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ÖZET 

 

Adli Tıpta Yaş Tahminine Yönelik Bir Biyobelirteç: MiR-766- Tükürükte Yaşa ve Cinsiyete Bağlı 

Ekspresyon Düzeylerinin Analizi 

 

Rutin adli vakalarda ilgili kişinin yaşını belirlemek soruşturma için çok önemli olabilir, ancak 

bu işlem hâlâ kolay değildir. Adli kapsamın ötesinde, yaş tahmin araçları göç, antropoloji ve 

afet mağdurlarını tanımlama programları da dahil olmak üzere diğer birçok alan için de 

faydalı olabilir.  Etkili bir yaş tahmin modeli oluşturmak amacıyla yaşlanmanın karmaşık 

temellerini anlamak bize çeşitli ipuçları verebilir. Başlangıçta histon deasetilasyonundaki 

rolleriyle bilinen sirtuinler (SIRT), yaşlanma ve yaşa bağlı hastalıklardaki rolleri nedeniyle 

giderek artan ilginin merkezi olmuştur. SIRT6 yaşlanmayla birlikte bir azalma gösterir. "SIRT6 

ifadesini hangi faktörler etkiler?" sorusunun cevabı yaşlanmayla ilgili karmaşık ilişkileri 

açıklamaya çalışırken  uygulanacak olan yaş tahmin modellerinin tasarlanmasında da faydalı 

olacaktır. Gen susturmadaki rolleriyle bilinen mikroRNA'lar bu sınıfta yer alan bir faktördür. 

MiR-766-3p, bir geri bildirim düzenleyici döngü aracılığıyla SIRT6'yı hedefler. Farklı yaş 

gruplarındaki tükürük örneklerinde miR-766-3p'nin ekspresyon modellerinin analizi, miRNA-

yaşla ilgili devrelere ilişkin daha fazla bilgi verebilir ve yaş tahmin araçları için aday bir 

biyobelirteç olarak potansiyelini belirleyebilir. Sonuçlarımız kadın ve erkeklerin ifade 

kalıplarında farklılık olduğunu göstermektedir. Kadınlarda yukarı düzenleme görülürken, 

erkeklerde yaşla birlikte azalma görülüyor. 
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SUMMARY 

 

A Biomarker for Age Estimation in Forensic Medicine: Analysis of Age and Sex-Dependent 

Expression Levels of MiR-766-3p in Saliva 

 

Determining a person of interest's age in routine forensic cases can be a pivotal lead to an 

investigation, however, this task remains challenging. Beyond the forensic scope, age prediction 

tools could be an asset to several other fields including immigration, anthropology and disaster 

victim identification programs.  Several leads have been explored to understand the complex 

underpinnings of ageing to create an effective prediction model. Initially known for their role in 

histone deacetylation, sirtuins (SIRTs) have received growing attention, regarding their role in 

ageing and age-related diseases as SIRT6 shows a downregulation with ageing. The question of 

"What factors affect SIRT6 expression?" would, therefore, be valid, when trying to elucidate the 

complex network involved in ageing and when designing age prediction models. MicroRNAs 

known for their role in gene silencing are one such factor. MiR-766-3p targets the SIRT6 via a 

feedback regulatory loop. The analysis of the expression patterns of miR-766-3p in the saliva 

samples of different age groups may give more insight into miRNA-age-related circuitry and 

determine its potential as a candidate biomarker for age prediction tools. Our results show a 

difference in the expression patterns of women and men. Where women show an upregulation, 

men show a downregulation with age.  

 

Keywords: Aging, Senescence, Biomarker, Saliva, SIRT6, MiR-766-3p, Chronological age 

estimation, Forensic Sciences, RNA extraction, RT-PCR; Real-Time, 

Polymerase Chain Reaction.
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CHAPTER I  

1. Introduction  

Forensic science applies physical and natural science methodologies to civil and criminal law 

matters. In forensic science, crimes such as murder and rape can be investigated and 

prosecuted as well as civil wrongs such as willful air or water pollution. Forensic science 

comprises various disciplines with a common set of challenges, ensuring reliable results, and 

communicating accurate and understandable findings to non-experts and jury amongst other 

things. Forensic scientists must collect and examine data from the crime scene to assist courts in 

their decision-making [Upadhyay et al. (1)]. 

1.1. Significance of crime scene 

The place of occurrence of a crime has all the physical evidence and is of utmost importance. 

Forensic scientists meticulously collect and analyze the evidence to establish a link to the crime. 

