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Abstract: Distant metastasis and dissemination are the leading contributors to colorectal cancer (CRC) death. The underlying 

biomechanisms by which the SLC2A3 promotes CRC aggression still need to be comprehensively clarified. Data on SLC2A3 

expression in normal and tumor tissues from the Gene Expression Omnibus (GEO) and the Cancer Genome Atlas (TCGA) 

databases were analyzed. Prognostic values were assessed using a Kaplan–Meier analysis. The construction of overexpressed and 

knockout cell lines of SLC2A3 was performed using the CRISPR-Cas9 system. Biological functions, including migration and 

invasion, were detected using a transwell assay. SLC2A3 subcellular location was determined using immunofluorescence staining. 

Signaling pathway analysis was accomplished by RNA sequencing and GO pathway enrichment. SLC2A3 downstream effectors 

were validated via qRT-PCR and Western blotting after gene interference and overexpression. Furthermore, SLC2A3 and related 

proteins in CRC tissues were detected by immunohistochemistry. The in vivo mouse xenograft model was performed to assess 

distant lung metastasis. Finally, the clinicopathological features, prognostic values, and correlations between SLC2A3 and 

associated molecules were analyzed using the Chi-square test, Spearman’s rho model, and Kaplan–Meier analysis. The results 

showed that SLC2A3 was markedly up-regulated in CRC samples and linked to adverse outcomes. We also demonstrated that 

SLC2A3 promotes CRC migration and invasion in vitro, which is involved in pathways associated with cancer and 

cytokine–cytokine receptor interaction. We confirmed that SLC2A3 accelerates CRC migration and invasion by activating the 

YAP-1/PDGFB axis. Furthermore, we validated that PDGFB facilitates CRC migration and invasion. Moreover, the in vivo mouse 

xenograft studies confirmed that SLC2A3 promoted CRC cells distant lung metastasis by activating the YAP-1/PDGFB axis. High 

SLC2A3, YAP-1, and PDGFB expressions in the CRC tissues were significantly correlated with lymph node metastasis, nervous 

invasion, lymphovascular invasion, distant metastasis, and pTNM stage, respectively. There was a correlation with the expression 

of SLC2A3, YAP-1, and PDGFB in CRC tissues, and high expression of them was a hazard factor for CRC. Taken together, 

SLC2A3 serves as an oncogene to promote CRC aggression and is associated with adverse prognosis through positively 

simulating the YAP-1/PDGFB axis. It may be used as a potential biomarker of CRC prognosis and a prospective target for CRC 

treatment. 
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1  Introduction 
 

Colorectal cancer (CRC) is one of the most common malignant tumors, ranking third in incidence and 

mortality (Siegel et al. 2022). Distant metastasis and dissemination were the leading contributors to CRC death, 

with approximately 25% of advanced CRC metastasizing to the liver and 5–18% to the lung, respectively 

(Eefsen et al. 2012; Parnaby et al. 2012); this was linked to cancer recurrence and a high burden of can-

cer-associated disability-adjusted life years (Global Burden of Disease Cancer et al. 2022). Hence, uncovering 

the underlying biomechanisms leading to CRC distant metastasis and dissemination may be of particular im-

portance to CRC interventions and treatments, ultimately reducing mortality and improving the quality of life of 

patients. 

SLC2A3 is a gene located on human chromosome 12p3.3 that encodes glucose transporter 3 (GLUT3) 

(Kayano et al. 1988), a member of the glucose transporter family composed of the 12-transmembrane domain 

containing α-helical domains with cytoplasmic amino (N)-termini and carboxy (C)-termini and displaying a 

higher affinity for glucose and a greater capacity to transport glucose from extracellular fluid across the plasma 

membrane into cytoplasm compared to other GLUTs (Simpson et al. 2008). During gestation, SLC2A3 ex-

pression was generally lower in the placenta due to high DNA promoter methylation (Novakovic et al. 2013). 

After birth, SLC2A3 has frequently been detected in normal human tissues, including brain tissue, testes, and 

placenta (Younes et al. 1997), and is widely involved in the pathophysiological process of various 

non-neoplastic diseases, such as Alzheimer's disease, schizophrenia, diabetes mellitus, ischemia, neurite out-

growth, etc. (An et al. 2018; Kang et al. 2018; Segarra-Mondejar et al. 2018; Fidler et al. 2019; Sullivan et al. 

2019). Additionally, under pathological circumstances, SLC2A3 expression was aberrantly increased. It may 

contribute to proliferation, migration, invasion, distant metastasis, and poor prognosis in various malignant 

tumors, including testicular, ovarian, oral, esophageal, gastric, colorectal, thyroid, and lung cancers, as well as 

glioblastoma (Ayala et al. 2010; Jozwiak et al. 2012; Cosset et al. 2017; Martinez-Romero et al. 2018; Kim et al. 

2019; Wu et al. 2020; Gao et al. 2021; Pan and Zang 2022). Many previous studies have therefore suggested that 

SLC2A3 plays a vital role in cancer initiation and malignant progression. 

In CRC, previous studies showed that SLC2A3 expression was higher in tumor tissues than in adjacent 

normal colorectal tissues, which may be associated with tumor T stage, lymph node metastasis, TNM stage, and 

lymphatic invasion, thus contributing to the poor prognosis (Martinez-Romero et al. 2018; Kim et al. 2019; Wu 

et al. 2020; Gao et al. 2021). Moreover, increasing studies confirmed that the Yes-associated protein 

(YAP)-related Hippo pathway plays various roles in tumor initiation, growth, distant metastasis, prognosis, and 

drug resistance in various cancers (Liu et al. 2013; Akervall et al. 2014; Wang et al. 2014; Dubois et al. 2019; 

Yoo et al. 2019). YAP-1 may serve as an oncogene in CRC to enhance malignancy by interacting with multiple 

cofactors, including microRNA, long non-coding RNA, and transcription factors, which avoid YAP-1 degra-

dation in the cytoplasm and facilitate YAP-1 to transfer into and exert its function in the nucleus (Sun et al. 2019; 

Yao et al. 2022). A recent study demonstrated that YAP may activate the SLC2A3/AMP-activated protein kinase 

(AMPK) signaling pathway to promote CRC aggression (Jiang et al. 2021). Another investigation also indicated 

that SLC2A3 could act as an oncogene to accelerate cancer cell invasion and lung metastasis by activating the 

YAP-related pathway (Kuo et al. 2019). However, the biomechanisms by which the SLC2A3-simulated 

YAP-related pathway promotes CRC aggression still need to be comprehensively clarified.  

