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Abstract
Background: The LIM protein AJUBA is reported to play crucial roles in a variety of cellular processes and participate in the
progression of human cancers. Uncovering proteins and pathways required for glioma growth is necessary for the development
of novel targeted therapies.However, the expression and prognostic values of AJUBA related with Hippo signaling pathway
remain poorly explored in glioma.

Methods:In our study,Bioinformatics analysis revealed AJUBA and YAP1 mRNA and proteins as crucial in the Hippo signaling
pathway in glioma.A total of 217 formalin-�xed para�nembedded (FFPE) glioma tissue samples were used to verify the
expressions of AJUBA and YAP1 via immunohistochemistry.Spearman correlation was performed to analyze the relationship of
these proteins, and survival analysis was conducted to investigate their effects on prognosis.

Results:The results showed that the mRNA levels of AJUBA and YAP1 were signi�cantly up-regulated in glioma compared with
normal tissues.The protein expressions of AJUBA and YAP1 in glioblastoma(HGG) were higher than that in low grade
glioma(LGG). Survival analysis revealed glioma patients with high mRNA expression of AJUBA and YAP1 showed worse PFS.
Additionally, Immunohistochemistry analysis indicated that AJUBA and YAP1 proteins were highly and positively expressed in
glioma. AJUBA expression was related to WHO grade (p = 0.000), recurrence (p = 0.018) ,Tumor resection(p = 0.012) ,p53
expression (p = 0.000). Low expression of AJUBA was associated with 1p19q codeletion in LGG (r = -0.22,p = 0.009) . AJUBA was
positively correlated with YAP1 (p < 0.001;r = 0.219) .In survival analysis, age, frontal location,recurrence,total tumor
resection,WHO grade, ki-67 expression,AJUBA and YAP1 expressions independently predicted a short OS in total cohort (p < 0.05).

Conclusions:AJUBA is a hub protein associated with Hippo signaling pathway in glioma, and its expression indicates poor
prognosis in glioma. Therefore, AJUBA and YAP1 may be the promising potential prognostic biomarkers and therapeutic targets
in glioma. 

1. Introduction
Glioma is one of the most common malignancy and lethal central nervous system (CNS) tumors in the brain,which is equiped
with an aggressive, lethal, solid tumorit that arises from glial cells1 . Glioblastomas (GBM) represented 30% of all the central
nervous system(CNS) tumors and 80% of all malignant brain tumors in the worldwide2. According to World Health Organization
(WHO) guidelines in 2016,glioma can be classi�ed into grades II to IV depending on histopathological and molecular
features,glioblastoma (GBM) is the most common and aggressive type of gliomas which is graded as the WHO grade IV3.
Although the progress in surgical, radiotherapy, traditional chemotherapy and new targeted drugs have improved the battle�eld
for glioma, but,glioma still have a poor prognosis with a median survival of approximately 14 ~ 16 months4–5. However, these
patients of low-grade gliomas (LGG) which is graded as the WHO grade II to III survival can be more than 10 years which
eventually progress to a high grade gliomas (HGG),possibly because of the activation of a wide variety of oncogenic gene and
signaling pathway6. The favorable suvival of glioma is associated with the key molecular features including Isocitrate
Dehydrogenase (IDH) mutations,TERT and codeletion of chromosome arms 1p and 19q (1p19q codeletion)7. With the
development of genomics and large accessible bioinformatics databases,The Cancer Genome Atlas (TCGA) and Oncomine have
greatly promoted our understanding of the genomic alterations driving gliomagenesis, targeted therapy is becoming a promising
precision medicine treatment strategy. However, the complexity of the signaling pathways associated with these gliomagenesis
causes uncertainty about what is the appropriate target and con�nes the application of targeted therapy in glioma8. Therefore, it
is necessary to identify effective biomarkers and establishing the underlying oncogenic pathways for accurate diagnosis and
speci�c targeted therapy in glioma.

The mammalian AJUBA belongs to the Zyxin/Ajuba family of LIM proteins which act as a versatile scaffold participating in
assembly of variety of protein complexes to execute multiple cellular functions9–10. This LIM proteins family include Ajuba, Wtip,
Limd1, Zyxin, Lpp and Trip6, characterized by tandem LIM motifs in the C-termini. AJUBA is a LIM-domain protein which is
equiped with a unique N-terminal region, a pre-LIM region and three tandem C-terminal LIM domains is rich in glycine and proline
residues that contains a SH3 consensus recognition site11–13. LIM domainsmainly are tandem zinc-�nger structures that
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function act as a protein-binding interface and are associated with cytoskeletal organization and signalling transduction from
the plasma membrane to the nucleus14. The AJUBA structure is highly conserved between species and most closely related to its
family members of LIMD1 and WTIP15. A plethora of researches have shown that AJUBA is aberrantly expressed in various
cancer. For instance,AJUBA act as an oncogene frequently activated during the growth and progression of many solid
tumors,Including esophageal squamous cell carcinoma16, colorectal carcinoma17–19, gastric cancer 20, breast cancer21, small
cell lung cancer22, head neck squamous cell carcinoma23, pancreatic cancer24 and cervical cancer25. However,some studies
showed that AJUBA functions act as a suppressor gene by inhibiting cell proliferation ,invasiveness and migration of malignant
mesothelioma26, small cell lung cancer27 and hepatocellular carcinoma cells28, prostate cancer29 .