The nature of the samples determines the type of scientific technique used, hence the various 

forensic sub-disciplines. The primary branches include forensic biology and DNA, chemistry or 

instrumental analysis, physics or pattern analysis, crime scene or death investigation, and 

information technology multimedia. Each discipline branches into an array of subdisciplines 

[Verma et al. (2)]. 

1.2. Forensic Biology and DNA 

Forensic biology involves the analysis of biological material collected from crime scenes for 

identification and individualization purposes. The extraction and purification of DNA from 

biological evidence involves the use of different scientific protocols such as polymerase chain 

reaction (PCR), DNA sequencing etc. Biological evidence comprises blood, saliva, tissue, hair, 

bone, and other bodily fluids. Once analyzed the generated DNA profiles are compared against 

forensic databases to identify individuals or determine the absence or presence of relatedness 

amongst individuals [Bukyya et al. (3)]. 
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1.3. Biomarkers 

Biomarkers can be categorized in various ways. They could be classified into two broad groups 

which are biomarkers of exposure or biomarkers of disease. In molecular biology and genetics, 

they are usually classified as type 0 or natural history markers, type 1, also known as drug 

activity markers and type 2 or surrogate-end points markers. Another classification divides them 

into monitoring, diagnostic, pharmacodynamic, predictive, prognostic or risk biomarkers. Their 

applications range from general applications such as scientific concept advancement to specific 

uses in clinical practices or research perspectives such as treatment tracking or drug 

development. Biomarkers can be detected using various methods ranging from blood tests to 

magnetic resonance imaging (MRI), each of which may affect the downstream usability of the 

biomarkers [Tandon (5)]. 

1.4. Forensic biomarkers 

Biomarkers can be applied in many ways in forensic science to provide vital investigation leads. 

Biomarkers can be used to prove or disprove a person's involvement in a crime. They can be 

used to identify an individual and place them at a crime scene. Furthermore, they are used in 

estimating postmortem intervals, wound age, and certain traits such as sex or age. 

1.5. Age Determination in Forensic Sciences  

The accurate determination of a suspect or victim's age can be a vital investigation lead. 

However, in practice, this remains a challenging task. Several prediction models have been 

suggested throughout the years. With the advent of next-genome sequencing (NGS) and 

bioinformatic tools, novel biomarkers are investigated more extensively to find the most reliable 

and practical ones. Some of the most investigated biomarkers include telomere shortening, DNA 

methylation (DNAm) patterns, mRNA, miRNA, and protein expression levels [Wang et al. (6)]. 
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 CHAPTER II 

 

2. Literature Review 

The complex pathways and processes involved in ageing, have been extensively studied. There 

is a lot left to elucidate, however, research carried out so far gives more insight into the 

interplay between markers and genes and the role they play in ageing. One such interaction has 

been demonstrated in earlier studies between micro-RNA 766-3p and one of its target genes 

sirtuin6, a well-known age-sex-related gene. Since sirtuin6's implication in age is established, 

investigating factors that affect its expression such as miR-766-3p could be of significant 

relevance to age prediction studies.  

2.1. Ageing and senescence: 

Ageing is mainly characterized by a steady decline in function and is a predominant risk factor 

for many diseases, including neurodegenerative disorders, cardiovascular diseases, cancer, and 

diabetes. Senescence is one of the main hallmarks of ageing and is defined as growth arrest in 

response to cellular stress and damage [Di Micco et al. (10)], [Zhang et al. (7)]. The cell, which 

nonetheless retains its metabolic activity, can damage adjacent cells through the release of 

toxins. Over time, the accumulation of senescent cells constitutes a risk factor for the diseases 

mentioned above [Ruchi and Parmjit (8)]. A person's age is often evaluated by chronological 

age, which refers to the lapse between birth and a specific point in time. Although biological age 

can be implied from chronological age, age-dependent biological changes occur at different 

rates among individuals. Therefore, forensic age estimation usually refers to chronological 

rather than biological age. In the last decade, more research has been geared towards finding 

more reliable chronological age prediction models that can be applied within the forensic 

medicine scope and beyond [Refn et al. (9)]. 
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2.2. Applications of age determination: 

Forensic medicine and sciences encompass many disciplines and heavily rely on technology to 

carry out investigations [ Ramazan et al. (10)]. A key parameter in forensic investigation is age 

determination [Ellingham and Adserias-Garriga (11)], especially in cases where evidence 

collected from the crime scene do not match any of the suspects' DNA profiles from the crime 

