table 3. Genes
belonging to several anti-cancer pathways, including
pro-apoptotic, anti-apoptotic, and autophagy, were
examined using qRT-PCR.

3.2. Expression levels of CASP3, AKT1, and LC3
genes in THP1 cell lines

Our data illustrate that PAA lectin treatment
causes profound dose-dependent alterations in
major cellular signaling pathways at 72 hr after
treatment. As shown in Table 4 and Figure 2,
AKT]1, a key survival kinase, exhibited a slightly
insignificant increase at both concentrations
(1.93-fold and 2.65-fold increases). In contrast,
CASP3, a central executioner of apoptosis,
exhibited dramatic, statistically  significant
increases of 28.7-fold and 57.9-fold at 0.39 pg/ml
and 6.25 pg/ml, respectively, reflecting vigorous
activation of the apoptotic cascade. Likewise,
LC3, an autophagy marker, showed significant
upregulation of 15.7-fold and 21.8-fold at the
respective concentrations, suggesting concurrent
activation of autophagic mechanisms.

4. Discussion

Plant lectins are a family of highly heterogeneous
carbohydrate-binding proteins that are universally
distributed across a range of plant families and
have attracted incrementally increased attention
because of the extraordinary capability of killing
tumor cells by mechanisms involving apoptosis
and autophagy [20]. Plant lectins have been used
for the diagnosis and prognosis of cancer, by
identifying malignant tumor cells, and for the
detection of cancer biomarkers [10]. Specific
plant lectins may serve as promising anticancer
therapeutics that recognize cancer cells by binding
to carbohydrate structures on their surfaces [13].
In our study, we investigated the anticancer
activities of ConA, PHA, and PAA against THP-1
leukemia cells. Cytotoxicity-associated molecular
mechanisms were also evaluated.

The selectivity observed between different lectins
in our study—where ConA and PHA promote
proliferation ~while PAA induces potent
cytotoxicity—highlights the importance of lectin
specificity in therapeutic applications. Early
reports by Jeon et al. [21] demonstrated cell
proliferation in response to ConA and PHA, but
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Figure 1. Cytotoxic activity of ConA, PAA and PHA lectins against THP-1 cell lines.
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Table 2. In vitro cytotoxic activity (ICs,) of ConA, PAA and PHA lectin in THP-1 cell line by MTT assay.

ConA PAA PHA
Time
ICsy
24 hr 5.3953 93.7739 101.2207
48 hr 0.0446 19.4257 179.2991
72 hr 12.5939 234.4685 264.0109
IC50: half-maximal inhibitory concentration, hr: hour.
Table 3. Maximum cytotoxic activity of lectins against THP-1 cells.
Lectin Time | Maximum . Ce.ll. Cell . . .
tvoe oint | cvtotoxicit viability death Concentration Primary activity
Yp p Yy Yy (%) (%)
Mitogenic
24 hr Minimal 84% 16% 0.39 pg/ml (Minimal cytotoxicity,
strong mitogenic activity)
CON-A 480 97- o . . .
8 hr None 119% 0% Various Mitogenic
72 hr None 105- 0% Various Mitogenic
967%
24 hr Minimal 77% 23% 50 pg/ml Mixed
84- o . .
48 hr None 123% 0% Various Stimulatory
PAA Cytotoxic
72 hr | Maximum 43% 57% 6.25 pg/ml (Strongest cytotoxic
activity)
72 hr High 47% 53% 0.39 pg/ml Cytotoxic
24 hr Minimal 85% 15% 25 ng/ml Mitogenic
48 hr Minimal 94% 6% 0.39 pg/ml Mitogenic
PHA
Mixed
72 hr Moderate 72% 28% 50 pg/ml (Moderate cytotoxicity,
primarily mitogenic)

the response range was low with PAA. Our
study demonstrates the complex and contrasting
biological activities of different plant lectins on
THP-1 monocytic leukemia cells. The results
highlight the dual nature of certain lectins as both
mitogens and cytotoxins, depending on the type,
concentration, exposure time, and cellular context.

The observed proliferative responses to ConA
and PHA lectins, evidenced by cell viabilities
exceeding 100%, align with their well-established
mitogenic properties in immune cell populations.
These findings are consistent with the known
immunostimulatory functions of these lectins,
which primarily act as T-cell mitogens rather than
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Table 4. Expression levels of CASP3, AKT1, and LC3 genes in THP1 cell line.