In the literature, there are hot debates as to whether AJUBA is a driver on oncogenesis or suppressor of tumor cell proliferation
and progression. AJUBA is upregulated in esophageal squamous cell carcinoma,colorectal carcinoma and breast cancer
promotes cancer cell proliferation and metastasis16–19, 21, and thus may be a potential oncogene candidate. The underlying
mechanisms by which AJUBA regulates glioma development,invasion and metastasis remain unclear. The Hippo signaling
pathway was initially discovered in Drosophila and highly conserved structure as a potent mechanism that regulating
development, metabolism, organ-size, positional sensing, tissue regeneration and tumorigenesis 30. It is widely recognized that
YAP/TAZ act as the mainly core factor of the Hippo sgnaling pathway regulate these processes through pathway-mediated
translocalization31–32 maintains the stem cell characteristics and chemotherapeutic drug resistance of many type of tumors
which are determinants of malignancy in human cancer33. The Mammalian Sterile 20-like Kinase 1/2 (MST1/2) and large
tumour suppressor homolog 1/2 (LATS1/2) were the core kinases of the Hippo signaling pathway to prevent downstream
effectors YAP and TAZ to enter the nucleus to inhabit the transcription of target genes. When these core kinases of Hippo signal
pathway are not active,The AJUBA mediated the core kinases and supressed their functions to dephosphorylate YAP1 which
causes its nuclear translocalization, and subsequent gene expression changes leading to decreased the activety of apoptosis
and increased tumour cell survival34. Thus, the intracellular localization and activity regulation of YAP are involved in the
oncogenesis of tumor and the maintenance of stem cell characteristics. As a prominent regulator of YAP dephosphorylation,
AJUBA requires further research. Thus, the intracellular localization and activity regulation of YAP are involved in the oncogenesis
and the maintenance of stem cell characteristics. As a prominent regulator of YAP dephosphorylation, AJUBA requires further
research. Although a growing research demonstrated that YAP which includes YAP1 and YAP2 played important roles in
gliomagenesis35. However the speci�c pathogenesis of glioma remains to be elucidated.

These studies showed the differential expression of AJUBA and YAP1 in different cancers, Bioinformatics database revealed that
AJUBA is activated in the Hippo signaling pathway. The expression of AJUBA and YAP1 and their relationship with
clinicopathological parameters were preliminarily investigated by immunohistochemistry in all cohorts (LGG and HGG). The
relationship between AJUBA and molecular features including IDH1 mutation and 1p19q codeletion in LGG was assessed. The
correlation among AJUBA and YAP1 was analyzed by Spearman correlation analysis. Moreover, the effects of AJUBA and YAP1
on the prognosis of glioma were evaluated by Kaplan–Meier analysis. The �ndings suggested that AJUBA and YAP1 may be the
potienal promising prognostic biomarker and therapeutic target for glioma.

2. Materials And Methods
2.1 Oncomine analysis 

Oncomine (https://www.Oncomine.org) is a publicly accessible online cancer gene expression pro�le database to facilitate the
genome-wide expression analyses36-37. This database contains 715 datasets, 86733 normal and tumor samples. We analyzed
the transcriptional levels of AJUBA and YAP1 in glioma and corresponding normal tissues by using Oncomine in this study. 

2.2 GEPIA Dataset analysis 

Gene Expression Pro�ling Interactive Analysis (GEPIA) (http://gepia.cancer-pku.cn/), is a web-based tool to deliver fast and
customizable functionalities based on TCGA and GTEx data38. The relationship between the expression of AJUBA andYAP1 and
the tumor stages of glioma were assessed. 
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2.3 Human Protein Atlas analysis 

The Human Protein Atlas (HPA) (https://www.proteinatlas.org/) is a freely accessible website that helps to study protein
expression in human tissue and cells39. We analyzed the protein expressions of AJUBA and YAP1 in HGG and LGG by
immunohistochemistry image in this study.

2.4 KEGG , GeneMANIA and STRING analysis 

Kyoto Encyclopedia of Genes and Genomes (https://www.kegg.jp/,KEGG) pathway enrichment analysis of the differentially
expressed proteins was performed by using the Database for Annotation .GeneMANIA (http://genemania.org) is a tool for
identifying internal associations of gene sets40. STRING (https://string-db.org/) is a database that searches for interactions
between proteins, which includes both physical interactions between proteins and functional correlations between proteins41.
The interactions of AJUBA and YAP1 at the gene and protein expression level were identi�ed by using GeneMANIA and STRING. 

2.5 Immunohistochemistry and Evaluation of immunostaining intensity 

2.5.1 Immunohistochemistry (IHC) 

The tissue microarray (TMA) was constructed using formalin �xed para�n embedded blocks from 217 surgical resections of
gliomas which were reviewed in each case to con�rm the original diagnosis and select the most representative sections by
Hematoxylin and eosin (HE) stained slides, all surgical resections were collected from the First A�liated Hospital of Xinjiang
Medical University in July 2010 to october 2018. The whole glioma cases were reviewed by two independent senior pathologists
based on the latest WHO criteria, and any disagreement was resolved with the third pathologist in order to achieve an ultimate
decision. The grade II and III gliomas were regarded as LGG, whereas the grade IV gliomas as HGG.Among the 217 gliomas
cases, there were 142 LGG and 75 HGG. Information of the whole glioma participants was obtained based on the criteria from the
College of American Pathologist (CAP) website data (CAP Home>CAP Reference Resources and Publications>Cancer > Cancer
Protocols and Checklists).This study was approved by Ethical Committee of The First A�liated Hospital of Xinjiang Medical
University, and a written informed consent was obtained from the whole glioma patients. 

