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for LGG patients

Tao Wang'?, Senbang Yao'?, Siyu Li?, Xichang Fei' & Mingjun Zhang***

Gliomas are the most prevalent primary tumors in the central nervous system. Despite some
breakthroughs in the treatment of glioma in recent years, survival rates remain low. Although genes
of the Augmin family play a key role in microtubule nucleation, the role they play in gliomas is unclear.
Transcriptome data were extracted from UCSC XENA and GTEx for low-grade glioma (LGG) and
normal tissues, respectively. The protein interaction network associated with Augmin family genes
was established using STRING and GeneMANIA databases. Enrichment analysis of gene-related
functions and pathways was used to explore potential biological pathways and TIMER to assess
immune cell infiltration. Regression analysis and Kaplan—-Meier analysis were used to look at the
clinical characteristics of the Augmin family genes and the association with the prognosis of patients
with glioma. The results showed that the mRNA expression of Augmin family genes was significantly
elevated in LGG tissues, except for HAUS7. Immunoregulation, cell cycle, apoptosis and other
signaling pathways may be involved in the development and progression of LGG. Except for HAUS4
and HAUS?7, the expression of all genes was positively correlated with immune cell infiltration. High
expression of HAUS1, HAUS3, HAUS5, HAUS7, HAUS8 and low expression of HAUS4, HAUS6 in LGG
was associated with poor prognosis. The risk models constructed based on the pivotal genes HAUS?2,
HAUS4 and HAUSS8 were validated by nomogram and confirmed to be clinically useful for predicting
the prognosis of LGG.

Glioma is the most common primary tumor in the central nervous system (CNS), accounting for approximately
80% of all types"?. According to the 2016 World Health Organization (WHO) classification of CNS tumors,
the majority of grade II and III gliomas are LGG including diffuse low-grade and intermediate-grade gliomas,
while grade IV is mainly composed of glioblastomas (GBM) °. In 2021, a new version of the classification of
CNS tumors published by WHO added or established several molecular genetic features compared to the pre-
vious version (2016 version), which include ATRX, TPP53, CDKN2A/B and chromosomes Chr 7 and Chr 10
as well as the status of the transcription factor TERT*, which makes the classification of gliomas more specific
and detailed. Gliomas are currently treated with surgery, radiation therapy, chemotherapy, immunotherapy,
and targeted therapy®~. Despite the many therapeutic options and multimodal treatment strategies available
to us, the prognosis of glioma patients does not appear to have improved significantly. The prognosis for LGG
is dismal due to unavoidable progression®, Only 5% of GBM patients will live beyond five years, with a median
life expectancy time of only 12-14 months®'*. For this reason, in-depth analysis of glioma pathogenesis and to
improve glioma treatment and diagnosis, molecular markers need to be explored.

Normal cell division depends on the proper assembly and function of the spindle'>'?, and its assembly is
driven by nucleation mechanisms, mainly including centrosome nucleation, chromatin-mediated nucleation,
and Augmin complex-mediated nucleation'*!>. The Augmin protein complex consists of eight subunits, which
are: HAUSI (Ccdc5), HAUS2 (Cep27), HAUS3 (hDgt3), HAUS4 (C140rf94), HAUS5 (hDgt5), HAUS6 (hDgt6),
HAUS7 (UCHL5IP) and HAUSS (Hicel). Augmin recruits y-microtubulin (called y-TuRC or y-microtubulin
ring complex) through its HAUS6 subunit to nucleate microtubules within the spindle'é, and microtubule lev-
els within the spindle are subsequently reduced when any of the subunits of Augmin are mutated or knocked
out'”!®, In a mouse embryo study, it was found that knocking out the HAUS6 gene in mouse apical progenitor
cells resulted in spindle defects in mice, which caused massive apoptosis and eventually led to the termination
of brain development®. This suggests that Augmin is essential for spindle formation and mitosis in mouse api-
cal progenitor cells and for mouse brain development. In recent years, mutations in HAUS3 have been found
in breast cancer?, and some scholars have knocked down Haus3 in hepatocellular carcinoma cell lines, which
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resulted in G2/M phase block in cancer cells and even inhibited tumor growth in vitro and in vivo?'. Currently,
the characterization of Augmin family-related genes in gliomas has not been systematically described.

In this study, we used several public databases to systematically interpret the expression pattern, function
and clinical significance of Augmin family gene members in LGG, and developed a risk profile based on Augmin
family to determine which patients are at high and low risk, with significant differences in genomic alterations,
and prognosis between the two groups. We hope that our study can help clinicians to increase the accuracy of
glioma prognosis prediction and select appropriate treatments and strategies.

Materials and methods

Data collection. RNAseq data from TCGA and GTEx were processed into TPM using the Toil program?,
with data from UCSC XENA (https://xenabrowser.net/datapages/)*. The data was taken from 529 LGGs in
TCGA and 1152 corresponding normal tissues in GTEx (paracancer samples lacking LGG in TCGA). The
mRNAseq 325 dataset (TPM) and corresponding clinical data were downloaded from the Chinese Glioma
Genome Atlas (http://www.cgga.org.cn) database?***, and 182 LGG sample data were obtained from it. Cases
with incomplete or missing data were removed from further analysis.

HPA database. The Human Protein Atlas is an open database that uses imaging of antibodies, proteomics
of mass spectrometry, and transcriptomics to map all the proteins in human cells, tissues, and organs®. This
method was used to measure the expression of genes in tissues from the Augmin family.

cBioPortal database. The cBioPortal (https://www.cbioportal.org) is an open web platform that contains
data from 126 tumor genomic studies based on TCGA*. We mainly used this database to analyze the genetic
variation of Augmin family genes.

STRING database. STRING is a database that can be searched online for known and used to predict inter-
actions between proteins, which currently contains 24,584,628 proteins from 5090 organisms*. We used this
database to depict the protein—protein interaction (PPI) network of the Augmin gene family.

