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Background: Currently, an increasing body of research suggests that blood-
based long non-coding RNAs (IncRNAs) could serve as biomarkers for diagnosing
multiple sclerosis (MS). This meta-analysis evaluates the diagnostic capabilities of
selected IncRNAs in distinguishing individuals with MS from healthy controls and
in differentiating between the relapsing and remitting phases of the disease.

Methods: We conducted comprehensive searches across seven databases in
both Chinese and English to identify relevant studies, applying stringent inclusion
and exclusion criteria. The quality of the selected references was rigorously
assessed using the QUADAS-2 tool. The analysis involved calculating summarized
sensitivity (SSEN), specificity (SSPE), positive likelihood ratio (SPLR), negative
likelihood ratio (SNLR), and diagnostic odds ratio (DOR) with 95% confidence
intervals (Cls). Accuracy was assessed using summary receiver operating
characteristic (SROC) curves.

Results: Thirteen high-quality studies were selected for inclusion in the meta-
analysis. Our meta-analysis assessed the combined diagnostic performance of
IncRNAs in distinguishing MS patients from healthy controls. We found a SSEN of
0.81(95% Cl: 0.74-0.87), SSPE of 0.84 (95% Cl: 0.78-0.89), SPLR of 5.14 (95% ClI:
3.63-7.28), SNLR of 0.22 (95% ClI: 0.16-0.31), and DOR of 23.17 (95% ClI:
14.07-38.17), with an AUC of 0.90 (95% CI: 0.87-0.92). For differentiating
between relapsing and remitting MS, the results showed a SSEN of 0.79 (95%
Cl: 0.71-0.85), SSPE of 0.76 (95% Cl. 0.64-0.85), SPLR of 3.34 (95% ClI:
2.09-5.33), SNLR of 0.28 (95% CI: 0.19-0.40), and DOR of 12.09 (95% ClI:
5.70-25.68), with an AUC of 0.84 (95% CI: 0.81-0.87).

Conclusion: This analysis underscores the significant role of IncRNAs as
biomarkers in MS diagnosis and differentiation between its relapsing and
remitting forms.
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Introduction

Multiple sclerosis (MS) is a chronic autoimmune inflammatory
demyelinating disorder that targets the central nervous system. Its
incidence exhibits substantial geographical and ethnic variability. In
Caucasian populations across Europe, North America, and Oceania,
the incidence rate is comparatively elevated, surpassing 100 per

10.3389/fgene.2024.1400387

100,000 individuals (Bartulos Iglesias et al., 2015; Howard et al.,
2016; Dal et al, 2023). Conversely, the incidence in Asian
populations is markedly lower. A comprehensive, nationwide
hospital-based study in China reported an annual MS incidence
of 0.235 per 100,000, with 0.055 per 100,000 in children and
0.288 per 100,000 in adults, underscoring a significantly reduced
incidence in comparison to Caucasian groups (Tian et al., 2020).

Studies from databases (n = 681)
PubMed (n=102)
Web of Science (n = 295) N
Embase (n = 242) 7’| Duplicates removed (n = 297)
Cochrane Library (n = 3)
Wanfang Data Knowledge Service Platform (n = 23)
China National Knowledge Infrastructure (n = 11)
Chongqing VIP Chinese Scientific Journals Database (n
=5)
A4
s _ N\ | Studies excluded (n = 295)
Rtadicsisoreencd (0= 354) - Title and abstract (n = 295)
\ 4
Full-text articles excluded (n = 76)
Full-text articles assessed for eligibility (n = 89) >|  Dataunavailable (n=9)

In vivo or in vitro experiments (n = 48)
Review, comments and case (n = 17)

The sample source is not blood (n = 2)

Studies included in qualitative synthesis (n = 13)

Studies included in quantitative synthesis (meta-analysis) (n = 13)

FIGURE 1
Flow chart for inclusion and exclusion of literature.
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TABLE 1 The basic characteristics of the included studies.

