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Purpose: Single-nucleotide polymorphism (SNP) in the promoter region of the IL-10 gene can increase susceptibility to tumor 
development. The current study aimed to explore the genotypic frequency of interleukin-10 (IL-10) rs1800896 polymorphism in 
newly diagnosed adult patients with acute lymphoblastic leukemia (ALL) and validate whether this SNP is a risk factor for adult 
ALL.
Patients and Methods: This case–control study was based on a subset of newly diagnosed 154 adult patients with ALL recruited 
from the Radiation and Isotope Center in Khartoum (RICK) and 154 healthy controls from the same geographical area. Genomic DNA 
was used for the genotyping of rs1800896 polymorphism through allele-specific polymerase chain reaction (PCR) assays.
Results: The genotypic frequencies of rs1800896 showed a statistically significant association of AG and AA genotypes with adult 
ALL (p<0.001). Combined genotypes AG+GG vs AA also showed a positive association of rs1800896 with adult ALL (OR=4.89). 
The allelic frequencies of G and A did not show any significant difference in adult patients with ALL compared with the control group. 
AG rs1800896 genotype showed an increased risk of B and T ALL (OR=2.51 and 4.70, respectively). Age at diagnosis, gender, and 
immunophenotype (B vs T ALL) did not exhibit any association of rs1800896 with ALL in this patient group.
Conclusion: rs1800896 polymorphism is associated with an increased risk of ALL in adult patients irrespective of the age at 
diagnosis, gender, and immunophenotype of ALL.
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Introduction
Acute lymphoblastic leukemia (ALL) is a neoplastic disorder characterized by relentless proliferation with restricted 
differentiation of lymphoid cells and their accumulation in the bone marrow, circulation in the blood, and invasion of the 
extramedullary sites.1,2 Although the exact pathophysiological agent/mechanism is unknown, inherited genetic suscept-
ibility, certain environmental risk factors,1 genetic polymorphisms in the oxidative stress enzymes,3 and an altered 
immune microenvironment in the bone marrow have shown strong positive associations with ALL.4 A growing body of 
literature is indicating the involvement of inflammatory processes in the development of malignancies.

Interleukin-10 (IL-10), also known as cytokine synthesis inhibitory factor (CSIF), is one of the most vital pleiotropic 
immunoregulatory cytokines secreted by the cells of lymphoid and myeloid lineages, including T helper cells (Th2 cells), 
CD4, CD8 T cells, natural killer cells, macrophages, monocytes, neutrophils, mast cells, eosinophils, and dendritic cells. 
IL-10 is also produced by tumor cells, which may lead to immunosuppression.5

Pharmacogenomics and Personalized Medicine 2022:15 809–815                                          809
© 2022 Abdalhabib et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/ 
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing 

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. 
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Pharmacogenomics and Personalized Medicine                                     Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 4 June 2022
Accepted: 30 August 2022
Published: 12 September 2022

http://orcid.org/0000-0002-4183-0575
http://orcid.org/0000-0002-2901-0216
http://orcid.org/0000-0001-9184-269X
http://orcid.org/0000-0002-8223-5369
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


IL-10 regulates the functions of several cells. It inhibits macrophages and antigen-presenting cells (APCs) and robustly 
suppresses the immune system through transcriptional inhibition of cytokines, chemokines, major histocompatibility 
complex II molecules, and adhesion molecules. IL-10 also inhibits T-cell responses directly by acting on CD4 T cells 
and indirectly through APCs.5 Contrary to its effect on CD4 T cells, IL-10 promotes the proliferation and cytotoxicity of 
CD8 T cells.6 Furthermore, IL-10 suppresses the secretion of interferon gamma (IFN-γ) and IL-2.7 As IFN-γ is pivotal in 
the activation of cellular immunity and stimulation of the antitumor response, its suppression would contribute toward the 
development of neoplasm.8

Similarly, IL-2, activates STAT5 transcription factors with the help of JAK tyrosine kinases through IL-2 receptors.9 

In addition to its role in immune regulation, IL-10 demonstrates two types of effects during tumor development, ie, 
cancer promoting (immunosuppressive) and cancer inhibitory (antiangiogenic).10,11 Lymphoproliferation could be the 
underlying cause of a dysfunctional immune system. The pathogenesis and prognosis of lymphoid neoplasms have been 
attributed to the involvement of IL-10.12–14