DNA database. Narrowing the age could help infer age-related physiological features, such as 

baldness, that could further investigative leads [Refn et al. (9)]. Immigration-related cases 

equally rely on applying age prediction techniques to differentiate between legal age 

thresholds. In such cases, an individual's age must be correctly determined to apply the 

appropriate legal measures [Naue (12)], [Hagen et al. (13)]. Age estimation is also employed in 

anthropological investigations. Typically, the identification of human skeletal remains relies on 

key features like the person's age at the time of death. Furthermore, age predictions from 

biological samples can be used in disaster victim identification (DVI) as a screening tool to come 

up with a potential missing persons’ list.  Lastly, direct-to-consumer companies involved in 

investigative genetic genealogy may use the genetic information in their possession to search 

for a potential perpetrator's distant relative via DNA profiles from crime scenes. Predicting a 

person's age could help determine what generation should be investigated to find the 

perpetrator among distant relatives. [Freire- (Aradas et al. (14)], [Bjelopavlovic et al. (15)]. 

2.3. Past and current forensic age estimation methods: 

In the past, forensic age estimations relied on osteological, stomatological, and radiographical 

techniques [Ashifa (16)]. However, with the advent of innovative techniques, there has been a 

significant shift towards more molecular-based approaches, marking a notable evolution in 

forensic science [Ambroa-Conde et al. (17)], [Aliferi et al. (18)]. Methodologies that examine 

skeletal or dental evidence have limited applicability, considering the odds of finding biological 

material with morphological age features at crime scenes. Furthermore, in asylum cases, for 

instance, ethical issues may arise regarding the adverse effects of X-radiation when used on 

minors. In contrast, molecular methodologies offer distinct advantages as they can, in theory, 

analyze trace amounts of biological material more commonly found at crime scenes. 
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Over the years, molecular approaches involving DNA, RNA, and protein-based assays have been 

proposed. Scientists, however, focus on methodologies involving blood DNA analyses since 

blood is the most common material at crime scenes, and DNA remains relatively stable even in 

dried samples. First proposed in 2014 by Weidner et al, DNA-methylation-based assays are one 

of the most prevalent age-prediction models, mainly because DNA methylation is one of the 

most studied and well-understood DNA markers. However, the high DNA input amount and the 

bi-sulfate conversion efficiency challenge the robustness of these assays. These models rely on 

high throughput techniques, require bisulfate conversions and PCR amplification. Bisufate 

treatments highly degrade DNA that is only available in trace amounts [Aliferi et al. (18)], 

[Thangaraj et al. (20)], [Maulani and Auerkari (21)]. These setbacks thereby prompt further 

research to find reliable biomarkers from different tissues that may apply to routine forensic 

cases. The research described in this thesis aimed to analyze the expression levels of micro-RNA 

766-3p mediated by age-dependent SIRT6 genes in saliva samples from different age groups to 

determine the potential of micro-RNA 766-3p as a candidate biomarker for age-prediction 

models applicable in forensic cases. 

2.4. SIRTUIN 6: 

In mammals, sirtuins are a family of 7(SIRT 1-7) nicotinamide dinucleotides (NAD+)-dependent 

histone deacetylases with remarkable properties in disease prevention and delay of cellular 

senescence through complex cellular processes. SIRT6 mainly, is an ADP-ribosyl transferase 

deacetylase found in chromatin, involved in lifespan extension, DNA repair, genome stability, 

and telomere maintenance [Lee et al. (23), Zhao et al. (24)]. The expression of SIRT6 is 

upregulated in younger subjects while downregulated in older ones [Owczarz et al. (25), Dzidek 

(26)]. Given the known importance and correlation between age and SIRT6, it would be 

noteworthy to investigate the factors that affect the expression of SIRT6 directly or indirectly to 

gain more insight into the complex networks modulating ageing, to identify reliable age 

prediction markers. One such factor is micro RNAs (miRNAs), crucial in post-transcriptional 

regulation. 
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2.5. Micro RNA 766-3p: 

 MiRNAs are small non-coding RNAs of approximately 18-24 nucleotides. They play a role as 

post-transcriptional modulators of gene expression and are less prone to environmental decay 

than longer strands of RNA. [Hayakawa et al. (27)], [li and Yu (28)], [Ergin and Çentinkaya (29)]. 

They are processed in the nucleus and the cytoplasm by DROSHA and DICER endonucleases, 

respectively. The resulting mature miRNA transcripts are then formed and loaded into the RNA-

induced silencing complex (RISC) to carry out the specific biological functions [ Li and Yu (18)], 

[Ergin and Çentinkaya (29)]. Generally, the complex is involved in negative post-transcriptional 

regulations, such as the downregulation of genes [Rani and Sengar (30)], [Michlewski et al. 