Country No. of MS Sex (Male/  No. of Sex (Male/ LncRNA Normalizer
patients Female) control Female)
Ghaiad et al. 2019 Egypt 72 Relapse: Relapse: 13/24 28 39 (6) 9/19 Blood APOALI-AS, IFNG- qRT-PCR GAPDH
33.8 (14.3) AS1, RMRP
Remission: Remission: 8/27
355 (13.3)
Gharesouran 2019 Iran 50 362 +£29 19/31 50 353+ 21 23/27 Blood HURI qRT-PCR GAS5
et al.
Sayad et al. 2019 Iran 50 362 +27 15/35 50 353 +24 15/35 Blood HULC qRT-PCR HPRT1
Shaker et al. 2019 Egypt 45 313 +£83 6/39 45 324 +£92 8/37 Blood MALAT]I, Inc-DC qRT-PCR GAPDH
Senousy et al. 2020 Egypt 108 31.23 £ 8.57 24/84 104 329 £9.66 @ 26/78 Serum GAS5 qRT-PCR GAPDH
Safa et al. 2021 Iran 50 65.30 £ 10.80 12/38 50 6420+ 13/37 Blood HNF1A-ASI, qRT-PCR Beta-2-
10.50 LINC00305, LNC- microglobulin
MKI671P
Soltanmoradi 2021 Iran 60 Relapse: Relapse: 5/25 30 29 +52 6/24 Blood NKILA, H19, HOTAIR, = qRT-PCR Beta-2-
et al. 30+ 7.5 THRIL, ANRIL microglobulin
Remission: Remission: 6/24
29 £6.3
Akbari et al. 2022 Iran 50 Male: 12/38 50 NA NA Blood SNHGS5, DANCR qRT-PCR Beta-2-
37.5 +10.8 microglobulin
Female:
40.13 £ 9.52
Akbarzadeh 2023 Iran 95 36.81 + 8.37 15/80 95 36.81 £8.35 15/80 Blood MIAT, H19, NRON qRT-PCR GAPDH
et al.
Attia et al. 2023 Egypt 70 Relapse: 35 Relapse: 9/26 30 30 (22-45)  10/20 Serum Inc-EGFR qRT-PCR GAPDH
(20-50)
Remission: 32 Remission: 11/24
(19-48)
Ghafouri-Fard 2023 Iran 50 Male: 12/38 50 NA NA Blood RAD51-ASI, qRT-PCR GAPDH
et al. 37.5 £ 10.8 ZNRDI1ASP, NORAD
Female:
40.13 £ 9.52
Kamal et al. 2023 Egypt 118 31.10 57/61 20 37.70 £ 9/11 Blood MAGI2-AS3 qRT-PCR GAPDH
9.04 et al. 16.84
Kortam et al. 2023 Egypt 100 32 +89 22/78 50 35+97 16/34 Blood MAGI2-AS3 qRT-PCR GAPDH
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FIGURE 2

Quality assessment of included studies using QUADAS-2. This figure presents the quality assessment of each included study using the QUADAS-2
tool, which evaluates the risk of bias and applicability concerns across four domains: patient selection, index test, reference standard, and flow and timing.
Each study is assessed for potential bias and applicability with the following indicators: green with a plus sign (+) denotes low risk of bias or concern,
yellow with a question mark (?) indicates unclear risk or concern, and red with a minus sign (=) represents high risk or significant concern.
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FIGURE 3

Diagnostic evaluation of blood IncRNAs in MS using meta-Analytic techniques. This figure illustrates the meta-analytic assessment of blood IncRNAs
in differentiating MS patients from healthy controls. Forest plots of (A) SSEN, (B) SSPE, (C) SPLR, (D) SNLR and (E) DOR. (F) AUC of SROC. (G) The fagan's

nomogram. (H) The results of publication bias.

Importantly, recent evidence suggests a notable uptrend in MS
incidence (Koch-Henriksen and Magyari, 2021). The prognosis of
MS is highly individualized, contingent on disease type, symptom
severity, and treatment responsiveness. Clinical trajectories can
range from gradual symptom progression to rapid deterioration.
Timely diagnosis and intervention are imperative for mitigating
disease advancement, managing symptoms, and enhancing
life quality.

