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Abstract Objective Colorectal cancer (CRC) is a highly heterogeneous malignancy, and traditional Chinese medicine (TCM)
syndrome differentiation is widely used in its clinical management. However, the biological basis underlying different TCM
syndromes remains insufficiently understood. This study aimed to investigate the proteomic differences between qi-blood deficiency
syndrome (QBDS) and damp-heat syndrome (DHS) in CRC patients and to establish a “syndrome-differential protein-herbal
component” network for exploring potential molecular mechanisms and therapeutic targets associated with syndrome-specific
treatment strategies. Methods Tumor tissue samples were collected from 10 patients with pathologically confirmed CRC, including
5 patients diagnosed with QBDS and 5 with DHS according to standardized TCM syndrome differentiation criteria. Tandem mass tag
(TMT)-based quantitative proteomics was employed to identify differentially expressed proteins (DEPs) between the two syndrome
groups. Functional enrichment analyses, including Gene Ontology (GO) annotation and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analyses, were performed to characterize the biological functions and signaling pathways associated with the
identified DEPs. Least absolute shrinkage and selection operator (LASSO) regression analysis was further applied to screen key
syndrome-related proteins and construct a core protein prediction model. Subsequently, molecular docking was conducted to evaluate
the binding affinities between representative herbal compounds, astragaloside IV and berberine, and the identified core proteins.
Finally, cell counting kit-8 (CCK-8) assays were performed in HCT 116 and HT-29 colorectal cancer cell lines to validate the anti-
proliferative activities of these compounds in vitro. Results A total of 44 DEPs were identified between QBDS and DHS tissues,
including 21 upregulated and 23 downregulated proteins in the QBDS group relative to the DHS group. Functional enrichment
analyses revealed that these proteins were primarily associated with antiviral immune responses, regulation of inflammatory
signaling, NF-«xB signaling pathways, cholesterol metabolism, and other biological processes relevant to tumor progression and host
immune regulation. LASSO regression analysis identified eight core proteins with potential syndrome-specific significance. Among
them, ST7, GPCPDI, and PODXL were closely associated with QBDS, whereas FAT1, GRB7, KRT7, MAFF, and MMPS8 were
associated with DHS. Molecular docking demonstrated favorable interactions between astragaloside IV and QBDS-related proteins,
with binding energies lower than -5 kcal/mol, indicating stable binding activity. Berberine exhibited even lower binding energies and
stronger binding specificity toward DHS-related core proteins. /n vitro experiments further confirmed that both compounds inhibited
CRC cell proliferation, while berberine displayed significantly greater anti-proliferative efficacy. The lowest 48 h IC;, value of
berberine reached 15.21 mg/L in CRC cells, indicating a stronger growth-inhibitory effect than astragaloside IV. Conclusion CRC
patients with QBDS and DHS exhibit distinct proteomic characteristics, suggesting that different TCM syndromes possess unique
molecular signatures. The identified core proteins may serve as potential biomarkers for syndrome differentiation, while
astragaloside IV and berberine may exert therapeutic effects through targeting syndrome-specific molecular networks. These findings
provide preliminary proteomic evidence supporting syndrome-guided precision integrative medicine in CRC and offer new insights
into the biological basis of TCM syndrome differentiation and individualized therapeutic strategies.
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Colorectal cancer (CRC) is one of the most (8-10]

common and highly prevalent gastrointestinal

gastrointestinal function recovery” . Radiotherapy
and chemotherapy have significant advantages in

malignancies, posing a serious threat to global public
health. According to data released by the International
Agency for Research on Cancer (IARC) in 2022,
CRC ranks third in global incidence and second in
mortality!). In China, the disease burden of CRC is
particularly severe, with its incidence ranking second
and mortality fourth among all cancers in 20221
Additionally, data from 1990 to 2019 show that the
age-standardized incidence and mortality rates of
CRC in China increased by 144.01% and 36.15%,
respectively, with growth rates significantly higher
than the global average!®. This trend indicates that the
prevention and treatment of CRC remain critical and
require the exploration of more effective strategies.
Current treatment modalities for CRC primarily

include surgical resection, radiation therapy,
chemotherapy, = immunotherapy, and  targeted
therapy*”. Surgical resection remains the core

treatment for CRC, but factors such as surgical trauma
and  anesthesia ~ may  affect  postoperative

inhibiting tumor cell proliferation, but they are often
accompanied by adverse effects such as
immunosuppression, anemia, fatigue, and
myelosuppression!''"*!. Although immunotherapy and
targeted therapy are highly specific, they are still in
the stage of ongoing research and basic experimental
validation due to high treatment costs and limited
applicability! '),

In recent years, traditional Chinese medicine
(TCM) has demonstrated unique advantages in the
prevention and treatment of CRC, particularly in
inhibiting tumor cell growth, inducing apoptosis,
overcoming drug resistance, and regulating immune
function"®?. Astragali Radix, known as the chief
tonic herb, replenishes qi and blood™**; Coptis
chinensis, a key herb for clearing heat and
detoxifying™, shows good clinical efficacy in
patients with qi-blood deficiency syndrome (QBDS)
and Damp-Heat Syndrome (DHS). astragaloside 1V, a
major component of A. Radix, possesses anti-
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inflammatory, antioxidant, and immunomodulatory
activities®*?%). Berberine, the main active ingredient
of C. chinensis, inhibits CRC cell proliferation and
metastasis by  regulating multiple  signaling
pathways?’%,

However, the core concept of TCM treatment for
CRC lies in syndrome differentiation and personalized
therapy, i e., tailoring treatment to different
syndromes. According to the TCM Diagnosis and
Treatment Guidelines for Tumors published by the
Chinese Association of Chinese Medicine in 2008,
CRC is classified into 6 syndromes, with this study
focusing on QBDS and DHSP?. Despite abundant
clinical experience in TCM treatment of CRC, the
lack of objective and unified evaluation criteria has
hindered a full understanding of its mechanisms.
Therefore, exploring the biological basis of TCM
treatment for CRC at the molecular level is crucial for
promoting the modernization and internationalization
of TCM.

Proteomics, a key research tool in the post-
genomic era, aims to reveal the protein composition
and dynamic changes of cells, tissues, or organisms at
the global level®'~?. This approach aligns closely
with  TCM’s philosophy of studying organisms
through  dynamic,  dialectical, and  holistic
perspectives™*?*. The integration of proteomics with
medical research not only provides new insights into
disease mechanisms but also lays a foundation for
precision  medicine®?®.  Current  quantitative
proteomics techniques include label-free
quantification, labeled quantification, and targeted
quantification, which provide powerful technical
support for in-depth molecular mechanism research in
CRC[37_38].

