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Abstract 

Background: Autophagy has been proven to contribute to maintaining eukaryotic cells’ normal intracellular 

homeostasis, whereas autophagy malfunction may predispose to Behcet Disease (BD). The accumulation 

of the products of autophagic degradation as well as impairment in autophagic flux in cases with BD, may 

be attributed to dysregulated miRNA-155 expression. This study attempts to determine the contribution of 

circRNA-0067835 in miRNA-155-mediated modulation of the autophagy axis as well as to investigate its 

impact on the production of pro-inflammatory cytokines in BD. 

Methods: This study was carried out on 40 cases with BD and 40 healthy control subjects. The 

collection of serum samples was done before performing a real-time PCR to estimate the relative gene 

expression of ATG1, AKT, miRNA-155, mTOR, TAB2, and circRNA-0067835. Additionally, IL-

1β, IL-17, and TNF-α serum levels were determined by ELISA. 

Results: Behcet Disease (BD) patients had significantly upregulated circRNA-0067835, with 

subsequent downregulation of its target gene, miRNA-155 than controls (P<0.05). In addition, 

decreased miRNA-155 gene expression was correlated with significantly increased TAB2 gene 

expression levels in BD patients compared to the controls (P<0.05). Furthermore, enhanced 

production of pro-inflammatory cytokines was detected in cases with BD than in controls. 

Conclusions: The correlation between circRNA-0067835 and miRNA-155 fairly contributes to the 

regulation of cytokine production in BD via the modulation of autophagy. The investigation of the circRNA-

0067835 and the microRNA-155 and their downstream adaptor molecules could be a potential therapeutic 

agent for BD. 
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Introduction 
Behcet disease (BD) is an immune-mediated 

systemic vasculitis, which main symptoms are 

eye and skin lesions, genital ulcerations, and 

oral aphthous ulcers. Eye involvement is 

accompanied by pan uveitis or posterior with 

occlusive retinal vasculitis (1). Currently, BD 

is regarded as an auto-inflammatory disease. 

Numerous investigations have shown that 

dendritic cells play a crucial role in controlling 

the aberrant immune response during the  

 
 

progression of BD (2). The gastrointestinal, 

vascular, eyes, and nervous systems are the 

major organs involved in BD (3). 

miRNAs are a family of non‐coding RNAs 

that can bond with their target mRNAs to 

contribute to regulating their downstream 

signaling molecules. miRNAs repress gene 

expression by the RNA-induced silencing 

complex (4). They may target protein-coding 

mRNAs at the post-transcriptional level, 
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resulting in target mRNA translational 

inhibition or degradation (5,6). Previous 

research demonstrated that miRNA-155 

expression in BD patients’ dendritic cells was 

reduced. The exact etiological basis of BD 

and the mechanism of how miRNA-155 is 

implicated in the pathogenesis of BD are still 

not well clarified, but it might be due to the 

possible role of autophagy (7,8). 

Autophagy is one of the evolutionarily 

catabolic pathways degrading damaged 

organelles, abnormal proteins, as well as 

recycled cellular components (9). Autophagy 

has a vital role in maintaining eukaryotic 

cells’ normal intracellular homeostasis, as 

well as autophagy malfunction could be 

involved in the pathogenesis of several 

diseases, such as autoimmune diseases, 

inflammation, neurodegenerative, and cancer 

diseases (10). In addition, miRNA-155 may 

modulate the autophagy process and 

contribute to the progression of multiple 

diseases, including BD (7,11).  

circRNA is a form of long non‐coding 

RNA with intrinsically closed loops with a 

natural resistance against exoribonucleases 

(12). circRNAs are produced by noncanonical 

splicing processes and influence gene 

transcription and expression by competing 

with endogenous RNA (13). 

circRNAs have miRNA-binding sites 

bound by circRNA that do not have the 

capacity to target mRNA and lose their 

capability to inhibit gene expression, 

increasing mRNA. circRNA might have 

numerous binding sites for the same miRNA 

to alleviate the targeted mRNA repression 

(14,15). A recent study showed that miRNA-

155 has a complementary sequence to 

circRNA-0067835. Therefore, it was 

determined as the competing endogenous 

RNA for circRNA-0067835 (16). 

Our study was designed to detect the role 

of circRNA-0067835 in miRNA-155-

mediated modulation of the autophagy axis, 

as well as to investigate its impact on the 

production of inflammatory cytokines in 

BD. 