(31)], [Leitão and Enguita(32)]. Online prediction repositories can be used to predict the type 

and number of miRNAs targeting a specific gene. The miRDB (2020) database used in this study 

showed that hsa-miR-766-3p (previously known as miR-766) had the highest target score value 

(89) for SIRT6. In earlier studies, Armit et al. discussed miR-766-3P-mediated post-

transcriptional regulations of SIRT6 genes in human induced pluripotent stem cells, thus 

elucidating a possible feedback regulatory loop. MiR-766-3p are intronic miRNAs transcribed as 

part of a larger transcript, including that of SEPTIN6 mRNA (previously known as SEPT6) [Gupta 

et al. (33)]. In older subjects, SEPTIN6 and miR-766-3p are upregulated and acetylation 

increases in SEPTIN6 upstream regions. Conversely, in younger individuals, histone residues in 

promoter regions of targeted genes are deacetylated by SIRT6. This indicates there is a loop 

mechanism between the SIRT6 gene and miR-766-3p. [Dzidek (16)], [Fiorentino et al. (34)]. 

SIRT6 plays an essential role in the expression of miR-766-3p by modulating acetylation at 

SEPTIN6 promoter regions. The high expression levels of SIRT6 in younger subjects increase the 

deacetylation of SEPTIN6 promoter regions and several others, leading to miR-766-3p 

downregulation. However, in older subjects, SIRT6 expression levels are lower, leading to 

increased acetylation at the 9th lysine residue of the histone H3 protein (H3K9) and elevated 

miR-766-3p levels. The increased micro-RNAses bind to the 3'untranslated SIRT6 region 

resulting in the downregulation of SIRT6 expression [Chang et al. (35)]. 
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2.6. Saliva: 

Gene expression levels are often analyzed from blood samples since it is the most common 

biological evidence at crime scenes. Saliva is nonetheless very common, and in suicide cases, it 

is more common to encounter saliva than blood. Usually found in nibble marks, saliva can also 

be found in pool or stained forms. Saliva identification may be challenging due to its 

transparency. However, this key feature is saliva's main advantage over blood. In an attempt to 

cover their tracks, it is common for criminals to dispose of any visible evidence, such as blood. 

Saliva is a clear liquid, so the likelihood of it being tampered with is low. Other perks include 

non-invasive evidence collection, easy access, and safer handling of material [Chatterjee (36)], 

[Gandhi et al. (37)]. There is also a lower contamination risk for saliva, especially for 

transmittable diseases like hepatitis [Upadhyay et al. (1)]. 

2.7. Saliva detection methods. 

Saliva collection is often based on two techniques depending on the surface from which it is 

collected. The single-swab method involves rolling a wet sterile cotton swab over the collection 

site. The double swabbing technique consists of an initial wet swab, followed by a dry swab. The 

first technique is used on non-absorbent surfaces such as glasses and plastic evidence. The 

second technique is used for absorbent surfaces such as cloth, skin, or half-eaten food items. 

After collection, preliminary and advanced screening can be carried out. These tests can be 

destructive or non-destructive.  

Preliminary or presumptive tests are based on salivary-specific antibody activity, salivary 

fluorescent activity, and salivary alpha-amylase activity. Salivary amylase, however, can also be 

found in other body fluids such as sweat and breast milk hence, making these tests non-specific. 

Presumptive tests include polilight, phadebas, SALIgAE and immunochromatographic strip tests. 

Polilight shows a specific-coloured light that cannot be read on a bright background and mimics 

fluorescence emitted from other body fluids. However, this method is low-cost and portable. 

Phadebas and SALIgAE rely on the alpha-amylase activity of saliva. They are simple to conduct 

but are neither time efficient nor economical and cross-reactivity is common. 
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Immunochromatographic kits are based on monoclonal antibody detection. They are the most 

sensitive but typically give false negative results when used for other body fluids. 

Advanced screenings confirm the identity of the saliva on the substrate for further downstream 

processes. They include immunological techniques, microscopy techniques, RNA profiling, DNA 

methylation, spectroscopy techniques and microbial detection. RNA profiling is costly, time-

consuming and highly unstable. With single processing, DNA methylation protocol can be used 

to identify individuals and body fluids. Amongst these methodologies, next-generation 

(NexGen) sequencing is a better approach but remains costly, and unavailable in many places. 