The IL-10 gene, located on chromosome 1q31–32, spanning 4.8 kb, contains five exons and four introns and encodes 
178 amino acids. The promoter region of the IL-10 gene contains a large number of polymorphic sites that alter gene 
transcription.15,16 Studies have shown that IL-10 gene polymorphisms increase the susceptibility to tumor development, 
eg, cancers of the head and neck,17 laryngeal squamous cell carcinoma,12 gastric cancers,16,18,19 and hematological 
neoplasms, including chronic myeloid leukemia20 and acute myeloid leukemia.21–24

One such single-nucleotide polymorphism (SNP) of the IL-10 gene is –1082 [G to A single base pair substitution 
(rs1800896)] in the promoter region that is associated with increased IL-10 expression and susceptibility to lymphopro-
liferative disorders, including lymphoma12–14,25 and childhood acute lymphoblastic leukemia,15,26,27 and several other 
malignancies28 [reviewed by Trifunović et al29].

Although the role of rs1800896 SNP in the IL-10 gene as a risk factor for childhood ALL has been investigated,15,27 

studies are lacking addressing its susceptibility in adult ALL. This study aimed to 1) evaluate the frequency of IL-10 
rs1800896 in newly diagnosed adult patients with ALL and 2) assess whether this SNP is a risk factor for adult ALL.

Materials and Methods
This case–control study included 154 newly diagnosed Sudanese adult patients with ALL, aged 19–75 years (93 men and 
61 women), and 154 normal healthy age- and gender-matched controls (101 men and 53 women). The newly diagnosed 
patients were recruited from the Radiation and Isotope Center in Khartoum (RICK) between December 2019 and 
January 2022 before the initiation of the treatment. Al-Neelain University’s ethical committee approved this study 
(project number 5/20). Each participant signed an informed consent form following the guidelines of the Declaration of 
Helsinki. The patients recruited to this study had no previous history or diagnosis of other malignancy. Patients were 
evaluated at the RICK according to the WHO guidelines. Complete blood counts, bone marrow examination, and flow 
cytometric analysis were carried out to establish the diagnosis of the patients by hemato-oncologists. A control group 
with no prior history of cancer was selected from the same geographic area as the patients, to represent the same age 
group and ethnicity as the patients. The clinical and demographic data were collected through a structured questionnaire. 
To perform the polymerase chain reaction (PCR) analysis, 3–5 mL of EDTA-anticoagulated venous blood samples were 
collected from the studied participants.

DNA Extraction
Isolation of DNA from peripheral blood samples was performed as per the manufacturer’s protocol using a commercially 
available whole blood genomic DNA purification kit (QIAamp® DNA Mini Kit; Qiagen, Hilden, Germany). 
A GeneQuant device (Amersham Biosciences–Biochrome, Cambridge, UK) was used to verify the quantity and quality 
of extracted DNA. Until analysis, aliquots of the extracted DNA samples were maintained at –20°C.

Molecular Analysis
The genomic DNA was used for the genotyping of rs1800896 polymorphism through an allele-specific PCR assay using 
β-globin gene-amplified product as an internal positive control following previously described methods.22 The PCR for 
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rs1800896 polymorphism was carried out utilizing a total volume of 20 µL, which was prepared by adding 14 μL 
distilled water, 4 μL of genomic DNA, and 0.5 μL of each primer. The following sets of specific primers were used: 5′- 
TACTAAGGCTTCTTTGGGAG-3′ (allele G forward), 5′-CTACTAAGGCTTCTTTGGGAA-3′ (allele A forward), and 
5′-TCTCGGTTTCTTCTCCATCG-3′ (reverse). The thermocycling conditions started with one cycle at 94°C for 5 
minutes, followed by 32 cycles at 94°C for 30 seconds, annealing at 58°C for 30 seconds, extension at 72°C for 40 
seconds, and a final extension at 72°C for 5 minutes.

For each sample, 2.0% agarose gel electrophoresis was used to examine the banding patterns of the amplified 
products stained with ethidium bromide. A PCR product with 268 bp indicated successful amplification. Based on the 
presence or absence of a band at 550 bp, the rs1800896 allelic genotype was identified.

