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SHP2, encoded by the PTPN11 gene, is a non-receptor tyrosine phosphatase that plays a key role in oncogenic
Ras/MAPK signaling. Aberrant SHP2 activity contributes to the progression of various cancers, including
liver cancer. In this study, we used an Al-based virtual screening platform (HyperLab) to evaluate 127 natural
compounds for SHP2 allosteric inhibition. Liensinine, a bisbenzylisoquinoline alkaloid from Nelumbo nucife-
ra, was identified as a top candidate with strong predicted binding to the SHP2 allosteric tunnel site. This tun-
nel-shaped pocket is located at the interface between the N-SH2, C-SH2, and PTP domains, where allosteric
inhibitors stabilize SHP2 in its closed, inactive conformation by preventing domain rearrangement. Docking
analyses using HyperLab and CB-Dock2 consistently supported its interaction with key regulatory residues.
Biochemical assays confirmed that Liensinine inhibits SHP2 phosphatase activity in a dose-dependent man-
ner, with an ICso of ~5.2 uM. In HepG2 cells, Liensinine reduced cell viability to approximately 70% at 20
UM and 50% at 50 pM, indicating a concentration-dependent cytotoxic effect. Additionally, RNA-seq data
analysis revealed upregulated PTPN11 expression in hepatocellular carcinoma tissues compared to normal
liver. These quantitative findings strengthen the experimental evidence for Liensinine’s inhibitory potential.
Together, these findings suggest that Liensinine may serve as a natural SHP2 allosteric inhibitor with antican-
cer potential.
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1. Introduction

Since the identification of tyrosine phosphorylation as
a pivotal regulator of cancer-related signaling pathways,
the proteins responsible for maintaining cellular phospho-
tyrosine levels have emerged as key targets for therapeu-
tic development [1]. Among these, the non-receptor pro-
tein tyrosine phosphatase encoded by the PTPNI11 gene,
commonly known as SHP2, plays a crucial role in media-
ting signals from growth factor receptors to downstream
pathways, particularly the RAS/RAF/ERK cascade [2-
4]. This signaling integration places SHP2 at the core of
processes involved in cell growth, differentiation, and
oncogenic transformation. Aberrant SHP2 activity, inclu-
ding its overexpression or activating mutations, has been
implicated in the progression of numerous cancers. These
include hematological malignancies such as leukemia, as
well as solid tumors like pancreatic ductal adenocarci-
noma (PDAC), gastric cancer, ovarian cancer, melanoma,
hepatocellular carcinoma (HCC), non-small cell lung can-
cer (NSCLC), and prostate cancer [5-9].

Early attempts to develop SHP2 inhibitors primarily
focused on active site inhibitors, such as ATP-competitive
compounds [10]. However, these inhibitors faced signifi-

cant challenges, including poor drug-like characteristics
[11-13]. They exhibited off-target effects on other phos-
phatases and kinases, and their ionizable phosphotyrosine
mimetics resulted in low membrane permeability, limiting
their therapeutic potential.

The advent of allosteric inhibitors marked a break-
through in SHP2-targeted therapy. In 2016, the first class
of allosteric inhibitors targeting the tunnel site of SHP2
was introduced, with SHP099 emerging as a prominent
lead compound [14]. These inhibitors work by stabilizing
SHP2 in its autoinhibited conformation, effectively bloc-
king its enzymatic and scaffolding activities [15-17]. This
mechanism not only ensures high selectivity and potency
against SHP2 but also minimizes off-target effects, making
it a promising alternative to traditional active site inhibi-
tors. Beyond SHP099, the development of other allosteric
inhibitors has expanded, incorporating diverse structural
modifications to enhance efficacy. For example, com-
pounds like SHP389 and SHP394 introduced variations in
the central pyrazine core to improve binding affinity and
stability [18, 19]. These advancements have led to more
effective inhibition of SHP2 activity in preclinical models.
Furthermore, dual allosteric inhibition strategies targeting
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additional druggable sites on SHP2 have been explored,
offering the potential for greater therapeutic impact. Se-
veral allosteric SHP2 inhibitors, including derivatives of
SHP099 such as TNO155 and RMC-4630, are currently
undergoing clinical evaluation [20, 21]. These compounds
have shown promise in suppressing tumor growth and
improving outcomes in cancers driven by RTK/RAS/
MAPK signaling. For instance, in a phase I clinical trial,
RMC-4630 demonstrated a disease control rate of 71% in
patients with KRASG12C non-small cell lung cancer.

