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 Most of the human genome is comprised of non-coding 
DNA. Satellite DNA (satDNA) is a non-coding region, and it is 
one of the DNA types that contains repeated sequences. 
Microsatellite (MS) DNA is one of the satDNAs. MS has a tiny 
percentage of satellite DNA, and several repeat sequences 
of it have been identified as significant participants in 
genome structure. MS is correlated with frequent 
mutations, epigenetic alterations, and changes in gene 
expression. MS may significantly affect phenotypes. Many 
genetic diseases and cancer forms have microsatellite 
instability, which is a significant feature. The context of 
disease-focused research for many types of mental 
disabilities has shifted because of the revelation that the 
expansion of unstable repeats can induce a range of 
neurological diseases and cancers. This review’s goal is to 
summarize how MS affects humans through genetic 
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disorders, neurological diseases, developmental disorders, 
and cancers. 

1.Background 
Satellite DNA (satDNA) sequence consistently arrange in arrays of tandem repeats 
(Garrido-Ramos, 2017). Satellite DNA, also known as "tandem repeated sequences," 
is one of the DNA types that contains repeated sequences (Rich et al., 2014). Several 
repeats families have been identified as significant participants in genome structure, 
evolution, and diversity, although repeats have historically been thought of as junk 
DNA because their role was obscure (Bowen & Jordan, 2002; Dumbovic et al., 2017). 
Identical satellite DNA repeats on several chromosomes have been shown to be 
crucial for the development of the chromocenter and the maintenance of the entire 
genome in the nucleus. Satellite repeats are often found on all chromosomes 
(Jagannathan et al., 2018). Per-centromeric and sub-telomeric heterochromatin are 
where it is most frequently found (Garrido-Ramos, 2017). However, single repeats 
and short arrays of satellite repeats are also dispersed throughout the euchromatin, 
frequently close to genes or inside introns (Feliciello et al., 2021). Regarding both 
coding and non-coding regions of DNA, the satDNA distribution is not random across 
both (Samara et al., 2006).  

The majority of the components of the human genome are non-coding DNA, 
transposons, and elements derived from transposons, whereas just a small portion 
of the DNA codes for proteins (Goldenfeld & Woese, 2011). Many diverse kinds of 
repeated DNA sequences, mostly transposons and retrotransposon, are scattered 
throughout eukaryotic genomes (Biscotti, Olmo, & Heslop-Harrison, 2015). It was 
only in the 1970s of the previous centuries that this truth was first discovered. Later, 
the Human Genome Project efforts led to the estimation that 98–99% genome of 
human are non-coding DNA (Rich et al., 2014). A sizable percentage of the human 
genome can be composed of SatDNAs (Lopes et al, 2021). According to the most 
recent projections based on the Human Genome Project's results, the human 
genome contains roughly 70% of repetitive and repeat-derived DNA components 
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(de Koning et al., 2011). Transposable elements (TE), such as the short and long 
interspersed retro-transposable elements (SINE and LINE), and human endogenous 
retroviruses (HERVs), are among the types of DNA repeats. DNA methylation and 
histone silencing markers permanently mute the majority of transposable elements 
(Ganesan, 2022). The genomic satDNA is connected to notable mutation rates 
compared to rates at coding gene loci (Samara et al., 2006). Changes in DNA 
sequences or repetitive unit copy counts are typically assumed to have no impact on 
human phenotype, and they are especially not thought to be linked to diseases (Lee 
et al, 2019), while sense genes and associated repetitive DNA have a crucial impact 
on several human diseases and cancers (Zhou et al, 2021). 

This review’s aim is to show repetitive DNA and show potential effects on health, 
sickness, and cancer. Recent researches have shown that satellite repeat and their 
transcription have a crucial impact in several biological processes at the cellular 
level. The satDNA mis-regulation transcription, show to be linked to genomic 
instability and human diseases. 

