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Behçet’s disease (BD) is a chronic inflammatory disease. Immunological defects have been shown to play
a significant role in the progression of BD. The serum levels of two long non-coding RNAs (lncRNAs),
NEAT1 and MALAT1, were examined in patients with BD to identify their role in the disease pathogenesis.
Both lncRNAs were mentioned as essential regulators of innate immune responses and have a crucial role
in inflammatory diseases. Fifty patients with BD and a similar number of control individuals were
involved in our study. At enrollment, data was collected from patients and controls, and the disease
severity in active cases was determined using the Behçet’s Disease Current Activity Form (BDCAF).
Levels of the two studied biomarkers in the serum, NEAT1 and MALAT1, were investigated by quantita-
tive RT-PCR (qRT-PCR). NEAT1 levels were significantly turned down in BD patients (fold changes = 0.77,
p = 0.0001) and correlated negatively with the BDCAF (r = �0.41; p = 0.003). On the other hand, the
MALAT1 levels were significantly up-regulated in BD patients (fold changes = 2.65, p = 0.003). Serum
levels of NEAT1 were significantly decreased in patients with active states than in stationary cases
(0.387 versus 1.99, respectively; p = 0.01) and compared with controls (p = 0.001). Also, NEAT1 levels were
significantly increased in patients with stationary states compared to controls (p = 0.03). There was a pos-
itive association between NEAT1 and MALAT1 levels among BD patients (r = 0.29, p = 0.04). Our findings
demonstrate a possible role of NEAT1 and MALAT1 in the pathogenesis of BD.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Behçet’s disease (BD) is a vasculitis condition marked by recur-
rent oral aphthous ulcers, genital ulcers, and uveitis (Davatchi
et al., 2017). According to BD etiology, it is an inflammatory disor-
der caused by a variety of genetic and environmental factors
(Scully et al., 2003). HLA-B51 and HLA-Cx14 alleles were fre-
quently found in Turkish and Japanese patients with BD
(Nakamura et al., 2019). A previous study discovered a relationship
between BD and pro-inflammatory factors such as interleukin (IL)-
1, IL-10, IL-21, IL-17, and tumor necrosis factor-a (TNF-a) (Kulaber
et al., 2007). So, TNF-a, and ILs have been considered novel thera-
peutic targets in treating BD patients to avoid the side effects of
prolonged use of corticosteroids. Besides, the T-helper 17 (Th17)/
T-regulatory (Treg) balance was mentioned to play a crucial role
in the immunological mechanisms of BD as well as its pathological
features, which means that BD is dependent on the Th1/Th17
immune response (Tong et al., 2019). The accelerated development
in research has contributed to the discovery of novel and promis-
ing biomarkers such as long non-coding RNAs (lncRNAs), which
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are RNA transcripts that are not translated. Many biological pro-
cesses, such as chromatin remodeling, gene transcription, and pro-
tein transport, are regulated by them (Mercer et al., 2009).
However, lncRNAs are emerging as important regulators of an
inflammatory immune response in various human diseases, such
as tumors, neurological diseases, and autoimmune diseases (Yue
et al., 2018). They are also in charge of controlling the transcription
and synthesis of immune-response genes and inflammatory
cytokines, respectively (Sigdel et al., 2015).