GeneMANIA database. At the University of Toronto, GeneMANIA (http://www.genemania.org) is being
actively developed, and other genes related with the input genes are discovered using association datasets (pro-
tein-gene interactions, pathway co-expression, co-localization, and structural domain similarities in proteins)®.
In this study, we examined the pathways, co-expressions, and physical interactions of the Augmin family of
genes.

TIMER database. TIMER is a web server for analyzing tumor-infiltrating immune cells in depth. The
TIMER method can measure the amount of six immunological infiltrates®®!. It was utilized to investigate
immune cell infiltration in the LGG.

Quantitative real-time PCR (qPCR) assay. Eight LGG tissues and normal brain tissues (from patients
with traumatic brain hemorrhage) were collected by neurosurgeons of the Second Affiliated Hospital of Anhui
Medical University from April 2022 to December 2022, and total RNA was extracted and stored in the refrig-
erator at — 80 °C. Tissue lysis, total RNA extraction, cDNA synthesis, and real-time quantitative PCR were
performed using Easyzon Reagent (EnzyArtisan, China), HyperScript IITI RT SuperMix for qPCR with gDNA
Remove (EnzyArtisan, China), and Universal SYBR qPCR Mix (EnzyArtisan, China). The primer design is
shown in Table 1.

Statistical analysis. Analytical Statistics R version 4.1.0 was used to do the data analysis. P <0.05 was cho-
sen as the level of statistical significance. R is an open software programming language and operating system
designed for statistical analysis, maps, and graphing®. Analysis of KEGG pathway enrichment®, immune cell
infiltration, clinical correlation, and survival were conducted of Augmin family genes using R4.1.0. We also
conducted univariate Cox analysis on training sets to identify Augmin genes that are associated with overall
survival. A Cox model was developed for these genes. The model includes 3 genes and their characteristic risk
scores were developed using a combining linearly the expression levels of expression levels of these 3 genes,
risk score=(EXPORGENEI x coeflicientgenel) + (EXPORGENE2 x coefficientgene2) + (EXPORGENE3 x coef-
ficientgene3). EXPORGENEI-3 are the TPM values for the expression of haus2, hasu4, haus8. Survival curves
and subject operating characteristic curves (ROC) were used to assess the effectiveness of the model. The main

Gene Forward Reverse

HAUS2 5-GCTGGAGTTGGCTGTGACTTT-3' 5'-CTTTGCTAAAGCCTGGTTCATTT-3'
HAUS4 5-GAGGACCTGTTACAGAACCCATAC-3" | 5-GCTTAAGCCACTCTCATCCACAT-3’
HAUS8 5-GTGCTGGACTTACTGAGCGAAC-3' 5-GGTTTGCCAAGGCTGCCTCTTT-3'
GAPDH 5-GTCTCCTCTGACTTCAACAGCG-3' 5'-ACCACCCTGTTGCTGTAGCCAA-3’

Table 1. HAUS2, HAUS4, HAUS8 and GAPDH primers for qRT-PCR.

Scientific Reports |

(2023) 13:7520 | https://doi.org/10.1038/s41598-023-34779-4 nature portfolio


https://xenabrowser.net/datapages/)
http://www.cgga.org.cn
https://www.cbioportal.org
http://www.genemania.org

www.nature.com/scientificreports/

r packages utilized in these analyses include ggplot2, clusterProfiler, limma, preprocessCore, BiocManager, esti-
mate, caret, survminer, survival, glmnet, survROC, and pheatmap.

Ethics approval and consent to participate. The study was approved by the Research Ethics Commit-
tee of The Second Affiliated Hospital of Anhui Medical University and followed the Declaration of Helsinki. All
patients signed an informed consent form.

Result

Augmin family genes are aberrantly expressed in LGG. We analyzed the differential expression of
eight genes of the Augmin family (HAUS1, HAUS2, HAUS3, HAUS4, HAUS5, HAUS6, HUAS7 and HUASS) in
LGG using R (ggplot2 package) (Wilcoxon rank sum test). Gene mRNA expression levels of the Augmin fam-
ily were found to be significantly higher in LGG samples compared to normal brain tissue, except for HAUS7
(Supplementary Fig. 1A). We then further evaluated the correlation between Augmin family genes expression
and the pathological stage of patients and found that the mRNA expression levels of HAUS1, HAUS2, HAUSS3,
HAUS5, HAUS7 and HAUSS increased with tumor progression, except for HAUS4 and HAUS6, and there was
a link between the expression of Augmin family genes and the stage of the disease (Supplementary Fig. 1B). As
shown, HPA immunohistochemical staining also showed increased expression of Augmin family genes in LGG
tissue (Supplementary Fig. 1C). These findings imply that genes from the Augmin family may play a role in
tumor growth.

Gene mutations and PPl networks of Augmin family genesin LGG.  We focused examined the bio-
logical variation in the Augmin family genes in the TCGA LGG cohort using the cBioPortal database. We found
that the mutation rates of HAUS1-HAUSS8 were 0.7%, 0.7%, 0%, 2.5%, 2.1%, 2.1%, 2.5%, and 2.1%, respectively
(Supplementary Fig. 2A). Survival curves (log-rank test) showed that cases with or without Augmin family genes
alterations did not correlate with OS or DFS (Supplementary Fig. 2B). Using the STRING database, we next
assessed the PPI network of Augmin family genes and the results showed 8 nodes and 28 edges of Augmin family
genes (Supplementary Fig. 2C). We then used the GeneMANIA database to search for network-related genes,
and the results showed that Augmin family protein network-related genes included POP1, ALG14, ACSF3,
COGS3, ATF4, YBX3, MLF1, NEDD1, TUBG2, VDACI, RBM7, LTF, PIK3R2, WDR18, SPRYD7, HJURP, GLCE,
MTMRI12, and DNM3.Microtubule-related complexes and cell cycle control were the key roles of these genes
(Supplementary Fig. 2D).

