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Abstract 19 

Glioma is one of the common tumors of the central nervous system, which presents 20 

difficulties in clinical diagnosis and treatment due to its characteristics of 21 

immunosuppression and cell invasion phenotypes. If the condition and prognosis of 22 

glioma can be predicted during the process of diagnosis and treatment, it will be more 23 

conducive to timely intervention or evaluation of glioma. Therefore, we still need to 24 

search for more valuable tumor markers. The differential/risk genes and enrichment 25 

analysis based on glioma samples (The Cancer Genome Atlas, TCGA). Target gene 26 

UBE2C were obtained by the expression correlation and differential expression analysis 27 

for the enrichment results. UBE2C were evaluated by clinical grading, survival 28 

.CC-BY-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted February 23, 2024. ; https://doi.org/10.1101/2024.02.21.581365doi: bioRxiv preprint 

https://doi.org/10.1101/2024.02.21.581365
http://creativecommons.org/licenses/by-nd/4.0/


prognosis and cell experiments. The correlation of UBE2C with immune invasion, 29 

immune checkpoint, network analysis and cell invasiveness of gliomas was analyzed 30 

by TCGA-glioma data and STRING, respectively. The results suggests that the high 31 

expression and risk of UBE2C in gliomas may be a factor that promotes malignant 32 

phenotype of tumor cells. The immune phenotype shows that IL6 and IL10 may be the 33 

key nodes affecting the immunosuppressive phenotype of glioma. Further, the tumor 34 

cells aggressive genes from the MMP family can be correlated with immunosuppressive 35 

phenotypes via UBE2C-IL6/IL10 axis, especially displayed by MMP2/MMP9. The 36 

UBE2C may systemic effects the malignant phenotype, immunosuppression and cell 37 

invasiveness of tumors systematically, which reflects UBE2C as a potential biomarker 38 

of glioma and therapeutic target for this tumor.  39 

 40 

Keywords: Glioma; Biomarker; UBE2C; Th2 cells; Immune checkpoint; MMP family. 41 

 42 

Introduction 43 

As the main type of central nervous system tumor, brain glioma is also one of the most 44 

prone to malignant progression of tumors, which seriously endangers people's nervous 45 

system health [1-3]. Currently, although this disease can be treated with surgery, 46 

radiotherapy and chemotherapy, the tumor is rapidly progressive, which prone to 47 

metastasis and immune checkpoints suppression [2, 4]. For example, the glioblastoma 48 

with a high degree of malignancy contains the above adverse characteristics [5]. 49 

Therefore, it is necessary to seek or explore relatively effective markers to effectively 50 

predict and evaluate the prognosis of patients with this tumor. Based on the malignant 51 

progression and high-risk characteristics of glioma, clarifying the correlation between 52 

this biomarker and the above characteristics becomes an important indicator of effective 53 

evaluation and prognosis [6, 7], and it may even be used as a potential target for glioma 54 

intervention. 55 

 56 

The malignant phenotype of gliomas usually includes a highly aggressive and 57 

immunosuppressive phenotype, which is often a difficulty in clinical diagnosis and 58 
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treatment [8, 9]. Therefore, the search for valuable biomarkers has become an important 59 

task for the effective prediction and prognosis of the disease. Compared with normal 60 

tissues, high-risk genes in glioma samples may be important factors in the adaptive 61 

survival or malignancy process of tumor cells [10]. UBE2C with relatively high 62 

expression in tumors may become typical risk factors. Studies have reported that 63 

UBE2C may play a role in promoting cancer, such as brain cancer, breast cancer, 64 

cervical cancer, pancreatic cancer and liver cancer [11, 12]. Based on this characteristic 65 

and combined with the malignant phenotype of glioma, multifaceted or systematic 66 

analysis can reflect that the expression level of this gene and may be a key factor 67 

affecting tumor progression [6, 13]. Such as immunosuppressive and highly aggressive 68 

phenotypes in glioma may be related to this gene, and thus become the key to the 69 

progression of tumor malignancy [6, 14]. These aspects mainly manifested by the 70 

systematic association of this gene with immune infiltrating cells, immune checkpoints 71 

and invasion-related genes [15]. Therefore, evaluating the intrinsic and extrinsic risk of 72 

these genes for glioma from a systemic perspective may be beneficial for obtaining 73 

valuable biomarkers. 74 

 75 

Although there has been some progress in the study of biomarkers for glioma, 76 

systematic research on the relationship between risk genes and immunosuppressive or 77 

invasive phenotypes is rarely reported. Based on the TCGA database and GEO-sourced 78 

clinical glioma sample data (including glioblastoma multiforme and low-grade glioma), 79 

this study demonstrated that UBE2C gene could be used as a biomarker for glioma via 80 

systemic analysis, screening and evaluation. This gene has established a significant 81 

correlation with immunoinfiltrated Th2 cells, which may influence immunosuppressive 82 

phenotypes and tumor cell invasion via IL6 and IL10. In summary, based on these 83 

results, it can be reflected that the high expression of UBE2C in glioma may serve as a 84 

relatively typical risk factor and may become a valuable prognostic marker. 85 

 86 

Materials and Methods 87 

Glioma sample 88 
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The glioma samples involved in this study were taken from the TCGA database 89 

