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ABSTRACT  

The microRNAs (miRNAs) are a group of non-coding RNAs that regulate gene expression at the 

post-transcriptional level. An increasing paradigm has shown that these molecules are critically 

implicated in pathogenesis of multiple sclerosis (MS). However, the axis of miRNAs with the 

proteins that show important roles in MS is largely anonymous. Previously, our data showed that 

activation of the transcription factor aryl hydrocarbon receptor (Ahr) by 2, 3, 7, 8-

tetrachlorodibenzo-p-dioxin (TCDD) alleviates experimental autoimmune encephalomyelitis 

(EAE), a mouse model of MS. This effect was attributed to up-regulation of miR-132 that targets 

acetylcholinesterase (AChE). The 3, 3'-diindolylmethane (DIM)-activated Ahr also alleviates 

inflammatory symptoms of EAE, but no studies have linked DIM with miR-132. Data of the 

current study showed that miR-132 was down-regulated in encephalitogenic CD4
+
 cells, while 

DIM restored the miR-132 level. The DIM treatment up-regulated AChE-targeting miR-132, 

which in turns potentiated cholinergic anti-inflammation in EAE mice. Transfection of CD4
+
 

cells with miR-132 mimics decreased cell proliferation, interleukin (IL)-17, interferon (IFN)-γ 

and enhanced production of the transforming growth factor (TGF)-β. In conclusion, the findings 

identify a new miRNA-based mechanistic explanation for the anti-inflammatory properties of 

DIM in EAE, suggesting a promising therapeutic potential of miR-132 to control autoimmune 

inflammation in MS patients.  
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INTRODUCTION 

The aryl hydrocarbon receptor (Ahr) is a 

heterodimeric transcription factor that binds 

to a large number of exogenous agonists 

such as 3,3'-diindolylmethane (DIM), 

2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) 

and 3-methylcholanthrene (3MC) (Hanieh 

2014). For decades, the Ahr has been known 

to mediate the mechanisms that underlie 

environmental toxicity and immunotoxicity. 

However, later progress has expanded the 

functions of Ahr in the immune system to 

include aspects of antibody production, 

inflammation and autoimmunity (Nguyen et 

al 2013). Therefore, understanding the 

molecular mechanisms that underlie the Ahr 

actions represents an intriguing strategy for 

treatment of immune disorders.   

 In previous studies, we and others have 

shown that Ahr is critically involved in the 

development of different autoimmune 

disease (Quintana et al 2008; Stockinger et 

al 2009; Nakahama et al 2011; Nakahama et 

al 2013; Chinen et al 2015), and secretion of 

pro-inflammatory cytokines (Masuda et al 

2011; Nguyen et al 2013). Accumulating 

evidences have shown that activation of Ahr 

by certain exogenous agonists attenuates 

autoimmune inflammation. For instance, 

DIM and TCDD alleviate inflammation in 

different animal models of autoimmune 

diseases including experimental autoimmune 
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encephalomyelitis (EAE) (Quintana et al 

2008; Rouse et al 2013), ulcerative colitis 

(UC) (Singh et al 2011), and rheumatoid 

arthritis (RA) (Dong et al 2010). However, 

the molecular mechanisms that underlie the 

therapeutic properties of Ahr agonists 

remain to be investigated.  

 The microRNAs (miRNAs) are a group of 

non-coding RNAs (~20nt) that regulate gene 

expression by complementary binding on the 

3’ untranslated region (3’UTR) of the target 

mRNA(s). The complementary binding 

regulates gene expression at the post-

transcriptional level by degradation of 

mRNA or blockade of protein translation. 

Numerous studies have demonstrated that 

miRNA are implicated in different functions 

of the immune system in health and disease 

such as lymphocytes development, normal 

immune responses and development of 

autoimmunity (de Yébenes et al 2013; Liu 

and Abraham 2013; Zhu et al 2013).  

