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Title of the Research topic Micro RNAs (miRNAs) regulating Sirtuin expression 

in non-alcoholic fatty liver disease (NAFLD): 

Diagnostic and therapeutic implications. 

Brief resume of the intended 

Research work(max 250 words) 

Non-alcoholic fatty liver disease (NAFLD) represents a 

spectrum of disease ranging from simple steatosis 

(SS),defined by fat accumulation exceeding 5% of liver 

weight, to the progressive form of non-alcoholic 

steatohepatitis     (NASH),     characterised     by    lobular 

inflammation   and   hepatocellular   ballooning,    and   to 
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 fibrosis, which may progress to cirrhosis and/or 

hepatocellular carcinoma (HCC).1 NAFLD is the most 

common chronic heterogenous liver disorder1 in 

developed countries occurring in around 46% population 

and is equally prevalent (9-32%) in India, more so in 

obese population with 75% prevalence2, which occurs 

due to high calorie intake and decreased physical 

activity.3 

NAFLD pathogenesis is closely related to obesity, insulin 

resistance (IR) and dyslipidemia. Sirtuins, a group of 

proteins which belong to silent information regulator 2 

family4 of class III histone/protein deacetylases, are 

shown to be strongly expressed in liver and are involved 

in regulating hepatic carbohydrate and lipid metabolism, 

insulin signalling and inflammation which regulate 

cellular protein function by post translational 

modifications.5 P53, FOXO, PGC-1α,NF-kB are few of 

the non-histone proteins deacetylated by sirtuins leading 

to outcomes like apoptosis, response to oxidative stress, 

mitochondrial biogenesis and inflammatory response.6 

Recent studies have shown that downregulation of 

sirtuins have important role in pathophysiology of 

NAFLD. Hence, they can have potential role as 

diagnostic and therapeutic targets in NAFLD. 

NAFLD development and progression is also modulated 

by epigenetic factors, in particular microRNAs 

(miRNAs), the small non-coding RNAs, made up of 19- 

25 nucleotides, which are post-transcriptional regulators 

of many target mRNAs7, the dysregulation of which is 

shown to have high prognostic value. miRNAs are shown 

to regulate glucose and lipid metabolism in hepatic cells, 

inflammation,  oxidative  stress,  endoplasmic  stress, cell 

proliferation,  fibrosis  and  apoptosis  in  NAFLD  and its 



 progression towards more severe stages of the disease, 

therefore having a great potential to affect patient 

outcome.8,9 Enhanced cell death that typically occurs in 

NASH releases several miRNAs into circulation, which 

can act as mirrors of molecular events in NAFLD. Hence, 

these epigenetic modifiers can help in early risk 

assessment and also determine NAFLD progression and 

prognosis. 

With this background of epigenetic factor involvement in 

NAFLD progression, we intend to evaluate the expression 

of miRNAs and sirtuins regulated by these miRNAs in 

NAFLD. This study would throw light on specific 

miRNAs regulating sirtuins which may be involved in 

progression of NAFLD by affecting cellular events like 

inflammation and metabolic dysregulation. 

We propose to study the miRNAs regulating the Sirtuins, 

which will help us understand their role in progression of 

NAFLD, which can be of diagnostic or prognostic value 

and can be used as therapeutic targets. 

Need for the study (max 250 

words) 

NAFLD being a silent consequence of metabolic 

syndrome, might go unnoticed till the disease progresses 

to advanced stage of cirrhosis and/or HCC, and ultimately 

to morbidity and mortality. 

Liver biopsy is the gold standard for the diagnosis of 

NAFLD, however the technique is invasive and its 

clinical application is restricted by patient’s reluctance as 

well as potential complications such as bleeding, 

especially in decompensated conditions. There are non- 

invasive investigations available for the diagnosis of 

NAFLD, most commonly radiological investigation 

ultrasound which is widely used diagnostic modality. It is 

inexpensive but is not sensitive if <30% area is affected 

by  liver  steatosis.   Computerized   tomography  (CT)  is 



 more accurate investigation to diagnose moderate to 

severe liver steatosis but not accurate to detect mild 

steatosis. MRI has good sensitivity (76.4-95.3) and 

specificity (62.4-84.6) in detecting liver steatosis but is 

not widely available and is expensive. Transient 

elastography is reported to be unreliable in approximately 

15% of NAFLD patients due to obesity. Fibroscan has 

high accuracy to identify low steatosis compared with 

ultrasound but it is limited by factors like obesity, 

geriatric age group, and presence of ascites and features 

of metabolic syndromes and requires future validation.10 

So there is need for non-invasive biochemical markers to 

be studied and validated. Conventional liver enzymes 

which are used currently are not specific and sensitive to 

NAFLD; hence there is need for more sensitive and 

specific markers. 

