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 20 

Abstract: 21 

Background: Liver cancer (LC) is one of the leading causes of cancer-related deaths 22 

worldwide. Its complex vascular regulatory network and drug resistance severely limit clinical 23 

efficacy. Although LGALS3BP is highly expressed in various malignant tumors, its biological 24 

function and molecular regulatory mechanisms in LC angiogenesis remain to be elucidated. 25 

Methods: Bioinformatics analysis was used to examine the expression of LGALS3BP in 26 

hepatocellular carcinoma (HCC) and its relationship with angiogenesis and the NOTCH 27 

signaling pathway. qRT-PCR, Western blot (WB), and ELISA were performed to validate the 28 



mRNA, protein expression, and secretion levels of LGALS3BP. The effects of LGALS3BP on 29 

HCC cell viability, proliferation, and invasion were assessed using CCK-8, colony formation, 30 

and Transwell assays. A co-culture system of HCC cells and human umbilical vein endothelial 31 

cells was established to evaluate pro-angiogenic effects. qRT-PCR and WB were used to detect 32 

mRNA and protein expression of the NOTCH pathway. Bioinformatics analysis combined with 33 

Co-IP and IF validated the interaction between UGGT1 and LGALS3BP. N-glycosylation sites 34 

of LGALS3BP were analyzed, and the role of UGGT1 in LGALS3BP N-glycosylation was 35 

investigated through protein stability assays, WB, and ELISA. The impact of UGGT1-mediated 36 

LGALS3BP N-glycosylation on the NOTCH pathway and HCC angiogenesis was explored via 37 

qRT-PCR, WB, functional cell assays, and co-culture experiments. Finally, in vivo validation 38 

was conducted using a xenograft tumor model. 39 

Results: LGALS3BP was significantly overexpressed in HCC tissues and cells. Knockdown of 40 

LGALS3BP inhibited HCC cell proliferation and invasion, reduced VEGF-A expression, and 41 

suppressed tube formation in human umbilical-vein endothelial cells. Mechanistically, UGGT1 42 

maintained LGALS3BP protein stability by mediating its N-glycosylation modification. 43 

LGALS3BP promoted VEGF-A expression by activating the NOTCH pathway. Animal 44 

experiments demonstrated that UGGT1 knockdown significantly inhibited tumor growth and 45 

angiogenesis, an effect that could be partially rescued by LGALS3BP overexpression. 46 

Conclusion: This study reveals that UGGT1 promotes angiogenesis in HCC by mediating 47 

N-glycosylation of LGALS3BP and activating the NOTCH/VEGF-A signaling axis, providing 48 

a potential target for anti-angiogenic therapy in HCC. 49 

Keywords: liver cancer; UGGT1; LGALS3BP; N-glycosylation modification; angiogenesis 50 

 51 

1 Introduction 52 

Liver cancer (LC) ranks as the sixth most common malignancy worldwide, and its steadily 53 

increasing burden has become a major global public health challenge1. Between 2010 and 2021, 54 

the annual number of new LC cases rose by 26%, while associated mortality climbed 25%2. Its 55 

progression and metastasis are highly dependent on pathological angiogenesis3. LC is 56 

characterized by disorganized vessel architecture and aberrant vascular networks; this 57 



pathological remodeling not only supplies nutrients but also fosters the highly aggressive 58 

behavior of the tumor4. Therefore, anti-angiogenic therapy is considered a promising strategy, 59 

yet the complexity of vascular-regulatory networks and the emergence of drug resistance have 60 

substantially limited its efficacy5. Novel, rationally designed anti-angiogenic targets are 61 

therefore urgently needed to overcome the limitations of existing therapeutic targets, such as 62 

their singularity and susceptibility to drug resistance, thereby improving patient quality of life. 63 

The NOTCH signaling pathway is essential for cell proliferation, differentiation, 64 

embryonic development and tissue homeostasis6. In LC, NOTCH signaling is frequently 65 

upregulated and plays a pivotal oncogenic role7. For example, the ADAM17 inhibitor ZLDI-8 66 

sensitizes hepatocellular carcinoma (HCC) cells to sorafenib by suppressing NOTCH activity8, 67 

indicating that blockade of NOTCH pathway may offer new intervention strategies and 68 

enhance current therapies. Moreover, NOTCH signaling pathway is a central regulator of tumor 69 

angiogenesis9. Ligand-receptor interactions within the pathway govern endothelial-cell 70 

function and thereby control neovascularization and vascular remodeling10. Notably, recent 71 

research indicates that in LC, aberrant activation of NOTCH signaling pathway 72 

transcriptionally upregulates vascular endothelial growth factor (VEGF), driving robust 73 

neovessel formation11. Thus, targeting the NOTCH signaling pathway may exert therapeutic 74 

effects by influencing the process of angiogenesis in LC. This finding provides a potential 75 

research direction for exploring therapeutic strategies for LC. 76 

LGALS3BP (galectin-3-binding protein) is a secreted glycoprotein that mediates cell-cell 77 

communication, immune homeostasis and tumor-microenvironment remodeling12. LGALS3BP 78 

is substantially overexpressed in LC and several other cancers12. It can activate TGF-β1 via 79 

integrin αV, thereby accelerating liver fibrosis and tumor progression13. Importantly, the 80 

functional activity of LGALS3BP is modulated by its glycosylation modification. 81 

N-glycosylation strengthens LGALS3BP interaction with galectins and subsequently 82 

influences intercellular and cell-extracellular matrix interactions, angiogenesis and tumor cell 83 

apoptosis12. We therefore hypothesized that modulation through glycosylation modification of 84 

LGALS3BP could critically influence LC angiogenesis. 85 

Here, we uncover a previously unrecognized mechanism in which UGGT1 (UDP-glucose 86 

glycoprotein glucosyltransferase 1) mediates N-glycosylation of LGALS3BP to activate 87 



NOTCH signaling and thereby promote LC angiogenesis. Our findings establish the 88 

UGGT1-LGALS3BP-NOTCH signaling axis as a key driver of tumor neovascularization and 89 

provide new targets for targeting glycosylation events in anti-angiogenic therapies. 90 

 91 

2 Methods 92 

2.1 Bioinformatic Analysis 93 

Firstly, the mRNA expression profiles and clinical data of HCC tissues and adjacent 94 

non-tumor tissues were downloaded from The Cancer Genome Atlas (TCGA) database. The 95 

expression of LGALS3BP and UGGT1 in HCC was analyzed through the GEPIA website 96 

(http://gepia.cancer-pku.cn/). After grouping based on the median expression of LGALS3BP, 97 

GSEA was performed to explore its association with angiogenesis marker genes and the 98 

