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Abstract
Background To validate the potential of AC003986.3 in predicting glioma patient survival and analyze its
underlying function and mechanism.

Methods Gene expression and clinical features of the patients were obtained from The Cancer Genome
Atlatls. Correlation between AC003986.3 expression pro�le and patient clinical features and survival were
analyzed. Multivariate Cox regression was employed to determine the risk factors for patient survival and
construct the prediction model for survival. Validation of the multivariate Cox regression model was
tested by comparing the survival curves between the model-predicted high and low death risk subgroups
and calculating the accuracy of predicting 1, 2, 3, and 5 years survival by the model. Target genes were
predicted with Ensemble Browser. Gene set enrichment analysis was performed to explore AC003986.3
related gene sets enrichment in Gene Ontology and Kyoto Encyclopedia of Genes and Genomes
pathways.

Results 655 samples with gene expression and complete clinical features were obtained from The Cancer
Genome Atlas. Clinical features enrolled in this study were follow up time, survival status, race, gender,
race and pathological grade. AC003986.3 expression was positively related to patient age and
pathological grade. High AC003986.3 expression glioma patients suffered a poorer survival than those
with low expression. Multivariate Cox regression revealed that AC003986.3 expression was an
independent risk factor for patient survival irrespective of age and pathological grade. Predicted by
Ensemble Browser, TWIST1 was the target of AC003986.3. Gene set enrichment analysis revealed that
AC003986.3 related gene sets were mainly enriched in cell metabolism.

Conclusions AC003986.3 expression is closely related to age and pathological grade in glioma patients,
and is an independent risk factor for patient survival irrespective of age and pathological grade.
AC003986.3 is mainly involved in regulating tumor cell metabolism, and this effect is probably mediated
by TWIST1.

Introduction
Glioma is tumors featured by increased incidence with patient age and accounts for 75% of all primary
brain malignancies in adults, [1] of which glioblastoma is the most aggressive pathological type. Gliomas
are highly heterogeneous, with the 5-year survival rate varies greatly between pathological grades from
5.5% for glioblastoma to 94% for pilocytic astrocytoma.[1, 2] Progress in genetic studies for
tumorigenesis has direct the transmission from light microscope-based traditional classi�cation to the
molecular parameters incorporated classi�cations—2016 CNS WHO.[3] Although the great challenges in
nomenclature, nosology and reporting structure, this new classi�cation is more objective and precise to
allow for improved tailoring of patient therapy.[3] The 2016 CNS WHO represents the trend from
pathological classi�cation to molecular classi�cation for this highly heterogeneous tumor.
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Besides the traditional surgical resection, chemotherapy, and radiotherapy, new treatment modalities such
as immunotherapy, gene therapy, and gene therapy are in clinical trials. [3] However, effective therapies
for gliomas are still limited. Redundancy and complexity of intracellular signaling pathways and tumor
molecular heterogeneity are responsible but not exclusively for this frustrating results.[3] Thus, mapping
the gene network and identifying the key drivers for tumorigenesis would bene�t the diagnosis,
classi�cation and effective targeted treatment for this heterogeneous disease.

Besides the mutations that have been adopted by the 2016 CNS WHO, such as 1p19q codeletion, IDH1/2
mutations, and MGMT promoter methylation, [3] various gene mutations or aberrant expression related to
tumorigenesis and patient prognosis have been reported.[4–6] Although the functional studies of a single
gene may not be enough to change the ongoing treatment strategies for gliomas, the accumulation of
these �ndings would certainly drive a revolution in the future. Therefore, screening and functional
analysis of a single gene with treatment potentials are still work of signi�cance.

Begin in 2006, The Cancer Genome Atlas (TCGA) program (https://www.cancer.gov) has molecularly
characterized over 20,000 primary cancer and matched normal samples spanning 33 cancer types. The
publically available genomic, epigenomic, transcriptomic, and proteomic data in TCGA has made it an
ideal treasury to explore the underlying mechanisms for tumorigenesis and screen the potential treatment
target.[7]

In this study, we performed data mining with the glioma dataset in TCGA to explore the expression and
clinical signi�cance of a novel lncRNA named AC003986.3, and gene set enrichment analysis (GSEA)
was performed to predict the biological functions of this gene.