This study aims to systematically compare the
protein expression differences in tumor tissues
between QBDS and DHS using proteomics, screen
key differentially expressed proteins (DEPs), and
construct syndrome prediction models. Combined
with molecular docking and in vitro cell experiments,
we analyzed the potential targets and mechanisms of
astragaloside IV and berberine in different CRC
syndromes. For the first time, this study integrates the
cross-scale association of TCM syndrome-differential
protein-TCM  component, providing  objective
molecular evidence for precision TCM treatment of
CRC and promoting the deep integration of TCM
syndrome differentiation with modern precision
medicine.

1 Materials and methods

1.1 Basic data
This study included tumor tissue specimens from

10 CRC patients with two TCM syndromes who were
treated at the Colorectal and Anal Surgery Department
of the 940th Hospital of the Chinese People’s
Liberation Army Joint Logistics Support Force
between September 2020 and October 2021, including
5 cases of QBDS and 5 cases of DHS. The study was
approved by the hospital ethics committee (Ethics
Approval No.: 2020KYLLO75).
1.2 Inclusion and exclusion criteria

Inclusion criteria: (1) patients with primary CRC
confirmed by clinical manifestations and biopsy
pathology; (2) patients who had not received surgery,
radiotherapy, chemotherapy, molecular targeted
therapy, or immunotherapy; (3) patients who provided
informed consent. Exclusion criteria: (1) patients with
inconsistent syndrome differentiation results by three
TCM physicians; (2) patients with concurrent tumors
in other sites; (3) patients who used antibiotics,
immunosuppressants,  glucocorticoids, or  drugs
affecting liver/kidney function within the past week;
(4) patients with severe underlying diseases
incompatible with surgery; (5) patients with
incomplete or erroneous clinical data that might affect
subsequent analysis. TCM syndrome differentiation
criteria: TCM syndrome classification for CRC
referred to the TCM Diagnosis and Treatment
Guidelines for Tumors (2008) issued by the Chinese
Association of Chinese Medicine, which classifies
CRC into 6 syndromes. This study focused on QBDS
and DHS. Preoperative TCM syndrome differentiation
for all patients was performed by two associate chief
physicians in the Department of TCM of the 940th
Hospital; in case of disagreement, a third associate
chief physician or their superior was consulted until
consensus was reached. Initially, 13 QBDS patients
and 30 DHS patients were enrolled. Based on the
principle that tandem mass tag (TMT) detection and
proteomics require at least >3 biological replicates for
clinical sample analysis, 5 samples were finally
included for each syndrome®®.
1.3 Collection of CRC patient tumor specimens

All specimens were derived from surgically
resected tumor tissues during operations. After
washing bloodstains with normal saline and wiping
clean with dust-free paper, samples were rapidly
frozen in liquid nitrogen for 5 to 15 min and then
immediately transferred to an -80°C freezer for
storage until shipment to a biotechnology company
(Panoomic, Suzhou, China) for subsequent testing and
analysis.
1.4 Experimental methods for protein extraction
from CRC tumor tissues and data processing

Samples were removed from -80°C and
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subjected to sequential procedures including protein
extraction, protein digestion, peptide labeling, labeled
peptide fractionation, gradient elution using an Easy-
nLC 1200 liquid chromatograph (Thermo Fisher
Scientific, USA), and mass spectrometry data
acquisition using an Orbitrap Fusion Lumos mass
spectrometer (Thermo Fisher Scientific, USA). DEPs
were screened via protein qualitative Venn diagram
analysis, quantitative principal component analysis
(qPCA) analysis, and hierarchical clustering analysis.
The screening criteria were a protein fold change >1.5
and P-value <0.05. The identified DEPs were further
analyzed via volcano plot, clustering heatmap, and
functional enrichment analysis (including Gene
Ontology (GO), Kyoto Encyclopedia of Genes and
Genomes (KEGQG), and keyword enrichment). GO
enrichment and Circos plot analyses, along with the
construction of a least absolute shrinkage and
selection operator (LASSO) regression model
associated with CRC pathogenesis, were also
performed. Additionally, molecular docking was
performed between DEPs of different syndrome
groups and TCM compounds to determine binding
energies, thereby elucidating the biological basis of
integrative TCM-WM treatment for CRC and
exploring specific targets for TCM treatment.
1.5 Molecular docking

Molecular docking studies were performed on 8
core targets screened by the LASSO regression model
to validate the binding potential between TCM active
components and target proteins. Astragaloside IV (the
active component of 4. Radix for QBDS treatment)
and berberine (the active component of C. chinensis
for DHS treatment) were selected as ligands. The
specific procedures were as follows: two-dimensional
molecular structures of the two compounds were
obtained from the PubChem database, while the
crystal structures of target proteins were downloaded
from the PDB database (https://www. rcsb. org/).
Target proteins were preprocessed using Pymol 3.0.3
to remove irrelevant ligands, water molecules, and
repair structural defects. Polar hydrogen atoms were
added to the receptor proteins using Autodock 4.2.6 to
optimize the molecular force field. Docking
simulations were executed via AutodockTools 1.5.7 in
a Python environment with default parameters to
complete ligand-receptor interaction calculations.
Binding energy was used as the evaluation index, and
a threshold of <-5.0 kcal/mol was set to determine
effective binding, clarifying the interaction strength
between TCM components and core targets***!1,
1.6 Bioinformatics analysis

Based on the 8 core targets screened by LASSO

B REIVE/NEFEEETIER <2465
regression, multi-dimensional bioinformatics
databases were used for validation:

Immunohistochemical data of target proteins in
normal tissues and CRC tumor tissues were obtained
from the Human Protein Atlas (https://www.
proteinatlas. org) to compare and analyze expression
differences. The GEPIA database (http://gepia.cancer-
pku. cn/index. html) was utilized to analyze mRNA
expression levels of core targets, their associations
with overall survival (OS), disease-free survival
(DFS), and expression patterns across different
pathological stages, systematically exploring the
clinical relevance and prognostic value of the targets.
1.7 Invitro cell experiments
1.7.1 Cell culture

HCT 116 and HT-29 cells (purchased from
Shang'en Biotech) were cultured under the following
conditions: maintained in a constant temperature
incubator at 37°C, 5% CO,, and 95% air, using RPMI-
1640 medium supplemented with 10% fetal bovine
serum (FBS) and 1% double-antibody solution
(penicillin-streptomycin  mixture, 10° U/L). During
culture, cell morphology and growth status were
observed daily under a microscope. When cell density
reached 80%-90% and entered the logarithmic
growth phase, cells were harvested by digestion for
subsequent experiments.
1.7.2  Cell proliferation assay

