
Comprehensive Analysis of SHC1 Expression and
Its Role in Glioblastoma Progression and Immune
Modulation
Yi Xu 

Nanchang University
Jianghua Zhu 

Nanchang University
Min Luo 

Nanchang University
Li Guo 

Nanchang University
Xinyue Wei 

Nanchang University
Xingen Zhu 

Nanchang University
Kunjian Lei 

Nanchang University

Research Article

Keywords:

Posted Date: November 9th, 2026

DOI: https://doi.org/10.21203/rs.3.rs-11382820/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Additional Declarations: No competing interests reported.

https://doi.org/10.21203/rs.3.rs-11382820/v1
https://doi.org/10.21203/rs.3.rs-11382820/v1
https://doi.org/10.21203/rs.3.rs-11382820/v1
https://creativecommons.org/licenses/by/4.0/


1 

 

Comprehensive Analysis of SHC1 Expression and Its Role in Glioblastoma 

Progression and Immune Modulation 

Yi Xu1,2,3,4, Jianghua Zhu1,2,3,4, Min Luo1,2,3,4, Li Guo1, Xinyue Wei5, Xingen 

Zhu1,2,3,4,5*, Kunjian Lei1,2,3,4,5* 

1Department of Neurosurgery, The Second Affiliated Hospital, Jiangxi Medical 

College, Nanchang University, Nanchang, Jiangxi, P. R. China. 

2Jiangxi Province Key Laboratory of Neurological Diseases, Nanchang, Jiangxi, P. 

R. China. 

3JXHC Key Laboratory of Neurological Medicine, Nanchang University, 

Nanchang, Jiangxi, China. 

4The MOE Basic Research and Innovation Center for the Targeted Therapeutics 

of Solid Tumors, Jiangxi Medical College, Nanchang University, Nanchang, 

Jiangxi, China. 

5School of Basic Medical Sciences, Nanchang University, Nanchang, P. R. China. 

 

*Correspondence: 

Kunjian Lei  

kunjian.lei@ncu.edu.cn  

Xingen Zhu  

ndefy89006@ncu.edu.cn  

 

Abstract: 



2 

 

SHC adaptor protein 1 (SHC1) encodes three protein isoforms, including p66Shc, a 

well-characterized mediator of oxidative stress responses. Despite evidence implicating 

SHC1 in tumorigenesis and progression, its pan-cancer expression landscape and 

functional significance in glioblastoma (GBM) remain incompletely characterized. 

Herein, we integrated multi-omics datasets from The Cancer Genome Atlas (TCGA), 

the Genotype-Tissue Expression (GTEx) project, and the Clinical Proteomic Tumor 

Analysis Consortium (CPTAC) to comprehensively characterize SHC1 expression 

patterns, prognostic relevance, and associations with the immune landscape across 33 

cancer types. Our analysis showed significant SHC1 upregulation in several 

malignancies, including GBM, which correlated with unfavorable prognosis and 

immunosuppressive cell infiltration. Functional assays further showed that silencing 

SHC1 in GBM cells significantly impaired proliferative, migratory, and invasive 

capacities, accompanied by G₂/M cell-cycle arrest, increased apoptosis, and enhanced 

responsiveness to temozolomide (TMZ). Integrative transcriptomic and proteomic 

analyses identified CCNB1 as a key downstream effector mediating SHC1-driven cell 

cycle progression; restoration of CCNB1 partially reversed the phenotypic effects of 

SHC1 loss. In vivo experiments further demonstrated that SHC1 silencing restrained 

intracranial tumor progression and extended survival in both immunodeficient and 

immunocompetent mouse models. Single-cell RNA sequencing also indicated a 

reshaped tumor immune microenvironment, characterized by reduced 

immunosuppressive macrophages and increased CD8⁺ T cell infiltration. Collectively, 

these results identify SHC1 as a multifaceted contributor to GBM malignancy by 
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supporting proliferation, DNA repair, and immune escape, underscoring its potential as 

both a therapeutic target and a prognostic biomarker in GBM. 

 

INTRODUCTION 

Cancer remains a substantial burden on global public health and socioeconomic 

development in the 21st century [1]. Globally, it accounts for approximately 16.8% of 

all deaths and 22.8% of mortality attributable to non-communicable diseases [2]. 

Cancer contributes significantly to premature mortality from noncommunicable 

diseases (NCDs), accounting for 30.3% of deaths among individuals aged 30–69 years. 

Cancer remains one of the top three leading causes of mortality in this age group across 

177 of 183 countries, demonstrating its significant global health burden [2]. Current 

treatment strategies, including surgery, radiotherapy, chemotherapy, immunotherapy, 

and molecular targeted therapy, exhibit limited efficacy in achieving long-term survival 

for many patients [3,4]. Therefore, identifying novel biomarkers, improving prognostic 

stratification tools and discovering actionable therapeutic targets are essential for 

precision oncology and sustained antitumor responses. 

SHC adaptor protein 1 (SHC1) encodes the ShcA adaptor protein, which is 

expressed as three principal isoforms: p46Shc, p52Shc, and p66Shc [5]. Among these, 

p66Shc is the largest isoform and uniquely harbors a collagen homology 2 (CH2) 

domain that critically regulates mitochondrial reactive oxygen species (ROS) 

generation and apoptosis [6]. ShcA expression is dynamically regulated in the central 

nervous system, with high abundance in proliferating neural progenitors and a 
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pronounced decrease upon differentiation [7,8]. Functionally, ShcA adaptor proteins 

integrate diverse signaling pathways to mediate cellular responses to extracellular 

stimuli [9–11]. Unlike other ShcA isoforms, p66Shc plays a distinct role in oxidative 

stress responses and exerts context-dependent effects in cancer, favoring apoptosis or 

cell survival depending on cell type, growth factor signaling, and microenvironmental 

stress [12–14]. 

Dysregulated p66Shc expression and altered p66Shc-mediated signaling are 

implicated in diverse pathological conditions, particularly malignancies. Increased 

p66Shc expression is linked to tumor cell proliferation, migration, and tumorigenesis. 

Upon EGF stimulation, p66Shc and Grb2 form a complex with the small GTPases 

ARF1 and ARF6, which in turn facilitates breast cancer cell proliferation, invasion, and 

migration [15,16]. In prostate cancer, ROS production driven by p66Shc, along with 

subsequent Rac1 activation, suppresses cPAcP, a prostate-specific phosphatase sharing 

functional homology with PTEN, thereby promoting tumor cell growth and survival. 

[17,18]. p66Shc is also highly expressed in colorectal and gastric cancers. In this 

context, it enhances colorectal tumor cell survival by activating the PI3K/AKT pathway 

[19,20]. In hepatocellular carcinoma, p66Shc promotes tumor progression by 

phosphorylating STAT3 and activating downstream growth-promoting signaling 

[21,22]. Notably, among SHC1 isoforms, p66Shc alone has been reported to be 

markedly elevated in glioblastoma (GBM) and linked to unfavorable patient prognosis 

[23]. However, in contrast to the extensive investigation of SHC1 in cancers such as 

breast and lung malignancies, its functions and underlying mechanisms in GBM remain 
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incompletely characterized. Despite accumulating evidence for p66Shc across 

individual cancer types, a comprehensive pan‑cancer assessment of SHC1 expression 

patterns, prognostic significance, and immune associations remains lacking. 