Materials And Methods
Data acquisition

Gene expression and clinical data of the low-grade glioma and glioblastoma datasets were obtained for
TCGA. 696 samples were contained in these two datasets. Clinical features and the gene expression
pro�les were extracted with a perl script. The clinical information enrolled in this study were follow up
time, survival status, grade, age, gender, and race. Samples without complete clinical information were
excluded. Finally, a total of 655 patients with complete clinical information and gene expression pro�les
were included in this study. As all the data were publicly accessible, informed consent was not required
from the patients. The study was approved by the institutional ethics committee of Beijing Tiantan
Hospital, Capital University of China.

Correlations between gene expression and clinical features

AC003986.3 expression was performed log2 transformation. For continuous variate age, gene expression
pro�le with age was plotted and the linear regression was performed. For the categorical clinical features
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such as gender, race and tumor grade, AC003986.3 gene expression was compared between the
subgroups.

Correlations between gene expression and patient survival

Univariate Cox regression was performed to explore the correlation between AC003986.3 expression and
patient survival. Then, all the patients were classi�ed into high and low AC003986.3 expression
subgroups. Survival curves of the high and low-expression subgroups were built and compared.
Multivariate Cox regression was performed to explore the independent risk factors for patient survival.
The result of multivariate Cox regression was demonstrated as a forest plot, and the death risks of all the
patients were predicted by the forest plot. For further validation of the prediction model, patients were
classi�ed into high and low-risk subgroups according to the model-predicted death risks. Survival curves
were built and compared between these subgroups. Discrimination capacity of AC003986.3 expression
and the multivariate Cox regression prediction model was demonstrated by building the receiver
operating characteristic curves (ROCs) for predicting 1, 2, 3, and 5-year survival, and areas under the
curves (AUCs) were calculated.

Functional prediction

The target of AC003986.3 was predicted with Ensemble Browser (http://asia.ensembl.org/index.html).
GSEA was performed to explore AC003986.3 related gene sets enrichment in Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways with the software of GSEA (version 4.0.3,
https://www.gsea-msigdb.org/gsea/downloads.jsp). For KEGG analysis, the number of permutations was
set to 1000 and the metric for ranking genes was set to Singal2Noise. The results were �ltered by p-value 
< 5%, qvalue < 25% and normalized enrichment score > 1 and ranked by increasing qvalue. The top ten
gene set was selected for demonstration. For GO enrichment map visualization, Cytoscape (version 3.7.1,
https://cytoscape.org/) with the plugin of EnrichmentMap was adopted. Connected nodes were
preserved.

Statistical analysis

Figure plotting and statistical analysis were done with the R software (version 3.6.2, https://www.r-
project.org/). Spearman linear regression was adopted to explore the Correlation between gene
expression and age. Wilcoxon rank-sum test was used to compare gene expression between males and
females. Kruskal-Wallis rank-sum test was used to compare the gene expression pro�les among different
tumor grade and race subgroups. Multivariate Cox regression was used to screen the risk factors for
patient survival and determine the weights of the variates in the prediction model. The log-rank test was
used to compare the differences between survival curves. Packages used in this study for �gure plotting
and statistical analysis mainly include ggplot2, survival, survminer, Hmisc, and survivalROC.

Result
AC003986.3 expression is positively correlated with patient age and pathological grade
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Correlation between AC003986.3 expression and clinical features of patient age, race, and gender and
glioma pathological grade were presented in Fig. 1. AC003986.3 expression increases with patient age (P 
< 0.001), and the correlation coe�cient was 0.22 (95%CI 0.146–0.292) (Fig. 1A). The AC003986.3
expression did not differ between males and females (0.169 vs 0.155, P = 0.488, Fig. 1B), but increased
positively with tumor grade (P < 0.001, Fig. 1C), with grade IV gliomas having the highest AC003986.3
expression. Similar to gender, the AC003986.3 expression was not different among races of the patient
(P = 0.174). These results demonstrate that AC003986.3 expression was related to patient age and tumor
pathological grade.