Epigenetic mechanisms, in particular those associated 

with dysregulation of the expressions and functional 

activities of microRNAs (miRNAs) and Sirtuin proteins, 

play a major role in metabolic disorders like obesity, type 

2 diabetes mellitus and metabolic syndrome associated 

with NAFLD and their progression towards more severe 

stages of the disease. 

Evaluating the expression of miRNAs regulating sirtuins 

would help us to understand the molecular events 

involved in progression of NAFLD which can be targeted 

for therapy. Since these miRNAs are released by 

damaged hepatocytes, especially in NASH, measurement 

of these circulatory miRNAs could be used as non- 

invasive diagnostic indicators of NAFLD. 

a. Review of literature(max 250 

words) 

In mammals, the liver is a metabolic organ that plays an 

important role in the regulation of Triacylglycerol (TG) 

homeostasis.  Excessive  TG  deposition  in  hepatocytes 



 which is derived from the increased delivery of FFA into 

the liver, leads to the development of NAFLD.11 

NAFLD represents a global healthcare burden since it is 

epidemiologically related to obesity, type 2 diabetes and 

Metabolic Syndrome.12 The presence of a signalling 

pathway in which miRNAs are selectively secreted by 

one cell and taken up by a distant, target cell, possibly to 

regulate gene expression is hinted by circulating 

miRNAs.13 

Jie Liu et al14 conducted a study where, they assessed the 

diagnostic value of the circulating miRNAs as a signature 

of the NASH. They validated 25 differentially expressed 

miRNAs in diet induced NASH mouse model, and 

supported the translation between the preclinical and 

clinical studies and concluded that miRNAs based 

biomarker may be used for non-invasive diagnosis, 

prognosis and treatment response for NASH. 

Jun Qiang et al15 explored the regulatory relationship 

between miR-122 and stearoyl-CoA desaturase gene 

(SCD) and how it regulates SCD expression and 

participates in fat regulation, they observed that inhibition 

of miR-122 upregulated SCD, increased the expression of 

fat synthesis related genes. In study conducted by Ya 

Ling Yang16 they investigated the miR-29a regulation of 

methyltransferase signalling and epigenetic programming 

in hepatic fibrosis progression. They concluded that a 

protective effect to maintain the DNA hypomethylation 

state bymiR-29a inhibition of methyltransferase, 

decreases fibrogenic activities in Hepatic Stellate Cells 

(HSC). These robust analyses also highlight the miR-29a 

regulation of epigenetic actions to ameliorate excessive 

fibrosis   during  cholestatic   liver   fibrosis development. 

Jiexia Ding et al17 conducted the study on miRNA-34a, 



 where they assessed how miRNA-34a effects NAFLD 

through PPARα-related pathway. They observed that 

there was downregulation of PPARα and SIRT1, which 

are the direct target of miRNA-34a. They also observed 

that inhibitor of miR-34a suppressed lipid accumulation. 

Conclusion was that the reduced expression of miR-34a 

altered the lipid metabolism in NAFLD. Downregulation 

of miR-34a might be a therapeutic strategy. 

Jun-Ke Long18 carried out a study, where they performed 

both in vitro and in vivo experiments to examine the 

function of miR-122 on Sirt1-mediated lipid metabolism 

in NAFLD pathogenesis. They observed that miR-122 

was upregulated both in cell lines and in an animal model 

of NAFLD; by contrast, Sirt1 expression was 

downregulated. Also revealed that miR-122 directly 

bound to the 3’-UTR of Sirt1 to suppress its expression. 

Knockdown of miR-122 decreased the expression of 

lipogenic genes but activated the AMPK signalling 

pathway, which further suppressed lipid production and 

triglyceride (TG) secretion in hepatocytes. Their results 

thus provide the novel insight into NAFLD pathogenesis 

and highlighted the potency of miR-122 as both a 

biomarker and therapeutic target for NAFLD in the 

future. 

