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ABSTRACT: 

Background: Long non coding RNA growth arrest specific 5 (GAS5) have been related to liver fibrosis through 

epigenetic mechanisms like promoter hyper methylation. On the other hand, microRNA 137 (miR-137) targets 

genes involved in viral replication and immune response, as well as modulates HBV gene expression. Genetic 

polymorphisms of these two microRNAs may influence their expression and thus HBV susceptibility. 

Aim: This study aims to detect the implications of GAS5 rs2067079 and miR- 137 rs1625579 in susceptibility to 

HBV infection as well expression levels of these microRNAs. 

Methods: This case control investigation encompassed 50 healthy individuals plus 50 HBV patients, GAS5 and 

miR‑137 level detected via a twostep RT-qPCR approach, while TaqMan SNP genotyping assays were used to 

genotype both rs2067079 and rs1625579.  

Results: The male/female ratio was 2.13 in patient group and regarding sex and age, a notable variation was noted 

between instances. Liver function tests showed significant differences between patients and controls. The recessive 

T allele of rs2067079 was found to be a risk factor for HBV infection (OR : 1.45; CI : 2.03-4.78), as well CT+TT 

genotypes in dominant model showed increased risk of HBV infection. While T allele of rs1625579 was a HBV 

infection risk factor (OR: 2.05; CI: 1.62-2.49), and GT+TT genotypes in dominant model showed increased risk 

of HBV infection. Regarding GAS5 and miR-137 expression, they considerably diminished within patients versus 

controls, where GAS5 level substantially lowered in TT comparing to CT and CC genotypes of rs2067079, while 

miR-137 was diminished in TT vs. GT and GG genotypes of rs1625579 in HBV instances. 

Conclusion: Current investigation revealed that rs2067079 and rs1625579 contributed to the HBV pathogenesis 

and Gas5 and miR-137 expression respectively, therefore, they might use as possible genetic indicators of HBV 

vulnerability. 
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INTRODUCTION:  

Chronic hepatitis B virus (HBV) infections can result in serious clinical issues, such as cirrhosis, fibrosis, and 

hepatocellular carcinoma (HCC) [1]. Development of HBV infection can be influenced by a variety of factors. 

Host genetic and demographic characteristics are among the most significant determinants of HBV clinical course. 

For instance, the development of HBV infection in various populations can be influenced by single nucleotide 

polymorphisms (SNPs) in the genetic and genes regulatory elements that accountable for viral infection as well as 

alteration in antiviral cytokines expression [2]. 

Long non-coding RNAs (lncRNAs) are RNA molecules with lengths exceeding 200 nucleotides, that once known 

as non-proteins coding RNA, they are now recognized as crucial regulators of gene expression and cellular function 

such as epigenetic regulation of gene expression, post-transcriptional regulation, nuclear architecture & 

organization, cellular processes & signaling, as well as, subcellular organization [3]. 

LncRNA growth arrest specific 5 (GAS5) is requisite to growth stopping and cell cycle slow down [4]. Moreover, 

it regulates gene expression, apoptosis induction, prevents tumor growth, and inhibits T-cell proliferation [5, 6]. 

GAS5 had been found to play a role at hepatitis C virus (HCV) infection along with liver fibrosis [7]. Despite this, 

its role in HBV infection remains largely unknown. 

MicroRNAs (miRNAs) have a vital function in pathophysiology and pathogenesis of various liver diseases [8, 9]. 

MiR-137 is appearing as a crucial regulator in hepatic diseases, notably in hepatocellular cancer, liver fibrosis, and 

non-alcoholic fatty disease [10]. Nonetheless, additional studies are required to entirely comprehend its molecular 

mechanisms in HBV infection. Several studies have hinted that non-coding RNAs polymorphisms may linked 

with HBV infection risk [11 -13] . Though, the relationship betwixt GAS5 rs2067079 and miR-137 rs1625579 

accompanying HBV infection has not yet been investigated in Iraqi population. 
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PATIENTS AND METHODS 

The current case-control study included 50 healthy individuals and 50 HBV patients attending the Al Ramadi 

Teaching Hospital in Anbar, Iraq. HBV infection was diagnosed based on the hepatitis-B surface-antigen (HBsAg) 

detection [14]. Each participant provided written informed consent and detailed personal and medical history. 