(https://www.cancer.gov/ccg/research/genome-sequencing/tcga), which contained 174 90 

Glioblastoma multiforme, 532 low-grade gliomas, and 5 adjacent controls. In addition, 91 

there is a glioma sequencing dataset (GSE12657) from the GEO (Gene Expression 92 

Omnibus) database (https://www.ncbi.nlm.nih.gov/geo/), which contains five adjacent 93 

controls and seven Glioblastoma patients. 94 

 95 

Cell Culture and Transfection 96 

The HBE, LN229, U87MG, A172 and U251MG cells involved in this experiment were 97 

all purchased from ATCC cell bank (http://www.atcc.org). All the cell lines were 98 

cultured in medium: DMEM (90 %, Gibco) + FBS (10% Fetal calf serum, Gibco) + 1 % 99 

PS (Penicillin streptomycin combination, Gibco), 37℃, 5% CO2. Cell transfection that 100 

transfection agents used for PolyPlus (https://www.polyplus-sartorius.com/), siRNA 101 

from Geneparma company (https://www.genepharma.com/). Please refer to the 102 

instructions of transfection reagent for the procedure of transfection experiment. 103 

 104 

Wound Healing and Trans-Well Assays 105 

Tumor cells were seeded into 12 - well plates and scratched with a 10 μL pipette tip 106 

after reaching confluency. The plates washed thrice with PBS, cultured in serum-free 107 

medium DMEM for 24 h, and photographed. Cell migration assays, 104 cells were 108 

spread into the filter of a 24 - well plate and cultured in serum-free medium DMEM for 109 

48 h. Filters were then fixed with a neutral formaldehyde solution (4%) and stained 110 

with crystal violet. 111 

 112 

Colony Formation Assays and Cell Proliferation 113 

Colony formation assay, cells were plated at a density of 1000 cells/well into 12-well 114 

plates and cultured for 14 days, then fixed with neutral formaldehyde (4 %) and stained 115 

with crystal violet. Cell proliferation assay was by seeding 5 × 103 cells/well into a 96-116 

well plate. Proliferation activity (Absorption in OD450 nm) was measured over four 117 

days using the CCK-8 method as per the manufacturer's instructions.  118 
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 119 

Western Blot  120 

Protein samples extracted from cells were used for Western blotting, following a 121 

standard method. Reagents and consumables used in this process included PVDF 122 

membranes (Millipore, USA); anti-UBE2C (Rabbit, ab252940) (Abcam, USA); anti-123 

GAPDH (Rabbit, ab181602) (Abcam, USA); TBST buffer (Biosharp, China); Running 124 

buffer (Biosharp, China); Transmembrane buffer (Biosharp, China); and Substrate 125 

luminescent liquid (Biosharp, China), Goat anti-Rabbit HRP (H+L, ab6721) (Abcam, 126 

USA). 127 

 128 

RNA Isolation and Real‐Time PCR  129 

Total RNA from tumor cells was extracted using the Trizol reagent method following 130 

standard procedures. Reverse transcription of total RNA was performed using a two-131 

step kit (TaKaRa, Japan), and real-time qPCR experiments were conducted using the 132 

SYBR fluorescent dye kit (TaKaRa, Japan). The primers used in this procedure included: 133 

UBE2C (F: 5'- CATCAGAACCAGCTCAACAGT -3'; R: 5'- GTTGCAGAGTAAGCT 134 

CCAGCA -3'); GAPDH (F: 5′- ACAACTTTGGTATCGTGGAAGG -3′; R: 5′- GCC 135 

ATCACGCCACAGTTTC -3′). 136 

 137 

Immunohistochemical (IHC) 138 

The glioma IHC images involved in this study are all from The Human Protein Atlas 139 

database (https://www.proteinatlas.org/), which contains the expression of existing 140 

related proteins and the IHC results of tumor pathological tissues (all images contain 141 

the sample number). Our conclusion is based on these image data for analysis and 142 

demonstration. 143 

 144 

GlioVis analysis 145 

GlioVis online analysis (Visualization Tools for Glioma Datasets, http://gliovis.bioinfo. 146 

cnio.es/), which is an important database that adopted for data visualization and analysis 147 

to explore glioma [16]. Meanwhile, the normalized gene expression, this database 148 
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includes information on glioma molecular pathology and glioma subtypes, which are 149 

important tools for online analysis. 150 

 151 

KEGG and GO enrichment analysis 152 

The enrichment analyses involved in this study included KEGG (Kyoto Encyclopedia 153 

of Genes and Genomes) and GO (Gene Ontology). RNA-sequencing expression (level 154 

3) profiles and corresponding clinical information for glioma were downloaded from 155 

the TCGA dataset (https://portal.gdc.com). Using the limma package in the R software 156 

to study the differentially expressed mRNA. “Adjusted P < 0.05 and Log2FC (Fold 157 