2.Categories of Satellite DNA  
Satellite DNA is divided into groups based on its size, structure, and location 
(Garrido-Ramos, 2017). The three classes of satellite DNA are as follows (Liehr, 
2019; Picardo et al, 2009; Rich et al., 2014; Richard et al., 2008; Tremblay et al, 
2010): 

1.1 Microsatellites  
The range of repetitive microsatellite (MS) DNA is less than 10 bp per repeat 

(Liehr, 2021). The simplest repeat is simple sequence repeats (SSR), which are 
referred to as short tandem repeats (STR), frequently referred to as short sequence 
repeats (SSRs), are widely distributed across the chromosome and make up most of 
human satellites (Forster et al., 2015; Remya et al., 2010; Wyner et al,, 2020). SSR 
may significantly affect phenotypes. For instance, a significant amount of research 
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has connected variations in regulating microsatellite composed of the motif found in 
human phenotypes (Domart et al., 2012). 

1.2 Minisatellites 
Jeffreys's group was the first to describe the range of repeating minisatellite DNA 
between 10 and 60 bp per repetition (Jeffreys et al., 1985). It is one family of 
repetitive DNA families scattered across the genome is variable number tandem 
repeats (VNTR), commonly known as mini-satellites (Eslami et al., 2021). They are 
typically described as the repetition in tandem with a short (6-100 bp) (Lang et al., 
2019; Vergnaud et al., 2000). a, b, and g-satellite repeats serve as a representation 
of this type of satellite DNA (Rudd et al., 2003). Several disorders have been linked 
to minisatellite VNTRs (Antwi-Boasiako et al., 2018; Ksiazek et al., 2019). 

1.3 Macrosatellites  
Repeating macrosatellite DNA is many kb per repeat (Dumbovic et al., 2017; Richard 
et al., 2008). The sole satellite DNA is the macrosatellite repeat (MSR), that can 
produce protein-coding RNA and include open reading farm (ORF) in each repetition 
unit (Geng et al., 2012). The quantity of macrosatellite repeats in a tandem array 
differs between individuals. There is a major copy number variation (CNV), which 
may be connected to disease (Schaap et al., 2013). 

2 Some Common Human Diseases Correlate with Microsatellite DNA 
There are instances of variations in repetitive DNA that cause diseases and/or 

phenotype changes because of repetitive DNA changes (Liehr, 2021). Repetitive 
DNA affect genomes and may support essential biological processes like cell 
proliferation during embryogenesis (Lopez-Pajares, 2016), disease-related to aging 
(Zheng et al., 2021),and tumorigenesis (Zheng et al., 2021). Many neurological 
disorders have been linked to sequence expansions (Abecasis et al., 2012). Several 
human diseases, and cancer, are linked to epigenetic and/or genetic changes in 
microsatellite (Steinke et al., 2013). 
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2.1 Polyglutamine (PolyQ) Diseases  
The primary cause of this genetic disorder is the CAG repeat expansion; it is the 
basic cause of polyglutamine diseases, often known as triplet repeat disorders 
(Donaldson et al., 2021). A string of continuous glutamine residues created by the 
translation of extended CAG sequences is prone to accumulating and causing 
cellular damage and toxicity (Massey & Jones, 2018). Types 1, 2, 3, 6, 7, and 17 of 
Spinocerebellar Ataxia (SCA) are polyglutamine (polyQ) diseases (McIntosh et al., 
2021), as well as the disease of Machado – Joseph (MJD/SCA3) (Paulson, 2012), 
Huntington’s disease (HD) (Mueller et al., 2019), Spinal Muscular Atrophy X- Linked 
Type 1 (SMAX1), and Dentatorubral Pallidoluysian Atrophy (DRPLA) (La Spada & 
Taylor, 2003; Orr & Zoghbi, 2007).  

2.1.1 Spinocerebellar Ataxias (SCA)Types 1,2,3,6,7 & 17 
 The neurological disorder Spinocerebellar Ataxia (SCA), which is autosomal 
dominant, both men and women are affected equally, and the central nervous 
system (CNS) is the major target of attack (Ashizawa et al., 2018; Rüb et al., 2013). 
The autosomal dominantly transmitted of Spinocerebellar Ataxias (SCA) is a subset 
of inherited cerebellar ataxias (Jayadev & Bird, 2013). Ataxia symptoms, which 
emerge from the cerebellum's gradual deterioration but may also impact other 
related areas, such as the brain stem, are shared by many progressive 
neurodegenerative illnesses (de Silva et al., 2019). Characteristic of this are 
executive dysfunctions, respiratory failure, gaze palsy, dysarthria, dysphagia, 
peripheral neuropathy, slowness of saccades, pyramidal and extrapyramidal motor 
symptoms, progressive loss of balance and coordination, decreased cognition 
dysphagia and dysarthria (Sullivan et al., 2019). 