Routine laboratory tests to assess liver function were also performed. The control group had normal liver function 

tests and negative anti-HBs, anti-HBc IgG and HBsAg assessments. 

All participants were excluded if they had evidence of other liver illnesses, antiviral therapies or 

immunosuppressive medications, positive anti-HIV or anti-HCV antibodies, or smoking. Ethics Committee of 

University of Anbar approved this research (179 in 20/8/2024).  

 

Blood samples handling: 5 ml of venous blood was withdrawn from each subject. 3 ml was placed into tube with 

serum separator gel, samples allowed to coagulate for 15 minutes before being centrifuged for 10 minutes at 

4000×g to serum obtaining, which kept in -20°C. 

Enzyme-linked immunosorbent assay (ELISA) was used for assess HBeAg (Sunlong- Biotech, China). Total 

serum bilirubin (TSB), alkaline phosphatase (ALP), alanine aminotransferase (ALT), and aspartate 

aminotransferase (AST) were quantitatively measured for all participants according to manufacturer's instructions 

of ready-to-use kits (Linear Chemicals, Spain), TSB has been calculated in μmol/L units, whereas APL, ALT and 

AST have been represented as U/L. 

The left 2 ml. of blood were placed in anticoagulant tube and used for DNA purification and genotyping, while 

0.25 ml. was transferred from anticoagulant tube and mixed with 0.75 ml. TRIzol for RNA purification and genes 

expression. 

 

Detection of GAS5 and miR‑137 expression: Total RNAs were purified from blood samples via TRIzol 

extraction method. While GAS5 and miR‑137 expression were performed via employing the specific primers 

obtained from Macrogen (Korea) as detailed in Table 1 via twostep RT-qPCR approach (Mic qPCR Cycle, 

BioMolecular System/ Australia) [15]. 

 

Table 1: Primers of gene expression 

Primers Sequences 5′- 3′ References 

miR-137 
F: TTATTGCTTAAGAATACGCGTAG 

R: GTGCAGGGTCCGAGGTATTC 
[16] 

U6 
F: CTCGCTTCGGCAGCACA 

R: AACGCTTCACGAATTTGCGT 
[16] 

GAS5 
F: CAACTTGCCTGGACCAGCTT 

R: TCAAGCCGACTCTCCATACC 
[17] 

GAPDH 
F: CTTCTGAGTGGCAGTGATGG 

R: TTTGGAGTCCCTGTTCGTAC 
[16] 

 

Genotyping of rs2067079 and rs1625579: DNA purified from whole blood as directed by DNA purification kit 

manufacturer (Geneaid/ Taiwan),. Concentration and purity of nucleic acids (DNA and RNA) were determined 

via Nanodrop (Bioneer/Korea) [18]. TaqMan SNP genotyping assays were employed for rs2067079 and rs1625579 

genotyping based on manufacturer’s instructions and as described via Mahmoud et al. [19]. 

 

Statistical analysis: The results presented as mean ± S.E., and T-test were employed to determine the significance 

of the comparison between two samples. Chi-square (χ2) (IBM SPSS– version 28) was used to determine the 

significance of different percentages. Whenever a P-value < 0.05 was considered statistically significant.  

 

RESULTS: 

This case–control study included 50 patients with chronic HBV infection and 50 control. Among the 

patients, the male/female ratio was 2.13 in patient group and 2.52 in control. Significant difference was 

observed between cases regarding sex and age (p= 0.012 and 0.003, respectively) (Table 2). Liver 

function tests showed significant differences (p < 0.001) between patients and controls as shown in Table 

3. 