Kyung Eun Kim20 investigated the role of macrophage 

SIRT1 on obesity-induced metabolic and inflammatory 

changes and also examined the effect of myeloid cell- 

specific SIRT1 deletion on insulin resistance, 

inflammation, hepatic steatosis and fibrogenesis. They 

observed that activating SIRT1 signaling may reduce 

obesity-induced inflammation and metabolic syndrome, 

and importantly, targeted induction of macrophage SIRT1 

may be a  good  therapy for  alleviating systemic levels of 



 

 

 

 

 

 

 

 

 

 

 

 
b. Research question 

 

 

 

 

 

 

 

 

c. Research Hypothesis 

obesity-induced inflammation. 

Xiao-Feng Tian et al20 observed that the miR- 

34a/SIRT1/p53 signaling pathway was activated CCl4- 

induced rat liver fibrosis model and could be inhibited by 

SIRT1 activator SRT1720, they also found that the miR- 

34a/SIRT1/p53 signaling pathway was involved in liver 

fibrosis by inducing the apoptosis of hepatocytes but not 

HSCs. This signaling pathway, especially SIRT1, might 

be a promising therapeutic target for liver fibrosis. 

Research question: 

1. In NAFLD, can miRNAs regulating sirtuins be 

targeted for therapy to prevent progression of the 

disease? 

2. In NAFLD, can circulatory miRNAs regulating 

Sirtuins be considered as novel non-invasive 

diagnostic and prognostic indicators? 

Hypothesize that “Sirtuins regulating miRNAs may be 

better targets for therapy in preventing the 

progression of NAFLD as well as these circulating 

miRNAs may act as better diagnostic markers when 

compared to the conventional radiological imaging in 

NAFLD”. 

Null hypothesis: 

H0a: miRNAs regulating Sirtuins are not good targets for 

therapy to prevent progression of NAFLD. 

H0b: Circulating miRNAs regulating Sirtuins have equal 

potential to be diagnostic markers when compared to 

conventional radiological imaging in diagnosis of 

NAFLD 

 
Alternative hypothesis: 

H1a: miRNAs regulating Sirtuins are good targets for 

therapy to prevent progression of NAFLD. 



 

 

 

 
c. Objective of the study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

d. Material and methods 

i. Source of data 

ii. Method of collection of 

data (including sampling 

procedure, if any) 

H1b: Circulating miRNAs regulating Sirtuins are better 

diagnostic markers when compared to conventional 

radiological imaging in diagnosis of NAFLD 

Objectives: 

1. To screen the hepatic cell lines (chang liver cell 

line and HepG2) for the basal expression of 

Sirtuins and various miRNAs regulating them, to 

identify the right in-vitro model for NAFLD. 

2. To study the cellular morphology in steatosis- 

induced hepatic cell lines 

3. To assess the changes in the expression of Sirtuins 

and their regulating miRNAs in steatosis-induced 

hepatic cell lines. 

4. To evaluate the inflammatory response by 

silencing miRNAs regulating Sirtuins in steatosis- 

induced hepatic cell lines. 

5. To identify the candidate miRNAs regulating 

Sirtuins that can be used as diagnostic and 

therapeutic targets for NAFLD. 

Material and methods 

 
Source of data: SDM College of Medical Sciences and 

Hospital, Dharwad 

Institutional ethical clearance will be obtained before the 

start of the study. 

Method of Sample collection: 

For objectives 1-4: Hepatic Cell lines will be used for 

the study which will be procured and induced for 

steatosis. 

For objective 5: Informed consent will be obtained from 

all the study subjects, and 4ml of blood sample will be 

collected in plain tube from study subjects with aseptic 

precautions from gastroenterology OPD. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

iii. Inclusion criteria 

 

 

 

 

 

 

 

 

 

 

 

iv. Exclusion criteria 

 

 

 

 

 

 
v. Operational 

definitions/Techniques 

employed 

Type of the study: Cross-sectional study 

Sample size: Total sample size: 90 

Sample size was calculated using G-power software 3.1 

version, with the effect size 0.7, with α error of 0.05 and 

1-β error of 0.95 

Study Subjects will be divided in 3 groups 

Group 1: Subjects diagnosed with NAFLD on USG and 

fibroscan 

Group 2: Subjects diagnosed with NAFLD on fibroscan 

but no evidence of fatty liver changes on USG 

Group 3: Subjects without evidence of NAFLD on USG 

and fibroscan 

Inclusion criteria: Dyslipidemia especially high TG 

levels and with features of metabolic syndrome (Any of 

the following 3 or more: waist circumference over 40 in 

men and over 35 in women, blood pressure over, 130/85 

mm Hg, fasting triglyceride >150 mg/dl, fasting high 

density lipoprotein <40 mg/dl in men and <50 mg/dl in 

women, fasting blood sugar over 100mg/dl).21 will be 

considered for Group 1 and 2. 

