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A B S T R A C T 

Proliferation and differentiation of osteoblasts by many transcription factors, 
including transcription factors from the family of Helix-Loop-Helix proteins, Zinc 
Finger proteins, Lucine Zipper proteins, and Runt domain-containing proteins. 
Also, proto-oncogenes such as C-myc, C-jun and C-fos are controlled and 
regulated. Two transcription factors specific to the osteoblastic lineage include 
RUNX2 and OSTERIX (SP7). These transcription factors transcribe osteoblast-
specific genes including osteocalcin, osteopontin, collagen type IαI and bone 
sialoprotein. Other transcription factors involved in osteoblastic differentiation 
include TWIST1, ZBTB16, DLX5, MSX2, FRA1, DLX3, ATF4, and C/EBP. The role 
of methylation changes in the promoter region of most of these genes as well as 
their expression pattern in the osteoblastic differentiation of mesenchymal stem 
cells has been identified and indicates the changes in the methylation pattern of 
the promoter region of specific genes of the osteoblast lineage during the 
osteoblastic differentiation of mesenchymal stem cells. At the same time, the 
information that shows the changes of methylation of the whole genome during 
osteoblastic differentiation of mesenchymal stem cells can provide 
complementary information in this field. Zoledronic acid is an amino 
bisphosphonate and a strong inhibitor of bone resorption and at the same time 
an activator of osteoblasts in bone formation. This drug is used to prevent skeletal 
accidents in patients with advanced bone malignancies and also in the treatment 
of some bone disorders associated with increased bone turnover, such as Paget's 
disease and osteoporosis. The main mechanism of this drug is to inhibit 
osteoclasts and thus inhibit calcium reabsorption from bones, but at the same 
time, this drug increases the number and activity of osteoblasts by accelerating 
the osteoblastic differentiation of mesenchymal stem cells, whose molecular 
mechanism is still not well known. Epigenetic mechanisms, especially DNA 
methylation, play an important role in the differentiation process. 
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Introduction 

n this research, it was found that during 

the osteoblastic differentiation of 

mesenchymal stem cells [1-3], the 

methylation of the whole genome does 

not change. Also, the use of zoledronic acid, 

which is associated with the acceleration of 

osteoblastic differentiation of mesenchymal 

stem cells, does not change the methylation of 

the whole genome [4-8]. Therefore, more 

research in this field is necessary to better 

understand the mechanisms involved in 

osteoblastic differentiation [9-13]. 

The main mechanism for epigenetic changes of 

genomic DNA is hyper methylation of CpG 

islands in specific genes and general hypo 

methylation of DNA [14-16]. The process of 

DNA methylation involves the transfer of the 

methyl group from S-adenosyl-L-methionine 

by the enzyme DNA Methyl Transferase 

(DNMT) on carbon number 5 of cytosine. 

Region specific DNA methylation is mainly 

found in CpG dinucleotides within the 

promoter or the first exon of genes, which is an 

important pathway to inhibit gene 

transcription [17-25]. 

DNA methylation is an epigenetic phenomenon 

caused by the addition of a methyl group (CH3) 

to cytosine. There are two types of methylation: 

Hypo methylation and hyper methylation. The 

addition or removal of the methyl group is done 

by DNA-methyltransferase (DNMTs) and DNA-

demethylase enzymes, respectively [26-29]. 

The methyl group is transferred from S-

adenosylmethionine. DNA methylation 

regulates gene expression by using proteins 

involved in gene expression or preventing the 

binding of transcription factors to DNA [30-35]. 

DNA hyper methylation in promoter elements 

prevents gene expression and is necessary for 

a wide range of cellular activities such as 

genome stability and protection, imprinting, X 

chromosome inactivation [36-39], regulation 

of tissue-specific gene expression, cancer and 

aging. DNA hypo methylation plays an 

important role in the development of cancer 

[40-45]. The genome methylation pattern 

changes during evolution due to dynamic 

processes including de novo methylation and 

demethylation. Differentiated cells have a fixed 

and uniform pattern of DNA methylation that 

regulates the transcription of tissue-specific 

genes [46-49]. 

 

Why is the methylation test requested? 

