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Glioma Survival
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luanxinping0517@163.com

Abstract: Background Gliomas are the most prevalent primary malignant brain tumors worldwide.
Recent studies highlight the potential of long non-coding RNAs (IncRNAs) in tumor progression,
with LINC01354 being upregulated in various malignancies. This study investigates the role of
LINC01354 in glioma prognosis to provide novel insights for early prognosis prediction. Methods
This study involved four cohorts of low-grade glioma tissue samples collected from hospitals in
Xinjiang, Beijing, and Guangzhou, China. Quantitative Real-Time Polymerase Chain Reaction (qQRT-
PCR) was used to measure LINC01354 expression levels. Clinical information and survival data
were analyzed using Cox regression and ROC analysis to evaluate the association between
LINCO01354 expression and overall survival. Clinical comparisons were conducted to identify
potential discrepancies in clinical parameters across different cohorts. Results Elevated LINC01354
levels were associated with poorer overall survival in the West China cohort (Xinjiang) but not in
the North (Beijing) or South China (Guangzhou) cohorts. Clinical parameter comparisons revealed
no significant differences among the cohorts that could explain the regional discrepancy. Further
analysis within the West China cohort indicated that LINC01354's prognostic value was consistent
across Han and non-Han ethnic groups and unaffected by dietary staples. However, LINC01354's
prognostic significance was more pronounced in patients born in Xinjiang compared to those born
elsewhere. A prognostic model incorporating LINC01354 expression and birth location
demonstrated good predictive accuracy with ROC AUC values of 0.777 in the training cohort and
0.757 in the validation cohort. Conclusion LINC01354 is a potential prognostic biomarker for low-
grade glioma in the West China population, particularly among patients born in Xinjiang.

Keywords: LINC01354; low-grade glioma; survival; west Chinese population; QPCR

1. Introduction

Gliomas are the most common primary malignant brain tumors globally, typically originating
in the brain from glial tissue, though they can also form in other parts of the central nervous
system[1]. Factors such as aggressive invasiveness and unique anatomical locations contribute to a
poor prognosis, with a five-year survival rate being quite low[2]. Epidemiological studies reveal that
gliomas have the second-highest mortality rate among central nervous system tumors, with a five-
year overall survival (OS) rate of less than 35%, accounting for about 40% of all such tumors[2]. Early
detection and treatment are crucial for improving the five-year survival rate of patients[3]. Recently,
the standardization of combined surgical, radiotherapy, and chemotherapy treatments has somewhat
improved the prognosis for brain glioma patients. However, the disease's aggressive growth and
uncontrolled proliferation make complete surgical removal challenging, leading to a high
postoperative recurrence rate[4]. Recurrence and distant metastasis post-surgery are major causes of
death in brain glioma patients[4]. The WHO tumor grading system is a key clinical predictor of brain
glioma prognosis[5,6], but studies show significant variability in outcomes even among patients with
the same grade, due to patient heterogeneity. Although a few papers have reported new biomarkers
for glioma[7,8] or pan-cancer[9-13], to improve the management of glioma, a biomarker study for
glioma is required.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Long non-coding RNAs (IncRNAs) are non-coding RNAs longer than 200 nucleotides that
participate in various biological processes, such as chromosomal remodeling, genomic imprinting,
transcription activation, post-transcriptional interference, and nuclear transport of nucleic acids[14-
16]. Abnormal IncRNA expression not only regulates gene expression but also mediates cell
proliferation, migration, drug resistance, and angiogenesis, thereby accelerating tumor
progression[17]. Recent evidence highlights IncRNAs' critical role in regulating pyroptosis in
malignant tumor cells[18-20]. Consequently, many studies focus on IncRNA expression in gliomas
to identify relevant IncRNAs and elucidate their mechanisms.

Preliminary experiments in our lab found that LINC01354 is upregulated in brain gliomas, and
its elevated expression correlates with glioma prognosis. LINC01354, as a member of the IncRNA
family, has been recently found to be upregulated in various malignancies[21]. Given the low five-
year overall survival rate for glioma patients post-surgery and the urgent need for improvements,
this study aims to investigate the expression differences of LINC01354 in gliomas and elucidate its
role in glioma prognosis. This research will use clinical cohort studies to determine the expression
differences of LINC01354 in gliomas and demonstrate the power of LINC01354 in glioma prognosis.
This study will deepen our understanding of the impact of LINC01354 on glioma prognosis and
highlight the clinical value of LINC01354 as a new biomarker, providing novel insights for the
development of early prognosis prediction.