Enrichment analysis of Augmin family genes. We performed Annotation of GO behavioral terms
and analysis of pathways enriched in KEGG of Genes from the Augmin family and genes involved in pro-
tein networks (POP1, ALG14, ACSF3, COG3, ATF4, YBX3, MLF1, NEDDI1, TUBG2, VDACI1, RBM7, LTE,
PIK3R2, WDR18, SPRYD7, HJURP, GLCE, MTMR12, DNM3) using the clusterProfiler package (Supplemen-
tary Fig. 3A). The findings suggested that these genes were primarily concentrated at the BP level in ciliary basal
body-plasma membrane docking, centrosome cycle control of G2/M transition of mitotic cell cycle, organelle
localisation via membrane tethering, and so on. At the CC level it is mainly enriched in spindle, microtubule
associated complex, microtubule, pericentriolar material. At the MF level it is mainly enriched in microtubule
minus-end binding. We then used GSEA software (array of reference genes: kegg.v7.5.symbols.gmt) to analyze
the enrichment of Augmin gene family members (Supplementary Fig. 3B). We found that Augmin gene family
members are mainly enriched in cell cycle, apoptosis, proteasome, ubiquitin-mediated protein hydrolysis and
other functions. HASU1, 2, 3, 5, and 6 were also enriched in T and B cell receptor pathways (although HAUS3,
5,and 6 p>0.05). It was also abundant in a number of regulatory routes, including the P53, NOTCH, and TGF-
BETA pathways. Further, members of the Augmin family gene were enriched in a variety of cancers, including
prostate, small cell lung, pancreatic, and colorectal cancers. These findings support the hypothesis that the Aug-
min gene family is linked to carcinogenesis and progression.

Infiltration of Augmin family genes by immune cells in LGG.  Given the results of GSEA enrichment
analysis, Augmin family genes may be related to immune regulation, and in addition to the critical function of
immunity inside the tumor microenvironment, we analyzed the relationship between Augmin family genes and
immune cells using the TIMER (Supplementary Fig. 4). The infiltration of CD8+ T Cell, B Cell, CD4+T Cell,
Neutrophil, Macrophage, and Dendritic Cell was strongly linked with the expression of HAUS1 and HAUS6 as
seen in the figure. HAUS2 expression was positively correlated with the infiltration of all the above cells, except
for the CD4+ T cells. HAUS3 was positively correlated with the infiltration of the above cells, except for Neu-
trophil, Dendritic Cell. HAUS4 was shown to be adversely linked with CD8+ T cell and neutrophil infiltration,
but not with other cell infiltration (all p>0.05). HAUS5 was shown to be negatively connected with CD8+ T cell
infiltration and favorably correlated with the other cells indicated. HAUS7 was negatively correlated with infil-
tration of CD8+ T cells only, but not with other immune cells (all p>0.05). Except for CD8+ T cells, HAUS8 was
positively linked with infiltration of the aforementioned cells. These results show a strong positive correlation
between these Augmin family genes, which may contribute to tumor progression, and immune cell infiltration of
LGG. We then used the CIBERSORT algorithm to analyze the proportion of immune cell infiltrated subtypes to
further confirm the role of Augmin family genes on the tumor microenvironment. In the LGG samples we con-
structed a profile of 22 of the immune cells (Fig. 1A) and calculated the correlation between these immune cells
(Fig. 1B). We next looked at the alterations in 22 immune cells from high to low Augmin family gene expression
groups one by one, discovering that the discrepancies were often in macrophage types. (Fig. 1C). We were per-
plexed by oncogenes that promote immune cell penetration, therefore we looked into the Augmin family genes
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Figure 1. Immune infiltration of the Augmin family genes. (A) Proportion of 22 immune cell species in tumor
samples from LGG patients. (B) Correlation between 22 types of immune cells in LGG samples. (C) Differences
in 22 immune cells between high and low expression groups of Augmin family genes.

and PD-L1 interaction once again (Fig. 2A), and the findings revealed that the invocation of HAUS1, HAUS?2,
HAUS3, HAUS5, HAUS6 (HAUSI1, HAUS5 P >0.05) was positively correlated with the expression of PD-L1, and
HAUS4, HAUS7, HAUS8 showed a negative correlation of expression with PD-L1. We then performed survival
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analysis of LGG patients with different immune microenvironments (Fig. 2B-D), and as shown in the figure
patients with lower immune cell content had better OS than those with higher immune cell content. The forego-
ing findings imply that the Augmin family genes may play a role in the immune regulation of LGG.

Survival analysis and clinical correlation analysis. The survival package was then used to investigate
the link between the Augmin family genes and the overall survivorship of LGG patients (Fig. 3A). The research
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Figure 2. Immune infiltration of the Augmin family genes. (A) Correlation between Augmin family expression
and PD-L1 (TIMER). (B-D) Survival analysis showed the relationship between immune cell content, stromal
cell content, and their total content and survival of LGG patients.
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found that expression levels of the Augmin family genes HAUS1, HAUS3, HAUS4, HAUS5, HAUS6, HAUS7,
and HAUSS was all related with survival rates of glioma patients. Low expression of HAUS4 and HAUS6 and
high expression of HAUS1, HAUS3, HAUS5, HAUS7, HAUS8 may be risk factors for poor prognosis in glioma
patients. The expression of HAUS1, HAUS2, HAUS5, HAUS7, and HAUSS was considerably greater in the IDH
wild type than in the mutant, according to clinically correlation analysis (Fig. 3B). We then performed ROC
analysis of the Augmin family genes. The outcomes revealed that the AUC (area under the curve) values of the
ROC curves for HAUS1, HAUS2, HAUS3, HAUS4, HAUS6, and HAUSS were > 0.75, which showed a high level
of accuracy in forecasting LGG patients’ prognosis (Fig. 3C).