Exclusion criteria: Significant intake of alcohol intake 

(>20 g/ day for men and >10g/day in women), evidence 

of viral, autoimmune hepatitis, HIV, drug induced fatty 

liver other inherited metabolic liver diseases like 

hemochromatosis, Wilson’s disease. 

Methods: 

Objective 1: To screen the hepatic cell lines (chang liver 

cell line and HepG2) for the basal expression of 

SIRTUINS and various miRNAs regulating them, to 

identify the right in-vitro model for NAFLD. 

Computational Bioinformatics Analysis (miRbase 

software) will be conducted for prediction of the miRNAs 

targets, following which the identified miRNAs (miRNA- 



 122, 29, 34) and Sirtuins(1/3), one or more than one 

miRNAs and Sirtuins will be evaluated in our study after 

Blast analysis. Then we will be studying the basal 

expression of these selected miRNAs and sirtuins in the 

hepatic cell lines (chang liver cell line and HepG2) by 

Real Time polymerase Chain Reaction (RT-PCR) and 

western blotting techniques respectively after 

standardisation. 

Objective 2: To study the cellular morphology in 

steatosis induced hepatic cell lines. 

Hepatic cell lines as mentioned above will be induced 

using identified chemicals/substances with different doses 

and at different time. The expected doubling time of these 

cell lines is 48hrs. The morphological changes in the 

steatosis-induced hepatic cell lines will be studied by 

standard staining procedures and microscopy, and will 

be graded accordingly. The inducing agent, dosage and 

time will be standardised to obtain the expected 

histological changes in hepatic cell line, as per the 

standard protocols. 

Objective 3: To assess the changes in the expression of 

Sirtuins and their regulating miRNAs in steatosis-induced 

hepatic cell lines. 

Expression of identified sirtuins and their regulating 

miRNAs in different histological grades in steatosis- 

induced hepatic cell lines will be studied by western 

blotting and RTPCR respectively using standardised 

techniques. 

Objective 4:.To evaluate the inflammatory response by 

silencing miRNAs regulating sirtuins in steatosis-induced 

hepatic cell lines 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
e. List of references 

miRNAs regulating the sirtuins identified as above will be 

silenced by blocking them using appropriate blocking 

agents and sirtuin expression will be studied in different 

histological grades by RT-PCR and western blotting 

respectively. Inflammatory response will be studied by 

identified inflammatory markers downstream sirtuin 

expression by western blotting. 

Objective 5: To identify the candidate miRNAs 

regulating sirtuins that can be used as diagnostic and 

therapeutic markers for NAFLD. 

The identified miRNAs will be measured in the serum of 

the study subjects in all the 3 groups by RTPCR. 

Statistical Analysis: 

Relevant statistical tests for comparison will be applied to 

analyse each data set obtained in different objectives 

using latest SPSS/Graph Pad Prism software package 

with the help of Bio-Statistician. 
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Does the study require any 

investigations or interventions to 

be conducted on patients or 

humans or animals? If so, please 

describe briefly 

Yes 

Investigation to be done on humans for Objective 5. 

Routine radiological and blood investigations will be 

carried out as per the proptocol followed routinely for all 

patients as requested by gastroenterologist. 

Blood sample will be collected from the study subjects 



 for analysis of serum miRNAs. 

Liver biopsy will be taken where indicated and as decided 

by gastroenterologist for histopathological study. Liver 

biopsy will be considered in patients with suspected 

NAFLD in whom competing etiologies for Hepatic 

Steatosis (HS) and the presence and/or severity of 

coexisting CLDs (chronic liver diseases) cannot be 

excluded without a liver biopsy. Left over liver biopsy 

samples from histopathology will be retained and used for 

our study purpose. 

Has ethical clearance been 

obtained from your institution 

NO 

Institutional ethical clearance will be taken. 

Is the proposed research project 

novel? Give details (max 150 

words) 

Yes 

NAFLD being complex disorder, currently there are no 

robust non-invasive markers available to diagnose the 

disease and therapeutic targets to prevent progression of 

NAFLD. 