Spectroscopy techniques on the other hand are robust and non-destructive. However, the 

multiple spectra of a single body fluid remain its biggest demerit. Microbial profiling falls under 

forensic microbiology and is a quite recent advancement. It is expensive and requires skills. 

Nonetheless, higher microbial survival rate in the environment than that of protein and nucleic 

acids constitute a main advantage. Detection of saliva provides quantitative and qualitative 

information. After identification, saliva becomes a major DNA source further processed for DNA 

profiling. Destructive methods such as phadebas, SALIgAe, RSID, immunological tests, RNA 

profiling, DNA methylation, and spectrometry, consume the sample reducing the amount of 

DNA left for downstream analyses [Upadhyay et al. (1)].  

The significance of determining chronological age in forensic medicine underscores the need to 

investigate reliable biomarkers for age prediction models. This research aimed to investigate the 

regulation of age-related SIRT6 gene by miR-766-3p, thus determining the potential of the latter 

as a candidate biomarker for chronological age prediction. In addition to that, highlighting the 

advantages of using saliva as forensic biological material. 
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CHAPTER III 

 

3. Materials and Methods 

The following materials and methodologies were used when carrying this study. 

3.1. Materials 

• A total of 40 healthy volunteer participants including 20 males and 20 females 

• All study participants signed a consent form approved by the University. 

• The mean age of the volunteers was 4-9, 14-19, 24-29, 30+ age groups. 

• NO history of malignancy, autoimmune disorders, metabolic disorders, 

• NO history of infectious diseases was reported in the past 6 months. 

3.2. Salivary sample collection 

• Participants were asked not to eat or drink for at least an hour before sample collection. 

• Participants were asked to rinse their mouth before saliva collection. 

• Unstimulated whole saliva was collected in 50mL sterile DNase- and RNase-free tubes 

via the passive drooling method. 

• All samples were frozen on dry ice for up to 2 hours before RNA preparation. 

3.3. Sample pre-processing 

• Frozen salivary samples were thawed at room temperature. 

• A water bath was not used to expedite thawing, as it may have degraded the RNA and 

compromised quality. 

• Samples were divided into 1mL aliquots in 1.7mL sterile DNase- and RNase-free Denville 

Posi-Click Tubes 

• Centrifuged at 13400 RPM and 4°C for 20 minutes. 
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3.4. RNA extraction protocol  

In this study, we used the protocol-High-Quality and High-Yield RNA Extraction Method from 

Whole Human Saliva-Biomarker Insights Volume 15: 1–9 DOI: 10.1177/1177271920929705) 

All procedures were performed in an RNase-free environment assigned for RNA isolation using 

the modified TRIzol. 

3.5. Modified TRIzol and RNA Isolation Protocol 

• 1 ml of TRIzol reagent was added to each pellet, pipetted several times, and vortexed for 

20 seconds to homogenize. 

• Samples were incubated at room temperature for 5 minutes. 

• 200μL of chloroform was added to each tube and vortexed for 20 seconds. 

• Samples were incubated at room temperature for 3 to 5 minutes. 

• The samples were then centrifuged at 13400 RPM for 20 minutes at 4°C. 

• 700μL of the upper aqueous layer was transferred from each sample into a new 1.7-mL 

tube. 

• These chloroform steps were repeated twice, and for each consecutive time, less 

amount was used. 

• 600μL first, and 500μL of the upper aqueous layer the second time were carefully 

transferred to the new tubes. 

• 500μL of cold isopropyl alcohol was added to each tube, and vortexed for a few seconds. 

• The tubes were incubated at −20°C for at least 30 minutes to assure precipitation of 

RNA. 

• The samples were then centrifuged for 20 minutes at 1°C at 13400 RPM. 

• The supernatant was removed. 

• The pellet was washed with 1mL of cold 80% molecular-grade ethanol and centrifuged 

at 13400 RPM for 5 minutes at 1°C. 

• This step was repeated. Samples were then briefly centrifuged and excess ethanol was 

removed using a pipette. 
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• The pellet was air-dried at room temperature for at least 5 minutes. 

• Finally, samples were resuspended in 20μL of DNase- and RNase-free water. 