The diagnostic process for MS generally adheres to the
established “McDonald Criteria” (Thompson et al., 2018). These
criteria necessitate evidence of lesions dispersed across the central
nervous system (termed “dissemination”) and manifesting over time
(“temporal”). Principal diagnostic tools encompass Magnetic
Resonance Imaging for detecting brain and spinal cord lesions,
cerebrospinal fluid analysis for immune system activity indicators,
and clinical symptom evaluation. MS diagnosis also involves the
exclusion of other potential conditions. Given the complexity of MS
diagnosis, blood markers have emerged as a non-invasive and
efficient alternative, significantly aiding in MS diagnosis. For
instance, TLR-2 and TLR-4 expression in peripheral blood
demonstrate high sensitivity and specificity in differentiating MS
patients from healthy individuals (Labib et al, 2022). A meta-
analysis encompassing 9 studies indicated that serum miRNA
may serve as a viable diagnostic biomarker for MS (Zailaie
et al.,, 2022).

Non-coding RNA, transcribed from the genome but not
involved in protein coding, plays a pivotal role in transcriptional
and post-transcriptional regulation and serves as a crucial epigenetic

Frontiers in Genetics

modulator (Nowak et al, research
predominantly focuses on
categorized based on length into small non-coding RNAs
(sncRNAs), medium-length non-coding RNAs (mncRNAs), and
long non-coding RNAs (IncRNAs) (Dahariya et al., 2019). The
IncRNA present in blood has been established as a non-invasive
biomarker, demonstrating significant potential in the diagnosis of a
diverse array of diseases (Li et al., 2022; Liao et al., 2022; Zhao et al.,
2022). Recent findings suggest that IncRNAs could serve as potential
biomarkers in MS, predicting disease onset, activity, progression
stage, and response to disease-modifying drugs (Nociti and Santoro,
2021). For example, a study involving 30 healthy controls and
120 MS patients identified serum IncRNA RUNXOR as a

discriminative marker between clinically isolated syndrome and

2022). Contemporary
regulatory non-coding RNAs,

relapsing-remitting multiple sclerosis (Haridy et al, 2023).
Another study highlighted the diagnostic potential of
AL928742.12 and RP11-530C5.1 as MS biomarkers (Ghoveud
et al,, 2020). This meta-analysis aims to verify the consistency of
IncRNA in diagnosing MS and to possibly uncover trends or
patterns not discernible in individual studies.

Materials and methods
Literature search

Comprehensive literature searches were executed in English
databases, including PubMed, EMBASE, the Cochrane Library,
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FIGURE 4

Comparative diagnostic performance of blood IncRNAs in different MS phases. Forest plots in this figure evaluate the effectiveness of blood IncRNAs
in distinguishing between relapsing MS and remitting MS patients. Forest plot of (A) SSEN, (B) SSPE, (C) SPLR, (D) SNLR and (E) DOR. (F) AUC of SROC. (G)

The fagan's nomogram. (H) The results of publication bias.

and Web of Science, alongside Chinese databases such as China
National Knowledge Infrastructure, Wanfang Data Knowledge
Service Platform, and the Chongqing VIP Chinese Scientific
Journals Database. These searches focused on IncRNA expression
and MS-related research. A strategic combination of Medical Subject
Headings (MESH) was employed to ensure an exhaustive coverage
of relevant literature. The temporal scope of the search spanned
from the inception of each database up to 1 December 2023,
encompassing literature in both English and Chinese. Detailed
Boolean logic retrieval formulas utilized in each database are
presented as follows:

(Noncoding RNA, Long) OR (IncRNA)) OR (Long ncRNA))
OR (ncRNA, Long)) OR (RNA, Long Non-Translated)) OR (Long
Non-Translated RNA)) OR (Non-Translated RNA, Long)) OR
(RNA, Long Non Translated)) OR (Long Non-Coding RNA)) OR
(Long Non Coding RNA)) OR (Non-Coding RNA, Long)) OR
(RNA, Long Non-Coding)) OR (Long Non-Protein-Coding
RNA)) OR (Long Non Protein Coding RNA)) OR (Non-
Protein-Coding RNA, Long)) OR (RNA, Long Non-Protein-
Coding)) OR (Long Noncoding RNA)) OR (RNA, Long
Untranslated)) OR  (Long  Untranslated RNA)) OR
(Untranslated RNA, Long)) OR (Long ncRNAs)) OR (ncRNAs,
Long)) OR (Long Intergenic Non-Protein Coding RNA)) OR
(Long Intergenic Non Protein Coding RNA)) OR (LincRNAs))
OR (LINC RNA)) OR (LincRNA)) AND (Sclerosis, Multiple) OR
(Sclerosis, Disseminated)) OR (Disseminated Sclerosis)) OR (MS
(Multiple Sclerosis))) OR (Multiple Sclerosis, Acute Fulminating))
OR (Multiple sclerosis)).
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Inclusion and exclusion criteria