 Of special interest, it has been demonstrated 

that miRNAs modulate autoimmune 

inflammation at different levels. Recently 

formed paradigm has clearly unraveled the 

physiological significance of several 

miRNAs in animal models of multiple 

sclerosis (MS). The let-7e, miR-21, miR-155 

and miR-326 are highly expressed in EAE 

mice (Du et al 2009; O'Connell et al 2010; 

Guam et al 2013; Murugaiyan et al 2015). 

Knockout or knockdown of these miRNAs 

decreases the inflammatory T cells and 

attenuates disease symptoms. Although 

different roles of miRNAs and Ahr in 

autoimmune inflammation are currently 

demonstrated, their axis is rarely 

investigated.   

  The miR-132 is a member of a highly 

conserved miRNA cluster located in 

chromosome 17 in humans and chromosome 

11 in micenamed miR-212/132. Previous 

studies have linked miR-132 expression to 

autoimmune inflammation. For example, a 

differential expression of miR-132 is 

detected in synovial fluid and joint tissues of 

RA patients (Pauley et al 2008; Murata et al 

2010; Filková et al 2014), and in CD4
+
 cell 

from EAE mice (Hanieh and Alzahrani 

2013). It has been also shown that miR-132 

resolves inflammation by functional 

regulation of the brain-to-body 

communication (Shaked et al 2009). It 

potentiates cholinergic anti-inflammation by 

targeting the pro-inflammatory mediator 

acetylcholinesterase (AChE), an enzyme 

hydrolyzes the acetylcholine (ACh) and 

mitigates its anti-inflammatory functions. In 

our hands, we showed that activation of Ahr 

by the synthetic toxic agonist TCDD 

attenuates EAE by inducing AChE-targeting 

miR-132 (Hanieh and ALzahrani 2013). 

Therefore, current work hypothesized that 

activation of Ahr by the natural agonist DIM 

would ameliorate autoimmune inflammation 

in EAE model by inducing the miR-

132/AChE module.  

  To test the hypothesis, the effect of 

DIM on miR-132 expression and miR-

132/AChE module in EAE mice has been 

studied. The results, for the first time, show 

that activation of Ahr by DIM induces miR-

132 expression and potentiates cholinergic 

anti-inflammation in vitro and in vivo. The 

induced anti-inflammatory system attenuates 

autoimmune inflammation in EAE mice by 

suppression of pro-inflammatory mediators 

and proliferation of encephalitogenic CD4
+
 

cells.  

MATERIALS and METHODS 

Mice 

Female, 6-8 weeks old C57BL/6 

mice were purchased from King Faisal 

Specialist Hospital and Research Center, 

Riyadh, KSA. All animals were maintained 

under specific-pathogen-free (SPF) 

conditions, and had free access to food and 

water. Animal experiments were performed 

in accordance with the regulations of the 

dr-hisham abbas
Typewritten text
54



Zagazig J. Pharm. Sci. Dec, 2015                                                                          ISSN 1110-5089 

Vol. 24, Issue 2, pp, 53-64 

 

Animal Care Committee of King Faisal 

University, Hofuf, KSA.   

EAE model and DIM treatment 

The EAE was induced as described 

previously (Hanieh and Alzahrani 2013). 

Mice were injected subcutaneously at the 

base of the tail with 100 µg/mL of MOG35-55 

(Peptides International, Louisville, KY) 

emulsified in complete Ferund’s adjuvant 

(CFA) containing 5 mg/mL of M. 

tuberculosis H37Ra (Difco Laboratories, 

Detroit, MI). The mice were injected 

intraperitoneally with 225 ng of pertussis 

toxin (Sigma Aldrich, St Louis, MO) on 

days 0 (MOG35-55- immunization day) and 2 

days later.   

Animals were gavaged with DIM (60 

mg/kg/day) or vehicle alone (corn oil) for 7 

consecutive days starting one day prior to 

EAE induction. The EAE symptoms were 

assessed using the following score: 0, no 

clinical symptoms; 1, limp tail; 2, hind limb 

paresis; 3, forelimb weakness; 4, paralysis; 

5, death. Naïve mice, the vehicle-treated, 

were used as negative control. As sampling 

days indicated, mice were euthanized on day 

7, 10, 18 or 25 after MOG35-55- 

immunization. 