Nuclear paraspeckle assembly transcript 1 (NEAT1) is one of the
lncRNAs that has been related to a variety of pathological and
physiological processes, including the immune response (Huang
et al., 2019), viral infection (Imamura et al., 2014), cancer (Li and
Cheng, 2018), and neurodegeneration (Wang et al., 2019). As a
result, the studies revealed that NEAT1 might be a novel therapeu-
tic target for various diseases (Wang et al., 2020). Several studies
have shown that NEAT1 is also involved in immunoregulation
and plays a vital role in innate immune responses. NEAT1 has been
linked to the innate immune response by increasing the expression
of IL8. It was discovered to be up-regulated in autoimmune disor-
ders such as Sjögren’s syndrome (SS) and systemic lupus erythe-
matosus (SLE) (Gao et al., 2018). NEAT1 improves CD4 + T cell
differentiation into Th17 cells during the development of rheuma-
toid arthritis by increasing STAT3 expression, a vital agent for Th17
cell differentiation, through interaction with STAT3 and protecting
it from destruction by decreasing its ubiquitination (Shui et al.,
2019). MALAT1 is another long noncoding RNA, known as
metastasis-associated lung adenocarcinoma transcript 1. It was
primarily discovered in cancers and was recently mentioned to
have a role in the innate immune response (Chen et al., 2017).
The SLE patients expressed MALAT1 in monocytes and its expres-
sion levels were significantly elevated and positively related to sir-
tulin1 (SIRT1) signaling and IL-21 expression. These findings point
to MALAT-1 as a potential treatment target in SLE (Yang et al.,
2017).

Furthermore, according to West and co-workers report, the
NEAT1 and MALAT1 loci are close to each other in the genome. This
discloses that these lncRNAs may work together to control the
expression of a large number of genes. There are some noteworthy
discrepancies between these two lncRNAs. NEAT1 is found at tran-
scriptional start sites (TSS) and termination sites (TTS), while
MALAT1 is found primarily in gene bodies and near TTS, demon-
strating that these RNAs play independent but complementary
activities at co-bound locations. Transcription changes are mainly
associated with changes in NEAT1 localization, indicating that cer-
tain components of the transcription process have been contacted
(West et al., 2014).

Notably, multiple studies attempted to investigate the relation-
ship between the synergistic function of both lncRNAs and the
pathogenesis of different diseases, as type 2 diabetes mellitus
(Alfaifi et al., 2021), rheumatoid arthritis (Chatterjee et al., 2020),
atherosclerosis (Gast et al., 2019), lung cancer (Jen et al., 2017),
breast cancer (Arshi et al., 2018), and acute lymphoblastic leuke-
mia (Pouyanrad et al., 2019). Consequently, these two related
lncRNAs were considered as promising noninvasive markers linked
to the pathogenesis of different diseases. The current work aimed
to clarify the role of both lncRNAs NEAT1 and MALAT1 among
BD patients in disease pathogenesis and their correlation with
the disease’s clinical course.
2. Materials and methods

The local ethics committee (The Scientific Research Ethics Com-
mittee of the Faculty of Medicine, Fayoum University) approved
the protocol for the current study. All procedures are run in com-
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pliance with the standards of the Declaration of Helsinki. Informed
written consent to participate in the study has been obtained from
participants upon enrollment. We prepared the following manu-
script in accordance with Strengthening the Reporting of Observa-
tional studies in Epidemiology (STROBE) guidelines (Moher et al.,
2012).

2.1. Study design and patients

This case-control study was conducted on 50 patients with BD
and a similar number of age and sex-matched controls. Patients
with BD were recruited from the Department of Rheumatology,
Cairo University Hospital, Egypt, and diagnosed using the Interna-
tional Study Group Criteria for Behçet’s Disease ISBD (1990). The
study included a BD patients group and a healthy volunteers group.

2.1.1. BD patients group
2.1.1.1. Inclusion criteria. Patients had active BD, exhibiting at least
one of the symptoms of BD, despite treatment, or had stable dis-
ease with well-controlled symptoms. The patients had different
disease phenotypes such as uveitis, cutaneous lesions, genital
ulcers, and neurological affections to determine the relation of
the investigated biomarkers to different phenotypes.

2.1.1.2. Exclusion criteria. Those who had an autoimmune disease,
cancer, a chronic infectious disease, or a new infection within a
month of enrollment were exempted.