Statistical Analysis
The statistical analyses, including descriptive statistics of the mean, standard deviation, and odds ratio (OR) with 95% 
confidence interval (CI), were performed using SPSS for Windows version 23 (IBM Corp, Armonk, NY, USA). The 
Pearson chi-squared test or Fisher’s exact test was used to evaluate the significance of the difference in genotype 
distributions of patients and controls. In addition, quantitative variables were tested using an independent t-test. 
Statistical significance was judged by a p value less than 0.05.

Results
The gender and age of the patients with ALL and controls were well matched and did not show any statistically 
significant differences (p>0.05). The majority of the patients (83.1%) were B ALL (Table 1).

The genotypic and allelic frequencies of rs1800896 are presented in Table 2. AG and AA genotypes showed 
statistically significant associations with adult ALL (OR=3.1 and 0.20 respectively, p<0.001). Combination analysis of 
AG+GG versus AA also showed a positive association of rs1800896 with 4.89 odds ratio of ALL in patients compared 
with healthy controls (Table 2). The allelic frequencies of G and A rs1800896 did not show any significant difference in 
adult patients with ALL compared with the control group.

Based upon the immunophenotyping of ALL, the AG rs1800896 genotype showed an increased risk of B and T ALL 
(OR=2.51 and 4.70, respectively). However, the AA rs1800896 genotype showed a significant association with B ALL 
only (Table 3). Age at diagnosis, gender, and immunophenotype (B vs T ALL) did not exhibit any associations of 
rs1800896 and rs1800629 with ALL in the patient group (Table 4).

Table 1 Demographic Measures of the Studied Subjects

Category Cases (n=154) Controls (n=154) p-Value

Gender

Male, n (%) 93 (60.4%) 101 (65.6%) 0 0.345

Female, n (%) 61 (39.6%) 53 (34.4%)

Age

Mean±SD (years) 44.90±14.3 47.09±16.1 0.193

Range (years) 19−75 20–74

< Mean age, n (%) 75 (48.7%) 86 (55.8%) 0.209

> Mean age, n (%) 79 (51.3%) 68 (44.2%)

Immunophenotype

B-ALL, n (%) 128 (83.1%) – –

T-ALL, n (%) 26 (16.9%) – –
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Discussion
Inflammatory cytokines are among the instrumental players in the development of tumors, by inducing angiogenesis, 
hyperproliferation, DNA aberrations, and genetic mutations.30 Polymorphisms in the promoter region of the genes can alter 

Table 2 Genotype Distribution and Allele Frequencies of rs1800896 in Patient and Control Groups

SNP Genotype ALL (n=154) Controls (n=154) Odds Ratio (95% CI) p-Value

rs1800896 GG 21 (13.6%) 26 (16.9%) 0.78 (0.42 to 1.45) 0.429

AG 121 (78.6%) 83 (53.9%) 3.1 (1.90 to 5.16) <0.001

AA 12 (7.8%) 45 (29.2%) 0.20 (0.10 to 0.41) <0.001

AG+AA vs GG 133 (86.4%) 128 (83.1%) 1.29 (0.69 to 2.40) 0.429

AG+GG vs AA 142 (92.2%) 109 (70.8%) 4.89 (2.47 to 9.687) <0.001

Allele frequency

rs1800896 G 163 (52.9%) 173 (56.2%) 1.14 (0.83 to 1.57) 0.419

A 145 (47.1%) 135 (43.8%)

Table 3 Genotype Distribution of rs1800896 in the B ALL/T ALL Cases and Control Groups

SNP Genotype B-ALL 
(n=128)

Controls 
(n=154)

Odds Ratio 
(95% CI)

p-Value T-ALL 
(n=26)

Controls 
(n=154)

Odds Ratio 
(95% CI)

p-Value

rs1800896 GG 20 (15.6%) 26 (16.9%) 0.91 (0.48 to 

1.72)

0.776 1 (3.8%) 26 (16.9%) 0.20 (0.03 to 

1.52)

0.119

AG 99 (77.3%) 83 (53.9%) 2.51 (1.48 to 

4.26)

0.001 22 

(84.6%)

83 (53.9%) 4.70 (1.55 to 

14.30)

0.006

AA 9 (7%) 45 (29.2%) 0.18 (0.09 to 

0.40)

<0.001 3 (11.5%) 45 (29.2%) 0.32 (0.09 to 

1.11)

0.071

Table 4 Distribution of rs1800896 Among Patients According to Age Group, Gender, and 
Origin of ALL