AC003986.3 expression pro�le is an independent risk factor for patient survival

Univariate Cox regression demonstrates that AC003986.3 expression was closely related to patient
survival (Hazard Ratio (HR) = 4.710, 95%CI 3.315–6.691, P < 0.001). The patients were classi�ed into high
and low-expression subgroups according to AC003986.3 expression, and survival was compared between
these two groups (Fig. 2). As Fig. 2 showed, patients with high AC003986.3 expression suffered a poor
survival than those with low expression (P < 0.001). When the AC003986.3 expression pro�le was taken
into multivariate Cox regression with gender, age, pathological grade, and race, we found age,
pathological grade and AC003986.3 expression were independent risk factors for patient survival (Fig. 3).
Age was a risk factor for patient survival (HR = 1.047, 95%CI 1.035–1.059, P < 0.001). Referenced with
grade II gliomas, grade III and grade IV glioma patients suffered a shorter survival (HR = 2.540, 95CI
1.662–3.881, P < 0.001 for grade III gliomas, and HR = 8.554, 95%CI 5.280–13.57, P < 0.001 for grade IV
gliomas). Furthermore, the AC003986.3 expression pro�le was an independent risk factor for patient
survival (HR = 1.975, 95% CI 1.312–2.966, P = 0.001).

Survival curves were built and compared between the model-predicted high and low death risk subgroups
(Fig. 4). As the �gure showed, the high-risk subgroups harbored a poorer survival than the low-risk
subgroup (P < 0.001). Discrimination capacity of AC003986.3 and the multivariate Cox regression model
was shown in Fig. 5. With only AC003986.3 expression, the accuracy for predicting 1, 2, 3, and 5-year
patient survival reached 0.774, 0.729, 0.728 and 0.703, respectively (Fig. 5A). The model demonstrated
relatively high accuracy in predicting 1, 2, 3 and 5-year survival of the patients (AUC = 0.864, 0.899, 0.912,
and 0.897, respectively, Fig. 5B).

AC00393986.3 interacts with TWIST1 and is mainly involved in tumor cell metabolism

Target prediction with the Ensemble Browser revealed that this novel lncRNA may interact with TWIST1 to
regulate its degradation and function (Fig. 6A). KEGG enrichment analysis revealed nine enriched
pathways (Fig. 6B), they were: Biosynthesis of unsaturated fatty acids, Butanone metabolism, Fatty acid
metabolism, Glycolysis gluconeogenesis, Lysine degradation, Pentose phosphate pathway, Peroxisome,
Propanoate metabolism, and valine leucine and isoleucine degradation. As to GO enrichment (Fig. 6C),
this gene was mainly involved in the organic acid catabolic process, monocarboxylic acid catabolic
process, fatty acid catabolic process, microbody, and fatty acid-beta oxidation. KEGG and GO enrichment
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analysis demonstrate that AC00393986.3 may be a key regulator for substance and energy metabolism,
which is important to sustain the hypermetabolism of tumor cells.

Discussion
In this study, we found that AC00393986.3 expression was positively related to patient age and
pathological grade in gliomas, and was an independent risk factor for patient survival. Functional
prediction revealed that this gene might play important roles in regulating tumor cell metabolism through
TWIST1. These results demonstrated that AC003986.3 was a potential target for gene therapy in gliomas.