2. Methods

2.1. Cohort Description

This study included four cohorts of frozen low-grade glioma tissue samples: 1) 567 samples
collected from The Second Affiliated Hospital of Xinjiang Medical University from 2010 to 2016. 2)
100 samples collected from The Second Affiliated Hospital of Xinjiang Medical University from 2016
to 2017. 3) 432 samples collected from The Peking University Cancer Hospital from 2014 to 2015. 4)
332 samples collected from The Fifth Affiliated Hospital of Southern Medical University from 2013
to 2016. 5) Samples were collected from patients who underwent either surgical treatment or biopsy.
None of the patients had received radiotherapy or chemotherapy prior to surgery. Samples were
collected, quickly frozen in liquid nitrogen, and then stored at —-80°C for further analysis. Clinical
information and survival data were collected and followed up for all patients. The study was
approved by the ethical committees of The Second Affiliated Hospital of Xinjiang Medical University,
The Peking University Cancer Hospital, and The Fifth Affiliated Hospital of Southern Medical
University. Written consent was obtained from all participants before their inclusion in the study.

2.2. Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)

Total RNA was extracted from cultured cells or tissue samples using TRIzol reagent (Invitrogen)
following the manufacturer's instructions. The extracted RNA was converted to cDNA using the M-
MLV Reverse Transcriptase kit (Invitrogen). The quantification was performed using SYBR Green
PCR Master Mix (Vazyme, Nanjing, China) on an ABI7500 qPCR System. GAPDH served as an
internal control for mRNA detection. The 2-AACt method was used to determine the relative
expression levels from three independent experiments.

The primers used were as follows: LINC01354: forward 5-GCAATGGTTTGGGCAACTGTAT-
3 and reverse 5-GAAAAAGCAAGCTGCCATGAGA-3'. GAPDH: forward 5'-
TGCACCACCAACTGCTTAGC-3' and reverse 5-GGCATGGACTGTGGTCATGAG-3'".

2.3. Statistical Analysis

For survival analysis, samples were divided into high and low LINC01354 expression groups
based on the median expression level. Survival analysis was performed using R (version 4.2.1) with
the following packages: survival (version 3.3.1), survminer (version 0.4.9), and ggplot2 (version 3.3.6).
Proportional Hazards Assumption Test and Survival Regression Fitting were conducted using the
Cox regression model.ROC analysis was also performed using R (version 4.2.1) with the packages
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timeROC (version 0.4) and ggplot2 (version 3.3.6). Data Analysis was conducted using the timeROC
package. For clinical information comparison, R (version 4.2.1) with the stats package (version 4.2.1)
was used. Appropriate statistical methods were selected based on data characteristics. For numeric
data comparison, One-way ANOVA with Tukey post-hoc test was applied. For frequency data
comparison, the Chi-square Test was applied. Results were visualized using the survminer and
ggplot2 packages.

3. Results

3.1. Survival Association of LINC01354 and Low-Grade Glioma Survival in West China Population

This study originated from a single-center investigation in Xinjiang, China, with the objective of
examining the survival impact of LINC01354 on patients with low-grade glioma and assessing its
potential as a prognostic biomarker. A larger cohort analysis using QPCR was conducted to measure
the expression levels of LINC01354 in low-grade glioma tissue samples. We initially collected 567
low-grade glioma samples and observed that elevated LINC01354 levels were associated with poorer
overall survival. To validate these findings, we collected an additional 100 low-grade glioma samples
and performed the same assay to measure LINC01354 levels. The results from this validation cohort
confirmed that LINC01354 expression remained significantly associated with overall survival in low-
grade glioma patients. These findings suggest that further investigation into the role of LINC01354
in glioma prognosis is warranted. (Figure 1)
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Figure 1. Survival association of LINC01354 and low-grade glioma survival in west China population
(Xinjiang). Initial cohort n=567, extra validating cohort n=100.

