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Abstract. Prostatic carcinoma is the most aggressive tumor 
in adult men. Warburg effect is an important characteristic of 
tumor cell metabolism including prostate cancer cells, in which 
hexokinase 2 (HK2), a major rate-limiting enzyme involved in 
Warburg effect, is selectively upregulated. The lectin PCL is 
a mannose binding lectin which induces tumor cell apoptosis 
and autophagy. In the present study, we report that PCL could 
lower glucose consumption and lactate production, shift the 
Warburg effect by inhibiting the expression of HK2 in PC3 
cells and the suppression of HK2 by siRNA reversed the effect 
of PCL on glucose consumption and lactate production. The 
expression of HK2 is closely related to epidermal growth 
factor receptor (EGFR) and downstream signaling pathway 
activation, therefore, we investigated the interaction of PCL 
with EGFR by western blot analysis and found that PCL could 
suppress the binding of epidermal growth factor (EGF) with 
EGFR and HK2 expression. Also, we explored the binding 
mechanism between the PCL and EGFR through molecular 
docking and molecular dynamics simulations and found that 
PCL bocked the active site of EGFR which is also the binding 
site of the nature ligand EGF, the resulting conformation has 
higher stability than EGF in complex with EGFR. The results 
indicated that PCL could competitively bind to EGFR binding 
pocket and then prevent EGF from binding to EGFR, blocking 
the autophosphorylation of the EGFR tyrosine kinase, after 
that the EGFR activation is inhibited. Collectively, our 

studies concluded that PCL inhibits tumor cell glycolysis by 
combining with EGFR and reducing HK2 expression.

Introduction

Prostatic carcinoma is a metabolically active tumor which 
mostly occurs among elderly men. More than 80% of metastatic 
tumors achieve remission with androgen deprivation therapy, 
but develop hormone refractory prostate cancer leading to 
high mortality rates after 14-30 months of the median overall 
survival (1). Warburg effect is an important characteristic of 
tumor cell metabolism including prostate cancer cells, demon-
strating that a tumor cell produces energy through glycolysis 
followed by pyruvic acid or lactic acid fermentation, rather than 
by tricarboxylic acid cycle or oxidative phosphorylation (2,3). 
Hexokinase (HK), phosphofructokinase (PFK) and pyruvate 
kinase (PK) are three major rate-limiting enzymes involved in 
Warburg effect (4-6), in which HK is the first enzyme in the 
regulation of glycolysis, promoting the production of fructose 
6-phosphate from glucose. There are 4 subtypes (HK I-IV) in 
the HKs, which are relevant in tumor metastasis. HK2 protein 
is expressed in a high percentage of oncologists in human, 
such as lung, liver and prostate cancer (7-10). HK2 coordinates 
with voltage dependent anion channel (VDAC) on the mito-
chondrial outer membrane through hydrophobic N-terminal 
domain, which allows HK2 to utilize ATP produced by mito-
chondria and protect cells from being avoid of apoptosis (11). 
Likewise, EGFR/PI3K/Akt activation constitutes a hallmark of 
most cancer cells and plays an important role in tumor genesis 
and progression. The serine/threonine kinase (Akt) is a major 
downstream effector of phosphatidylinositol 3-kinase (PI3K) 
signaling pathway and a transducer of EGFR effects on cell 
survival (12), which constitutes a characteristic of most cancer 
cells and as such presumably plays important roles in Warburg 
effect of cancer cells. Akt-induced aerobic glycolysis may be 
mediated by multiple non-exclusive mechanisms, including 
the expression and membrane translocation of glucose trans-
porters (GLUT) and effects on HK expression, activity and 
mitochondrial interaction (13-15).

The lectin PCL extracted from the Polygonatum sibiricum 
Red, is a galanthus nivalis agglutinin (GNA)-related lectin. 
Its molecular weight was estimated to be 4.2  kDa by 
SDS-PAGE. The lectin could agglutinate rabbit erythrocytes 
to different degrees (13). Several studies have reported that 
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PCL has antitumor activity, which is associated with multiple 
signal cascades (14,15), but the precise mechanism of the lectin 
in inducing apoptosis remains to be clarified. 