NOTCH pathway. The correlation between LGALS3BP and angiogenesis genes was further 99 

verified by Pearson correlation analysis. The protein interaction network was constructed 100 

based on the BioGRID database (https://thebiogrid.org/) to elucidate the interaction between 101 

UGGT1 and LGALS3BP. Finally, the N-glycosylation modification sites of LGALS3BP were 102 

predicted using the NetNGlyc website (http://www.cbs.dtu.dk/services/NetNGlyc/). 103 

2.2 Cell Cultivation and Reagents 104 

Detailed cell-line information is provided in Table 1. MIHA cells were maintained in 105 

RPMI-1640 complete medium (Gibco, USA) supplemented with 10% fetal bovine serum (FBS; 106 

BNCC, China) and 1% penicillin/streptomycin (P/S, Solarbio, China). Hep3B cells were 107 

cultured in MEM (Procell, China) containing 10% FBS, 1% P/S and 1% non-essential amino 108 

acids (Gibco, USA). 293T, MHCC97L and Huh7 cells were grown in DMEM complete 109 

medium (Procell, China) with 10% FBS and 1% P/S. Human umbilical-vein endothelial cells 110 

(HUVECs) were maintained in a specialized HUVEC complete medium (Procell, China). All 111 

cells were incubated in an incubator at 37 ℃ with 5% CO₂ (Thermo Fisher, USA). 112 

2.3 RNA Interference, Plasmid Construction and Viral Infection 113 

Short hairpin RNAs targeting LGALS3BP (sh-LGALS3BP) or UGGT1 (sh-UGGT1), the 114 

corresponding overexpression plasmids (oe-LGALS3BP, oe-UGGT1) and their negative 115 

controls were bought from Shanghai Genechem (China). When cells reached 60-80% 116 



confluence, plasmids or shRNAs were transfected with Lipofectamine™ 3000 reagent 117 

(Invitrogen, USA); knockdown/overexpression efficiency was verified 48 h later. 118 

To construct a stably transfected Huh7 cell line, 293T cells in the logarithmic growth phase 119 

were first seeded into culture dishes. The target gene expression vector, together with the 120 

packaging plasmid psPAX2 and the envelope plasmid pMD2.G (Nanjing Jiangyuan, China), 121 

was co-transfected using the lipofection method. After 48 h of transfection, the culture 122 

supernatant containing viral particles was collected and used to infect Huh7 cells. 123 

2.4 Western Blot (WB) 124 

Cells were lysed on ice for 15 min in RIPA buffer supplemented with protease inhibitors 125 

(Beyotime, China). After centrifugation (12,000 × g, 20 min, 4 ℃), protein concentrations were 126 

determined with a BCA kit (Beyotime, China). Equal amounts of proteins were separated on 10% 127 

SDS-PAGE (Epizyme, China) and transferred to PVDF membranes (Baygene, China). 128 

Membranes were blocked with 5% non-fat milk (Solarbio, China) for 1 h, incubated with 129 

primary and secondary antibodies. Immunoreactive bands were visualized with ECL reagent 130 

(Yeasen, China) and imaged using a chemiluminescence imaging system (Bio-Rad, USA). 131 

Antibody details are provided in Table 2. 132 

2.5 qRT-PCR 133 

Total RNA was isolated with TRIzol reagent (Invitrogen, USA). Concentration and purity 134 

(A260/A280) were determined using a NanoDrop One micro-volume spectrophotometer 135 

(Thermo Fisher, USA). cDNA was synthesized with the PrimeScript RT Reagent Kit (Takara, 136 

Japan). qRT-PCR was conducted with PowerUp SYBR Green Master Mix (Applied 137 

Biosystems, USA) on an ABI 7500 PCR System (Thermo Fisher, USA). β-actin served as the 138 

internal reference; relative gene expression was calculated by the 2-ΔΔCt method. Primer 139 

sequences are displayed in Table 3. 140 

2.6 Cell Counting Kit-8 (CCK-8) Assay 141 

Treated cells were seeded at 2×10³ cells per well in 96-well plates (Corning, USA) with 142 

three replicates. CCK-8 solution was added at 0, 24, 48, 72 and 96 h, followed by incubation at 143 

37 ℃ for 2 h. Absorbance (Optical density (OD) value) at 450 nm was measured on a 144 

multimode microplate reader (Tecan Spark, Switzerland) to evaluate cell proliferation. 145 

2.7 Colony Formation Assay 146 



Cells were plated in 6-well plates (Corning, USA) at 1×10³ per well and cultured for 14 147 

days in complete medium supplemented with 10% FBS (Procell, China) at 37 ℃ with 5% CO₂. 148 

Upon the end of the experiment, colonies were gently rinsed twice with pre-cooled PBS (4 ℃) 149 

and immobilized with 1 mL of 4% paraformaldehyde (PFA) (Sigma-Aldrich, USA). After 150 

removing the fixation solution, cells were stained with 5 mL 0.1% (w/v) crystal violet 151 

(Sigma-Aldrich, USA). After thorough washing with deionized water, plates were air-dried and 152 

imaged. 153 

2.8 Cell Invasion Assay 154 

Transwell inserts were pre-coated with 50 µL Matrigel (Corning, USA) and allowed to 155 

solidify at 37 ℃. Cells were digested with 0.25% trypsin (Gibco, USA), resuspended in 156 

serum-free medium and seeded at 4×10⁴ cells per insert into the upper chamber. Medium 157 

containing 10% FBS was placed in the lower chamber as a chemotactic inducer. After 48 h, 158 

non-invading cells on the upper surface were gently removed with a cotton swab. Invaded cells 159 

were fixed with 4% PFA (Sigma-Aldrich, USA), stained with 0.1% crystal violet (Servicebio, 160 

China), rinsed, and photographed under an inverted microscope (Zeiss, Germany). 161 

2.9 ELISA 162 

Expression of VEGF-A in human cells and mouse samples and LGALS3BP secretion in 163 

human cells were quantified with commercial ELISA kits. For human cell samples, 164 

human-specific VEGF-A ELISA kits (Invitrogen, USA) and human-specific LGALS3BP 165 

ELISA kits (FineTest, China) were used; for mouse samples, mouse-specific VEGF-A ELISA 166 

kits (Invitrogen, USA) were used. The OD values were measured at 450 nm using a multimode 167 

microplate reader (Tecan Spark, Switzerland). The concentrations of the target proteins were 168 

calculated through a standard curve. 169 

2.10 Co-culture System 170 

A Transwell co-culture system (0.4 µm pore size; Corning, USA) was used to evaluate 171 

interactions between HCC cells and HUVECs. Specifically, HUVECs were seeded in the lower 172 

chamber at 2×10⁵ cells per insert, and HCC cell lines (Hep3B or Huh7) were plated in the 173 

upper chamber at 2×10⁵ cells per insert. Cells were co-cultured for 48 h in DMEM containing 5% 174 