3.2. Survival Association of LINC01354 and Low-Grade Glioma Survival in North and South China
Population

Given the remarkable results from the Xinjiang population, we expanded the study to a
multicenter investigation in collaboration with our partners in Beijing and Guangzhou. We collected
432 low-grade glioma samples from North China and 332 samples from South China, conducting the
same experiments to measure LINCO01354 levels and investigate their association with overall
survival. Surprisingly, the data indicated that neither the North China cohort nor the South China
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cohort showed a significant association between LINC01354 expression and overall survival in low-
grade glioma patients, unlike the findings from the West China population. (Figure 2)
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Figure 2. Survival association of LINC01354 and low-grade glioma survival in North China
population (Beijing, n=432) and South China population (Guangzhou, n=332).

3.3. Comparison of the Clinical Information of the Three Cohorts

To investigate the potential reasons why LINC01354 is associated with overall survival in the
West China cohort but not in the North or South cohorts, we analyzed the differences in clinical
parameters between these three cohorts. The clinical parameters of the three cohorts, presented in
Table 1, show that they are very similar in most aspects. The sample sizes (n) for the West (the two
cohorts from west China were combined for study and analysis for the rest of the study), North, and
South cohorts were 667, 432, and 332, respectively.

For WHO grade distribution, G2 was observed in 48% of the West cohort, 53% of the North
cohort, and 53% of the South cohort, with a p-value of 0.32. The G3 distribution was 52% for the West,
47% for the North, and 52% for the South. IDH status indicated that the wild-type (WT) was present
in 18% of the West, 20% of the North, and 23% of the South cohorts, whereas the mutation (Mut) was
found in 82% of the West, 80% of the North, and 79% of the South cohorts, with a p-value of 0.15.
Regarding the 1p/19q codeletion status, 68% of the West cohort, 74% of the North cohort, and 79% of
the South cohort were non-codel, while 32%, 26%, and 27% were codel, respectively. The p-value here
was 0.12. The gender distribution was also comparable across the cohorts, with females constituting
45% of the West, 49% of the North, and 54% of the South cohorts. Males made up 55%, 51%, and 50%,
respectively, resulting in a p-value of 0.23. The median age was 41 years for the West, 39 years for the
North, and 42 years for the South, with a p-value of 0.06. For histological types, 59% of the West
cohort had astrocytoma, 66% of the North cohort, and 72% of the South cohort. Oligoastrocytoma
was seen in 41% of the West, 34% of the North, and 35% of the South cohorts, with a p-value of 0.06.
Laterality showed that 50% of the West cohort had left-sided tumors, compared to 59% in the North
and 66% in the South cohorts. Right-sided tumors were present in 50% of the West, 41% of the North,
and 43% of the South cohorts, with a p-value of 0.05.

Lastly, the normalized expression level of LINC01354 was nearly identical across the cohorts,
with values of 1, 1.052, and 0.989 for the West, North, and South cohorts, respectively, resulting in a
p-value of 0.45. Overall, the clinical parameters among the three cohorts were very similar, making
it unclear why LINC01354 is associated with overall survival only in the West China cohort.
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Table 1. Clinical information of the objects.

characteristics West North South p value
n 667 432 332

WHO grade, (%)

G2 48% 53% 53% 0.32
G3 52% 47% 52%

IDH status, (%)

WT 18% 20% 23% 0.15
Mut 82% 80% 79%

1p/19q codeletion, (%)

Non-codel 68% 74% 79% 0.12
Codel 32% 26% 27%

Gender, (%)

Female 45% 49% 54% 0.23
Male 55% 51% 50%

Age, median 41 39 42 0.06
Histological type, (%)

Astrocytoma 59% 66% 72% 0.06
Oligoastrocytoma 41% 34% 35%

Laterality, (%)

Left 50% 59% 66% 0.05
Right 50% 41% 43%

Normalized expression level

LINC01354 1 1.052 0.989 0.45

3.4. Comparison of Survival Association of LINC01354 and Low-Grade Glioma Survival in West China
Population of Han and Non-Han Patients