In parallel with synthetic drug development, natural
products have garnered increasing attention as promising
scaffolds for SHP2 inhibition due to their structural diver-
sity, inherent bioactivity, and generally favorable safety
profiles. Unlike many synthetic inhibitors, natural com-
pounds often possess complex ring systems and stereoche-
mistry that can facilitate high-affinity binding to allosteric
or cryptic sites on target proteins. Motivated by these ad-
vantages, the present study employed HyperLab (https://
hyperlab.hits.ai/) [22-24], molecular docking platform, to
evaluate the SHP2-binding potential of 127 natural pro-
ducts previously reported to exhibit anticancer activity.
This virtual screening approach focused on identifying
compounds with high predicted affinity for the SHP2 al-
losteric tunnel site. Among the screened candidates, Lien-
sinine emerged as the top-ranking compound, exhibiting
the most favorable docking score. This result highlights
Liensinine as a promising lead molecule for further deve-
lopment as a natural product—-based SHP2 inhibitor.

2. Materials and Methods
2.1. Inhibitor Binding Pocket Determination for SHP2
The binding pocket of SHP2 was identified using the
Protein Data Bank (PDB) entry SEHR. This structure re-
presents the X-ray diffraction solution of SHP2 in com-
plex with SHP099, the first discovered allosteric inhibitor
targeting the tunnel allosteric site. This site, located at the
interface between the C-SH2 and PTP domains, includes
critical residues such as Glu250, Argl11, Phel13, Thr219,
and GIn506 [14]. The tunnel allosteric site plays a key role
in stabilizing SHP2’s autoinhibited conformation, effecti-
vely blocking its enzymatic and scaffolding functions by
locking the protein in a closed, inactive state and preven-
ting substrate access to the catalytic domain. Based on
previous studies and its functional importance, the tunnel
allosteric site targeted by SHP099 was selected as the bin-
ding pocket for analysis in HyperLab. As shown in Figure
1, the minimum distance between the ligand and the bin-
ding pocket, determined through HyperLab, was calcu-
lated to be 2.79 A. This distance represents the shortest
physical interaction between the ligand and the binding
site, serving as a critical indicator of molecular interaction
strength. Such a short distance typically supports strong
interactions like hydrogen bonding, ionic interactions, or
van der Waals forces, all of which contribute to the high
binding efficiency and selectivity of the ligand.

2.2. Structure-Based Screening of SHP2 Inhibitors
Actotal of 127 natural compounds with reported antican-
cer activity were selected based on previous studies [25,
26]. These compounds were not pre-identified as SHP2 in-
hibitors but were broadly chosen for their known antican-
cer potential to explore new SHP2-targeting candidates.
The SDF files for each compound were retrieved from the

PubChem database (https://pubmed.ncbi.nlm.nih.gov).
The crystal structure of SHP2 in its autoinhibited confor-
mation (PDB ID: SEHR) was downloaded from the RCSB
Protein Data Bank and prepared for docking analysis. Mo-
lecular docking was performed using HyperLab (https://
hyperlab.hits.ai/), an Al-based virtual screening platform,
to evaluate the binding affinity of the selected compounds
to the SHP2’ tunnel allosteric site. To validate the docking
results, an additional structure-based screening was car-
ried out using CB-Dock2 (http://183.56.231.194:8001/
cb-dock2/php), which automatically identifies potential
binding cavities and performs blind docking. The consis-
tency of high-affinity binding predictions across both
platforms supported the reliability of the selected hit com-
pound, Liensinine. The chemical structure of Liensinine
(C37H42N206) was obtained from the PubChem database
(CID: 73206). For in vitro assays, Liensinine (>98% pu-
rity, Sigma-Aldrich, St. Louis, MO, USA) was dissolved
in DMSO and diluted to the indicated concentrations with
cell culture medium or assay buffer.