2.1.2. Healthy volunteers group
The control group consisted of 50 healthy volunteers who were

age and sex-matched and had no family history of BD or other
autoimmune disorders to compare them with the patient group
who had the same criteria except for BD to exclude the affection
of normal physiological conditions on the expression levels of the
studied lncRNAs. Before being enrolled, all participants were asked
to fill out an informed consent form. Those who had an autoim-
mune disease, cancer, a chronic infectious disease, or a new infec-
tion within a month of enrollment were exempted.

2.2. Data collection and laboratory investigation

At registration, the following data was collected from patients
and controls: age, gender, clinical presentation, fundus and central
nervous system examination, treatment modalities, disease activ-
ity as measured by Behçet’s Disease Current Activity Form (BDCAF)
(Lawton et al., 2004). The vacutainer device was used to collect
(5 mL) of blood from each subject. Samples were collected in tubes
with separator gels lodged between packed cells and the top serum
layer, then allowed to clot for 15 min before centrifugation at
4000 � g for 10 min. The serum samples were isolated from clotted
whole blood and kept at 80 �C until required (Bush et al., 2001).

2.3. RNA extraction

The serum samples were used for the estimation of the lncRNAs
expression levels by real-time PCR. RNA extraction was performed
using the miRNeasy extraction kit (Qiagen, Valencia, CA, United
States) as instructed by the manufacturer. A NanoDrop (ND)-
1000 spectrophotometer (NanoDrop Technologies, Inc. Wilming-
ton, DE, USA) was used to estimate the RNA concentration. RNA
was kept at –80 �C.

2.4. LncRNAs expression by quantitative RT-PCR

In the reverse transcription (RT) step, 60 ng of RNA was used.
GAPDH (internal control), readymade primers, and RT2 SYBR Green



Table 1
Demographic and clinical characters of the studied groups.

Variables BD Group
(n = 50)

Control Group
(n = 50)

P-value

Age, mean/SD 34.3 ± 8.7 33.6 ± 9.5 0.7
Male, No. (%) 41 (82%) 36 (80%) 0.9
Clinical Presentation, No. (%)
Oral Ulcers 24 (48%) – –
Genital Ulcers 11 (22%) – –
Cutaneous Lesions 17 (34%) – –
Uveitis, No. (%) 13 (26%) – –
Neurological affection, No. (%) 6 (12%) – –
Treatment, No. (%)
Azathioprine 15 (30%) – –
Steroids 31 (62%) – –
Colchicine 36 (72%) – –
Active disease, No. (%) 38 (76%) – –
BDCAF, mean/SD 2.3 ± 1.3 – –

BDCAF = Behçet’s disease Current Activity Form.
SD = standard deviation.
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PCR kit (Qiagen, Germantown, MD, USA) were used to assess
lncRNA serum expression (Duan et al., 2016). The RT2 lncRNA
PCR assay for MALAT1 was dependent on predesigned primers cat-
alog no: 330701 LPH18065A, Accession no: NR_002819.2. The RT2
lncRNA PCR assay for NEAT1 was dependent on predesigned pri-
mers catalog no: 330,701 LPH15809A, Accession no:
NR_028272.1. We used GAPDH as an internal housekeeping gene
(Adriaens et al., 2016) (Catalog no: 330,701 LPH31725A, Accession
no: ENST00000496049.0). Twenty microliter reaction mixtures
were used in RT-PCR by mixing 10 ll of master mix, 1 ll ready-
made assay primer, 2.5 ll of dil. cDNA, and 5.5 ll RNAase-free
water. PCR conditions were as follows: 95 �C for 10 min, after that,
45 cycles at 95 �C for 15 s and 60 �C for 60 s. Gene expression rel-
ative to internal control (2�DCt) was determined. A melt curve anal-
ysis was done to ensure the specificity of the corresponding RT-PCR
reactions. Fold change was calculated using 2�DDCt for relative
quantification (Livak and Schmittgen, 2001). For the control sam-
ple, DDCt equals zero, and 20 is equal to one (Shaker et al.,
2019a,b).
2.5. Study outcomes