In this section, we compared the association between LINC(01354 expression and overall survival
in Han and non-Han patients with low-grade glioma from the West China population. China is a
multi-ethnic country, with the Han people being the largest ethnic group and many other groups,
including the Uyghurs, residing in Xinjiang. To investigate whether ethnicity impacts the prognosis
related to LINC01354, we focused on Han and non-Han populations in this analysis. Our analysis
included a detailed examination of survival outcomes in relation to LINC01354 levels across these
ethnic groups. The results indicated no distinct variations in the survival association, with both
subgroups showing significant associations in this analysis. This suggests that there are no ethnic
differences in the prognostic value of LINC01354 for low-grade glioma. This comparison underscores
the importance of considering genetic and ethnic diversity in biomarker studies but suggests that
LINC01354 may not have differential prognostic implications across diverse populations. (Figure 3

)
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Figure 3. Survival association of LINC01354 and low-grade glioma survival in Han (n=312)or non-
Han (120) patients from the west China population (Xinjiang). 135 patients were lost in this

information.

3.5. Comparison of Survival Association of LINC01354 with Low-Grade Glioma in West China Population
Based on Main Dietary Staple: Rice-Based vs. Flour-Based Foods

In this section, we compared the association between LINC01354 expression and overall survival
in low-grade glioma patients from the West China population, focusing on their main dietary staples:
rice-based foods versus flour-based foods. The dietary habits in different regions of China vary
significantly, with some populations primarily consuming rice and others primarily consuming
flour-based foods. We hypothesized that the main dietary staple could influence the prognosis
related to LINC01354. The North China and South China cohorts did not follow up on this issue, so
we have no information about the dietary structures of these two cohorts; therefore, the analysis was
conducted only with the West China cohort only.

Our analysis included a detailed examination of survival outcomes in relation to LINC01354
levels among patients with different dietary habits. The results indicated no significant variations in
the survival association between the two dietary groups. Most patients fell within either the rice-
based or flour-based food categories; 23 patients who were unsure or primarily consumed other foods
were excluded from the analysis due to their low number, which was insufficient for statistical
significance. The results showed that both rice-based and flour-based food consumers exhibited
similar associations between LINC01354 levels and overall survival. This comparison suggests that
dietary staple does not influence the prognostic value of LINC01354 in low-grade glioma patients.
These findings emphasize that dietary habits do not appear to impact the prognostic relevance of
LINCO01354 in this context.(Figure 4)
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Figure 4. Survival association of LINC01354 and low-grade glioma survival in patients from the west
China population (Xinjiang) that consume Rice-based foods as the main food (n=210) or Flour-based
foods as the main food (n=199). 135 patients were lost in this information. 23 patients are not sure or
consume other foods as the main food.

3.6. Comparison of Survival Association of LINC01354 with Low-Grade Glioma in West China Population
Based on Birth Locations

We compared the survival association of LINC01354 expression with low-grade glioma survival
in patients from the West China population, focusing on those born in Xinjiang versus those born in
other parts of China. Specifically, the analysis included patients born in Xinjiang (n=381) and those
born in other parts of China (n=153), with 33 patients excluded due to missing birth location
information.

This analysis was conducted solely within the West China cohort. We found that among patients
born in Xinjiang, LINC01354 expression was significantly associated with low-grade glioma survival.
Conversely, in the population born in other parts of China, there was no significant difference in
survival between the high and low LINC01354 expression groups. These findings suggest that the
prognostic value of LINC01354 may vary depending on the birth location of the patients within the
West China population.(Figure 5)
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Figure 5. Survival association of LINC01354 and low-grade glioma survival in patients from the west
China population (Xinjiang) that were born in Xinjiang (n=381) or born in other part of China (n=153).
33 patients were lost in this information.

3.7. Clinical Application of LINC01354 as a Prognostic Biomarker for Low-Grade Glioma for West China
Population

To demonstrate the clinical applicability of LINC01354 as a prognostic biomarker for low-grade
glioma in the West China population, we constructed a prognostic model incorporating commonly
used prognostic factors for glioma, as well as two newly discovered factors: LINC01354 expression
and birth location. We created a prognostic nomogram for practical clinical application.

We used 70% of the samples for training and 30% for testing the model. The survival nomogram
included LINC01354 levels for low-grade glioma patients from the West China population (Xinjiang).
The training cohort comprised 373 patients (70%), and the validation cohort comprised 161 patients
(30%). We utilized ROC analysis to assess the 3-year survival prediction accuracy of the model. In the
training model, the AUC of the ROC curve was 0.777, and in the validation cohort, the AUC of the
ROC curve was 0.757, indicating a relatively good prediction value.