3.6. FIRE Script RT cDNA Synthesis KIT  

Table 3.1. Reverse Transcriptase Set-up 

 

                

 

 

 

 

 

 

 

Table 3.2. Reverse cDNA Transcriptase Thermo-cycler Protocol 

 

 

 

 

Component Volume 

Template RNA 5 µl 

gene specific primer (rnu6) 1  µl 

gene specific primer (mir766) 1 µl 

10x RT Reaction Buffer with DTT 2 µl 

dNTP MIX (20 mM of each) 0.5 µl 

FIREScript RT  1 µl 

dH2O 9,5  µl 

Total  20  µl 

  

Step Temperature  Time 

Primer annealing  

 

25⁰C 5-10 min 

Reverse transcription 37-60°C 15-30 min 

 

Enzyme inactivation 85°C  5 min 
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3.7. Real-time PCR amplification and detection 

 

ID3EAL miRNA qPCR ASSAY 

Important: keep all reagents on ice (or at 4ºC)at all times during set-up  

 

• Gently thaw cDNA, IDEAL miRNA qPCR Master Mix (2x)  

• And IDEAL miRNA qPCR assays (10x) on ice. Mix by vortexing and spin down by 

centrifugation. 

• Dilute cDNA from step 5 by 1: 10 in nuclease-free water. Pipette diluted cDNA (important 

to keep PCR plate cool on the cold block before loading qPCR master mix!) 

• Assemble qPCR reaction according to Table 3.3. 

 

 

Table 3.3. Real-Time PCR (RT-PCR) Reaction Setup (per reaction) 

 

Reagent Volume/µl 

(96 well) 

Volume/µl 

(384 well) 

IDEAL qPCR Master Mix 

(2x) 

10 5 

Nuclease-free Water 3 1 

IDEAL qPCR Assays (10x) 2 1 

Diluted cDNA 5 3 

Total Volume 20 10 

 

 

• Centriguge PCR briefly (30s at 200g). 

• Perform real-time PCR amplification with the following parameters.  
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Table 3.4. Real-time PCR thermocycling protocol  

 

Cycle  Temperature Time Notes 

1x 95 ºC 10min 

 

Polymerase 

Activation 

 40 ºC 5min 

 

40x 95 ºC 10s Denaturation 

 

60 ºC 30s Annealing/extension 

(acquire 

fluorescence 

reading at end of 

step.) 
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CHAPTER IV 

 

4. Results  

The results of this study were summarized into three bar charts representing the general 

findings of women and men, women only and men only respectively. 

 
 

 

 

 
   

Figure 4.A. Expression Pattern in Women and Men 

4.1. General results (Women & Men) 

With the 4-9 age group as the control group, results show a 

slight decrease in expression levels of miR-766-3p in age 

groups 14-19 and ≥30 to approximately 0.95 and 0.94 

respectively. For the age group 24-29, a 1-fold decrease is 

observed. 
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Figure 4.B. Expression Pattern in Women 

4.2. Women results  

With the 4-9 age group as control, results show an increase in expression to approximately 1.15 

and 1.25 for age groups 14-19 and ≥30 respectively. However, approximately, 1-fold decrease is 

observed for the age group 24-29. 

 

 

 

         

         
         
         
         
         
         
         
         

         
         
         
         

Figure 4.C. Expression Pattern in Men 
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4.3. Men results 

With the 4-9 age group as control, results show a slight decrease in expression to 0.92 and 0.71 

approximately for groups 14-19 and for ≥30 respectively. For the age group 24-29, a 1-fold 

decrease is observed. 

 

CHAPTER V 

5. Discussion 

Several studies have shown the pivotal role of SIRT6 in modulation pathways and gene 

expression relevant to ageing. The expression levels of SIRT6 tend to be higher in younger 

subjects while they decrease in older subjects. A lot more research is needed to elucidate the 

molecular mechanisms involved. Nonetheless, recognizing the vital role of microRNA in post-

transcriptional regulation gives more insight. Target genes and microRNA interactions are 

complex, involving positive and negative feedback mechanisms. SIRT6/miR-766-3p feedback 

regulation was first discussed by Sharma et al. [38], thus prompting further investigations to 

determine the potential of microRNAs as candidate biomarkers for age prediction protocols. 

In younger subjects, higher SIRT6 expression ensures deacetylation at several promoter regions 

including, the SEPT6/miR-766-3p promoter. This results in a decrease in the expression of the 

micro-RNA. In older subjects, however, lower SIRT6 expression levels likely result in higher 

acetylation and miR-766-3p levels, which leads to a further decrease in expression levels of 

SIRT6. 

In our study, however, the results show a few discrepancies from the expected patterns. The 

regulatory effects of several factors could explain the discrepancies observed in miRNA 

expression levels. These factors include. 