In the present study, we demonstrated that PCL could 
inhibit glucose consumption, lactate production and HK2 
expression of human prostate cancer PC3 cells in vitro, thereby 
inducing PC3 cell metabolism. Because PCL has larger 
molecular structures that could target the outside of the cell, 
we hypothesized that PCL competed with epidermal growth 
factor (EGF) for binding to EGFR, suppressing activation 
of PI3K/Akt downstream pathways. Therefore, subsequent 
in vitro experiments were performed to investigate the interac-
tion of PCL with EGFR by western blot analysis, molecular 
docking and molecular dynamics simulations. Taken together, 
these studies explored the intricate apoptosis-inducing mecha-
nisms of PCL with various approaches.

Materials and methods

Materials and chemicals. The rhizome of Polygonatum 
sibiricum was collected from the red river valley located 
in the Taibai Mountain of China. Human prostate cancer cell 
lines (PC3) were obtained from the Institute of Biochemistry 
and Cell Biology (Shanghai, China). Anti-Hexokinase 
type 2 (HK2), pyruvate kinase (PKM2) and phosphofructo-
kinase (PFK) antibody were supplied by the Cell Signaling 
Technology, Inc. (Danvers, Ma, USA). EGF was obtained 
from the Cell Signaling Technology. The X-tremeGENE 
transfection reagent was purchased from Roche Diagnostics 
Corp. (Indianapolis, IN, USA). Real-time PCR reagents and 
primer were purchased from Takara Shuzo Co., Ltd. (Kyoto, 
Japan). Chromatograph was supplied by General Electric 
Co. (Boston, MA, USA). HPLC instrument was purchased 
from Waters Co. (Milford, MA, USA). Real-time PCR was 
purchased from (Life Technologies (Carlsbad, CA, USA). 
HK2 interference fragment and reference were purchased 
from Shanghai GenePharma Co., Ltd. (Shanghai, China). The 
crystal structures of the extracellular domain of epidermal 
growth factor receptor (EGFR), the natural ligand epidermal 
growth factor (EGF) and the polygonatum cyrtonema 
lectin (PCL) obtained from RCSB Protein Data Bank were 
used as templates, PDB ID: 1NQL_A (16), 1NQL_B (16) 
and 3A0D_A  (17). Protein-protein docking of the EGFR 
and PCL were carried out by using the online ClusPro 2.0 
server  (18-21). The binding structure of the EGFR with 
the natural ligand EGF was the crystal structure, PDB ID: 
1NQL (16).

Extraction and purification of PCL. The fresh rhizome of 
Polygonatum sibiricum Red (100 g) was ground into small 
pieces and extracted with phosphate-buffered saline (PBS) at 
-4˚C for 12 h followed by centrifugation at 5120 x g for 15 min. 
The supernatant was precipitated by saturated ammonium 
sulfate with a saturation degree of 80%. After centrifugation, 
the precipitate was dissolved with 50 ml PBS and dialyzed 
against PBS. The dialysate was subjected to chromatography 
on an S-100 molecular sieve column and eluted with Tris-HCI 
buffer of pH 7.0, the eluent was loaded on a cation exchange 
column and eluted with PBS of pH 7.2. The final eluent was 
freeze-dried to give the PCL (22).

Glucose uptake assay. To measure glucose content, PC3 cells 
were plated into 6-well plates (1x105 cells/well) and treated 
with 50 µg/ml PCL for 24 h, then the cells were grown in 
Dulbecco's modidied Eagle's medium (DMEM) containing 
10% fetal bovine serum (FBS) for 48 h at 37˚C in an atmo-
sphere of 5% CO2. The supernatants were collected, the 
glucose contents were assayed by ELISA (23). The assay was 
repeated 3 times.

Lactate production assay. Lactate content was analyzed by 
ELISA according to the manufacturer's instructions (23). In 
brief, PC3 cells were added onto 6-well plates at a density of 
1x105 cells/well and treated with 50 µg/ml PCL for 24 h. The 
cultures were incubated at 37˚C in an atmosphere of 5% CO2 
for 48 h. The supernatants were collected and quantified by a 
microplate reader. The assay was repeated 3 times.

Western blot analysis. Western blot analysis was carried out as 
previously described (23). Cells were fully lysed in a cell lysis 
buffer to prepare protein extracts. The protein concentrations 
were determined using the BCA assay. Briefly, the proteins 
(60 µg) extracted from cultured PC3 cells by immunopre-
cipitation and immunoblotting with corresponding antibodies 
were loaded and separated by SDS polyacrylamide gel elec-
trophoresis (SDS-PAGE) and transferred with 120 v constant 
voltage for 2 h, then blocked in 5% bovine albumic (BSA) for 
30 min at room temperature. The nitrocellulose membranes 
were incubated with primary antibody for 1 h. The blots were 
washed with PBST buffer for 3  times (10 min/each time). 
Addition of a secondary antibody was conjugated to HRP and 
incubated for 30 min. The cells were examined using ECL 
glow kits. The assay was repeated 3 times.

siRNA interference. The PC3 cells were grown in DMEM 
supplemented with 10% FBS and penicillin-streptomycin 
(1%) and transfected after cell density to 80% according to the 
manusfacturer's instructions (24). siRNA-HK2 and siRNA-
EGFR were synthetized by Guangzhou Ruibo Biotechnology, 
Co. (Guangzhou, China).