2.5.2 Scoring of immunostaining

Immunostaining was performed using the detection kit (ZSGB-BIO, SP-9001, China). The sections were incubated with anti-
AJUBA (ab244285, 1:25, abcam) and anti-YAP1 (EP1674Y, 1:100, abcam) at 4℃ overnight. All slides were counterstained
diaminobenzidine (DAB) solution (ZSGB-BIO, ZLI-9017, China) 2 minute and hematoxylin(Solarbio, G1140, China), and
dehydrated. The IHC staining intensity was scored as 0 (no); 1 (weak); 2 (medium); 3(strong). The staining extent was scored
from 0 to 3 based on the percentage of immune-reactive tumor cells (0–10%, 21–75%, 76–100%). A score ranging from 0 to 9
was calculated by multiplying the staining extent score with the staining intensity score, resulting in a low (0–4) staining or a
high (5–9) staining for each example.YAP1 and AJUBA staining showed cytoplasmic and nuclear staining.If nuclear staining
alone or nuclear and cytoplasmic staining occurs, then AJUBA and YAP1 are positively expressed in glioma

2.6 Statistical analysis 

For immunohistochemical analysis, the statistical correlations of AJUBA, YAP1,IDH1, P53 and Ki-67,1p19q coledelation
expression with the clinicopathological features were analyzed using the Spearman rank correlation and χ2 test. Survival time
was estimated using Overall survival(OS) and progression-free survival (PFS). Univariate and multivariate analyses were used for
survival analysis by Kaplan–Meier and Cox hazard regression analyses. The clinicopathological parameters associated with
glioma prognosis was analysised by Kaplan–Meier. Cox hazard regression analysis deeply was performed for the independent
factors correlated with glioma prognosis on the basis of Kaplan–Meier results. Probability values of less than 0.05 were
considered statistically signi�cant. All data were processed and analyzed by SPSS Statistics 17.0 software. 

3. Results
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3.1 The mRNA and protein expression of AJUBA and YAP1 in Glioma (Bioinformatics analysis )

We �rst used Oncomine database to analyze the transcriptional levels of AJUBA in various cancer types and corresponding
normal tissues(Fig 1). The result shows that there are a total of 300, 436 unique analyses for AJUBA and YAP1 respectively. In
tumor tissues,AJUBA was signi�cantly increased in 30 datasets and 7 datasets showed an reduced level.Additionally, higher
expression of AJUBA were observed in in tumor tissues, especially in brain and CNS, colorectal,gastric,cervical,leukemia,
esophageal,head and neck cancers. Compared to normal tissues,YAP1 showed elevated mRNA levels in tumor tissues, especially
in brain and CNS, colorectal,gastric,lymphoma,pancreatic cancers.YAP1 was signi�cantly increased in 22 datasets and 7
datasets showed an reduced level. 

Oncomine analysis results showed that AJUBA mRNA level was signi�cantly elevated in glioma.The transcription levels of
AJUBA were signi�cantly higher in Glioma in �ve datasets. AJUBA was upregulated in Glioblastoma in Sun brain42, Murat Brain43

and Liang Brain dataset44 and upregulated in LGG in Sun brain42,French Brain45 and TCGA Brain 2 dataset. The stypes of LGG
are mainly included in Anaplastic Oligodendroglioma,Oligodendroglioma,Anaplastic Astrocytoma,Diffuse Astrocytoma.
However,The transcription levels of YAP1 also were signi�cantly higher in Glioma in �ve datasets.YAP mRNA level was elevated
in glioblastoma in Sun brain42, Murat Brain43,Bredel Brain 246 and TCGA Brain datasets.

Further, Meanhile,Bredel Brain 2 and TCGA Brain 2 datasets showed elevated levels in Anaplastic
Oligoastrocytoma,Oligoastrocytoma and Astrocytoma in LGG. According to TCGA Brain datasets, YAP1 was upregulated in
Oligodendroglioma ,Astrocytoma and Glioblastoma as compared with normal brain tissues. Conversely, YAP1 was greatly
downregulated in two analyses of French Brain dataset45 and one analyses of Liang brain dataset.All the results with
corresponding p-values for statistical signi�cance are summarized in Fig 1 and Table 1.

We also compared the transcription levels of AJUBA and YAP1 between glioma and normal tissues by using GEPIA(Fig. 2 A-B).
We found that AJUBA was upregulated in tumor tissues, while AJUBA mRNA levels was signi�cantly upregulated in GBM. The
YAP1 was upregulated in tumor tissues, while YAP1 mRNA levels also was signi�cantly upregulated in GBM.In addition, the
relationship between the mRNA levels of AJUBA and YAP1 and the tumor suvival and stages of glioma were analyzed. The
results revealed that AJUBA and YAP1 expressions were associated with the tumor suvival and stage (Fig. 2 C-D)

To further explore the AJUBA protein expression in glioma, we analyzed Immunohistochemistry staining images from the
HPA(Fig. 3). The result showed that not expressions of AJUBA were observed in LGG tissues, while high protein expressions of
them were observed in HGG. YAP1 proteins were not expressed or low expressed in LGG , while medium protein expressions of
YAP1 were expressed in HGG. In conclusion, we found that the proteins expression of AJUBA and YAP1 in HGG were higher than
that in LGG. 

KEGG pathway enrichment analysis was employed to obtain a comprehensive understanding of the target proteins in the Hippo
signaling pathway. The results showed that AJUBA promoted the translocation of YAP1 to the nucleus by dephosphorylation,
where it induced the expression of TEAD and Smad1/4 activated (Fig. 4). Therefore,AJUBA and YAP1 were vital proteins of the
Hippo signaling pathway in glioma according to the bioinformatics analysis. 