Methylation test has significant clinical 

applications, especially in the field of molecular 

diagnostics and personalized medicine. The 

clinical significance of methylation testing 

varies by context [50-55], but here are some of 

the key contexts in which methylation testing is 

commonly applied: 

 Cancer diagnosis: Aberrant DNA 

methylation patterns are often observed in 

cancer cells. Methylation testing can be 

used to identify specific genes with altered 

methylation status and serve as potential 

biomarkers for various types of cancer. 

Methylation testing may help detect some 

cancers early, as abnormal methylation 

patterns can occur in precancerous stages; 

 Prognostic information about cancer: 

Methylation status can provide prognostic 

information and help predict tumor 

aggressiveness and patient outcomes; 

 Epigenetic therapy: Understanding the 

methylation status of specific genes can 

guide the use of epigenetic therapies, such 

as drugs that target DNA methylation or 

histone modifications [56-58]; 

 Neurological disorders: Methylation 

testing can be used to identify epigenetic 

changes associated with neurological 

disorders, including Alzheimer's and 

Parkinson's disease. Research is ongoing to 

identify methylation patterns associated 

with neurodegenerative diseases, and early 

detection markers may emerge [59-61]; 
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 Genetic disorders: Methylation testing is 

very important in the diagnosis of 

imprinting disorders, in cases where there 

are abnormalities in the DNA methylation 

patterns specific to the parent of origin. 

Methylation tests are used in genetic 

counseling to provide information about 

the risk of passing certain genetic diseases 

to offspring [62-65]; 

 Reproductive medicine: Methylation tests, 

such as the hypo osmotic swelling test, can 

be used to assess sperm membrane 

integrity, providing insight into male 

fertility. Understanding epigenetic factors, 

including DNA methylation, can be relevant 

in reproductive medicine and assisted 

reproductive technologies [66-69]. 

It is important to note that clinical 

interpretation of methylation test results 

requires expertise and patient care decisions 

should be made by geneticists. As the field of 

epigenetics continues to evolve, methylation 

tests are likely to play an important role in 

precision medicine and the development of 

targeted therapies [70-75]. 

 

Different laboratory methods of 

methylation test 

Methylation specific polymerase chain reaction 

method (MSP or MS-PCR): MSP or MS-PCR is a 

technique used to detect DNA methylation at 

specific CpG sites. This method is widely used 

to evaluate the methylation status of specific 

genes or genomic regions [76-80]. This 

principle involves treating DNA with bisulfite 

to convert un methylated cytosine’s to uracil. 

while methylated cytosine’s remain unchanged 

[81-83]. Subsequently, PCR amplification is 

performed with primers designed to target the 

methylated or un methylated DNA sequence. 

The obtained PCR products are then analyzed 

to determine the methylation status [84-86]. 

 DNA extraction: Start by extracting 

genomic DNA from the desired biological 

sample, such as blood, tissue, or cells. 

Ensure that high quality DNA is obtained; 

 Bisulfite treatment: Treat the extracted 

DNA with sodium bisulfite. This chemical 

treatment converts un methylated 

cytosine’s to uracil [87-91], while leaving 

methylated cytosine’s unchanged. This 

conversion is very important for 

distinguishing methylated and un 

methylated cytosine’s during subsequent 

PCR steps [92-95]. 

 Primer design: Design primers that 

specifically target the region of interest, 

taking into account mutated cytosine’s. 

Typically, two sets of primers are designed: 

One set for the methylated sequence and 

another set for the un methylated 

sequence. Primers were designed to cover 

CpG sites to capture the methylation status 

of those sites [93-97]. 

 MSP amplification: Perform two separate 

PCR reactions using bisulfite-treated DNA 

as a template [98-102]: 

 

Methylation reaction: Use specific primers 

for the methylation sequence 

Un methylated reaction: Use primers specific 

for un methylated sequences. 

 PCR cycle conditions: Use PCR cycle 

conditions that include denaturation, 

annealing, & extension steps. The 

temperature & duration of each step 

depends on the primer design, the specific 

needs of the PCR system used [103]; 

 Gel electrophoresis: After PCR 

amplification, analyze the obtained 

products using gel electrophoresis. 

