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Abstract
Background: Kinesin family member 18A (KIF18A) belongs to a member of the kinesin superfamily and is signi�cantly
overexpressed and abnormally functions in a variety of cancers. However, the expression pro�ling and the role of KIF18A has
so far remained unclear in glioma. To investigate the relationship of KIF18A with clinical practice and its role in gliomas, the
data from multi public datasets were used and analyzed in present study.

Methods: Patients with gliomas were enrolled from CGGA RNA-seq, TCGA-seq, CGGA-microarray, GSE4290 and GSE50161
databases. The expression of KIF18A in glioma and normal tissues was analyzed through Wilcoxon rank sum test, and the
relationship between KIF18A and clinicopathological features was evaluated using logistic regression. The effect of KIF18A
expression in the survival of glioma patients was explored by Kaplan-Meier and Cox analyses. Gene set enrichment analysis
was also conducted to annotate biological function of KIF18A.

Results: KIF18A expression was signi�cantly increased in glioma tissues compared with the normal counterparts. High KIF18A
expression shortened the overall survival in all grades gliomas and the survival period of patients with WHO grade  glioma, but
not signi�cantly for grade  and grade  glioma. Univariate and multivariate analyses demonstrated that evaluated KIF18A
expression is closely related to poor prognosis. Increased KIF18A expression was signi�cantly correlated grades, age, IDH wide
type and may serve as a biomarker of poor prognosis in gliomas. GSEA showed that the KEGG_DNA_REPLICATION, the
KEGG_CELL_CYCLE, the KEGG_MISMATCH_REPAIR and the KEGG_NUCLEOTIDE_EXCISION_REPAIR were differentially
enriched in KIF18A high expression phenotype.

Conclusions: High expression KIF18A might be potential biomarker for the diagnosis and an independent risk factor for poor
prognosis in glioma.

Background
Glioma is the main primary malignant tumor of the central nervous system [1], which has high mortality and high recurrence
rate, heavy economic burden to individuals, families and society [2]. At present, the main treatment includes maximum tumor
resection and adjuvant chemotherapy and radiotherapy, but the long-term prognosis is still poor [3]. It is urgent to explore the
mechanism of the occurrence and development of glioma from the level of gene and molecular signaling pathway, which may
become a new direction of glioma treatment and bring new hope for glioma patients. Over the past decade, neuroscientists and
oncologists have identi�ed many genes, factors, such as EGFR and p53 molecules and associated signaling pathways that
affect the development and prognosis of gliomas [4, 5]. Furthermore, speci�c targeting antibodies have been developed for
speci�c molecules or factors to treat gliomas, such as anti EGFR antibodies, bevacizumab. Although it has been used in
clinical practice, there are not enough studies to prove that it can improve the overall survival rate of patients. At present, the
understanding of the occurrence, development and treatment mechanism of glioma is still insu�cient. It is necessary to
continue to explore reliable biomarkers to predict the early occurrence of gliomas and as new therapeutic targets, and to
develop safer and earlier diagnosis and prognosis prediction measures to improve the overall treatment effect of glioma
patients.

Kinesin is a microtubule-based motor protein that was �rst found in the mammalian brain [6] and functions at different stages
of cell division, intracellular vesicles and organelle transport, and microtubule movement [7, 8]. An increasing number of kinesin
family members are thought to be involved in the development and progression of tumors and are closely related to the
invasion, metastasis and poor prognosis of multiple cancers [9-12].