Inclusion Criteria: 1. Studies examining IncRNAs in blood
(including plasma and serum) related to the diagnosis or
subtyping of MS, excluding other bodily fluids or tissues. 2.
Inclusion of patients with definitive MS diagnosis, excluding
clinically suspected cases. 3. Availability or calculability of
diagnostic test data: true positive (TP), false positive (FP), true
negative (TN), and false negative (FN). 4. Presence of a control
group for comparison, either healthy individuals or contrasting MS
relapse and remission phases. 5. A minimum sample size of
20 patients. 6. Publications in English or Chinese.

Exclusion Criteria: 1. Studies lacking derivable diagnostic test
data, including inability to obtain such data via direct or indirect
2. Non-original data reviews,
commentaries, and conference abstracts. 3. Research based on
animal or cell models. 4. Studies focusing on children or infants,
rather than adult populations.

means. literature, such as

Data extraction and quality assessment

Two independent investigators conducted the literature search
and data extraction, with any disagreements resolved through
discussion with a third author. Extracted data primarily
included the first author’s name, year of publication, study
country, language, basic demographics (age, gender) of MS
patients and controls, sample source, IncRNA species, internal
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*p<0.05, **p<0.01, ***p<0.00

*p<0.05, **p<0.01, **p<0.001

*p<0.05, **p<0.01, ***p<0.001

*p<0.05, **p<0.

01, ***p<0.001

Univariable meta-regression and subgroup analysis results. This figure presents the outcomes of univariable meta-regression and subgroup

analyses, assessing the impact of various covariates on the diagnostic performance of blood IncRNAs. (A) The blood IncRNAs was utilized to differentiate
between MS patients and the healthy control. (B) The blood IncRNAs was utilized to differentiate between Relapsing MS and the Remitting MS patients.

TABLE 2 Meta regression and subgroup analysis of the meta-analysis.

Parameter Category No. of studies Sensitivity [95% CI] p-Value Specificity [95% Cl]
MS vs. Health Sample>150 Yes 5 0.89 [0.81-0.97] 0.48 0.85 [0.75-0.96] 0.15
No 19 0.78 [0.71-0.85] 0.84 [0.77-0.90]
Cut-off value | Yes 15 0.82 [0.74-0.89] 0.06 0.86 [0.79-0.93] 0.12
No 9 0.81 [0.71-0.91] 0.82 [0.72-0.92]
Egypt Yes 11 0.77 [0.66-0.87] <0.01 0.89 [0.82-0.96] 028
No 13 0.85 [0.78-0.92] 0.80 [0.71-0.88]
GAPDH Yes 17 0.80 [0.72-0.88] 0.02 0.86 [0.80-0.92] 033
No 7 0.84 [0.74-0.94] 0.78 [0.66-0.91]
Relapse vs. Egypt Yes 6 0.79 [0.69-0.89] 0.10 0.73 [0.58-0.88] 0.17
Remission
No 5 0.79 [0.68-0.90] 0.80 [0.66-0.94]
GAPDH Yes 6 0.79 [0.69-0.89] 0.10 0.73 [0.58-0.88] 0.17
No 5 0.79 [0.68-0.90] 0.80 [0.66-0.94]

reference, cut-off values, and diagnostic test data (TP, FP, TN, FN).
The Quality Assessment of Diagnostic Accuracy Studies-2

included studies, focusing on four critical domains: patient
selection, index test, reference standard, and flow and timing

(QUADAS-2) tool was employed for evaluating the quality of  (Whiting et al., 2011).
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Sensitivity analysis of blood IncRNAs for MS diagnosis. Here, sensitivity analyses are conducted to evaluate the robustness of using blood IncRNAs to
distinguish MS patients from healthy controls. (A) goodness-of-fit, (B) bivariate normality, (C) influence analysis, and (D) outlier detection.