2.1.2 Huntington’s disease (HD)       
Huntington's disease (HD) is a rare deteriorating neurological condition that appears 
at adult-onset and is autosomal dominant (Nopoulos, 2022). It is characterized by 
development of chorea, it ultimately affected all muscles and was frequently seen 
along with other aberrant movement patterns, such as dystonia, bradykinesia, and 
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motor incoordination (Walker, 2007). Other typical behavioral or mental health 
symptoms include personality changes, trouble paying attention, cognitive 
impairment, impatience, and dementia (Dumbovic et al., 2017). 

2.1.3 Dentatorubal Pallidoluysian Atrophy (DRPLA) 
Haw River syndrome and Naito-Oyanagi disease are additional names for the rare 
autosomal dominant disorder known as dentatorubral pallidoluysian atrophy 
(DRPLA). (Chaudhry et al., 2021). It is distinguished by signs, including 
choreoathetosis, ataxia, myoclonus, and epilepsy (Tsuji, 2012).  According to the age 
of onset, it was categorized into three DRPLA groups: less than 20 years, the 
juvenile-onset group exhibits ataxia and signs consistent with myoclonus epilepsy; 
early adult-onset group, whose ages range from 20 to 40, may exhibit myoclonus 
and seizures; and Ataxia is a characteristic of the late adult onset group, which has 
an age greater than 40 years (Carroll et al., 2018), Choreoathetosis, dementia, and 
autism,  are the symptoms, besides these symptoms, patients with DRPLA 
frequently have surgery-resistant obstructive sleep apnea, cervical dystonia, and 
corneal endothelial degradation (De Jesus, 2020). 

2.1.4 Spinal Bulbar Muscular Atrophy X-Linked 1 (SMAX1 OR SBMA) 
Spinal and bulbar muscular atrophy (SBMA) is another name for Kennedy's disease 
(Breza & Koutsis, 2019). It is an uncommon X-linked disease that typically manifests 
in adult males (in the fourth or fifth decade) and is clinically characterized by 
progressively progressing muscle weakening and atrophy. Muscle cramps may 
precede the onset of weakness by several years (Grunseich  et al., 2014). SBMA is 
characterized by weakness, with difficulties walking and a propensity to fall among 
its earliest symptoms. Atrophy of the tongue with fasciculations, inadequate uvula, 
soft palatal movements, and weakening in both sides of the masseter muscles are 
also common symptoms (Fan et al., 2014). Face weakness, speaking difficulties, and 
coarse fasciculation are symptoms associated with both spinal and bulbar motor 
neuron involvement (Sheila et al., 2019). 
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2.1.5 Machado – Joseph Disease (MJD) 
It a group of dominant autosomal disorders of motor coordination known as 
spinocerebellar ataxias 3 (SCA3). It is brought on by the degeneration of the 
cerebellum, and is the most common inherited SCA (Ashizawa et al., 2018). Some 
signs of this disorder include memory problems, spasticity, swallowing, difficulty 
speaking, weakness in the arms and legs, clumsiness, frequent urination, and 
uncontrollable eye movements. Early adolescence is when symptoms can start, and 
they can get worse with time. While MJD eventually results in paralysis, mental 
abilities rarely change (Donis et al., 2016). 