Real-time PCR (qPCR) 

Total RNA was extracted using 

RNeasy RNA extraction kit (Qiagen, 

Valencia, CA) then reverse transcribed in a 

thermal cycler using reverse transcriptase. 

The TaqMan Gene expression assays of 

miR-132 and its endogenous control RNU6, 

and AChE and its endogenous control 

GAPDH were used. The ViiA7 system was 

used for qPCR with cycling conditions 50°C 

for 2 min and 95°C for 10 min, then 40 

cycles of 95°C for 15 sec and 60°C for 1 

min. System and reagents for qPCR were all 

from Applied Biosystems, Grand Island, 

NY. The ΔΔCt method was used for 

calculations of the expression fold change.  

Protein measurements 

Serum IL-1β, IL-6 and TNF-α, and 

supernatant IL-17, IFN-γ, TGF-β and IL-10 

were measured using Quantikine ELISA kits 

according to the manufacturer's instructions 

(R&D systems, Minneapolis, MN). The 

splenocytes were lysed using RIPA lysis 

buffer system (Santa Cruz Biotechnology, 

Santa Cruz, CA). The lysate was then 

fractionated on SDS-page, and AChE and β-

actin were detected using their specific 

antibodies (Santa Cruz Biotechnology). 

Cell culture 

The CD4
+
 cells from spleens of EAE 

mice were isolated using CD4 isolation kit 

(MACS; Miltenyi Biotec, Auburn, CA), and 

then restimulated with MOG35-55 (25 

μg/mL). Activation of Ahr in vitro was 

induced by DIM at 30 µmol/L. The cells 

were cultured in complete RPMI-1640 

medium supplemented with 10% fetal 

bovine serum (FBS) and 

penicillin/streptomycin (Sigma Aldrich). 

The cells were incubated at 37°C and 5% 

CO2 in a humidified atmosphere. 

Transfection 

MiR-132 antisense, miR-132 mimics 

and negative controls (Ambion, Austin, TX) 

were transfected into spleen CD4
+
 cells by 

4D-nucleofector device and T Cell 

Nucleofector Kit following manufacturer’s 

instructions (Lonza, Walkersville, MD). The 

efficiency of the transfection was confirmed 

by qPCR.  

Catalytic activity of AChE  

The catalytic activity of AChE in the 

supernatant of CD4
+
 cells culture was 

measured using modified Ellman’s method 

(Ellman et al 1961). The CD4
+
 cells from 

naïve mice were stimulated with PHA (7 

μg/mL; Sigma Aldrich). The ACh decay was 

quantified at 12, 24 and 36 h with the 

existence of butyrylcholinesterase (BChE) 

inhibitor (Sigma Aldrich).  
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T cell Proliferative response 

The spleen CD4
+
 cells from EAE 

mice were seeded in 96-well flat-bottom 

plates in triplicates and restimulated with 

MOG35-55 for 2 days. Cell proliferation was 

quantified by MTT assay using CCK-8 kit 

(Dojindo, Baltimor, MD), following 

manufacturer’s instructions.  

Statistical Analysis 

The scores of EAE over the 

experimental period were analyzed by 

Analysis of variance (ANOVA) two-factor 

test. Other parameters were tested using 

ANOVA single factor test. P<0.05 was 

considered significant. Data are presented as 

mean ± SD of pooled data from three 

independent experiments.   

 

RESULTS 

Oral DIM treatment alleviates EAE in vivo  

  The effects of DIM on autoimmune 

inflammation were examined in mouse 

model of MS. The EAE model was induced 

in mice using myelin oligodendrocyte 

glycoprotein (MOG35-55) in complete 

Freund’s adjuvant (CFA), and pertussis 

toxin. The oral treatment of DIM, (60 

mg/kg/day) for 7 days starting one day prior 

to EAE induction, obviously decreased EAE 

scores and delayed disease onset by 2.4 ± 

0.6 day compared with control mice (Fig. 