Materials and Methods 
Ethical approval 

All measures were carried out following the 

ethical considerations of the Research 

Committee of Kasr Al-Ainy, Cairo University 

Hospitals, as well as the ethical standards of 

the 1964 Declaration of Helsinki (approval 

number; MD 362-2020). All subjects provided 

informed consent prior to data collection and 

following the explanation of research 

objectives. 

 
Subjects 

The present study included 80 subjects who 

were assigned to two groups. The first group 

included 40 Egyptian BD patients diagnosed 

based on Behçet’s Disease Current Activity 

Form (ICBD) (17,18), with 35 males as well as 

five female subjects aged 16-74 years (mean 

34.36 ± 10.95 years). These patients were 

recruited from the Faculty of Medicine’s 

Rheumatology and Rehabilitation Department, 

Cairo University, in the interval between 

January 2020 and January 2022. The second 

cohort (the control group) included 40 age- and 

sex-matched healthy participants, with seven 

males and females ranging between 20 to 45 

years (mean 30.88 ± 6.21 years). All measures 

were carried out following the ethical 

considerations of the Research Committee of 

Kasr Al-Ainy, Cairo University Hospitals, as 

well as the ethical standards of the 1964 

Declaration of Helsinki (approval number; 

MD 362-2020). All subjects provided 

informed consent prior to data collection and 

following the explanation of research 

objectives. 

Behcet disease (BD) cases with malignant 

tumors, severe infections, evidence of diseases 

like cardiovascular disease, or any nervous 

system, renal, pulmonary, hepatic, 

gastrointestinal, or endocrine disorders 

diagnosed prior to the onset of BD or other 

autoimmune diseases were excluded. All BD 

cases underwent full history taking as well as 

clinical examination, such as assessment of 

disease activity utilizing the Behçet Disease 

Current Activity Form (BDCAF) (19,20). 
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Behcet disease (BD) severity levels were 

graded as severe, moderate, and mild (21). All 

controls as well as BD cases were subjected to 

routine laboratory investigations such as C-

reactive protein (CRP), kidney function tests 

(urea and creatinine), liver function tests (AST 

and ALT), erythrocyte sedimentation rate 

(ESR), as well as complete blood count. 

Estimation of gene expression of 

circRNA0067835, miRNA155, transforming 

growth factor β-activated kinase 1-binding 

protein 2 (TAB2), mTOR, AKT and ATG1  

were done by real-time-PCR and 

determination of IL-17, IL-1β, and TNF-α 

serum levels were performed utilizing ELISA.  

Peripheral blood samples (5 mL) were 

collected in serum vacutainer tubes and allowed 

to clot for 15 minutes, then centrifuged at 4000 

xg for 10 minutes. Serum samples were kept at 

-80 °C for further analysis. 

Estimation of relative gene expression of 

miRNA-155 by QRT-PCR  

Isolation and purification of small RNA-

containing total RNA, including miRNAs, was 

performed from serum samples using the 

mirvana®kit (Thermo Fisher, MA, USA) 

according to the guidelines of the 

manufacturer. For Quantitation, Nanodrop® 

spectrophotometer was utilized for measuring 

the isolated miRNA absorbance at 260 nm. 

High-specificity stem-loop reverse 

transcription (RT) was done using the stem-

loop TaqMan® MicroRNA RT Kit (Applied 

Biosystems, USA) based on the guidelines of 

the manufacturer. Additionally, real-time 

qPCR amplification was performed using high 

sensitivity TaqMan® MicroRNA assay kit 

(Applied Biosystems, USA), using the U6 

snRNA as an endogenous control for 

normalization. The comparative CT method 

(ΔΔCT) was utilized to determine the relative 

expression of the miRNA-155 gene within the 

patient and control groups (22). 

Estimation of expression levels of circRNA-

006856, TAB2, mTOR, ATG1, and AKT genes  

Isolation of total RNA was done utilizing a 

Qiagen kit (Qiagen, USA) in accordance with 

the manufacturer’s guidelines. Quantification 

was conducted as described earlier. Total RNA 

was converted to cDNA utilizing a high-

capacity cDNA reverse transcription kit 

(Fermentas, USA). Real-time qPCR analysis 

and amplification were conducted utilizing an 

Applied Biosystem with software version 3.1 

(StepOne™, USA). The optimization of the 

qPCR assay with the primer sets was done at 

the annealing temperature in Applied 

Biosystems in accordance with the following 

protocol: one cycle of initial denaturation for 

two 2 min at 95 °C as well as 40 cycles for 15 

s at 95 °C, 60°C for 60 s as well as 72 °C for 

60 s. The primer sequences are depicted in 

Table 1. The expression of the relative gene 

was determined in accordance with Applied 

Biosystems software relative to the β-actin 

gene as an internal reference.  