 

Table 2: The age and sex distribution of the HBV patients 

Sex No. (%) 

P-value χ2 Total  Female Male 

0.012** 12.96 50 (100)  16 (32) 34 (68) 

Age group (years) No. (%) 

   ≤50 40-49 30-39 20-29 

0.003** 16.533 50 (100) 3 (6) 11 (22) 19 (38) 17 (34) 

** (P≤0.01). 

Table 3: Distribution of LFT levels in HBV patients and control 
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LFT Patients (Mean ± SE) Control(Mean ± SE) T test P- value 

ALT (U/L) 26.31 ± 4.62 7.19 ± 1.04 3.99  0.004** 

AST (U/L) 24.06 ± 2.98 8.29 ± 1.14 4.17  0.0002** 

ALP (U/L) 114.86 ± 8.67 63.57 ± 6.92 5.27  0.0003** 

TSB (mg/dl) 1.9 ± 0.67 0.81 ± 0.2 3.11  0.007** 

** (P≤0.01) 

 

In HBV instances, GAS5 and miR-137 expression were particularly diminished comparing to controls (Table 4). 

Table 5 revealed the rs2067079 genotype and allele repetitions for all participants, where T allele prevailed in 

cases (58% vs 35% in control) and C allele dominated in control (65% vs 42% in cases), additionally C allele was 

protective agent against HBV (OR: 0.32; CI : 0.17- 0.51), while T allele was risk factor (OR: 1.45; CI: 2.03-4.78). 

In dominant model (CC vs. CT + TT), rs2067079 genotypes repetitions was significantly different (p = 0.002) 

between HBV patients and control subjects, and CT+TT genotypes showed increased risk of HBV infection (76%) 

(Table 5). 

Concerning rs1625579, T allele dominated in cases (84% vs 30% in control) and G allele dominated in control 

(70% vs 46% in cases), moreover G allele was protective factor against HBV infection (OR: 0.90; CI: 0.75-1.02), 

while T allele was risk factor (OR: 2.05; CI: 1.62-2.49). In dominant model (GG vs GT + TT), rs2067079 

genotypes distribution differed substantially (p < 0.001) comparing HBV patients and control, and GT+TT 

genotypes indicated greater HBV infection risk (84%) (Table 5). 

Through examining rs2067079 impact in GAS5 expression, we identified low GAS5 level in TT genotype 

comparing to CT or CC genotypes (Table 6). Regarding rs1625579 impact in miR-137 expression, TT genotype 

carriers revealed diminished miR-137 level comparing to GT and GG genotypes amongst HBV instances (Table 

7). 

 

Table 4: Comparison of the expression of GAS-5 and miR-137 in HBV patients and control. 

Genes Patients (Mean ± SE) Control (Mean ± SE) T test P- value 

GAS-5 0.48± 0.11 1.46 ± 0.82 2.19  0.049* 

miR-137 0.69± 0.14 1.25 ± 0.74 1.81  0.031* 

* (P≤0.05) 

 

Table 5: Association of rs2067079 and rs1625579 with the risk of HBV infection. 

 
Genotypes 

Patients 

No.(%) 

Control 

No.(%) 
OR(CI) χ2 P value 

GAS5 rs2067079 

Codominant model 

CC 12 (24) 24 (48)  

8.201  

 

0.005** CT 18 (36) 17 (34)  

TT 20 (40) 9 (18)  

Dominant model 

(CC vs. CT + TT) 

CC 12 (24) 24 (48)  
6.250  0.002** 

CT + TT 38 (76) 26 (52)  

Recessive model 

(TT vs. CT + CC) 

TT 20 (40) 9 (18)  
5.877  0.002** 

CT + CC 30 (60) 41 (82)  

Allele 
C 42 (0.42) 65 (0.65) 0.32 (0.17-0.51) 

10.632 0.0004** 
T 58 (0.58) 35 (0.35) 1.45 (2.03-4.78) 

miR-137 rs1625579 

Codominant model 

GG 8 (16) 26 (52)  

23.166 

 

0.0008** GT 15 (30) 18 (36)  

TT 27 (54) 6 (12)  

Dominant model 

(GG vs GT + TT) 

GG 8 (16) 26 (52)  
14.439 0.0006** 

GT + TT 42 (84) 24 (48)  

Recessive model 

(TT vs. GT + GG) 

TT 27 (54) 6 (12)  
19.946 0.0007** 

GT + GG 23 (46) 44 (88)  

Allele 
G 46 (0.46) 70 (0.70) 0.90 (0.75-1.02) 

27.092 0.0009** 
T 84 (0.84) 30 (0.30) 2.05 (1.62-2.49) 

** (P≤0.01) 

 