Change) > 1 or Log2FC < −1” were defined as the threshold for the differential 158 

expression of mRNAs. In addition, online Metascape analysis (https://metascape.org/g 159 

p/index.html#/main/step1) also serves as an important reference for enrichment 160 

analysis results [17]. 161 

 162 

Gene Set Enrichment Analyses (GSEA) 163 

Dataset GSE12657 was downloaded from the GEO database and then GSEA 164 

(http://software.broadinstitute.org/gsea/index.jsp) enrichment analysis was performed. 165 

The overall differential genes in this dataset were used as the data source for analysis 166 

without additional conditional screening. GSEA enrichments were estimated by 167 

normalized enrichment score (NES) [18]. The significance of the results was assessed 168 

with FDR < 0.25 level, P < 0.05, and FDR < 0.25 levels. 169 

 170 

Network system analysis 171 

Online network analysis between multiple genes is performed using STRING 172 

(https://cn.stringdb.org/cgi/input?sessionId=bsNTRVpzqx25&input_page_show_searc173 

h=on), and adjustments and layout optimization are made on this result. At the same 174 

time, the systematic analysis based on Gene Mania (https://genemania.org/) is used as 175 

a reference for the above results. 176 

 177 

Bioinformatics and statistical analysis 178 
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Gene expression differential analysis, clinical grading significance, survival prognosis 179 

analysis (K-M survival curve), immune infiltration analysis, gene expression 180 

correlation analysis, Cox risk regression analysis (Univariate and multivariate 181 

regression analysis) and nomogram analysis (Calibration curves) in gliomas were all 182 

implemented by R v4.0.3 software package. All the analysis results were represented 183 

by Spearman as the correlation coefficient (R), and P < 0.05 was the significant result. 184 

 185 

Results 186 

Function of Differentially Expressed Genes and Risk Genes in Glioma 187 

Identifying the relatively typical biological processes in gliomas is the basis for seeking 188 

markers. Therefore, we first conducted differential gene enrichment analysis (KEGG 189 

and GO) based on glioma (containing the glioblastoma multiforme and low-grade 190 

glioma) sample data from TCGA database. Based on significantly upregulated genes, 191 

the enrichment results of both KEGG and GO reflected entries related to cell cycle 192 

regulation. We combined with the characteristics of tumor cell cycle, it was suggested 193 

that this process is the basis of malignant phenotype or progression of tumor cells. 194 

(Figure 1A, B, where the red arrow is pointing). Meanwhile, there were no typical 195 

characteristic items in the significantly down-regulated gene enrichment results 196 

(Supplementary Figure 1A, B). To further explore the commonality between the 197 

function of risk genes and up-regulated genes, 8344 risk genes (HR > 1, P < 0.05) were 198 

obtained by analyzing TCGA-glioma data, and they were compared with 1091 up-199 

regulated genes (Log2FC > 1, P < 0.05) for Venn diagram analysis. The results showed 200 

that there were 679 genes with common characteristics (Figure 1C). Enrichment 201 

analysis of these genes revealed four biological processes associated with the cell cycle 202 

in the top 5 entries (Figure 1D, where the red arrow is pointing). These results suggest 203 

that upregulated risk genes in gliomas may also be involved in cell cycle processes. 204 

 205 

Based on the above enrichment results, we conducted Venn diagram analysis for the 206 

genes from these four items, which found that 27 genes were the common part (Figure 207 

1E). Correlation analysis of these genes in glioma showed that 17 genes were strongly 208 
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correlated with each other (R > 0.8, P < 0.05), and all showed high risk at high 209 

expression levels (Figure 1F, G). These results confirmed the high-risk characteristics 210 

for the selected genes. Meanwhile, Cox regression analysis showed that 17 genes were 211 

significant risk factors in univariate analysis, and the multivariate prognostic analysis 212 

shows that CHEK1, UBE2C and BUB1 were independent prognostic risk factors 213 

(Supplementary Figure 1C, D, HR > 1, P < 0.05). In addition, according to the 214 

expression level of 17 genes in glioma, UBE2C had the most significant upregulation 215 

(Figure 1H, ***P < 0.001). In summary, UBE2C may be a risk factor and significantly 216 

upregulated in gliomas, which may be the internal cause of malignant phenotype of 217 

tumors. 218 

 219 

Clinical Classification and Prognostic Significance of UBE2C in Glioma 220 

UBE2C was selected as a typical representative gene. To further verify its clinical 221 

significance in glioma, these samples from the TCGA database were clinically 222 

classified (Supplementary Table 1). The results showed that the expression level of 223 

UBE2C was significantly up regulated with the progression of the disease in both WHO 224 

classification (G2, G3, G4) and primary therapy outcome (CR, Complete response; PR, 225 

Partial Response; SD, Stable disease; PD, Progressive disease) (Figure 2A, B, **P < 226 

0.01, ***P < 0.001). Among the pathological grades of glioma, the malignant degree 227 

of glioblastoma was the highest [5, 19], and the expression level of UBE2C was 228 

significantly higher than that of the other three types (Figure 2C, ***P < 0.001). In 229 

terms of age and survival status, glioma patients over 60 years of age and those who 230 

had died showed significant UBE2C upregulation (Figure 2D, E, ***P < 0.001). These 231 

features can also be demonstrated by the results of Cox regression analysis of clinical 232 

grading (Supplementary Table 2). These results suggest that the expression level of 233 