HCT 116 and HT-29 cells in the logarithmic
growth phase were adjusted to a density of
1x10* cells/ml and seeded into 96-well plates at 200 pl
per well, with 3 parallel replicates per treatment. After
pre-incubation in a 37°C, 5% CO, incubator for 24 h,
drug treatments were applied: experimental groups
received medium containing different concentrations
(100.0, 50.0, 25.0, 12.5, 6.3, 3.1mglL) of
astragaloside IV or berberine, while the blank control
group received an equal volume of complete medium
without drugs. After continuing culture for 24 h, 10 pl
of CCK-8 reagent was added to each well, incubated
for 4 h, and the absorbance (4 value) was measured at
450 nm using a microplate reader to calculate relative
cell viability.
1.8 Data statistics and analysis

Statistical analyses were performed with SPSS
software, and graphs were generated using Origin
2024. The Shapiro-Wilk test was used for normality
assessment of continuous variables, while the Levene
test was applied to evaluate variance homogeneity. For
two-group clinical comparisons, normally-distributed
data were expressed as meantstandard deviation
(mean+SD) and compared by independent-samples
t test. Non-normally-distributed data were presented as
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median  (P,;, P,;) and analyzed wusing the
Mann-Whitney U test with continuity correction.
Categorical variables were reported as n (% ) and
compared via two-tailed Fisher’s exact test. All
statistical tests were two-tailed, and P<0.05 was
considered statistically significant.

2 Results

2.1 Basic data and differential protein analysis
2.1.1  Clinicopathological characteristics of CRC
patients

Comparative analysis of clinicopathological
characteristics was conducted between 5 CRC
patients in the QBDS group and 5 patients in the DHS
group. No significant inter-group differences were
observed in sex, age, BMI, comorbidities (diabetes
mellitus, hypertension), tumor location (left-sided/
right-sided colon: 4 : 1 wvs. 3 : 2), histological
differentiation (poorly-differentiated Vs.
well-and-moderately-differentiated: 1 : 4 vs. 2 : 3),
pathological stage (stage I-II vs. stage III-IV: 2 : 3
vs. 2 ¢ 3), tumor markers (CEA, CA19-9), routine
blood parameters, hepatic-renal function, and
coagulation-related indices (fibrinogen, D-dimer).
Categorical variables were assessed using two-tailed
Fisher’s exact test. Normally-distributed continuous
variables were compared with independent-samples ¢
test, whereas non-normally-distributed ALT and
D-dimer were analyzed by Mann-Whitney U test with
continuity correction. All variables yielded P>0.05.
These findings indicate satisfactory  baseline
comparability between groups, suggesting that
intergroup differences in subsequent study outcomes
are unlikely to be confounded by disparities in basic
clinical characteristics (Table S1).
2.1.2 Sample data quality control

Comprehensive  quality control tests were
performed on data from both groups, covering key
dimensions such as peptide length distribution,
precursor ion mass deviation distribution, and Unique
Peptide count distribution. All test indices strictly met
preset standards, fully verifying the high reliability of
the data. As shown in Figure 1a, peptide lengths were
concentrated in the 6-25 amino acid residue range,
highly consistent with the theoretical expectations of
trypsin digestion, indicating standardized sample
preparation processes that met experimental criteria.

In terms of repeatability, the peptide length
distribution curves of three biological replicate
samples showed consistent patterns, further

confirming the stability and consistency of sample
preparation. Figure 1b demonstrates that precursor ion

mass deviations tightly clustered within 5x107,
indicating high-quality precision of the mass
spectrometer, with deviations within an acceptable
range to ensure accurate peptide and protein
identification. In Figure Ic, the sufficient number of
Unique Peptides in each sample not only corroborated
the reliability of protein identification data but also
reflected the high specificity of the protein
identification process. Figure 1d shows that although
there were slight fluctuations in the number of
identified peptides and TMT-labeled peptides across
samples, the overall values remained within
reasonable ranges. Collectively, these quality control
results confirm the reliable data quality in this study,
with  excellent performance in both sample
preparation and mass spectrometry detection, laying a
solid foundation for subsequent proteomics analysis.
2.1.3 Differential protein analysis

Through TMT proteomics analysis, a total of
5 055 proteins were identified in the QBDS and DHS
groups, among which 44 were DEPs. This result
indicates that although most proteins showed stable
expression between the two TCM syndromes, a small
number of proteins exhibited significant differences,
which may serve as key factors distinguishing the
biological characteristics of QBDS and DHS (Table
S2). The original and normalized quantitative
distributions show that data normalization effectively
eliminated systematic technical bias between samples,
enabling protein expression variation to be attributed
to biological signals rather than technical deviation
(Figure le, f). Sample correlation analysis revealed
highly similar protein expression patterns within each
group, confirming the experimental repeatability and

biological rationality —of syndrome grouping
(Figure 1g).
The volcano plot illustrates the overall

distribution of a total of 44 DEPs, including 21
significantly upregulated proteins (red dots) and 23
significantly downregulated proteins (blue dots). The
red upregulated proteins were predominantly
distributed in the region with log, (#C) >0.5 and
-lg (P-value) = 1.3 (corresponding to P<0.05),
whereas blue downregulated proteins were enriched in
the region with log, (FC)<-0.5 and -lg (P-value)>1.3.
Non-significantly altered proteins are shown in gray.
Representative upregulated proteins included INTSS
and MTMRI14, whereas typical downregulated
proteins such as GPAA1 and FXR2 exhibited
markedly decreased expression (Figure 1h). The
clustering heatmap further indicated that the top 44
DEPs formed opposite expression patterns between
the two groups: the protein cluster highly expressed
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(red) in the QBDS group was lowly expressed (blue)
in the DHS group, while the cluster lowly expressed
(blue) in the QBDS group was highly expressed (red)
in the DHS group. Samples clustered clearly by
syndrome, demonstrating that these DEP expression
profiles can distinguish samples belonging to the two
different TCM syndromes at the molecular expression
level (Figure 11).
2.2 Functional enrichment and network analysis
2.2.1 GO enrichment analysis of differentially
expressed proteins