Platelet-derived growth factor B (PDGFB), a member of the platelet-derived growth factor family, is a 

polypeptide chain protein that can form a homodimer PDGFBB to directly bind with platelet-derived growth 

factor receptor ββ (PDGFR-ββ). PDGFBB generally plays a protective role in tissue injury and repair but, most 

importantly, angiogenesis, by recruiting pericytes and enhancing their motility via activating the 

SDF-1α/CXCR4 signaling pathway (Greenhalgh et al. 1990; Stavri et al. 1995; Song et al. 2009). Aberrantly 

high PDGFBB secretion could facilitate tumor cell proliferation, migration, bone, and lung metastasis by in-

volving various signaling pathways, such as epithelial–mesenchymal transition (EMT) and the YAP-related 

Hippo pathway, which contribute to adverse prognosis in breast cancer, lung cancer, and pancreatic cancer (Yi et 

al. 2002; Neri et al. 2017; Hsu et al. 2019; Li et al. 2021). Moreover, recent data have suggested that PDGFBB is 

associated with the unfavorable prognosis of CRC by recruiting pericytes and enhancing angiogenesis, which 

makes it a potential biomarker for CRC diagnosis (McCarty et al. 2007; Nakamura et al. 2008; Ionescu et al. 

2011). Nonetheless, whether SLC2A3 is associated with PDGFB regulation remains unclear, and the underlying 

molecular mechanisms should be further deciphered.   
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Although SLC2A3 mainly acts as an oncogene in various cancers, including CRC, whether the underlying 

molecular biomechanisms by which SLC2A3 regulates colorectal cancer invasion and metastasis and the role of 

SLC2A3 involve PDGFB regulation remains unclear. In this study, we found that SLC2A3 played a causative 

role in CRC migration and invasion by over-activating the YAP-1/ PDGFB axis, which may contribute to CRC 

poor prognosis.  

 

 

2  Materials and methods 
 

2.1 Public database selection 

The GSE68468, GSE44861, GSE44076, and GSE21510 gene expression databases of CRC were obtained 

from the Gene Expression Omnibus (GEO) (http://www.ncbi.nlm.nih.gov/geo; accessed on July 11, 2022) and 

the Cancer Genome Atlas (TCGA) databases (https://tcga-data.nci.nih.gov/tcga/; accessed on July 11, 2022). 

Survival data on CRC were obtained from TCGA datasets, the GSE17536 database 

(http://www.ncbi.nlm.nih.gov/geo; accessed on July 11, 2022), and the GSE38832 database 

(http://www.ncbi.nlm.nih.gov/geo; accessed on July 11, 2022). Statistically significant differences between the 

two groups were analyzed with GraphPad Prism 8.0 (GraphPad, Software, San Diego, CA, US). 

 

2.2 Cell culture 
The human CRC cell lines HCT116 and RKO were purchased from the American Type Culture Collection 

(ATCC) and were cultured in RPMI 1640 (Gibco, Shanghai, China). All media were supplemented with 10% 

fetal bovine serum (FBS; Gibco, Shanghai, China) and penicillin/streptomycin. Cell lines were incubated in a 

5% CO2 atmosphere at 37°C. Cells were treated with different concentrations of PDGFB reagent (Sino bio-

logical, Cat# 10572-H07Y) (50 ng/ml, 500 ng/ml, 5 µg/ml, and 50 µg/ml) for 24 hours. 

 

2.3 Transfection of oligonucleotides and construction of vectors 

Small interfering RNA (siRNA) oligonucleotides were purchased from SignaGen (Shanghai, China). 

Sequences of siRNAs were as follows: SLC2A3-homo-357 sene: GCUCUUUCCAAUUUGGCUATT; 

SLC2A3-homo-357 antisene: UAGCCAAAUUGGAAAGAGCTT. SLC2A3-homo-578 sene: GUAGCU-

AAGUCGGUUGAAATT; SLC2A3-homo-578 antisene: UUUCAACCGACUUAGCUACTT. SiRNAs were 

transfected with GenMute siRNA Transfection Reagent (SignaGen, Cat# SL100568). The plasmid vectors of 

pcDNA3.1+ empty vector (EV) and pcDNA3.1+-flag-SLC2A3 were transfected with LipoD293 (SignaGen, 

Cat# SL100668) according to the manufacturer’s instructions. After 48 hours, cell mediums were refreshed, and 

cells were cultured for subsequent experiments. 

 

2.4 SLC2A3 knockout (KO) cell lines 

SLC2A3 KO cell lines in HCT116 were generated with the CRISPR-Cas9 system, and pLentiCRISPR v2 

vector encoding a single-guide RNA (sgRNA) was transfected into the HCT116 cell line to downregulate 

SLC2A3 expression. Forty-eight hours later, puromycin (4 µg/mL) was fortified for 4 days consecutively in the 

transfected HCT116 cell line for clone selection. The selective puromycin-resistant single cell lines were sep-

arated, cultured, and reproduced over 6 days in a 96-well plate. Cloned cells without CRISPR-Cas9 edition were 

isolated as mock cells. KO effects were assessed by qRT-PCR and Western blot assays. sgRNA sequences were 

as follows: SLC2A3 sgRNA1: CACCGGACTCTTCGTCAACCGCTT; SLC2A3 sgRNA2: CAC-

CGGCCTTTTCGTTAACCGCTT. 

 

2.5 Western blotting 

Total cells at the end of the experiments were collected and lysed using a RIPA buffer kit (Beyotime In-

stitute of Biotechnology). Cell lysates were concentrated, and 30 μg protein samples were added and isolated in 

the 10% SDS–polyacrylamide gels, after transfer to a nitrocellulose membrane. Then, they were blocked in the 

5% defatted milk solution at 37℃ for 1 hour and incubated overnight at 4°C with primary antibodies against 

SLC2A3 (Abcam, Cat# ab41525), YAP-1 (Cell Signaling Technology, Cat# 14074T), and PGDFB (Affinity， 

Cat# AF0240). All these antibodies were diluted as 1:2000, and GAPDH was used as an internal control primary 

antibody (1:5000, Affinity, Cat# T0004). Then, second antibodies (1:5000, Invitrogen, Cat# 926-68070) were 
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added and incubated at 4℃ for 1 hour. Finally, visualization was performed with the Odyssey system.  

 

2.6 Cell migration and invasion 
Transwell assays using 24-well transwell chambers were performed to analyze CRC cell migration and 

invasion; 100 µL serum-free RPMI 1640 medium containing 1 × 105 cells for the transwell assay was added to 

the upper chambers per well. Additionally, 600 µL RPMI 1640 medium with 10% FBS was added to the lower 

chambers per well as a chemoattractant. After being incubated for 24–48 hours, the cells left on the upper sur-

face of the filter were cleared up, while the cells that passed through and settled on the bottom surface of the 

filter were fixed in 4% paraformaldehyde at 37℃ for 20 minutes, followed by staining with a 0.1% crystal violet 

solution at 37℃ for 15 minutes. Next, migration or invasive pictures of cells were photographed under the 

microscope. Then, cells were digested with 33% acetic acid and transferred into the 96-well plate for quanti-

fying the absorbance at 570 nm with a microplate reader.   

 

2.7 Quantitative Real-Time PCR (qRT-PCR) 
Total RNAs were extracted from cells with TRIzol® reagent (Pufei, cat# 3101-100). cDNA synthesis was 

performed with the HiScript II Q RT SuperMix for qPCR (+gDNA wiper) (Vazyme, Cat# R223-01) according 

to the manufacturer's protocol. ChamQ Universal SYBR qPCR Master Mix (Vazyme, Cat# Q711-02) was used 

to perform qPCR on the Applied 480II-384 platform (Roche) according to the manufacturer's instructions. 