Construction of Augmin signature in TCGA LGG cohort.  Following that, we divided the LGG cohort
in the TCGA database into two parts: a training cohort with 228 patients and a test cohort comprising 224
patients for internal test. For external validation, 172 samples from of the CGGA database were utilized. In the
training cohort, the linkage between members of the Augmin family genes and overall survival of LGG patients
was investigated using univariate Cox linear regression. We found that five genes, HAUS1, HAUS2, HAUS4,
HAUSS5, and HAUSS, were shown to be substantially linked to overall survival (p <0.05) (Fig. 4A), and their HR
values were greater than 1 except for HAUS4. We next used lasso linear regression to eliminate redundant genes
before doing multiple regression model Cox analysis on the remaining genes in this prognosis-related gene set
and modeled the risk scores (Fig. 4B,C). The 3 genes of the model are -haus2, haus4, haus8 and the following
is the formula: risk score=0.851950haus2 + (— 1.130684) * haus4 + 0.841221*haus8. Based on the median risk
score, individuals in the training group got sorted into low—and high groups (Fig. 4D), and the expression
of the three prognostic genes grew as the danger score grew (Fig. 4E). High-risk LGG patients tend to have
poorer survival times than low-risk individuals (Fig. 4F). In the training cohort, Kaplan-Meier survival analysis
revealed that OS was considerably better in the low-risk group than in the high-risk group (Fig. 4G). Moreover,
subject operating characteristic (ROC) curve analysis revealed strong predictive power of our risk score model
in both training cohorts (AUC = 0.857) (Fig. 4H). To improve the credibility of our risk model, we subjected the
TCGA internal test cohort and the CGGA external validation cohort to the same analysis described above, and
the conclusions obtained were largely consistent with the above. Individuals with low-risk ratings had a higher
chance of surviving than those with high-risk ratings (Fig. 5A,B), and the low-risk group’s OS beat the high-risk
group, according the Kaplan-Meier survival analysis (Fig. 5C,D), with ROCs of 0.719 and 0.819 for the TCGA
internal test cohort and CGGA external validation cohort, respectively (Fig. 5E,F).

The development and validation of a nomogram for prognosis evaluation. The mRNA expres-
sion of risk genes HAUS2, HAUS4 and HAUSS in LGG tissue and normal brain tissue was verified in clinical
samples by using qPCR. The results confirmed that the mRNA expression of HAUS2, HAUS4 and HAUSS in
clinical samples was higher in LGG than in normal tissues (Fig. 6A). To verify our forecasting model’s independ-
ence, we included clinicopathological characteristics such as age, gender, histological grading, IDH status, and
risk score in the analysis, and to see if Augmin signature was an independent predictive predictor, we utilized
univariate and multivariate COX analyses. Multivariate COX analysis showed that the risk score model was
shown to be substantially linked to overall survival, with HR =2.044 in the TCGA training cohort (Table 2, 95%
confidence interval [CI] =1.140-3.666; p=0.016) and HR=1.588 in the CGGA validation cohort (Table 3, 95%
confidence interval =1.005-2.508; p=0.048). We then built a Nomogram using data from the TCGA training
set cohort, and we included age, gender, staging, IDH status, and risk score into the scoring criteria to arrive at
a total score to reflect the OS at 2, 3, and 5 years (Fig. 6B). To validate the validity of the Nomogram, we drew
calibration plots using the TCGA internal test cohort and the CGGA external validation cohort. For all cohorts,
there was good agreement between the Nomogram’s OS forecast and actual observation at 2, 3, and 5 years
(Fig. 6C,D).

Discussion

The diffuse infiltrative growth of glioma combined with the specificity of the central nervous system makes treat-
ment more difficult, and patients have a poor quality of life, short survival and poor prognosis*. Several molecu-
lar genetic features have been used clinically as prognostic predictors for glioma patients, for example, IDH muta-
tion status and 1p/19q deletion are considered as better prognostic markers®, and the search for more appropriate
predictive and therapeutic targets has far-reaching implications for improving the prognosis of glioma patients.
Augmin family genes are essential for spindle nucleation, cell mitosis and neuronal development'*>-%". It has also
been found that by targeting the VISA complex, haus8 improves the RRR-VISA-dependent antiviral signaling
pathway®®. Augmin family genes have been less studied in cancer, and it has been found that HAUS3 is mutated
in breast cancer and HAUS3 is a poor prognostic factor in liver cancer®®?'. This is the first study to look at the
transcription of Augmin family genes in LGG patients and their function and significance, which will help to
improve the treatment strategy for LGG patients and forecast a patient’s prognosis more accurately based on the
existing knowledge of LGG.

First, the results of expression differences by analyzing the samples in the database showed that there were
significant differences in the expression of Augmin family genes between LGG tumor samples and normal tis-
sue samples, and more surprisingly, the expression of HAUS1, HAUS2, HAUS3, HAUS5, HAUS7 and HAUSS8
(more than half of the genes) increased with tumor progression, and immunohistochemistry of HPA also showed
elevated expression of Augmin family genes in LGG tissues. These suggest that Augmin family genes play a vital
part in the growth and development of LGG. We then constructed the PPI network and analyzed the related
genes of the family. Based on these genes we explored the functions of Augmin family genes using GO and KEGG
enrichment analysis and found that Augmin family genes are mainly enriched in functions such as centrosome
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Figure 3. Augmin family genes survival analysis and clinical correlation analysis. (A) Survival analysis showed
the association between high and low expression of Augmin family genes and survival of LGG patients. (B)
Relationship between Augmin family genes expression and IDH wild-type and mutant phenotypes. (C) ROC
curves for the Augmin family genes (*P <0.05, **P <0.01, ***P <0.001).

cycle, spindle assembly, and control of the mitotic cell cycle’s G2/M transition. Chromosomal instability leads
to intercellular heterogeneity, which promotes tumor heterogeneity and drug resistance®, and whether Augmin
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Figure 5. TCGA internal test cohort and CGGA external verification cohort analysis. (A,B) Survival status

of high- and low-risk patients in the TCGA internal test cohort and the CGGA external validation cohort.
(C,D) Survival analysis of high- and low-risk patients in the TCGA internal test cohort and the CGGA external
validation cohort. (E,F) ROC curves for high- and low-risk patients in the TCGA internal test cohort and the
CGGA external validation cohort.
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Figure 6.