This study analyzed the functional characteristics
of differentially expressed proteins from three
dimensions:  biological  processes(BP), cellular
components(CC), and molecular functions(MF)
through GO functional enrichment analysis. The
enrichment results were sorted by ascending P-values,
and the top 20 entries were visualized as bubble plots
(Figure Sla-c). Biological processes: the top three
enriched terms were negative regulation of viral
genome replication, negative regulation by host of
viral process, and positive regulation of I-«kB kinase/
nuclear factor- kB (NF-«B) signaling. Differences in
antiviral immune functions may affect the immune
surveillance efficiency of CRC patients, suggesting
that the immune status of QBDS or DHS syndromes
influences tumorigenesis risk by regulating virus-
related pathways. Excessive activation of the NF-«xB
pathway is directly associated with CRC cell
proliferation, metastasis, and chemoresistance,
implying that differentially expressed proteins may
promote or inhibit tumor progression by enhancing
NF-«B signaling (Figure Sla). Cellular components:
differentially expressed proteins were significantly
enriched in specific granule lumen, secretory granule
lumen, and cytoplasmic vesicle lumen, indicating
their primary localization in intracellular secretory
structures. Abnormal secretory granule function may
impair the ability of immune cells to kill tumors or
promote tumor cell immune escape, which is closely

related to differences in the immune
microenvironment  between QBDS and DHS
syndromes (Figure Sl1b). Molecular functions:

enrichment of lipopolysaccharide binding suggested
that differentially expressed proteins can recognize
lipopolysaccharide (LPS) and initiate innate immune
responses, which is highly consistent with the damp-
heat pathological characteristics of DHS (Figure Slc).
Enrichment  of  prostaglandin  transmembrane
transporter activity indicated their role in regulating
the transmembrane transport of inflammatory lipid
mediators, which are key regulators of inflammatory
responses and tumor angiogenesis—differences in

transporter activity may lead to variations in
inflammation intensity or metabolic homeostasis
between QBDS and DHS. Enrichment of D-glutamate
cyclase activity suggested involvement in the
cyclization modification of D-glutamate, potentially
affecting the synthesis of neurotransmitters or peptide
hormones, and influencing  syndrome-related
metabolic regulation through non-canonical pathways.
2.2.2 PPI network analysis of differentially
expressed proteins

A protein-protein interaction (PPI) network of
differentially expressed proteins was constructed
using the STRING database, which included 44
differentially expressed protein nodes and interaction
edges (Figure S1d). Upregulated proteins such as
INTS5 and MTMR14 were closely interacted with
NF-kB pathway proteins, potentially promoting the

formation of an immunosuppressive
microenvironment in the QBDS syndrome by
enhancing inflammatory signals. Downregulated

proteins such as GPAA1 interacted with cell adhesion
molecules, and their functional inhibition may be
associated with reduced tumor cell adhesion in the
QBDS syndrome. Downregulated proteins such as
FXR2 interacted with spliceosome complex proteins,
potentially affecting gene expression regulation in the
DHS syndrome by interfering with RNA processing.
Downregulated proteins such as MAF DbZIP
transcription factor F (MAFF) interacted with
inflammatory cytokines, which may exacerbate
chronic inflammation in the DHS syndrome.
2.2.3  UniProt keyword enrichment analysis of
differentially expressed proteins

Functional classification of 44 DEPs using
hierarchical controlled vocabulary revealed that
antibiotic, phosphoprotein, and disulfide bond were
the most significant keywords, highlighting the core
roles of these proteins in antimicrobial defense, signal
transduction, and protein structural stability (Figure
Sle). Upregulation of antibiotic-related proteins in the
QBDS group may enhance antiviral defense, while
downregulation of related proteins in the DHS group
may reduce antimicrobial capacity and exacerbate
infection risk in  damp-heat  environments.
Phosphoprotein  enrichment indicated widespread
involvement in phosphorylation signaling—a core
mechanism  of  cellular  regulation—abnormal
signaling was closely related to CRC proliferation and
metastasis. Upregulation of phosphoproteins in the
QBDS group may enhance inflammatory signals,
while regulatory imbalances in the DHS group may
promote  abnormal tumor cell proliferation.
Differences in disulfide bond-related protein
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expression may affect the mechanical properties and
drug resistance of CRC cells, consistent with the
invasive phenotype of the DHS syndrome.
224 KEGG pathway enrichment analysis of
differentially expressed proteins

KEGG pathway enrichment analysis showed that
differentially expressed proteins were significantly
enriched  in cholesterol metabolism and
glycerophospholipid metabolism pathways,
suggesting that lipid metabolic abnormalities are
central to the biological mechanisms of syndrome
differentiation (Figure S1f). GPD1, upregulated in the
QBDS group, participates in glycerophospholipid
synthesis and may influence tumor cell energy
metabolism by regulating cholesterol metabolism
intermediates. LTF, downregulated in the DHS group,
inhibits tumor growth by suppressing cholesterol
uptake—its reduced expression may lead to
cholesterol metabolic imbalance and promote tumor
progression. Upregulation of cholesterol metabolism-
related proteins in the QBDS syndrome may enhance
lipid synthesis capacity in tumor cells to adapt to
increased energy demands in the “qi-blood
deficiency” state, while downregulation of metabolic
regulatory proteins in the DHS syndrome may
exacerbate cholesterol accumulation and promote
inflammation via NF-«xB pathway activation,
consistent with the pathological characteristics of
damp-heat accumulation.
2.2.5 Circos analysis of differentially expressed
proteins

A Circos plot was used to visually illustrate the
correlation between DEPs and functional enrichment
results: suppression of tumorigenicity 7 (ST7) and
podocalyxin-like (PODXL), upregulated in the QBDS
group, were closely linked to the functional term
negative regulation of viral genome replication and
connected via lines to GPDI in the cholesterol
metabolism pathway, suggesting a synergistic effect
between antiviral immunity and lipid metabolism.
LTF, downregulated in the DHS group, was
simultaneously linked to lipopolysaccharide binding
and cholesterol metabolism—its reduced expression
may weaken antimicrobial capacity and cholesterol
uptake regulation, exacerbating gut microbiota
dysregulation and lipid accumulation in damp-heat
environments. Phosphoprotein-related proteinswere
enriched in the phosphorylation signaling module and
connected to phosphoinositide 3-kinase (PI3K)/
protein kinase B (AKT) pathway nodes, reflecting
abnormal activation of cell proliferation signals in
both syndromes. Disulfide bond-related proteins were
associated with cytoskeletal stability functions, and

expression differences may affect tumor cell
invasiveness-downregulation of keratin 7 (KRT7) in
the DHS group may enhance cell migration potential
by disrupting keratin networks. The highlighted
cholesterol metabolism and glycerophospholipid
metabolism pathways in the Circos plot were
consistent with KEGG analysis results, further
confirming that lipid metabolic abnormalities are the
core mechanism of syndrome differentiation
(Figure S2).
2.2.6 LASSO regression analysis of differentially
expressed proteins