Table 6: Relationship between rs2067079 genotypes and of GAS5 gene expression 

Genotype 
Mean ± SE of GAS5  gene expression (Folding) 

t-Value P value 
Patients Control 

CC 0.29± 0.1 b  1.92± 0.6 a 3.91 0.0003** 

CT 0.74± 0.4 b 1.43± 0.7 a 3.21 0.0002** 

TT 0.35± 0.2 b 1.65± 0.8 a 3.88 0.0001** 

Different letter in same column indicates a substantial difference, **(P≤0.01). 
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Table 7: rs1625579 genotypes and miR-137 gene expression relationship 

Genotype 
Mean ± SE of miR-137 gene expression (Folding) 

t-Value P value 
Patients Control 

GG 0.71± 0.3 b 1.50± 0.4 a 2.88 0.01** 

GT 0.68± 0.4 b 1.75± 0.7 a  3.19 0.0002** 

TT 0.39± 0.1 b 0.98± 0.5 a 2.61 0.037 * 

Different letter in same column indicates a substantial difference, *(P≤0.05), **(P≤0.01). 

 

DISCUSSION: 

Non-coding RNAs possess vital assignments at HBV related diseases, they regulate gene expression and influence 

many aspects of the infection process, such as viral replication, immune response, fibrosis and liver cancer 

development. This study appeared that males were more infected with HBV than females with male to female ratio 

of approximately 2:1, and the 30–39 years age group was registered the higher percentage (38%) among other age 

groups (Table 2), these results agreed with other local and international studied [20- 22]. Enhanced liver enzymes 

may be due to increased production and secretion, or catabolism reduction, in HBV patients, noteworthy altitudes 

in LFT identified comparing with control (Table 3), these results are in line to previous investigations [23, 24]. 

These results are expected as the liver is an organ of HBV reproduction, which leads to hepatocyte death and an 

increase in these molecules' releasing [25]. 

GAS5 expression was considerably diminished in HBV cases than control, our findings aligned with earlier studies 

[19, 27]. GAS5 dysregulation indicated in various cancers, cardiovascular conditions, inflammation-associated 

diseases, and viral infections [28]. Momentously, GAS5 is universally recognized as a tumor suppressor. It had 

revealed to suppressing liver fibrosis as well inhibiting HCC cells translocation and invasion via sequestrating 

miR- 21 which effect cell maintaining [27]. GAS5 overexpression inhibits innate immune responses via lowering 

of IFN‐ α and IFN‐ λ amount after viral infection [29]. 

With regard to miR-137 expression, our investigation indicates diminished miR- 137 level in HBV instances 

contrasting to control. HBV X protein (HBx) has been shown to alter many genes and epigenetic molecules 

expression and function such as lncRNAs and miRNAs, leading to multiple pathways malfunction. HBx 

knockdown reduced the miR-137 methylation and reconditioned its expression. [15]. Further, table 4 indicated a 

potential positive relationship between GAS5 and miR- 137 levels, likewise Wozniak, M., & Czyz, M. reported 

positive relation betwixt GAS5 and miR- 137 [30]. 

Regarding rs2067079, CT and TT genotypes linked with elevated HBV risk whilst CC genotype was protective 

agent against HBV, this finding is consistent with a previous study conducted in Egyptian cohort. [19]. The GAS5 

polymorphism found to affected hepatocellular carcinoma, colorectal cancer, and oral cancer. [31]. Furthermore, 

our findings revealed that the risky rs2067079 TT genotype had significantly lower serum GAS5 expression than 

CT or CC genotypes in HBV instances. The guiding ChIP - seq facts about various cells kinds provided that 

rs2067079 locus identified as effective promoter. Due to possibility that genetic variations in regulatory 

components could regulate expression levels, studied SNP may impact GAS5 transcriptional behavior. Moreover, 

rs2067079 had wealthy influence on GAS5 secondary structure that is vital to their efficiency [32]. 