FBS (Procell, China) before HUVECs were harvested for subsequent tube formation assays. 175 

2.11 Co-Immunoprecipitation (Co-IP) 176 



Huh7 cells were lysed in RIPA buffer supplemented with protease and phosphatase 177 

inhibitors (all Beyotime, China). After centrifugation, the supernatant of the lysate was divided 178 

into two groups: the experimental group was treated with specific antibodies against 179 

LGALS3BP (10281-1-AP, Proteintech, China) or UGGT1 (ab241357, Abcam, UK); the control 180 

group was treated with an equivalent amount of rabbit anti-IgG (ab172730, Abcam, UK). The 181 

samples were incubated overnight at 4°C. Subsequently, Protein A/G magnetic beads 182 

(Invitrogen, USA) were added and the incubation continued for another 4 h. After washing with 183 

PBS, the samples were boiled in 5× SDS loading buffer (Beyotime, China) to denature the 184 

proteins, and then subjected to WB analysis. 185 

2.12 Protein Stability Assay 186 

Huh7 cells grown to 80% confluence in 6-well plates were treated with 50 µg/ml 187 

cycloheximide (CHX, Sigma-Aldrich, USA). Cells were harvested at 0, 2, 4 and 6 h post-CHX, 188 

lysed in RIPA buffer (Beyotime, China) and subjected to WB for LGALS3BP. 189 

2.13 Immunofluorescence (IF) Staining 190 

IF staining was performed to detect colocalization of UGGT1 and LGALS3BP in Huh7 191 

cells. Huh7 cells were seeded into confocal culture dishes (NEST, China). After fixation with 192 

75% ethanol and permeabilization with 0.3% Triton X-100 (Solarbio, China), cells were 193 

incubated overnight at 4°C with rabbit anti-UGGT1 (14170-1-AP, Proteintech, China) and 194 

mouse anti-LGALS3BP (60066-1-Ig, Proteintech, China). Subsequently, the cells were 195 

incubated for 1 h at room temperature in the dark with goat anti-rabbit IgG H&L (Alexa Fluor® 196 

488) (ab150077, Abcam, UK) and goat anti-mouse IgG H&L (Alexa Fluor® 647) (ab150115, 197 

Abcam, UK). The nuclei were stained with DAPI (Invitrogen, USA). Finally, images were 198 

captured by a laser confocal microscope (Zeiss, Germany). 199 

IF staining was performed to detect CD31 expression. Frozen sections of tumor tissue 200 

were fixed and permeabilized, then blocked with 5% bovine serum albumin (BSA, 201 

Sigma-Aldrich, USA). The sections were incubated overnight at 4°C with rabbit anti-CD31 202 

primary antibody (ab222783, Abcam, UK). The following day, the sections were incubated for 203 

1 h at room temperature in the dark with goat anti-rabbit IgG H&L (Alexa Fluor® 488) 204 

secondary antibody (ab150077, Abcam, UK). After nuclear staining with DAPI (Invitrogen, 205 

USA), images were captured using a laser confocal microscope (Zeiss, Germany). 206 



2.14 Xenograft Tumor Model 207 

BALB/c nude mice from Beijing Vital River Laboratory Animal Technology Co., Ltd. 208 

(China) were used to construct a xenograft tumor model. All procedures were approved by the 209 

Animal Ethics Committee of Zhejiang Luoxi Medical Technology Co., Ltd., Hangzhou, China 210 

(Approval No. LX4825021202). Eighteen 4-6 week mice were housed under specific pathogen 211 

free conditions (22±1 ℃, 50% humidity, 12-h light/dark cycle), and were randomly assigned to 212 

three groups (n = 6 each): sh-NC+oe-NC, sh-UGGT1+oe-NC, and 213 

sh-UGGT1+oe-LGALS3BP. 214 

Stably transfected Huh7 cells (1×10⁶ cells per mouse) were mixed 1:1 with Matrigel 215 

(Corning, USA) and injected subcutaneously into the right flank. Tumor volumes were 216 

measured every 7 days. On day 28, mice were euthanized. Tumor tissues and mouse serum 217 

were harvested for further assays. 218 

2.15 Immunohistochemistry (IHC) 219 

Paraffin-embedded tissue sections were dewaxed in xylene (Merck, Germany) and 220 

rehydrated through graded ethanol (Servicebio, China). Antigen retrieval was performed by 221 

microwave heating in EDTA buffer (Beyotime, China). Endogenous peroxidase was quenched 222 

with 3% H₂O₂ (Sigma-Aldrich, USA) at room temperature, followed by blocking with 5% BSA 223 

(Beyotime, China) for 30 min. Sections were incubated overnight at 4 ℃ with primary 224 

antibodies (all rabbit): anti-UGGT1 (14170-1-AP, Proteintech, USA), anti-LGALS3BP 225 

(MA5-50412, Invitrogen, USA), anti-NOTCH1 (ab52627, Abcam, UK) or anti-Ki67 (ab16667, 226 

Abcam, UK). The following day, HRP-conjugated goat anti-rabbit secondary antibody 227 

(ab205718, Abcam, UK) was applied for 1 h at room temperature. Immunoreactivity was 228 

visualized with DAB (Beyotime, China) and nuclei were counterstained with hematoxylin 229 

(Solarbio, China). Images were captured using an inverted microscope (Zeiss, Germany) and 230 

analyzed with ImageJ (NIH, USA). 231 

2.16 Statistical Analysis 232 

All data were analyzed with GraphPad Prism 8.0 (GraphPad Software Inc., USA). 233 

Continuous variables are presented as x̄±s (n≥3). Comparisons between two groups were 234 

performed with t-tests; multiple groups were compared by one-way ANOVA. P < 0.05 was 235 

considered statistically significant. 236 



 237 

3 Results 238 

3.1 LGALS3BP is Highly Expressed in HCC and Induces Tumor Angiogenesis 239 

To elucidate the role of LGALS3BP in HCC, we first queried the GEPIA database and 240 

found that LGALS3BP mRNA is upregulated in HCC tissues (Fig. 1A). qRT-PCR and WB 241 

analyses further demonstrated that both mRNA and protein levels of LGALS3BP were 242 

significantly upregulated in HCC cell lines (Hep3B, MHCC97H, Huh7) than in the normal 243 

hepatocytes MIHA (Fig. 1B-C). Consistently, ELISA revealed that the secretion levels of 244 