We analyzed the relationship of AJUBA and YAP1 at the gene level by using GeneMANIA (Fig. 5a).Physical interactions were
found between AJUBA and Hippo signaling pathway, as well as between AJUBA and YAP1. Relationships were noticed in co-
localization between AJUBA and YAP1. In addition, the relationships were found between AJUBA and YAP1 in genetic
interactions.We identi�ed interactions of AJUBA and YAP1 at the protein expression level by using STRING (Fig. 5b). AJUBA was
shown to interact with YAP1 and Lats in gene co-occurrence, text-mining, and protein homology.Therefore, AJUBA and YAP1 were
vital proteins of the Hippo signaling pathway in glioma according to the bioinformatics analysis. 

3.2 Clinicopathological characteristics 

The characteristics of 217 patients with glioma are summarized in Table 2. This cohort consisted predominantly of LGG (65.4 %;
142/217) and partly of HGG (34.6 %; 75/217). The mutations at codon 117 of IDH1 gene were heterozygous in 142 LGG para�n
specimens with rate of 82.6 % (Table 2). The total cohort mainly included cases with tumor size ≥3 cm (82.49 %; 179/217),



Page 6/26

tumor total resection (66.4 %; 144/217), and no local recurrence (65.9 %; 143/217). Differences in age (p < 0.000), tumor location
(p < 0.000), local recurrence (p < 0.000), tumor resection (p < 0.000) ,ki-67 expression (p < 0.001) and p53 expression(p <0.02)
between patients with LGG and HGG reached statistical signi�cance. 

3.3. Immunohistochemistry 

3.3.1 Association between clinicopathological variables and protein expression of AJUBA and YAP1.

The expression of AJUBA, YAP1 and their relationship with clinicopathological parameters in all cohorts (LGG and HGG) were
detected by immunohistochemistry to investigate the possible role of AJUBA in the development of glioma (Table 3) (Fig. 6). In
217 cases of glioma, AJUBA expression was low in 133 tumors (61.3%) and high in 84 tumors (38.7%). The high expression of
AJUBAwas prominent in GBM (55.95 %), suggesting its preferential activation in the most aggressive tumors. Statistical analysis
revealed that AJUBA expression was related to WHO grade (p = 0.000), recurrence (p =0.018) ,Tumor resection(p =0.012) and p53
expression (p = 0.000) but not to age (p = 0.950), gender (p = 0.672),Ethnic(p=0.068), tumor location (p = 0.052), tumor size (p =
0.856), postoperative radio-chemotherapy (p = 0.07), and Ki-67 expression (p = 0.163) in all cohorts. Meanwhile, there was no
statistical signi�cance for the association between AJUBA and IDH 1mut in LGG (p = 0.451). However, Low expression of AJUBA
was associated with 1p19q codeletion in LGG (r= -0.22,p = 0.009) (Table 4). The results suggested that AJUBA expression is
related to glioma molecular subtypes. Meanwhile, YAP1 expression was low in 94 tumors (43.3 %) and high in 123 tumors (56.7
%). Statistical analysis indicated that YAP1 expression was related to tumor resection (p=0.000),Local recurrence (p =
0.021),WHO grade (p =0.027). but not to age (p = 0.784),tumor size (p =0.05), gender (p =0.073),Ethnic(p =0.679), tumor location
(p =0.494), postoperative radiochemotherapy (p =0.13), P53 expression (p=0.05), Ki-67 expression (p = 0.133) in glioma. An
increasing trend of YAP1 was found in WHO grade II, III, and IV glioma tissues. (Table 3). Low expression of YAP1 was associated
with IDH 1mut in LGG (r = 0.197,p = 0.019). However, there was no statistical signi�cance for the association between YAP1 and
1p19q codeletion (p = 0.412) (Table 4). The results suggested that YAP1 expression is norelated to glioma molecular
subtypes(Table 4). 

3.3.2. Association among AJUBA and YAP1 protein markers 

Spearman correlation analysis was performed to clarify the associations among AJUBA and YAP1 protein markers (Table
5).AJUBA expression was associated with YAP1 (p = 0.001; r = 0.219) .When AJUBA was highly expressed in HGG, YAP1 was
also highly expressed in HGG. The high expression of YAP1 is associated with the overexpression of AJUBA in glioma. Therefore,
AJUBA and YAP1 are connected to each other and related to the development of glioma. 