 

Estimation of IL-1β, TNF-α, and IL-17 

serum levels using ELISA  

The kits used were supplied by cloud clone 

corp (CCC, USA) for human IL-17 

quantitative detection (Catalog Number: 

SEB955Hu), IL-1β (Catalog Number: 

SEA56HU), and TNF-α (Catalog Number: 

SEA133Ra). 

Statistical Analysis 

Data were encoded and entered utilizing the 

22nd version of the statistical package SPSS. 

For quantitative variables, data were 

expressed utilizing standard deviation 

and mean, while for categorical variables, 

data were expressed utilizing relative 

frequencies (percentages) as well 

as frequencies (cases’ numbers). When 

comparing two groups, the unpaired test was 

used, while the Chi test was utilized to 

compare categorical data. Utilizing the 

Pearson correlation coefficient, associations 

between quantitative variables were 

analyzed (23). P<0.05 was considered 

significant.  
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Table 1. The studied genes’ primer sequences. 

Gene symbol NCBI code 
Primer sequence from 5′- 3′ 

F: Forward primer, R: Reverse primer 

mTOR NM_004958.4 
(F) 5′CTCATCAGCATTAATAATAAGC 3′ 

(R) 5′GTGTCCATTTTCTTGTCATAG 3′ 

CirRNA0067835 (IFT80) NC_000003.12 
(F) 5′CCGCCCACTGTACAATTCAC 3′ 

(R) 5′TCTTCAGCAGTAGTCCAGCC 3′ 

Β actin (housekeeping gene) NM_007393 
(F) 5′CACCATTGGCAATGAGCGGTTC3′ 

(R) 5′AGGTCTTTGCGGATGTCCACGT3′ 

MiRNA155 NR_030784 
(F) 5′TGCTAATCGTGATAGGGG 3′ 

(R) 5′GAACATGTCTGCGTATCTC 3′ 

U6 (housekeeping gene) NR_004394 
(F) 5′-GCTTCGGCAGCACATATACTAAAAT-3′ 

(R) 5′-CGCTTCACGAATTTGCGTGTCAT-3′ 

TAB2 NM_001292034 
(F) 5′GGUGCAUGUUACAGAAUAAdTdT 

3′(R) 5′UUAUUCUGUAACAUGCACCdTdT 3′ 

AKT NM_005163 
(F)5′CTTCTTTGCCGGTATCGTGT3′ 

(R)5′CTGGCCGAGTAGGAGAACTG 3′ 

ATG1(ULK1) NM_003565.4 
(F) 5′CGCCACATAACAGACAAAAATACAC 3′ 

(R) 5′ CCCCACAAGGTGAGAATAAAGC 3′ 
 
 

Results 
Comparisons of the demographic features 

among the studied groups 

In our study, the age of BD cases ranged 

between 16 and 74 years, with a mean of 

34.37±10.96 years, whereas the age of control 

subjects ranged from 20-46 years, with a 

mean of 30.89±6.22 years. They are age 

matched with no substantial variations were 

found between both groups (P=0.2). With 

respect to sex, the incidence of BD was most 

commonly occurring among males (87.5%) 

compared to females (12.5%), with a highly 

statistically significant difference as 

compared to females (p-value< 0.001). The 

control subjects were sex-matched with the 

BD patients (p= 0.7), with a larger percentage 

of males (82.5%) than females (17.5%). 

Age of onset and disease severity and 

duration  

The mean age of onset of BD in the patients’ 

group was 25.47±7.22 years, and the mean 

disease duration was 8.89±0.75 years. Of the 

40 BD cases, there were 6 (15%) mild, 7 

(17.5%) moderate, and 27 (67.5%) severe 

patients.

 

Clinical data 

The frequency and the percentage of BD 

manifestations among cases it was as follows: 

38(95%) of cases had oral ulcers, 34(85%) 

had genital ulcers, 11(27.5%) showed skin 

manifestations, while 11(27.5%) and 6(15%) 

suffered from arthralgia and arthritis 

respectively. Furthermore, 4(10%) of cases 

complained of GIT manifestations, 3(7.5%) 

with diarrhea, and 1(2.5%) with bleeding per 

rectum. The percentage of the eye, vascular, 

and CNS manifestations was found to be 

62.5%, 22.5% and 10%, consecutively. 