Specific relative gene expression normalized to GAPDH was analyzed using the 2-ΔΔCq method (Livak and 

Schmittgen 2001). All primer information was as follows: SLC2A3 forward: TATCTTGGTCTTT-

GTAGCCTTCTTT; SLC2A3 reverse: AATGAGGAAGCCGGTGAAGATA. YAP-1 forward: AGTTAC-

CAACACTGGAGCAGG; YAP-1 reverse: TTCGAGGGACACTGTAGCTG. PDGFB forward: 

TTCGAGGGACACTGTAGCTG; PDGFB reverse: AAAGATTGGCTTCTTCCGCAC. GAPDH forward: 

CCCTTCATTGACCTCAACTACATG; GAPDH reverse: TGGGATTTCCATTGATGACAAGC. 

 

2.8 Immunofluorescence staining 

Cells with SLC2A3-KO in HCT116 and SLC2A3-overexpressed in RKO and corresponding control cells 

were seeded and cultured on a sterilized slide in 6-well plates, respectively. After being washed with PBS three 

times, cells were fixed in 4% paraformaldehyde solution for 30 minutes and permeabilized with 0.5% Triton 

X-100 for 10 minutes at room temperature. Then, slides were blocked with 5% BSA (Amersco, USA)/PBST 

solution for 1 hour and incubated with a primary antibody against SLC2A3 overnight at 4℃. Subsequently, a 

fluorochrome-labeled anti-rabbit secondary antibody (1:500, Alexa Fluor 546 Goat anti-Rabbit IgG (H+L)) was 

added and incubated for 1 hour at room temperature. Then, cells were stained with DAPI reagent (1:5000, 

Invitrogen, Cat# D21490). Finally, fluorescence photography and merged images were captured with an 

OLYMPUS IX83-FV3000-OSR. 

 

2.9 RNA sequencing and Gene Ontology pathway enrichment analysis 
For RNA sequencing, the total RNAs of SLC2A3-KO HCT116 cells and SLC2A3 mock HCT116 cells 

were isolated, sequenced, and analyzed by RiboBio (Guangzhou, China). All groups were processed inde-

pendently and this was repeated three times. An Illumina HiSeq 3000 sequencer was utilized to sequence 

paired-end libraries. The analysis of gene differential expression was performed with Cuffdiff in the Cufflinks 

package. Gene differential expressions, defined as q < 0.05 and |log2(fold change)| > 0.8, could then be analyzed 

and verified by quantitative PCR. GO pathway enrichment was analyzed using the online DAVID tool 

(http://david.abcc.ncifcrf.gov). The results were visualized with the R package ggplot2 analysis in the R soft-

ware. 

 

2.10 Clinical data 

A total of 135 patients were diagnosed with CRC after surgical operation performed by at least two pro-

ficient pathologists at the Second Affiliated Hospital, Zhejiang University School of Medicine, from January 

2007–December 2008. None of the CRC patients in the study received neoadjuvant chemotherapy or radio-

therapy before surgery. The postoperative pathological diagnosis and staging were classified according to the 

2019 WHO tumor classification and the American Joint Committee on Cancer (AJCC) TNM Staging Classi-

fication for Carcinoma of CRC, 8th edition. Patient and follow-up data were obtained from hospital records or 
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telephone interviews. All patients provided informed consent under institutional review board-approved pro-

tocols, and the research was approved by the Human Research Ethics Committee of the Second Affiliated 

Hospital of Zhejiang University School of Medicine.  

 

2.11 Construction of a xenograft mouse model 

Ten four-week-old BALB/c nu/nu male nude mice of specific-pathogen-free grade were selected as ex-

perimental animals and randomly divided into 2 groups. Then, 10 × 105 RKO cells transfected with SLC2A3 

empty vector and with SLC2A3-overexpressed vector were resuspended in 100 μL PBS solution, respectively. 

Tumor cells were injected through the tail vein using 25-gauge needles. Sixty days later, all mice were eu-

thanized, and bilateral lung tissues were isolated and immediately fixed in a 10% neutral formalin solution for at 

least 48 hours, and the number of metastatic nodules in the lung tissue was photographed and recorded. Sub-

sequently, the lung tissue was embedded in paraffin for hematoxylin and eosin (H&E) staining and immuno-

histochemical (IHC) staining. The animal experiments in this study were approved by the Animal Ethics 

Committee of the Second Affiliated Hospital of Zhejiang University School of Medicine. 

 

2.12 Hematoxylin and eosin (H&E) staining  
Representative formalin-fixed, paraffin-embedded lung tissue sections were subjected to H&E staining. In 

brief, the sections were dewaxed in xylenes for 10 minutes, and then sequentially immersed in 100%, 100%, 

95%, 75%, and 50% gradient ethanol for 5 minutes, respectively. After that, the sections were stained with 

hematoxylin solution for 5 minutes and immersed in 10% eosin solution for 3 minutes. Then, the sections were 

sequentially immersed in 80% alcohol for 2 minutes, 90% alcohol for 5 minutes, and 100% ethanol for 1 minute. 

Subsequently, the dehydrated sections were submerged in xylene for 5 minutes twice before being sealed with 

neutral resin. Finally, the sections were observed under a microscope.  

 

2.13 Immunohistochemistry (IHC)   

All surgical specimens, after separation, were fixed within 30 minutes in 10% neutral formalin for at least 

24 hours and were routinely dehydrated, paraffin-embedded, and sectioned continuously with a thickness of 4 

μm. Then, the two pathologists evaluated hematoxylin and eosin (H&E) staining with double-blind methods. 

Representative sections were selected for IHC, and all antibodies were processed using the envision two-step 

method. The experiments were conducted, strictly following the reagent instructions, and completed by the 

Ventana automatic immunohistochemical system. PBS was used as the negative control instead of the primary 

antibody, and known positive samples were used as the positive control. The primary antibodies were used as 

follows: SLC2A3 (1:1000 dilution, proteintech, Cat# 20403-1-AP), YAP-1 (1:500 dilution, Abcam, Cat# 

EPR19812), and PDGFB (1:100 dilution, Affinity Bioscience, Cat# AF0240). A positive response to all markers 

was judged as brown or brown-black. Immunohistochemical staining score, based on staining intensity and 

percentage of stained cells, was calculated as in previous studies (Kuo et al. 2019; Gao et al. 2021) and classified 

into low (score = 0–2) and high levels (score ≧ 3). 

 

2.14 Statistical analysis 

Statistical analysis was conducted using GraphPad Prism 8.0 (GraphPad, Software, San Diego, CA, US) 

and SPSS 27.0 (SPSS Inc., Chicago, IL, US). All experiments were performed at least three times. The dif-

ferences between the two groups were analyzed with a two-tailed Chi-square test and a one-way ANOVA 

analysis was used to analyze more than two groups. The correlation between SLC2A3, YAP-1, and PDGFB 

expression was calculated using Spearman’s rho model. Overall survival was determined using a Kaplan–Meier 

analysis. The patients’ survival comparison was calculated with the log-rank test. P < 0.05 was considered 

statistically significant (*: P < 0.05; **: P < 0.01; ***: P < 0.001). 