Dru AKT1 CASP3 LC3
8 Mean + SE Mean = SE Mean = SE
Control 1 1 1

PAA-72 hr (0.39 pg/ml) 1.9256+0.2323

28.6968+7.0448*a 15.68+5.3369*a

PAA-72 hr (6.25 pg/ml) 2.6531£1.0563

57.9145+12.254*a 21.7689+4.961*a

a = significance from control, b = significance from PAA (0.39 pg/ml). *=p<0.05.
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Figure 2. Expression levels of AKT1, CASP3, and LC3 genes on THP-1 cell lines.
a: significance from CM, b: significance from PAA-72 hr (0.39 ug/ml).

cytotoxic agents, a considerable improvement
over earlier reports by Movafagh et al. [22]. The
gradual increase in cell viability over time,
particularly pronounced at 72 hr with ConA
showing viability values up to 157%, reflects the
activation of cellular proliferation pathways rather
than programmed cell death mechanisms. This
mitogenic response is characteristic of lectin-
induced lymphocyte activation, in which binding
to cell-surface glycoproteins triggers intracellular
signaling cascades that promote cell division and
metabolic activity [23]. In stark contrast to ConA
and PHA, PAA lectins exhibited pronounced

cytotoxic activity, particularly at 72 hr post-
treatment, where cell viability dropped dramatically
to 43-59% across all tested concentrations. No
documented data was found on the effect of PAA
on THP-1 tumor cell lines. The available data
on the application of plant lectins to leukemia are
not only deficient but also limited in their
understanding of the molecular mechanism of
action. Bhutia et al. [24] investigated the role of
apoptosis and autophagy mechanisms of cell
death in association with lectins in the antitumor
activities. Recent advances in understanding
lectin-cancer interactions have revealed complex
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mechanisms involving multiple cellular pathways,
including apoptosis, autophagy, and immune
system modulation [25].

PAA’s cytotoxic profile, as demonstrated in our
research, suggests a fundamentally different
mechanism of action, a conclusion our molecular
analysis confirms through examination of key cell
death mediators. The molecular mechanisms
underlying PAA-induced cytotoxicity involve the
simultaneous activation of both apoptotic and
autophagic pathways. Caspase-3 can serve as a
terminal splicing enzyme in apoptosis and
participate in the mechanism by which cytotoxic
drugs kill cancer cells [26]. The massive
activation of caspase-3 represents one of the most
dramatic apoptotic responses reported in lectin-
cancer cell interaction studies, indicating robust
engagement of the intrinsic apoptotic pathway
[27]. Our data demonstrates that PAA treatment
induced a marked upregulation of CASP3, with
approximately 28.7- and 57.9-fold increases at
0.39 pg/ml and 6.25 pg/ml, respectively. As a
previous report by Wishon [28] that demonstrated
Caspase 3 upregulation in tumor cells treated with
PAA, our findings further confirm this mechanism
in a different cell line.

In cancer cells, autophagy plays a contradictory
role, enhancing tumor growth or inhibiting it,
depending on the cellular context [29]. LC3-II is
essential for autophagosome formation and serves
as a reliable marker for autophagy induction [30].
Concurrent with apoptosis activation, PAA
treatment significantly upregulated LC3 expression
by 15.7-fold and 21.8-fold at the respective
concentrations (0.39 pg/ml and 6.25 pg/ml),
indicating substantial autophagy activation. The
significant upregulation observed suggests that
PAA triggers a compensatory or parallel autophagic
response alongside apoptosis.

The simultaneous activation of both apoptotic and
autophagic pathways reflects the complex interplay
between these two programmed cell death
mechanisms [24], which corresponds to our PAA
results of THP-1. While both pathways were
activated, the magnitude of caspase-3 upregulation
far exceeded that of LC3, suggesting that
apoptosis represents the dominant cell death
mechanism in PAA-treated THP-1 cells. The dual
role of caspase-3 in regulating cell survival,

proliferation, and tumorigenesis is increasingly
recognized [31]. On the other hand, the modest,
non-significant upregulation of AKT1 (1.93- and
2.65-fold) may represent a cellular survival
response aimed at counteracting pro-death signals.
AKT]1 is a central node in cell survival signaling,
and its activation often represents a compensatory
mechanism against apoptotic stimuli  [32].
However, the relatively modest increase in AKT1
expression appears insufficient to overcome the
overwhelming pro-apoptotic signals generated by
PAA treatment.

5. Conclusion

This study demonstrates that PAA lectin exhibits
potent cytotoxicity against THP-1 cells by
concurrently activating apoptotic and autophagic
cell death pathways, with apoptosis as the
predominant mechanism. The extraordinary
upregulation of caspase-3 and significant activation
of autophagy markers place PAA lectin as a
promising candidate for anti-cancer therapeutic
development. The contrasting mitogenic activities
of ConA and PHA lectins emphasize the diverse
biological activities within the lectin family and
underscore the importance of lectin-specific
therapeutic applications in cancer treatment
strategies. Further studies are recommended to
ensure our data.
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