KIF18A belongs to the kinesin-8 family and is a multifunctional protein involved in a variety of cellular functions, including cell
division, motility, microtubule dynamics, organelle transport, and neural signal transduction. Notably, some recent reports
suggest that KIF18A are also involved in the process of multiple tumors. Kif18A is associated with the occurrence and
development of liver cancer [13], breast cancer [14], ovarian cancer [15] and can be used as potential biomarkers for breast
cancer [16], colorectal [17] and hepatocellular carcinoma [18]. In contrast, the expression of kif18a is low in gastric cancer,
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which is associated with poor prognosis [19]. Therefore, Kif18A expression patterns appear to differ between different cancer
types, and specialized studies on KIF18A expression patterns in gliomas and their clinicopathological signi�cance are rare.
Only one study, using microarrays, found that KIF18A18a was consistently expressed in glioblastoma stem cells cultures and
the gene expression of KIF18A was con�rmed in clinical samples [20]. We speculate that KIF18A is involved in the occurrence
and development of gliomas. However, the relationship between KIF18A and gliomas is still not entirely clear, and further
research is needed.

Therefore, this study systematically explored the expression of KIF18A in glioma and its effect on patient prognosis through
multiple datasets using multiple biological analysis methods.

Methods
Data collection and bioinformatic analysis

Microarray information of 268 glioma cases were download from CGGA dataset (Additional �le 1: Table S1). Clinical and RNA‐
Seq data was obtained from the CGGA database, which includes 218 WHO grade II, 240 WHO grade III, and 291 WHO grade IV
(Additional �le 2: Table S2) .

mRNAseq data of 653 glioma patients were collected in TCGA database. Clinical data were also obtained from TCGA
database, which includes 377 male and 276 females, ranging from WHO grade II to WHO grade IV (Additional �le 3: Table S3).

Two raw gene expression datasets [GSE4290 (77 tumor and 23 normal tissue), GSE50161 (34 tumora and 13 normal)]
downloaded from the Gene Expression Omnibus (GEO) database were used to validate the association between KIF18A
expression and glioma outcome and the limma package in the R language (version 3.6.1) was performed. A fold change (FC)
value of (logFC) >1 and a P value < 0.05 are screening criteria.

GEPIA provides key interactive analysis and customization functions, including tumor/normal differential expression pro�le
analysis, pro�ling, pathological staging, patient survival analysis, similar gene detection analysis and dimensionality reduction
analysis. The gene expression pro�le of KIF18A across all tumor samples and paired normal tissues was download from
public database GEPIA (http://gepia.cancer-pku.cn/index.html).

The expression of KIF18A in normal cerebral cortex, low- and high- grade glioma, identi�ed by immunohistochemistry staining,
was from the Human Protein Atlas (https://www.proteinatlas.org/).

Gene set enrichment analysis

In order to explore the potential molecular mechanism of KIF18A expression in�uencing the prognosis of glioma, GSEA was
used to detect whether there was a statistically signi�cant difference between the high and low KIF18A expression groups.
Gene sets with a normal p-value < 0.05 and false discovery rate (FDR) < 0.25 were considered to be signi�cantly pathways
enriched.

Statistical analysis

R (v.3.6.1 version) was used for statistical analysis. Wilcox test was used to identify KIF18A expression in glioma and non-
tumor brain tissues. The relationship between KIF18A expression and patient OS was analyzed by Cox regression and Kaplan-
Meier method, and survival curves was drawn. The relationship between clinical information and the expression of KIF18A in
gliomas was analyzed by Wilcox or Kruskal test.

Results
Expression of KIF18A in tumors and normal tissues



Page 4/15

The expression of speci�c genes in the normal tissues of speci�c tumors compared with tumor tissues can be analyzed
through GEPIA. GEPIA analysis results showed that the expression of KIF18A was signi�cantly increased in many tumor
tissues, such as BLCA, BRCA, CESC and so on. Meanwhile, the results demonstrated that the expression of KIF18A increased in
GBM (Figure 1a).

In order to further explore the expression of KIF18A in glioma, two GEO datasets (GSE4290 and GSE50161) were enrolled and
analyzed. The results demonstrated that the expression of KIF18A in tumor sample tissues up-regulated signi�cantly,
compared to normal brain tissue (Figure 1b and c).

Mutiple different sources of data contain 1781 glioma and 36 normal tissues. We found that the expression of KIF18A
increased in glioma, but its role in glioma needs further study.