UBE2C is significantly different in the clinical grades of glioma, which can 234 

significantly affect the prognosis of these clinical grades. 235 

 236 

In addition, the ROC Curve (Receiver Operating Characteristic Curve) analysis of 237 

UBE2C in glioma samples showed that the AUC (Area Under ROC Curve, CI: 0.935 - 238 
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0.993) value was 0.964. This result indicates that UBE2C gene has good diagnostic 239 

value for glioma (Figure 2F). To assess the prognostic value of UBE2C in glioma, 240 

survival curves (K-M) with OS (Overall Survival), DSS (Disease Specific Survival), 241 

and PFI (Progress Free Interval) were performed on these clinical samples, respectively. 242 

The results showed that the three types of K-M curves showed that the survival rate of 243 

the group with high expression of UBE2C was relatively low, that is, the expression 244 

level of this gene was significantly negatively correlated with the survival rate of 245 

patients (Figure 2G-I). In conclusion, the differences in the expression of UBE2C in 246 

clinical classification and survival prognosis can reflect the related characteristics of 247 

disease progression, and thus show certain clinical diagnosis and prognostic value. 248 

 249 

The Intrinsic Effect of UBE2C in Glioma 250 

Based on the clinical significance of UBE2C in gliomas, we need to further explore the 251 

internal influence of this gene in gliomas, which can reflect the value of UBE2C as a 252 

marker of endogenous adverse factors. We need to further explore the major biological 253 

processes involved in UBE2C by enrichment analyzing the genes that were 254 

significantly positively correlated with UBE2C (R > 0.6, adj. P < 0.05). The results 255 

show that the TOP 20 items presented mainly include two biological processes, which 256 

are cell cycle regulation (red arrow) and DNA behavior (blue arrow) (Figure 3A). The 257 

results of corresponding network and correlation analysis also reflect a fact that the cell 258 

cycle and DNA behavior are two major units, which is a close bond between them 259 

(Figure 3B, C, red and blue dashed line ellipses). GSEA analysis of differential genes 260 

based on TCGA verified the significance of cell cycle and DNA behavior, respectively 261 

(NES > 1, adj. P < 0.05, FDR q < 0.25) (Figure 3D, E). The analysis results of the 262 

GEO-sourced dataset (GSE12657) can also fully verify this conclusion 263 

(Supplementary Figure 2A, B, NES > 1, adj. P < 0.05, FDR q < 0.25). Therefore, the 264 

above results indicate that UBE2C may satisfy the adaptive survival of tumor cells in 265 

glioma mainly via the regulation of cell cycle and DNA behavior. 266 

 267 

Summarizing the above results, it can be inferred that UBE2C gene may be related to 268 
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malignant proliferation of glioma cells. To verify this association, we separately display 269 

the IHC (Immunohistochemistry) images from The Human Protein Atlas (THPA) 270 

database. Since Ki67, PCNA and MCM7 are common markers reflecting tumor cell 271 

proliferation [20], they are related to the replication behavior of nuclear DNA. 272 

Therefore, according to the IHC of these three proliferative markers, the nuclear 273 

coloring degree of tumor region is deeper than adjacent region (Figure 4B-D). 274 

Meanwhile, the staining trend of UBE2C cells in tumor region was consistent with these 275 

three proliferative markers (Figure 4A). In addition, the scatter plot of correlation 276 

analysis shows that UBE2C had a significant positive correlation with Ki67, PCNA and 277 

MCM7, respectively (Figure 4E-G). In summary, the expression level of UBE2C is 278 

related to the proliferation of tumor cells, and it may be an internal factor affecting the 279 

adaptive survival of tumor cells. 280 

 281 

To verify the expression of UBE2C in glioma cell lines, our analysis based on the 282 

mRNA data collected in the CCLE database (Cancer Cell Line Encyclopedia), which 283 

showed that there was little difference in the expression of UBE2C in 48 brain cancer 284 

cell lines (Figure 4H). Meanwhile, the differences between the common glioma cell 285 

lines LN229 and U251MG were relatively obvious (Figure 4H, where the red arrow is 286 

pointing). The expression of UBE2C in 4 glioma cell lines (LN229, U87MG, A172 and 287 

U251MG) was detected by qPCR and Western blot, respectively. The results showed 288 

that the mRNA expression level of UBEC in these four cell lines was significantly 289 

higher than that of normal glioma cells (HEB), but there was no difference among the 290 

four cells (Figure 4I, **P < 0.01, ***P < 0.001). In addition, the expression of UBE2C 291 

protein in the four types of glioma cells was similar to mRNA levels (Figure 4J, *P < 292 

0.05, **P < 0.01, ***P < 0.001). In conclusion, the relatively high expression level of 293 