2.2 X-Fragile Syndrome 
 A common inherited condition caused by a triplet repeat, the mild-to-moderate 
intellectual disability that characterizes fragile X syndrome (FXS) (Dumbovic et al., 
2017). Alternately, the loss of function mechanism is brought on by the 
microsatellite expansion's inhibition of gene transcription. For instance, the FMR1 
gene, which causes fragile X-mental retardation 1. It is linked to the expansion of 
the CGG satellite, resulting in the transcription silencing and losing FMRP, this 
protein product of FMR1 gene (Tabolacci et al., 2016). Physical characteristics such 
as a long narrow face, huge ears, flexible fingers, and large testicles. About one-third 
of individuals affected also display characteristics of autism, including difficulty 
interacting with others and speech delays (Garber et al., 2008). 10% of people get 
seizures, and hyperactivity is prevalent. Typically, men are more affected than 
women (Santoro et al., 2012).  

2.3 Myotonic dystrophy  
A chronic hereditary condition that impairs muscles work and is called myotonic 
dystrophy; it's a specific form of muscular dystrophy (Meola & Cardani, 2015). The 
disorders of triplet repeat expansion include prevalent genetic conditions like 
myotonic dystrophy (Dumbovic et al., 2017) It has two types; Steinert's disease, 
commonly known as myotonic dystrophy type 1 (DM1), and myotonic dystrophy 
type 2 (DM2), is also referred to as proximal myotonic myopathy, both of which 
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have an autosomal dominant inheritance pattern (Soltanzadeh, 2022). The 
dystrophy myotonic protein kinase (DMPK) gene 3’ untranslated region has a CTG 
expansion, which causes DM (Llamusí & Artero, 2008). Symptoms include 
progressively worsening weakness and muscle loss, muscles frequently contract and 
cannot relax, cataracts, intellectual impairment, and issues with cardiac conduction 
are examples of further symptoms. Males may experience early baldness and 
infertility because of these conditions (Meola & Cardani, 2015). 

2.4 Friedreich’s Ataxia 
 Most Caucasians with early-onset hereditary ataxias have Friedreich ataxia (FRDA), 
an autosomal recessive condition. It typically results from a significant increase of an 
intronic GAA repeat, which lowers the expression of the target frataxin gene 
(Pandolfo, 2008). Alongside causing a progressive neurological handicap, FRDA also 
raises the risk of developing diabetes mellitus and hypertrophic cardiomyopathy 
(Klockgether, 2011). Skeletal defects like pescavus and kyphoscoliosis are frequent. 
Typically, the earliest signs appear around the time of puberty (Indelicato et al., 
2020). 

3.Cancers Correlate with Microsatellite DNA 
Variable number tandem repeats (VNTRs) have been connected to numerous 
cancers (Ramírez-Patiño et al., 2013), and it is related to the prognosis and outcome 
of cancer (Xia et al., 2013). Minisatellite VNTR-based commercial cancer detection 
kits have been produced (Leem et al., 2011). And some suggest that cancer-related 
VNTRs be used in targeted sequencing for tailored therapeutics (Rose, 2015). 
Multiple cancers have been of TE and satellite repeats are abnormally expressed 
repeating RNAs, which is frequently accompanied by DNA demethylation and maybe 
a kind of epigenetic instability linked to carcinogenesis (Hall et al., 2017; Pappalardo 
& Barra, 2021). 

A protein that is immunogenic can be produced from transposable elements that 
have complete ORF, innate immune activation and interferon signaling have been 
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linked to abnormal repetitive RNA expression in cancers (Chen et al., 2021). The 
mutations can take the form of changes in the number of repeat units (increase or 
decrease), single nucleotide substitutions, deletions, and insertions, among other 
events (Paulson, 2018). Changes in reading frames could result from an increase or 
decrease in repeat units of micro satellites in coding areas, which would alter the 
protein product (Li et al., 2004), and in non-coding areas are recognized to influence 
the regulation of genes (Pagni et al., 2022). Because of the high rate of mutations in 
microsatellites' tracts, they are known to be extremely polymorphic (Kelkar et al., 
2010). The genetic complexity of many cancers is influenced by microsatellites , 
according to recent studies (Fonville et al., 2015). 

The DNA mismatch repair (MMR) system, which is governed by MMR genes, 
prevents genomic instability in cells (Kim et al., 2022). Mismatch repair (MMR) is a 
natural process that checks for and maintains DNA repeats in microsatellite loci 
during cell division (Strand et al., 1993). Genetic and epigenetic modifications to the 
MMR genes are expected to reduce mismatch repair, resulting in a greater mutation 
rate that promotes carcinogenesis (Shilpa et al., 2014). Microsatellites are now 
recognized as hereditary risk factors for a number of diseases (Velmurugan et al., 
2017).  