Furthermore, whether aberrant SHC1 expression drives GBM progression through 

specific signaling pathways and whether SHC1 is functionally linked to the tumor 

immune microenvironment remain unclear. Therefore, a comprehensive dissection of 

the biological functions and regulatory circuitry orchestrated by SHC1 in GBM could 

shed light on its mechanistic role in driving malignancy and emphasize its value as a 

therapeutic candidate and prognostic indicator. 

Our initial analysis leveraged public multi‑omics resources to profile SHC1 

expression, prognostic relevance, and associations with immune cell infiltration across 

multiple tumor types, followed by an in-depth investigation in GBM. Subsequently, 

bioinformatic approaches were integrated with in vitro functional assays and in vivo 

xenograft and syngeneic models to determine the impact of SHC1 silencing on GBM 

cell proliferation, migration, invasion, cell-cycle progression, and apoptosis. The 

effects of SHC1 loss on chemosensitivity and the tumor immune microenvironment 

were also examined. Through this multilevel and multimodel strategy, the functional 

relevance and mechanistic underpinnings of SHC1 in GBM were defined, alongside an 

evaluation of its prognostic and therapeutic potential. 

 

RESULTS 

Expression of SHC1 in Pan-Cancer Studies 
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The SHC1 gene encodes three distinct protein isoforms (p46Shc, p52Shc, and p66Shc) 

harboring diverse protein–lipid and protein–protein interaction domains that enable 

distinct functional properties [24]. Although SHC1 has emerged as a potential regulator 

of tumorigenesis and cancer progression, its pan-cancer landscape remains 

incompletely characterized. To address this, TCGA and GTEx datasets were integrated 

to evaluate SHC1 mRNA expression across tumor and corresponding non-cancerous 

tissues. Among the 33 cancer types examined, SHC1 exhibited significantly increased 

expression in 14 tumors and significantly decreased expression in 12 tumors compared 

with corresponding non-cancerous tissues (Fig. 1A). Clinical Proteomic Tumor 

Analysis Consortium (CPTAC) analysis further showed increased SHC1 protein 

abundance in five tumor types but decreased abundance in UCEC (Fig. S1A). Notably, 

SHC1 was significantly upregulated in GBM at both the transcriptional and protein 

levels (Fig. 1B, C). Analysis of cBioPortal data revealed that SHC1 alterations were 

most prevalent in Cholangiocarcinoma (CHOL) (14%), predominantly driven by 

amplification (Fig. 1D). The Human Protein Atlas (HPA) immunofluorescence showed 

mainly cytoplasmic localization of SHC1 in U2OS and U251MG cells (Fig. 1E). 

STRING-based protein–protein interaction analysis indicated that SHC1-interacting 

proteins were mainly localized to the cytoplasm, plasma membrane, mitochondria, and 

nucleus (Fig. 1F). 

Prognostic Value of SHC1 in Pan-Cancer 

The prognostic significance of SHC1 was then assessed using four survival endpoints: 

overall survival (OS), progression-free interval (PFI), disease-free interval (DFI), and 
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disease-specific survival (DSS) (Fig. 2A). Across cancers, SHC1 demonstrated a 

protective role only in PCPG based on DFI and PFI, whereas it acted as a risk factor in 

more than ten tumor types, including brain lower-grade glioma (LGG), uveal melanoma 

(UVM), and lung adenocarcinoma (LUAD). Notably, in GBM, lung squamous cell 

carcinoma (LUSC), prostate adenocarcinoma (PRAD), and rectum adenocarcinoma 

(READ), SHC1 showed significant associations with DSS rather than OS, suggesting 

that its prognostic relevance may be more closely related to disease-specific progression 

or recurrence than to all-cause survival in these tumors. Univariate Cox regression 

across 33 TCGA cancer types further supported the prognostic role of SHC1 (Fig. 2B): 

Elevated SHC1 levels significantly predicted worse survival in LGG, UVM, LUAD, 

KIRP, and multiple other cancers. Kaplan–Meier analysis based on the optimal cutoff 

similarly demonstrated poorer outcomes in patients with high SHC1 expression in 

GBM, LGG, PAAD, and MESO (Fig. 2C–F). In GBM specifically, SHC1 expression 

was not significantly associated with OS when stratified by median expression; 

however, when the optimal cutoff was applied, patients with higher SHC1 expression 

exhibited significantly shorter survival (Fig. S1B). In contrast, DSS remained 

significantly associated with SHC1 expression regardless of whether median or optimal 

cutoff thresholds were used, with high SHC1 expression associated with longer DSS 

(Fig. S1B). 

Immune Landscape of SHC1 Across Cancers and Gene Set Enrichment Analysis 

(GSEA) 

TISCH-based single-cell profiling indicated that SHC1 expression was largely 
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restricted to malignant cells across most cancers, with minimal presence in immune 

populations (Fig. S2A). Representative scRNA-seq datasets from glioma and 

leiomyosarcoma further confirmed that cells with high SHC1 expression were enriched 

mainly within malignant-cell populations rather than immune-cell compartments (Fig. 

3A, S2B). Pan-cancer analysis via the TIMER 3.0 database revealed that SHC1 

expression positively correlated with infiltrating macrophages, neutrophils, and Tregs, 

but negatively correlated with B cells and CD8⁺ T cells across multiple malignancies 

(Fig. S3), suggesting its widespread role in modulating the immune microenvironment. 

In GBM, single-sample GSEA (ssGSEA) revealed that elevated SHC1 expression 

correlated with reduced tumor purity and elevated ESTIMATE, Immune, and Stromal 

Scores, along with increased infiltration of most immune cell types. Immune infiltration 

was particularly prominent in mesenchymal GBM, likely due to bidirectional crosstalk 

between neoplastic cells and the immune microenvironment [25]. Specifically, SHC1 

expression correlated positively with neutrophils, macrophages, and CD4⁺ T cells. 

Although these immune populations are heterogeneous, multiple studies have indicated 

that they often acquire immunosuppressive or oncogenic phenotypes within GBM 

rather than mediating effective antitumor immunity [26,27]. Accordingly, high SHC1 

expression may contribute not only to tumor-intrinsic malignant behavior but also to 

establishing a suppressive GBM immune milieu. However, the specific mechanisms 

through which SHC1 regulates immune cell recruitment and functional polarization 

require further experimental validation. 

GSEA of Hallmark gene sets was performed on each cancer type stratified by 
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SHC1 expression levels. Across most tumors, the differentially enriched pathways 

converged predominantly on IL6_JAK_STAT3_SIGNALING, 

EPITHELIAL_MESENCHYMAL_TRANSITION, KRAS_SIGNALING, 

INFLAMMATORY_RESPONSE, and TNFA_SIGNALING_VIA_NFKB (Fig. S4), 

suggesting that SHC1 is broadly associated with inflammation-driven signaling and 

EMT across malignancies. 