The present study’s main parameters were fold changes in the
two studied lncRNAs, NEAT1 and MALAT1, and their diagnostic
utility in BD patients. The secondary outcomes included the asso-
ciation between the fold changes in the two studied biomarkers
and the clinical activity of BD, clinical presentation, and treatment
modality.
2.6. Statistical analysis

Data analysis was performed using the Statistical Package of
Social Science (SPSS) software version 25. Simple descriptive anal-
ysis in the form of numbers and percentages for qualitative data,
and arithmetic means as central tendency measurement and stan-
dard deviations as a measure of dispersion for quantitative para-
metric data. Quantitative data included in the study was first
tested for normality by the One-Sample Kolmogorov-Smirnov test
in each study group, then inferential statistical tests were selected.
For quantitative parametric data, an In-dependent student T-test
was used to compare measures of two independent groups of
quantitative data. Regarding quantitative non-parametric data,
the Mann-Whitney test was used for comparing two independent
groups. For qualitative data, the Chi-square test can be used to
compare two or more qualitative groups. The Spearman correlation
test was used to determine the association between variables. The
P-value < 0.05, was considered the cut-off value for significance.
3. Results

A total of 50 patients and a similar number of matched controls
were recruited. The patients’ and healthy controls’ mean ages were
34.3 (26.8 – 38) and 33.6 (25 – 40.3), respectively (p = 0.7). Males
made up the majority of subjects in both groups (82% versus 80%,
p = 0.9). Forty eight percent (48%) of cases had an oral ulcer, 22%
had a genital ulcer, and 34% had cutaneous lesions. The examina-
tion revealed the presence of uveitis in 26% of the patients, and
12% of the patients had neurological affections. Regarding medica-
tions, 72% were taking colchicine, 62% were taking steroids, and
30% were taking azathioprine at the time of the study. As regard
to activity, 76% of our patients are in an active state (on double
or triple treatment) and 24% of the patients are in a stationary state
(on no treatment or on azathioprine only) (Table 1).
3

3.1. Serum levels of lncRNA NEAT1 among cases

The LncRNA NEAT1 was significantly down-regulated in BD
patients compared to controls; the decrease was > 2 folds from
controls. NEAT1 fold change was 0.77 (p = 0.0001) (Table 2). As
regard to disease activity, we found that there was a statistically
significant low mean of NEAT1 (with p = 0.01) among active cases
compared to stationary cases (Table 3), (Figs. 1, 2).

3.2. Correlation between NEAT1 and BDCAF in BD patients

According to this study, there was a statistically significant neg-
ative correlation between NEAT1 and BDCAF levels (r = �0.41,
p = 0.003) which indicated that a decrease in BDCAF would be asso-
ciated with an increase in NEAT1 levels (Fig. 3).

3.3. Serum levels of lncRNA MALAT1 among cases

LncRNA MALAT1 was significantly up-regulated in BD patients
compared to controls, with an increase � of 2 folds from controls.
The fold change was 2.65 (p = 0.003) (Table 2). As regards to dis-
ease activity, we found that there was no statistically significant
difference between active and stationary cases (with p-
value > 0.05) as regards the MALAT1 level (Table 3), (Figs. 4, 5).

3.4. Correlation between MALAT1, NEAT1, and BDCAF in BD patients

There was a positive association between NEAT1 and MALAT1
levels among BD patients (r = 0.29, p = 0.04). On the other hand,
There was no statistically significant correlation with a p-
value > 0.05 between MALAT1 and BDCAF.

3.5. Relationship between the expression levels of NEAT1 and MALAT1
markers and different disease phenotypes

There was no statistically significant difference with p-
value > 0.05 in NEAT1 and MALAT1 levels in different disease phe-
notypes or different treatment types (Table 4).