UBE2C in glioma cell lines was consistent with TCGA data and IHC results. 294 

 295 

Effect of UBE2C Expression on Malignant Phenotype for Glioma Cell 296 

Based on the difference of UBE2C expression in glioma (tissue and cellular level) and 297 

its relevance to the clinical prognosis of this tumor, we need to further verify the effects 298 
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of UBE2C on the malignant phenotype for the glioma at the cellular level. UBE2C was 299 

highly expressed in glioma cell lines LN229 and U251MG (Figure 4H, J). Therefore, 300 

we achieved knockdown of UBE2C protein expression via transfecting these two cells 301 

with siRNA. The results showed that siRNA3 had the most significant knockdown 302 

effect on these two types of cells (Figure 5A, B, *P < 0.05, **P < 0.01). Since the 303 

knockdown effects of siRNA3 above, cell scratch experiments showed that the 304 

knockdown of UBE2C in both LN229 and U251MG cells could significantly inhibit 305 

the healing ability of these two cells (Figure 5C, D, **P < 0.01, ***P < 0.001). In 306 

addition, when UBE2C is knocked down in LN229 and U251MG cells, it can 307 

significantly inhibit the migration ability of these two cells (Figure 5E, F, **P < 0.01). 308 

These results indicate that the expression level of UBE2C is positively correlated with 309 

the migration ability of tumor cell lines LN229 and U251MG.  310 

 311 

In addition, the cell cloning assay of LN229 and U251MG showed that when UBE2C 312 

was knocked down, it could significantly inhibit the ability of clonal formation for the 313 

two tumor cells (Figure 5G, H, **P < 0.01, ***P < 0.001). Meanwhile, the cell 314 

proliferation curve assay (OD450, CCK8) showed that the knockdown of UBE2C could 315 

significantly inhibit the proliferation ability of these two types of cells (Figure 5I, J, 316 

*P < 0.05, **P < 0.01). Therefore, these results indicate that the expression level of 317 

UBE2C can significantly affect the malignant phenotype of LN229 and U251MG cells. 318 

 319 

The External Effects of UBE2C in Glioma 320 

As an intrinsic risk factor affecting the progression of glioma, UBE2C may be involved 321 

in the regulation of cell cycle to positively link the proliferative activity of tumor cells. 322 

However, we also need to understand its correlation with external factors. Based on 323 

TCGA data, we analyzed the correlation between UBE2C and 24 types of immune cell 324 

infiltration in glioma. The results showed that the expression level of UBE2C was most 325 

significantly correlated with the immune infiltration of Th2 cells (Figure 6A, R = 0.871, 326 

***P < 0.001). Therefore, we are concerned that this feature may be the focus as 327 

UBE2C is linked to external factors of the tumor. According to the secretory phenotype 328 

.CC-BY-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted February 23, 2024. ; https://doi.org/10.1101/2024.02.21.581365doi: bioRxiv preprint 

https://doi.org/10.1101/2024.02.21.581365
http://creativecommons.org/licenses/by-nd/4.0/


of Th2 cells [21, 22] and the trend of UBE2C expression, and combined with their 329 

correlation analysis, we can see that IL6 (R = 0.396, P < 0.01) and IL10 (R = 0.338, P 330 

< 0.01) are the most significant (Figure 6B, C). In conclusion, UBE2C may be closely 331 

related to the immune infiltration of Th2 cells. 332 

 333 

It has been reported that IL6 or IL10 can induce immunosuppressive phenotypes in the 334 

tumor microenvironment, which leads to the immune escape mechanism of tumor cells 335 

[23]. Therefore, for malignant progression and poor prognosis of glioma, the correlation 336 

between UBE2C and external adverse factors may reflect the essence behind this 337 

phenomenon. We analyzed the correlation between the expression of UBE2C and 14 338 

immune checkpoints in glioma, and the results showed that eight immune checkpoints 339 

(CD80, SIGLEC7, LAG3, CD28, PDCD1LG2, PDCD1, HAVCR2, SIGLEC15) were 340 

significantly positively correlated with UBE2C (Figure 6D, E, R > 0.3, P < 0.001). 341 

Based on the correlation analysis of Th2 cells secretion phenotype and immune 342 

checkpoints, we found that IL6 and IL10 were most significantly correlated with 343 

various immune checkpoints, among which six immune checkpoints were more typical 344 

(where the red arrow is pointing) (Figure 6F, R > 0.5, *P < 0.05). These results suggest 345 

that secretory phenotypes IL6 and IL10 from Th2 cells may be important factors 346 

affecting immunosuppressive phenotypes in gliomas.  347 

 348 

Based on the systematic correlation characteristics of UBE2C - IL6/IL10 - immune 349 

checkpoint axis, we further analyzed the prognostic value of glioma. The results showed 350 

that the expression levels of 13 genes, such as IL6/IL10 and immune checkpoint, were 351 

significantly negatively correlated with the survival rate of patients (Figure 7A). 352 

Meanwhile, IHC images from the THPA database displayed relatively typical 353 

expressions of six proteins, which indicated that IL6, IL10, PDCD1LG2, PDCD1, 354 

HAVCR2 and CD80 were upregulated in glioma tissues, respectively (Figure 7B-G). 355 

Taking together, the expression levels of UBE2C-related immune infiltrating Th2 cells 356 

and immune checkpoints can significantly affect the survival and prognosis of glioma, 357 

which suggesting that UBE2C may be an external risk factor to predict tumor 358 
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progression. 359 