Knocking down SHC1 significantly inhibits GBM progression 

To investigate the functional contribution of SHC1 to GBM malignancy, SHC1 

was knocked down in human LN229 and U251MG cells, alongside murine Shc1 in 

GL261 cells. Knockdown efficiency was subsequently verified by qPCR and Western 

blot (Fig. 4A, S5A, B). Functional assessment via CCK-8 and colony-formation assays 

revealed that SHC1 depletion markedly impaired proliferative capacity. (Fig. 4B, C, 

S5C, D). Consistently, EdU incorporation was markedly decreased after SHC1 

knockdown, confirming a reduction in the proliferating cell fraction (Fig. 4D, S5E). 

Wound-healing assays demonstrated impaired migration (Fig. 4E, S5F), while 

Transwell assays indicated substantial reductions in both migration and invasion. Flow 

cytometry also detected a significant increase in apoptosis and G₂/M accumulation, 

indicating cell-cycle arrest at the G₂/M transition (Fig. 4F, G). Thus, SHC1 supports 

multiple malignant phenotypes in GBM cells, including proliferation, survival, 

migration, invasion, and cell-cycle progression. Of the three cell lines tested, U251MG 

exhibited the greatest sensitivity to SHC1 depletion, suggesting a relatively stronger 

reliance on SHC1 function in this cellular context. 
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To determine whether SHC1 exerts a growth-promoting effect in vivo, 

U251MG-Luc cells stably expressing shVector or shSHC1 were orthotopically 

implanted into the brains of immunodeficient NCG mice. In vivo Imaging System (IVIS) 

imaging revealed a marked reduction in intracranial bioluminescence upon SHC1 

suppression compared with the control group (Fig. 4H, I). Given the absence of 

functional adaptive immunity in this model, these findings indicate that SHC1 

downregulation can directly impede GBM growth through tumor-intrinsic mechanisms, 

independent of immune-mediated effects. Consistently, immunohistochemical (IHC) 

staining demonstrated a marked decline in the percentage of Ki‑67+ cells following 

SHC1 knockdown, further substantiating its ability to suppress proliferation in vivo 

(Fig. 4J). 

SHC1 is significantly associated with the cell cycle and TMZ resistance in GBM 

cells 

RNA-seq of SHC1-knockdown U251MG cells identified 720 upregulated and 902 

downregulated genes (Fig. 5A), including marked reductions in SHC1, PRC1, MYC, 

and CCNB1 (Fig. 5B). GSEA identified marked enrichment changes in cell cycle 

pathways, including Cell cycle and Cellular senescence, along with several DNA repair 

pathways such as DNA replication and Fanconi anemia (Fig. 5C). Among the top five 

pathways downregulated in shSHC1 cells were CELL_CYCLE and 

DNA_REPLICATION (Fig. S6B), reflecting impaired cell-cycle progression and DNA 

replication dynamics. 

GSEA of proteomic data consistently identified CELL_CYCLE and 
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DNA_REPLICATION as the top two most affected pathways, consistent with the 

transcriptomic results. SHC1 knockdown altered 2,344 proteins, including 972 

upregulated and 1,372 downregulated proteins, distributed mainly in the nucleus, 

cytoplasm, extracellular space, plasma membrane, and mitochondria (Fig. S6C, D). 

Integrated transcriptomic and proteomic analysis highlighted CCNB1 as the most 

significantly altered cell-cycle regulator, followed by CDC20 (Fig. S6E). RNA-seq and 

Western blot (WB) validation confirmed substantial CCNB1 downregulation (Fig. 5D). 

Given the profound impact of SHC1 downregulation on DNA replication and 

repair pathways, we next assessed whether SHC1 depletion affects sensitivity to 

TMZ—a DNA-alkylating agent that induces O⁶-methylguanine adducts and lethal 

double-strand breaks via aberrant mismatch repair [28]. As expected, TMZ treatment 

caused a greater reduction in cell viability and accelerated cell death in 

SHC1-knockdown cells than in control U251MG and GL261 cells across a range of 

concentrations (Fig. 5E). This chemosensitizing effect was further validated in 

U251MG and LN229 cells by CCK-8 assays following combined TMZ and SHC1 

knockdown treatment (Fig. 5F). Taken together, these results link SHC1-mediated 

cell-cycle and DNA-repair regulation to chemoresistance and support SHC1 as a 

candidate target for TMZ combination therapy. 

SHC1 knockdown suppresses GBM progression through CCNB1 downregulation 

CCNB1 is a core mitotic cyclin that binds CDK1 to form the maturation-promoting 

factor and functions as a molecular switch controlling passage through the G₂/M 

checkpoint. Given that SHC1 knockdown induced pronounced G₂/M arrest and 
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substantially reduced CCNB1 at both the transcript and protein levels, we hypothesized 

that CCNB1 mediates SHC1-dependent cell-cycle progression. To validate this causal 

relationship, CCNB1 rescue experiments were conducted in SHC1-knockdown 

U251MG and LN229 cells (Fig. S7A, B). Exogenous CCNB1 significantly reduced the 

proportion of cells accumulated in G₂/M relative to SHC1 knockdown alone (Fig. 6A), 

demonstrating partial restoration of cell-cycle progression. Functionally, CCNB1 

re-expression restored overall proliferative capacity and increased the proportion of 

proliferating GBM cells (Fig. 6B, C, S7C). It also partially rescued migration and 

invasion (Fig. 6D, S7D, E) and attenuated the apoptosis induced by SHC1 depletion 

(Fig. 6E). Colony-formation assays further confirmed that CCNB1 overexpression 

counteracted the suppressive effect of SHC1 knockdown on long-term proliferative 

capacity (Fig. 6F). Overall these findings identify CCNB1 downregulation as a key 

molecular event linking SHC1 loss to G₂/M arrest, proliferation inhibition, impaired 

migration and invasion, and apoptosis, thereby supporting CCNB1 as a major 

downstream effector through which SHC1 maintains the malignant phenotype of GBM 

cells. 

Downregulation of SHC1 significantly suppresses GBM tissue in vivo and 

remodels the tumor immune microenvironment 

To validate the SHC1–CCNB1 axis and determine whether SHC1 loss sensitizes GBM 

to TMZ in vivo, an intracranial U251MG-Luc nude-mouse model was established. 

Mice were assigned to control, shSHC1, shSHC1 + CCNB1, TMZ, or shSHC1 + TMZ 

groups. TMZ was administered via intraperitoneal injection at 50 mg/kg once daily for 



13 

 

five consecutive days, and bioluminescence imaging of intracranial tumors was 

performed on day 18 post‑implantation to assess tumor burden (Fig. 7A, B, S8A, B). 