 

Laboratory findings 

There was a substantial variation in the ESR 

level among cases with BD 21.54±18.57 and 

controls 7.41±2.85 (P<0.001) and a 

significant difference in platelet count 

between BD patients268.33±83.61 and 

controls 236.52±55.32(P=0.043) but no 

significant difference as regards routine 

laboratory markers (kidney function tests 

(urea and creatinine), complete blood count 

(CBC) and liver function tests (ALT and 

AST).
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Biochemical and molecular results 

Crosstalk between circRNA-0067835 and 

miRNA155 genes expression 

Our results demonstrate a substantial 

elevation in circRNA- 0067835 and TAB2  

 

 

gene expression and a substantial decline in 

miRNA-155 gene expression in BD cases 

than controls (P<0.001) (Fig. 1). 

Fig. 1. CircRNA0067835, miRNA155, and TAB2 gene expression among studied groups. This figure demonstrates a 

highly significant increase in circRNA-0067835 and TAB2 gene expression and a highly significant decrease in miRNA-

155 gene expression in BD cases than controls (P<0.001). *Denotes significant difference versus the control group. 

P<0.05 is considered significant. 
 

ATG1, AKT, and mTOR gene expression 

Results showed a significant elevation in Akt, 

mTOR, and ATG1 gene expression in BD 

patients than controls (P<0.001) (Fig. 2). 

 

 
Fig. 2. AKT, mTOR and ATG1 gene expression among studied groups. A highly significant increase in AKT, mTOR, 

and ATG1 gene expression in BD cases than controls (P<0.001) is shown. *Denotes significant difference versus the 

control group. P <0.05 is considered significant.
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IL-17, IL-1β, and TNF-α serum levels  

The current results show a substantial increase 

in the protein level of TNF-α, IL-1β, and IL-17 

 
in BD cases compared to controls (P<0.001) 

(Fig. 3).  
 

 
Fig. 3. TNFα, IL-1β and IL-17 in studied groups. *Denotes significant difference versus the control group. P <0.05 is 

considered significant. A highly significant increase in the protein level of TNF-α, IL-1β, and IL-17 in BD cases compared 

to controls (P<0.001) is shown.  

 

Correlation between miRNA-155 and 

autophagy and inflammatory markers 

Our results show a significant negative 

correlation between miRNA-155 and IL-1β, 

(r=-0.437, p-value=0.005) (Fig. 4). 

Furthermore, there were non-significant 

correlations between miRNA155 and AKT, 

mTOR, ATG1, TAB2, TNF-α,IL17, 

and circRNA-0067835(r=-0.197, p-

value=0.223), (r=-0.136, p-value=0.404), (r=--

0.126, p-value=0.438), (r=-0.295, p-

value=0.064), (r=-0.214, p-value=0.184), (r=--

0.001, p-value=0.995), (r=-0.011, p-

value=0.946) respectively. 
 

 
Fig. 4. Correlation between miRNA-155 and IL-1β. A significant negative correlation between miRNA-155 and IL-1β, 

(r=-0.437, p-value=0.005) is shown. 
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Association between miRNA-155/ circRNA-

0067835 and BD severity  

The present results show a significant positive 

 

association between circRNA-0067835 gene 

expression and BD severity (p=0.03) (Table 2).  
 

Table 2. Association between miRNA-155/ circRNA-0067835 and BD severity. 

severity mild moderate severe P value 

miRNA155 0.27±0.15 0.29±0.19 0.3±0.14 0.9 

circRNA0067835 4.39±2.13 4.46±2.86 6.54±2.14 0.03 

 

Discussion 
This study demonstrates a significant 

upregulation of circRNA-0067835, followed 

by downregulation of its target, miRNA-155, 

in BD patients than controls. This relationship 

highlights the sponge-like effect of circRNA-

0067835 that leads to miRNA-155 

sequestration. These findings align with (16) 

Zeng et al., 2021, who demonstrated that 

circRNA-0067835 could promote liver 

fibrosis by functioning as a miRNA-155 

sponge, and increasing the transcription factor, 

Forkhead box protein O3 (FOXO3a) levels.  

Another study by (24) Gong et al., 2018, 

revealed that circ‐0067835 and miRNA‐155 

were involved in temporal lobe epilepsy 

(TLE). Moreover, circRNA-0067835 

expression was substantially diminished, 

whereas miR-155 expression was elevated in 

the plasma and tissues of patients with TLE. 

Lower circRNA-0067835 is associated with 

elevated seizure frequency. Bioinformatics 

online programs suggested that circRNA-

0067835 functions as a miRNA-155 sponge 

for the regulation of FOXO3a expression, 

which was proven utilizing luciferase reporter 

assay (25). 