Despite substantial progress in understanding the genetic mechanism in tumorigenesis, the treatment for
gliomas remains di�cult and challenging. One responsible reason is the high heterogeneity of the tumor.
Further analysis of DNA, RNA, and proteins might further re�ne what should be targeted and lead to novel
clinical trials.[8] Long noncoding RNAs (lncRNAs) are a variety of RNA transcripts longer than 200
nucleotides and lack of protein-encoding capacity.[9] Previously, lncRNAs were deemed as spurious
wastes without function during transcription.[10] Recently, lncRNAs were recognized to play widespread
roles in gene regulation and other cellular processes. [9] LncRNAs have also been implicated in cancer
progressions, such as stemness, proliferation, angiogenesis and drug resistance.[11] Many lncRNAs have
been identi�ed as regulators in glioma progression. For example, HOXA11-AS could regulate cell cycle
progress and was closely related to glioma grade and poor prognosis.[12] Similar functions were found
with another lncRNA of HOTAIR.[13] In this study, we found the expression of the novel lncRNA
AC003986.3 increased with of glioma malignancy (P < 0.001, Fig. 1C), and AC003986.3 expression was
an independent risk factor for predicting patient survival irrespective of patient age and tumor
pathological grade (HR = 1.975, 95% CI 1.312–2.966, P = 0.001, Fig. 3). Patients with higher AC003986.3
expression suffered a poorer survival than those with low expression (P < 0.001, Fig. 2). Prediction
accuracy with only AC003986.3 expression surpassed 0.70 for 1, 2, 3 and 5 years survivals (Fig. 5A), and
the accuracy reached even higher (nearly 0.90) when combined with tumor pathological grade, age and
other clinical features (Fig. 5B). These results suggest that AC003986.3 may be a novel potential
treatment target for gliomas.

The functions of AC003986.3 have not been reported. Interaction target prediction with Ensemble
Browser revealed that this novel lncRNA might interact with TWIST1 and regulate its degradation and
function. TWIST1 is a well-known regulator of epithelial-mesenchymal transition, tumorigenesis, and
invasion in gliomas,[14–16] and is a predictor of prognosis for the patients.[17] Not only in gliomas, but
TWIST1 was also a key regulator in a variety of cancers such as breast, lung, prostate, gastric, bladder,
pancreatic, and so on, in tumor initiation, progression, metastasis, apoptosis, the resistance of
chemotherapy, and cancer stem cell formation.[18, 19] TWIST1 is also an important node in the
intracellular signaling transduction network and linked to a variety of key signaling pathways such as
FGF, TGF-β, NF-κB, and Notch, all of which were vital for both normal biological and pathological
processes. All these results further con�rmed the priceless potential of AC003986.3 for gene therapy.[19,
20]



Page 7/16

KEGG gene set enrichment analysis revealed that AC003986.3 related genes were enriched in
Biosynthesis of unsaturated fatty acids, Butanone metabolism, Fatty acid metabolism, Glycolysis
gluconeogenesis, Lysine degradation, Pentose phosphate pathway, Peroxisome, Propanoate metabolism,
and valine leucine and isoleucine degradation (Fig. 6B), demonstrating that AC003986.3 was mainly
involved in cell energetic and synthetic metabolism. The tumor is hallmarked by reprogrammed pathways
of nutrient acquisition and metabolism to meet the high demand for aggressive biological properties.[21]
The reprogrammed metabolism activities always improved tumor cell adaption to provide a selective
advantage during tumorigenesis, and some were potential for tumor control.[21] Tumor cell metabolism
targeted therapies have been reported both in animal models and clinical practice.[22, 23] Similar to
KEGG analysis, GO enrichment analysis also indicated the potential role of AC003986.3 in tumor cell
metabolism (Fig. 6C). These results suggest AC003986.3 may be a potential target for tumor
metabolism-targeted treatment.

How AC003986.3 was involved in reprogrammed tumor metabolism was is unclear. As the interactor of
AC003986.3, TWIST1 has been reported as a key regulator for metabolism.[24–27] Pan et al reported that
TWIST1 was selectively expressed in adipose tissue, and was recruited to suppress mitochondrial
metabolism and uncoupling, maintaining the of energy homeostasis.[24] Furthermore, TWIST1 was also
reported to take part in glucose metabolism [26] and mitochondrial oxidative metabolism.[27] Along with
our �ndings from the Ensemble Browser (Fig. 6A), we can infer that it is TWIST1 that mediates the
regulation of AC003986.3 in glioma cell metabolism. Future experimental studies were needed to further
elucidate the mechanism of how AC003986.3 regulates tumor cell metabolism and to validate the
feasibility of utilizing AC003986.3 as the gene therapy target for gliomas.