Increased KIF18A expression reduces overall survival of glioma patients

In order to explore the function of KIF18A expression in glioma, we �rst studied whether KIF18A expression affects the survival
of patients with glioma. Kaplan-Meier method was used in this study. A total of 1670 glioma patients had KIF18A expression
information from CGGA RNA-seq (n = 749), CGGA microarray (n = 268) and TCGA RNA-seq (n = 653) sets. After analyzing each
data set, we found that the overall survival time of patients with higher KIF18A expression was shortened in all grades gliomas
(Figure 2, p < 0.001), but the relationship between higher KIF18A expression and survival time was different in WHO grade ,
WHO grade  and WHO grade  gliomas. In CGGA RNA-seq data set, for WHO grade  (Figure 2 b, p = 0.014) and WHO grade 
(Figure 2 c, p < 0.001) glioma patients, higher KIF18A expression shortened the survival period, but for WHO grade  (Figure 2 d,
p = 0.101) glioma patients, there was no signi�cant difference between high and low expression of KIF18A patients. In CGGA
microarray and TCGA RNA-seq datasets, higher KIF18A expression decreased the survival time in WHO grade  (Fig. 2 g and k,
p < 0.01) glioma patients, but had no signi�cant effect on WHO grade  (Figure 2 f, p = 0.601 and j, p = 0.66) and WHO grade 
(Figure 2 h, p = 0.38 and l, p = 0.402) glioma patients. From these data, we found that higher KIF18A expression shortened the
overall survival in glioma and the survival period of patients with WHO grade  glioma, but the effect on the survival period of
patients with WHO grade  and WHO grade  glioma was not statistically signi�cant.

KIF18A is an independent prognostic factor and increased KIF18A expression is associated with poor prognosis

The high expression of KIF18A can reduce the overall survival of glioma patients. Whether KIF18A is an independent
prognostic factor needs to be further veri�ed. In this study, univariate and multivariate regression analysis were used to analyze
the three data sets. In CGGA RNA-seq data set, univariate analysis showed that KIF18A (HR = 2.201; 95% CI = 1.954 – 2.479; P
< 0.001), prs_type, histology, grade, age, chemo, idh_mutation and 1p19q_codelization could predict the overall survival in all
grades gliomas (Figure 3a). In multivariate regression analysis, KIF18A (HR = 1.372; 95% CI = 1.186 – 1.586; P < 0.001) still
signi�cantly affected the prognosis with adjusting prs_type, histology, grade, age, chemo, idh_mutation, 1p19q_code selection
(Figure 3B). Univariate analysis showed that KIF18A (HR = 1.649; 95% CI = 1.486 – 1.830; P < 0.001), TCGA_subtypes,
PRS_type, histology, grade, age and IDH_mutation could predict the overall survival in all grade gliomas in the CGGA microarray
dataset (Figure 3c). For multivariate analysis, TCGA subtypes, PRS type, histology, grade, age, and IDH mutation were
corrected, and KIF18A (HR = 1.372; 95% CI = 1.203 – 1.566; P < 0.001) was signi�cant (Figure 3d). Univariate analysis in TCGA
RNA-seq showed that KIF18A (HR = 1.432; 95% CI = 1.330 – 1.542; P < 0.001), age and grade were signi�cantly associated with
overall survival (Figure 3e). In multivariate regression analysis, with age and grade adjusting, KIF18A (HR = 1.224; 95% CI =
1.067 – 1.404; P < 0.001) still had signi�cant effect on prognosis (Figure 3f). Above data show that KIF18A plays an important
role in glioma progression and is closely related to poor prognosis.

KIF18A is a biomarker of glioma

To assess KIF18A diagnostic value in glioma, the receiver operating characteristic curve were obtained from three datasets. In
CGGA RNA-seq data set, the areas under the curves (AUC) for one year, three year and �ve year are 0.677, 0.764 and 0.791
respectively. AUC were 0.739, 0.819 and 0.780 respectively in CGGA microarray data set and 0.801, 0.860 and 0.818
respectively in TCGA RNA-seq set. The diagnostic value of KIF18A in different grades gliomas was further analyzed. The
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results are shown in Figure 4 (b, c, d, f, g, h, j, k and l). These results show that KIF18A has reliable predictive and diagnostic
value in glioma.