3.4 Survival analysis 

Survival analysis was conducted in total glioma cohort (Table 6).Among the 217 cases, two cases had missed visits. Univariate
survival analysis through Kaplan–Meier method revealed that the following prognostic factors affected the OS in glioma (Fig. 7
A–I): age (≤50 vs. > 50 years old; p < 0.0001),tumour location(Frontal vs. Other;p=0.0114), local recurrence (no vs. yes; p <
0.0001), tumor resection (total vs. partial; p < 0.0001), WHO grade (LGG vs. HGG; p < 0.0001), ki-67 expression (≤5% vs. > 5%; p <
0.0001), AJUBA expression (low vs. high; p <0.0001), and YAP1 expression (low vs. high; p < 0.0001),YAP1 and AJUBA co-
expression(YAP1 low+AJUBA low vs.YAP1 low+AJUBA High vs.YAP1 High+AJUBA Low vs. YAP1 High+AJUBA High; p <0.0001).
Multivariate analysis (Cox’s proportional hazards regression model) on OS showed that the possible independent prognostic
factors for OS were as follows: age (HR: 2.867; 95 % CI: 1.987–4.135; p < 0.0001), Tumour location (HR: 1.551; 95 % CI: 1.093–
2.201; p = 0.0024), Local recurrence(HR: 3.48; 95 % CI: 2.312–5.238; p < 0.0001) ,WHO grade (HR: 6.28; 95 % CI: 3.920–10.06; p <
0.0001), ki-67 expression (HR: 2.541; 95 % CI: 1.789–3.609; p < 0.0001), and AJUBA expression (HR: 2.065; 95 % CI: 1.418–3.007;
p=0.045), YAP1 expression (HR: 2.377; 95 % CI: 1.666–3.392; p < 0.0001),. In univariate survival analysis and multivariate
analysis of PFS (Fig. 7J–R), the prognostic factors were the same as those of OS, and AJUBA expresion(HR: 2.044, 95 % CI:1.383
-3.021;p<0.0001) ,also YAP1 expression (HR: 1.857; 95 % CI: 1.299–2.657; p = 0.002) were independent prognostic factors for
PFS. These results showed that the independent factors that can predict short OS and PFS in the total glioma cohort were >50
years old, Frontal location,recurrence,tumor total resection,WHO grade IV and Ki-67 expression >5%. AJUBA high expression and
YAP1 high expression predicted short OS in glioma. Therefore, AJUBA and YAP1 may be biomarkers of poor prognosis in glioma. 
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4. Discussion
Glioma is the most common primary brain tumors,more than half of which are glioblastomas (GBM), representing 30% of all the
central nervous system (CNS)tumors and 80% of all malignant brain tumors 47. Almost all glioma could relapse despite intensive
treatments with feasible surgical resection, radiotherapy and chemotherapy. Particularly, GBM which is the most common and
most aggressive multiforme glioma, is characterized by a median overall survival that has remained static at around 15 months
for decades,this cancer still has high mortality among the CNS tumors 48, highlighting an urgent need for intensifying study of
the underlying mechanismsand promising molecular biomarkers and core therapeutic targets of this lethal disease.

Increasing studies have demonstrated that AJUBA overexpressed in various human cancers can affect cell adhesion, motility,
mitosis, survival, gene expression, microRNA processing and mechanical force sensing, intracellular signaling49 and AJUBA is
involved in the multiple cellular functions and many human diseases.Recent study showed Ajuba plays important roles in
oncogenesis and progression by regulating major signaling pathways such as RAS/ERK, Wnt, JAK/STAT ,Hippo, and PI3K by
acting as a co-regulator of key transcription factors such as Snail, CD1α,Sp1 and nuclear hormone receptors. However, little is
known about the expression, role and prognostic of AJUBA in glioma. Therefore, our study performed a comprehensive analysis
of the transcriptional level,protein and prognostic values of AJUBA in glioma by Bioinformatics data and immunohistochemistry.

The results showed that AJUBA is an important regulator associated with Hippo signal pathway in the development of glioma.
AJUBA is a member of the well-known mammalian Zyxin/Ajuba family of LIM proteins,which are components of both integrin-
mediated and cell-cell junction adhesive complexes in the capacity of adaptor,intracellular signaling or scaffold protein50 .The
AJUBA is equiped with nuclear export sequences (NES) and nuclear localization sequences (NLS) which shuttles between the
cytoplasm and the nucleus through the structure of LIM .Additionally,The locations of AJUBA in nucleus and cytoplasm are rich
in glycine and proline residues which contains an SH3 consensus recognition site. AJUBA interacts with various proteins in the
cell to form a variety of complexes that play multiple roles.Although the mechanisms of AJUBA family proteins functions have
not yet been clearly elucidated, the regulation of their signal pathways is known to be executed by assisting proper localization of
signaling components, which include interacting and/or binding with multiple members of signaling pathways, tethering them
into complexes51–52.In this regard, It has been identi��ed that AJUBA family proteins could bind the LATS family, which the
LATS2–AJUBA complex regulates γ-tubulin recruitments involved in mitosis53.

Some studys showed that Jub (Drosophila ortholog of AJUBA family proteins) activated yorki (Drosophila ortholog of YAP)
through suppression of the Hippo pathway, and AJUBA family proteins were also found to inhibit YAP hosphorylation to transfer
into nuclear in HEK293 and MDCK cells15.AJUBA is aberrantly expressed in various cancesr.For instance, AJUBA frequently
activated during the growth and progression of many solid tumors, Including esophageal squamous cell carcinoma 16, colorectal
carcinoma 17–19, gastric cancer 20, breast cancer 21, small cell lung cancer 22, head neck squamous cell carcinoma 23, pancreatic
cancer24 and cervical cancer25. However,some studies reported that Ajuba functions act as a suppressor gene by inhibiting cell
proliferation and migration of malignant mesothelioma26, small cell lung cancer27 and hepatocellular carcinoma cells28, prostate
cancer 29.

In our biological database results showed that the mRNA levels of AJUBA and YAP1 were elevated in glioma tissues compared to
normal brain tissues.Meanwhile, the proteins expression of AJUBA and YAP1 in glioblastoma were higher than that low grade
glioma.AJUBA expression was associated with tumor resection,Local recurrence, WHO grade,and p53 expression, but not with
age, gender, tumor location, tumor size, postoperative radio-chemotherapy, poor prognosis and Ki-67 expression in glioma. P53 is
an important therapy and prognosis biomarker. Considering the positive relationship between AJUBA and p53, AJUBA
overexpression would possibly accelerate cell proliferation and invasion in glioma. Moreover, The high protein levels of AJUBA
staining were prominent in HGG, whereas low levels were observed in 1p19q codeletion of LGG. These results revealed a novel
relationship between AJUBA expression and 1p19q codeletion. The subtype is a favorable outcome related wiht low grade
tumour and 1p19q codeletion54. Our �ndings suggested that AJUBA expression may have prognostic value in glioma. Univariate
survival analyses revealed that AJUBA overexpression is related to poor OS and PFS in glioma. Multivariate survival analyses
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indicated that AJUBA expression is an independent prognostic factor for OS. This result is basically consistent with previous
bioinformatics studies. Therefore, AJUBA might greatly in�uence the progression of glioma.