Separate the products on an agarose gel 

and visualize the bands under ultraviolet 

(UV) light [104-406]; 

 Result Interpretation: Examine the gel to 

determine the presence or absence of 

bands in the methylated and non-

methylated reactions. The pattern of bands 
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reflects the methylation status of the target 

region [107-110]; 

 Controls: Include positive and negative 

controls in PCR reactions. Positive controls 

ensure the success of the PCR reaction, and 

negative controls help identify possible 

contamination [111-115]; 

 Quantitative MSP (qMSP): For 

quantitative assessment, quantitative real-

time PCR (qPCR) can be used. Fluorescent 

dyes or probes specific to methylated or 

non-methylated sequences are used, which 

allows quantitative measurement of 

methylation levels [116-119]; 

 Data Analysis: Analyze results 

quantitatively if using qMSP or 

qualitatively based on the presence or 

absence of bands on the gel in conventional 

MSP [120-125]. 

MSP is a versatile and widely used method to 

study DNA methylation in specific genomic 

regions. This provides valuable insights into 

the epigenetic regulation of genes and is 

particularly useful in cancer research and 

diagnosis, where aberrant DNA methylation is 

commonly observed [126-129]. 

 

Roles and functions of DNA methylation 

DNA methylation as an epigenetic system plays 

a role in the development of organisms, 

inactivation of one of the X chromosomes in 

female mammals, cellular memory, patterning 

of the expression of non-coding RNAs, gene 

suppression and fighting cancer [130-135]. In 

these methods, DNA is first exposed to 

restriction enzymes and then amplified by PCR. 

This method is usually used to study DNA with 

a high percentage of methylation [136-139]. 

Other methods that are very common today are 

methods based on chemical changes with 

sodium bisulfite and genome sequencing after 

treatment with bisulfite [140-145]. The basis of 

the performance of techniques based on 

biochemical changes by bisulfite is that un 

methylated cytosine’s are converted to uracil, 

but it does not work on methylated cytosine’s. 

Therefore, bisulfite causes specific changes in 

DNA depending on the presence or absence of 

methyl on cytosine [146-149], which can be 

evaluated by PCR, sequencing and microarray 

methods. There are other methods that rely on 

the affinity of antibodies against methylated 

DNA or proteins that bind to it to determine 

methylation [150-153]. 

 

Methylation-sensitive restriction enzyme 

digestion method 

This method is a technique used to analyze 

DNA methylation patterns by selectively 

digesting DNA at methylation-sensitive sites. 

This method relies on the use of restriction 

enzymes that recognize specific DNA 

sequences and break the DNA only when the 

cytosine in the recognition sequence is not 

methylated [154-160]. Here is a detailed 

description of the methylation-sensitive 

restriction enzyme digestion method: 

 DNA extraction: Start by extracting 

genomic DNA from the biological sample in 

question and ensure that the DNA is of high 

quality [161-163]; 

 Selection of restriction enzyme: Select a 

methylation-sensitive restriction enzyme 

that recognizes a specific DNA sequence 

and cleaves the DNA only if the cytosine 

within the recognition sequence is un 

methylated [164-169]; 

 Enzyme digestion: Perform restriction 

enzyme digestion by incubating the 

isolated DNA with a restriction enzyme 

sensitive to selective methylation. This step 

cleaves the DNA at sites where the cytosine 

in the recognition sequence is un 

methylated, leaving the methylated sites 

intact [170-176]; 

 Gel electrophoresis: Separate the digested 

DNA fragments using gel electrophoresis. 
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The gel should allow DNA fragments to be 

separated by size [177-180]; 

 Visualization: Stain the gel to visualize the 

DNA fragments. The presence or absence of 

specific fragments indicates the 

methylation status of cytosine’s in the 

detection sequence [181-183]; 

 Control samples: Include control samples 

in the test. This may include undigested 

DNA (positive control) and DNA treated 

with a methylation-sensitive restriction 

enzyme (negative control) to confirm the 

specificity of the methylation-sensitive 

enzyme [184-189]; 

 Quantification (optional): Optionally, 

determine the intensity of the DNA bands 

using densitometry or other methods to 

provide a semi-quantitative assessment of 

methylation levels [190-193]; 

 Validation: To confirm the methylation 

status of the DNA region under 

investigation, confirm the results using 

alternative methods such as bisulfite 

sequencing or methylation-specific PCR 

(MSP) [194-196]; 

 Data Analysis: Analyze gel electrophoresis 

results to determine methylation status. 