LGALS3BP were also significantly higher in Hep3B, MHCC97L and Huh7 cells than in MIHA 245 

cells (Fig. 1D). Collectively, these data indicate that LGALS3BP is highly expressed in HCC 246 

and may serve as a potential diagnostic biomarker and therapeutic target. To explore the 247 

underlying mechanisms, GSEA was performed to reveal that LGALS3BP was significantly 248 

enriched in angiogenesis-related pathways and positively correlated with angiogenesis 249 

signatures in HCC (Fig. 1E-F). We next selected Hep3B cells, which highly express 250 

LGALS3BP, and stably knocked down LGALS3BP using shRNA; knockdown efficiency was 251 

confirmed by qRT-PCR and WB (Fig. 1G). Functional assays showed that LGALS3BP 252 

knockdown significantly reduced Hep3B cell viability, proliferation and invasion (Fig. 1H-J). 253 

VEGF-A, as a key member of the vascular endothelial growth factors, plays a crucial role 254 

in tumor angiogenesis. WB and ELISA demonstrated that LGALS3BP knockdown 255 

significantly decreased both protein expression and secretion of VEGF-A (Fig. 1K-L). We 256 

co-cultured LGALS3BP-knockdown Hep3B cells with HUVECs for a tube formation assay. 257 

Tube formation abilities of HUVECs were significantly reduced in the 258 

LGALS3BP-knockdown group compared to the sh-NC group (Fig. 1M). Taken together, these 259 

findings demonstrate that LGALS3BP is overexpressed in HCC and promotes tumor 260 

angiogenesis by upregulating VEGF-A. 261 

3.2 LGALS3BP Induces Angiogenesis in HCC via the NOTCH Signaling Pathway 262 

To dissect the molecular mechanism by which LGALS3BP promotes angiogenesis, we 263 

performed pathway-enrichment analyses. Results revealed that LGALS3BP was significantly 264 

enriched in the NOTCH signaling pathway (Fig. 2A). qRT-PCR and WB analyses in 265 



LGALS3BP-knockdown Hep3B cells showed that the mRNA and protein levels of NOTCH 266 

signaling pathway-related proteins, NOTCH1, HES1 and HEY1, were significantly 267 

downregulated. This indicates that LGALS3BP can possibly influence the expression of 268 

downstream effector molecules by modulating NOTCH signaling pathway. Notably, the 269 

protein expression of N1ICD, the active form of the NOTCH1 receptor, was also significantly 270 

downregulated (Fig. 2B-C). Subsequently, we overexpressed LGALS3BP in Huh7 cells; 271 

transfection efficiency was verified by qRT-PCR (Fig. 2D). Rescue experiments were then 272 

performed with the NOTCH signaling pathway inhibitor DAPT (HY-13027, MCE, USA). 273 

Functional assays revealed that LGALS3BP overexpression significantly enhanced Huh7 cell 274 

viability, proliferation and invasion, whereas co-treatment with DAPT reversed these 275 

pro-tumorigenic effects (Fig. 2E-G). These data confirm the oncogenic role of LGALS3BP 276 

and the key mediating role of NOTCH signaling pathway. WB and ELISA showed that 277 

LGALS3BP overexpression increased both VEGF-A protein expression and its secretion, and 278 

this increase was inhibited by DAPT (Fig. 2H-I). In co-culture assays, compared with the 279 

control group, the angiogenic capacity of HUVECs was enhanced in the co-culture system 280 

overexpressing LGALS3BP, while this effect was reversed by DAPT treatment (Fig. 2J). These 281 

results suggest that LGALS3BP promotes HCC angiogenesis by upregulating VEGF-A 282 

expression through activation of the NOTCH signaling pathway. 283 

3.3 UGGT1 Mediates N-Glycosylation of LGALS3BP 284 

To further dissect the regulatory mechanism of LGALS3BP in HCC, we performed 285 

protein-protein interaction analysis and identified UGGT1 as a potential interacting partner of 286 

LGALS3BP (Supplementary Fig. 1). TCGA data confirmed that UGGT1 mRNA was 287 

significantly upregulated in HCC tissues compared with adjacent normal tissues (Fig. 3A). 288 

Co-IP assays demonstrated a specific binding between UGGT1 and LGALS3BP (Fig. 3B), and 289 

IF co-localization showed that both proteins were predominantly localized in the endoplasmic 290 

reticulum (ER) (Fig. 3C). These results confirm that UGGT1 interacts with LGALS3BP. 291 

LGALS3BP is a secreted glycoprotein whose function may be controlled by 292 

N-glycosylation12. In silico prediction revealed seven putative N-glycosylation sites within 293 

LGALS3BP (Fig. 3D). Subsequently, to test whether UGGT1 mediates N-glycosylation of 294 

LGALS3BP, we established UGGT1-overexpressing Huh7 cells; transfection efficiency was 295 



verified by qRT-PCR (Fig. 3E). CHX chase assays showed that UGGT1 overexpression 296 

significantly prolonged the half-life of LGALS3BP protein (Fig. 3F). WB analysis revealed 297 

that UGGT1 overexpression significantly increased total LGALS3BP protein expression, 298 

compared to controls; however, upon treatment with the N-glycosylation inhibitor tunicamycin 299 

(HY-A0098, MCE, USA), the molecular weight of LGALS3BP decreased from approximately 300 

97 kDa to approximately 65 kDa, and its protein expression level significantly decreased 301 

compared to the UGGT1-overexpressing group (Fig. 3G). Consistently, ELISA demonstrated 302 

that UGGT1 overexpression enhanced LGALS3BP secretion, an effect that was inhibited by 303 

tunicamycin (Fig. 3H). Together, these data establish that UGGT1 stabilizes LGALS3BP 304 

protein and facilitates its secretion by mediating the N-glycosylation of LGALS3BP. 305 

3.4 UGGT1 Activates the NOTCH Signaling Pathway by Mediating the N-Glycosylation 306 

of LGALS3BP to Facilitate Angiogenesis in HCC  307 

To determine whether UGGT1-mediated N-glycosylation of LGALS3BP enhances 308 

angiogenesis in HCC via the NOTCH signaling pathway, we established three stable Huh7 309 

groups: control (sh-NC+oe-NC), UGGT1 knockdown (sh-UGGT1+oe-NC), and UGGT1 310 

knockdown and LGALS3BP overexpression (sh-UGGT1+oe-LGALS3BP). These models 311 

were used for rescue experiments; qRT-PCR confirmed efficient transfection (Fig. 4A). WB 312 

and ELISA showed that UGGT1 knockdown significantly reduced protein expression and 313 

secretion levels of LGALS3BP, whereas these effects were partially reversed by LGALS3BP 314 

overexpression (Fig. 4B-C). Consistently, NOTCH signaling pathway-related molecules, 315 