2.3. SHP2 Phosphatase Activity Assay

The phosphatase activity of SHP2 was evaluated using
the SHP2 Full-Length Assay Kit (BPS Bioscience, Cat#
79330) following the manufacturer’s instructions. Briefly,
recombinant full-length human SHP2 enzyme (0.2 ng/ul)
was preincubated with 0.5 uM SHP2 activating peptide
and 5 mM DTT in 1x assay buffer. The reaction mixture
(25 pl per well) was prepared in a 96-well black low-bin-
ding plate and incubated at room temperature for 1 hour
to allow enzyme activation. Following preincubation,
DiFMUP (6,8-difluoro-4-methylumbelliferyl phosphate)
was added to a final concentration of 10 uM in a 25 pl
substrate solution, resulting in a total reaction volume of
50 pl per well. Fluorescence intensity was measured every
18 seconds for up to 5 minutes using a Spark plate reader
(Tecan) with excitation at 360 nm and emission at 460 nm.
All samples were measured in triplicate, and background
fluorescence (blank wells without enzyme) was subtracted
from all readings. To assess inhibitor effects, the known
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Fig. 1. Definition of SHP2 Allosteric Tunnel Site for SHP099 Bin-
ding Using HyperLab Analysis. The structure of SHP2 (PDB ID:
SEHR) was analyzed to define the binding site of inhibitors. Using
HyperLab, the binding site was specified as the tunnel allosteric site,
located at the interface of the C-SH2 and PTP domains. The binding
site was defined with precise spatial coordinates for docking studies:
center coordinates of X =22.4,Y=41.2, and Z =4.7, and box dimen-
sions of X =19,Y =12.7, and Z = 15.3. These parameters accurately
encompass the key amino acid residues within the tunnel allosteric
pocket. The minimum distance between the binding site and the li-
gand was calculated to be 2.79 A, reflecting strong and specific inte-

ractions, essential for the inhibitor’s high affinity and selectivity.
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SHP2 allosteric inhibitor SHP099 was used as a positive
control at concentrations ranging from 0 to 100 nM. The
Liensinine was tested in a dose-dependent manner from 0
to 10 uM.

2.4. Cell Line Selection and Culture

Based on differential gene expression analysis using
the TNMplot database (https://thmplot.com/analysis/),
hepatocellular carcinoma (HCC) was selected as the tar-
get cancer type due to its significantly elevated expres-
sion of PTPNI11 (SHP2) in tumor samples compared to
normal liver tissue. TNMplot integrates RNA-seq data
from TCGA, GTEx, and GEO repositories to enable com-
parative analysis of gene expression between tumor and
normal tissues. When available, TNMplot utilizes pre-de-
fined matched tumor—normal sample pairs provided wit-
hin these datasets, ensuring reliable comparison of diffe-
rential gene expression. Among several liver cancer cell
lines, HepG?2 cells were chosen for in vitro assays owing
to their well-characterized phenotype and consistent SHP2
expression. HepG2 cells were obtained from the Ameri-
can Type Culture Collection (ATCC) and maintained in
Dulbecco’s Modified Eagle Medium (DMEM, Gibco)
supplemented with 10% fetal bovine serum (FBS), 1% pe-
nicillin-streptomycin, and 2 mM L-glutamine. Cells were
cultured in a humidified incubator at 37 °C with 5% CO-,
and the culture medium was replaced every 2—3 days. For
all experiments, cells were used during the exponential
growth phase and seeded at a density of 2 x 10* cells/mL.

2.5. Cell Viability Assay (MTT Assay)

Cell viability was assessed using the MTT assay to eva-
luate the cytotoxic effect of Liensinine on HepG2 cells.
HepG2 cells were seeded in 96-well plates at a density
of 2 x 10* cells per well in 200 puL of complete DMEM
medium. Cells were treated with Liensinine at concentra-
tions ranging from 0 to 100 pM and incubated at 37 °C
with 5% CO: for 24 hours. Following incubation, 10 pL of
MTT solution (5 mg/mL in PBS) was added to each well
and the plates were further incubated for 4 hours. After
incubation, 100 pL of DMSO was added to solubilize the
formazan crystals formed by metabolically active cells.
Absorbance was measured at 570 nm using a microplate
reader (e.g., Spark, Tecan). Cell viability was calculated
as a percentage relative to untreated control wells. MTT
assays were performed in triplicate wells and repeated in
at least three independent biological experiments to ensure
reproducibility.