The presence or absence of specific DNA 

fragments indicates whether the cytosine’s 

in the recognition sequence are methylated 

or un methylated [197]; 

 Interpretation: Interpret the results in the 

context of the specific DNA region under 

investigation. The absence of gap 

fragments indicates methylation at the 

recognition site, while the presence of gap 

fragments indicates no methylation. 

Methylation-sensitive restriction enzyme 

digestion is a useful method for detecting 

methylation at specific sites in the genome. 

However, it provides information about a 

limited number of CpG sites in the selected 

enzyme recognition sequence. Researchers 

often combine this method with other 

techniques to gain a more comprehensive 

understanding of DNA methylation patterns. 

 

Does the dopamine diet help you lose 

weight? 

The Dopamine Diet is a healthy eating plan that 

reduces carbohydrate intake and emphasizes 

more protein, fruits and vegetables. In this food 

program, a person is allowed to enjoy special 

tastes and tastes, and besides losing weight, it 

also tries to improve people's mood. This diet 

has a five-step program and does not deprive 

its fans of delicious desserts, steaks and 

sumptuous salads, the speed of weight loss in 

this food program is slow. Dopamine diet is a 

weight loss program that focuses on 

maintaining people's mood and mood. This diet 

program focuses on increasing the level of 

dopamine (happiness hormone) in the brain, 

and its fans believe that this hormone helps in 

weight loss. Some celebrities, famous people 

and even famous chefs have used this food 

program which has made it famous. There are 

several different versions of this diet, but what 

they all have in common is a focus on specific 

foods that boost dopamine. 

Some believe that the effort of people to get 

large amounts of food in morbid overeating is 

related to the level of this hormone. Even the 

anticipation of eating something delicious can 

stimulate the body's pleasure center and lead 

to more dopamine production. In this diet, due 

to the importance of dopamine in people's 

happiness and energy, they tried to increase its 

level in the body by consuming healthy foods 

without overeating and used it to speed up the 

weight loss process. 

Research has shown that people who are 

overweight may have disorders in dopamine 

pathways. These people face the problem of 

dopamine deficiency and low production 

through continuous exposure to very tasty 

foods (sugar and fat). The production of 

dopamine in the body requires many vitamins 
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and nutrients such as iron, vitamin B6 and 

niacin. Food supplements such as vitamin D 

and magnesium can help produce this hormone 

in the body. The lack of these substances in the 

body may disturb the balance of dopamine. 

Using food supplements along with green tea 

and marjoram tea is also effective in increasing 

the level of this hormone in the body. 

Dopamine is the miracle of human happiness, 

this hormone plays an essential role in the 

functioning of the brain and human body and 

plays the role of a nerve messenger in the 

blood. As the release of this hormone increases 

in the human body, the sense of satisfaction and 

pleasure increases in him. This feeling is 

considered equal to getting a reward and 

success, and a person experiences high 

happiness at this time. Reducing the secretion 

of this hormone can cause lack of motivation 

and loss of enthusiasm and happiness in a 

person, nutrition plays a very important role in 

controlling this hormone. For example, 

consuming more protein can increase the level 

of dopamine hormone in the blood (Table 1). 

 

 

Table 1. Forest plot showed the Evaluation of Methylation and Demethylation Gene Pathway Bio 

Chemistry Signaling in Fat and Athlete Adults with Point of Dopaminergic Points 

Raw Study Year  Proportion Wight 98% 
Weight 

% 

1 Abdollahi et al. 2014 
 

0.68 [0.52 – 1.06] 6.02 

2 Aldulaim et al. 2022 
 

0.74 [0.31 – 1.08] 5.92 

3 Aldulaimi et al 2022 
 

0.89 [0.19 – 1.01] 5.65 

Heterogeneity t2=0.00, I2= 0.02, 

H2=1.01 

 

0.98 [0.20 – 1.06]  

Test of Ɵ= Ɵ, Q (4) =4.00, P= 0.71     

1 Ansari et al. 2022 
 

0.92 [0.39 – 1.06] 5.03 

2 Baghestani et al. 2018 
 

0.87 [0.54 – 1.02] 6.02 

3 Bauer et al. 2022 
 

0.88 [0.63 – 1.01] 5.57 

Heterogeneity t2=0.02, I2= 0.03, 

H2=1.02 

 

0.95 [0.22 – 1.07]  