Nomogram predicted survival probability Nomogram predicted survival probability

Nomogram predicted survival probability

Creation and validation of Nomograms predicting 2-, 3-, and 5-year OS of LGG sufferers. (A)

Relative mRNA expression of HAUS2, HAUS4 and HAUS8 in LGG tissues and normal brain tissues. (B) TCGA
training cohort 2-, 3-, and 5-year OS prognostic nomograms. (C) Nomogram calibration plots for TCGA
internal test cohorts for 2-, 3-, and 5-year OS. (D) Nomogram calibration plots for CGGA external validation
test cohorts for 2-year, 3-year and 5-year OS (*P <0.05, **P <0.01, ***P <0.001).

Scientific Reports|  (2023)13:7520 |

https://doi.org/10.1038/s41598-023-34779-4

nature portfolio




www.nature.com/scientificreports/

Univariate analysis Multivariate analysis
Characteristics | Total (N) | Hazard ratio (95% CI) | Pvalue | Hazard ratio (95% CI) | P value
Age 228
<42 123 Reference
>42 105 2.884 (1.714-4.855) <0.001 | 2.766 (1.594-4.799) <0.001
Gender 228
Female 105 Reference
Male 123 1.191 (0.732-1.938) 0.481
Grade 228
WHO II 99 Reference
WHO III 129 2.188 (1.290-3.712) 0.004 | 1.227 (0.690-2.182) 0.487
IDH.status 228
Mutant 182 Reference
WT 46 4.252 (2.554-7.077) <0.001 |2.707 (1.506-4.864) <0.001
Risk 228
Low 114 Reference
High 114 2.773 (1.669-4.609) <0.001 | 2.044 (1.140-3.666) 0.016

Table 2. Univariate and multivariate COX analysis of TCGA training cohort.

Univariate analysis Multivariate analysis

Characteristics | Total (N) | Hazard ratio (95% CI) | P value | Hazard ratio (95% CI) | P value
Age 172

<42 105 Reference

>42 67 1.558 (1.027-2.362) 0.037 | 1.055 (0.683-1.632) 0.808
Gender 172

Female 66 Reference

Male 106 0.635 (0.420-0.960) 0.031 | 0.562 (0.369-0.856) 0.007
Grade 172

WHO II 98 Reference

WHO III 74 3.579 (2.335-5.485) <0.001 | 3.007 (1.913-4.728) <0.001
IDH.status 171

Mutant 127 Reference

Wildtype 44 2.640 (1.703-4.093) <0.001 | 1.845 (1.160-2.932) 0.010
Risk 172

Low 73 Reference

High 99 2.131 (1.372-3.309) <0.001 | 1.588 (1.005-2.508) 0.048

Table 3. Univariate and multivariate COX analysis of CGGA external validation cohort.

family genes alter LGG heterogeneity and drug resistance needs to be investigated in depth. Drugs targeting
spindle assembly are now widely used in the treatment of human tumors*. The results of a GSEA enrichment
research indicate that this family genes were mainly enriched in cell cycle, apoptosis, P53, T cell receptor, B
cell receptor, TGF-BETA, NOTCH and other signaling pathways. These findings demonstrate that genes in the
Augmin family might be used as therapeutic targets.

Studies on the possible role of Augmin family genes in human LGG are scarce, and correlation analysis
between Augmin family genes expression in LGG and immune cell infiltration has not been studied. We dis-
covered that these genes were also rich in T and B cell receptor pathways in a prior functional enrichment
investigation, so we used the TIMER database to find that all genes in this family except HAUS4 and HAUS7
showed positive correlation with the invasion of immune cells. Subsequently, these genes’ expression was exam-
ined in connection to PD-L1, and it was discovered that they were positively linked with PD-L1 expression, so
we speculate that these genes not only promote the infiltration of immune cells but also may lead to increased
PD-L1 expression on the tumor cell’s surface. The consequence of PD-1 binding to PD-L1 is apoptosis and the
failure of activated immune cells, making the tumor microenvironment immunosuppressive*"*2. The specific-
ity of the neuroanatomy and the immunosuppressive nature of gliomas are such that patients have very limited
efficacy from conventional chemotherapy and radiotherapy*’. Therefore, it is necessary to further investigate the
mechanisms of action of these genes in order to develop appropriate targeted drugs to eliminate their immuno-
suppressive effects and thus improve the survival and prognosis of LGG patients.
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Next, we used qPCR to demonstrate that the expression of HAUS2, HAUS4, and HAUSS in LGG tissues in
clinical samples was higher than that in normal brain tissues. Considering the use of prognostic models in clini-
cal practice, we developed predicted OS at 2, 3 and 5 years based on risk score models, clinical characteristics of
LGG and pathological parameters (age, gender, histological grading and IDH status). The internal test cohort
was obtained from TCGA and the external validation cohort was taken from CGGA. Our results show that the
calibration of nomogram achieves high consistency in both the internal test cohort and the external validation
cohort. Each LCG patient can generate an independent nomogram based on their own characteristics, fully
reflecting the personalization of clinical applications. The calibration curves also verified that the column line
plots had high accuracy.