1A). The mean of maximum score of EAE 

were lower in DIM-treated mice compared 

with control mice (Fig. 1B). Serum collected 

from EAE mice at the peak of disease (18 

days) showed that the suppressive effects of 

DIM on disease score were concomitant 

with lower levels of serum IL-1β, IL-6 and 

TNF-α (Fig. 1C).  

DIM induces miR-132 in spleen CD4
+
 in 

vivo 

  To examine whether miR-132 was 

involved in EAE development at early 

stages, miRNA expression was quantified in 

spleen encephalitogenic CD4
+
 cells. 

Induction of EAE significantly down-

regulated miR-132 expression in spleen 

CD4
+
 cells 7 days after MOG35-55 

immunization compared to the naïve healthy 

mice (Fig. 1D). To further examine the 

involvement of miR-132 in EAE 

development, the miRNA expression was 

quantified at later stages, day 20 after 

MOG35-55 immunization. As shown in Fig. 

1E, miR-132 expression profile in CD4
+
 

cells from EAE was comparable to that 

quantified on the 7
th
 day after immunization. 

Interestingly, oral DIM treatment restored 

miR-132 expression in CD4
+
 at early and 

late EAE development stages to a level 

comparable to that of the naïve mice. Taken 

together, the findings showed for the first 

time that DIM induced miR-132 in spleen 

CD4
+
 in vivo under autoimmune conditions 

and that DIM-induced miR-132 could be 

involved in the anti-inflammatory effects of 

DIM.  
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Figure 1. Oral DIM treatment alleviates EAE and up-regulates miR-132 expression in vivo. (A) Mean EAE clinical 

score. (B) Maximum clinical score distribution. The EAE mice were gavaged with DIM (60 mg/kg/day) or vehicle 

(corn oil) for 7 days starting one day prior to the immunization day. (C) Serum level of IL-1β, IL-6 and TNF-α in 

EAE mice 18 days after MOG35-55 immunization. MiR-132 expression in spleen CD4+ cells 7 days (D) and 20 days 

(E) after immunization; Naïve: negative control. **p<0.01, ***p<0.001. Data are shown as mean ± SD of pooled 

data from three independent experiments. (A) Control n=11 and DIM n=8, (B) n=10, (C) n=8 and (D) n=5. 

 

DIM potentiates cholinergic anti-

inflammation by inducing miR-132/AChE 

module 

  It is reported that miR-132 targets the 

mRNA of the pro-inflammatory mediator 

AChE (Shaked et al 2009). Also, TCDD 

induces the miR-132/AChE module in EAE 

mice 9 days after MOG35-55 immunization 

(Hanieh and Alzahrani 2013). Therefore, the 

effect of DIM on AChE gene expression in 

spleens of EAE mice was studied 10 days 

after immunization. As shown in Fig. 2A 

and B, the DIM reduced AChE gene 

expression 10 days after immunization 

compared with the control EAE mice. These 

results suggest that DIM, similar to TCDD, 

is implicated in a cholinergic anti-

inflammation in EAE mice. 

 To further investigate whether DIM induced 

cholinergic anti-inflammation comparable to 

that obtained by TCDD, the effect of DIM 

on the catalytic activity of AChE in CD4
+ 

cells was studied. Results showed that DIM 

suppressed phytohaemagglutinin (PHA)-

induced AChE catalytic activity on ACh 

(Fig. 2C). These results suggest that DIM 

induces cholinergic anti-inflammation in 

CD4
+ 

cells. To investigate whether the DIM-

suppressed AChE was mediated by miR-

132, a direct effect of miR-132 was 

examined. Over-expression of miR-132 by 

miRNA mimics (mim-miR-132) 

significantly suppressed the catalytic activity 

of AChE to a level that was significantly 

lower than that of DIM (Fig. 2C). Next, to 

analyze whether the effect of DIM on AChE 

catalytic activity was mediated by miR-132, 
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the miRNA was inhibited by antisense (as-

miR) in the DIM-treated CD4
+ 

cells. 