2.6. Statistical Analysis

All data are presented as mean + standard deviation
(SD) from at least three independent experiments. The
normality of data distribution was verified before applying
parametric statistics. Statistical significance between
two groups was determined using an unpaired two-tailed
Student’s t-test. Statistical analyses were performed using
GraphPad Prism, and p < 0.05 was considered statistically
significant.

3. Results

3.1. Screening of SHP2 Inhibitors Using HyperLab
From the virtual screening of 127 anticancer natural

compounds against the SHP2 allosteric tunnel site using

the HyperLab docking platform, Liensinine exhibited a

binding score of —6.0 kcal/mol, indicating a moderately
strong predicted interaction with SHP2 (Supplementary
Data 1). While this affinity was lower than that of the posi-
tive control SHP099 (—10.3 kcal/mol), Liensinine ranked
among the higher-scoring natural compounds. Conside-
ring both its docking performance and favorable physi-
cochemical properties, Liensinine was selected as a lead
candidate for further biological validation.

3.2. Predicted Binding Mode of Liensinine at the SHP2
Allosteric Tunnel Site

As shown in Figure 2A, molecular docking of Lien-
sinine with SHP2 using the HyperLab platform revealed
that the compound is positioned within the well-characte-
rized allosteric tunnel site, which includes key regulatory
residues such as Glu250, Arglll, Phell3, and Thr219.
The binding mode showed that Liensinine forms hydrogen
bonds with His114 and Glu249, engages in n—n stacking
with Phell3, and establishes electrostatic interactions
with Argl11 and Glu249. These interactions anchor Lien-
sinine within the N-SH2/PTP interface, a site critical for
maintaining the autoinhibited conformation of SHP2. The
overall interaction pattern closely resembles that of known
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Fig. 2. Predicted binding modes of Liensinine to the SHP2 allos-
teric tunnel site using HyperLab and CB-Dock2. (A) Molecular
docking of Liensinine with SHP2 (PDB ID: SEHR) using the Hyper-
Lab platform predicted a binding pose within the well-characterized
allosteric tunnel site, involving key residues such as His114, Argl11,
Glu249, Arg229, Glul21, and Phel13. (B) Docking analysis using
CB-Dock?2 also positioned Liensinine within the same tunnel region,
though oriented slightly toward the entrance. Major interactions in-
cluded His114, Ala237, Phel13, Leu236, Arg229, and Glu249. Both
models demonstrate that Liensinine engages critical regulatory resi-
dues in the SHP2 allosteric site, supporting its potential as a natural
allosteric inhibitor.
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SHP?2 allosteric inhibitors such as SHP099.

As shown in Figure 2B, an independent docking ana-
lysis was performed using CB-Dock2 to validate this
binding mode, which identified a similar binding pose of
Liensinine within the same tunnel pocket. In this model,
Liensinine maintained key interactions with His114 and
Glu249, and additionally formed hydrophobic and elec-
trostatic contacts with Ala237, Leu236, Arg229, and
Glu232—residues located near the entrance region of the
tunnel site. Although the orientation differed slightly from
the HyperLab prediction, both results consistently support
the conclusion that Liensinine binds within the SHP2 al-
losteric tunnel, stabilizing interactions with residues criti-
cal for autoinhibition.

These findings suggest that Liensinine has the potential
to function as a natural SHP2 allosteric inhibitor by targe-
ting the tunnel site that regulates SHP2 activity.