NOTCH1, HES1, HEY1 and N1ICD, were significantly downregulated at mRNA and protein 316 

levels after UGGT1 knockdown, as demonstrated by qRT-PCR and WB; these decreases were 317 

largely rescued by LGALS3BP overexpression (Fig. 4D-E). Functional assays revealed that 318 

UGGT1 knockdown significantly impaired Huh7 viability, proliferation and invasion, and each 319 

defect was partially reversed when LGALS3BP was re-introduced (Fig. 4F-H). VEGF-A 320 

expression and secretion were likewise diminished by UGGT1 knockdown and were partially 321 

reversed by LGALS3BP overexpression, demonstrated by WB and ELISA (Fig. 4I-J). 322 

Moreover, in tube formation assays, the angiogenic capacity of HUVECs co-cultured with the 323 

sh-UGGT1 group was significantly reduced compared to the control group, while the 324 

sh-UGGT1+oe-LGALS3BP group partially restored the angiogenic ability (Fig. 4K). 325 



Collectively, these data demonstrate that UGGT1 activates the NOTCH/VEGF-A signaling 326 

pathway by modulating the N-glycosylation of LGALS3BP to promote angiogenesis in HCC. 327 

3.5 In vivo Validation That UGGT1/LGALS3BP Induces HCC Angiogenesis via the 328 

NOTCH Signaling Pathway 329 

To validate the pro-angiogenic UGGT1/LGALS3BP/NOTCH axis in vivo, we established 330 

a xenograft tumor model by subcutaneously introducing Huh7 cells stably transfected with 331 

sh-NC+oe-NC, sh-UGGT1+oe-NC, or sh-UGGT1+oe-LGALS3BP into BALB/c nude mice. 332 

Results showed that compared with the control group, the tumor volume and weight in the 333 

UGGT1 knockdown group of nude mice were significantly reduced, and tumor growth was 334 

significantly slowed down. However, overexpression of LGALS3BP on the basis of UGGT1 335 

knockdown partially restored tumor volume, weight, and growth rate (Fig. 5A-C). IHC of 336 

resected tumors revealed that UGGT1 knockdown significantly reduced the protein expression 337 

of UGGT1, LGALS3BP, NOTCH1 and the proliferation marker Ki67; each reduction was 338 

partially reversed by LGALS3BP overexpression in the rescue group (Fig. 5D). ELISA showed 339 

that VEGF-A secretion was significantly diminished upon UGGT1 silencing and was partially 340 

restored when LGALS3BP was overexpressed (Fig. 5E). IF staining for the endothelial marker 341 

CD31 demonstrated that microvessel density was substantially decreased in sh-UGGT1 tumors 342 

but was significantly increased in the sh-UGGT1+oe-LGALS3BP group (Fig. 5F). 343 

Collectively, these data confirm that UGGT1-mediated N-glycosylation of LGALS3BP 344 

activates the NOTCH/VEGF-A signaling axis in vivo, thereby fueling angiogenesis and tumor 345 

growth in HCC. 346 

 347 

4 Discussion 348 

This study delineates a previously unrecognized axis in which UGGT1-mediated 349 

N-glycosylation of LGALS3BP activates the NOTCH signaling pathway, thereby driving 350 

angiogenesis in LC. First, by integrating bioinformatic analyses and experiments, we 351 

documented that LGALS3BP is highly expressed in HCC and acts as a potent pro-angiogenic 352 

factor. Mechanistically, LGALS3BP activates NOTCH signaling, which in turn 353 

transcriptionally upregulates VEGF-A. Moreover, we demonstrated that UGGT1 stabilizes 354 



LGALS3BP and facilitates its secretion through N-glycosylation of LGALS3BP, thereby 355 

activating the NOTCH signaling pathway and the resulting angiogenic response. 356 

LGALS3BP, a secreted glycoprotein, upregulates in multiple tumors, including LC, 357 

neuroblastoma and clear-cell renal cell carcinoma14-16. Our bioinformatic and experimental 358 

data corroborate LGALS3BP’s high expression in LC tissues and cell lines. Since LC is a 359 

highly vascularized tumor whose progression is closely linked to neovascularization17, we 360 

hypothesized that LGALS3BP drives tumor aggressiveness by inducing angiogenesis. Indeed, 361 

through GSEA and correlation analyses, we found a positive association between LGALS3BP 362 

and angiogenesis. Functional assays confirmed that LGALS3BP upregulates VEGF-A 363 

expression and facilitates tube formation. These findings establish the LGALS3BP-VEGF axis 364 

as a critical driver of LC angiogenesis and identify LGALS3BP as an attractive target for 365 

anti-angiogenic therapy. 366 

To uncover the specific mechanism underlying the modulation of angiogenesis by 367 

LGALS3BP, we performed pathway enrichment analyses. Results revealed the 368 

over-representation of the NOTCH signaling cascade. NOTCH signaling is a conserved 369 

pathway that governs cell proliferation, differentiation and vascular development under 370 

multiple physiological and pathological conditions18. In LC, NOTCH enhances 371 

epithelial-mesenchymal transition and metastatic dissemination19. Moreover, NOTCH is 372 

hyper-activated in drug-resistant LC cells and promotes tumor vascularization by upregulating 373 

VEGF; pharmacologic blockade with the NOTCH pathway inhibitor DAPT effectively inhibits 374 

tumor growth and angiogenesis20. Consistently, we observed that after LGALS3BP 375 

overexpression, LC cell viability, proliferation and invasion were increased, whereas DAPT 376 

treatment reversed these pro-tumorigenic effects. Collectively, these data underscore NOTCH 377 

inhibition as a promising therapeutic strategy for LC. 378 

N-glycosylation promotes the invasiveness and angiogenesis of tumors by affecting key 379 

signaling pathways and protein functions, thus playing an important role in the progression and 380 

angiogenesis of LC21, 22. For instance, N-glycosylation of Wnt3 modulates its binding to FZD 381 

receptors to regulate Wnt/β-catenin signaling and consequent proliferation, migration and 382 

invasion of LC cells23. The biological activity of the secreted glycoprotein LGALS3BP is 383 

N-glycosylation-dependent, with its protein stability essentially relying on it12. The regulation 384 



of N-glycosylation relies on the activity of the ER-localized glycosyltransferase UGGT124. 385 

UGGT1 is responsible for recognizing and repairing the N-glycan structures of misfolded 386 

glycoproteins. By mediating the reglycosylation of N-glycans, it competes with the 387 