Mutated T allele and TT genotype of rs1625579 appeared primarily detected in HBV instances in contrast to 

control. Further, we identified a worthy association betwixt miR-137 level diminish and TT genotype in contrast 

to GT and GG genotypes in HBV instances, these results were consistent with earlier research [19], proposing a 

possible role of studied SNP in HBV development. The rs1625579 SNP located in miR-137 intron, related to 

schizophrenia development in European and Asian cohorts [33]. Genetic variations in miR-137 can interrupt its 

normal function via impacting its transcription or its bind capacity to target genes, which can lead to unusual 

expression and possibly engagement to various disorders. It was denoted that miR-137 non-coding elements 

variants result in faulty mRNA structure, splicing, and stability [34].  

Considering our observations in HBV infections, further with bigger cohort and larger independent population 

investigations are required to validate current results. Furthermore investigations are needed to assess rs1625579 

and rs2067079 precisely roles in the tissue grade. 

 

CONCLUSION: 

To sum up, GAS5 and miR-137 expression were diminished in HBV instances. Furthermore, rs2067079 and 

rs1625579 participated HBV infections and may serving as prospective markers to HBV susceptibility. CC 

genotype of rs2067079 was a protective agent whilst CT and TT genotypes exhibited a raised HBV risk. On the 

other hand, GG genotype of rs1625579 signified as protective agent whilst TT genotype noted as HBV risk factor. 

These conceivable markers may offer a preferable perception of HBV infections and could facilitate the 

development of potentially curative strategies. 

 

Acknowledgment: For all members who cooperate and agree to participate in this study. 

 

Funding: Researchers did not receive financial support for conducting this study.  

 

Competing interest: The researchers state that they do not have any conflicting interests. 



 

Genetics and Molecular Research 25 (1s): 2026                                        5 

REFERENCES:  

1. Varghese, N., Majeed, A., Nyalakonda, S., Boortalary, T., Halegoua-DeMarzio, D., & Hann, H.-W. (2024). 

Review of Related Factors for Persistent Risk of Hepatitis B Virus-Associated Hepatocellular Carcinoma. Cancers, 

16(4), 777. https://doi.org/10.3390/cancers16040777. 

2. Li Y, Zhou H, Wu WK, et al. Associations between single nucleotide polymorphisms of cytokines and 

hepatitis B virus-related liver cirrhosis: a case–control study. Immun Inflamm 

Dis. 2024; 12:e70017. doi:10.1002/iid3.70017. 

3. Mattick, J.S., Amaral, P.P., Carninci, P, C Susan, YC Howard, C Ling-Ling. et al. Long non-coding RNAs: 

definitions, functions, challenges and recommendations. Nat Rev Mol Cell Biol 24, 430–447 (2023). 

https://doi.org/10.1038/s41580-022-00566-8. 

4. Maroszek, M. R. Investigation into the mechanistic effects of the lncRNA Growth Arrest Specific 5 in the 

regulation of cell survival. (Thesis). Keele University. https://keele-repository.worktribe.com/output/884975.  

5. Oghenemaro EF, Khaleel AQ, Rizaev JA, Roopashree R, Suliman M, Kazmi SW, Hjazi A, Rajput P, Mustafa 

YF, Abosaoda MK. Dysregulation of GAS5-miRNA-Mediated Signaling Pathways in Cancer Pathobiology: A 

Comprehensive Exploration of Pathways Influenced by this Axis. Biochem Genet. 2024. doi: 10.1007/s10528-

024-10997-x.  

6. Khalilollah S, Kalantari Soltanieh S, Obaid Saleh R, Ali Alzahrani A, Ghaleb Maabreh H, Mazin Al-Hamdani 

M, Dehghani-Ghorbi M, Shafiei Khonachaei M, Akhavan-Sigari R. LncRNAs involvement in pathogenesis of 

immune-related disease via regulation of T regulatory cells, an updated review. Cytokine. 2024; 179:156585. doi: 

10.1016/j.cyto.2024.156585. 

7. Xiang Z, Liqing Y, Qingqing Y, Qiang H, Hongbo C. Retard or exacerbate: Role of long non-coding RNA 

growth arrest-specific 5 in the fibrosis. Cytokine Growth Factor Rev. 2022; 67:89-104. doi: 

10.1016/j.cytogfr.2022.06.001. 

8. Sartorius K, Wang Y, Sartorius B, Antwi SO, Li X, Chuturgoon A, Yu C, Lu Y, Wang Y. The interactive role 

of microRNA and other non-coding RNA in hepatitis B (HBV) associated fibrogenesis. Funct Integr Genomics. 