3.3. Liensinine Inhibits SHP2 Phosphatase Activity in a
Dose-Dependent Manner

To evaluate the inhibitory effect of Liensinine on SHP2
activity, a fluorometric phosphatase assay was performed
using increasing concentrations of Liensinine (0—10 uM).
As shown in Figure 3, Liensinine suppressed SHP2 acti-
vity in a dose-dependent manner. While treatment with
2 uM did not result in a statistically significant reduction,
significant inhibition was observed from 4 pM onward
(p <0.05). At 4, 6, 8, and 10 uM, SHP2 activity was re-
duced to approximately 76%, 44%, 35%, and 28%, res-
pectively, relative to the untreated control. To estimate
potency, the percent activity data were fitted to a sigmoi-
dal dose-response curve, yielding a predicted ICso value
of approximately 5.2 uM. This result suggests that Liensi-
nine can act as a moderate inhibitor of SHP2 phosphatase
activity in vitro.
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Fig. 3. Dose-dependent inhibition of SHP2 phosphatase activity
by Liensinine. Recombinant full-length human SHP2 (0.2 ng/uL)
was incubated with an activating peptide and treated with increasing
concentrations of Liensinine (0, 2, 4, 6, 8, and 10 uM) in a 96-well
black plate using the SHP2 Full-Length Assay Kit (BPS Bioscience,
Cat# 79330). Enzymatic activity was measured based on fluorescence
generated from DiFMUP (10 uM) dephosphorylation, with excita-
tion at 360 nm and emission at 460 nm. All reactions were performed
in triplicate. Fluorescence values were normalized to the untreated
control (0 uM) and expressed as percent activity. Data are presented
as mean = SD (n = 3). Statistical significance was determined using
unpaired two-tailed Student’s t-tests, and p < 0.05 was considered
significant (p < 0.05 vs. control).
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Fig. 4. SHP2 (PTPNI11) is upregulated in hepatocellular carci-
noma and suppressed by Liensinine treatment. (A) Differential
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expression analysis of PTPN11 in hepatocellular carcinoma (HCC)
using RNA-seq data from the TNMplot database. Box plot compares
SHP2 (PTPN11) expression between paired tumor and adjacent nor-
mal liver tissues (n = 50 each). Median expression in tumor samples
was 1.42-fold higher than in normal tissues (p = 6.39 x 1073; Mann—
Whitney U test). (B) Effect of Liensinine on HepG2 cell viability.
Cells were treated with Liensinine (0-50 uM) for 24 hours, and cell
viability was measured by MTT assay. Data are presented as mean +
SD from three independent experiments. Statistical significance was
determined using unpaired two-tailed Student’s t-test versus control
(0 uM): p < 0.05 (*), p <0.001 (**).

3.4. SHP2 is upregulated in liver cancer and inhibited
by Liensinine.

To investigate the role of SHP2 in liver cancer, SHP2
gene expression was analyzed using RNA-seq data from
paired tumor and adjacent normal liver tissues via the
TNMplot database. As shown in Figure 4A, PTPN11 ex-
pression was elevated in hepatocellular carcinoma tissues
compared to normal liver tissues, with a 1.42-fold increase
in median expression. These results suggest that SHP2
may be functionally involved in hepatocellular tumorige-
nesis. To assess whether Liensinine affects cell viability
in liver cancer, HepG2 cells were treated with increasing
concentrations of Liensinine (0-50 uM), and an MTT as-
say was performed. As shown in Figure 4B, Liensinine re-
duced cell viability in a dose-dependent manner. A modest
decrease was observed at 10 pM, while concentrations of
20 pM and above resulted in a more pronounced reduction
in viability. At the highest dose (50 uM), cell viability was
reduced to approximately 35% of control levels. These fin-
dings indicate that Liensinine exerts a potent anti-prolife-
rative effect on hepatocellular carcinoma cells.

34



Liensinine as a natural SHP2 inhibitor.

Cell. Mol. Biol. 2025, 71(12): 31-38

’_’ owth Factors signals

Gra
|

Cytoplasm
o -
@
(active) (inactive)
. @
=
|
MEK G AP-1
+ Fos &)
| -G —@
Aononononone |
l T Transcription of +
several genes
mo@c