3.6. Sensitivity and specificity test for NEAT1 and MALAT1 in BD
diagnosis

The sensitivity and specificity tests for NEAT1 and MALAT1
illustrated that NEAT1 is more sensitive than MALAT1 in the diag-
nosis of cases with sensitivity (76%) and specificity (100%) at cut off
(0.786) (AUC = 88.4%, 95% CI: 80.9–95.5) versus 60% and 100%



Table 2
Comparisons of NEAT1, and MALAT1 levels in different study groups. Table illustrates that there is statistically significant low mean of NEAT1 levels, and high mean of
MALAT1 levels with p-value < 0.05 among cases.

Variables Cases (n = 50) Control (n = 45) p-value

Mean SD Mean SD

NEAT1 0.77 1.5 1.03 0.23 0.0001*

MALAT1 2.65 8.9 1.03 0.23 0.003*

Table 3
Comparisons of NEAT1, and MALAT1 levels in different disease activity among cases. Table illustrates that there is statistically significant low mean of NEAT1, with p-
value < 0.05 in active cases than stationary, and low mean among active and stationary in comparison to control. On the other hand there is no statistically significant difference
with p-value > 0.05 as regards MALAT1 level between active, stationary cases and controls.

Variables Active (n = 38) Stationary (n = 12) Control (n = 45) p-value

Mean SD MEAN SD Mean SD

NEAT1 0.38 0.32 1.99 2.9 0.93 0.13 0.01*a

< 0.001*b

0.03*c

MALAT1 2.5 9.7 3.22 5.3 0.95 0.14 0.4

a: statistical significance difference between active and stationary.
b: statistical significance difference between active and controls.
c: statistical significance difference between stationary and controls.

Fig. 1. Dot plots for relative expression levels of NEAT1 in Cases and Healthy Controls.
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respectively for MALAT1 at cut off (0.744) (AUC = 67.1%, 95% CI:
54.7–79.4) (Table 5) (Fig. 6).
4. Discussion

The present report is the first study investigating the expression
of NEAT1 and MALAT1 in patients with BD to the best of our
knowledge. MALAT1, also known as NEAT2, is a lncRNA that has
4

recently attracted a lot of attention. MALAT1 is located on the
11q13 human chromosome and is extensively expressed in many
tissues, especially the lung and pancreas (Wang et al., 2015). There
is growing evidence that NEAT1 and MALAT1 are co-enriched at
specific gene loci, resulting in augmented transcription activity
(Zhang et al., 2012). The current study, investigated these lncRNAs
that play a crucial role in the innate immune response.

This study showed that NEAT1 levels were significantly down-
regulated in BD patients compared to controls (fold change > 2,



Fig. 2. Dot plots for relative expression levels of NEAT1 in the patients with active state versus the patients with stationary state.

Fig. 3. Correlation between expression levels of NEAT1 and BDCAF of the patients.
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p = 0.0001). The levels of NEAT1 were altered with the disease
course. NEAT1 levels were increased in patients with the stationary
course and significantly decreased in the active state (p = 0.01).
5

These findings could be attributed to the therapeutic effect of
colchicine and steroids used in active cases. In line with our find-
ings, Han et al. discovered that plasma levels of NEAT1, IL-2, IL-1,



Fig. 4. Dot plots for relative expression levels of MALAT1 in Cases and Healthy Controls.

Fig. 5. Dot plots for relative expression levels of MALAT1 in the active and stationary cases.
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Table 4
Comparisons of NEAT1, and MALAT1 relative expression levels in different disease phenotypes. Table illustrates that there was no statistically significant difference with p-
value > 0.05 in NEAT1 and MALAT levels in different disease phenotypes, and in different types of treatment.