These results suggest that LINC01354, in conjunction with birth location and other prognostic
factors, can serve as a valuable biomarker for predicting survival outcomes in low-grade glioma
patients, thereby enhancing clinical decision-making and patient management in the West China

population.(Figure 6)
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Figure 6. Survival nomogram including LINCO01354 level for low-grade glioma patients from the west
China population (Xinjiang). Training cohort n=373 (70%), validation cohort=161(30%).

4. Discussion

TCGA data have been widely used for biomarker discovery in cancer research[22-25]. However,
it is important to note that TCGA data were obtained from predominantly Western countries and
primarily involved patients of white ethnicity. This study is a relatively simple designed study but
with relatively larger cohorts or patients. We applied QPCR, a stable detection method that has been
widely used in many previous studies[26-33] to determine the level of LINC01354. This study aimed
to evaluate the prognostic value of LINC01354 expression in low-grade glioma patients across
different regions of China. The analysis involved a comprehensive examination of four distinct
cohorts: two from West China (Xinjiang), one from North China (Beijing), and one from South China
(Guangzhou). The results revealed a significant association between elevated LINC01354 levels and
poorer overall survival in the West China cohort but not in the North or South China cohorts. This
disparity prompted further investigation into possible underlying factors, such as clinical
characteristics, ethnic differences, dietary habits, and birth locations.

The initial finding that high LINC01354 expression correlated with poorer survival outcomes in
the Xinjiang cohort but not in the other cohorts highlights a potential regional specificity in the
prognostic relevance of LINC01354. This observation was consistent across two separate sub-cohorts
from Xinjiang, strengthening the validity of the association within this population. Conversely, the
lack of significant association in Beijing and Guangzhou cohorts suggests that LINC01354's
prognostic value might be influenced by regional factors. Detailed analysis of clinical parameters
across the three cohorts (West, North, and South China) showed no significant differences that could
explain the regional variation in LINC01354's prognostic value. Factors such as WHO grade
distribution, IDH status, 1p/19q codeletion status, gender distribution, median age, histological type,
tumor laterality, and normalized expression levels of LINC01354 were comparable among the
cohorts. This similarity underscores the need to explore other variables that might contribute to the
observed differences.

To determine if ethnic diversity within the Xinjiang cohort influenced the results, we compared
LINCO01354's prognostic association in Han and non-Han patients. Both subgroups showed a
significant association between high LINC01354 expression and poorer survival, indicating that
ethnic background does not alter LINC01354's prognostic relevance in this population. This finding
emphasizes the potential of LINC01354 as a broadly applicable biomarker within the multi-ethnic
context of Xinjiang. The study also investigated the impact of dietary habits on LINC01354's
prognostic value by comparing patients consuming rice-based versus flour-based foods. No
significant differences were observed between these dietary groups, suggesting that dietary staples
does not influence the prognostic significance of LINC01354 in the West China cohort. This result is
important for understanding lifestyle factors that might interact with biomarker efficacy. An
intriguing aspect of the study was the analysis based on patients' birth locations. LINC01354
expression was significantly associated with survival in patients born in Xinjiang but not in those
born elsewhere in China. This finding suggests that environmental or genetic factors linked to
birthplace might interact with LINC01354 expression, influencing its prognostic value.

The study culminated in the development of a prognostic model incorporating LINC01354
expression, birth location, and other established prognostic factors. The model demonstrated good
predictive accuracy for 3-year survival in both training and validation cohorts, with AUC values of
0.777 and 0.757, respectively. This model underscores the potential clinical utility of LINC01354 as a
prognostic biomarker, particularly for low-grade glioma patients in the West China population. The
findings suggest that LINC01354 could serve as a valuable prognostic biomarker for low-grade
glioma in specific regional contexts, particularly in West China. However, the regional variability in
its prognostic value warrants further investigation. Future studies should explore the molecular
mechanisms underlying this variability and consider larger, more diverse cohorts to validate these
findings. Additionally, examining environmental, genetic, and lifestyle factors in greater detail could
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provide insights into the factors influencing LINC01354's prognostic relevance. Overall, this study
highlights the importance of context-specific biomarker validation and the potential of LINC01354 in
enhancing the prognosis and management of for low grade glioma.