MAP kinase pathway
Nucleus

Fig. 5. Proposed mechanism of Liensinine-mediated inhibition of
the SHP2-Ras/MAPK signaling pathway in hepatocellular car-
cinoma cells. Liensinine inhibits the oncogenic Ras/MAPK signa-
ling cascade by targeting SHP2, a critical phosphatase that facilitates
Ras activation downstream of growth factor receptors. Under normal
conditions, SHP2 promotes the conversion of Ras from its inactive
GDP-bound form to the active GTP-bound state via regulation of
guanine nucleotide exchange factors (GEFs), such as the GAB1-
GRB2-SOS1 complex. Activated Ras initiates a phosphorylation cas-
cade through Raf, MEK, and MAP kinase, ultimately leading to the
activation of nuclear transcription factors such as Elk and AP-1 (Fos/
Jun complex), which regulate the transcription of proliferation-rela-
ted genes. Liensinine binds to the allosteric tunnel site of SHP2, sta-
bilizing its autoinhibited conformation and suppressing phosphatase
activity. As a result, Ras activation is impaired, downstream MAPK
signaling is attenuated, and nuclear gene transcription is reduced. This
mechanism contributes to the anti-proliferative effect of Liensinine

observed in hepatocellular carcinoma cells.

4. Discussion

Liensinine, a bioactive alkaloid derived from the green
embryo of mature Nelumbonaceae seeds [27], has been
traditionally recognized for its cardiovascular benefits,
including anti-arrhythmic properties [28], smooth muscle
relaxation, blood pressure reduction, and vasodilation
[29]. More recently, this natural compound has gained at-
tention for its emerging anti-cancer potential, with studies
demonstrating its inhibitory effects across multiple can-
cer types, such as gastric [30], gallbladder [31], colorec-
tal [32], and breast cancers [33]. In breast cancer models,
liensinine was shown to enhance chemosensitivity via
DNMI1L-dependent mitochondrial fission [34]. Additio-
nally, its role in promoting apoptosis and inducing G2/M
cell cycle arrest in gallbladder cancer has been linked to
modulation of the PI3K/AKT signaling pathway [31].

SHP2 is a key regulator of the Ras/MAPK signaling
pathway, which is essential for controlling cell prolife-
ration, differentiation, and survival [2, 35, 36]. Acting
downstream of receptor tyrosine kinases (RTKs) such as
EGFR, FGFR, and PDGFR, SHP2 facilitates the activa-
tion of Ras, a critical GTPase that transitions between its
inactive GDP-bound state and active GTP-bound state [2,
36-38]. By dephosphorylating inhibitory tyrosine residues,
including pY32 on Ras, SHP2 stabilizes the GTP-bound
active form of Ras, thereby enhancing its activity [3, 39].
Additionally, SHP2 dephosphorylates GTPase-activating
proteins (GAPs) such as RasA, reducing their ability to

inactivate Ras [9]. SHP2 also interacts with the GABI-
GRB2-SOS1 complex, promoting the guanine nucleotide
exchange factor (GEF) activity of SOS1, which facilitates
the conversion of GDP-bound Ras to its active GTP-
bound form [40]. This sustained Ras activation drives
downstream signaling through the RAF/MEK/ERK phos-
phorylation cascade, linking extracellular growth signals
to nuclear transcription factors that regulate key cellular
processes such as proliferation and survival.

In this study, a structure-based virtual screening of 127
anticancer natural compounds identified Liensinine as a
top-scoring molecule with strong predicted binding affi-
nity for the SHP2 allosteric tunnel site. Molecular docking
results from two independent platforms, HyperLab and
CB-Dock2, consistently indicated that Liensinine binds
to the autoinhibitory tunnel region of SHP2, engaging in
critical interactions with residues such as Glu249, Argl11,
and Hisl14. These findings were further validated by
biochemical assays, which demonstrated that Liensinine
inhibits SHP2 phosphatase activity in a dose-dependent
manner with a predicted ICso of approximately 5.2 uM.
Moreover, Liensinine significantly reduced the viability of
HepG2 liver cancer cells, suggesting a functional anti-pro-
liferative effect that may be mediated by SHP2 inhibition.

The lower docking score of Liensinine (—6.0 kcal/mol)
compared with SHP099 (—10.3 kcal/mol) suggests fewer
or weaker non-covalent interactions within the SHP2
allosteric tunnel. SHP099 achieves high affinity mainly
through hydrophobic and hydrogen-bond contacts with
Phel13, Argl11, and Glu250, whereas Liensinine’s bulky
bisbenzylisoquinoline scaffold may experience steric hin-
drance, limiting binding energy. Despite its moderate affi-
nity, Liensinine remains a promising natural scaffold for
optimization to improve SHP2-binding efficacy.