Parameter Category rs1800896

GG AG AA

Age group < Mean (years) 14 55 6

> Mean (years) 7 66 6

Chi-square (p-value) 3.23 (0.198)

Gender Male 10 77 6

Female 11 44 6

Chi-square (p-value) 2.51 (0.286)

Origin B-ALL 20 99 9

T-ALL 1 22 3

Chi-square (p-value) 2.91 (0.234)
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the transcription and abnormal expression of proteins that may contribute to the development of neoplasia.31,32 It is a well- 
known fact that these polymorphisms affect the production and function of IL-10 and result in hematological neoplasms.33

The current study evaluated polymorphisms in the promoter region of the IL-10 gene in adult patients with ALL. The 
findings show that AG and AA rs1800896 genotypes are associated with an increased risk for the development of ALL in adult 
patients [OR=3.1 (95% CI=1.90 to 5.16) and OR=0.20 (95% CI=0.10 to 0.41), respectively]. Comparable to the findings of 
this study, differences related to rs1800896 polymorphism in patients with childhood ALL and healthy controls have been 
reported in the literature.33,34 However, the results of the current study are contradictory to some other studies, where no 
differences in the distribution of rs1800896 polymorphism between control and childhood ALL were reported.15,27

In the current study, the genotypic distribution of rs1800896 showed that AG+GG versus AA had 4.89 odds ratio of 
ALL compared to the control group (Table 2). Similar findings were reported in a meta-analysis of 18 case–control 
studies.35 It has been reported that the GG genotype poses a decreased risk of leukemia in comparison to the AG+AA 
genotype.35

The current study shows that rs1800896 has no significant associations with age at diagnosis, gender, or subtype of 
ALL (Table 4). This finding is consistent with the literature.33 Contradictory reports are available on the genotypic and 
allelic frequencies of rs1800896 and its association with lymphoid neoplasms. In one study, a high frequency of 
rs1800896 was found in patients with diffuse large B-cell lymphoma (DLBCL) compared with normal controls.12 In 
contrast, another study found no significant differences in the distribution of the rs1800896 polymorphism between 
DLBCL patients and controls.36 Similarly, in patients with myeloproliferative neoplasms, including chronic myeloid 
leukemia and acute myeloid leukemia, rs1800896 showed no association with genotypic and allelic frequencies.20,23,24 

The haplotype of rs1800896 may also affect the overall survival. It has been reported that patients with DLBCL who had 
high levels of IL-10 showed poor prognosis and disease outcome.12 Hence, it was presumed that the G>A/G>A diplotype 
in patients with lymphoid neoplasms would result in a lower level of IL-10 and better overall survival.37 Contrary to this, 
it has also been reported that the rs1800896 genotype is not associated with progression-free survival or overall survival 
in patients with Hodgkin’s lymphoma.38 These contradictory reports could be due to the stage of the disease, environ-
mental or sociodemographic characteristics, geographic location, or ethnicity. The conflicting reports in the literature 
necessitate large-scale studies in different populations with all possible risk evaluations.

It is concluded that the AG, AA, and AG+GG versus AA genotypes of rs1800896 polymorphism are associated with 
an increased risk for adult ALL. Furthermore, the frequency of rs1800896 is not affected by the age of the patient at 
diagnosis, gender, or subtype of ALL.

Acknowledgments
The authors extend their appreciation to the Deputyship for Research & Innovation, Ministry of Education in Saudi 
Arabia, for funding this work through the grant number 375213500. The authors would like to extend their sincere 
appreciation to the Central Laboratory at Jouf University to support this study.

Disclosure
The authors declare no conflicts of interest in this work.

References
1. Malard F, Mohty M. Acute lymphoblastic leukaemia. Lancet. 2020;395(10230):1146–1162. doi:10.1016/S0140-6736(19)33018-1
2. Terwilliger T, Abdul-Hay M. Acute lymphoblastic leukemia: a comprehensive review and 2017 update. Blood Cancer J. 2017;7(6):e577. 