Test of Ɵ= Ɵ, Q (4) =2.09, P= 0.74     

1 Beiranvandi et al. 2022 
 

0.84 [0.27 – 1.08] 6.08 

2 Danesh et al. 2022 
 

0.76 [0.36 – 1.06] 5.82 

3 Eskandar et al. 2020 
 

0.69 [0.28 – 1.05] 5.85 

Heterogeneity t2=0.01, I2= 0.04, 

H2=1.03 

 

0.0.95 [0.29 – 1.06]  

Test of Ɵ= Ɵ, Q (4) =4.09, P= 0.40     

Dopamine has many effects on sleep, 

movement control, attention, memory, and 

human mood. Eating food increases the level of 

dopamine in the human body, especially when 
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eating fatty and sweet foods, its amount 

increases significantly. Many diseases of the 

present century are directly related to 

depression and immune system defects caused 

by the decrease in dopamine levels, for this 

reason, finding solutions that can increase its 

levels in the body in a healthy way helps to 

improve the quality of human life. 

In the cold seasons of the year, such as autumn, 

when people are less exposed to sunlight, the 

amount of dopamine in their body decreases 

and we see an increase in seasonal depression 

among the general public. Exposure to sunlight 

can also help increase the balance of this 

hormone in the human body. 

Also, this hormone plays an essential role in 

reducing human weight. Dopamine is the 

messenger of the body's nervous system, and a 

decrease in its amount may interfere with 

delivering the message of satiety and hunger to 

the brain. In this way, the person does not stop 

eating at the necessary time and becomes fat. 

The idea of this diet is that by consuming 

smaller portions and increasing the frequency 

of eating, the person will be satisfied and the 

urge to eat more food will be controlled. 

 

Conclusion 

The control processes in the osteoblastic 

differentiation of MSCs are still not fully 

understood. Epigenetic mechanisms, especially 

methylation of CpG islands in gene promoters, 

are considered as one of the most important 

control mechanisms in stem cell 

differentiation. In the process of 

differentiation, only the methylation of some 

specific genes changes or the methylation of 

the whole genome undergoes changes. 

Osteoblastic differentiation of mesenchymal 

stem cells using differentiation medium and in 

treatment with zoledronic acid drug is not 

associated with the change of whole genome 

methylation. Therefore, the process of 

differentiation of mesenchymal stem cells into 

osteoblasts is a unique path and probably other 

genetic and epigenetic mechanisms play a role 

in its control. 

DNA bisulfite treatment is one of the most 

popular techniques in this field. In this method, 

DNA is first treated with bisulfite to convert un 

methylated cytosine’s into uracil, which will be 

replaced by thymine in PCR. Primers are 

designed for outside the regions where CpG is 

inside and usually make the target sequence 

regardless of the methylation position, or two 

pairs of special primers can be designed for 

methylated and non-methylated CpG regions, 

like the methylation-specific polymerase chain 

reaction method. Bisulfite sequencing provides 

a more accurate assessment of the methylation 

site compared to the PCR method in which 

primers are designed for methylated and non-

methylated sequences, and finally the PCR 

products will be used for sequencing. 

Methods that are based on amplification of 

bisulfite DNA by PCR can be divided into two 

groups based on PCR primers: A group of 

primers that specifically amplify methylated or 

un methylated patterns. For example, 

methylation-specific polymerase chain 

reaction and the second group of primers that 

allow template DNA to replicate regardless of 

the methylation status for methylation analysis 

after PCR and include high-resolution melting, 

enzyme digestion, and sequencing after 

bisulfite treatment.  

This method is a combination of bisulfite 

treatment, PCR and restriction enzyme and is 

used to check methylation in a specific locus. 

First, DNA is treated with bisulfite and the 

target fragment is amplified with primers 

designed for BSP. The product is treated with a 

restriction enzyme, due to the change of non-

methylated cytosine’s to thymine, the enzyme's 

cutting sites may have changed and it cannot 

digest DNA.  

As a result, the pattern of its electrophoresis 

bands is different compared to the methylated 



 

 
84

8 

2024, Volume 3, Issue 3 

 

 

 

sample. One of the disadvantages of this 

method is that only cytosine’s are detected in 

the identification site of enzymes, but this 

method is quantitative and easy, which can be 

used for small amounts of primary DNA and 

paraffin-fixed samples. 
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