2025; 25(1):24. doi: 10.1007/s10142-024-01519-4. PMID: 39847120. 

9. Ali OA, Mohammed JM. Impact of miR-155 Gene Polymorphism (rs767649 A>T) and miR-155 Gene 

Expression on Susceptibility to Multiple Sclerosis. Anb. Med. J. 20(1): 94–100, 2024. DOI: 

10.33091/amj.2024.144844.1454. 

10. Shafaati, M., Salehi, M., & Zare, M. (2024). Revolutionizing HCV Therapy: microRNA Approaches in New 

Era of Treatment. IntechOpen. doi: 10.5772/intechopen.1005068. 

11. Kazemzadeh R, Kheirollahi M, Mard SA, Ahangarpour A, Savari F. Regulatory, diagnostic, and therapeutic 

roles of microRNAs in chronic liver diseases. Acta Gastroenterol Belg. 2024; 87(3):403-412. doi: 

10.51821/87.2.12965. PMID: 39411794. 

12. Mahmoud RH, Hefzy EM, Shaker OG, Ahmed TI, Abdelghaffar NK, Hassan EA, Ibrahim AA, Ali DY, 

Mohamed MM, Abdelaleem OO. GAS5 rs2067079 and miR-137 rs1625579 functional SNPs and risk of chronic 

hepatitis B virus infection among Egyptian patients. Sci Rep. 2021; 11(1):20014. doi: 10.1038/s41598-021-99345-

2. 

13. Sabbar HR, Ali OA, Naser FO. Polymorphism Pattern of Angiotensin Converting Enzyme (ACE) 

Gene in the Chronic Renal Failure Patients. J. Pharm. Sci. & Res. 2018, 10(8):1983-1985.   

14. Lazarevic I, Banko A, Miljanovic D, Cupic M. Hepatitis B Surface Antigen Isoforms: Their Clinical 

Implications, Utilisation in Diagnosis, Prevention and New Antiviral Strategies. Pathogens. 2024; 13(1):46. 

https://doi.org/10.3390/pathogens13010046. 

15. Ali OA. Influence of surfactants solutions on staphylococci biofilm. Journal of Global Pharma 

Technology.  2019; 11(7): 192-197. 

16. Gao Y, Gu J, Wang Y, Fu D, Zhang W, Zheng G, Wang X. Hepatitis B virus X protein boosts hepatocellular 

carcinoma progression by downregulating microRNA-137. Pathol Res Pract. 2020; 216(6):152981. doi: 

10.1016/j.prp.2020.152981.  

17. Chang L, Li C, Lan T, Wu L, Yuan Y, Liu Q, Liu Z. Decreased expression of long non-coding RNA GAS5 

indicates a poor prognosis and promotes cell proliferation and invasion in hepatocellular carcinoma by regulating 

vimentin. Mol Med Rep. 2016; 13(2):1541-50. doi: 10.3892/mmr.2015.4716. 

18. Ali OA, Taha RQ. Distribution of fimH Gene in Local Isolates of Adhesive Uropathogenic Escherichia coli. 

IJDDT 2019; 9(3): 378-382 . 

19. Mahmoud RH, Hefzy EM, Shaker OG, Ahmed TI, Abdelghaffar NK, Hassan EA, Ibrahim AA, Ali DY, 

Mohamed MM, Abdelaleem OO. GAS5 rs2067079 and miR-137 rs1625579 functional SNPs and risk of chronic 

hepatitis B virus infection among Egyptian patients. Sci Rep. 2021; 11(1):20014. doi: 10.1038/s41598-021-99345-

2. 

20. Abbas, Z. K., Ali, O. A., Taha, R. Q., & Alameri, A. D. A. Hospitalized adults with acute bacterial meningitis: 

Etiology and antimicrobial susceptibility profiles. Journal of Global Pharma Technology, 11(05): 268-273. 2019. 

21. Han Q, Sang J, Fan X, Wang X, Zeng L, Zhang X, Zhang K, Li N, Lv Y, Liu Z. Association of LIN28B 

polymorphisms with chronic hepatitis B virus infection. Virol J. 2020; 17(1):81. doi: 10.1186/s12985-020-01353-

7. 