There is paucity of the research on the study of the 

pathogenesis involving the Sirtuin proteins as well as the 

miRNAs regulating sirtuins, which could serve as 

biochemical markers and as therapeutic targets. 

The role of miRNAs regulating sirtuins in progression of 

NAFLD is understudied in India. 

Sensitivity of USG varies from 60%-94% and also varies 

depending on the degree of steatosis, sensitivity is very 

low when steatosis is <30%, it is also operator dependent 

and have intra and inter observer variability, other 

drawback is it cannot differentiate between steatosis and 

steatohepatitis. Hence circulating miRNAs analysed in 

this research project may be considered as useful 

biomarkers in diagnosis and prognosis of the disease, as 

these  as  more  stable  in  biological  fluids  especially  in 

serum/plasma as they are protected from degradation by 



 extracellular vesicles (such as exosomes), miRNA 

binding proteins and HDL. 

What is the expected 

contribution of the research 

project to the existing knowledge 

base? (max 150 words) 

This research project may add a very valuable 

information to the existing knowledge on the 

pathogenesis of the disease like simple steatosis 

progressing to inflammation and fibrosis and ultimately 

leading to NASH (non-alcoholic steatohepatitis) , 

cirrhosis and HCC. 

As NAFLD is complex disease, currently no specific 

treatment is available for treating it. This research project 

may add to the existing knowledge of the pathogenesis 

and throw a light on molecular mechanism in disease 

causation. This project may help to understand 

pathogenesis at molecular level, involved in NAFLD in 

better way and these mechanisms may act as a potential 

target in treating this disease. 

The increasing enthusiasm in the use of circulating 

miRNAs in clinical practice is explained by their ability 

to reflect the physiological/pathological state of the tissue 

they are derived from. The study will help to elucidate 

role of microRNAs (miRNAs) in disease pathogenesis 

and their stable presence in biological fluids highlights 

the potential role of miRNAs as emerging non-invasive 

biomarkers for disease diagnosis and prognosis. Thus, 

circulating miRNAs may be regarded as fingerprints of 

the affected tissue. 

What is the expected advantage 

of the research project to the 

society at large? (max 150 

words) 

NAFLD is silent and complex disease, where the patient 

might remain asymptomatic and may present with 

advanced stage of the disease which may be irreversible. 

Currently available diagnostic modalities are less 

sensitive and specific to the disease. 

This   study  can   give   insights   on   the   diagnostic and 

prognostic  value  of  circulating  miRNAs  in  NAFLD, 



 which can become non-invasive tools for diagnosis 

following further studies in larger population. 

Evaluating miRNAs regulating sirtuins would give 

insights on cellular events in progression of NAFLD 

which can be used as therapeutic targets. 

What is the expected advantage 

of the research project in the 

regional area? (max 100 words) 

This research project might help understand the 

pathogenesis involved the NAFLD and its progression in 

our population. miRNAs being epigenetic mediators, 

where there is gene-environment interaction, 

investigating these molecules may help understand the 

effect of various factors mainly regional diet and 

environmental factors on the development and 

progression of NAFLD. This would help further in 

identifying specific therapeutic targets in view of 

providing personalised medicine. 

Other Relevant documents 

enclosed? 

Informed consent form (English and Kannada) 

Proforma for collecting patient data 

Signature of the candidate: 

Place: 

Date: 

Dr Deepti S Ireshanavar 

Dharwad 

29-08-2020 

Remarks by the guide 

Signature: 

Name: 

Designation 

Place: 

Date: 

 

 

Dr Vidya S Patil 

Professor and HOD 

Department of Biochemistry 

SDM College of Medical Sciences and Hospital 

Dharwad 

Signature: 

Name & designation of co-guide 

Place: 

Date: 

 
Dr Preetham Hurkadli 

Professor and HOD 

Department of Gastroenterology 

SDM College of Medical Sciences and Hospital 

Dharwad 



Remarks of the head of the 

department 

Signature: 

Name: 

Place: 

Date: 

 

 

Dr Vidya S Patil 

Professor and HOD 

Department of Biochemistry 

SDM College of Medical Sciences and Hospital 

Dharwad 

Remarks of the Principal 

Signature: 

Name: 

Place: 

Date 

 

 

Dr Rathnamala M Desai 

Principal 

SDM College of Medical Sciences and Hospital 

Dharwad 

  



 

 

 

    

 

         