Compared with the shSHC1 group, restoration of CCNB1 significantly increased 

intracranial tumor signals, indicating that CCNB1 overexpression partially reversed the 

growth suppression caused by SHC1 deficiency. As expected, TMZ monotherapy failed 

to effectively suppress tumor signals in control mice, whereas TMZ treatment in 

SHC1-knockdown tumors markedly reduced bioluminescence, indicating that SHC1 

deficiency increases GBM sensitivity to TMZ in vivo. 

Survival analysis further supported these findings. SHC1 knockdown significantly 

prolonged overall survival compared with the control group. Conversely, CCNB1 

restoration largely abrogated the survival benefit conferred by SHC1 knockdown, 

resulting in a survival profile comparable to that of control mice and supporting CCNB1 

as a primary downstream mediator of the in vivo pro-tumorigenic effects of SHC1 (Fig. 

7C). TMZ alone did not significantly prolong survival, while the combination of SHC1 

knockdown and TMZ produced a further significant survival benefit (Fig. S8C). 

Histological analysis yielded findings consistent with the imaging and survival data: 

hematoxylin and eosin (H&E) and Ki-67 staining showed marked tumor shrinkage and 

a reduced proportion of Ki-67-positive cells after SHC1 knockdown, whereas tumor 

tissue was virtually absent in the shSHC1 + TMZ group (Fig. 7D, E, S8D). Collectively, 

these data demonstrate that SHC1 promotes GBM growth through CCNB1 and that 

SHC1 depletion substantially enhances TMZ responsiveness in vivo. 

Finally, given that SHC1 expression correlated with immunosuppressive cell 
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infiltration and inflammatory/interferon response pathways in human GBM, we 

evaluated its immune effects using GL261 allografts in immunocompetent C57BL/6 

mice. Shc1 knockdown significantly reduced intracranial tumor burden, prolonged 

overall survival, and decreased the abundance of Ki‑67‑positive tumor cells (Fig. 7F–I, 

S8E). Immunofluorescence staining further revealed a significant increase in the 

proportion of CD8⁺ T cells within shShc1 GBM tissues compared with controls (Fig. 

7J). To characterize the immune microenvironment at single‑cell resolution, we 

performed scRNA‑seq on intracranial GBM tissues and annotated the major cell 

populations (Fig. 7K). While the overall proportions of immune cell subsets were 

largely comparable between the two groups (Fig. 7L), we observed a marked increase 

in the absolute number of CD8⁺ T cells in the shShc1 group relative to controls (1,982 

vs. 1,109; Fig. 7M). These results collectively indicate that SHC1 knockdown 

suppresses GBM growth in immunocompetent hosts and is associated with enhanced 

CD8⁺ T cell infiltration within the tumor microenvironment. Thus, SHC1 may function 

as both a tumor‑intrinsic driver and an immune‑microenvironment regulator, 

positioning it as a promising candidate for GBM therapy and for sensitizing tumors to 

TMZ. 

Discussion 

Over the years, research has shown that SHC1 encodes three isoforms with distinct 

functions [29]. p46Shc predominantly resides in the mitochondrial matrix, where it 

interacts with and suppresses mitochondrial 3-ketoacyl-CoA thiolase ACAA2, 

contributing to the regulation of fatty acid β-oxidation and cellular energy metabolism 
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[30,31]. Besides, p52Shc is recruited to the cell membrane upon receptor tyrosine 

kinase activation and, through complex formation with signaling molecules such as 

GRB2, transmits upstream receptor signals, including those from EGFR, to the RAS–

RAF–MEK–ERK axis, thereby regulating cell proliferation, survival, and 

differentiation [32–35]. Besides, p66Shc, the largest isoform, uniquely contains a CH2 

domain critical for mitochondrial ROS production and apoptosis [36,37]. It is now 

understood that under stress conditions, p66Shc can function within mitochondria; its 

cytochrome c-binding region facilitates electron transfer with mitochondrial 

cytochrome c, promoting ROS generation and thereby regulating oxidative stress, 

mitochondrial homeostasis, and apoptosis [38–41]. Beyond growth factor-induced 

proliferation, p66Shc has been implicated in cell migration and adhesion [42,43]. In 

GBM, SHC1 downregulation has been reported to inhibit U87MG cell proliferation 

[23]; however, the mechanisms linking SHC1 to GBM progression remain 

insufficiently explored. 

Herein, we initially conducted pan-cancer analysis and observed significantly 

increased SHC1 expression across multiple tumor types relative to peritumoral tissues. 

Interestingly, when GBM patients were stratified by SHC1 expression at the optimal 

cutoff, a significant survival difference emerged, whereas stratification by the median 

expression level did not yield a significant difference. More importantly, SHC1 

appeared more closely associated with GBM recurrence and chemoresistance, as 

significant differences emerged when patients were stratified by the median value. 

Transcriptomic profiling further showed that SHC1 knockdown markedly suppressed 
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multiple DNA repair pathways. Given that TMZ, the first-line chemotherapeutic agent 

for GBM, exerts cytotoxicity through O⁶-methylguanine adduct formation and 

subsequent mismatch repair-dependent DNA double-strand breaks [28,44], our finding 

that SHC1 knockdown enhances TMZ sensitivity suggests that SHC1 may contribute 

to the regulation of DNA damage responses and chemoresistance in GBM. However, 

the mechanisms driving this sensitization remain to be fully elucidated. 

Analysis of single‑cell transcriptomic data revealed that SHC1 expression is 

largely restricted to malignant cells. ssGSEA further revealed that GBM patients with 

elevated SHC1 expression exhibited significantly higher immune scores and greater 

immune cell infiltration, with the mesenchymal subtype demonstrating the highest 

degree of immune infiltration, a pattern that may arise from a bidirectional interplay 

between malignant cells and the surrounding immune milieu [25,45]. Consistently, 

SHC1 expression in GBM tissues showed positive associations with CD4⁺ T cells, 

macrophage infiltration, and neutrophils, indicating a potential role for SHC1 in 

regulating tumor progression via the immune microenvironment. 

Although p66Shc has been associated with prostate cancer proliferation and cell 

cycle modulation [46], its role in GBM has remained unclear. Our study demonstrated 

that SHC1 silencing in GBM cells markedly reduced proliferative and migratory 

capacities, enhanced apoptosis, and triggered cell cycle arrest. In an orthotopic GBM 

model using immunodeficient NCG mice, SHC1 knockdown significantly restricted 

tumor progression, confirming that SHC1 can directly promote GBM cell proliferation 

independently of immune system involvement. Mechanistically, both transcriptomic 
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and proteomic analyses converged on cell cycle pathways as the most significantly 

altered, with CCNB1 emerging as a key downregulated molecule. CCNB1, a mitotic 

cyclin essential for the G₂/M transition [47,48], mediated SHC1's effects on cell cycle 

progression, as CCNB1 overexpression partially rescued the proliferation, migration, 

and apoptosis phenotypes induced by SHC1 knockdown. Moreover, SHC1 knockdown 

compromised DNA repair capacity and sensitized GBM cells to TMZ, effects that were 

consistently observed in vivo. In nude mouse models, SHC1 knockdown suppressed 

intracranial tumor growth, an effect that was largely reversed by CCNB1 

overexpression. Besides, SHC1 downregulation significantly enhanced TMZ efficacy. 