 

 

3  Results 
 

3.1 Aberrant high SLC2A3 expression links to CRC adverse outcomes and overexpression of SLC2A3 

accelerates CRC migration and invasion 

Firstly, we comprehensively analyzed the mRNA expression profile between CRC tumors and matched 
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normal tissues from the TCGA data. The results showed that SLC2A3 expressions were significantly higher in 

tumor tissues than in matched normal tissues (Fig. 1A). In addition, the similar findings were consolidated from 

the GSE68468, GSE44861, GSE44076, and GSE21510 cohorts (Fig. 1B). Therefore, we wondered whether 

SLC2A3 expression in the tumor affects patient prognosis. Further results showed that high SLC2A3 expression 

had poorer overall survival than low expression in tumor tissues in TCGA (Fig. 1C), GSE17536 (Fig. 1D), and 

GSE38832 (Fig. 1E) databases. Thus, we confirmed that SLC2A3 was frequently up-regulated in CRC tissues 

and was associated with poor prognosis. 

To investigate the functions of SLC2A3 in CRC, we detected its expression in CRC cells, including DLD1, 

RKO, HCT8, SW620, and HCT116 cell lines, at protein and mRNA levels, using Western blotting and RT-PCR 

methods, respectively. The results revealed that RKO had the lowest SLC2A3 expression and HCT116 had the 

highest expression among CRC cell lines at the protein level (Fig. 1F). Similarly, its expression is lower in RKO 

cells than in HCT116 cells at the mRNA level, according to RT-qPCR (Fig. 1G). Subsequently, to explore the 

role of SLC2A3 in regulating CRC migration and invasion, we transferred siRNA-357 and siRNA-578 to si-

lence SLC2A3 in HCT116 cells, respectively. The Western blotting results showed that siRNA-578 rather than 

siRNA-357 remarkably down-regulated SLC2A3 protein expression (Fig. 1H), and the knockdown of SLC2A3 

in HCT116 cells by specific siRNA-578 dramatically inhibited the capability of migration and invasion in vitro 

(Figs. 1I-1J). Additionally, we stably knocked down SLC2A3 expression by transferring the SLC2A3-targeted 

CRISPR-Cas9 vector to HCT116 cells (Fig. 1K). Since SLC2A3 mainly expresses at the cell membrane, we 

examined the subcellular distribution of SLC2A3 using immunofluorescence assay. As shown in Figure 1L, 

SLC2A3 located on the cell membrane was significantly reduced in SLC2A3-knocked HCT116 cells compared 

with the mock control cells. In addition, the results showed that the down-regulation of SLC2A3 also sharply 

attenuated migration and invasion capacity compared with mock control cells (Figs. 1M-1N); this was con-

sistent with the results of siRNA in HCT116 cells. Furthermore, we used stable overexpression plasmids to 

over-express Flag-SLC2A3 or empty vector in RKO cells, respectively (Fig. 1O). The results revealed that 

SLC2A3 located on the cell membrane apparently increased in SLC2A3-overexpressed RKO cells compared 

with cells treated with empty vector (Fig. 1P), and the overexpression of SLC2A3 markedly enhanced the 

ability of the cells to migrate and invade in RKO cells (Figs. 1Q-1R).  

Taken together, these data confirmed that SLC2A3 prominently promotes CRC cell migration and invasion 

in vitro. 

 

 
Fig. 1. High expression of SLC2A3 is linked to adverse CRC outcomes and promotes CRC cells’ migration and invasion. 

(A) mRNA expression profile between CRC tumors and matched normal tissues from the TCGA data. (B) mRNA expres-

sion profile between CRC tumors and matched normal tissues from the GSE68468, GSE44861, GSE44076, and GSE21510 

cohorts. (C-E) High SLC2A3 expression had poorer overall survival than low expression in tumor tissues in TCGA (C), 

GSE17536 (D), and GSE38832 (E) databases. (F) Western blotting analysis of SLC2A3 protein expression in CRC DLD1, 

RKO, HCT8, SW620, and HCT116 cell lines. (G) qRT-PCR analysis of SLC2A3 mRNA expression in CRC cell lines. (H) 

Western blotting analysis of SLC2A3 protein expression in HCT116 cells by transferring siRNA-357 and siRNA-578. (I) 

Knockdown of SLC2A3 in HCT116 cells by specific siRNA-578 dramatically inhibited the capability for migration and 

invasion in vitro. (G) Statistical analysis of migration and invasion in SLC2A3-knockdown HCT116 cells by transferring 

specific siRNA-578. (K) Western blotting analysis of SLC2A3 expression by transferring the SLC2A3-targeted 

CRISPR-Cas9 vector to HCT116 cells. (L) Examination of the subcellular distribution of SLC2A3 in SLC2A3-KO 
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HCT116 cells by immunofluorescence assay. (M) Down-regulation of SLC2A3 in SLC2A3-KO HCT116 cells sharply at-

tenuated migration and invasion capacity compared with mock control cells. (N) Statistical analysis of migration and 

invasion in SLC2A3-KO HCT116 cells. (O) Western blotting analysis of SLC2A3 expression by transferring overexpressed 

Flag-SLC2A3 or empty vector in RKO cells. (P) Subcellular distribution of SLC2A3 in SLC2A3-overexpressed RKO cells 

by immunofluorescence assay. (Q) Overexpression of SLC2A3 markedly enhanced the ability of the cells to migrate and 

invade in RKO cells. (R) Statistical analysis of migration and invasion in SLC2A3-overexpressed RKO cells. Data were 

analyzed using an unpaired t-test and are presented as mean ± SD in Figure 1 A, B, J, N, R. Kaplan–Meier analysis was 

applied in Figure 1C-E. EV, empty vector; OE, overexpressed vector; KO, knockout; NC, negative control; si, small in-

terfering; *P < 0.05; **P < 0.01; ***P < 0.001. 

 

3.2 SLC2A3 positively regulates YAP-1 and PDGFB expression 

To further elucidate the molecular biomechanisms by which SLC2A3 enhances colorectal cancer cell 

migration and invasion, we performed a genome-wide transcriptional analysis in HCT116 SLC2A3-KO cell 

lines using RNA sequencing (RNA-seq). Via gene ontology (GO) enrichment analysis based on online tools in 

the Database for Annotation, Visualization, and Integrated Discovery (DAVID), the top differentially expressed 

genes (DEGs) were enriched in pathways associated with cancer and cytokine–cytokine receptor interaction 

(Fig. 2A). Then, we found that cytokine PDGFB expression was dramatically reduced in SLC2A3-knocked 

HCT116 cells compared with mock control cells (Fig. 2B). As YAP-1, an oncogene involved in the Hippo 

pathway, promotes glucose and lactate metabolism, it results in the uncontrolled growth and survival of CRC 

cells (Wang et al. 2015), and may act as a direct target of SLC2A3 to enhance the capacity of cancer cell inva-

sion and lung metastasis (Kuo et al. 2019). So, we simultaneously detected mRNA expression changes in YAP-1 

and PDGFB in SLC2A3-knocked HCT116 cells using the qRT-PCR assay. The results showed that 

down-regulation of SLC3A3 contributed to the remarkably reduced expression of YAP-1 and PDGFB (Figs. 

