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CALR degradation to inhibit the EGFR/STAT3/PI3K/AKT signaling cascade and
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disease burden is particularly prominent in China. Identifying novel pathogenic drivers and their inhibitors is
crucial for advancing precision treatment of GC. This study aimed to investigate the function and molecular
mechanisms of calreticulin (CALR), which plays key roles in multiple cellular processes such as calcium
homeostasis, protein folding, and immune responses, in GC, and to screen small-molecule compounds targeting
CALR and evaluate their anti-GC effects. Methods () CALR was knocked down or overexpressed in GC
cells via lentivirus, and the effects of CALR on GC cell proliferation, apoptosis, and cell cycle in vitro and in
vivo were analyzed by EdU assay, flow cytometry, and xenograft tumor model in nude mice; @ The mechanism
by which CALR regulates the proliferation of GC cells using transcriptome sequencing, RT-qPCR, Western
blotting, and flow cytometry; @ Candidate small-molecule compounds targeting CALR were screened and
validated by CCK-8 assay, surface plasmon resonance (SPR), molecular dynamics, molecular docking, and
cellular thermal shift assay; @) To clarify the degradation mechanism of the candidate small-molecule
compounds, its inhibitory effect on gastric cancer cell proliferation, and its toxicity were analyzed by RT-qPCR,
Western blotting, cycloheximide (CHX) chase assay, in vitro and in vivo experiments, HE staining, and blood
cells and biochemical indicators. Results (DEJU assay showed that CALR expression significantly affected
the proliferation of GC cells (P<0. 05). Flow cytometry analysis revealed that inhibition of CALR expression
significantly promoted apoptosis in GC cells (P<0.05); @ Mechanistic studies demonstrated that CALR
regulated apoptosis by synergistically modulating the caspase 9 (CASP9) apoptotic pathway and
phosphorylation-dependent oncogenic signaling cascades (EGFR/STAT3/PI3K/AKT). In CALR-knockdown
model, treatment with a CASP9 inhibitor significantly suppressed apoptosis (P<0.05) and cleaved-CASP9
expression in MGC-803 cells; (3 The small-molecule compound yxx1121 primarily targeted CALR protein
degradation via the lysosomal pathway, and this inhibitor exhibited low toxicity and effective proliferation
inhibition in CALR-overexpressing GC cells in wvitro and in vivo (P<0.05). Conclusion CALR is
upregulated in gastric cancer and promotes cell proliferation, and its mechanism involves the EGFR/STAT3/
PI3K/AKT signaling cascade and the CASP9 apoptotic pathway. The novel small-molecule compound
yxx1121 can target CALR for degradation through the lysosomal pathway, inhibit the above oncogenic
signaling cascades, and thereby exert anti-GC effects.
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ik 12 B Ak R K A R Y B 6 IR (negative
control, NC) W [ 75 M 5 H L e A BR A 7 o MR8
]~ UL, SGC-7901 4 it 53 77 J& 4% LV 18-Puro-CALR
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NC 12 75 , B YL vk 2l 50/100 MOT, B , BT A Je e
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iz if§ A1 2 40 6 ), RIPA buffer 14 H Thermo
Fisher Scientific Inc , fif /2 fiti 8 11 /il 90 1 550 0 b 3
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Yyt tr ik — W57 . 813 Discovery Studio Visualizer
F Pymol X TR TR 45 AT T 5307 . BB AR
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BT 4% 22 5 RV v [ E R 24 he [EE S 40
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S 4 LR E % 20 (HUVEC A GES-1) HP 1 1Csofl , 45
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Figure 1 Effects of calreticulin (CALR) on proliferation of gastric cancer (GC) cells
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A and B: Representative flow cytometry plots (A) and statistical analysis (B) of apoptosis in MGC-803 cells after CALR knockdown; C and D:
Representative flow cytometry plots (C) and statistical analysis (D) of apoptosis in AGS cells after CALR knockdown; E and F: Representative
flow cytometry plots (E) and statistical analysis (F) of apoptosis in SGC-7901 cells after CALR overexpression; G and H: Representative flow
cytometry plots (G) and statistical analysis (H) of cell cycle distribution in MGC-803 cells after CALR knockdown; I and J: Representative
flow cytometry plots (1) and statistical analysis (J) of cell cycle distribution in AGS cells after CALR knockdown; K and L: Representative flow
cytometry plots (K) and statistical analysis (L) of cell cycle distribution in SGC-7901 cells after CALR overexpression
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Figure 2 Impact of CALR on the cell cycle and apoptosis in GC cells
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A to C: Transcriptome sequencing analysis of CALR-overexpressing GC cells, including volcano plot (A), KEGG pathway enrichment (B),

and heatmap (C) ;