LASSO regression analysis was performed on 44
DEPs to screen core proteins most closely associated
with CRC pathogenesis and construct syndrome-
specific prediction models. Figure 2a shows the
coefficient path diagram of the LASSO regression
model. When the Binomial Deviance value was low,
the minimum deviation point marked by the left
dashed line and the larger A value corresponding to
the right dashed line both indicated that the optimal
number of DEPs for the model was 19, which fully
matched the 19 DEPs corresponding to the leftmost
red dashed line in Figure 2b. Among the 19 DEPs
screened by LASSO regression, 8 had positive
coefficients and 11 had negative coefficients (may
inhibit CRC or be associated with good prognosis)
(Figure 2b). These results suggest that differentially
expressed proteins exhibit complex regulatory
patterns in CRC. Some positively correlated proteins
may drive tumor development by activating pro-
cancer pathways, while negatively correlated proteins
might also be involved in tumor progression through
loss of tumor-suppressive functions or other pro-
tumorigenic mechanisms. Among the 8 potentially
pro-cancer DEPs, the QBDS group included 3
proteins (ST7, glycerophosphocholine
phosphodiesterase 1(GPCPD1), PODXL), and the
DHS group included 5 proteins (FAT atypical
cadherin 1 (FATI1), growth factor receptor bound
protein 7 (GRB7), KRT7, MAFF, matrix
metalloproteinase 8 (MMPS)).
2.3 Molecular docking analysis

To wvalidate the correlation between the key
proteins of QBDS (ST7, GPCPD1, PODXL) and DHS
(FAT1, GRB7, KRT7, MAFF, MMP8) syndromes and
active components of TCMs, this study selected
astragaloside IV (the active component of A. Radix for
treating QBDS) and berberine (the active component
of C. chinensis for treating DHS) to perform
molecular docking with the above core proteins,
respectively.
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Fig.2 LASSO regression analysis of differentially expressed proteins
(a) Coefficient path diagram of the LASSO regression model. Each colored curve depicts the trajectory of the regression coefficient of one protein as
log(Z) changes, and the vertical dashed line marks the optimal 4 value. (b) Plot of 10-fold cross-validation for the LASSO regression model. The
numbers at the top represent the number of proteins with non-zero regression coefficients under the corresponding penalty parameter A. The two
vertical dashed lines indicate 4. 1se (one standard error 4, the largest 2 within one standard error of the minimum binomial deviance) and 1. min
(minimum 4, the 4 corresponding to the minimum binomial deviance), respectively. y-axis: binomial deviance; x-axis: log(4).

23.1 Docking analysis of astragaloside IV with
QBDS group proteins

According to the data in Table S3, the binding
energies of astragaloside IV with the 3 proteins in the
QBDS group were all less than -5 kcal/mol,
indicating strong binding ability between the ligand
and receptor (Figure 3). Specifically, astragaloside IV
formed 4 stable hydrogen bonds with the amino acid
residues GLN-51 and ARG-251 of PODXL protein,
with a binding energy of —6.04 kcal/mol (Figure 3a);
it formed 4 hydrogen bonds with ST7 protein through
amino acid residues GLY-200 and ALA-234, with a
binding energy of —5.62 kcal/mol (Figure 3b); and it
interacted with GPCPDI protein by forming 1
hydrogen bond with the amino acid residue GLY-175,
with a binding energy of —5.24 kcal/mol (Figure 3c).
2.3.2 Docking analysis of berberine with DHS
group proteins

As shown in Figure S3, the binding energies of
berberine with the five proteins in the DHS group
were all significantly lower than -5 kcal/mol,
demonstrating stronger binding specificity (Table S3).
As follows: it formed 3 hydrogen bonds with MAFF
protein at amino acid residues ASP-158, GLY-56, and
ASP-57, with a binding energy as low as
-9.63 kcal/mol (Figure S3a); it formed 3 hydrogen
bonds with MMPS8 protein at amino acid residues
ASP-158, ASP-57, and GLY-56, with a binding
energy of —9.35 kcal/mol (Figure S3b); it formed 1
hydrogen bond with FAT1 protein through the amino
acid residue ARG-105, with a binding energy of

-8.78 kcal/mol (Figure S3c); it formed 3 hydrogen
bonds with GRB7 protein at amino acid residues HIS-
525, CYS-527, and GLN-429, with a binding energy
of —8.19 kcal/mol (Figure S3d); and it formed 1 stable
hydrogen bond with KRT7 protein through the amino
acid residue ARG-128, with a binding energy of
-7.50 kcal/mol (Figure S3e). The hydrogen bonds
formed during the docking process are key molecular
forces driving the binding of proteins to active sites.
The above results not only validate the direct
interaction between the core proteins screened by
proteomics and TCM components but also provide
key evidence for interpreting the molecular
mechanisms of TCMs acting on CRC with different
TCM syndromes.
2.4 Integrated bioinformatics analysis
2.4.1 Analysis of key protein expression differences
Immunohistochemical analysis of 8 core proteins
(QBDS group: ST7, GPCPDI1, PODXL; DHS group:
FAT1, GRB7, KRT7, MAFF, MMPS) screened by
Lasso regression was performed based on the Human
Protein Atlas (HPA) database. As shown in Figure 4a,
the staining intensity of ST7 and PODXL
(upregulated proteins in the QBDS group) in tumor
tissues was significantly higher than that in normal
tissues, suggesting that their high expression may be
involved in CRC progression by promoting an
immunosuppressive microenvironment, which is
consistent with the pathological characteristics of the
QBDS syndrome. The downregulated proteins in the
DHS group, including FAT1, GRB7, KRT7, MAFF,
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Fig. 3 Visual analysis of molecular docking results between astragaloside IV and key proteins in the QBDS group
(a) PODXL protein. (b) ST7 protein. (¢) GPCPDI protein.

and MMPS8, showed significantly increased
expression in tumor tissues. Their abnormal activation
may drive the formation of a damp-heat
microenvironment in the DHS syndrome by
regulating extracellular matrix remodeling and
signaling pathways (Figure S4). It is worth noting that
no valid immunohistochemical data for GPCPDI1
were found in the HPA database for CRC tissues,
which may be due to the limited reliability of the
available antibody or suboptimal staining conditions
in the current HPA dataset, rather than a lack of
GPCPDI1 expression in CRC. Indeed, GPCPDI
expression has been reported in multiple other cancer
types including breast, lung, and ovarian cancers, and

its elevated expression in colon cancer has been
associated with poor prognosis. Further validation of
expression differences at the mRNA level and clinical
relevance using transcriptome databases such as
GEPIA is required.
2.4.2 GEPIA database analysis of key proteins

Based on the GEPIA database, a correlation
analysis was performed on the mRNA expression
levels, survival prognosis, and pathological stages of
the 8 core proteins screened by LASSO regression.
The results showed that the mRNA expression of S77,
PODXL, and GPCPDI (upregulated proteins in the
QBDS group) in CRC (COAD) tumor tissues was
significantly higher than that in normal tissues (Figure
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4b), suggesting that their high expression may be
related to the tumor immune escape or metabolic
adaptation mechanisms of the QBDS syndrome. The
downregulated proteins in the DHS group, including
FAT1, GRB7, KRT7, MAFF, and MMPS, all showed
upregulated expression in tumor tissues, which was
consistent with the pro-inflammatory and pro-invasive
characteristics of the “damp-heat accumulation”
syndrome in proteomics (Figure 4b, S5a). Among
them, the expression differences of GRB7 and KRT7
proteins between tumor tissues and normal tissues
were statistically significant.