Limitations

There are some limitations in this manuscript. First, other clinical features such as chemotherapy,
radiology were not considered in this study, and these features would in�uence patient survival to some
extent. Second, only bioinformatics analysis was conducted in this manuscript, molecular experiments
were needed to further elucidate the function of AC003986.3.Third, only the TCGA dataset was analyzed
in this manuscript, external validation was absent.

Conclusions
Although limitations, some conclusions still could be drawn from our study. The novel gene AC003986.3
is closely related to patient age and pathological grade in gliomas and is an independent risk factor for
patient survival irrespective of age and pathological grade. Functional analysis reveals that this gene is
mainly involved in reprogramming tumor cell metabolism, and this effect is probably TWIST1-dependent.

Abbreviations
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area under the curve
GO
Gene Ontology
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gene set enrichment analysis
KEGG
Kyoto Encyclopedia of Genes and Genomes
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Figure 1

Correlation of AC003896.3 expression with patient age, gender, and race and tumor pathological grade. A:
AC003986.3 was positively linear correlated to patient grade, with a coe�cient was 0.22 (95% CI 0.146-
0.292, P<0.001). B: The expression of AC003896.3 was equally distributed between females and males.
C: AC003986.3 expression increases with the tumor grade, with grade IV gliomas having the highest
expression (P<0.001). D: AC003986.3 expression was not in�uenced by patient race (P=0.174).
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Figure 2

Patient survival of low and high AC003986.3 expression subgroups. Patients with high AC003986.3
expression suffered a poorer survival than those with low expression (log-rank test, P<0.001).
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Figure 3

Forest plot of the multivariate Cox regression for patient survival. Patient age (HR=1.047, 95%CI 1.035-
1.059, P<0.001), pathological grade (referenced by grade2, HR=2.540, 95CI 1.662-3.881, P<0.001 for
grade III gliomas, and HR=8.554, 95%CI 5.280-13.57, P<0.001 for grade IV gliomas) and AC003986.3
expression (HR=1.975, 95% CI 1.312-2.966, P=0.001) were independent risk factors for glioma patient
survivals.
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Figure 4

Patient survival of low and high-risk subgroups. Patient death risk was calculated with the forest plot, and
survival curves were compared between the high and low-risk groups. Patients with high death risk
suffered a poorer survival than those with low risk (log-rank test, P<0.001).
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Figure 5

ROCs of AC003986.3 expression and forest plot model in predicting patient survival. A: Receiver
operating characteristic curves were built and the accuracy of using AC003986.3 expression in predicting
1, 2, 3, and 5-year patient survival was 0.744, 0.729, 0.728, and 0.703, respectively. B: Receiver operating
characteristic curves were built and the accuracy of using the forest plot model in predicting 1, 2, 3, and 5-
year patient survival was 0.864, 0.899, 0.912, and 0.897, respectively. ROC: Receiver operating
characteristic curve.
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Figure 6

Functional prediction of AC003986.3. A: functional prediction of AC003986.3 with Ensemble Browser.
AC003986.3 is a novel lncRNA and can regulate TWIST1 degradation through two nonsense mRNA decay
locus. There is a binding site for AC003986.3 in TWIST1 protein. B: Gene set enrichment of AC003986.3
related genes in the KEGG pathways. Gene set enrichment analysis in KEGG pathways revealed that
AC003986.3 related gene sets were enriched in Biosynthesis of unsaturated fatty acids, Butanone
metabolism, Fatty acid metabolism, Glycolysis gluconeogenesis, Lysine degradation, Pentose phosphate
pathway, Peroxisome, Propanoate metabolism, and valine leucine and isoleucine degradation. Filter
criteria: p-value < 5%, qvalue < 25% and normalized enrichment score >1. C: Gene set enrichment of
AC003986.3 related genes in Gene Ontology. Gene set enrichment analysis Gene Ontology revealed that
AC003986.3 related gene sets were mainly enriched organic acid catabolic process, monocarboxylic acid
catabolic process, fatty acid catabolic process, microbody, and fatty acid-beta oxidation. KEGG: Kyoto
Encyclopedia of Genes and Genomes.