D and E: Western blotting of apoptosis-related molecules (D) and signaling pathway molecules (E) ;

F and G:

Representative flow cytometry plots (F) and statistical analysis (G) of apoptosis in CALR-knockdown GC cells treated with CASP9 inhibitor;
H': Western blotting analysis of cleaved CASP9 expression in CALR-knockdown GC cells treated with CASP9 inhibitor
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Figure 3 CALR regulates the proliferation of GC cells via CASP9/phospho-kinase networks
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A: Determination of the interaction between CALR protein and compound yxx1121 by surface plasmon resonance (SPR) assay; B: Structure of

yxx1121; C: 2D interaction diagram between yxx1121 and CALR protein; D: 3D interaction diagram between yxx1121 and CALR protein;

E: Variation of root mean square deviation (RMSD) values of CALR and small molecules with time; F: Change in radius of gyration (Rg) value

of CALR over time in pure protein system and complex system; G: Free energy landscape map with RMSD and Rg as transverse and longitudinal

coordinates in complex system; H: Cells were incubated with yxx1121 or DMSO for 12 h, and cellular thermal shift assay (CETSA) analyzed

the thermal stabilization of CALR protein at different temperatures; I: The 1Cso of yxx1121 in GC cells; J: The ICso of yxx1121 in normal cells
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Figure 4 Screening of CALR-targeting small molecules
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A: RT-PCR analysis of CALR mRNA expression in CALR-knockdown (MGC-803) or CALR-overexpressing (SGC-7901) GC cells after

treatment with yxx1121 (10 pmol/L) for 24 h; B: Grayscale quantification and Western blotting of CALR protein expression in CALR-
knockdown (MGC-803) or CALR-overexpressing (SGC-7901) GC cells after treatment with yxx1121 (10 pmol/L) for 24 h; C: Effect of

yxx1121 on CALR protein stability in CALR-overexpressing GC cells;

D: Analysis of the effect of yxx1121 on CALR degradation pathways.

MG132 represents a proteasome pathway inhibitor and CQ represents a lysosomal pathway inhibitor
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Figure 5 Effects of yxx1121 on mRNA and protein expression of CALR
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A: Representalive images and statistical analysis of Edu-positive cells in CALR-knockdown (MGC-803) GC cells after treatment with yxx1121
(10 pmol/L) for 24 h; B: Representative images and statistical analysis of Edu-positive cells in CALR-overexpressing (SGC-7901) GC cells

after treatment with yxx1121 (10 pwmol/L) for 24 h; C: Schematic of the in vivo efficacy protocol for yxx1121 treatment using subcutaneous

xenograft tumor models; D: Gross images of xenograft tumors from different treatment groups; E: Statistical analysis of tumor volume or tumor

weight in different treatment groups
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Figure 6 Regulatory effect of yxx1121 on the proliferation of GC cells is dependent on CALR
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A: WBC, RBC and HGB levels in BALB/c nude mice treated with yxx1121 (30 mg/kg) and controls; B: Creatinine, ALP, ALT and AST

levels in BALB/c nude mice treated with yxx1121 (30 mg/kg) and controls; C: Representative images of HE staining of the heart, liver,

spleen, lungs and kidneys treated with yxx1121 (30 mg/kg)
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Figure 7 Toxicity analysis of yxx1121 in inhibiting the proliferation of gastric cancer cells in vivo
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Figure 8 Schematic diagram illustrating the mechanism
by which the small molecule compound yxx1121
inhibits the regulation of gastric cancer cell
proliferation by CALR
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