The mechanism behind the prognostic effect of LINC01354 remains largely unknown. This study
demonstrated that LINC01354 is upregulated in brain gliomas, and its elevated expression is
correlated with glioma prognosis. However, comprehensive studies on how LINC01354 influences
glioma prognosis are still lacking. LncRNAs impact patient survival through various mechanisms.
They can regulate post-translational modifications by acting as molecular sponges or competitive
endogenous RNAs (ceRNAs) that modulate miRNAs. Many IncRNAs influence pyroptosis via the
IncRNA-miRNA-mRNA pathways [34,35]. It has been discovered that IncRNA KCNQ1OT1,
LINC01278, IncRNA MIRLET7BHG, and IncRNA NEAT1 can target miR-296-5p upstream, affecting
glioma progression[36]. LncRNA NEATT1, in particular, can inhibit pyroptosis by regulating GSDMD.
Moreover, studies by Su et al. indicate that downregulated IncRNA NEAT1 can modulate GSDME
expression in colorectal cancer cells via miR-448 sponging, thereby inhibiting pyroptosis induced by
ionizing radiation[37]. Other research shows that knocking out IncRNA PVT1 can simultaneously
inhibit GSDMD and caspase-1 expression, significantly reducing inflammatory factor production and
release, thus suppressing pyroptosis[38]. LncRNA MALAT1 inhibits miR-141-3p to promote GSDMD
expression and induce pyroptosis[39]. LncRNA KCNQ1OT1 reduces pyroptosis by targeting miR-
214-3p and caspase-1[40]. In overexpressed IncRNA ADAMTS9-AS2 gastric cancer cells, it activates
NLRP3-mediated pyroptosis by sponging miR-223p[41].

Our data revealed that LINC01354 is upregulated in brain gliomas, and its increased expression
is associated with glioma prognosis. In fact, LINC01354 has been found to be upregulated in various
malignancies. In non-small cell lung cancer, LINC01354's upregulation can promote carcinogenesis
through the miR-340-5p/ATF1 axis[42]. In endometrial cancer, its upregulation activates the miR-
216b/KRAS axis, promoting tumor development[43]. Overexpression of LINC01354 can also enhance
colorectal cancer proliferation and metastasis by activating the hnRNP-D/Wnt/p-catenin signaling
pathway[44]. MicroRNAs (miRNAs), approximately 22 nucleotides long, inhibit mRNA transcription
or degrade target mRNAs by binding to their 3'UTR regions[45]. miR-214 is closely related to the
prognosis and development of malignant tumors, with its upregulation in liver cancer inducing
ferroptosis by activating GPX4 expression[46]. In colorectal cancer, miR-214 promotes invasion,
migration, and growth[47]. miR-214 also enhances p-ERK levels and activates the MAPK/ERK
signaling pathway, increasing PCNA levels while reducing p21, thereby promoting cell proliferation
and inhibiting apoptosis[48]. The NLRP3/caspase-1/GSDMD signaling pathway is crucial in
activating pyroptosis[49]. The NLRP3 inflammasome, a classic immune-inflammatory activation
pathway, recruits caspase-1 multiprotein complexes upon external or internal damage stimuli.
Caspase-1 subsequently cleaves prolL-13 and prolL-18, releasing mature IL-13 and IL-18 into the
bloodstream, elevating inflammatory responses. During this process, caspase-1 also cleaves GSDMD,
creating N-terminal fragments that form pores in the cell membrane, leading to pyroptosis[50].
Activation of the NLRP3/caspase-1/GSDMD pathway promotes pyroptosis and endometrial cancer
growth[49]. Cisplatin, an important drug for triple-negative breast cancer, effectively regulates the
NLRP3/caspase-1/GSDMD pathway, influencing disease progression[51]. This pathway also
mediates pyroptosis in neuroblastoma, promoting disease progression[52]. Importantly, prior
research confirmed that the expressions of LINC01354 and miR-214 are closely related to the
pyroptosis mechanism. However, whether LINC01354 can target miR-214 to activate the
NLRP3/caspase-1/GSDMD pathway and induce pyroptosis in glioma cells, thereby affecting disease
prognosis, remains unexplored. All these previous result might account for the prognostic effect of
LINC01354 in low grade glioma.
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