Transfection of as-miR-132 partially 

abrogated the DIM-suppressed AChE 

catalytic activity (Fig. 2D). Taken together, 

the results confirm the hypothesis that DIM 

induces miR-132/AChE module and 

potentiates cholinergic anti-inflammation 

comparable to that induced by TCDD.  

 

 

Figure 2. DIM induces miR-132/AChE module and potentiates cholinergic anti-inflammation. (A and B) gene 

expression of AChE in spleens of control and EAE mice 10 days after immunization. (C, D) Catalytic activity of 

AChE in CD4+ cells culture stimulated with PHA. The mim-miR-132 was transfected in PHA-treated cells, as-miR-

132 was transfected in PHA+DIM-treated cells, other treatments were transfected with non-specific nucleotides. 

*p<0.05, **p<0.01. Data are shown as mean ± SD of pooled data from three independent experiments. (A) n=5, (B 

and C) n=5. 

 

DIM-induced cholinergic anti-

inflammation is characterized by decreased 

proliferation of CD4
+
 cell  

  To describe the cholinergic anti-

inflammation induced by DIM in EAE mice, 

the proliferation of spleen CD4
+
 cells was 

studied. The DIM treatment suppressed the 

proliferative response of CD4
+
 cells from 

EAE mice to MOG35-5 restimulated (Fig. 

3A). To investigate a direct role of miR-132 

in cell proliferation, the cells were 

transfected with mim-miR-132. An over-

expression of miR-132 exerted inhibitory 

effects on cell proliferation (Fig. 3B). To 

confirm the inhibitory effect of DIM on 

CD4
+
 cell proliferation, miR-132 was 

inhibited by as-miR-132 transfection. In line 

with this observation, knockdown of miR-

132 in CD4
+
 cell from DIM-treated EAE 

mice partially mitigated the inhibitory effect 

of DIM (Fig. 3C). These results suggest that 

miR-132/AChE module is implicated in the 

suppressive effects of DIM on CD4
+
 T-cells.  
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IL-17 and IFN-γ are decreased as a 

component of the DIM-induced cholinergic 

anti-inflammation  

  To further characterize the 

cholinergic anti-inflammatory system 

induced by DIM, production of pro-

inflammatory and anti-inflammatory 

cytokines in CD4
+
 cells was measured in 

response to restimulation with MOG35-55. As 

shown in Fig. 3D, DIM suppressed IL-17 

and IFN-γ. The mim-miR-132 suppressed 

IL-17 and IFN-γ to levels comparable to 

those of the DIM treatment. A slight 

enhancing effect was observed on TGF- β 

with DIM, while no significant effect was 

observed on IL-10 (Fig. 3E). The results 

here show that the cholinergic anti-

inflammatory system augmented by DIM 

was characterized by decreased levels of IL-

17 and IFN-γ.   

 

Figure 3: Suppressed proliferation and pro-inflammatory cytokines in CD4+ cells are components of the DIM-

induced cholinergic anti-inflammatory system. (A) Proliferative response of CD4+ cells to restimulation with 

MOG35-55 for 3 days. (B) Proliferative response of CD4+ cells transfected with mim-miR-132 or non-specific 

nucleotides and restimulated with MOG35-55 for 3 days. **p<0.01. (C) Proliferative response of CD4+ cells from 

DIM-treated mice transfected with as-miR-132 or non-specific nucleotides and restimulated with MOG35-55 for 3 

days. Proliferative response is shown as stimulation index (SI) = proliferation of unstimulated cells/proliferation of 

MOG35-55-treated cells. (D & E) Cytokines level in culture supernatant of CD4+ cells from EAE mice and 

restimulated with MOG35-55 for 3 days. *p<0.05, **p<0.01, ***p<0.001. Data are shown as mean ± SD of pooled 

data from three independent experiments. (A-E) n=5. 

 

DISCUSSION 

 The MS is an autoimmune disorder 

driven mainly by T cell to target the myelin 

sheath of the central nervous system (CNS). 

Important advances have been achieved to 

understand the pathogenesis of this disease, 

and different therapeutic strategies have 

been proposed (Di Mitri et al 2015; 

Izquierdo et al 2015; Schmitt 2015). 