The YAP which includes YAP1 and YAP2 and and TAZ (Transcriptional activator with PDZ domain) which is the core
transcriptional effector of the Hippo signaling pathway have recently been demonstrated to be key mediators of the skin wound
healing and tissue regeneration as well as important drivers of solid tumor growth, apoptosis and chemoradiotherapy resistance
to therapy making them potienal attractive therapeutic targets for cancer55–56.Recently, YAP1/TAZ has emerged as a major
determinant of malignancy in several solid tumors including lung, colorectal, breast, pancreatic, and liver carcinomas as well as
melanoma and glioma57.YAP/TAZ bind to TEAD-family co-activators to promote tumour cell survival, proliferation, migration and
metastasis as well as confer resistance to chemotherapy, radiotherapy or immunotherapy.YAP (Yes-associated protein,or YAP1)
is substantially ampli�ed in glioma tissues and its upregulation promotes cell proliferation,progenitor cell number and reduced
differentiation,while transfection with YAP shRNA increased apoptosis58.In mice, Tis21-CreERt2 conditional YAP overexpression
can also increased the proliferation of basal neural progenitors,however the dominant-negative YAP overexpression or treatment
with Vertepor��n could decreased the number of basal neural progenitors in the subventricular zone59.In zebra��sh,YAP5SA and
H-RasV12 were co-expression to induced aggressive brain tumors60.In human GBM cell lines,The ability of tumour cell
proliferation, migration and colony/neurosphere formation was attenuated by shRNA knockdown of YAP in vitro61.Interestingly,
mosaic expression of YAP also promoted clonal dominance partly by inducing cell competition where the apoptosis of
neighboring cells with low YAP expression in glioma cells62.Meanwhile,YAP1 appears to confer resistance to chemotherapeutics
in glioma63–64.The transcriptional activators function of YAP1 is mainly of nuclear localization. YAP1 dephosphorylation transfer
into the nucleus to bind the downstream core factor, affects their subsequent biological functions, and speci�cally increases their
proliferation activity 65.The abundance of YAP1 in the nucleus could be regulated by various signaling pathways.

In this study,The KEGG pathway showed that YAP1 might be translocated into the nucleus through upstream AJUBA mediate
dephosphorylation.Physical interactions were found between AJUBA and Hippo signaling pathway, as well as between AJUBA
and YAP1. Relationships were noticed in co-localization between AJUBA and YAP1.The string database showed that AJUBA was
related with YAP1.AJUBA was shown to interact with YAP1 in gene co-occurrence, text-mining, and protein homology.The
immunohistochemical results indicated that YAP1 expression was related to local recurrence, tumor resection,WHO grade ,p53
expression and poor prognosis in glioma but not to age, gender, tumor location, tumor size,postoperative radio-chemotherapy, Ki-
67 expression in glioma.Meanwhile, YAP1 showed an increasing trend with the high grade tumour tissues(WHO grade II, III, and IV
in glioma ) which is consistent with the HPA, indicating that YAP1 is pivotal biomarker in the progression of glioma .YAP1
overexpression was related to poor OS and bad trend for PFS. Multivariate survival analyses indicated that YAP1 expression was
an independent prognostic factor for PFS. A positive correlation was found between YAP1 and AJUBA. On the basis of these
�ndings, AJUBA might affect the occurrence, development, and prognosis of glioma through surpressing the Hippo signaling
pathway to dephosphorylate YAP1 and facilitate the nuclear tanslocation.

Take home messages

1. AJUBA and YAP1 were signi�cantly activated in high -grade glioma(GBM) group compared with low-grade gliomas group.

2. YAP1 expression was signi�cantly increased in glioma compared with AJUBA. 

3. AJUBA expression was signi�cantly associated with YAP1 in human glioma samples .AJUBA and YAP1 coexpression may
be the reliable prognostic biomarkers. 

4. AJUBA expressions were negative correlation with IDH1 mutation and 1p19q codeletion.

5. Conclusions
In this paper, we comprehensively analyzed the mRNA and protein expression of AJUBA and YAP1 and their prognostic
signi�cance in glioma.In addition, we analyzed the co-expression and interaction network, enrichment pathways of AJUBA and
YAP1.The results showed that compared with normal tissues, the mRNA levels of AJUBA and YAP1 displayed signi�cant
upregulation in glioma.AJUBA and YAP1 protein were more highly expressed in glioma tissues. The correlations of AJUBA and
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YAP1 expression with various clinicopathological characteristics and glioma prognosis was evaluated. The relationship between
AJUBA and YAP1 expressions and molecular pro�les (IDH1, 1p19q) in LGG were also analyzed. Survival analysis revealed glioma
patients with high AJUBA and YAP1 expressions showed worse PFS.Notably, HGG patients with AJUBA and YAP1 overexpresion
showed unfavorable OS compared with LGG. In conclusion,AJUBA and YAP1 may be speci�c targets for the treatment of glioma
and novel prognostic biomarkers. Our �ndings will provide valuable clues toward understanding the mechanisms of human
glioma initiation and progression, and help develop more effective clinical therapies in the future. However, this study was only
limited to the analysis of mRNA and proteins expression in brain tissue samples, and the precise mechanisms of tumorigenicity
in glioma remain poorly eleculated. Further investigation on glioma cells in vitro and animal models in vivo are needed to clarify
the roles of AJUBA with Hippo signal pathway in glioma tumorigenesis
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Table I.Differential expression analyses of AJUBA and YAP1 in brain cancer(glioma).