Survival analysis showed that the high-
expression and low-expression groups of ST7,
PODXL, and MMPS8 proteins had similar rates of
survival decline in the early follow-up period, but the
survival rate of the high-expression group was
significantly lower than that of the low-expression
group in the later period. There was no statistically
significant difference in survival rates between the
high-expression and low-expression groups of FATI,
GRB7, GPCPD1, KRT7, and MAFF proteins.
Overall, there were no significant differences in
survival curves between the high-expression and low-
expression groups of all key proteins (P>0.05, Figure
4c, S5b), which may be attributed to tumor
heterogeneity, unadjusted confounding factors, or the
possibility that these proteins do not possess
independent prognostic value.

Pathological stage analysis revealed differences
in the expression distribution of proteins across stages
(Figure 4d, S5c). Among them, S77 and GRB7
showed distinct expression patterns across stages I-
IV, with ST7 being relatively stable and GRB7
showing a gradual increasing trend from stage I to IV,
although the differences were not statistically
significant. The upregulated proteins in the QBDS
group (ST7, PODXL, and GPCPD1) showed
relatively stable expression levels across all stages,
suggesting that their functions may be more focused
on early metabolic regulation. FAT1 protein
expression showed a slow downward trend with
increasing stages, indicating a negative correlation
with tumor progression and suggesting its key role in
early tumor invasion. KRT7 protein expression levels
increased with pathological stages, which was highly
consistent with the highly invasive phenotype of the
DHS.

2.5 Inhibitory effects of astragaloside IV and
berberine on CRC cells

The proliferation inhibitory activities of
astragaloside IV and berberine on HCT 116 and

HT-29 CRC cells were detected by CCK-8 assay
(Figure 5). For HCT 116 cells, the cell viability of
astragaloside IV showed a significant downward trend
with the increase of drug concentration and the
prolongation of action time. The /C;; values at 12, 24,
and 48h were 67.13, 50.70, and 26.92 mg/L,
respectively (Figure 5a). The inhibitory potency
showed a time-dependent increase, with the /Cj, at
48 h being approximately 60% lower than that at 12 h,
indicating nearly 2.5-fold enhanced efficacy. In HT-29
cells, the /C,, values of astragaloside IV at 12, 24, and
48 h were 61.59, 33.42, and 23.51 mg/L, respectively,
indicating that the higher the drug concentration and
the longer the action time, the stronger the inhibitory
effect on cell proliferation (Figure 5c).

Berberine  showed  significantly  stronger
inhibitory activity against HCT 116 cells than
astragaloside IV. Its IC,, values at 12, 24, and 48 h
were 34.04, 21.32, and 15.21 mg/L, respectively
(Figure 5b). The IC;, at 48 h was approximately 50%
lower than that at 12 h, demonstrating a stronger dose-
time synergistic effect. In HT-29 cells, the IC;, values
of berberine at 12, 24, and 48 h were 43.68, 29.82,
and 16.95 mg/L, respectively (Figure 5d). The
inhibition efficiency gradually increased with the
prolongation of time, and the half-maximal inhibitory
concentration at 48 h was the lowest, indicating that
the sustained effect of berberine was more significant.
It is worth noting that the /Cs, values of berberine
against both cell lines were lower than those of
astragaloside IV at the same time point, suggesting
that berberine has a stronger inhibitory effect on the
proliferation of CRC cells.

3 Discussion

In this study, TMT proteomics identified 44
DEPs in tumor tissues of QBDS and DHS, including
21 upregulated and 23 downregulated proteins in the
QBDS group. GO enrichment analysis showed that
DEPs were significantly enriched in pathways such as
antiviral immunity, and inflammatory response,
indicating that the biological differences between the
two syndromes are closely related to immune-
metabolic disorders. For example, ST7 and PODXL
upregulated in the QBDS group may adapt to the
energy demand in the qi-blood deficiency state by
enhancing antiviral immunity and lipid synthesis,
while LTF and KRT7 downregulated in the DHS
group may  exacerbate  the  inflammatory
microenvironment and tumor invasiveness of damp-
heat accumulation by weakening antibacterial ability
and destroying cytoskeletal stability*?.
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Fig. 4 Integrated bioinformatics validation of core protein expression, survival, and pathological stage associations
(a) Immunohistochemical comparison of ST7, PODXL, FATI, and GRB7 protein expression between normal and tumor tissues from the HPA
database (for citation of this figure, refer to https://www.proteinatlas. org/). (b) Box plots of mRNA expression levels of S77, PODXL, FATI, and
GRB7 (P<0.05; red=tumor group, blue=normal group). (c) Survival curves of core targets in CRC patients with high (orange-red) and low (sky-blue)
expression (P<0.05). (d) Violin plots of mRNA expression levels of core targets across different pathological stages of CRC.
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Fig. 5 Inhibitory effects of astragaloside IV and berberine on the proliferation of CRC cells ( HCT 116 and HT 29 )
(a) Inhibitory effect of astragaloside IV on HCT 116 cells. (b) Inhibitory effect of berberine on HCT 116 cells. (¢) Inhibitory effect of astragaloside IV

on HT-29 cells. (d) Inhibitory effect of berberine on HT-29 cells.

The LASSO regression model further screened
out 8 core pro-cancer proteins, including ST7,
GPCPD1, and PODXL in the QBDS group, and
FAT1, GRB7, KRT7, MAFF, and MMPS in the DHS
group. These proteins interact with key pathways such
as NF-kB and PI3K/AKT in the PPI network,
suggesting that they drive tumor progression by
regulating inflammatory signals, cell adhesion, and
matrix degradation. For example, as a transcription
factor, MAFF interacts with IL-6 to exacerbate
inflammation'*!, and MMP8 promotes metastasis by
degrading the extracellular matrix, which is consistent
with the highly invasive phenotype of the DHS
syndrome!*!.