However, full understanding of the disease 

development or effective treatments is not 

yet established.  

  Due to the similarities with the 

inflammatory features of MS, the EAE 

mouse model is considered as one of the best 

available models to study the MS. An 

increasing paradigm has shown that Ahr 

modulates different inflammatory 

parameters in EAE (Quintana et al 2008; 

Durate et al 2013). Importantly, activation of 

Ahr by exogenous agonists such as DIM and 
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TCDD attenuates the EAE inflammatory 

symptoms (Quintana et al 2008; Rouse et al 

2013). In parallel, recent studies have added 

a new dimension to understand the 

development of MS by linking its 

development to many miRNAs (Noorbakhsh 

et al 2011; Lewkowicz et al 2015), and 

several studies have shown that modulation 

of certain miRNAs exhibits therapeutic 

properties in EAE (Du et al 2009; O’Connell 

et al 2010; Guan et al 2013; Liu et al 2014). 

Nevertheless, the axis of Ahr with the 

relevant miRNAs is rarely investigated.  

  The Current study, for the first time, 

shows that DIM alleviates EAE symptoms 

by inducing miR-132/AChE module, which 

potentiates cholinergic anti-inflammatory 

system to attenuate EAE. This anti-

inflammatory system is characterized by 

suppression of cell proliferation and 

production of the pro-inflammatory 

cytokines IL-17 and IFN-γ in the 

encephalitogenic CD4
+ 

cells. The DIM-

induced cholinergic anti-inflammation was 

confirmed by over-expression or silencing 

miR-132. Since the MS is driven mainly by 

the CD4
+
 cells, current study focused on this 

T cell subpopulation.  

  Although miR-132 along with miR-

212 constitute a cluster named miR-212/132, 

miR-132 only is highly expressed and 

possesses demonstrated function in the CNS 

such as neuronal differentiation and 

cognitive processes (Remenyi et al 2010; 

Tognini et al 2011; Haenisch et al 2015). 

Previously, we found that the highly toxic 

Ahr against TCDD induces miR-132/AChE 

module and potentiates cholinergic anti-

inflammation in EAE mice (Hanieh and 

Alzahrani 2013). The current work 

examined the association of the natural Ahr 

agonist DIM with the miR-132/AChE 

module in EAE mice. By gain and loss of 

function approach, the results approved that 

DIM has a regulatory function on the miR-

132/AChE module in vitro and in vivo, 

suggesting safe application of this Ahr 

agonist. Consistently, independent studies 

demonstrated that miR-132 potentiates 

cholinergic anti-inflammation by targeting 

AChE mRNA in response to LPS treatment 

(Shaked et al 2009; Liu et al 2015). 

  It is reported here that DIM induces 

miR-132/AChE module suppresses 

proliferation of the encephalitogenic CD4
+
 

cells. Also, it is found that attenuating the 

cholinergic anti-inflammation by silencing 

miR-132 in CD4
+
 cells restores pro-

inflammatory cytokines production and cell 

proliferation capacities. In line, the AChE 

inhibitors such as EN101 and huperzine A 

augment cholinergic anti-inflammatory 

system (Nizri et al 2006; Wang et al 2012). 

This system includes a reduced production 

of pro-inflammatory cytokines and 

proliferative response of T-cell.  

 It has been demonstrated that 

antagonizing the effects of AChE by 

stimulation of α7 nicotinic receptor 

suppresses the production of the IL-1β and 

TNF-α in macrophages (Yoshikawa et al 

2003). Also, inhibition of AChE activity 

decreases the production of IL-17 and IFN-γ, 

and TNF-α in T cells (Nizri et al 2006; 