ER-associated degradation pathways, thereby regulating the metabolism of unstable or 388 

misfolded glycoproteins25. UGGT1 can enhance the stability of PD-L1 protein by mediating its 389 

N-glycosylation, thereby promoting tumor immune evasion26. Additionally, research has 390 

indicated that the knockdown of UGGT1-AS1 leads to malignant proliferation of breast cancer 391 

cells, suggesting that UGGT1 may function as a tumor suppressor gene27. We have confirmed 392 

through bioinformatic analyses and cellular experiments that UGGT1 maintained protein 393 

stability and promoted the secretion of LGALS3BP by mediating its N-glycosylation, and 394 

activated the NOTCH signaling pathway, thereby promoting angiogenesis in HCC. Our in vivo 395 

experiments have demonstrated that UGGT1 knockdown significantly inhibited HCC 396 

angiogenesis and tumor growth, while overexpression of LGALS3BP could partially reverse 397 

this effect. These results establish the UGGT1-LGALS3BP-NOTCH/VEGF axis as a key target 398 

for regulating LC angiogenesis. 399 

This study elucidates the critical regulatory role of UGGT1 in LC angiogenesis and its 400 

underlying molecular mechanisms. UGGT1 promotes tumor angiogenesis by regulating the 401 

N-glycosylation level of LGALS3BP and subsequently activating the downstream NOTCH 402 

signaling pathway. However, there are several limitations. First, the findings have not yet been 403 

validated in tissue samples from patients. Second, whether the UGGT1-LGALS3BP axis is 404 

involved in disease progression through other signaling pathways in addition to the NOTCH 405 

pathway remains to be explored. Additionally, the upstream regulatory mechanisms underlying 406 

the overexpression of UGGT1 in LC are still unclear. Future research will further expand the 407 

mechanistic studies of this molecular regulatory network and explore therapeutic strategies 408 

targeting the UGGT1-LGALS3BP interaction, providing a new theoretical basis and potential 409 

target for anti-angiogenic therapy in LC. 410 

 411 

Author contribution 412 

Conceptualization: Benzhen He, Liang Wang, Jiamin Shen 413 

Data Curation: Benzhen He, Jiadong Xia, Xinggang Xu, Geqiong Xiao,  414 



Formal Analysis:Benzhen He, Jiadong Xia, Liang Wang, Jianguo Xu 415 

Investigation: Liang Wang, Xinggang Xu, Geqiong Xiao 416 

Methodology: Benzhen He, Liang Wang, Jiamin Shen, Jiadong Xia 417 

Project administration: Jiamin Shen 418 

Visualization: Jianguo Xu, Jiadong Xia 419 

Writing-original draft: Benzhen He, Geqiong Xiao 420 

Writing-review & editing: Liang Wang, Jiamin Shen 421 

Conflict of Interests 422 

The authors have no conflicts of interest to declare. 423 

Data Availability Statement 424 

The data and materials in the current study are available from the corresponding author on 425 

reasonable request.  426 

Funding 427 

1. Zhejiang Provincial Department of Education General Research Project：Y202454875; 428 

2. Shaoxing Municipal Science and Technology Bureau's Basic Public Welfare Program 429 

Projects: 2024A14015, 2024A14010; 430 

3. Shaoxing Municipal Health Commission Science and Technology Program Project: 431 

2023SKY082, 2024SKY075. 432 

Ethics approval and consent to participate 433 

The animal experiments in this study were approved by the Animal Ethics Committee of 434 

Zhejiang Luoxi Medical Technology Co., Ltd., Hangzhou, China (Approval No. 435 

LX4825021202). 436 

 437 

References 438 

(1) Bray, F.; Laversanne, M.; Sung, H.; Ferlay, J.; Siegel, R. L.; Soerjomataram, I.; Jemal, A. Global cancer 439 

statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. 440 

CA Cancer J Clin 2024, 74 (3), 229-263. DOI: 10.3322/caac.21834  From NLM Medline. 441 

(2) Tan, E. Y.; Danpanichkul, P.; Yong, J. N.; Yu, Z.; Tan, D. J. H.; Lim, W. H.; Koh, B.; Lim, R. Y. Z.; Tham, E. 442 

K. J.; Mitra, K.; et al. Liver cancer in 2021: Global Burden of Disease study. J Hepatol 2025, 82 (5), 851-860. 443 

DOI: 10.1016/j.jhep.2024.10.031  From NLM Medline. 444 



(3) Pinto, E.; Pelizzaro, F.; Farinati, F.; Russo, F. P. Angiogenesis and Hepatocellular Carcinoma: From 445 

Molecular Mechanisms to Systemic Therapies. Medicina (Kaunas) 2023, 59 (6). DOI: 446 

10.3390/medicina59061115  From NLM Medline. 447 

(4) Zheng, N.; Zhang, S.; Wu, W.; Zhang, N.; Wang, J. Regulatory mechanisms and therapeutic targeting of 448 

vasculogenic mimicry in hepatocellular carcinoma. Pharmacol Res 2021, 166, 105507. DOI: 449 

10.1016/j.phrs.2021.105507  From NLM Medline. 450 

(5) Ribatti, D.; Annese, T.; Ruggieri, S.; Tamma, R.; Crivellato, E. Limitations of Anti-Angiogenic Treatment of 451 

Tumors. Transl Oncol 2019, 12 (7), 981-986. DOI: 10.1016/j.tranon.2019.04.022  From NLM 452 

PubMed-not-MEDLINE. 453 

(6) Parambath, S.; Selvraj, N. R.; Venugopal, P.; Aradhya, R. Notch Signaling: An Emerging Paradigm in the 454 

Pathogenesis of Reproductive Disorders and Diverse Pathological Conditions. Int J Mol Sci 2024, 25 (10). DOI: 455 

10.3390/ijms25105423  From NLM Medline. 456 

(7) Huang, Q.; Li, J.; Zheng, J.; Wei, A. The Carcinogenic Role of the Notch Signaling Pathway in the 457 

Development of Hepatocellular Carcinoma. J Cancer 2019, 10 (6), 1570-1579. DOI: 10.7150/jca.26847  From 458 

NLM PubMed-not-MEDLINE. 459 

(8) Xu, C.; Gao, X.; Ren, T.; Geng, H.; Yang, K.; Huang, Y.; Zhang, W.; Hou, S.; Song, A.; Zhang, Y.; et al. The 460 

ADAM17 inhibitor ZLDI-8 sensitized hepatocellular carcinoma cells to sorafenib through Notch1-integrin 461 

beta-talk. Pharmacol Res 2024, 203, 107142. DOI: 10.1016/j.phrs.2024.107142  From NLM Medline. 462 