 360 

Correction of UBE2C-Related Risk Factors with Cell Invasion in Glioma 361 

Since the high aggressiveness of glioma cells has been a major difficulty in the 362 

treatment of this disease [24, 25], we should also consider its association with cell 363 

aggressiveness phenotype when exploring the internal and external correlation of 364 

UBE2C. It has been reported that the invasiveness of tumor cells is correlated with 365 

soluble immune checkpoints, which reflects that immune checkpoints in the immune 366 

microenvironment can significantly affects the invasive phenotype of tumor cells [26]. 367 

Therefore, we performed network and correlation analyses of between MMPs (Matrix 368 

Metalloproteinase) family genes and immune checkpoints, which due to the MMP 369 

family plays an important role in the invasion of tumor cells [27]. Based on these 370 

backgrounds and analysis, we found that UBE2C-related risk genes (IL6, IL10 and 371 

immune checkpoints) were significantly positively correlated with MMP1, -2, -3, -7, -372 

8, -9, -10, -11, -12, -13, -14 and -19, respectively (Figure 8A, *P < 0.05). In addition, 373 

online analysis by STRING showed that UBE2C, IL6, IL10 and MMP9 acted as a 374 

“linker” that between immune checkpoints and the MMP family (Figure 8B). 375 

Subsequently, after verifying the correlation between seven MMPs (The most typical 376 

seven MMPs, which including MMP1, -2, -7, -9, -11, -14, -19) and immune infiltration 377 

in glioma, it was found that MMP2, MMP9 and MMP11 had the most significant 378 

correlation with Th2 cells in glioma (R > 0.5, P < 0.001) (Figure 8C-E, 379 

Supplementary Figure 3A-D). In conclusion, UBE2C, IL6 and IL10 may be the link 380 

between immune checkpoint and MMP family. This result also confirmed that the 381 

immune invasive phenotype (IL6, IL10 and immune checkpoints) of Th2 may be 382 

related to the aggressiveness of tumor cells. 383 

 384 

Based on these findings, we need to further clarify the prognosis of these seven MMPs 385 

for the glioma patients. K-M survival analysis (OS) showed that the expression levels 386 

of seven MMPs were significantly negatively correlated with the survival rate of glioma 387 

patients, and the MMP2, MMP9 and MMP11 were more typical (Figure 8F-H, 388 
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Supplementary Figure 3E-H). IHC images from the THPA database showed that 389 

MMP2 and MMP14 expression differences were most significant in gliomas (MMP1 390 

and MMP19 data were not included) (Supplementary Figure 4A-E). Finally, 391 

multivariate Cox regression models of UBE2C, IL6, IL10, MMP2, MMP9 and MMP11 392 

were analyzed by nomogram to predict 1-, 3-, and 5-year survival probabilities. The 393 

results showed that the contribution value of UBE2C, IL10 and MMP2 was the largest 394 

(total score ratio: 250/280 = 89.3%), which may be used as a more accurate multi-factor 395 

prediction model for glioma patients, and the prediction model was consistent with the 396 

conclusion, that is, UBE2C was correlated with immune invasion and cell invasion 397 

(Figure 8I). Meanwhile, the calibration curve verifies that the 1-, 3-, and 5-year survival 398 

probability curves fit well with the ideal line based on the same conditions, which 399 

indicates that the multi-factor prediction model is reliable (Figure 8J). In conclusion, 400 

among the risk factors for glioma, UBE2C may be systematically associated with IL10 401 

and MMP2, which become a better predictive model. Therefore, UBE2C may be an 402 

ideal biomarker for the prognosis of glial patients.  403 

 404 

Discussion 405 

Glioma is a major tumor that seriously threatens the health of the nervous system, which 406 

includes a variety of diseases with different degrees of malignancy [1, 28, 29]. At 407 

present, the difficulty of clinical treatment of glioma is the malignant progression and 408 

poor prognosis from the tumor [1, 30]. However, there has been some progress in the 409 

study of gliomas, especially in the molecular mechanisms of the tumor 410 

microenvironment and cell invasion [31-33]. However, the search for effective 411 

diagnosis and treatment of clinical tumors and prognosis assessment is still one of the 412 

tasks that need to be solved [2, 6]. The clinical application of biomarkers for glioma is 413 

mainly reflected in pathological diagnosis, prediction and prognosis assessment, which 414 

is also based on the gene expression profile, mutant and the expression difference of 415 

risk genes between tumor cells and normal cells to screen [6, 34, 35]. The purpose of 416 

this study was to obtain candidate markers via the differential expression of risk genes 417 

in the overall sample of gliomas (including glioblastoma and low-grade gliomas) 418 
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(Figure 1, 2, Supplementary Figure 1). It is characterized by the possibility of 419 

considering the range of gliomas with different degrees of malignancy, which should 420 

be an important angle to search for potential biomarkers of gliomas. Currently, non-421 

coding RNA, circulating exosome factors and cerebrospinal fluid can be the scope of 422 

seeking glioma biomarkers [7, 34, 36-38]. However, this study suggests that in addition 423 

to circulatory source factor expression differences and prognostic analysis, systematic 424 

analysis and evaluation based on markers are also key to validate their reliability [39, 425 