Gene Dataset Normal(Cases) LGG (Cases) HGG(Cases) Fold
 change

t-Test p-value

AJUBA Sun
brain(180)

Brain (23)   Glioblastoma (81) 3.613 12.551 1.26E-20

    Brain (23) Anaplastic
Astrocytoma (19)

  2.339 6.968 0.000000011

    Brain (23) Oligodendroglioma
(50)

  2.085 6.594 3.51E-09

     Brain (23)  Diffuse Astrocytoma
(7)

  2.206 3.061 0.009

  Murat
Brain(84)

Brain (4)   Glioblastoma (80) 4.001 15.233 1.56E-12

  Liang
Brain(38)

Brain
(1),Cerebellum
(1)

  Glioblastoma (29) 1.72 8.438 8.18E-08

  French
Brain(33)

Brain (6) Anaplastic
Oligodendroglioma
(23)

  1.562 4.409 0.0000759

    Brain (6) Anaplastic
Oligoastrocytoma (4)

  2.049 3.841 0.013

   TCGA
Brain
2(1531)

 Brain (37) Brain
Oligodendroglioma
(89)

  1.048 3.994 0.0000665

YAP1 Murat
Brain(84)

Brain (4)   Glioblastoma (80) 2.312 10.61 4.43E-12

  Sun
brain(180)

Brain (23)   Glioblastoma (81) 2.265 8.924 3.08E-14

    Brain (23) Anaplastic
Astrocytoma (19)

  1.763 3.929 0.000306

    Brain (23) Oligodendroglioma
(50)

  1.258 2.497 0.007

     Brain (23)  Diffuse Astrocytoma
(7)

  1.849 5.211 0.000203

  Bredel
Brain
2(54)

Brain (4)   Glioblastoma (27) 2.152 6.456 0.00000443

    Brain (4) Anaplastic
Oligoastrocytoma (6)

  1.64 2.041 0.044

  TCGA
Brain(557)

Brain (10)   Brain
Glioblastoma
(542)

2.727 9.582 0.000000572

   TCGA
Brain
2(1531)

Brain (37) Oligoastrocytoma (54)   1.035 3.806 0.000183

    Brain (37)   Malignant
Glioma, NOS (14)

1.035 2.146 0.026

    Brain (37) Brain Astrocytoma
(63)

  1.037 2.702 0.004

    Brain (37) Brain   1.054 4.536 0.00000898
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Oligodendroglioma
(89)
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Table II. Clinicopathological characteristics in 217 patients with glioma

Age Total (218) LGG (142) HGG (75) P-value

≤50 122 122/217,56.2% 100(81.97%) 22(18.03%) 0.000

>50 95(95/217,43.8%) 42(44.21%) 53(55.79%)

Gender        

Male 126(126/217,58.06%) 82(65.08%) 44(34.92%) 0.507

Female 91(91/217,41.94) 60(65.93%) 31(34.07%)

Ethnic        

Han 122(122/217,56.22%) 80(65.57%) 42(34.43%) 0.538

Other 95(95/217,43.78%) 62(65.26%) 33(34.74%)

Size of the main lesion        

<3 cm 38(38/217,17.51%) 25(65.79%) 13(34.21%) 0.560

≥3 cm 179(179/217,82.49%) 117(65.36%) 62(34.64%)

Tumour location        

Frontal 109(109/217,50.23%) 85(77.98%) 24(22.02%) 0.000

other 108(108/217,49.77%) 57(52.78%) 51(47.22%)

Local recurrence        

No 143(143/217,65.9%) 122(85.31%) 21(14.69%) 0.000

Yes 74(74/217,34.1%) 20(27.03%) 54(72.97%)

Tumor resection        

Total resection 144(144/217,66.36%) 116(80.56%) 28(19.44%) 0.000

Partial resection 73(73/217,33.64%) 26(35.62%) 47(64.38%)

Postoperative radio chemotherapy        

No 118(118/217,54.38%) 79(66.95%) 39(33.05%) 0.356

Yes 99(99/217,45.62%) 63(63.64%) 36(36.36%)

ki-67 expression        

≤5% 107(107/217,49.31%) 82(76.64%) 25(23.36%) 0.001

>5% 110(110/217,50.69%) 60(54.55%) 50(45.45%)

P53 expression        

≤5% 131(131/217,60.37%) 94(71.76%) 37(28.24%) 0.020

>5% 86(86/217,39.63%) 48(55.81%) 38(44.19%)

IDH 1        

Mut   117(82.4%)    

wt   25(17.6%)    

Statistical analyses were performed by the Pearson χ2 test. P < 0.05 was considered statistically signi�cant.