 Sex-specific differences 

Despite the increasing number of studies about the influence of sex on miRNA expression, the 

molecular and functional consequences are mostly unexplored. However, salivary gland-specific 
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sexual dimorphism has been observed in several studies via transcriptomic analyses. A better 

understanding of molecular pathways may identify new miRNA and their gene targets [Mukaibo 

et al. (39)], [Szakats et al. (40)]. From a sex perspective, the modulation of miRNA expression is 

influenced by the regulation of miRNA transcription and processing by estrogen and the 

presence of microRNA on the X-chromosome. MiRNA expression is sex-specific, leading to 

health biases in both sexes. This underscores the importance of considering biological sex when 

analyzing miRNA patterns [Veryaskina et al. (41)]. 

 Tissue-specificity considerations 

MiRNA expression relies upon important determinants such as chromosomal location and 

genomic distribution of the gene. Sensitivity being a major factor in tissue-specific analyses, 

further research to explore the expression thresholds and specificity of miR-766-3p to salivary 

tissue may shed light on expression variations observed.  

 In their study, Ludwig et al [42]. measured the miRNA profiles for 61 tissues from several 

organs. More than 1000 unique miRNAs were expressed in each tissue of which 143, were 

common to all studied tissues. This underscores the potential of miRNA as a biomarker and 

helps elucidate one more factor responsible for the heterogeneity in miRNA patterns. 

[Veryaskina et al. (41)]. 

 Molecular mechanism 

MicroRNA expressions can be regulated at different levels. At the transcriptional and post-

transcriptional levels, a series of factors may intervene to change the expression. Regulations at 

the transcriptional level include changes in the host gene expression levels and 

hypermethylation of host promoter or miRNA genes. While post-transcriptional regulation 

affects the processing and stability of miRNA. The presence of genetic variants or aberrations at 

any of these levels adds to the molecular complexity since these variants may impact 

functioning and therefore expression [Machowska et al. (43)].  Furthermore, endogenous and 

exogenous compounds such as hormones and xenobiotics respectively, may alter the expression 

of microRNA. This multilevel complex regulation should be reviewed taking into consideration 

internal factors such as cell type, physiological state, and several other external factors. The 
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layers of complexity and the interplay between these factors certainly add to the challenge of 

deciphering the causes of miRNA expression variations [Syeda et al. (44)], [Mohanty et al (45)]. 

 Normalization approaches/strategies 

The lack of standardization in pre-analytical as well as post-analytical procedures remains a 

limitation in the use of circular miRNA as biomarkers. Other than the known challenges of low 

starting sample, sensitivity and specificity, other technical variables specific to the experimental 

phase such as collection and storage protocols, miRNA isolation and transcription efficiency, 

greatly impact the results. Furthermore, analytical output is strongly influenced by 

normalization methods. Several studies have shown how different normalization methods 

strongly influence the experimental outcome and therefore could be leading factors in 

expression variations. [Faraldi et al. (46)]. Besides technical factors, the interpretation of qPCR 

data is biased by the choice of reference genes; one with the least variation in expression 

between the compared groups and a stable expression despite isolation and storage protocols is 

ideal [Veryaskina et al. (41)]. 

 Dietary and lifestyle modulators 

Increasing evidence establishes that miRNA expression may be influenced by nutritional and 

lifestyle factors [Pointner et al. (47)]. In several studies, miRNA responses to various food 

interventions are measured. Most have varying results which may be accounted for by, the 

amount of food, nutrient composition, and length of the intervention period. Nonetheless, most 

studies acknowledge the modulation of miRNA expression by a variety of dietary interventions 

and the increase in intensity of microRNA response in metabolically healthy individuals. More 

research is needed to identify diet-related miRNA profiles for instance food items involved in 

the modulation of microRNA expression within the same tissue in a similar population [Chodur 

and Steinberg (48)]. 

In a lot of studies, physical activity and body mass index (BMI) are confounding variables of 

dietary factors when categorizing participants into clusters. Several compare expression levels 

amongst sedentary, acutely active and chronically active subjects. Some discrepancies can be 

noticed across the studies, probably introduced by experimental parameters such as type, 



19 
 

duration, intensity of exercise etc. However, it should be noted that some relevant miRNAs 

correlate with physical activity parameters whether upregulated or downregulated. Despite the 

heterogeneity in the studies, a change in expression is noted across most studies, underscoring 

the association between exercise and miRNA expression.  

Similar studies have been conducted for smoking, Wang et al (6) note the transient 

dysregulation of some miRNA expressions in smokers after they stopped smoking while other 

miRNAs persist in altered expression profiles [Panico et al. (50)]. Lifestyle encompasses a variety 

of parameters including stress, drug consumption etc., all of which must be investigated to 

determine any correlation with gene expression. 