40], such as assessing the intrinsic and extrinsic association and risk of marker genes, 426 

which are also needed. Therefore, a relatively typical marker - UBE2C was selected 427 

based on systemic intrinsic factors such as differential expression genes, risk genes, cell 428 

cycle and DNA replication in glioma. However, in terms of the reliability of prognostic 429 

markers, validation of external associations is still necessary. 430 

 431 

Studies have reported that UBE2C, as an E2 ubiquitin binding enzyme, is involved in 432 

the regulation of glioma autophagy, chemotherapy resistance, aggressiveness, and poor 433 

prognosis [41-43]. However, systematic analysis to evaluate this gene as a potential 434 

marker has not been reported. Based on this background, this study not only analyzed 435 

the prognostic effect of UBE2C in glioma from multiple perspectives (Figure 1, 2), but 436 

also found that this gene is related to cell cycle and DNA behavior (Figure 3, 4). These 437 

biological processes may be the intrinsic reasons for glioma adaptive survival, and the 438 

correlation between UBE2C and malignant phenotypes of glioma cell also reflects this 439 

inference (Figure 5). In addition, since the immunosuppression and cell invasion 440 

phenotypes of glioma are difficult in clinical diagnosis and treatment [44, 45], the 441 

evaluation of the application value of biomarkers should also focus on these two aspects 442 

[46-48]. In this study, UBE2C was found to be significantly positively correlated with 443 

immune infiltration of Th2 cells in gliomas (Figure 6A-C). Therefore, according to the 444 

secretory phenotype of Th2 cells, it is speculated that Th2 cells may be an important 445 

factor leading to immunosuppressive phenotype in the glioma microenvironment, 446 

which has been reported in relevant studies [49, 50]. Our correlation analysis results 447 

confirmed the conjecture that IL6 and IL10 were significantly positively correlated with 448 
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most immune checkpoints (Figure 6F). This conclusion confirms the extrinsic 449 

association between UBE2C and glioma, which may be a risk factor for the adaptive 450 

progression of tumor cells. 451 

 452 

The aggressiveness of tumor cells is also one of the main malignant phenotypes of 453 

glioma, which may be regulated and influenced by the tumor microenvironment [51, 454 

52]. It has been reported that immune checkpoints can affect the expression of MMPs 455 

in tumor cells, which promoting the aggressiveness of tumor cells [53, 54]. Therefore, 456 

exploring the correlation between UBE2C and MMP gene family is also an important 457 

aspect of the external correlation between UBE2C and glioma. In this study, the 458 

network or association analysis of between immune checkpoints and MMP families 459 

showed that IL6, IL10 and MMP9 correlated with UBE2C may be a “linker” of two 460 

extrinsic phenotypes, which is reflected that a significant correlation (Figure 8A, B). 461 

This feature highlights the potential value of UBE2C as a biomarker for glioma. In 462 

summary, we identified UBE2C as a potential prognostic biomarker for glioma, and 463 

these results demonstrated the internal or external correlation and effects of UBE2C in 464 

glioma, but this causal relationship need to be further verified and explored by 465 

experiments. Based on the prognostic value and correlation of UBE2C, it may 466 

systematically reveal the factors of glioma cells' adaptive survival in the tumor 467 

microenvironment, and further reflect that UBE2C may be a potential target for the 468 

treatment of this disease. 469 
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 641 

 642 

Figure legends 643 

Figure 1. Screening of target genes in gliomas based on TCGA.  644 

(A, B) KEGG and GO enrichment analysis of differential genes (Upregulation, Log2FC > 645 

1, P < 0.05), respectively; (C) Represents Venn diagram analysis of risk genes (HR > 646 

1, P < 0.05) and up-regulated genes (Log2FC > 1, P < 0.05); (D) Enrichment analysis 647 

of 679 common genes from (C); (E) Venn diagram analysis of genes from the four 648 

biological processes in (D) (where the red arrow is pointing); (F) Analysis of expression 649 

associations among 27 genes from (E); (G) Co-expression and risk analysis of 17 genes 650 

from (F); (H) Differential expression analysis of 17 genes (The red box indicates that 651 

UBE2C has the highest differential expression). **P < 0.01, ***P < 0.001. 652 

 653 

Figure 2. Clinical grading and prognostic analysis of UBE2C gene in TCGA-654 

glioma samples 655 

(A) The clinical grading based on WHO; (B) Represents the primary therapy outcome 656 

of glioma patients; (C) Indicates the histological type of glioma samples; (D) 657 

Represents the age division of glioma patients; (E) Represents the survival status of 658 

glioma patients; (F) Represents ROC curve analysis of glioma samples; (G-I) 659 
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Respectively represent survival prognosis analysis based on TCGA-glioma with OS, 660 