Page 17/26



Page 18/26

Table III. Clinicopathological characteristics according to proteins expression of AJUBA YAP1 in all glioma patients (n=217)

  AJUBA expression   YAP1 expression  

Clinicopathologic characteristics low High P-value low High P-value

Age            

≤50 54(40.6%) 44(52.38%) 0.950  54(57.45%) 68(55.28%) 0.784 

>50 79(59.4%) 40(47.62%)   40(42.55%) 55(44.72%)  

Gender            

Male 79(59.4%) 47(55.95%) 0.672  48(51.06%) 78(63.41%) 0.073 

Female 54(40.6%) 37(44.05%)   46(48.94%) 45(36.59%)  

Ethnic            

Han 68(51.13%) 54(64.29%) 0.068  51(54.26%) 71(57.72%) 0.679 

Other 65(48.87%) 30(35.71%)   43(45.74%) 52(42.28%)  

Size of the main lesion            

<3 cm 24(18.05%) 14(16.67%) 0.856  22(23.4%) 16(13.01%) 0.050 

≥3 cm 109(81.95%) 70(83.33%)   72(76.6%) 107(86.99%)  

Tumour location            

Frontal 74(55.64%) 35(41.67%) 0.052  50(53.19%) 59(47.97%) 0.494 

other 59(44.36%) 49(58.33%)   44(46.81%) 64(52.03%)  

Local recurrence            

No 96(72.18%) 47(55.95%) 0.018  70(74.47%) 73(59.35%) 0.021 

Yes 37(27.82%) 37(44.05%)   24(25.53%) 50(40.65%)  

Tumor resection            

Total resection 97(72.93%) 47(55.95%) 0.012  60(63.83%) 39(31.71%) 0.000 

Partial resection 36(27.07%) 37(44.05%)   34(36.17%) 84(68.29%)  

Postoperative radio-chemotherapy            

No 79(59.4%) 39(46.43%) 0.070  57(60.64%) 61(49.59%) 0.130 

Yes 54(40.6%) 45(53.57%)   37(39.36%) 62(50.41%)  

WHO grade            

II 70(52.63%) 23(27.38%) 0.000  49(52.13%) 44(35.77%) 0.027 

III 35(26.32%) 14(16.67%)   21(22.34%) 28(22.76%)  

IV 28(21.05%) 47(55.95%)   24(25.53%) 51(41.46%)  

ki-67 expression            

≤5% 71(53.38%) 36(42.86%) 0.163  52(55.32%) 55(44.72%) 0.133 

>5% 62(46.62%) 48(57.14%)   42(44.68%) 68(55.28%)  

P53 expression            

≤5% 94(70.68%) 37(44.05%) 0.000  64(68.09%) 67(54.47%) 0.050 
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>5% 39(29.3%) 47(55.95%)   30(31.91%) 56(45.53%)  

Statistical analyses were performed by the Pearson χ2 test. P < 0.05 was considered statistically signi�cant. 

Table IV .The Relationship between AJUBA,YAP1 and molecular pro�les in LGG.

Molecular pro�les AJUBA r P-value YAP1 r P-value

Low High Low High

IDH1 mut 85(80.95%) 32(86.49%) -0.064 0.451 63(90%) 54(75%) 0.197 0.019

wt 20(19.05%) 5(13.51%)     7(10%) 18(25%)    

1p9q codel 34(32.00 %) 16 43.24% -0.22 0.009 27 38.57% 23 31.94% -0.069 0.412

non-codel 71(68.00 %) 21 56.76%     43 61.43% 49 68.06%    

P values were calculated by Spearson’s correlation test. 

*P<0.05 indicates statistical signi��cance.

 

Table V. Relationship between AJUBA and YAP1 expression.

Protein Expression AJUBA r P-value

low High

YAP1 Low 65 29 0.219 0.001

High 68 55

P values were calculated by Spearman’s correlation test. 

*P<0.05 indicates statistical signi��cance.

 

Figures
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Figure 1

Oncomine analysis of the mRNA expression levels of AJUBA and YAP1 in different cancers. The differences in expression levels
of the genes between tumor and normal tissues are summarized. The thresholds (p-value≤ 0.05; fold change≥ 2; gene
rank≤10%; data type: mRNA) are indicated in the colored cells. Red cells represent overexpression of the target gene in tumor
tissues compared to normal tisues, whereas blue cells indicate downregulation of the gene. Gene rank is depicted by the color
depth in the cells.
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Figure 2

GEPIA analysis of the mRNA expression levels of AJUBA and YAP1 in glioma(A-B). Box plots of individual AJUBA and YAP1
expression in glioma and normal brain tissues. GBM: glioblastoma, LGG: low-grade glioma, p-value≤ 0.05. (*).(C – D) Prognostic
value of AJUBA and YAP1 in patients with glioma. HR: hazard ratio.



Page 22/26

Figure 3

Immunohistochemistry staining images from Human Protein Atlas showed the protein expression levels of AJUBA and YAP1 in
glioma.
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Figure 4

KEGG analysis of the Hippo signaling pathway with differentially expressed proteins
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Figure 5

Co-expression and interaction of AJUBA and YAP1 at the gene and protein levels in breast cancer patients. (a) Gene–gene
interaction network among AJUBA and YAP1 in the GeneMANIA dataset.Red:Physical interactions.Blue:Co-localization. (b)
Protein–protein interaction network among AJUBA and YAP1 in the STRING dataset.
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Figure 6

Immunohistochemistry analysis of AJUBA and YAP1 expression in glioma tissues.(A) AJUBA expression in LGG (200×). (B)
AJUBA expression in HGG(200×). (C) YAP1 expression in LGG (200×). (D) YAP1 expression in HGG(200×). Scale bar, 100 μm.
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Figure 7

Kaplan–Meier survival analysis for overall survival and progression-free survival. (A–I) Results of univariate survival analysis
through Kaplan–Meier method on OS (P < 0.05). (J–R) Results of univariate survival analysis through Kaplan–Meier method on
PFS (P < 0.05).