Molecular docking results showed that the
binding energies of astragaloside IV with core
proteins in the QBDS group were all < -5 kcal/mol,
among which 4 hydrogen bonds were formed with
PODXL, suggesting that it regulates immune-related
targets through stable binding. Berberine had lower
binding energies with DHS group proteins and formed
hydrogen bonds with multiple amino acid residues,
showing stronger binding specificity, which may exert
its  effects by  inhibiting = MAFF-mediated

inflammatory pathways and MMPS8’s matrix
degradation function!>*®!,

Notably, berberine showed significantly stronger
inhibitory effects on the proliferation of HCT 116 and
HT-29 cells than astragaloside IV (48 h IC;, as low as
15.21 mg/L), and exhibited time-dose dependence,
which was consistent with the higher binding energy
in molecular docking, suggesting that berberine has
better therapeutic potential in damp-heat syndromes.
It should be noted, however, that HCT116 and HT-29
cells are conventional CRC lines and do not
recapitulate the in vivo immune or inflammatory
microenvironment characteristic of QBDS or DHS.
Therefore, the observed anti-proliferative effects
cannot be directly interpreted as syndrome-selective
mechanisms; rather, the evidence for syndrome
specificity primarily derives from the differential
protein expression in clinical tissues and the binding
specificity differences in molecular docking. Future
studies using co-culture systems or animal models
that simulate syndrome-specific microenvironments
are needed to further validate these mechanistic
links*7),
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Validation through GEPIA databases showed that
ST7 mRNA was significantly upregulated in tumor
tissues compared with normal tissues. The HPA
immunohistochemical data for ST7 were used as a
supplementary reference; however, given the potential
limitations in antibody reliability and staining
conditions within the database, these IHC results
should be interpreted with caution. Our primary
evidence for ST7 upregulation derives from the TMT
proteomic data and GEPIA transcriptomic data.
Similarly, PODXL was highly expressed in tumor
tissues and had no significant association with
pathological stages, suggesting that their functions
may focus on early metabolic regulation of
tumorigenesis'**’; FAT1 expression showed a
downward trend with increasing stages, possibly
related to early tumor invasion®”, while KRT7
expression was positively correlated with stages,
consistent with its pro-metastatic role in tumor
progression".  Survival analysis showed no
significant differences in survival rates between high-
expression and low-expression groups of core
proteins, which may be affected by sample size
limitations or multifactorial regulation and requires
verification in large sample cohorts. Given that the
survival analysis yielded no significant differences
between high- and low-expression groups for any of
the eight core proteins (P>0.05), these findings do not
support a prognostic role for these targets. Their
primary value lies in their differential expression
between TCM syndromes, and they should be
considered as hypothesis-generating candidates for
syndrome-related molecular differences rather than as
established prognostic biomarkers. Future studies with
larger cohorts and rigorous confounder control are
needed to determine whether any of these proteins
have independent prognostic significance. In addition,
we acknowledge the value of protein-level survival
analysis tools such as OSppc (based on CPTAC
proteomic data) for future validation, which may
complement our current mRNA-based GEPIA
analysis and further strengthen the evidence for the
prognostic relevance of these core proteins.

This study first constructed a TCM syndrome-
differentially expressed protein-Chinese medicine
component association network and found that
astragaloside IV and berberine exerted their effects by
targeting core proteins of QBDS/DHS groups,
respectively. For example, astragaloside IV may
improve the immunosuppressive microenvironment in
the qi-blood deficiency state by regulating ST7-
mediated immune surveillance and GPCPD1-involved
lipid metabolism®**¥); berberine may reverse the pro-

inflammatory microenvironment of the DHS by
inhibiting MAFF/NF-kB pathways and MMPS's
invasion-related functions. This finding provides
molecular evidence for the syndrome-specific
medication of Chinese medicines***". For example,
berberine's strong binding capacity to MAFF is
consistent with its anti-inflammatory effect, and
astragaloside 1V ’s regulation of PODXL is consistent
with its immunomodulatory effect.

This study has a small sample size and only
includes two syndromes, which may affect the
generalizability of the results. Nevertheless, to
mitigate the risk of overfitting inherent in
high-dimensional proteomic data with a limited
cohort, we employed 10-fold cross-validation in the
LASSO regression and selected core proteins using
both A.min and 4. 1se criteria. In addition, independent
validation in public database and cross-validation by
molecular docking and in vitro CCK-8 assays further
support the robustness of our findings. Thus, the eight
core proteins identified by LASSO should be regarded
as hypothesis-generating candidates that require
independent validation in larger cohorts, rather than as
definitive conclusions. In addition, the lack of
immunohistochemical data for GPCPD1 in the HPA
database requires supplementary verification by
experiments such as Western blot. Regarding
GPCPDI1, although it was selected based on our TMT
data (upregulated in QBDS, fold change >1.5, P=
0.003 1) and LASSO regression, the lack of
supporting IHC data from HPA and the
non-significant mRNA difference in GEPIA suggest
that its role as a core QBDS protein remains tentative
and requires further validation. Furthermore, we
acknowledge that direct validation of target protein
regulation by astragaloside IV and berberine in cell
lines was not performed in the current study. Due to
limited research funding, we were unable to conduct
these experiments at this stage. Nevertheless, our multi
—level evidence-including molecular docking, CCK-8
assays, and public database analyses—provides
substantial support for the proposed compound-target
associations. We plan to perform systematic validation
of protein-level regulation in future studies. The
dynamic expression differences of core proteins in
different syndromes and their associations with
clinical prognosis still need to be verified by
expanding the sample size and including multi-center
data.

From a technical perspective, proteomics only
reflects the protein expression status at a certain time
point and lacks real-time monitoring of dynamic
signaling pathways. In the future, phosphoproteomics
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or single-cell sequencing technology can be combined
to analyze the dynamic activation patterns of key
pathways such as NF-«B and PI3K/AKT in different
syndromes and deeply interpret the time-sequential
regulation mechanisms of astragaloside IV and
berberine. In addition, although molecular docking
confirms the binding potential between drugs and
targets, experiments such as surface plasmon
resonance (SPR) or fluorescence polarization are
needed to verify the affinity, and in vivo efficacy
verification in animal models is required to clarify the
target delivery efficiency and toxicity differences of
drugs in different syndromes. Furthermore, we
acknowledge the value of tools such as OStme for
analysing tumour microenvironment components,
which could be applied in future studies to further
explore the immune-related contributions of these
DEPs.