2C-2D). It was a different scenario that in SLC2A3-overexpressed RKO cells (Fig. 2E), up-regulated SLC2A3 

resulted in increased expression of YAP-1 and PDGFB (Figs. 2F-2G). The same results were further confirmed 

by Western blotting assay at protein levels (Figs. 2H-2I). Collectively, we found that SLC2A3 positively reg-

ulated YAP-1 and PDGFB expression in CRC cells. 

 

 
Fig. 2. SLC2A3 positively regulates YAP-1 and PDGFB expression. (A) A genome-wide transcriptional analysis and 

pathway enrichment analysis were performed in HCT116 SLC2A3-KO cell lines using RNA-seq. (B) Cytokine PDGFB 

expression was analyzed by qRT-PCR in SLC2A3-KO HCT116 cells using RNA-seq. (C, D) mRNA expression of YAP-1 (C) 

and PDGFB (D) in SLC2A3-KO HCT116 cells by qRT-PCR assay. (E) qRT-PCR analysis of SLC2A3 mRNA expression in 

SLC2A3-overexpressed RKO cells. (F, G) qRT-PCR analysis of mRNA expression of YAP-1 (F) and PDGFB (G) in 

SLC2A3-overexpressed RKO cells. (H) Western blotting analysis of YAP-1 protein expression in SLC2A3-KO HCT116 

cells. (I) Western blotting analysis of PDGFB protein expression in SLC2A3-overexpressed RKO cells. Data were analyzed 

using an unpaired t-test and are presented as mean ± SD in Figure 2B-G. RNA-seq, RNA sequencing; EV, empty vector; 

OE, overexpressed vector; KO, knockout; ***P < 0.001. 
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3.3 SLC2A3 up-regulates PDGFB expression via simulating YAP-1 
To further illuminate the molecular mechanism by which SLC2A3 regulates YAP-1 and PDGFB expres-

sion, we re-expressed SLC2A3 into SLC2A3-KO HCT116 cells. Intriguingly, at transcriptional levels, SLC2A3 

overexpression significantly rescued YAP-1 and PDGFB mRNA expression detected by qRT-PCT (Figs. 

3A-3D). Instead, as we knocked down SLC2A3 expression by retransferring siSLC2A3-578 in 

SLC2A3-overexpressed RKO cells (Figs. 3F-3G), YAP-1 and PDGFB mRNA expression markedly dropped 

(Figure 3H-K). Similar protein level results were also validated in HCT116 and RKO cells (Figs. 3E-3L). 

Therefore, these results further reinforce that SLC2A3 positively regulates YAP-1 and PDGFB expression in 

CRC cells. Recent studies have indicated that YAP-1 might transcriptionally up-regulate downstream cofactors 

like PDGFB to facilitate tumor malignant progression in bladder cancer and nasopharyngeal carcinoma (Wang 

et al. 2019; Liang et al. 2020). To explore whether SLC2A3 regulates PDGFB expression through YAP-1 or vice 

versa, we knocked down YAP-1 expression by transfecting siRNA in SLC2A3-overexpressed RKO cells 

(Figure 3M). Interestingly, the results showed that YAP-1 downexpression sharply reduced PDGFB expression 

at both mRNA and protein levels (Figs. 3N-3O). Therefore, we conclude that SLC2A3 up-regulates PDGFB 

expression by activating YAP-1. 

 
Fig. 3. SLC2A3 up-regulates PDGFB expression via simulating YAP-1. (A) qRT-PCR analysis of YAP-1 mRNA expression 

in SLC2A3-KO HCT116 cell. (B) SLC2A3 overexpression significantly rescued YAP-1 mRNA expression in SLC2A3-KO 

HCT116 cell. (C) qRT-PCR analysis of PDGFB mRNA expression in SLC2A3-KO HCT116 cell. (D) SLC2A3 overexpres-

sion significantly rescued PDGFB mRNA expression in SLC2A3-KO HCT116 cell. (E) Western blotting analysis of YAP-1 

and PDGFB protein expression in SLC2A3-KO HCT116 cells and SLC2A3-KO plus SLC2A3 OE HCT116 cells. (F) 

qRT-PCR analysis of SLC2A3 mRNA expression in SLC2A3-overexpressed RKO cell. (G) qRT-PCR analysis of SLC2A3 

expression in SLC2A3-overexpressed RKO cells by retransferring siSLC2A3-578. (H and I) Detection of YAP-1 expression 

in SLC2A3-overexpressed RKO cell (H) and SLC2A3-overexpressed RKO cell by retransferring siSLC2A3-578 (I). (J and 
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K) Detection of PDGFB expression in SLC2A3-overexpressed RKO cell (J) and SLC2A3-overexpressed RKO cell by 

retransferring siSLC2A3-578 (K). PDGFB mRNA expression in SLC2A3-KO HCT116 cell. (L) YAP-1 and PDGFB ex-

pression in SLC2A3-overexpressed RKO cell and SLC2A3-overexpressed RKO cell by retransferring siSLC2A3-578 by 

Western blotting. (M) Detection of YAP-1 expression by transfecting siRNA in SLC2A3-overexpressed RKO cells. (N and 

O) YAP-1 downexpression sharply reduced PDGFB expression at both mRNA (N) and protein (O) levels. Data were ana-

lyzed using an unpaired t-test and are presented as mean ± SD in Figure 3A-D, F-K, M, and N. EV, empty vector; OE, 

overexpressed vector; KO, knockout; NC, negative control; si, small interfering; *P < 0.05; **P < 0.01; ***P < 0.001. 

 

3.4 PDGFB promotes CRC cells migration and invasion 

To further investigate how SLC2A3 promotes CRC cell migration and invasion through up-regulating 

PDGFB expression in CRC cells, we transfected an empty vector and a PDGFB overexpressed vector into RKO 

cells, respectively (Fig. 4A). The results showed that PDGFB overexpression markedly promoted RKO cell 

migration and invasion measured by transwell assays (Figs. 4B-4C). Furthermore, since PDGFB acts as a cy-

tokine secreted mainly from activated platelets in an autocrine or paracrine manner (Zhang et al. 2020) when 

treated with increased dosages of PDGFB, from 50ng/ml, 500ng/ml, 5μg/ml, and to 50μg/ml independently. 

Strikingly, SLC2A3-knocked HCT116 cells exhibited a remarkably increased potential for migration and in-

vasion compared with mock control cells (Figs. 4D-4F). Collectively, these results confirm that PDGFB shows 

a notable capability to promote CRC cell migration and invasion.   