Relationship between KIF18A expression and clinical characteristics of glioma

The relationship between the KIF18A expression and the clinical characteristics of glioma was analyzed from three data sets.
In CGGA RNA-seq data set, the increased expression of KIF18A is closely related to WHO grade, chemo status, age, PRS type,
IDH mutation status, 1p19q coding status and histology, as shown in Figure 5 (a, b, c, d, e, f and g). In CGGA microarray data
set, the increased KIF18A was signi�cantly related to WHO grade, age, IDH mutation status and history. TCGA RNA-seq data set
analysis showed that increased KIF18A expression was signi�cant in high-grade gliomas and in patients aged over 51. These
results suggested that increased KIF18A expression is more likely to occur in high-grade, elderly, IDH wide type glioma patients.

Expression of KIF18A protein in glioma

To further explore the expression of KIF18A protein in glioma, immunohistochemical sections of normal brain tissue (Figure
6a), low (Figure 6b), and high grade gliomas (Figure 6c) were downloaded from the human protein atlas. The data showed that
the expression of KIF18A in gliomas was enhanced compared to normal brain tissues, and the expression of KIF18A was the
most signi�cant in high-grade gliomas.

KIF18A related signaling pathways based on GSEA

Gene set enrichment analysis was used to identify glioma related signaling pathways between low and high KIF18A expression
in three data sets. GSEA showed signi�cant differences (FDR < 0.25, NOM p-val < 0.05) in enrichment of MSigDB Collection
(c2.cp.biocarta and h.all. v6.1. symbols). We selected four pathways, including the KEGG_DNA_REPLICATION, the
KEGG_CELL_CYCLE, the KEGG_MISMATCH_REPAIR and the KEGG_NUCLEOTIDE_EXCISION_REPAIR, showed signi�cantly
differential enrichment in KIF18A high expression phenotype based on NES, NOM P value, and FDR value (Figures 6a - d; Table
1), which suggested KIF18A play a special role in the development of glioma.

Table 1.The gene set enriches the high KIF18A expression phenotype.

  CGGA RNA-seq CGGA microarray TCGA RNA-seq

Gene set name NES NOM
p-val

FDR
q-val

NES NOM
p-val

FDR q-
val

NES NOM
p-val

FDR
q-val

KEGG_DNA_REPLICATION 1.856 0 0.154 1.880 0.006 0.0423 1.912 0 0.017

KEGG_CELL_CYCLE 1.924 0.001 0.116 2.123 0 0.002 2.134 0 0.005

KEGG_MISMATCH_REPAIR 1.8019 0 0.119 1.873 0.002 0.0371 1.931 0 0.016

KEGG_NUCLEOTIDE_EXCISION_REPAIR 1.774 0.001 0.114 1.764 0.009 0.093 1.954 0 0.013

NES: normalized enrichment score; NOM: nominal; FDR: false discovery rate. Gene sets with NOM P-value <0.05 and FDR q-
value <0.25 were considered as signi�cantly enriched.

Discussion
Despite great progress in the treatment for glioma, including surgery, radiotherapy and chemotherapy, and even comprehensive
and individualized treatment, the overall prognosis of glioma patients remains poor. At present, there is still a lack of in-depth
understanding of the exact causes and processes of gliomas. How to improve the early diagnosis of gliomas and how to
improve the comprehensive treatment effect in addition to surgery is still a major problem in the world. Global scientists hope
that targeted therapy for the major molecular markers of glioma has not effectively improved the survival rate of patients.
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Therefore, it is urgent and important to continue to search for some new targeted genes that can help the early diagnosis and
evaluate the prognosis of glioma patients and improve the cure rate.