In immunocompetent C57BL/6 mice, SHC1 knockdown further promoted CD8⁺ T cell 

infiltration and macrophage repolarization toward the M1 phenotype, suggesting that 

SHC1 contributes to the regulation of the tumor immune microenvironment. 

Nevertheless, several limitations of this study should be acknowledged. The 

molecular basis underlying SHC1-mediated regulation of CCNB1 expression and DNA 

repair pathways remains incompletely understood. Moreover, the lack of clinical 

sample validation limits the direct translational relevance of our observations. 

Nevertheless, the consistent convergence of multi-omics and functional data provides 

a robust foundation for our conclusions and offers clear directions for future 

investigations. 

In summary, SHC1 is significantly overexpressed in multiple tumor types and 

serves as a prognostic risk factor in several malignancies. Within GBM, SHC1 is mainly 

detected in malignant cells, and its expression level correlates positively with the 
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accumulation of immunosuppressive cell types, namely M2‑polarized macrophages, 

regulatory T cells, and neutrophils, suggesting a role for SHC1 in driving immune 

evasion through microenvironmental remodeling. Functional in vitro and in vivo 

experiments confirmed that SHC1 knockdown substantially inhibits malignant 

progression in GBM. Mechanistically, SHC1 drives GBM proliferation and survival 

primarily by modulating cell cycle progression and DNA damage repair pathways. 

Collectively, this study reveals a dual oncogenic role for SHC1 in GBM, promoting 

tumor-intrinsic proliferation and repair while concurrently shaping an 

immunosuppressive microenvironment, providing a strong rationale for targeting 

SHC1 as a therapeutic strategy and offering a candidate approach for GBM treatment. 

 

MATERIALS AND METHODS 

Data sourcing and preprocessing 

In the present study, multiple bioinformatics resources were used to systematically 

investigate the expression and genomic characteristics of SHC1. Multi-omics data and 

clinical annotations across human cancers were obtained from UCSC Xena 

(https://xena.ucsc.edu/) [49], which provides preprocessed and batch-adjusted datasets 

from GTEx (https://gtexportal.org/home/datasets) and TCGA 

(https://portal.gdc.cancer.gov). SHC1 protein expression was evaluated using 

UALCAN (http://ualcan.path.uab.edu/analysis.html) based on CPTAC data, and 

GEPIA3 (https://gepia3.bioinfoliu.com) was employed to analyze SHC1 expression in 

GBM. Genomic alteration profiles, including mutation frequencies and variant 
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classifications, were assessed via cBioPortal (https://www.cbioportal.org/). HPA 

(https://www.proteinatlas.org) was used to determine the subcellular localization of 

SHC1. A high-confidence PPI network (score ≥ 0.95) was also constructed via STRING 

(https://cn.string-db.org/) to screen for potential SHC1-interacting partners. 

Cross-cancer prognostic analysis of SHC1 

Transcriptomic and clinical data for 33 cancer types were acquired from TCGA via 

UCSC Xena to evaluate the prognostic value of SHC1. Survival was evaluated using 

OS, PFI, DSS, and DFI endpoints. The relationship between SHC1 expression and 

patient outcomes was examined using univariate Cox regression and Kaplan–Meier 

analyses, performed in R with the “survival” package to obtain log-rank P values, HRs, 

and 95% CIs. Results were presented as a heatmap, with OS findings further detailed 

in a forest plot generated using “forestplot”. 

GSEA for SHC1 

For each TCGA cancer type, samples were stratified into SHC1-high and SHC1-low 

groups based on median expression. Samples were divided into SHC1‑high and 

SHC1‑low subgroups according to median SHC1 expression. Differentially expressed 

genes (DEGs) between the two subgroups were analyzed by GSEA against the 

Hallmark gene sets (h.all.v7.4.symbols.gmt) from MSigDB, with genes ranked by 

logFC. NES and FDR values were calculated using the R “clusterProfiler” package, 

and the resulting enrichment data were visualized as bubble plots via “ggplot2”. 

Tumor immunity and immune infiltration analysis  

TIMER2.0 (https://compbio.cn/timer/2) was used to assess immune infiltration patterns. 
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Spearman’s rank correlation was applied to examine the relationship between SHC1 

expression and the infiltration levels of 21 immune cell types across multiple cancers, 

covering adaptive immune cells (CD4⁺ T, CD8⁺ T, Tregs, B cells, γδT, and NKT), innate 

immune cells (macrophages, NK cells, neutrophils, monocytes, mast cells, eosinophils, 

and dendritic cells), as well as MDSCs, progenitor/precursor cells, and stromal 

elements (cancer-associated endothelial cells and fibroblasts). 

Single-cell RNA sequencing analysis 

SHC1 expression at the single‑cell level was examined via the TISCH2 database 

(https://tisch.compbio.cn/) [50]. SHC1 expression was examined across 78 cancer 

lineages and 33 cell types at the “major-lineage” annotation level. 

ssGSEA in GBM  

ssGSEA was used to quantify immune cell infiltration from RNA-seq transcriptomic 

profiles. 29 immune cell types and their functional features were assessed in TCGA 

glioma specimens. Samples were dichotomized into high- and low-SHC1 expression 

subgroups based on the median expression value. Tumor purity, immune, and stromal 

scores for each glioma sample were calculated using the “ESTIMATE” algorithm in R. 

Materials and antibodies 

Antibodies against SHC1 (12496-1-AP), GAPDH (60004-1-Ig), CDC20 (10252-1-AP), 

CCNB1 (55004-1-AP), and Ki-67 (27309-1-AP) were purchased from Proteintech 

(China). Dimethyl sulfoxide (DMSO, D8371) was obtained from Solarbio (China). 

Puromycin (KE2972) and temozolomide (TMZ, KM11811) were purchased from 

KKLmed.INC (USA). D-Luciferin potassium salt (SB-D1007) was procured from 
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Share Bio (China). 

Cell culture 

HEK 293T (GNHu44), LN229 (SCSP-5352), and U251MG (TChu-58) cell lines were 

obtained from the Cell Bank of the Chinese Academy of Sciences 

(https://www.cellbank.org.cn/), while murine GL261 cells were purchased from iCell 

Bioscience Inc. (China, iCell-m063). All cells were maintained in Dulbecco’s Modified 

Eagle Medium (DMEM, Gibco, 11995065) supplemented with 10% fetal bovine serum 

(FBS, Azaood, AD00006) at 37 °C in a 5% CO₂ humidified incubator. 

Plasmid construction and lentivirus packaging 

Lentiviral‑mediated SHC1 knockdown was achieved using the pLVX‑shRNA2 vector 

carrying shRNA sequences targeting human SHC1 or mouse Shc1, with a non‑targeting 

shRNA as the negative control (sequences provided in Table S1). For CCNB1 

overexpression, its coding sequence was PCR‑amplified from U251MG cDNA and 

subcloned into pcDNA3.1(+). All recombinant plasmids were prepared using the 

ClonExpress II One-Step Cloning Kit (Vazyme, C112) as per the manufacturer’s 

recommendations. 