A DNA repair failure resulting from a mutation in the MMR gene underlies the 
autosomal dominant genetic disease known as hereditary nonpolyposis colorectal 
cancer (HNPCC, also known as Lynch syndrome), and it significantly raises the risk 
for several types of cancer, especially endometrial and colon cancer (Steinke et al., 
2013). In addition, it has been determined that microsatellites are genetic risk 
factors for breast cancer (Hause et al., 2016). Information about ovarian cancer is 
caused by modifications to the mismatch repair gene (Shilpa et al., 2014). MS was 
identified in thymomas, hepatic, and small intestinal cancers (Matsubayashi et al., 
2022). Also, MS has been connected to the development of gastric, endometrial, 
and sporadic colon cancers (Pal et al., 2008). According to these earlier discoveries, 
microsatellites could be involved in the genetics of lung cancer (Hause et al., 2016). 
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MS loci variants for glioblastoma, lower-grade glioma, kidney, prostate, breast 
cancer, and ovarian cancer (McIver et al., 2014; Thakur et al., 2021). Additionally, 
the existence of minor alleles and MS variability can serve as clinical indicators for 
liver cancer (Vaksman & Garner, 2015). MSs have demonstrated the ability to 
stratify risk, enhance clinical decision-making, and serve as prospective therapeutic 
targets through the use of MS loci and their repeat length variations (Karunasena et 
al., 2014). 

4.Conclusion : 
In conclusion, the present study reveals the knowledge on the microsatellites that 
has a relation with genetic variation, diseases, and cancers by preparing a broad 
summary of data. A variety of cancers and other disorders are characterized by 
satellites dysregulation. Microsatellite DNA repeats are among the most varied and 
adaptable genomic sequence groups, contributing to several essential biological 
processes. This study’s findings showed that there are many phenotypic 
characteristics connected to MS. Several human diseases, and cancer, are linked to 
epigenetic and/or genetic changes in microsatellites. Numerous neurological 
disorders have been linked to MS sequence expansions, such as Polyglutamine 
diseases group (Spinocerebellar Ataxias (SCA) Type 1, 2, 3, 6, 7, and 17, Huntington’s 
disease (HD), Dentatorubral Pallidoluysian Atrophy (DRPLA), Spinal Bulbar Muscular 
Atrophy X-Linked type 1 (SMAX1/ SBMA), Machado–Joseph Disease (MJD), X-Fragile 
Syndrome, Myotonic dystrophy, and Friedreich’s Ataxia. As well as being related to 
cancers of hereditary nonpolyposis colorectal cancer, breast, thymomas, hepatic, 
small intestinal, gastric, endometrial, glioblastoma, lower-grade glioma, liver, and 
immunodeficiency, microsatellites are hyper-transcribed in cancers of the lung, 
kidney, ovary, colon, and prostate. Through the utilization of MSs loci and their 
repeat length variations, MSs have shown the capacity to stratify risk, improve 
clinical decision-making, and serve as potential therapeutic targets. 
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ƿهگهڵ نهخۆشییهکا ن و   DNAی ناوکه ترشی  تی�ƹه ساتۆکریمایوەندی په
  شɃرپهنچهکان 

  :پوخته
(  وهƿ  تɄکدɃپ  ۆڤمر  یمۆ نیج  هی ربۆز ترشی  یهیDNAناوکه    ی دروستکردن  ۆ ب  یه ن  هرƿهپ  هک  ) 
(ئ   نɃئ  ید  تی�ƹهسات  .نیتÞۆپ که   satDNAهی  ناوچهکان  ƿه  یهکɃکه  ƿهو ن  هرƿهپ)  جۆرɄکه  وە  یه 

DNA   .دایهɃت دوبارەبووەی  زنجیرەی  که  یMS(تی�ƹه ساتۆکریمای    ه ƿ   هکɄرۆج   هیئ  نɃئ  ید  ) 
satDNA  ،  Ʉڕ   ەی ریزنج  نیند هچ  هاەروههەو  هیهه  یت ی�ƹهسات  یDNAی  مهک  یک ەیهژوە 