Quantitative real-time PCR assay. The miRNA expression 
of HK2 in human prostate cancer PC3 cells was analyzed by 
real-time PCR using TaqMan MicroRNA (24). The cDNA was 
reverse transcribed from the total RNA extract and isolated 
from the PC3 cells treated with PCL using gene-specific 
primers according to the TaqMan MicroRNA assay protocol. 
Real-time PCR was performed using cDNA template. The 
reactions were incubated at 95˚C for 2 min, at 93˚C for 40 sec, 
at 60˚C for 35 sec and at 72˚C for 30 sec, respectively and 
cycled 40 times. The assay was run in intriplicate.

MTT assay. Cell viability was measured by the MTT assay 
according to the providers' instructions (Invitrogen, Carlsbad 
CA, USA) (24). In brief, PC3 cells were plated into 96-plates 
(5,000 cells/well). The PCL solution was added into each 
well. Cell viability was detected at 24 h. Then, 100 µl fresh 
medium and 10 µl 3-(4,5-dimethylthiazol-2-yl)-2,5-diphen-
yltetrazolium bromide (MTT) were added to each well, and 
then the plate was incubated for an additional 4 h at 37˚C in 
an atmosphere of 5% CO2. The medium was then removed 
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and the crystals were solubilized with 100 µl of dimethyl 
sulfoxide (DMSO) for 10 min. The absorbance was measured 
at a wavelength of 490 nm. Cell viability was normalized as 
relative percentages in comparison with the untreated control 
and the assay was repeated 3 times.

Molecular docking and molecular dynamics simulations. 
We introduced the well-tempered metadynamics simula-
tion (25,26) to NAMD (27) in a portable plugin PLUMED (28) 
for exploring the binding mechanism between the PCL and 
EGFR through free-energy calculations. The temperature is 
310 K, and the value of bias-factor equal to 6.0 to allow for the 
system to escape from the initial local minimum in the time 
scale of this simulation. The metadynamic simulation starts as 
a standard MD simulation, but after 1 ps an artificial potential 
hill is added by using the PLUMED (28). After another 1 ps 
a new hill is added and so forth. These potential hills accu-
mulate and gradually disfavor the free energy minima having 
been already visited and thus facilitate an exploration of the 
whole free energy space. At the end of the simulation, the free 
energy surface is completely flooded and the system can walk 
on the free energy surface without barriers.

All the simulations were carried out under a constant 
pressure of 1 bar and a constant temperature of 310 K. The 
minimization was based on the steepest descent method. The 
electrostatics potential and the van der Waals interactions 
were calculated with a non-bonded cutoff of 12 Å based on 
the Particle Mesh Ewald (PME) method (29). The constant 
temperature and pressure were calculated by the langevin 
thermostat (30,31) and langevin barostat method (32), respec-
tively. All the MD simulations were performed with a time 
step of 1 fs. The trajectories of MD simulations were stored 
every 5 ps for the analysis of MD simulated data, and 10 ns 
MD simulations were performed on the systems. All the MD 
simulations were carried out using NAMD (27) (version 2.9) 
with the AMBER force field (33) and explicit TIP3P water.

Statistical analysis. The results are expressed as the 
means ±  standard deviation, and analyzed by using SPSS 
17.0 software. Statistical significance was compared with 
other groups for significance by one-way ANOVA followed 
by Bonferroni post hoc test (multiple comparison tests) using 
GraphPad Prism version 5.01. P<0.05 was considered statisti-
cally significant.

Results

PCL inhibits the Warburg effect of prostate cancer PC3 cells. 
A previous study revealed that it is common in tumor that 
glucose uptake and lactate production increase through non-
exclusive dependent signaling cascade (34). Therefore, to study 
whether PCL is involved in the Warburg effect, we analyzed 
the effect of PCL on PC3 metabolism. The results indicated 
that PCL inhibited PC3 cells glucose absorption obviously 
(Fig. 1A), and it also reduced the lactate production (Fig. 1B).