Lentiviral particles were generated by co-transfecting HEK 293T cells (~80% confluent) 

with the shRNA-expressing construct and the helper plasmids pMD2.G and psPAX2 

via Lipofectamine 3000 (Invitrogen, L3000015). Lentiviral supernatants were 

harvested on days 2 and 3 after transfection, combined, and concentrated with a 

lentivirus concentration kit (V2001, BIOMIGA). The concentrated virus was filtered 

through a 0.22-μm syringe membrane. Target cells were transduced with the filtered 
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virus in medium supplemented with 8 μg/mL polybrene. After 24 h of incubation, the 

virus-containing medium was replaced with fresh complete growth medium 

supplemented with 2 μg/mL puromycin. Cells were cultured under continuous selection 

for 5 days to establish stably transduced populations 

WB and real-time quantitative PCR (RT-qPCR) 

Cells were washed with PBS and lysed in RIPA buffer (Solarbio, R0020) on ice for 15-

30 min. After centrifugation at 12,000 rpm for 10 min at 4 °C, the supernatants were 

collected. Protein samples were mixed with 5× loading buffer (Solarbio, P1040), 

denatured at 100 °C for 8 min, and resolved by 10% or 12% SDS-PAGE (25 μg protein 

per lane), followed by transfer onto PVDF membranes. The membranes were blocked 

with 5% BSA (Solarbio, A8010) and incubated with primary antibodies at 4 °C 

overnight. After three 10-min TBST washes, the blots were probed with 

HRP-conjugated secondary antibodies for 1–2 h at room temperature. Immunoreactive 

signals were visualized using ECL substrate and captured with a chemiluminescence 

imaging system (Tanon, China). Band intensities were quantified with ImageJ (version 

1.53t). 

Cell Proliferation Assay (CCK-8) 

Cell viability was evaluated using the CCK‑8 assay (Solarbio, CA1210). Briefly, GBM 

cells were seeded into 96‑well plates at 2 × 10³ cells/well and cultured for up to 5 days. 

At each 24‑h interval, 10 μL of CCK‑8 reagent was added, followed by 30‑min 

incubation at 37 °C, and the optical density was recorded at 450 nm using a microplate 

reader. 
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Colony Formation Assay 

GBM cells in logarithmic growth were plated into 6‑well plates (500 cells/well) and 

incubated at 37 °C in 5% CO₂ for 14 days. The resulting colonies were then fixed in 4% 

PFA (Biosharp, BL539A) for 30 min at ambient temperature, stained with 0.5% crystal 

violet (Solarbio, G1062), and counted manually after rinsing. 

Wound healing assay 

Confluent GBM monolayers in 6‑well plates were scratched with a sterile 100‑μL 

pipette tip. Debris was removed by washing twice with pre‑warmed PBS, and fresh 

medium was subsequently added. Images of the scratched areas were captured at 0 and 

48 h, and migration was evaluated by measuring the wound‑closure rate. 

EdU incorporation assay 

EdU incorporation (Beyotime, C0078L) was used to assess cell proliferation. GBM 

cells seeded in 6‑well plates were incubated with 10 µM EdU for 1-2 h at 37 °C. After 

fixation and permeabilization, nuclei were counterstained with Hoechst 33342 

(Solarbio, C0031). EdU‑positive cells were visualized under a fluorescence microscope, 

and the percentage of EdU‑positive nuclei was calculated using ImageJ (version 1.54g). 

Transwell invasion assay 

Invasion was evaluated using 24‑well Transwell inserts (8‑μm pore size) pre‑coated 

with Matrigel (Corning, 354234) at 37 °C for 4 h. GBM cells resuspended in serum‑free 

DMEM were added to the upper compartment at 5 × 10⁴ cells/well, while the lower 

chamber received complete medium with 10% FBS as a chemoattractant. After 24 h of 

incubation at 37 °C, non‑invading cells on the upper membrane surface were removed 
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with a cotton swab. Invaded cells on the lower surface of the membrane were fixed with 

4% PFA, stained with 0.1% crystal violet (Solarbio, G1063), and imaged in random 

fields for cell counting. Cell counts were determined using ImageJ. 

Cell cycle and apoptosis analysis 

For cell-cycle analysis, cells were plated in 6-well plates and transfected with shRNA 

or control plasmids. At 48 h post-transfection, cells were collected, washed twice with 

PBS, and fixed overnight in 75% ethanol at 4 °C. Fixed cells underwent 0.5 h staining 

with propidium iodide (PI) at room temperature before DNA content was quantified on 

a CytoFLEX flow cytometer (B3 R3 V2; Beckman Coulter). Cell cycle distribution was 

quantified with ModFit 5.0 software. 

To evaluate apoptosis, both floating and adherent cells were collected, resuspended in 

100 µL of binding buffer, and stained with 5 µL PI and 4‑5 µL Annexin V‑FITC for 

10‑15 min on ice in the dark. After staining, the volume was adjusted to 500 µL with 

binding buffer prior to flow cytometric analysis. 

RNA Sequencing Analysis 

Stable SHC1-silenced U251MG and GL261 cells, together with corresponding controls, 

were harvested for RNA sequencing. Total RNA was extracted with RNAiso Plus 

reagent (Takara, #9109) following the manufacturer’s instructions, and high-throughput 

sequencing was performed by Tsingke Biotechnology. Raw sequencing reads were 

quality-filtered and trimmed using fastp (v0.23.4) to remove adapter sequences and 

low-quality bases (Q < 20). Using GRCh38 as the human reference genome, filtered 

reads were aligned, gene-level counts were generated by FeatureCounts, and expression 
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was normalized to RPKM. 

Proteomics analysis 

Cells were harvested at the specified times, washed with cold PBS, and subsequently 

lysed in protease-inhibitor-supplemented buffer. After sonication and high-speed 

centrifugation, supernatants were collected for BCA-based protein quantification. 

Equal quantities of protein underwent sequential reduction, alkylation, and trypsin 

digestion. Peptides were subsequently desalted, purified, and analyzed by nano-LC 

coupled to high-resolution tandem mass spectrometry. 

Animal experiments 

All animal experiments were approved by the Institutional Animal Care and Use 

Committee of Nanchang University (Approval No. NCULAE-20260627001) and 

conducted in accordance with relevant ethical guidelines. Five-week-old male BALB/c 

nude mice (GemPharmatech, China) were used for intracranial xenografting. SHC1-

silenced U251MG-Luc cells and control cells were suspended in ice-cold PBS, and 1.5 

× 10⁵ cells in 6 μL PBS were stereotactically injected into the right frontal lobe of 

isoflurane-anesthetized mice. The needle was left in place for 5 min, then slowly 

withdrawn, and the skull opening was sealed with bone wax. Tumor growth was 

monitored via bioluminescence imaging using the IVIS Lumina Series III system 

(PerkinElmer). Mice were euthanized when distress or seizures developed. For 

histological evaluation, harvested brains were fixed in 4% PFA. 