 
Fig. 4. PDGFB promotes CRC cells’ migration and invasion. (A) Detection of PDGFB expression in PDGFB-overexpressed 

RKO cells by Western blotting. (B) Migration and invasion were analyzed by transwell assays in PDGFB-overexpressed 

RKO cells. (C) Statistical analysis of migration and invasion in PDGFB-overexpressed RKO cells. (D) Migration and 

invasion were analyzed by transwell assays in SLC2A3-KO HCT116 cells when treated with increasing dosages of PDGFB, 

from 50ng/ml, 500ng/ml, 5μg/ml, and to 50μg/ml independently. (E and F) Statistical analysis of migration (E) and invasion 

(F) when treated with different dosages of PDGFB. Data were analyzed using an unpaired t-test and are presented as mean 

± SD in Figure 4C, E, F. EV, empty vector; OE, overexpressed vector; KO, knockout; *P < 0.05; **P < 0.01; ***P < 0.001. 

 

3.5 SLC2A3 promotes lung metastasis of colorectal cancer cells 

To further investigate the effect of SLC2A3 on the distant metastasis of colorectal cancer in vivo, we 

conducted mouse xenograft experiments by injecting RKO cells transfected with SLC2A3 empty vector (as the 

control group) and with SLC2A3-overexpressed vector (as an experimental group) into the tail veins to assess 

the formation of lung metastasis. The findings demonstrated that, compared to the control group, the 
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SLC2A3-overexpressed RKO cell group exhibited a greater number of visible metastatic nodes in the lung 

tissue (Figs. 5A-B)( P < 0.01). H&E staining tissue sections also revealed that a few small metastatic nodules 

scattered in the lung tissue in the control group, whereas a large number of metastatic lesions occupied most of 

the entire lung tissue in the SLC2A3-overexpressed RKO cell group (Figs. 5C-5D). In addition, the results of 

the immunohistochemical staining demonstrated that the expression levels of SLC2A3, YAP-1, and PDGFB in 

the metastatic lesions of the lung tissue in the experimental group were significantly higher compared to the 

control group (Fig. 5E). Consequently, the in vivo mouse xenograft studies provided additional evidence that 

SLC2A3 promoted CRC cells’ distant lung metastasis by activating the YAP-1/PDGFB axis.  

 

 
Fig. 5. SLC2A3 promoted lung metastasis of colorectal cancer cells in mouse xenograft model. (A, B) The number of 

metastatic nodes in the lung tissue in the control group that the RKO cells transfected with SLC2A3 empty vector and 

group transfected with SLC2A3-overexpressed vector. (C, D) Representative H&E staining section of metastatic nodules 
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in the lung tissue in the control group and the SLC2A3-overexpressed RKO cell group. (E) Representative IHC staining of 

SLC2A3, YAP-1, and PDGFB expression in the metastatic nodules of the lung tissue in the SLC2A3 empty vector group 

and SLC2A3-overexpressed RKO cell group. Data were analyzed using an unpaired t-test and are presented as mean ± SD 

in Figure 5B. H&E, Hematoxylin and eosin staining; IHC, immunohistochemical staining; EV, empty vector; OE, over-

expressed vector; →, metastatic nodules; **P < 0.01. 

 

3.6 Relationships between SLC2A3, YAP-1, and PDGFB protein expression and clinicopathological 

features 

To gain insight into the relationship between SLC2A3, YAP-1, and PDGFB protein expression and 

clinicopathological factors, we examined SLC2A3, YAP-1, and PDGFB expression levels in formalin-fixed 

paraffin-embedded 135 CRC surgical tissues by immunohistochemistry. Tumor samples assessed by immuno-

histochemistry were scored based on stain intensity and extent (Figs. 6A-6L). Next, the patients were classified 

into SLC2A3-low (n=86) and SLC2A3-high (n=49), YAP-1-low (n=94) and YAP-1-high (n=41), and 

PDGFB-low (n=96) and PDGFB-high (n=39) expression groups, respectively. The results revealed that in-

creased SLC2A3, YAP-1, and PDGFB expression were remarkably associated with lymph node metastasis (P < 

0.001, P = 0.016, P < 0.001), nervous invasion (P < 0.001, P = 0.001, P < 0.001), lymphovascular invasion (P < 

0.001, P = 0.007, P < 0.001), distant metastasis (P < 0.001, P < 0.001, P < 0.001), and pTNM stage (P < 0.001, 

P = 0.001, P < 0.001), respectively. In addition, there was a slight association between increased YAP-1 ex-

pression and pT stage (P = 0.048). There were no significant differences between these protein expressions and 

other tumor-related factors, such as gender, age, tumor location, tumor size, gross subgroup, or histological 

classification (Table 1). 

 

 
Fig. 6. Representative immunohistochemical staining of SLC2A3, YAP-1, and PDGFB in CRC.  

SLC2A3 expression negative (A), weak (B), moderate (C), strong (D); YAP-1 expression negative (E), weak (F), moderate 

(G), strong (H); PDGFB expression negative (I), weak (J), moderate (K), strong (L). Bar: 100 μm, 200x. 

 
Table 1. Clinicopathological characteristics of SLC2A3, YAP-1, and PDGFB expression in CRC patients. 

Parameters 

SLC2A3 expression 

P value 

YAP-1 expression 

P value 

PDGFB expression 

P value Low 

n=86(%) 

High 

n=49(%) 

Low 

n=94(%) 

High 

n=41(%) 

Low 

n=96(%) 

High 

n=39(%) 

Gender   0.246   0.503   0.308 

Male 51(37.80) 24(17.80)  54(40.00) 21(15.60)  56(41.50) 19(14.10)  

Female 35(25.90) 25(18.50)  40(29.40) 20(14.80)  40(29.40) 20(14.80)  

Age (Years)    0.757   0.579   0.885 

≤60 38(28.10) 23(17.00)  41(30.40) 20(14.80)  43(31.90) 18(13.30)  

＞60 48(35.60) 26(19.30)  53(39.30) 21(15.60)  53(39.30) 21(15.60)  

Tumor location   0.402   0.308   0.330 

Colon 52(38.50) 26(19.30)  57(42.20) 21(15.60)  58(43.00) 20(14.80)  

Rectum 34(25.20) 23(17.00)  37(27.40) 20(14.80)  38(28.10) 19(14.10)  

Tumor size (cm)   0.441   0.579   0.885 

  ≤5 45(33.30) 29(21.50)  53(39.30) 21(15.60)  53(39.30) 21(15.60)  
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  ＞5 41(30.40) 20(14.80)  41(30.40) 20(14.80)  43(31.90) 18(13.30)  

Gross subgroup   0.850   0.565   0.917 

Ulcerative  53(39.30) 31(23.00)  57(42.20) 27(20.00)  60(44.40) 24(17.80)  

others 33(24.40) 18(13.30)  37(27.40) 14(10.40)  36(26.70) 15(11.10)  

Histological classi-

fication 

  0.720   0.134   0.184 

  Tubular  68(50.40) 40(29.40)  72(53.30) 36(26.70)  74(54.80) 34(25.20)  

  others 18(13.30) 9(6.70)  22(16.30) 5(3.70)  22(16.30) 5(3.70)  