With the rapid development of high-throughput technologies, bioinformatics is increasingly developed in
various fields of medical research such as disease-causing gene search and effective drug target screening. The
occurrence, early diagnosis and prognosis of diseases depend on the constantly updated and refined progress
of bioinformatics. Mastering the usage of advanced bioinformatics databases has become an urgent need for
biologists and medical practitioners, and its results have greatly contributed to basic medical research. Genetic
exploration based on public databases has been widely used for clinical diagnosis, treatment and prognosis pre-
diction, which will help to identify disease susceptibility genes, elucidate the molecular mechanisms of disease
occurrence, and thus provide opportunities to develop therapies that target key pathways of disease occurrence.
This study provides insight into the role of the Augmin gene family in the prognosis and immune microenviron-
ment of LGG, based on existing public databases, and provides a reference for further research on the specific
mechanisms of Augmin in the future. We drew a nomogram for predicting patient OS based on the risk model.
Each sample can be calculated by software to obtain the corresponding OS, which is virtually free, portable
and intuitive in clinical applications. However, the present study also has many shortcomings and limitations.
For example, the mechanisms of Augmin family genes involved in LGG developmental progression, especially
cell cycle transition and immune infiltration, remain to be studied and validated in further in vitro or in vivo
experiments. Second, the prediction model needs to be validated and updated in future large-scale clinical trials.

Conclusion

This work used a thorough bioinformatics analysis to investigate the function of the Augmin family genes and
its relationship with LGG. Augmin may be a viable target and prognostic biomarker for LGG patients, according
to our findings. Additional molecular tests are needed, however, to better corroborate the findings of this study
and to make Augmin family genes more clinically useful in LGG patients.

Data availability
The original contributions presented in the study are included in the article or Supplementary Material; further
inquiries can be directed to the corresponding author.

Received: 22 June 2022; Accepted: 8 May 2023
Published online: 09 May 2023

References

1. Ostrom, Q. et al. CBTRUS statistical report: Primary brain and other central nervous system tumors diagnosed in the United States
in 2013-2017. Neuro Oncol. 22, iv1-iv96. https://doi.org/10.1093/neuonc/noaa200 (2020).

2. Morgan, L. L. The epidemiology of glioma in adults: A “state of the science” review. Neuro Oncol. 17, 623-624. https://doi.org/10.
1093/neuonc/nou358 (2015).

3. Louis, D. N. et al. The 2016 World Health Organization classification of tumors of the central nervous system: A summary. Acta
Neuropathol. 131, 803-820. https://doi.org/10.1007/s00401-016-1545-1 (2016).

4. Gritsch, S., Batchelor, T. & Gonzalez Castro, L. N. Diagnostic, therapeutic, and prognostic implications of the 2021 World Health
Organization classification of tumors of the central nervous system. Cancer 128, 47-58. https://doi.org/10.1002/cncr.33918 (2022).

5. Weller, M. et al. European Association for Neuro-Oncology (EANO) guideline on the diagnosis and treatment of adult astrocytic
and oligodendroglial gliomas. Lancet Oncol. 18, e315-€329. https://doi.org/10.1016/s1470-2045(17)30194-8 (2017).

6. Porter, A. et al. Efficacy of treatment with armodafinil for cancer-related fatigue in patients with high-grade glioma: A phase 3
randomized clinical trial. JAMA Oncol. 8, 259-267. https://doi.org/10.1001/jamaoncol.2021.5948 (2022).

7. Bell, E. et al. Comprehensive genomic analysis in NRG oncology/RTOG 9802: A phase III trial of radiation versus radiation plus
procarbazine, lomustine (CCNU), and vincristine in high-risk low-grade glioma. J. Clin. Oncol. 38, 3407-3417. https://doi.org/
10.1200/jc0.19.02983 (2020).

8. McDuff, S. et al. Radiation and chemotherapy for high-risk lower grade gliomas: Choosing between temozolomide and PCV.
Cancer Med. 9, 3-11. https://doi.org/10.1002/cam4.2686 (2020).

9. Wang, Q. et al. MET overexpression contributes to STAT4-PD-L1 signaling activation associated with tumor-associated, mac-
rophages-mediated immunosuppression in primary glioblastomas. J. Immunother. Cancer https://doi.org/10.1136/jitc-2021-002451
(2021).

10. Alexander, B. M. & Cloughesy, T. F. Adult glioblastoma. J. Clin. Oncol. 35, 2402-2409. https://doi.org/10.1200/jc0.2017.73.0119
(2017).

11. Gu, X. et al. DGK{ plays crucial roles in the proliferation and tumorigenicity of human glioblastoma. Int. J. Biol. Sci. 15, 1872-1881.
https://doi.org/10.7150/ijbs.35193 (2019).

12. MclIntosh, J., Grishchuk, E. & West, R. R. Chromosome-microtubule interactions during mitosis. Annu. Rev. Cell Dev. Biol. 18,
193-219. https://doi.org/10.1146/annurev.cellbio.18.032002.132412 (2002).

13. Dimitracopoulos, A. et al. Mechanochemical crosstalk produces cell-intrinsic patterning of the cortex to orient the mitotic spindle.
Curr. Biol. 30, 3687-3696.¢3684. https://doi.org/10.1016/j.cub.2020.06.098 (2020).

14. Meunier, S. & Vernos, I. Microtubule assembly during mitosis—From distinct origins to distinct functions?. J. Cell Sci 125,
2805-2814. https://doi.org/10.1242/jcs.092429 (2012).

15. Kelly, A. E. & Funabiki, H. Correcting aberrant kinetochore microtubule attachments: An Aurora B-centric view. Curr. Opin. Cell
Biol. 21, 51-58. https://doi.org/10.1016/j.ceb.2009.01.004 (2009).