The effect of PCL on expression of HK2, PFK or PKM2 in 
PC3 cells. It was earlier identified that HK2, PFK and PKM2 
are expressed in a high percentage of many tumors (3-5). In 
the present study, we explored the expression of the three key 
rate-limiting enzymes in PC3 cells treated with PCL. The 
results of western blot analysis and real-time PCR indicated 
that PCL enhanced the expression of HK2 and had no effects 
on the expression of PFK or PKM2 in PC3 cells (Fig. 2A 
and B). However, with siRNA-HK2 interference, the effect 
of PCL on glucose absorption and lactate production in PC3 
cells was reversed (Fig. 2C and D). The results showed that 
PC3 cells exhibited a comparable respose to PCL treatment, 
PCL could inhibit tumor cell glycolysis through reducing HK2 
expression.

PCL inhibits the cell viability of prostate cancer PC3 cells. 
Reduced levels of HK2 in PCL-treated PC3 cells prompted 
us to further study the effect of PCL on the cell viability of 
prostate cancer PC3 cells. Our western blot analysis conducted 
on HK2 expression showed that PCL inhibited the activity of 
PC3 cells, after siRNA-HK2 interference, and had no effect on 
the activity of PC3 cells (Fig. 3).

PCL reduces HK2 expression by competitively binding to 
EGFR binding pocket with EGF and causes accelerated apop-
tosis of the tumor cells. EGFR/PI3K/Akt signaling pathway 
activation upregulated the expression of HK2. PCL has larger 
molecular structures that could target the outside of the cell, we 
hypothesized that PCL could compete with EGF for binding to 
EGFR, suppress activation of PI3K/Akt downstream pathways 
and HK2 expression. As shown in Fig. 4, introduction of the 
EGF significantly increased the level of HK2 in PC3 cells. 
With PCL treatment, the expression of HK2 was suppressed. 

Figure 1. PCL inhibits glucose uptake and lactate production in prostate cancer PC3 cells. (A) PC3 cells were plated at 80% confluence and treated with 
50 µg/ml of PCL. Twenty-four hours later, the cells were given fresh media with 10% FBS and incubated for an additional 48 h. The glucose uptake was 
evaluated by ELISA. (B) Cells were treated as in (A). Forty-eight hours later, the level of lactate production was determined by ELISA and all experiments 
were repeated 3 times.
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These data supported the hypothesis that PCL could suppress 
the aerobic glycolysis of PC3 cells by combining with EGFR. 
To further verify the mechanism, we explored the binding 
mechanism between the PCL and EGFR through molecular 
dynamics simulations. The calculation of the free energy 
of binding from a two-dimensional potential of mean force 
(PMF) (35) along a reaction coordinate was completed using 
metadynamic method by NAMD (28) and PLUMED (28). It 
is because both EGF and PCL only go through the dual (X 
and Y) directions out of the receptor control, the distance 
between the mass center of ligands and that of EGFR along 
these two directions was defined as the relevant reaction coor-
dinate. Fig. 5 showed the PMF as a function of the distances 
between different ligands and receptors along the reaction 

coordinates within 10 ns metadynamics simulations. From the 
figure, it is clear that the lowest energy well is located in the 
pockets of the acceptor protein. The PMFs of different ligands 
have only one domain region, and the domain of PCL is larger 
than that of EGF. The hydrogen bond (HB) analysis provided 
evidence of benefits for this conclusion (Fig. 6). The numbers 
of HB between the PCL and protein are more than any other. 
There are only four HB between the EGF and EGFR, but four-
teen for PCL. Due to the influence of HB, the binding of PCL 
to the receptor is more stable. Outside the combination region, 
the values of PMF present a trend of fluctuation. This may be 
the effect of the reservoir, to be more exact, ligands also can 
produce HB with the aquatic, and all that instantaneously and 
unsterdily.

Figure 2. PCL inhibits the expression of HK2 in prostate cancer PC3 cells. (A) PC3 cells were plated at 80% confluence and treated with 50 µg/ml PCL for 
24 h. The cells were evaluated for the expression of HK2, PFK and PKM2 by western blot analysis. (B) Cells were treated as in (A). Twenty-four hours later, 
the levels of HK2, PFK and PKM2 were determined by real-time PCR. (C) PC3 cells were plated at 80% confluence and then transfected with the indicated 
plasmid vectors. Twenty-four hours later, the cells were given fresh media with 10% FBS and incubated with 50 µg/ml PCL for an additional 24 h. The glucose 
uptake was evaluated by ELISA. The parental vector was pcDNA 3.1, which was used as an empty vector control. (D) Cells were prepared as in (C). Twenty-
four hours later, the level of lactate production was determined by ELISA. All experiments were repeated 3 times.