It should be noted that the primary objective of
this study was to compare the proteomic profiles
between two TCM syndromes within CRC; therefore,
only tumor tissues were analyzed without paired
adjacent non-cancerous tissues. This design was a
deliberate choice to maximize the statistical power for
inter-syndrome comparison under constrained sample
resources, rather than an oversight. Although we
validated the aberrant expression of the core proteins
in tumor versus normal tissues using public databases
and confirmed their functional relevance via in vitro
assays, the lack of direct matched normal controls
remains a limitation. Future studies incorporating
paired adjacent tissues are warranted to further
distinguish syndrome-specific alterations from general
cancer-related changes and to elucidate the
mechanistic roles of these core proteins in CRC

pathogenesis.
In the TCM syndrome differentiation system, the
associations between constitutional factors, gut

microbiota, and syndromes have not been included in
the study. In follow-up research, metabolomics and
microbiomics data can be integrated to construct a
multi-dimensional network of syndrome-molecule-
microbiota to reveal the gut microecological
characteristics of damp-heat/qi-blood deficiency
syndromes and their interactions with Chinese
medicine targets. For example, the “damp-heat”
characteristics of the DHS syndrome may be related
to LPS accumulation induced by gut microbiota
dysregulation, and berberine’s antibacterial properties
may indirectly inhibit tumors by regulating the
microbiota.

In terms of clinical translation, it is necessary to

develop Chinese medicine compound formulas or
nano-delivery systems targeting core targets to
improve the drug targeting for specific syndromes.
For example, based on the immunomodulatory
properties of astragaloside v, tumor
microenvironment-responsive nanocarriers can be
designed to  enhance its  enrichment in
immunosuppressive areas; for berberine’s multi-
target properties, structural optimization can be used
to improve the binding specificity with proteins such
as MAFF and reduce systemic toxicity.

4 Conclusion

Through proteomics, molecular docking, and
in vitro cell experiments, this study systematically
revealed the differential protein characteristics of
CRC in QBDS and DHS and the action mechanisms
of astragaloside IV and berberine. The study
identified 44 DEPs, and 8 core targets were screened
by LASSO regression. Among them, astragaloside IV
regulates immunity and lipid metabolism by targeting
proteins such as PODXL and ST7, while berberine
inhibits inflammation and invasion-related proteins
such as MAFF and MMP8 through strong binding
energy, and in vitro experiments confirmed that
berberine has a stronger inhibitory effect on the
proliferation of CRC cells. Bioinformatics verification
showed that core proteins were associated with tumor
tissue expression and pathological stages. Although
survival analysis did not show significant differences
due to sample size limitations, their molecular
mechanisms provide valuable proteomic clues for the
cross-scale  association of TCM  syndrome-
differentially expressed protein-Chinese medicine
component, although further validation with normal
tissue controls is needed to confirm the cancer-
specificity of these targets. This study first established
the proteomic basis for precision treatment by
integrating traditional Chinese and Western medicine,
laying a foundation for the targeted intervention of
Chinese medicines in different syndromes of CRC. In
the future, mechanism verification and clinical
translation need to be further deepened through
sample expansion, multi-omics integration, and in
Vvivo experiments.

Data Availability The data associated with this
paper (DOI:  10.57760/sciencedb. 00zqj/CSTR:
31253.11. sciencedb. 00zqj) are available from the
Science Data Bank (ScienceDB) database at https:/
www. scidb. cn/detail? dataSetld=09f56c812dad4374a5
ce79167842c07d.
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GHMPESOWEIESEAMENESRAFSH:
BERAFIVA/NERBEEEETTER

FhAs'D REFLY Gk BV FELY Hh OAY MHBED B &Y

glg _giz) 93 g}]#/; 7,8)%* 1% nléI'Z)**
(" HA R EA R P EIAAEBE, 22 7301015

2l D EBEES EBATT IANEE, 221 7300505

D PP EEB TSR, P9 7100215
D 22PN KA EEAL T 2R R AR P A A S S0 %, 2291 7300005
3 MK — B ISR —F), K45 1300215
O FPRHTEITIX AR E R4 BT 1406, K 4014205
7 v )\ A G B AR B A 5 LD O BE B4 TT T T4MBE, 2291 7300505
§ oh R ARG RS A S LI O BE e, Hol & T AT 53R 250 i 923, 2491 730050)

WE BB FiT4 M (colorectal cancer, CRC) S ML HEE (qi-blood deficiency syndrome, QBDS) 5z #iE
(damp-heat syndrome, DHS) &A%, W “ERE-ZREA-PLES" MY, Fix RABREE RS
(tandem mass tag, TMT) # B4 44 A8 10 51 CRC & 412 (QBDS 41 5% . DHSZH5M), itz Rty
(differentially expressed proteins, DEPs) ; L FH 5 /)N & X US4 Fl e 5 5.1 (least absolute shrinkage and selection operator,
LASSO) [n[Ja A% 8 F IR Y, R85 701 % H S A ML 00 &8 (cell counting kit-8, CCK-8) Si8, 7EAZ
A4 %R 116 (human colon tumor 116, HCT 116) FIAMEANZR 29 (human tumor 29, HT-29) 4HEHHE#EH 1T IV
FUNBERR I Z5 G RE T MPTIsE/E A . R L% 44 DEPs, HQBDSAI 214~ L, 234 T, FEEETIINT
G . BT «B (nuclear factor kappa-B, NF-xB) {51 [ S AH FE R, i8ad LASSO B Hr i e 2k A5 8 ML A,
H v QBDS 41 4 45 b 33 & A= i I F 7 (suppression of tumorigenicity 7, ST7) . H i B B2 A0 6 i #2 — M5 g 1
(glycerophosphocholine phosphodiesterase 1, GPCPD1). /2228 FFEE T (podocalyxin-Like, PODXL); DHS ZHfuf%F M7y
P56 19 1 (FAT atypical cadherin 1, FAT1) ., A=K FZik4E& 8197 (growth factor receptor bound protein 7, GRB7). ffi
# M7 (keratin 7, KRT7). MAF bZIP ¥ 5% [H-FF (MAF bZIP transcription factor F, MAFF) . &5 4 J& 8 (/i 8 (matrix
metalloproteinase 8, MMPS), 4> FX B/, #HEHH IV 5 QBDS #.0H H 45 & HE MK T -5 keal/mol, /NEERK 5 DHS #.0>
B LSS RE AL H A S S5 . /NG S 3R HCT 116 A1 HT-29 408451, 48 h IC, 5%k 15.21 mg/L, 1T i E P TF
IV, &8 CRCAIMP UL S IRHGEEA AR A8 10 T2 2ARRE, 38 6 FHE TV R/ NBEGRTT RE 73 70 48 [l SEAR e S P A O AR
RYEAER, AEE TR CRCKEHERE & DLW o SR b 20 B 1 T2l 2P AR -

XEER  ZNEE, SUMPEILE, BPGE, EAFEY, STV, R
HESES R-285 DOI: 10.3724/j.pibb.2026.0258 CSTR: 32369.14.pibb.20260258

* TN A BRI T H AW & T (20YF8FA098) , HIN AL 2= HOAR T BT (23IRRAS539), TN A BF 2= H AT H AR I 4
(25]RRA429) FH=2 MR HAR )R (2024-9-163) BEHITH .
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