Scientific Reports |

(2023) 13:7520 | https://doi.org/10.1038/s41598-023-34779-4 nature portfolio


https://doi.org/10.1093/neuonc/noaa200
https://doi.org/10.1093/neuonc/nou358
https://doi.org/10.1093/neuonc/nou358
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1002/cncr.33918
https://doi.org/10.1016/s1470-2045(17)30194-8
https://doi.org/10.1001/jamaoncol.2021.5948
https://doi.org/10.1200/jco.19.02983
https://doi.org/10.1200/jco.19.02983
https://doi.org/10.1002/cam4.2686
https://doi.org/10.1136/jitc-2021-002451
https://doi.org/10.1200/jco.2017.73.0119
https://doi.org/10.7150/ijbs.35193
https://doi.org/10.1146/annurev.cellbio.18.032002.132412
https://doi.org/10.1016/j.cub.2020.06.098
https://doi.org/10.1242/jcs.092429
https://doi.org/10.1016/j.ceb.2009.01.004

www.nature.com/scientificreports/

16. Prosser, S. & Pelletier, L. Mitotic spindle assembly in animal cells: A fine balancing act. Nat. Rev. Mol. Cell Biol. 18, 187-201. https://
doi.org/10.1038/nrm.2016.162 (2017).

17. Colombié, N., Gluszek, A. A., Meireles, A. M. & Ohkura, H. Meiosis-specific stable binding of augmin to acentrosomal spindle
poles promotes biased microtubule assembly in oocytes. PLoS Genet. 9, €1003562. https://doi.org/10.1371/journal.pgen.1003562
(2013).

18. Goshima, G., Mayer, M., Zhang, N., Stuurman, N. & Vale, R. D. Augmin: A protein complex required for centrosome-independent
microtubule generation within the spindle. J. Cell Biol. 181, 421-429. https://doi.org/10.1083/jcb.200711053 (2008).

19. Viais, R. et al. Augmin deficiency in neural stem cells causes p53-dependent apoptosis and aborts brain development. Elife https://
doi.org/10.7554/eLife.67989 (2021).

20. Shah, S. P. et al. Mutational evolution in a lobular breast tumour profiled at single nucleotide resolution. Nature 461, 809-813.
https://doi.org/10.1038/nature08489 (2009).

21. Zhang, X. et al. High expression of human augmincomplex submit 3 indicates poor prognosis and associates with tumor progres-
sion in hepatocellular carcinoma. J. Cancer 10, 1434-1443. https://doi.org/10.7150/jca.28317 (2019).

22. Vivian, J. et al. Toil enables reproducible, open source, big biomedical data analyses. Nat. Biotechnol. 35, 314-316. https://doi.org/
10.1038/nbt.3772 (2017).

23. Goldman, M. et al. Visualizing and interpreting cancer genomics data via the Xena platform. Nat. Biotechnol. 38, 675-678. https://
doi.org/10.1038/541587-020-0546-8 (2020).

24. Zhao, Z. et al. Chinese glioma genome atlas (CGGA): A comprehensive resource with functional genomic data from Chinese
glioma patients. Genomics Proteomics Bioinform. 19, 1-12. https://doi.org/10.1016/j.gpb.2020.10.005 (2021).

25. Bao, Z. et al. RNA-seq of 272 gliomas revealed a novel, recurrent PTPRZ1-MET fusion transcript in secondary glioblastomas.
Genome Res. 24, 1765-1773. https://doi.org/10.1101/gr.165126.113 (2014).

26. Uhlén, M. et al. Proteomics. Tissue-based map of the human proteome. Science 347, 1260419. https://doi.org/10.1126/science.
1260419 (2015).

27. Cerami, E. et al. The cBio cancer genomics portal: An open platform for exploring multidimensional cancer genomics data. Cancer
Discov. 2, 401-404. https://doi.org/10.1158/2159-8290.Cd-12-0095 (2012).

28. Szklarczyk, D. et al. Correction to “The STRING database in 2021: Customizable protein-protein networks, and functional char-
acterization of user-uploaded gene/measurement sets”. Nucleic Acids Res. 49, 10800. https://doi.org/10.1093/nar/gkab835 (2021).

29. Warde-Farley, D. et al. The GeneMANIA prediction server: Biological network integration for gene prioritization and predicting
gene function. Nucleic Acids Res. 38, W214-W220. https://doi.org/10.1093/nar/gkq537 (2010).

30. Li, T. et al. TIMER: A web server for comprehensive analysis of tumor-infiltrating immune cells. Cancer Res. 77, e108-el10. https://
doi.org/10.1158/0008-5472.Can-17-0307 (2017).

31. Li, B. et al. Comprehensive analyses of tumor immunity: Implications for cancer immunotherapy. Genome Biol. 17, 174. https://
doi.org/10.1186/513059-016-1028-7 (2016).

32. Chan, B. K. C. Data analysis using R programming. Adv. Exp. Med. Biol. 1082, 47-122. https://doi.org/10.1007/978-3-319-93791-
5_2(2018).

33. Kanehisa, M., Furumichi, M., Sato, Y., Kawashima, M. & Ishiguro-Watanabe, M. KEGG for taxonomy-based analysis of pathways
and genomes. Nucleic Acids Res. 51, D587-d592. https://doi.org/10.1093/nar/gkac963 (2023).

34. Liu, G. et al. Construction of a ceRNA network in glioma and analysis of its clinical significance. BMC Genomics 22, 722. https://
doi.org/10.1186/512864-021-08035-w (2021).

35. Tian, . & Kong, Z. The role of the augmin complex in establishing microtubule arrays. J. Exp. Bot. 70, 3035-3041. https://doi.org/
10.1093/jxb/erz123 (2019).

36. Uehara, R. et al. The augmin complex plays a critical role in spindle microtubule generation for mitotic progression and cytokinesis
in human cells. Proc. Natl. Acad. Sci. 106, 6998-7003. https://doi.org/10.1073/pnas.0901587106 (2009).