Statistical analysis

Diagnostic values from the included literature were meta-
analyzed using Stata 15.0 and Meta-DiSc 1.4 (Zamora et al,
2006), while Review Manager 5.4 facilitated the literature quality
assessment. Spearman regression analysis was applied to identify
any threshold effect. In the absence of a threshold effect, Cochran’s
Q test and Higgins I-squared test were employed for heterogeneity
assessment. A bivariate random-effects model (Negeri and Beyene,
2020; Baragilly and Willis, 2022) calculated the summarized
sensitivity (SSEN), specificity (SSPE), positive likelihood ratio
(SPLR), negative likelihood ratio (SNLR), and diagnostic odds
ratio (DOR). Summary receiver operating characteristic (SROC)
curves were generated, and the area under the curve (AUC) was
computed for diagnostic accuracy assessment. Fagan’s nomogram
(Caraguel and Vanderstichel, 2013) was utilized for post-test
probability verification, while sensitivity analysis gauged the
robustness of results against individual studies. The Deek’s test
ascertained the presence of publication bias. Meta-regression and
subgroup analyses were conducted to explore potential
heterogeneity sources. A p-value of less than 0.05 was considered

statistically significant.

Frontiers in Genetics

Results
Literature search and quality assessment

Our search across four English and three Chinese databases
yielded 681 articles. After duplicates were removed, 384 articles
remained. Subsequent careful screening of abstracts led to the
exclusion of 295 articles. Final inclusion criteria—excluding
data
extraction issues, reviews, and comments—resulted in 13 studies
(Gharesouran et al., 2019b; Sayad et al., 2019; Shaker et al., 2019;
Ghaiad et al, 2020; Senousy et al, 2020; Safa et al, 2021;
Soltanmoradi et al., 2021; Akbari et al., 2022; Amiri et al., 2022;
Attia et al., 2023; Ghafouri-Fard et al., 2023; Kamal et al., 2023;
Kortam et al., 2023) qualifying for the meta-analysis. This process is
detailed in Figure 1. The studies, published from 2019 to 2023,
predominantly originate from Egypt and Iran and are written in

animal cell experiments, non-blood sample studies,

English. The main details of these studies are summarized in Table 1.
Quality assessment via QUADAS-2 revealed some risks in patient
selection due to missing age and gender details in control groups and
high risk in the index test due to absent specific cutoff values.
Nevertheless, the overall literature quality is high (Figure 2).
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Sensitivity analysis for blood IncRNAs in differentiating MS Phases. Sensitivity analyses are shown assessing the reliability of blood IncRNAs in
distinguishing between relapsing and remitting MS patients. (A) goodness-of-fit, (B) bivariate normality, (C) influence analysis, and (D) outlier detection.

Efficacy of blood IncRNAs in differentiating
MS patients

MS patients vs. healthy individuals

In this meta-analysis, which included data from 12 articles and
24 studies, we observed no threshold effect (Spearman correlation
coefficient: 0.230, p = 0.280), indicating consistency among the
studies. The pooled SSEN was 0.81 (95% CI 0.74-0.87)
(Figure 3A) and SSPE was 0.84 (95% CI 0.78-0.89) (Figure 3B),
suggesting high accuracy of IncRNA testing in identifying MS. The
SPLR of 5.14 (95% CI 3.63-7.28) (Figure 3C) implies that MS
patients are significantly more likely to test positive compared to
healthy individuals, while the SNLR of 0.22 (95% CI 0.16-0.31)
(Figure 3D) indicates that a negative test is informative for ruling out
the disease. The DOR of 23.17 (95% CI 14.07-38.17) (Figure 3E) and
the AUC 0f 0.90 (95% CI 0.87-0.92) (Figure 3F) underline the strong
discriminative power of blood IncRNAs. Fagan’s nomogram and the
absence of publication bias (Figures 3G, H) further validate the
clinical utility of these biomarkers, suggesting their potential
integration into diagnostic workflows to improve early detection
and management of MS.
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Relapsing vs. remitting MS patients