Liensinine inhibited SHP2 phosphatase activity with an
IC50 of ~5.2 uM, indicating moderate potency compared
with potent allosteric inhibitors such as SHP099 (0.071
uM) and RMC-4550 (1.55 nM). Although its micromo-
lar potency is insufficient for direct clinical application,
Liensinine provides a framework for developing refined
derivatives targeting SHP2.

Moreover, at relatively high concentrations (20-50
uM), Liensinine reduced HepG2 cell viability, sugges-
ting possible off-target or additional mechanisms beyond
SHP2 inhibition. Further biochemical and cellular studies
will be necessary to confirm the specificity and therapeutic
potential of Liensinine.

Docking poses were selected based on the top-ranked
binding energy and interaction consistency across CB-
Dock2 and HyperLab (PIGNet2) platforms. CB-Dock2
integrates both structure-based cavity detection and tem-
plate-based docking using FitDock, providing high-confi-
dence poses with RMSD < 2.0 A to known ligand—protein
complexes [41]. In contrast, HyperLab employs a physics-
informed graph neural network (PIGNet2) that evaluates
intermolecular interactions by summing van der Waals,
hydrogen bond, hydrophobic, and metal terms rather than
using empirical scoring functions [42]. Slight differences
in ligand orientation between the two platforms were
observed, particularly around the SHP2 allosteric tunnel
entrance. These discrepancies are attributed to distinct
energy landscapes: CB-Dock2 optimizes poses based on
spatial cavity fit, whereas HyperLab prioritizes energeti-
cally favorable contact patterns derived from learned inte-
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raction potentials. Despite these variations, both methods
consistently predicted Liensinine within the allosteric
tunnel region (involving residues Phell3, Arglll, and
Glu250), supporting the reliability of the predicted bin-
ding mode. Such cross-validation enhances confidence in
the docking interpretation by combining empirical and Al-
driven scoring principles.

Although Liensinine exhibited moderate SHP2 inhi-
bitory activity in vitro, its metabolic stability and poten-
tial biotransformation in cellular environments were not
evaluated in this study. Previous reports indicate that bis-
benzylisoquinoline alkaloids undergo hepatic metabolism,
which may influence intracellular concentration and effi-
cacy. Therefore, further studies assessing Liensinine’s me-
tabolic stability, cellular uptake, and pharmacokinetic pro-
perties will be necessary to fully elucidate its therapeutic
potential. In addition, systematic evaluation of its toxicity
and safety profile will be required to assess its suitability
for clinical translation.

Collectively, these results position Liensinine as a pro-
mising lead compound for the development of natural pro-
duct-based SHP2 inhibitors targeting allosteric regulatory
mechanisms. By stabilizing SHP2 in its inactive conforma-
tion, Liensinine may effectively suppress oncogenic Ras/
MAPK signaling, offering therapeutic potential against
SHP2-driven malignancies such as hepatocellular carci-
noma. A schematic summary of the proposed mechanism
is illustrated in Figure 5, where Liensinine inhibits SHP2,
thereby blocking Ras activation and downstream phos-
phorylation events in the MAPK cascade. This ultimately
leads to reduced nuclear transcriptional activity mediated
by AP-1 and other transcription factors, contributing to the
observed anti-proliferative effects. Future studies will fo-
cus on in vivo efficacy, selectivity profiling, and structural
optimization of Liensinine derivatives to further enhance
SHP2 inhibitory potency and pharmacokinetic properties.

5. Conclusion

This study identified Liensinine as a natural allosteric
inhibitor of SHP2 through structure-based virtual scree-
ning. Docking analyses revealed that Liensinine binds to
the SHP2 allosteric tunnel site, forming stable interactions
with key regulatory residues. Biochemical assays confir-
med that Liensinine inhibits SHP2 phosphatase activity in
a dose-dependent manner with an ICso of approximately
5.2 uM. Moreover, Liensinine significantly reduced the
viability of HepG2 liver cancer cells, suggesting that its
anti-proliferative effect is associated with SHP2 inhibi-
tion. These findings indicate that Liensinine may serve as
a promising natural compound for developing SHP2-tar-
geted therapeutics against hepatocellular carcinoma.
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