Differentiation   0.670   0.834   0.517 

  Well/Moderate 66(48.90) 36(26.70)  72(53.30) 30(22.20)  74(54.80) 28(20.70)  

  Poor 20(14.80) 13(9.60)  22(16.30) 11(8.10)  22(16.30) 11(8.10)  

pT stage   0.055   0.048   0.075 

  0/1/2 27(20.00) 8(5.90)  29(21.50) 6(4.40)  29(21.50) 6(4.40)  

  3/4 59(43.70) 41(30.40)  65(48.10) 35(25.90)  67(49.60) 33(24.40)  

Lymph node metas-

tasis 

  <0.001   0.016   <0.001 

  Negative 59(43.70) 18(13.30)  60(44.40) 17(12.60)  65(48.10) 12(8.90)  

  Positive 27(20.00) 31(23.00)  34(25.20) 24(17.80)  31(23.00) 27(20.00)  

Nervous invasion   <0.001   0.001   <0.001 

  Negative 79(58.50) 27(20.00)  81(60.00) 25(18.50)  84(62.20) 22(16.30)  

  Positive 7(5.20) 22(16.30)  13(9.60) 16(11.90)  12(8.90) 17(12.60)  

Lymphovascular 

invasion 

  <0.001   0.007   <0.001 

  Negative 57(42.20) 13(9.60)  56(41.50) 14(10.40)  60(44.40) 10(7.40)  

  Positive 29(21.50) 36(26.70)  38(28.10) 27(20.00)  36(26.70) 29(21.50)  

Distant metastasis   <0.001   <0.001   <0.001 

  M0 86(63.70) 32(23.70)  92(68.10) 26(19.30)  96(71.10) 22(16.30)  

  M1 0(0.00) 17(12.60)  2(1.50) 15(11.10)  0(0.00) 17(12.60)  

pTNM stage   <0.001   0.001   <0.001 

  I/II 57(42.20) 14(10.40)  58(43.00) 13(9.60)  63(46.70) 8(5.90)  

  III/IV 29(21.50) 35(25.90)  36(26.70) 28(20.70)  33(24.40) 31(23.00)  

Data were analyzed using an unpaired t test. 

 

3.7 Correlation analyses and prognostic value of SLC2A3, YAP-1, and PDGFB expression in CRC 

To investigate the correlation between SLC2A3, YAP-1, and PDGFB expression in our immunohisto-

chemical cohort and TCGA data, Spearman’s rho model was performed. The results showed that the expressions 

between SLC2A3 and YAP-1 were positively correlated (R = 0.44, P < 0.001) (Fig. 7A). SLC2A3 expression 

likewise has a significant positive correlation with PDGFB expression (R = 0.49, P < 0.001) (Fig. 7B). Addi-

tionally, YAP-1 expression was positively correlated with PDGFB expression (R = 0.56, P < 0.001) (Fig. 7C). 

Additionally, these results were further confirmed at the mRNA level in TCGA data, and there was a positive 

correlation between SLC2A3 and YAP-1 (R = 0.23, P < 0.001) (Fig. 7D), SLC2A3 and PDGFB (R = 0.70, P < 

0.001) (Fig. 7E), and YAP-1 and PDGFB (R = 0.18, P = 0.0004) (Fig. 7F), respectively. As a result, we 

demonstrated a significant positive correlation between the three proteins.  

Next, the Kaplan–Meier analysis was applied by log-rank test to assess the prognostic significance of 

SLC2A3, YAP-1, and PDGFB expression in our immunohistochemical cohort and TCGA data. The results from 

our cohort showed that patients with high expression of SLC2A3, YAP-1, and PDGFB protein had strikingly 

Unedited



J Zhejiang Univ-Sci B (Biomed & Biotechnol)   in press  | 13 

shorter overall survival compared with those with low expression (P < 0.001, P = 0.001, P < 0.001, respectively) 

(Figs. 7G-7I). Moreover, we analyzed TCGA data and confirmed that YAP-1 and PDGFB mRNA expressions 

were significantly higher in tumor tissues than in matched normal tissues (Figs. 7J-7K), respectively, and their 

high expression showed a similar tendency to poor outcomes, as demonstrated in our cohort (Figs. 7L-7M). 

Therefore, we conclude that increased SLC2A3, YAP-1, and PDGFB expression was an adverse prognostic 

factor for CRC patients. 

 
Fig. 7. SLC2A3, YAP-1, and PDGFB expressions had a significant positive correlation with each other in our cohort and 

TCGA data, and increased SLC2A3, YAP-1, and PDGFB expression was an adverse prognostic factor for CRC patients in 

our cohort and TCGA data. (A-C) Correlation analyses by Spearman’s rho model showed that SLC2A3 and YAP-1 (A), 

SLC2A3 and PDGFB (B), and YAP-1 and PDGFB (C) were positively correlated in our cohort. The positive correlations 

were also confirmed by TCGA data (D-F). (G-I) Kaplan–Meier analysis was applied to assess the prognostic significance 

between SLC2A3 (G), YAP-1 (H), and PDGFB (I) expression in our cohort. (J-K) YAP-1 (J), and PDGFB (K) mRNA 

expressions were analyzed in TCGA data. (L-M) Survival significance of YAP-1 (L) and PDGFB (M) expressions with 

Kaplan–Meier analysis in TCGA data. Data were analyzed using an unpaired t-test and are presented as mean ± SD in 

Figure 7J, K. ***P < 0.001. 

 

 

4  Discussion 
 

Recently, numerous investigations have revealed that several members of the glucose transporter family 

participate in the tumor malignant process by regulating aerobic glycolysis; for example, SLC2A1 and 

SLC2A12 serve as an oncogene and are associated with tumor malignant transformation, aggressive behaviors, 

and poor prognosis in breast cancer (Wellberg et al. 2016; Shi et al. 2020), and SLC2A14 may partially be 

responsible for predicting the therapeutic effects of anti-PD-1 on melanoma (Triozzi et al. 2022). An over-

whelming number of studies have focused on the pivotal roles of SLC2A3 in the aerobic glycolysis metabolism 

process to regulate tumor progression in response to an adverse tumor microenvironment. Warburg effects, a 

well-known universal phenomenon whereby glucose is reprogrammed to undergo an aerobic glycolysis me-

tabolism process in the absence or even presence of nutrients or oxygen in various neoplasm cells, can provide a 

steady energy stream for tumor self-refreshment, malignant transforming, proliferation, aggression, distant 

metastasis, and drug resistance (Liberti and Locasale 2016; Lu 2019; Hosios and Manning 2021). These studies 

suggested that aberrantly increased SLC2A3 expression plays a crucial role in tumor progression by partici-

pating in various signaling pathways mainly involving Warburg effects, such as the PI3K/AKT, MAPK, and 

IKKα/IKKβ/NFκB pathways, thus protecting tumor cell survival from threats and accelerating malignant ag-

gression (Kawauchi et al. 2008; Tahir et al. 2013; Barron et al. 2016; Chen et al. 2018; Hosios and Manning 

2021). Correspondingly, interrupting these pathways by inhibiting SLC2A3 may be a practicable strategy for 

tumor treatment (Hsieh et al. 2014). Whereas, up to now, the underlying regulatory mechanisms of 

non-glycolytic pathways by which SLC2A3 boosts tumor progression have not been fully unearthed, in this 

paper, we elucidate that SLC2A3 is commonly up-regulated in CRC and is associated with poor prognosis. 