Figure 3. PCL inhibits the cell viability of prostate cancer PC3 cells. (A) PC3 cells were plated at 80% confluence and 0, 6.25, 12.5, 25, 50, 100, 200, 400 
and 800 µg/ml PCL was added into each well, respectively. At 24 h, the cell viability was detected by the MTT method. (B) PC3 cells were plated at 80% 
confluence and 50 µg/ml PCL was added into each well. At 24 h, the cell viability was detected by the MTT method. (C) Cells were plated at 80% confluence 
and transfected with siRNAs for HK2. After post-transfection, the cells were treated with 50 µg/ml PCL. At 24 h, the cell viability was detected by the MTT 
method. All experiments were repeated 3 times.
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Figure 4. PCL competes with EGF for ligand binding in the extracellular domain of EGFR. (A) PC3 cells were plated at 80% confluence. The cells were 
treated with EGF, EGF and siRNA-EGFR respectively for 24 h. The GAPDH was used as a reference gene. Control cells shown were treated with the reagent. 
Twenty-four hours later, the cells were given fresh media with 10% FBS and incubated for an additional 24 h. The cells were evaluated for the expression of 
HK2 by western blot analysis. (B) PC3 cells were plated at 80% confluence and treated with EGF, PCL, EGF and PCL respectively for 24 h. The cells were 
treated as in (A). All experiments were repeated 3 times.

Figure 5. The PMF along the reaction coordinate within 10 ns simulations, and the reaction coordinate is defined as the distances between the mass center of 
the different ligands and the EGFR along the dual (X and Y) directions.

Figure 6. The graphs of (A) docking results of the ligand EGF and PCL with the extracellular domain of EGFR; (B) the hydrophobic contacts and the hydrogen 
bond (HB) generated between EGFR and EGF or PCL. The dash lines represent H-bonds.
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Discussion

In the core high necrotic areas in any given tumor, the amount 
of oxygen observed is extremely low, thereby accelerating the 
cells to synthesize and obtain energy by glycolysis, which is 
termed the Warburg effect (1,2). PCL is a mannose binding 
lectin. Previous studies have reported that PCL could induce 
tumor cell apoptosis and autophagy. Zhang and colleagues (13) 
found that PCL could induce apoptosis of L929 cell to murine 
fibrosarcoma in a caspase-dependent manner, as well as amplify 
TNF-induced L929 cell apoptosis. Liu and colleagues (14,15) 
found that PCL treatment abrogated glutathione antioxidant 
system and induced mitochondria to generate ROS accumu-
lation, resulting in p38-p53 activation. They also confirmed 
that the ROS-p38-p53 pathway was involved in PCL-induced 
autophagy. In view of these findings, we hypothesized that 
PCL might interact energy metabolism in cancer cells. Our 
findings therefore emphasized the importance of studying the 
effect of PCL on the Warburg effect of PC3 cells. To begin 
addressing this question, we investigated the effect of PCL 
on glucose consumption of PC3 cells, a characteristic of the 
Warburg effect and found that the level of glucose upstake was 
strongly correlated to PCL treatment. Another characteristic 
of the Warburg effect is the reduction of pyruvate, the end 
product of glycolysis, to lactic acid, which is accompanied 
by the oxidation of NADH to NAD+. This reaction takes the 
place of the conversion of pyruvate to acetyl-CoA, which may 
enter the tricarboxylic acid (TCA) cycle (25). We next exam-
ined whether PCL treatment suppressed lactate production in 
PC3 cells and found that PCL could inhibit PC3 cells from 
producing lactate acid. These data indicated that PCL could 
suppress the Warburg effect of PC3 cells.