37. Romé, P. & Ohkura, H. A novel microtubule nucleation pathway for meiotic spindle assembly in oocytes. J. Cell Biol. 217, 3431-
3445. https://doi.org/10.1083/jcb.201803172 (2018).

38. He, T.S., Chen, T., Wang, D. D. & Xu, L. G. HAUS8 regulates RLR-VISA antiviral signaling positively by targeting VISA. Mol. Med.
Rep. 18, 2458-2466. https://doi.org/10.3892/mmr.2018.9171 (2018).

39. Sansregret, L. et al. APC/C dysfunction limits excessive cancer chromosomal instability. Cancer Discov. 7, 218-233. https://doi.
0rg/10.1158/2159-8290.Cd-16-0645 (2017).

40. Weaver, B. & Cleveland, D. W. Decoding the links between mitosis, cancer, and chemotherapy: The mitotic checkpoint, adaptation,
and cell death. Cancer Cell 8, 7-12. https://doi.org/10.1016/j.ccr.2005.06.011 (2005).

41. Wei, E. et al. Strength of PD-1 signaling differentially affects T-cell effector functions. Proc. Natl. Acad. Sci. 110, E2480-2489. https://
doi.org/10.1073/pnas.1305394110 (2013).

42. Xue, S., Hu, M., Iyer, V. & Yu, J. Blocking the PD-1/PD-L1 pathway in glioma: A potential new treatment strategy. J. Hematol.
Oncol. 10, 81. https://doi.org/10.1186/s13045-017-0455-6 (2017).

43. Kwok, D. & Okada, H. T-cell based therapies for overcoming neuroanatomical and immunosuppressive challenges within the
glioma microenvironment. J. Neuro-oncol. 147, 281-295. https://doi.org/10.1007/s11060-020-03450-7 (2020).

Acknowledgements

The authors thank TCGA, CGGA, GTEx, HPA, cBioPortal, STRING, and GeneMANIA databases for providing
valuable data sets.

Author contributions

M.J.Z. contributed to the conception of the study. T.W. and S.B.Y. were responsible for searching the literature
and writing the manuscript. S.Y.L. and X.C.E. contributed scientific insights and created graphical illustrations.
All authors approved the submitted version, agreed to the journal in which the article was submitted, and agreed
to be responsible for all aspects of the work.

Funding
This research was supported by Natural Science Foundation of Anhui (1908085MH262).

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-023-34779-4.

Scientific Reports |

(2023) 13:7520 | https://doi.org/10.1038/s41598-023-34779-4 nature portfolio


https://doi.org/10.1038/nrm.2016.162
https://doi.org/10.1038/nrm.2016.162
https://doi.org/10.1371/journal.pgen.1003562
https://doi.org/10.1083/jcb.200711053
https://doi.org/10.7554/eLife.67989
https://doi.org/10.7554/eLife.67989
https://doi.org/10.1038/nature08489
https://doi.org/10.7150/jca.28317
https://doi.org/10.1038/nbt.3772
https://doi.org/10.1038/nbt.3772
https://doi.org/10.1038/s41587-020-0546-8
https://doi.org/10.1038/s41587-020-0546-8
https://doi.org/10.1016/j.gpb.2020.10.005
https://doi.org/10.1101/gr.165126.113
https://doi.org/10.1126/science.1260419
https://doi.org/10.1126/science.1260419
https://doi.org/10.1158/2159-8290.Cd-12-0095
https://doi.org/10.1093/nar/gkab835
https://doi.org/10.1093/nar/gkq537
https://doi.org/10.1158/0008-5472.Can-17-0307
https://doi.org/10.1158/0008-5472.Can-17-0307
https://doi.org/10.1186/s13059-016-1028-7
https://doi.org/10.1186/s13059-016-1028-7
https://doi.org/10.1007/978-3-319-93791-5_2
https://doi.org/10.1007/978-3-319-93791-5_2
https://doi.org/10.1093/nar/gkac963
https://doi.org/10.1186/s12864-021-08035-w
https://doi.org/10.1186/s12864-021-08035-w
https://doi.org/10.1093/jxb/erz123
https://doi.org/10.1093/jxb/erz123
https://doi.org/10.1073/pnas.0901587106
https://doi.org/10.1083/jcb.201803172
https://doi.org/10.3892/mmr.2018.9171
https://doi.org/10.1158/2159-8290.Cd-16-0645
https://doi.org/10.1158/2159-8290.Cd-16-0645
https://doi.org/10.1016/j.ccr.2005.06.011
https://doi.org/10.1073/pnas.1305394110
https://doi.org/10.1073/pnas.1305394110
https://doi.org/10.1186/s13045-017-0455-6
https://doi.org/10.1007/s11060-020-03450-7
https://doi.org/10.1038/s41598-023-34779-4
https://doi.org/10.1038/s41598-023-34779-4

www.nature.com/scientificreports/

Correspondence and requests for materials should be addressed to M.Z.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports|  (2023) 13:7520 | https://doi.org/10.1038/s41598-023-34779-4 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	A prognostic model based on the Augmin family genes for LGG patients
	Materials and methods
	Data collection. 
	HPA database. 
	cBioPortal database. 
	STRING database. 
	GeneMANIA database. 
	TIMER database. 
	Quantitative real-time PCR (qPCR) assay. 
	Statistical analysis. 
	Ethics approval and consent to participate. 

	Result
	Augmin family genes are aberrantly expressed in LGG. 
	Gene mutations and PPI networks of Augmin family genes in LGG. 
	Enrichment analysis of Augmin family genes. 
	Infiltration of Augmin family genes by immune cells in LGG. 
	Survival analysis and clinical correlation analysis. 
	Construction of Augmin signature in TCGA LGG cohort. 
	The development and validation of a nomogram for prognosis evaluation. 

	Discussion
	Conclusion
	References
	Acknowledgements