Variables NEAT1 MALAT1

Mean SD p-value Mean SD p-value

Fundus examination
Normal 0.899 1.8 0.6 1.76 3.3 0.4
Uveitis 0.41 0.32 5.2 16.7
Oral ulcer
No 0.36 0.32 0.07 0.96 1.4 0.2
Yes 1.15 2.1 4.2 12.1
Genital ulcer
No 0.42 0.35 0.4 1.72 1.7 0.7
Yes 0.87 1.8 2.9 9.9
Cutaneous lesion
No 0.35 0.29 0.2 0.81 1.3 0.3
Yes 0.99 1.9 3.6 10.8
Neurological affection
No 0.80 1.7 0.7 2.91 9.4 0.6
Yes 0.56 0.24 0.68 1.1
Treatment
Steroids Yes 0.91 1.9 0.7 3.53 11.2 0.8

No 0.55 0.76 1.21 1.4
Azathioprine Yes 1.12 2.2 0.08 6.1 15.7 0.1

No 0.62 1.2 1.2 1.9
Colichicine Yes 0.83 1.8 0.9 1.69 3.3 0.9

No 0.63 0.87 5.1 16

Table 5
Sensitivity and specificity of NEAT1 and MALAT1 in the diagnosis of BD patients. Table illustrated that NEAT1 is more sensitive than MALAT1 in the diagnosis of BD cases with
sensitivity (76%) and specificity (100%) at cut off (0.786) (AUC = 88.4%, 95% CI: 80.9–95.5) versus 60% and 100% respectively for MALAT1 at cut off (0.744) (AUC = 67.1%, 95% CI:
54.7–79.4).

Variable Sensitivity Specificity AUC Cut off point 95% CI

NEAT1 76% 100% 88.4% 0.786 80.9–95.5
MALAT1 60% 100% 67.1% 0.744 54.7–79.4

AUC = area under curve.
CI = confidence interval.
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and TNF-a were highest in symptomatic recurrent aphthous stom-
atitis patients before using colchicine in treatment. Patients with
recurrent aphthous stomatitis treated with colchicine had signifi-
cantly lower plasma levels of NEAT1, IL-2, IL-1, and TNF-a (Han
et al., 2021). As a result, NEAT1 is linked to the occurrence of BD,
and changes in the plasma level of NEAT1 may be used as a prog-
nostic marker to monitor therapeutic outcomes and predict recur-
rence of BD. Elevated NEAT1 levels in stationary patients with no
symptoms suggest the presence of subclinical inflammation.
NEAT1 may be used to monitor and control subclinical inflamma-
tory reactions of BD, thus, preventing the diseases progression and
development. On the other hand, our results may disagree with the
outcome of the study by Mohammed and coworkers (Mohammed
et al., 2021). This could be attributed to the difference in the
applied therapeutic options as well as disease state, patient’s
symptoms, and subgroups.

Moreover, the NEAT1 fold changes correlated negatively with
the BDCAF (r = �0.41; p = 0.003). This finding indicated that the
down-regulation of NEAT1 was associated with severe BD, and
NEAT1 may have a prognostic value in the disease. The role of
NEAT1 in regulating the innate immune response has been recog-
nized recently. Pre-clinical studies have identified NEAT1 as a
novel immunoregulator lncRNA that acts on Th17 cell differentia-
tion and monocyte-macrophage functions (Chen et al., 2018).
Deniz et al. (2017) mentioned that Th17 expresses IL17 and inter-
feron c (INF c) in BD. IL17 and interferon c are associated with ele-
vated innate responses, neutrophil infiltrations in the tissues, and
late adaptive immune responses in BD (Deniz et al., 2017).

In addition, Zhang and co-workers reported that NEAT1 expres-
sion in SLE patients’ monocytes was positively associated with SLE
7

disease activity. NEAT1 silencing also decreased the expression of
chemokines and cytokine groups such as IL-6 and CXCL10 (C-X-C
motif chemokine ligand 10). This is mainly attributed to its influ-
ence on the late mitogen activated protein kinase ( MAPK) path-
ways (Zhang et al., 2016). Accordingly, Pandey et al. (2017) found
that NEAT1 levels were significantly increased in a stable state of
dengue fever while decreasing during disease activity. Also,
NEAT1 levels were negatively correlated with dengue severity
(Pandey et al., 2017). In addition, Bayyurt and his group found that
NEAT1 was down-regulated in Crimean–Congo hemorrhagic fever
(CCHF) patients and fatal groups compared with controls
(Bayyurt et al., 2020).