 MiRNA sources: 

A few studies report that miRNA can be passed from one species to another. This epigenetic 

cross-kingdom/ species regulation may be introduced by dietary sources such as crop plants, 

eggs, and milk [Sandau et al. (51)]. Considering the different sources of miRNA (plant, animal, 

herb and pathogen-derived miRNA), and the potential of some of these exogenous miRNAs to 

be absorbed and consequently interact with the gene expression of the host, a full 

understanding of such interplay is necessary to assimilate the full scope of miRNA expression 

modulators [DeLucas et al. (52)]. 

 Longitudinal Studies 

Intra-individual longitudinal examination of miRNA expression levels and stability are important 

in determining their quality as a biomarker which ideally should be sensitive, reliable, specific 

and stable. In healthy individuals, measures over time should be predictable so that any 

perturbances would enhance the diagnostic value. It is important to determine factors 

impacting miRNA levels or variance in an individual over time [Sandau et al. (51)]. 

 Comparative studies 

Understanding the evolutionary dynamics of microRNA; particularly elucidating their role in the 

evolution of regulatory networks and how they shape gene expression, hence phenotypic 

divergence among species is very important. Functional requirements for miRNA are less 
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demanding than those of protein-coding genes. MiRNAs require only a short sequence to bind 

to their target mRNA, thus miRNA target sites can easily be lost or acquired in the 

transcriptome. Furthermore, miRNA can evolve from different unstructured transcripts and can 

easily diversify if there are changes in their precursor sequences. This flexibility in their 

regulatory pathways allowed the adoption of miRNAs through evolution in extant animals. 

However, identifying specific evolutionary miRNA target combinations remains a challenge. 

Also, the impact of lowly expressed, non-conserved and lineage-specific miRNAs should be 

studied more to better understand miRNA circuitry and the molecular underpinnings of 

expression heterogeneity [Wang et al. (49)]. 

5.1. Conclusion 

More evidence suggests the pivotal role of miRNA in the regulation of gene expression. In our 

study, we tried to understand how miR-766-3p mediates SIRT6 expression in different age 

groups to evaluate the potential of miRNA-766-3p as a biomarker for forensic age prediction 

tools. The rationale behind our study is based on three key points: the downregulation of SIRT6 

with age, miR-766-3p having the highest target score for SIRT6 and the advantages of using 

saliva as a forensic biomaterial in forensic cases. In younger subjects, high levels of SIRT6 assure 

deacetylation at SEPT6/miR-766-3p promoter amongst others, which causes a decrease in the 

expression of miR-766-3p. In older subjects, however, low SIRT6 levels favor hyperacetylation at 

the promoters, increasing miR-766-3p expression levels which further decrease SIRT6 levels. 

This regulatory loop mechanism, in other words, translates to miRNA levels being inversely 

proportional to age. However, our results show a different expression pattern, which could be 

attributed to several factors. These factors include sex and tissue-specific considerations, 

normalization methods, dietary and lifestyle modulators, miRNA sources, and intra-individual 

and evolutionary dynamics of microRNA. All these factors regulate microRNA expressions to 

different extents.   

Our study highlights the importance of chronological age prediction models in the field of 

forensic science and beyond. Emphasis is made on the advantages of using saliva samples in 

routine cases. Also, we touch base on the importance of a reliable biomarker in a context where 
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there seem to be several promising ones, at nascent stages or with more limitations than 

advantages. We highlight the interplay of SIRT6 and miR-766-3p regarding ageing, offering a 

foundation for further research in this light. More holistic research would give more insight, 

considering the layers of complexity and the number of factors involved.  

In conclusion, our findings suggest miR-766-3p as a potential biomarker, for age estimation, 

however, more research is needed to dissect the miRNA circuits involved in gene expression 

regulation and determine possible modulators of miRNAs. This will help understand the 

heterogeneity in expression patterns across studies and facilitate the determination of reliable 

markers.   

Based on the findings of this research, the following recommendations should be considered:  

The incidence of developmental stages on the expression patterns of microRNA may be 

noteworthy. For instance, wider age brackets that categorize the participants into major 

developmental stages such as childhood, adolescence, young adult etc. may have different 

expression patterns from the ones in our findings 

Furthermore, in our study all ages were not equally represented or included therefore, it may 

be noteworthy to analyze samples with equal representation and inclusion of candidates from 

all ages to determine if these factors have any significant incidence on the overall results. 
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