This segment of the meta-analysis involved three articles
comprising 11 studies. The Spearman correlation coefficient
was 0.083 (p = 0.809), showing no threshold effect, which
suggests consistency across the included studies. The meta-
analysis yielded a SSEN of 0.79 (95% CI 0.71-0.85)
(Figure 4A) and SSPE of 0.76 (95% CI 0.64-0.85) (Figure 4B),
indicating high accuracy of IncRNA testing in differentiating
conditions. The SPLR was 3.34 (95% CI 2,09-5.33) (Figure 4C),
suggesting that positive test results are more likely in affected
individuals, while the SNLR of 0.28 (95% CI 0.19-0.40)
(Figure 4D) reinforces the reliability of a negative test. The
DOR stood at 12.09 (95% CI 5.70-25.68) (Figure 4E),
highlighting the strong diagnostic capability of the test.
Additionally, the AUC of 0.84 (95% CI 0.81-0.87) (Figure 4F)
underscores the overall effectiveness of the IncRNAs as
diagnostic markers. Fagan’s nomogram, depicted in Figure 4G,
confirmed significant post-test probability changes, enhancing
clinical decision-making based on IncRNA testing results. The
absence of publication bias, as shown in Figure 4H, further
validates the robustness of these findings.
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Meta-regression and subgroup analyses

Univariable meta-regression and subgroup analyses (Figure 5;
Table 2) were conducted. For differentiating MS patients from
healthy individuals, we analyzed sample size, cutoff clarity, study
origin, and GAPDH usage. Study origin (Egypt) and GAPDH usage
emerged as heterogeneity contributors. In differentiating relapsing
from remitting patients, neither of these factors significantly
impacted heterogeneity.

Sensitivity analysis

MS patients vs. healthy individuals

Goodness of fit and bivariate normality analyses (Figures 6A, B)
confirmed model robustness. Influence analysis identified three
outliers (Figures 6C, D). Excluding these outliers resulted in
SSEN of 0.81 (95% CI 0.74-0.86), SSPE of 0.82 (95% CI
0.76-0.86), SPLR of 4.4 (95% CI 3.3-5.8), SNLR of 0.24 (95% CI
0.17-0.33), and DOR of 18 (95% CI 11-31), with an AUC of 0.88
(95% CI 0.85-0.91).

Relapsing vs. remitting MS patients

Similar analyses (Figures 7A, B) identified one outlier (Figures
7C, D). Post-exclusion results showed SSEN of 0.79 (95% CI
0.70-0.86), SSPE of 0.79 (95% CI 0.70-0.86), SPLR of 3.8 (95%
CI 2.5-5.8), SNLR of 0.27 (95% CI 0.18-0.40), and DOR of 14 (95%
CI 7-30), with an AUC of 0.86 (95% CI 0.83-0.89).

Discussion

Due to the complexity of clinical characteristics and unclear
pathogenesis of MS, there is an urgent need to search for more
potential biomarkers for specific diagnosis and prediction of disease
progression in patients at this stage. In the field of molecular biology,
IncRNAs have received widespread attention. These RNAs can
process mRNA encoding proteins and participate in various
pathological and physiological processes of organisms, such as
immune response, cell proliferation, apoptosis, and autophagy
(Wang et al., 2014). Previous studies have shown that IncRNA is
closely related to neurological diseases such as Alzheimer’s disease,
epilepsy, and MS (Hauser et al, 2018; Chen et al, 2019).
Additionally, studies have found significant expression differences
of MALATT1 in the peripheral blood of MS patients compared to
healthy controls, and MALATI demonstrates high diagnostic
capability for MS patients (Gharesouran et al., 2019a). To further
explore the diagnostic capabilities of IncRNAs, we conducted this
meta-analysis.

Our meta-analysis underscores the diagnostic utility of specific
IncRNAs in distinguishing relapsing-remitting multiple sclerosis
(RRMS) from healthy controls. Biomarkers such as HI9,
APOAI-AS, IFNG-AS1, RMRP, and Lnc-EGFR exhibit
considerable sensitivity and specificity, affirming their potential
for clinical applications. To further elucidate their utility, it is
imperative to explore these IncRNAs across various MS subtypes
and other neuroinflammatory conditions. Such investigations are
crucial for verifying whether these biomarkers are exclusive to
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RRMS or indicative of a broader spectrum of MS pathology.
Emerging research has revealed the prognostic capabilities of
RUNZXOR IncRNA in predicting the progression from clinically
isolated syndrome to RRMS, and its potential as a marker for
advancing from RRMS to secondary progressive MS (Haridy
et al,, 2023). Additionally, another study has identified IncRNA
biomarkers capable of differentiating phenotypic severity in MS
(Gupta et al., 2019). These findings suggest that IncRNAs could play
a critical role not only in diagnosing MS but also in forecasting its
progression and assessing disease severity. Thus, the integration of
these IncRNAs into clinical practice could significantly enhance the
management and stratification of MS patients, providing a
foundation for personalized therapeutic strategies.