Histological and IHC Staining 

Following 4% PFA fixation, mouse brains were paraffin‑embedded and sectioned at 3 
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μm. After dewaxing and rehydration, sections were stained with H&E for 

histopathological examination, then dehydrated, cleared, and coverslipped. For IHC, 

sections underwent antigen retrieval in citrate buffer (pH 6.0), endogenous peroxidase 

blocking, and overnight incubation with the primary antibody at 4 °C. This was 

followed by HRP‑conjugated secondary antibody, DAB chromogenic reaction, and 

hematoxylin counterstaining. Images were captured under a light microscope, and 

H‑scores were calculated with Servicebio analysis software (China). 

Single-Cell RNA Sequencing of Mouse GBM Tissues 

For single-cell transcriptomic profiling, mouse GBM tissues were dissected and 

immediately placed in tissue preservation solution at 4 °C. Tissues were minced and 

dissociated into single-cell suspensions. After quality control, library preparation and 

sequencing were performed by Tsingke Biotechnology Co., Ltd. Processing and 

analysis of raw sequencing data followed standard single-cell bioinformatics 

workflows. 

Statistical Analysis 

Statistical analyses were performed using R (version 4.2.0) and GraphPad Prism 9.0. 

All data were expressed as mean ± standard deviation (SD) from at least three 

independent replicates. Group comparisons were conducted using two‑tailed Student’s 

t‑test for two groups and two‑way ANOVA for multiple groups. Pearson correlation 

analysis and Kaplan–Meier survival analysis with log‑rank tests were applied where 

appropriate. Statistical significance was defined as P < 0.05, with significance levels 

indicated as follows: ns, not significant; *P < 0.05; **P < 0.01; ***P < 0.001; ****P 
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< 0.0001. 

DATA AVAILABILITY 

All data supporting the findings of this study are available within the paper and its 

Supplementary Information. The RNA-seq data have been deposited in the NCBI 

Sequence Read Archive (SRA) under accession number PRJNA1529908 and 

PRJNA1533612. The proteomics data are available in Supplementary Table S2. All 

other data are available from the corresponding author upon reasonable request.  
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Figure Legends: 

Figure 1. Expression landscape and genetic alterations of SHC1 in pan-cancer and 

GBM. 

 

A Comparison of SHC1 mRNA expression levels between tumor (TCGA) and normal 

(GTEx) tissues across pan‑cancer after batch effect removal. B SHC1 mRNA 

expression levels in GBM tissues versus normal brain tissues following batch effect 

correction. C Differential analysis of SHC1 protein expression between GBM and 

adjacent normal tissues in the CPTAC dataset. D Genetic alteration frequency of SHC1 
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across various cancer types from the cBioPortal database. E Subcellular localization of 

SHC1 in U251MG and U2OS cells based on HPA data. F Protein‑protein interaction 

(PPI) network displaying SHC1‑interacting proteins and their subcellular localizations. 

*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001; ns, not significant. 
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Figure 2. Prognostic value of SHC1 in pan-cancer. 

 

A Summary of associations between SHC1 expression and OS, DSS, DFI, and PFI 

across cancer types based on univariate Cox regression and Kaplan–Meier analyses. 

Red indicates SHC1 as a risk factor (HR > 1), while green indicates a protective factor 

(HR < 1). Only results with P < 0.05 are shown. B Forest plot summarizing the 

prognostic role of SHC1 based on OS using univariate Cox regression. Cancer types in 

which SHC1 serves as a statistically significant risk factor are highlighted in red. C–F 
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Kaplan–Meier OS curves of SHC1 in GBM (C), LGG (D), PAAD (E), and MESO (F). 
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Figure 3. Immunological landscape of SHC1 in pan-cancer. 

 

A Top: UMAP plot showing the distribution of distinct cell types in the 

Glioma‑GSE102130 dataset. Bottom: UMAP plot depicting SHC1 expression levels 

across individual cells in the same dataset. B Heatmap showing differential enrichment 

scores of 29 immune‑related gene sets and four TME‑related scores between 

SHC1‑high and SHC1‑low expression groups in GBM. C Correlation analysis between 

SHC1 expression and infiltration levels of various immune cell types in GBM. *P < 

0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001; ns, not significant. 
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Figure 4. SHC1 knockdown suppresses GBM progression both in vitro and in vivo. 

 

A WB confirming stable and efficient SHC1 knockdown in U251MG and LN229 cells 

using three independent shRNAs. B CCK‑8 assay showing that SHC1 knockdown 

significantly inhibited GBM cell proliferation. C Colony formation assay revealing a 

marked reduction in clonogenic capacity of SHC1‑knockdown GBM cells. D EdU 
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incorporation assay indicating a significant reduction in the proportion of proliferating 

GBM cells after SHC1 knockdown. Scale bar = 100 μm. E Wound healing assay 

showing that directional migration of SHC1‑knockdown GBM cells was reduced at 48 

h. Scale bar = 100 μm. F Flow cytometry analysis revealing a significant increase in 

apoptotic cell fraction following SHC1 knockdown. G Cell cycle analysis 

demonstrating significant accumulation of SHC1‑knockdown GBM cells at the G₂/M 

phase. H Representative IVIS bioluminescence images of intracranial tumors in NCG 

mice on day 18 post-inoculation with U251-Luc cells stably expressing shVector or 

shSHC1. I Quantification of intracranial bioluminescent signals. J IHC staining for 

Ki‑67 in intracranial tumor sections, showing a significant reduction in Ki‑67‑positive 

cells in the SHC1‑knockdown group. Scale bar = 100 μm. *P < 0.05, **P < 0.01, ***P 

< 0.001, ****P < 0.0001; ns, not significant. 
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Figure 5. SHC1 regulates cell cycle progression and TMZ chemosensitivity in 

GBM cells.  

 

A Volcano plot showing DEGs in U251MG cells following SHC1 knockdown. A total 

of 720 genes were significantly upregulated and 902 genes were downregulated. B 

Heatmap displaying representative upregulated and downregulated genes (selected 

from top‑ranked DEGs) between shVector and shSHC1 groups. C KEGG pathway 

enrichment analysis revealing that SHC1 knockdown‑associated DEGs were 

predominantly enriched in cell cycle‑ and DNA repair‑related pathways. D Validation 

of CCNB1 and CDC20 expression at both mRNA and protein levels in shVector and 

shSHC1 GBM cells. E Cell viability after 48 h of TMZ treatment across different 

concentrations. F Proliferation analysis of GBM cells divided into four groups: 

shVector, TMZ alone (50 μM), shSHC1 alone, and shSHC1 combined with TMZ (50 
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μM). ****P < 0.0001. 
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Figure 6. SHC1 knockdown suppresses GBM progression through downregulation 

of CCNB1.  