The hallmark of the Warburg effect is the overexpression 
of several important rate-limiting enzymes, for example 
HK, PFK and PK. HK, involved in the first regulatory step, 
appears predominantly in an HK2 isoenzyme form in tumors 
which is bound to the mitochondrial outer membrane facing 
the cytosol. Microlocation of this enzyme enables preferential 
access to newly synthesized ATP for phosphorylating glucose, 
and it is resistant to product inhibition (36). Accumulated 
evidence suggests that codeletion of the tumor suppressor 
genes PTEN and p53 plays a crucial role in the development 
of castration-resistant prostate cancer in  vivo. Wang and 
colleagues (37) demonstrated that HK2 is selectively upregu-
lated by the combined loss of Pten and p53 in prostate cancer 
cells. Mechanistically, PTEN deletion increases HK2 mRNA 
translation through the activation of the AKT-mTORC1-
4EBP1 axis, and p53 loss enhances HK2 mRNA stability 
through the inhibition of miR143 biogenesis. HK2-mediated 
aerobic glycolysis is required for Pten-/p53-deficiency-driven 
tumor growth in xenograft mouse models of prostate cancer. 
PFK, the ‘gatekeeper’ of glycolysis, catalyses the committed 
step of the glycolytic pathway by converting fructose-6-phos-
phate to ructose-1,6-bisphosphate, which is proposed to have 
important roles in metabolic reprogramming in cancer (36). 
PKM2 is a limiting glycolytic enzyme that catalyzes the final 
step in glycolysis, which is the key in tumor metabolism and 
growth  (38). We therefore explored the expression of the 
three key rate-limiting enzymes in PC3 cells treated with 
PCL and found that PCL enhanced the expression of HK2 

in PC3 cells, whereas, PCL has no effect on the expression 
of PFK or PKM2. The results showed that PC3 cells exhib-
ited a comparable respose to PCL treatment, PCL inhibited 
tumor cell glycolysis through reducing HK2 expression. 
Futhermore, we examined the effect of suppressing the HK2 
activity on the glucose upstake and lacate production in the 
PC3 cells. The results showed that the upstake of glucose 
and the production of lactate were dramatically increased 
when the dominant negative HK2 mutants were introduced. 
In addition, we examined the effect of PCL on the PC3 cell 
viability. The data showed that PCL inhibited the viability 
of PC3 cells, but after transfection with siRNA-HK2, it has 
no effect on the activity of PC3 cells. The results showed 
that PC3 cells exhibited a comparable respose to PCL treat-
ment, PCL was able to inhibit tumor cell glycolysis through 
reducing HK2 expression.

PCL has larger molecular structures (4.2 kDa) that may 
target the outside of the cell (13). While EGFR is a widespread 
oncogenic signature in prostatic carcinoma, Akt (the serine/
threonine kinase) is a major downstream effector of EGFR/
PI3K that may induce aerobic glycolysis and increase HK2 
expression in cancer cells through multiple non-exclusive 
mechanisms (15-17). Therefore, we hypothesized that PCL 
may combine with EGFR, suppress activation of PI3K/Akt 
downstream pathways and expression of HK2. Western blot 
analysis showed that the activation of EGFR significantly 
increased the expression of HK2 in PC3 cells, but PCL 
treatment might inhibit this effect. These data support the 
hypothesis that PCL could suppress the aerobic glycolysis of 
PC3 cells by combining with EGFR. The EGFR consists of 
an extracellular ligand-binding domain, a single hydrophobic 
transmembrane region, and the intracellular part harbouring 
the highly conserved tyrosine kinase domain. Ligand binding 
induces the formation of homo- or heterodimers which 
subsequently trigger autophosphorylation of cytoplasmic 
tyrosine residues. These phosphorylated amino acids represent 
docking sites for a variety of signal transducers which regulate 
membrane-proximal steps of a complex signaling network 
ultimately defining the biological response to a given signal. 
The extracellular ligand-binding region has four domains 
(I-IV; Fig. 6). By the protein-protein docking and MD, we 
found that PCL can bind to the pocket between domain I and 
III, which is also the binding site of the nature ligand EGF. 
In short, PCL could competitively bind to EGFR binding 
pocket and then prevent EGF from binding to EGFR, block 
the autophosphorylation of the EGFR tyrosine kinase, after 
that the EGFR activation is inhibited. As a result, the PCL 
could inhibit the cell cycle progression, and cause accelerated 
apoptosis of the tumor cells.

Our current findings revealed that the plant lectin PCL 
treatment reduced PC3 cell growth, highlighting the distinct 
functions of PCL relative to tumor development. The illustrated 
mitochondrial function of PCL and its interaction with EGFR 
provided important insights into prostate tumor progression 
and its role in regulating mechanisms for tumor glycolysis. 
In summary, this study suggests that PCL may serve as a 
novel therapeutic drug in treating prostate cancer with EGFR-
mediated energy mechanisms. In future, the mechanisms of 
PCL and the downregulation of HK2 expression by EGFR 
mediation need to be addressed.
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