doi:10.1038/bcj.2017.53
3. Abdalhabib EK, Alzahrani B, Alanazi F, et al. Increased risk of acute lymphoblastic leukemia in adult patients with GSTM1 null genetic 

polymorphism. Pharmgenomics Pers Med. 2022;15:227–234. doi:10.2147/pgpm.s356302
4. Mikami T, Kato I, Wing JB, et al. Alteration of the immune environment in bone marrow from children with recurrent B cell precursor acute 

lymphoblastic leukemia. Cancer Sci. 2022;113(1):41–52. doi:10.1111/cas.15186
5. Saraiva M, Saraiva M, Vieira P, et al. Biology and therapeutic potential of interleukin-10. J Exp Med. 2020;217(1):1–19. doi:10.1084/jem_20190418
6. Naing A, Papadopoulos KP, Autio KA, et al. Safety, antitumor activity, and immune activation of pegylated recombinant human interleukin-10 

(AM0010) in patients with advanced solid tumors. J Clin Oncol. 2016;34(29):3562–3569. doi:10.1200/JCO.2016.68.1106

Pharmacogenomics and Personalized Medicine 2022:15                                                                      https://doi.org/10.2147/PGPM.S377356                                                                                                                                                                                                                       

DovePress                                                                                                                         
813

Dovepress                                                                                                                                                     Abdalhabib et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/S0140-6736(19)33018-1
https://doi.org/10.1038/bcj.2017.53
https://doi.org/10.2147/pgpm.s356302
https://doi.org/10.1111/cas.15186
https://doi.org/10.1084/jem_20190418
https://doi.org/10.1200/JCO.2016.68.1106
https://www.dovepress.com
https://www.dovepress.com


7. Sun L, Cornell TT, LeVine A, et al. Dual role of interleukin-10 in the regulation of respiratory syncitial virus (RSV)-induced lung inflammation. 
Clin Exp Immunol. 2013;172(2):263–279. doi:10.1111/cei.12059

8. Jorgovanovic D, Song M, Wang L, Zhang Y. Roles of IFN-γin tumor progression and regression: a review. Biomark Res. 2020;8(1):1–16. 
doi:10.1186/s40364-020-00228-x

9. Ross SH, Cantrell DA. Signaling and function of interleukin-2 in T lymphocytes. Annu Rev Immunol. 2018;36(1):411–433. doi:10.1146/annurev- 
immunol-042617-053352

10. Howell WM, Rose-Zerilli MJ. Cytokine gene polymorphisms, cancer susceptibility, and prognosis. J Nutr. 2007;137(1):194S–199S. doi:10.1093/jn/ 
137.1.194S

11. Ouyang W, O’Garra A. IL-10 family cytokines IL-10 and IL-22: from basic science to clinical translation. Immunity. 2019;50(4):871–891. 
doi:10.1016/j.immuni.2019.03.020

12. Lech-Maranda E, Baseggio L, Bienvenu J, et al. Interleukin-10 gene promoter polymorphisms influence the clinical outcome of diffuse large B-cell 
lymphoma. Blood. 2004;103(9):3529–3534. doi:10.1182/blood-2003-06-1850

13. Sarris AH, Kliche KO, Pethambaram P, et al. Interleukin-10 levels are often elevated in serum of adults with Hodgkin’s disease and are associated 
with inferior failure-free survival. Ann Oncol off J Eur Soc Med Oncol. 1999;10(4):433–440. doi:10.1023/a:1008301602785

14. Stewart JP, Behm FG, Arrand JR, Rooney CM. Differential expression of viral and human Interleukin-10 (IL-10) by Primary B cell tumors and 
B cell lines. Virology. 1994;200(2):724–732. doi:10.1006/viro.1994.1236

15. Hiroki CH, Amarante MK, Petenuci DL, et al. IL-10 gene polymorphism and influence of chemotherapy on cytokine plasma levels in childhood 
acute lymphoblastic leukemia patients IL-10 polymorphism and plasma levels in leukemia patients. Blood Cells, Mol Dis. 2015;55(2):168–172. 
doi:10.1016/j.bcmd.2015.06.004

16. de Oliveira JG, Rossi AFT, Nizato DM, et al. Influence of functional polymorphisms in TNF-α, IL-8, and IL-10 cytokine genes on mRNA expression 
levels and risk of gastric cancer. Tumour Biol J Int Soc Oncodevelopmental Biol Med. 2015;36(12):9159–9170. doi:10.1007/s13277-015-3593-x

17. Niu Y-M, Du X-Y, Cai H-X, et al. Increased risks between Interleukin-10 gene polymorphisms and haplotype and head and neck cancer: a 
meta-analysis. Sci Rep. 2015;5:17149. doi:10.1038/srep17149