Wang et al 2012). Consistently, the results 

here provides evidence that DIM alleviates 

EAE by reducing levels of AChE, IL-17, 

IFN-γ, IL-1β, IL-6 and TNF-α. These 

observations support the findings of the 

current study that the decreased pro-

inflammatory cytokines by DIM treatment is 

part of the induced cholinergic anti-

inflammatory system. Alternatively, miR-

132 might have directly decreased IL-6 and 

IL-1β by targeting their miRNAs (Lagos et 

al 2010). Taken together, it is likely that 

other immune cell compartments are 

involved in mediating the anti-inflammatory 

properties of DIM, which warrants more 

investigation. 
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  In summary, current study provides 

the first evidences that the non-toxic Ahr 

agonist DIM regulates the expression of 

miR-132 in CD4
+
 cells. Also, it identifies a 

new mechanism through which DIM induces 

miR-132 and potentiates cholinergic anti-

inflammatory system in the mouse model of 

MS. The results pave intriguing possibilities 

for using miR-132 mimics and/or DIM to 

control autoimmune inflammation in MS 

patients.  
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ام كوليني مضاد لإلتهاب المناعة الذاتية في مرض و يعزز نظ 132-ثنائي اندول الميثين يزيد نسخ ميكرورنا

 التصلب اللويحي المتعدد 
 حمزة اهاني

هي مجموعة من النيكليوتيدات الرايبوزية التي لا تترجم لبروتينات، و تعمل على تنظيم ترجمة   (microRNA)الميكرورنا 

. هناك  (mRNA)الرسول الحمض النووي الريبوزيالى   (DNA)الحمض النووي الديوكسي ريبوزيالجينات بعد نسخ 

، لكن محور هذه الجزيئات  (MS)العديد من الأمثلة التي تؤكد دور الميكرورنا في تطور مرض التصلب اللويحي المتعدد

الرايبوزية مع البروتينات التي تلعب دور مهم في التصلب اللويحي المتعدد ما زال مبهما. أظهرت دراساتنا السابقة ان تحفيز 

يقلل اعراض الالتهاب في نموذج  (TCDD)بواسطة مادة تي سي دي دي  (Ahr)ريل هيدروكربون عامل النسخ مستقبل الأ

-miR)132-مرض التصلب اللويحي في فئران التجارب. هذا التأثير المضاد للإلتهاب كان ناتجا عن زيادة نسخ ميكرورنا

كما أنه من المعروف أن تحفيز مستقبل الأريل . (AChE)و الذي يستهدف الإنزيم المعزز للألتهاب استيل كولينستيريز   (132

يقلل اعراض التصلب اللويحي المتعدد في الفئران، لكن حتى الآن لا توجد  (DIM)هيدروكربون بواسطة ثنائي اندول الميثين 

 أبحاث قامت بدراسة محور ثنائي اندول الميثين مع الميكرورنا.

مع إحداث نموذج مرض  (CD4)قد انخفض في الخلايا التائية المساعدة  132-نتائج الدراسة الحالية بينّت أن نسخ ميكرورنا 

التصلب اللويحي المتعدد في الفئران، لكن إعطاء الفئران جرعات من ثنائي اندول الميثين استعاد نسخ هذا الميكرورنا الى 

و الذي يستهدف  132-ن نسخ ميكرورنامستويات اعلى. و كما هو الحال في مادة تي سي دي دي فإن ثنائي اندول الميثين زاد م

استيل كولينستيريز، و مما يترتب عليه بالتالي تعزيز نظام كوليني مضاد للألتهاب. تم وصف هذا النظام بواسطة زيادة تركيز 

ل يؤدي إلى تقلي 132-داخل الخلية التائية عن طريق الصدمة الكهربائية. أظهرت النتائج أن زيادة ميكرورنا 132-ميكرورنا

جاما، بينما زاد انتاج -و الإنترفيرون 17-تضاعف الخلايا التائية و تقليل انتاج السيتوكينات المعززة للإلتهاب و هي انترليوكن

بيتا. في المجمل، نتائج هذه الدراسة عرفت آلية جديدة تفسر الخصائص -السيتوكين المضاد للإلتهاب و هو عامل النمو المحوّل

في السيطرة على  132-تمتلكها مادة ثنائي اندول لميثين، و هذا بدوره يعطي احتمالية استخدام ميكرورنا المضادة للألتهاب التي

 الإلتهابات المناعية الذاتية في مرض التصلب اللويحي المتعدد. 
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