The IncRNAs discovered in this study not only play a
diagnostic role but are also related to the pathological
mechanisms of MS. For instance, it has been observed that the
IncRNA GASS is significantly upregulated in the microglia of MS
patients (Sun et al, 2017). GAS5 inhibits the polarization of
M2 microglia while promoting the polarization of the
M1 subtype. The predominance of M1 and the scarcity of
M2 microglia are key pathological features of MS (Sun et al,
2017). Ml1-polarized microglia contribute to neuronal apoptosis
and inhibit the differentiation of oligodendrocyte progenitors into
mature oligodendrocytes. In contrast, M2-polarized microglia
support the
differentiation of oligodendrocyte progenitors, suggesting their

neuronal survival, dendritic growth, and
role in remyelination and neural repair at MS lesions (Miron
et al, 2013; Franco and Fernandez-Suédrez, 2015). In the
(EAE)
model, significant suppression of inflammatory cytokines from

microglia alleviates the severity of EAE, while transplantation of

experimental autoimmune encephalomyelitis animal

M2-polarized microglia into the central nervous system promotes
recovery (Yu et al., 2015). These experimental findings underscore
the critical involvement of different microglial polarization states
in the pathogenesis of MS. The differential expression of GAS5 in
these polarization states suggests that targeting microglial
polarization might be a novel therapeutic approach for MS,
centered on microglial dynamics.

MALATT1, located in the cell nucleus, orchestrates the expression
of various genes by arranging ribonucleoprotein complexes, thereby
influencing RNA transcription and maturation (Eiffmann et al.,
2012). It plays a crucial role in regulating gene expression in
neurons, encompassing nuclear and synaptic functions, as well as
synaptogenesis. A study by Masoumi et al. (Masoumi et al., 2019)
found that during the peak of EAE and in brain tissue sections of MS
patients, MALAT1 expression was downregulated in the central
nervous system. A decrease in MALAT1 expression in CD4" T cells
promotes the differentiation of these cells into pathogenic Thl and
Th17 phenotypes, while inhibiting Treg differentiation, thereby
enhancing the proliferation capability of T cells. These effects
indicate that MALATTI is involved in inducing anti-inflammatory
responses. Shaker et al. (Shaker et al., 2019) evaluated the levels of
MALATI1 in the serum of 45 Multiple Sclerosis (MS) patients.
Compared to the control group, there was a significant increase
in MALATT1 levels in the experimental group. The inconsistency in
the expression results of MALAT1 across these two studies points to
a need for further research in the future to understand these
disparities.
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LncRNAs have been identified as potential promoters of the
progression of MS. For instance, research in the clinical setting has
revealed a link between microglia activation and the exacerbation of
MS severity (Rothhammer et al., 2018). Microglia play a critical role
in demyelination induced by cuprizone through the production of
inflammatory cytokines such as TNF-a and interferon-y (Klein
et al., 2018). During this process, the expression of HOTAIR is
elevated, which facilitates the transformation of microglia into an
inflammatory M1-like phenotype and the secretion of inflammatory
mediators, governed by the regulation of miR-136-5p expression
(Duan et al., 2018). Duan et al. established that sulfasalazine can
reduce the polarization of microglia into the M1 state and curtail the
release of inflammatory agents by suppressing HOTAIR expression,
thereby aiding in the repair of myelin (Duan et al.,, 2018). These
findings indicate that targeting HOTAIR expression could be a
viable strategy in MS treatment protocols (Wang et al., 2022).

Our study does have certain limitations. Firstly, the meta-
analysis we conducted included studies primarily from Caucasian
populations in Egypt and Iran, lacking data from other ethnic
groups like Asians and Africans, which may reduce the
Secondly,
heterogeneity. ~Although we

representativeness research
exhibits

identified some major sources of this heterogeneity, the specific

of our findings. our

inevitably significant
sources of heterogeneity in the meta-analysis of IncRNAs for
differentiating between relapsing and remitting MS patients
remain unclear. Finally, our literature search was confined to
English and Chinese language sources, potentially overlooking
valuable studies published in other languages, which could
introduce some bias into our results.

Conclusion

LIncRNAs show promise as biomarkers for diagnosing MS and
distinguishing between Relapsing and Remitting MS Patients. The
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