18. Stanczuk GA, Sibanda EN, Perrey C, et al. Cancer of the uterine cervix may be significantly associated with a gene polymorphism coding for 
increased IL-10 production. Int J Cancer. 2001;94(6):792–794. doi:10.1002/ijc.1543

19. Pratap PD, Raza ST, Zaidi G, et al. Genetic variants in Interleukin-10 gene association with susceptibility and cervical cancer development: a case 
control study. Glob Med Genet. 2022;9:129–140. doi:10.1055/s-0042-1743262

20. Pehlivan M, Sahin HH, Pehlivan S, et al. Prognostic importance of single-nucleotide polymorphisms in IL-6, IL-10, TGF-β1, IFN-γ, and TNF-α 
genes in chronic phase chronic myeloid Leukemia. Genet Test Mol Biomarkers. 2014;18(6):403–409. doi:10.1089/gtmb.2014.0011

21. Yao C-J, Du W, Chen H-B, Xiao S, Wang C-H, Fan Z-L. Associations of IL-10 gene polymorphisms with acute myeloid leukemia in Hunan, China. 
Asian Pac J Cancer Prev. 2013;14(4):2439–2442. doi:10.7314/apjcp.2013.14.4.2439

22. Sharif OM, Hassan R, Basbaeen AAM, Mohmed AH, Ibrahim IK. Interleukin-10 (1082G/A) polymorphism is associated with susceptibility of acute 
myeloid leukemia patients in Sudanese Population. Asian Pacific J Cancer Prev. 2019;20(7):1939–1943. doi:10.31557/APJCP.2019.20.7.1939

23. Fei C, Yao XM, Sun Y, Gu XZ, Yu LQ, Lai X. Interleukin-10 polymorphisms associated with susceptibility to acute myeloid leukemia. Genet Mol 
Res. 2015;14(1):925–930. doi:10.4238/2015.February.2.15

24. Bănescu C, Tripon F, Trifa AP, et al. Cytokine rs361525, rs1800750, rs1800629, rs1800896, rs1800872, rs1800795, rs1800470, and rs2430561 
SNPs in relation with prognostic factors in acute myeloid leukemia. Cancer Med. 2019;8(12):5492–5506. doi:10.1002/cam4.2424

25. Hong P, Feng W, Fu L, Jin J, Fu J. Associations between genetic polymorphisms in interleukin-10 and hematological oncology: evidence from a 
meta-analysis. Cancer Biol Ther. 2020;21(4):372–378. doi:10.1080/15384047.2019.1702404

26. Li G, Li D. Relationship between IL-10 gene polymorphisms and the risk of non-Hodgkin lymphoma: a meta-analysis. Hum Immunol. 2016;77 
(5):418–425. doi:10.1016/j.humimm.2016.03.006

27. Lo WJ, Chang WS, Hsu HF, et al. Significant association of Interleukin-10 polymorphisms with childhood leukemia susceptibility in Taiwan. Vivo. 
2016;30(3):265–269.

28. Zhu ZY, Liu J-B, Liu X, Qian LX. Association of interleukin 10 rs1800896 polymorphism with susceptibility to breast cancer: a meta-analysis. 
J Int Med Res. 2020;48(4):030006052090486. doi:10.1177/0300060520904863

29. Trifunović J, Miller L, Debeljak Ž, Horvat V. Pathologic patterns of interleukin 10 expression - A review. Biochem Medica. 2015;25(1):36–48. 
doi:10.11613/BM.2015.004

30. Brockmann L, Giannou AD, Gagliani N, Huber S. Regulation of T(H)17 cells and associated cytokines in wound healing, tissue regeneration, and 
carcinogenesis. Int J Mol Sci. 2017;18(5):1033. doi:10.3390/ijms18051033

31. Gandolfi G, Ragazzi M, Frasoldati A, Piana S, Ciarrocchi A, Sancisi V. TERT promoter mutations are associated with distant metastases in 
papillary thyroid carcinoma. Eur J Endocrinol. 2015;172(4):403–413. doi:10.1530/EJE-14-0837