Abnormal and uncontrolled proliferation associated with tumor growth requires activation of a variety of key proteins. In recent
years, research on tumor therapy has focused on proteins involved in mitotic regulatory events [21-23]. Mitotic inhibitors,
including taxanes and vincristine, act on microtubules and achieve varying degrees of success in treating various types of
cancer [24]. Speci�c kinesin motor proteins were considered as key proteins and a potential therapeutic target in the regulation
of mitotic events [10, 25]. Kinesins play an important role in mitosis, and its abnormal expression or dysfunction can lead to
malignant transformation of cells [14, 26-28]. Due to their important role in mitosis, kinesin family has become the target of
chemotherapy intervention in malignant tumor [29].

KIF18A is a member of the kinesin superfamily of microtubule-associated molecular motors that use hydrolysis of ATP to
produce force and movement along microtubules [30,31]. KIF18A plays an important role in chromosome arrangement during
mitosis, and chromosome instability is the basis of tumor transformation and metastasis progression [32-34].

Although KIF18A expression has been detected in a variety of tumors, as far as we know, the relationship of KIF18A expression
and glioma and its role in the progression and prognosis of glioma have not been well studied and reported. Therefore, in our
study, we conducted a comprehensive bioinformatics analysis using multiple data sets to explore the prognostic value of
KIF18A in glioma, as well as the related regulatory mechanisms, functions and hypothetical pathways.

In this study, a large number of sample information analysis based on multiple data sets showed that KIF18A expression was
increased in a variety of tumor tissues [13, 15, 35-37] (Figure 1a), and the expression of KIF18A mRNA (Figure 1b) and protein
(Figure 7) in glioma was signi�cantly increased. Therefore, KIF18A expression was increased in gliomas, and its relationship
with glioma and its function were further veri�ed. By analyzing the information of the three data sets, the results showed that
KIF18A could be an independent predictor of the poor prognosis of glioma and signi�cantly reduce the overall survival time for
all grades gliomas. Through the analysis of various grades of gliomas, KIF18A overexpression was mainly negatively
correlated with OS of grade 3 gliomas. The results are shown in Figure 2 and Figure 3. ROC results showed that KIF18A, as a
biomarker of glioma, had signi�cant diagnostic value, as shown in Figure 4. Analysis of the clinical features of gliomas
showed that the increase in KIF18A was statistically signi�cant in elderly and high-grade gliomas, compared with lower-age
and lower-grade gliomas (Figure 5).. Gene set enrichment analysis showed that KIF18A plays an important role in four
signaling pathways, including the KEGG_DNA_REPLICATION , the KEGG_CELL_CYCLE, the KEGG_MISMATCH_REPAIR and the
KEGG_NUCLEOTIDE_EXCISION_REPAIR, which have been reported in many tumor researches [38-42], suggesting the potential
role of KIF18A as a new therapeutic and prognostic target for glioma.

Although this study has improved our understanding of the relationship between KIF18A and glioma, there are still some
limitations. First, multiple public database data make up for the shortcomings of single-center studies, but retrospective studies
still have their limitations, especially the unevenness of interventions and the lack of certain information. Therefore,
prospective studies should be conducted in future studies to avoid the analysis bias caused by the retrospective nature of
current studies. Second, this study shows that the effect of KIF18A overexpression on different grades of gliomas is different,
suggesting that KIF18A plays a unique role in subgroup analysis. However, the lack of detailed information of each grade of
gliomas is another limitation. It is necessary to further study the long-term predictive effect of KIF18A on different grades of
gliomas.

Conclusion
In conclusion, we found that the expression of KIF18A in glioma was signi�cantly increased, and the high expression of KIF18A
was closely related to the progression and poor prognosis of glioma. These data suggest that KIF18A can be used as a target
to play a more effective role in the diagnosis and treatment for glioma. Inhibition of KIF18A expression may be a new strategy
for the treatment of glioma.
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