(9) Trindade, A.; Duarte, A. Notch Signaling Function in the Angiocrine Regulation of Tumor Development. 463 

Cells 2020, 9 (11). DOI: 10.3390/cells9112467  From NLM Medline. 464 

(10) Hasan, S. S.; Fischer, A. Notch Signaling in the Vasculature: Angiogenesis and Angiocrine Functions. Cold 465 

Spring Harb Perspect Med 2023, 13 (2). DOI: 10.1101/cshperspect.a041166  From NLM Medline. 466 

(11) Zhang, H.; Yang, Z.; Jiang, Z.; Zhao, Z.; Chen, X.; Wan, J.; Li, Y. Aberrant angiogenic signaling in HCC: 467 

therapeutic targeting and drug resistance. Front Oncol 2025, 15, 1595195. DOI: 10.3389/fonc.2025.1595195  468 

From NLM PubMed-not-MEDLINE. 469 

(12) Capone, E.; Iacobelli, S.; Sala, G. Role of galectin 3 binding protein in cancer progression: a potential novel 470 

therapeutic target. J Transl Med 2021, 19 (1), 405. DOI: 10.1186/s12967-021-03085-w  From NLM Medline. 471 

(13) Kim, D. H.; Sung, M.; Park, M. S.; Sun, E. G.; Yoon, S.; Yoo, K. H.; Radhakrishnan, K.; Jung, S. Y.; Bae, W. 472 

K.; Cho, S. H.; et al. Galectin 3-binding protein (LGALS3BP) depletion attenuates hepatic fibrosis by reducing 473 

transforming growth factor-beta1 (TGF-beta1) availability and inhibits hepatocarcinogenesis. Cancer Commun 474 

(Lond) 2024, 44 (10), 1106-1129. DOI: 10.1002/cac2.12600  From NLM Medline. 475 

(14) Cela, I.; Capone, E.; Pece, A.; Lovato, G.; Simeone, P.; Colasante, M.; Lamolinara, A.; Piro, A.; Iezzi, M.; 476 

Lanuti, P.; et al. LGALS3BP antibody-drug conjugate enhances tumor-infiltrating lymphocytes and synergizes 477 

with immunotherapy to restrain neuroblastoma growth. J Transl Med 2025, 23 (1), 431. DOI: 478 

10.1186/s12967-025-06434-1  From NLM Medline. 479 

(15) Li, L.; Qin, S.; Tan, H.; Zhou, J. LGALS3BP is a novel and potential biomarker in clear cell renal cell 480 

carcinoma. Aging (Albany NY) 2024, 16 (4), 4033-4051. DOI: 10.18632/aging.205578  From NLM Medline. 481 

(16) Cela, I.; Caponio, V. C. A.; Capone, E.; Pinti, M.; Mascitti, M.; Togni, L.; Lo Muzio, L.; Rubini, C.; De 482 

Laurenzi, V.; Lattanzio, R.; et al. LGALS3BP is a potential target of antibody-drug conjugates in oral squamous 483 

cell carcinoma. Oral Dis 2024, 30 (4), 2039-2050. DOI: 10.1111/odi.14719  From NLM Medline. 484 

(17) Gao, D.; Lu, Y.; Jiang, T.; Duan, Q.; Huang, Z. To construct and validate a risk score model of 485 

angiogenesis-related genes to predict the prognosis of hepatocellular carcinoma. Sci Rep 2025, 15 (1), 4660. DOI: 486 

10.1038/s41598-025-87459-w  From NLM Medline. 487 

(18) Ali, A.; Yun, S. Multifaceted Role of Notch Signaling in Vascular Health and Diseases. Biomedicines 2025, 488 

13 (4). DOI: 10.3390/biomedicines13040837  From NLM PubMed-not-MEDLINE. 489 



(19) Fu, L.; Gu, X.; Lou, N.; Li, J.; Xue, C. Current research of the Notch pathway in hepatocellular carcinoma. 490 

Eur J Med Res 2025, 30 (1), 402. DOI: 10.1186/s40001-025-02626-z  From NLM Medline. 491 

(20) Feng, W.; Zhang, H.; Yu, Q.; Yin, H.; Ou, X.; Yuan, J.; Peng, L. Study on the Mechanism of Notch Pathway 492 

Mediates the Role of Lenvatinib-resistant Hepatocellular Carcinoma Based on Organoids. Curr Mol Med 2025, 493 

25 (3), 343-352. DOI: 10.2174/0115665240268201231213095302  From NLM Medline. 494 

(21) Qusairy, Z.; Rada, M. Glycosylation in cancer: mechanisms, diagnostic markers, and therapeutic 495 

applications. Mol Cell Biochem 2025, 480 (9), 4941-4959. DOI: 10.1007/s11010-025-05303-1  From NLM 496 

Medline. 497 

(22) Lin, Y.; Lubman, D. M. The role of N-glycosylation in cancer. Acta Pharm Sin B 2024, 14 (3), 1098-1110. 498 

DOI: 10.1016/j.apsb.2023.10.014  From NLM PubMed-not-MEDLINE. 499 

(23) Zhang, X. Z.; Mo, X. C.; Wang, Z. T.; Sun, R.; Sun, D. Q. N-glycosylation of Wnt3 regulates the 500 

progression of hepatocellular carcinoma by affecting Wnt/beta-catenin signal pathway. World J Gastrointest 501 

Oncol 2024, 16 (6), 2769-2780. DOI: 10.4251/wjgo.v16.i6.2769  From NLM PubMed-not-MEDLINE. 502 

(24) Roversi, P.; Marti, L.; Caputo, A. T.; Alonzi, D. S.; Hill, J. C.; Dent, K. C.; Kumar, A.; Levasseur, M. D.; 503 

Lia, A.; Waksman, T.; et al. Interdomain conformational flexibility underpins the activity of UGGT, the 504 

eukaryotic glycoprotein secretion checkpoint. Proc Natl Acad Sci U S A 2017, 114 (32), 8544-8549. DOI: 505 

10.1073/pnas.1703682114  From NLM Medline. 506 

(25) Ninagawa, S.; Matsuo, M.; Ying, D.; Oshita, S.; Aso, S.; Matsushita, K.; Taniguchi, M.; Fueki, A.; 507 

Yamashiro, M.; Sugasawa, K.; et al. UGGT1-mediated reglucosylation of N-glycan competes with 508 

ER-associated degradation of unstable and misfolded glycoproteins. Elife 2024, 12. DOI: 10.7554/eLife.93117  509 