A Overexpression of CCNB1 in SHC1‑knockdown GBM cells significantly reduced 

the proportion of cells arrested at the G₂/M phase. B–D Ectopic CCNB1 expression 

effectively rescued SHC1 knockdown‑induced impairment of cell proliferation (B), 

proliferating cell ratio (C), and directional migration (D). Scale bar = 100 μm. E 

CCNB1 overexpression significantly reversed SHC1 knockdown‑induced apoptosis. F 



43 

 

CCNB1 restoration markedly recovered the clonogenic capacity of SHC1‑knockdown 

GBM cells. 
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Figure 7. SHC1 knockdown suppresses GBM progression and remodels the 

immunosuppressive microenvironment in vivo. 

 

A Representative IVIS images of intracranial GBM tumors in nude mice on day 18 

post‑inoculation across five groups: shVector, shSHC1, shSHC1 + CCNB1, shVector + 

TMZ, and shSHC1 + TMZ. B Quantification of IVIS signals showing that CCNB1 
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restoration significantly increased intracranial tumor burden. C Kaplan–Meier survival 

analysis demonstrating that SHC1 knockdown significantly prolonged survival of 

GBM‑bearing mice, while CCNB1 overexpression reversed this effect. D 

Representative H&E staining of brain sections from each group (2×). E IHC staining 

for Ki‑67 showing reduced Ki‑67‑positive cells in the shSHC1 group versus control. 

Scale bar = 100 μm. F Representative IVIS images of intracranial GL261‑Luc tumors 

in C57BL/6 mice stably expressing shVector or shShc1, captured on day 18 

post‑inoculation. G Quantification of IVIS signals. H Kaplan–Meier survival curves 

showing that Shc1 knockdown significantly extended survival in C57BL/6 mice. I 

Representative IHC staining and quantitative analysis of Ki-67 in tumor tissues, 

showing a significantly reduced proportion of Ki-67–positive proliferating cells in the 

shSHC1 group compared to the control. Scale bar = 100 μm. J Immunofluorescence 

staining of GBM tissue in the brain, scale = 100 μm. K UMAP plot showing the 

distribution of major cell types in mouse intracranial GBM tissues. Cells are colored by 

annotated cell type. n = 4 control and 4 shShc1 mice.L Single‑cell RNA‑seq analysis 

of intracranial tumor tissues from shVector and shShc1 groups, showing differential 

proportions of immune cell subsets between groups. M UMAP plots showing the 

expression of Cd8a in all cells from the shVector (left) and shShc1 (right) groups. 

Dashed boxes highlight CD8⁺ cell populations. The numbers of CD8⁺ cells were 1,109 

in the shVector group and 1,982 in the shShc1 group. Color scale indicates Cd8a 

expression level. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001; ns, not 

significant. 
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Figure S1. Protein expression of SHC1 in pan-cancer and its prognostic 

significance in GBM.  

 

A Differential expression of SHC1 protein between tumor and adjacent normal tissues 

across cancer types based on the CPTAC dataset. B Kaplan–Meier survival curves 

showing associations between SHC1 expression (stratified by median or optimal cutoff) 

and OS or DSS in GBM patients. ****P < 0.0001; ns, not significant. 
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Figure S2. SHC1 expression across distinct cell types in tumor tissues.  

 

A Heatmap showing SHC1 expression across different cell types in representative 

cancer types from the TISCH database. B SHC1 expression across distinct cell 

populations in the SS‑GSE131309 dataset. 
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Figure S3: Correlation of SHC1 expression with immune cell infiltration in 

pan‑cancer.  

 

Heatmap showing correlations between SHC1 expression and infiltration levels of 
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multiple immune cell types across cancers, including CD4⁺ T cells, γδT cells, NKT cells, 

Tregs, B cells, neutrophils, monocytes, macrophages, dendritic cells, NK cells, and 

CD8⁺ T cells. Red indicates positive correlation; blue indicates negative correlation. 
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Figure S4: Hallmark GSEA of SHC1 in pan‑cancer. 

 

Dot plot depicting enriched Hallmark pathways associated with SHC1 expression 

across different cancer types. FDR is indicated by circle size; NES is represented by 

color. 
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Figure S5. SHC1 knockdown suppresses malignant phenotypes of GBM cells in 

vitro.  

 

A Western blot confirming efficient SHC1 knockdown in GL261 cells stably expressing 

shShc1. B qRT‑PCR validation of SHC1 mRNA levels in U251MG, LN229, and 

GL261 cells stably expressing shVector or shSHC1/shShc1. C CCK‑8 assay showing 

that SHC1 knockdown significantly impaired GL261 cell proliferation. D–G SHC1 

knockdown markedly reduced colony formation (D), proliferating cell ratio (E), 

invasiveness (F), and directional migration (G) of GL261 cells. Scale bar = 100 μm. H 

IHC quantification of Ki‑67‑positive cells and SHC1 protein levels in GBM tumors. 

****P < 0.0001. 
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Figure S6. Transcriptomic and proteomic profiling of U251MG cells upon SHC1 

knockdown. 
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A Top 5 downregulated pathways in shSHC1 versus control cells based on RNA‑seq 

data. B KEGG enrichment analysis of DEPs identifying cell cycle and DNA replication 

as the top enriched pathways. C Volcano plot showing DEPs between shSHC1 and 

control groups, with 972 significantly upregulated and 1,372 downregulated proteins. 

D Subcellular localization distribution of identified DEPs. E Integrated analysis of 

RNA‑seq and proteomics data identifying CCNB1 as one of the most significantly and 

consistently downregulated molecules. 
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Figure S7. CCNB1 restoration partially reverses SHC1 knockdown‑induced 

growth inhibition in GBM cells. 

 

A Western blot showing that CCNB1 was significantly downregulated upon SHC1 

knockdown, and ectopic CCNB1 expression successfully restored its protein level. B 

qRT‑PCR confirming that CCNB1 overexpression significantly increased CCNB1 

mRNA without affecting SHC1 expression. C–E Ectopic CCNB1 expression 

significantly rescued proliferating cell ratio (C), directional migration (D), and 

invasiveness (E) of SHC1‑knockdown GBM cells. 
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Figure S8. SHC1 knockdown suppresses intracranial GBM growth and remodels 

the immunosuppressive microenvironment in vivo. 

 

A The experimental timeline for treating mice with GBM by intraperitoneal injection 

of TMZ. B Quantification of IVIS signals showing that SHC1 knockdown combined 

with TMZ dramatically reduced intracranial tumor burden. C Kaplan–Meier survival 

curves of C57BL/6 tumor-bearing mice. SHC1 knockdown significantly extended 

overall survival in combination with TMZ, whereas TMZ monotherapy showed no 

significant survival benefit. D IHC quantification of Ki‑67‑positive cells and SHC1 

protein levels in intracranial GBM tissues from nude mice. E IHC quantification of 

Ki‑67‑positive cells and SHC1 protein levels in intracranial GBM tissues from 

C57BL/6 mice. 
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