More intriguingly, SLC2A3 enhances CRC migration, invasion, and distant lung metastasis by activating the 

YAP-1/PDGFB axis. 

In this study, systematic data analysis indicated that SLC2A3 was significantly up-regulated in CRC tis-

sues compared to normal tissues and may be an indicator of poor CRC prognosis, which is consistent with 

previous research on CRC (Martinez-Romero et al. 2018; Kim et al. 2019; Wu et al. 2020; Gao et al. 2021). 

Mechanistically, previous studies have confirmed that, in response to hypoxia or nutrient depletion, nuclear 

oncogene CREB1, CDK8, and Caveolin‐1 (Cav‐1) positively regulated SLC2A3, of which CREB1 could per-
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tinently up-regulate SLC2A3 expression, while Cav‐1 increased SLC2A3 expression through directly binding 

and interacting with high mobility group protein A1 (HMGA1) and SLC2A3 promoter regions. Meanwhile, 

HMGA1 may directly bind with SLC2A3, and SLC2A3, in turn, boosts HMGA1-induced CRC distant liver 

metastasis. The ultimate interaction therefore resulted in continuous glucose uptake and aerobic glycolysis for 

uncontrolled tumor growth and malignant progression (Ha and Chi 2012; Ha et al. 2012; Galbraith et al. 2017; 

Yang et al. 2020). Intriguingly, in this study, we analyzed gene set pathway enrichment using RNA 

next-generation sequencing technology in SLC2A3-knocked HCT116 cells, and the results revealed that 

SLC2A3 most frequently affected pathways associated with cancer and cytokine–cytokine receptor interaction. 

We also found that YAP-1 and cytokine PDGFB expressions were dramatically reduced in SLC2A3-knocked 

HCT116 cells. These data indicate that SLC2A3 might partially promote CRC migration and invasion by reg-

ulating YAP-1 and PDGFB expression, which offers a novel perspective on the biomechanisms underlying 

SLC2A3’s regulation of CRC aggression. 

In addition to this, one study showed that the activation of the fibronectin-induced integrin αvβ1/ FAK/cell 

division cycle 42 (CDC42) signaling pathway up-regulated SOX2 expression by simulating YAP-1, thus facil-

itating CRC cell proliferation and drug resistance (Ye et al. 2020). Furthermore, other studies have confirmed 

that the activation of YAP-1 directly targeted and up-regulated SLC2A3 expression; in turn, elevated SLC2A3 

expression directly activated and up-regulated YAP-1 expression, thereby forming a positive SLC2A3-YAP-1 

feedback loop, enhancing glucose metabolism to promote cancer cells’ proliferation, migration, invasion, and 

lung metastasis (Wang et al. 2015; Kuo et al. 2019; Jiang et al. 2021). In line with these results, we also revealed 

that SLC2A3 could positively regulate YAP-1 and PDGFB expression. 

PDGFB was first detected in the tissue specimens of CRC patients (Ito et al. 1990). Later, some researchers 

documented that the plasma-secreted PDGFBB level was significantly higher in CRC than in adenoma (Belizon 

et al. 2009) and was associated with advanced CRC and adverse prognosis by recruiting pericytes and en-

hancing angiogenesis, which makes it a potential biomarker for the early diagnosis of CRC (McCarty et al. 2007; 

Nakamura et al. 2008; Ionescu et al. 2011). Considering PDGFBB as a major interactor with PDGFR-ββ, 

blocking the PDGFBB/PDGFR-ββ signaling pathway resulted in effective abrogation of cancer cell prolifera-

tion and distant metastasis (Shan et al. 2011). However, other investigations emphasized that drugs targeting 

PDGF may be counterproductive when there are low levels of PDGFBB in the microenvironment due to the 

decreasing pericyte numbers for facilitating the tumor cells’ proliferation and metastasis (Hosaka et al. 2013). 

Another study showed that, in pancreatic cancer, high PDGFBB expression promoted tumor cell proliferation 

and migration by simulating the YAP-related Hippo pathway (Li et al. 2021). On the contrary, in the present 

study, we demonstrated that SLC2A3 positively regulated YAP-1 expression, and PDGFB acted as a crucial 

downstream molecule of YAP-1. We also confirmed that overexpression of PDGFB within tumor cells or in-

creased concentrations of PDGFB agents in the tumor microenvironment markedly enhanced CRC migration 

and invasion. In summary, the results of the present study indicate that the relationship among SLC2A3, YAP-1, 

and PDGFB may be intricate, and there may be a positive feedback loop among them. Thus, the underlying 

mechanisms need to be deeply excavated. 

We confirmed that high SLC2A3, YAP-1, and PDGFB expressions in CRC tissues were significantly 

correlated with lymph node metastasis, nervous invasion, lymphovascular invasion, distant metastasis, and 

pTNM stage, respectively. We also further found that there was a correlation with the expression of SLC2A3, 

YAP-1, and PDGFB in CRC tissues, and their high expressions were hazard factors for CRC, which is con-

sistent with the findings of previous studies (Nakamura et al. 2008; Sun et al. 2019; Wu et al. 2020; Gao et al. 

2021; Yao et al. 2022). Although Yoshito Nakamura and colleagues confirmed that high PDGFBB expression 

was only associated with vascular invasion rather than other clinicopathological factors, they also documented 

that high PDGFBB expression was an independent risk factor for CRC (Nakamura et al. 2008). Nevertheless, in 

our study, we confirmed that high PDGFB protein expression in CRC tissues was linked to lymphovascular 

invasion, lymph node metastasis, nervous invasion, distant metastasis, and pTNM stage. Furthermore, our 

findings corroborated that SLC2A3 enhanced CRC malignant aggression and was associated with poor prog-

nosis by activating the YAP-1/PDGFB axis. 
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5  Conclusions 
 

In this study, we initially demonstrated that SLC2A3 acts as an oncogene to enhance CRC cell malignant 

aggression and is linked to poor outcomes by positively activating the YAP-1/PDGFB axis. This not only ex-

pands the understanding of the biomechanisms by which SLC2A3 promotes CRC aggression but also offers a 

novel tool for CRC targeted therapy. Moreover, the present results also indicate that there may be crosstalk 

between the SLC2A3-regulated YAP-1/PDGFB axis, the YAP-related Hippo signaling pathway, and 

PDGFBB/PDGFR-ββ signaling pathway, and there may be positive feedback regulation among these signaling 

pathways. Thus, methods to interrupt these signaling pathways, including directly targeting SLC2A3, may be 

feasible for CRC treatment, especially for reversing resistance and preventing or blocking CRC distant metas-

tasis (Cao et al. 2007; Karageorgis et al. 2018; Ceballos et al. 2019; Reckzeh et al. 2019). Therefore, all the 

above issues will be investigated and deciphered in future work.    
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