From NLM Medline. 510 

(26) Kaufman, B.; Abu-Ahmad, M.; Radinsky, O.; Gharra, E.; Manko, T.; Bhattacharya, B.; Gologan, D.; 511 

Erlichman, N.; Meshel, T.; Nuta, Y.; et al. N-glycosylation of PD-L1 modulates the efficacy of immune 512 

checkpoint blockades targeting PD-L1 and PD-1. Mol Cancer 2025, 24 (1), 140. DOI: 513 

10.1186/s12943-025-02330-w  From NLM Medline. 514 

(27) Samorowska, K.; Wanowska, E.; Szczesniak, M. W. Novel lncRNA UGGT1-AS1 Regulates UGGT1 515 

Expression in Breast Cancer Cell Line. Int J Mol Sci 2025, 26 (11). DOI: 10.3390/ijms26115108  From NLM 516 

Medline. 517 

 518 

 519 

 520 

 521 

 522 

 523 

 524 

 525 

 526 



Figure 527 

 528 

Figure 1 LGALS3BP is overexpressed in HCC and induces tumor angiogenesis. 529 

A: Analysis of LGALS3BP mRNA expression levels in HCC tissues and normal tissues from 530 

the GEPIA database. B: qRT-PCR detection of LGALS3BP mRNA expression in normal 531 

hepatocytes (MIHA) and HCC cells (Hep3B, MHCC97L, Huh7). C: WB detection of 532 



LGALS3BP protein expression in normal hepatocytes and HCC cells. D: ELISA detection of 533 

LGALS3BP secretion levels in normal hepatocytes and HCC cells. E: GSEA of the association 534 

between LGALS3BP and angiogenesis-related gene sets. F: Pearson correlation analysis of 535 

LGALS3BP and angiogenesis pathway enrichment scores. Cell experimental groups: sh-NC, 536 

sh-LGALS3BP. G: qRT-PCR detection of transfection efficiency. H: CCK-8 assay for cell 537 

viability. I: Colony formation assay for cell proliferation. J: Transwell assay for cell invasion. 538 

K: WB detection of VEGF-A protein expression. L: ELISA detection of VEGF-A secretion 539 

levels. Hep3B cells from sh-NC and sh-LGALS3BP groups were co-cultured with HUVECs. 540 

M: Tube formation assay to assess angiogenesis capability. *, P<0.05. 541 



 542 

Figure 2 LGALS3BP induces angiogenesis in HCC via the NOTCH signaling pathway. A: 543 

GSEA. Cell experimental groups: sh-NC, sh-LGALS3BP. B: qRT-PCR detection of NOTCH1, 544 

HES1, and HEY1 mRNA levels. C: WB detection of NOTCH1, N1ICD, HES1, and HEY1 545 

protein expression. Cell experimental groups: oe-NC, oe-LGALS3BP. D: qRT-PCR detection 546 

of transfection efficiency. The NOTCH pathway inhibitor DAPT was added to the 547 



oe-LGALS3BP group for the following groups: oe-NC+DMSO, oe-LGALS3BP+DMSO, 548 

oe-LGALS3BP+DAPT. E: CCK-8 assay for cell viability. F: Colony formation assay for cell 549 

proliferation. G: Transwell assay for cell invasion. H: WB detection of VEGF-A protein 550 

expression. I: ELISA detection of VEGF-A secretion levels. Huh7 cells transfected with 551 

oe-NC+DMSO, oe-LGALS3BP+DMSO, and oe-LGALS3BP+DAPT were co-cultured with 552 

HUVECs. J: Tube formation assay to assess angiogenesis capability. *, P<0.05. 553 

 554 

Figure 3 UGGT1 mediates N-glycosylation of LGALS3BP. A: Analysis of UGGT1 555 

expression in HCC tissues and normal tissues from TCGA-LIHC. B: Co-IP detection of the 556 

interaction between UGGT1 and LGALS3BP proteins. C: IF detection of co-localization of 557 

UGGT1 and LGALS3BP in cells. D: Analysis of LGALS3BP N-glycosylation sites using the 558 



NetNGlyc website. Cell groups: oe-NC, oe-UGGT1. E: qRT-PCR detection of transfection 559 

efficiency. F: Cells treated with CHX to assess LGALS3BP stability. Cell groups: 560 

oe-NC+DMSO, oe-UGGT1+DMSO, oe-UGGT1+Tunicamycin. G: WB detection of 561 

LGALS3BP expression. H: ELISA detection of LGALS3BP secretion levels. *, P<0.05. 562 

 563 



Figure 4 UGGT1 activates the NOTCH signaling pathway by mediating the 564 

N-glycosylation of LGALS3BP to facilitate angiogenesis in HCC. Cell experimental groups: 565 

sh-NC+oe-NC, sh-UGGT1+oe-NC, sh-UGGT1+oe-LGALS3BP. A: qRT-PCR detection of 566 

transfection efficiency. B: WB detection of LGALS3BP protein expression levels in cells. C: 567 

ELISA detection of LGALS3BP secretion levels in cells. D: qRT-PCR detection of NOTCH1, 568 

HES1, and HEY1 mRNA expression levels in cells. E: WB detection of NOTCH1, N1ICD, 569 

HES1, and HEY1 protein expression levels in cells. F: CCK-8 assay for cell viability. G: 570 

Colony formation assay for cell proliferation. H: Transwell assay for cell invasion. I: WB 571 

detection of VEGF-A protein expression. J: ELISA detection of VEGF-A secretion levels. 572 

Huh7 cells transfected with sh-NC, sh-UGGT1, and sh-UGGT1+oe-LGALS3BP were 573 

co-cultured with HUVECs. K: Tube formation assay to assess angiogenesis capability. *, 574 

P<0.05; ns, not statistically significant. 575 

 576 

Figure 5 In vivo validation that UGGT1/LGALS3BP induces angiogenesis in HCC via 577 

the NOTCH signaling pathway. Huh7 cells transfected with sh-NC+oe-NC, 578 

sh-UGGT1+oe-NC, and sh-UGGT1+oe-LGALS3BP were subcutaneously injected into 579 

BALB/c nude mice to establish a human HCC xenograft model. After 4 weeks, the nude mice 580 



were euthanized. A: Representative images of tumors in nude mice. B-C: Measurement of 581 

tumor weight (B) and volume (C). D: IHC detection of UGGT1, LGALS3BP, NOTCH1, and 582 

the proliferation marker Ki67 protein expression. E: ELISA detection of VEGF-A secretion 583 

levels. F: IF observation of CD31 expression. *, P<0.05. 584 
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Supplementary Figure 586 

Supplementary Figure 1. Analysis of protein interaction between UGGT1 and LGALS3BP 587 

using the BioGRID website. 588 
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