Regarding MALAT1, we found that its fold change was signifi-
cantly increased in BD patients (fold change was 2.65, p = 0.003)
but did not correlate with the BDCAF (r = �0.133; p = 0.36). Due
to its broad expression, a major association was described between
MALAT1 and autoimmune diseases. Its expression was elevated in
SLE patients and positively related to SIRT1 signaling and IL-21
expression (Yang et al., 2017). IL-21 has a critical role in enhancing
inflammatory reactions in BD by increasing Th17 and decreasing
Treg cells. IL-21 is considered a novel therapeutic target in BD
(Geri et al., 2011). In addition, Shaker and co-workers found that
MALAT1 was significantly increased in multiple sclerosis (MS)
patients (Shaker et al., 2019a,b).

Our findings demonstrated the substantial role of MALAT1
expression in the pathogenesis of BD, and this lncRNA may have
good predictive power as the MALAT1 levels did not change with
the disease activity. On the other hand, detection of decreased
NEAT1 levels in patients with active disease implies that this
lncRNA may be useful for patients’s follow-up, determination of



Fig. 6. ROC curve for detecting the predictive power of NEAT1 and MALAT1 in BD diagnosis.
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subclinical inflammation, and predictability of attacks, so it can be
considered as a good prognostic biomarker in BD. In accordance,
Chatterjee and colleagues discovered that NEAT1 expression levels
correlated with RA disease activity, detecting their possible effect
on disease flare, but they did not find a correlation between disease
activity and MALAT1 expression levels (Chatterjee et al., 2020). We
found that there was a positive correlation between NEAT1 and
MALAT1 levels among BD patients (r = 0.29, p = 0.04) and this
result may refer to their synergistic effect.

NEAT1 demonstrated high sensitivity and specificity for BD
(AUC = 0.884, 95% CI: 80.9–95.5). In patients with colorectal cancer,
NEAT1 showed a significant predictive role in differentiating
between patients and normal controls (AUC = 0.9471; P < 0.01)
(Peng et al., 2017). A comparable finding was also observed in
COPD cases (AUC = 0.869, 95% CI: 0.817–0.921) (Ming et al.,
2019), myocardial infarction (AUC = 0.822; P < 0.01) (Chen et al.,
2020), and malignant thyroid nodules (AUC = 0.9304, P < 0.01)
(Zhao et al., 2020). With respect to MALAT1, many studies have
indicated its role in the diagnosis of various diseases, like non-
traumatic osteonecrosis of the femoral head (AUC = 0.681,
P = 0.009) (Jin et al., 2020), diabetic retinopathy (AUC = 0.741,
P < 0.001) (Shaker et al., 2019a,b), and diabetic nephropathy
(AUC = 0.914, P < 0.01) (Zhou et al., 2020).

Moreover, the role of both lncRNAs in the pathogenesis of BD
may refer to the possibility of using these biomarkers as targets
for biological treatments. Even though the current study has lim-
itations due to the small number of subjects studied, our find-
ings highlight the importance of these biomarkers and their
promising therapeutic role in combination with immunosuppres-
sive therapy to control refractory cases and prevent irreversible
multisystemic damage. However, further investigations into
these biomarker cohorts will be required to confirm their
importance.
8

5. Conclusion

In conclusion, our findings demonstrated an essential role of
NEAT1 and MALAT1 in the pathogenesis of BD and the possibility
of considering both lncRNAs as interesting diagnostic biomarkers.
Moreover, NEAT1 findings refer to the possibility of considering
it a promising prognostic biomarker. Further consideration is rec-
ommended to investigate their pathways affecting the disease.
They may also have a promising role as therapeutic targets in com-
bination with traditional treatment to control severe refractory
cases.
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