Furthermore, in accordance with our 

results, Liang and his colleagues illustrated 

that miRNA-155 was diminished in DCs than 

in active BD cases (7). They also illustrated 

that TAB2 expression is the direct target of 

miR-155, where TAB2 expression in DCs 

from active BD patients was elevated, and its 

expression could be inhibited by miR-155. 

These results are consistent with our findings, 

as our results show that decreased miRNA-155 

gene expression correlates with significantly  

 
increase in TAB2 gene expression levels in BD 

cases than in controls. 

We also elucidated that upregulated TAB2 

in BD patients contributed to enhancing the 

production of the pro-inflammatory cytokines, 

IL-17, IL-1β, and TNF-α by inhibiting 

autophagy. This was clearly evident by the 

upregulation of the mTOR/AKT signaling 

pathway. Our findings demonstrated a 

substantial elevation in mTOR and AKT gene 

expression, with subsequent upregulation in 

ATG1 gene expression in BD cases compared 

to controls. 

According to a previous study, the kinase 

mTOR complex1 (mTORC1) negatively 

regulates autophagy by increasing the 

phosphorylation of ATG1, thereby inhibiting 

its activity by disrupting the interaction 

between ATG1 and AMP-activated protein 

kinase (AMPK). This interaction is essential 

for the induction of autophagy; therefore, the 

increased level of phosphorylated ATG1 in its 

free form, but not in its complex form, resulted 

in the inhibition of autophagy (25). Another 

study by (26) Giriş et al., 2017, illustrated that 

the expression levels of the anti-apoptotic 

components, Akt-1, and mTOR, increased in 

neuro BD. 

Consistent with prior studies, we 

demonstrated that miRNA-155-3p is a potent 

inducer of autophagy via decreasing 

phosphorylation of mTOR and AKT in DCs 

(27,28). In contrast, a study by Palizgir, et al., 

2018 observed an insignificant decline in 

mTOR in macrophages in BD patients 

compared to healthy controls (29). 
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Regarding the pro-inflammatory cytokines, 

our results indicated that defective autophagy 

regulation might stimulate cytokine production. 

Liang and his colleagues supported our results, 

as they found that IL-1β, IL-6, and TNF-α 

expression in DCs in active BD cases was 

substantially elevated than that of healthy 

controls. However, rapamycin, the mTOR 

inhibitor, decreased their expression levels by 

DCs. They also elucidated that in DCs 

transfected with miRNA-155, the expression 

level of TAB2 was substantially suppressed, and 

IL-1β, IL-6, and TNF-α expression significantly 

declined after the downregulation of TAB2. 

These findings show that autophagy acts as a 

negative regulator of inflammation by 

controlling the production of inflammatory 

cytokines (7). Another research demonstrated 

that rapamycin consistently alleviates 

inflammation of the retina. This mTOR inhibitor 

has also been demonstrated to be safe and 

effective in treating non-infectious uveitis (30).  

The auto-inflammatory diseases, including 

BD, are considered IL-1-mediated diseases 

that respond to anti-IL-1 therapies. In fact, 

auto-inflammation is characterized by an over-

activation of the innate immune system and by 

the overproduction of the pro-inflammatory 

cytokines, including IL-1β, IL-18, TNF, and 

type-1 interferons (31). 

Yong et al., 2019 explained that the 

disturbed Treg/Th17 axis is involved in the 

pathogenesis of BD. The patients with 

clinically active BD were found to have 

decreased peripheral blood regulatory T cells. 

In contrast, Th17 cells were increased in BD 

patients in response to various inflammatory

cytokines, and the pro-inflammatory 

cytokines (IL-1β, TNF-α, and IL-23) might be 

increased in response to Th17 cell 

proliferation (28). 

In conclusion, the impaired autophagic flux 

in BD patients may be attributable to 

dysregulated expression of miRNA-155 via its 

effect on the mTOR/AKT signaling pathway. 

The interrelated relationship between 

circRNA-0067835 and miRNA-155 highlights 

the sponge-like effect of circRNA-0067835 

that results in the sequestration of miRNA-

155. The downregulation of miRNA-155 

increases the expression of its target protein, 

TAB2, leading to an increase in the production 

of pro-inflammatory cytokines. There was a 

significant correlation between circRNA-

0067835 and the severity of BD. circRNA-

0067835 is potentially a novel biomarker for 

the diagnosis of BD. It also poses a new 

challenge for treatment via its effect on 

autophagy modulation through its suppressor 

effect on miRNA-155.  
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