DSS, PFI, respectively. **P < 0.01, ***P < 0.001. 661 

 662 

Figure 3. Enrichment analysis of genes positively related to UBE2C 663 

(A)Represents enrichment analysis based on UBE2C positively related genes (red 664 

arrow represents cell cycle related processes, blue arrow represents DNA behavior 665 

related processes). (B, C) Represents the network analysis based on the results of the 666 

enrichment analysis in (A); (D, E) Represents a differential gene GSEA enrichment 667 

assay validation based on TCGA-glioma, which are cell cycle and DNA behavior 668 

processes, respectively. NES > 1, adj. P < 0.05, FDR q < 0.25. 669 

 670 

Figure 4. Expression levels of UBE2C and cell proliferation antigen in gliomas.  671 

(A-D) Represents IHC images of UBE2C, Ki67, PCNA and MCM7 from The Human 672 

Protein Atlas database, respectively; (E-G) Represents the scatter plot of expression 673 

correlation between UBE2C and Ki67, PCNA and MCM7, respectively; (H) 674 

Expression levels of UBE2C mRNA in 48 brain cancer cell lines from the CCLE 675 

database; (I) The expression level of UBE2C mRNA in 5 cell lines was detected by 676 

qPCR; (J) The expression level of protein UBE2C in 5 cell lines was detected by 677 

Western blot. 678 

 679 

Figure 5. Effect of UBE2C Expression on Malignant Phenotype for Glioma Cell. 680 

(A, B) The knockdown effect of three siRNA on LN229 and U251MG cells was 681 

evaluated by Western blot, respectively; (C, D) The healing ability of UBE2C - siRNA3 682 

for LN229 and U251MG cells was evaluated by cell scratch assay, respectively; (E, F) 683 

The migration ability of UBE2C - siRNA3 for LN229 and U251MG cells was evaluated 684 

by trans-well assay, respectively; (G, H) The proliferation ability of UBE2C - siRNA3 685 

for LN229 and U251MG cells was evaluated by cell clonal formation assay, 686 

respectively; (I, J) The proliferation ability of UBE2C - siRNA3 for LN229 and 687 

U251MG cells was evaluated by CCK8 assay (OD450), respectively. *P < 0.05, **P < 688 

0.01, ***P < 0.001. 689 
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 690 

Figure 6. Correlation analysis of UBE2C with immune cell infiltration and 691 

immune checkpoint based on TCGA- glioma.  692 

(A) Correlation analysis between UBE2C and immune cell infiltration; (B) Co-693 

expression analysis between UBE2C and secretory phenotypes from Th2 cells; (C) 694 

correlation analysis between UBE2C and secretory phenotype of Th2 cells; (D) 695 

Analysis of co-expression between UBE2C and immune checkpoints; (E) Correlation 696 

analysis between UBE2C and immune checkpoints; (F) Correlation analysis between 697 

immune checkpoint and Th2 cell secretion phenotype.  698 

 699 

Figure 7. Expression and prognostic survival analysis based on immune 700 

checkpoint and typical Th2 cell secretion phenotype. 701 

(A) Prognostic survival analysis based on immune checkpoint and typical Th2 cell 702 

secretion phenotype; (B-G) Represents IHC images of IL6, IL10, PDCD1LG2, PDCD1, 703 

HAVCR2 and CD80 from THPA database, respectively. 704 

 705 

Figure 8. Correction of UBE2C-related risk factors with cell invasion in glioma. 706 

(A) Correlation analysis between immune checkpoint and MMP family expression; (B) 707 

Analysis of network correlation between immune checkpoint and MMP family by 708 

STRING online; (C-E) Analysis of the correlation between MMP2, MMP9 and 709 

MMP11 and immune cell infiltration, respectively; (F-H) Analysis of survival 710 

prognosis of MMP2, MMP9 and MMP11 in glioma patients, respectively; (I, J) The 711 

prognostic nomogram and calibration curve of UBE2C, IL6, IL10, MMP2, MMP9, and 712 

MMP11 in glioma patients, respectively. 713 

 714 

Supplementary Figure 1. (A, B) KEGG and GO enrichment analysis bubble maps 715 

based on differential genes (TCGA-glioma, down-regulation), respectively; (C, D) 716 

Represents Forest maps of univariate and multivariate Cox regression analyses based 717 

on 17 genes, respectively. 718 

 719 
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Supplementary Figure 2. (A, B) Represents the results of GSEA enrichment analysis 720 

based on dataset GSE12657, which includes biological processes of cell cycle and DNA 721 

behavior, respectively. 722 

 723 

Supplementary Figure 3. (A-D) Indicates the correlation analysis of MMP1, MMP7, 724 

MMP14 and MMP19 with immune cell infiltration in TCGA-glioma, respectively; (E-725 

H) Represents survival prognosis analysis for MMP1, MMP7, MMP14 and MMP19 in 726 

TCGA-glioma, respectively. 727 

 728 

Supplementary Figure 4. (A-E) The expression level of MMP2, MMP7, MMP9, 729 

MMP11 and MMP14 in glioma tissues was displayed by IHC images from THPA 730 

database, respectively (MMP1, MMP4 and MMP19 MMP1, MMP4 and MMP19 are 731 

not included in the THPA database). 732 

 733 

 734 

 735 

 736 

 737 

 738 
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