22. Taha RQ, Ali OA. Bloodstream bacterial infections in children inpatients. Indian Journal of Public Health, 

2019, 10.8: 2391. 

23. Mohsen, R. T. Receiver Operating Characteristic Analysis of Liver Function Tests in Patients with Chronic 

https://doi.org/10.3390/cancers16040777
https://doi.org/10.1002/iid3.70017
https://doi.org/10.1038/s41580-022-00566-8
https://keele-repository.worktribe.com/output/884975
https://doi.org/10.3390/pathogens13010046


 

Genetics and Molecular Research 25 (1s): 2026                                        6 

Viral Hepatitis B in Baghdad, Iraq. Iraqi Journal of Industrial Research, 10(3), 94-98. 2023. 

24. Ali OA, Taha RQ, Alrawi ZAA. Bacterial contamination of patient accompaniers' phones. 

Epitheorese Klin. Farmakol. Farmakokinet. 2024; 42(Sup1): 17-21. DOI: 10.61873/RJEZ9013. 

25. Atya, A., Kredy, H., Fazaa, A.H. Evaluation of liver function tests and their correlation with HBV viral load 

in patients with Hepatitis B virus, Thi-Qar ,Iraq. HIV Nursing. 22. 1112-1116. 2022. 

26. Lonardo A. Alanine aminotransferase predicts incident steatotic liver disease of metabolic etiology: Long life 

to the old biomarker! World J Gastroenterol. 2024; 30(24):3016-3021. doi: 10.3748/wjg.v30.i24.3016. 

27. Guo Y, Li C, Zhang R, Zhan Y, Yu J, Tu J, Zheng J. Epigenetically-regulated serum GAS5 as a potential 

biomarker for patients with chronic hepatitis B virus infection. Cancer Biomark. 2021;32(2):137-146. doi: 

10.3233/CBM-203169. 

28. Nguyen LNT, Pyburn JS, Nguyen NL, Schank MB, Zhao J, Wang L, Leshaodo TO, El Gazzar M, Moorman 

JP, Yao ZQ. Epigenetic Regulation by lncRNA GAS5/miRNA/mRNA Network in Human Diseases. Int J Mol Sci. 

2025 6;26(3):1377. doi: 10.3390/ijms26031377. 

29. Zhang D, Zhang M, Zhang L, Wang W, Hua S, Zhou C, Sun X. Long non-coding RNAs and immune cells: 

Unveiling the role in viral infections. Biomed Pharmacother. 2024; 170:115978. doi: 

10.1016/j.biopha.2023.115978. 

30. Wozniak M, Czyz M. The functional role of long non-coding RNAs in melanoma. Cancers, 2021; 13(19), 

4848.  

31. Kaur J, Salehen N, Norazit A, Rahman AA, Murad NAA, Rahman NMANA, Ibrahim K. Tumor Suppressive 

Effects of GAS5 in Cancer Cells. Non-Coding RNA, 2022; 8(39). https://doi.org/10.3390/ncrna8030039. 

32. Ayeldeen G, Shaker OG, Gomaa M, Magdy MM, Elsamaloty N, Kamel AS, Senousy MA. Association of 

Epistatic Effects of lncRNA GAS5, miR-146a, IRAK-1, and miR-155 Genetic Variants with Multiple Sclerosis 

Risk and Severity. Molecular Neurobiology, 2025:1-23. 

33. Mohamed FA, Freude K. Implications of SNP-triggered miRNA dysregulation in Schizophrenia 

development. Frontiers in genetics, 2024; 15, 1321232. 

34. Mokhtari MA, Sargazi S, Saravani R, Heidari Nia M, Mirinejad S, Hadzsiev K, Bene J, Shakiba M. Genetic 

Polymorphisms in miR-137 and Its Target Genes, TCF4 and CACNA1C, Contribute to the Risk of Bipolar 

Disorder: A Preliminary Case-Control Study and Bioinformatics Analysis. Dis Markers. 2022:1886658. doi:  

10.1155/2022/1886658. 

https://doi.org/10.3390/ncrna8030039