که   ەیوەبووەدووبار .  مداۆنیج  یشانکردن یستندەو    هکهاتɃپ  هƿ  هیه ه  یرچاوهب  یکە شداربووه بههیه 
MS  هیهه  یندەوهیپ  ƿشە فر  هɃئ  ییهانکارۆڕگ  و  کانهپازدان  ەیوɃجیپɃنɃد  کانییهکیت ƿه   نÞیربەو 

 هƿ  کɄ رۆزهیه.  ه  کانهتهباب  ەوخسارڕ  رهس هƿ  یرچاوهب  یکییهرهگیکار  MSۆیه  ب   ره ه.  کانداهنیج
ج  کانەییهماوۆ ب  ییهشۆخهن  هک  هیههیان  MSه  ƿ  یریقامگهناس   هنجهرپɃش  یکانە اوازیج  ەرۆو 
  ی ر ۆج  رۆز  هƿ   یشۆ خهن  هب  تهبیتا  ی کانەوه نیژɄتو  ەیوɃ چوارچە. ƿه  رچاوهب  یکییهندهتمهبیتا  شهمهئ

د  یروونەد  یواوهنات هۆکارەکهی  ەئاشکرابوو  کانەمارەو    ی فراوانبوون   ینجامهئ  هƿ  که 
ناج  ەیوەبووەدووبار ههروەها    MSەی  ریزنج  هƿ  ر یگɃو    ک هɃǄمۆک  ۆیه  هتɃبب  تɃ توانەددایه 

  و   ەوهکردنۆک  بریتیه ƿه     ەیهو هداچوونɃپ  توɄژینهوە  مهئامانج ƿو شɃرپهنچه.    کان ەمارەد  یتریشۆخهن
 یناتاواو   هƿ  هیهه  ۆڤمر  ر هسهƿ  یرهگیکار  MS  نۆچ    یهئا  ەی وهئ  ەیربارەد  کان یهاریزان  پوختهکردنی

  .کانداهنجهرپɃو ش کردنهشهگ یکچوون Ƀت و کانییهمارەد ییهشۆخ هن ەییدا وماوۆب
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 مع الأمراض والسرطانات   DNAالعلاقة المايكروساتيلايت الحمض النووي  

  : الملخص
النووي الحمض  من  البشري  الجينوم  معظم  مشفر  )DNA(  يتكون  الساتلي للبروتينغير  النووي  الحمض   .

)satDNAمن الحمض النووي يحتوي على تسلسلات متكررة. الحمض    ية) هو منطقة غير مشفرة وهو نوع
، يحتوي  المتعدد على حد أدنى من الحمض النووي   satDNA) هو احد من  MSالنووي المايكروساتيلايت (

DNA     .الجينوم بنية  في  مهمين  كمشاركين  المتكررة  التسلسلات  من  العديد  تحديد  تم  من   MSوقد  ارتبط 
والتغيرات و  بالطفرات  الجيني.الابيجينيتيك    المتعدد  التعبير  في  على    MS  و  كبير  بشكل  المتعدد  يؤثر  قد 

  ان الأنماط الظاهرية. العديد من الأمراض الوراثية وأشكال السرطان لها عدم استقرار في المايكروساتيلايت ،   
العقلية الإعاقات  أنواع  من  للعديد  المرض  على  يركز  الذي  البحث  في    تكشف  والعصبية   سياق  التوسع  بسبب 

يمكن أن يؤدي إلى مجموعة من الأمراض العصبية. للحصول على   MSمن غير المستقر و تسلسلات متكررة  
الهدف من    .أفضل النتائج وتحديد العلاقة بين مرض التصلب العصبي المتعدد والأمراض الوراثية والسرطان

هو   البحث  والهذه  حول  تلخيصتجميع  تأثير  الامعلومات  الوراثية   MSكيفية  الاضطرابات  في  البشر  على 
  ضطرابات النمو والسرطانات. لاوالأمراض العصبية وا

 

 