32. Wu J, Huang Q, Meng D, Huang M, Li C, Qin TA. Functional rs353293 polymorphism in the promoter of miR-143/145 is associated with 
a reduced risk of bladder cancer. PLoS One. 2016;11(7):e0159115. doi:10.1371/journal.pone.0159115

33. Winkler B, Taschik J, Haubitz I, Eyrich M, Schlegel PG, Wiegering V. TGFβ and IL10 have an impact on risk group and prognosis in childhood 
ALL. Pediatr Blood Cancer. 2015;62(1):72–79. doi:10.1002/pbc.25142

34. de Deus DMV, Lugo KA, Muniz MTC. Influence of IL10 (G1082A) and TNF α (G308A) polymorphisms on the survival of pediatric patients with 
ALL. Leuk Res Treatment. 2012;2012:1–6. doi:10.1155/2012/692348

35. Gao S, Tang K, Chen J, Wang J. The single nucleotide polymorphisms of interleukin-10 are associated with the risk of leukaemia: evidence from 18 
case-control studies. Medicine. 2020;99(44):e23006. doi:10.1097/MD.0000000000023006

36. Al-Khatib SM, Abdo N, Al-Eitan LN, Al-Mistarehi AH, Zahran DJ, Kewan TZ. The impact of IL-6 and IL-10 gene polymorphisms in diffuse large 
B-cell lymphoma risk and overall survival in an Arab population: a case-control study. Cancers. 2020;12(2):1–11. doi:10.3390/cancers12020382

37. Domingo-Domènech E, Benavente Y, González-Barca E, et al. Impact of interleukin-10 polymorphisms (−1082 and −3575) on the survival of 
patients with lymphoid neoplasms. Haematologica. 2007;92(11):1475–1481. doi:10.3324/haematol.11350

38. Gaiolla RD, de Toledo Moraes MP, de Oliveira DE. SNPs in genes encoding for IL-10, TNF-α, and NFκB p105/p50 are associated with clinical 
prognostic factors for patients with Hodgkin lymphoma. PLoS One. 2021;16:1–15. doi:10.1371/journal.pone.0248259

https://doi.org/10.2147/PGPM.S377356                                                                                                                                                                                                                               

DovePress                                                                                                                            

Pharmacogenomics and Personalized Medicine 2022:15 814

Abdalhabib et al                                                                                                                                                      Dovepress

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1111/cei.12059
https://doi.org/10.1186/s40364-020-00228-x
https://doi.org/10.1146/annurev-immunol-042617-053352
https://doi.org/10.1146/annurev-immunol-042617-053352
https://doi.org/10.1093/jn/137.1.194S
https://doi.org/10.1093/jn/137.1.194S
https://doi.org/10.1016/j.immuni.2019.03.020
https://doi.org/10.1182/blood-2003-06-1850
https://doi.org/10.1023/a:1008301602785
https://doi.org/10.1006/viro.1994.1236
https://doi.org/10.1016/j.bcmd.2015.06.004
https://doi.org/10.1007/s13277-015-3593-x
https://doi.org/10.1038/srep17149
https://doi.org/10.1002/ijc.1543
https://doi.org/10.1055/s-0042-1743262
https://doi.org/10.1089/gtmb.2014.0011
https://doi.org/10.7314/apjcp.2013.14.4.2439
https://doi.org/10.31557/APJCP.2019.20.7.1939
https://doi.org/10.4238/2015.February.2.15
https://doi.org/10.1002/cam4.2424
https://doi.org/10.1080/15384047.2019.1702404
https://doi.org/10.1016/j.humimm.2016.03.006
https://doi.org/10.1177/0300060520904863
https://doi.org/10.11613/BM.2015.004
https://doi.org/10.3390/ijms18051033
https://doi.org/10.1530/EJE-14-0837
https://doi.org/10.1371/journal.pone.0159115
https://doi.org/10.1002/pbc.25142
https://doi.org/10.1155/2012/692348
https://doi.org/10.1097/MD.0000000000023006
https://doi.org/10.3390/cancers12020382
https://doi.org/10.3324/haematol.11350
https://doi.org/10.1371/journal.pone.0248259
https://www.dovepress.com
https://www.dovepress.com


Pharmacogenomics and Personalized Medicine                                                                                 Dovepress 

Publish your work in this journal 
Pharmacogenomics and Personalized Medicine is an international, peer-reviewed, open access journal characterizing the influence of genotype 
on pharmacology leading to the development of personalized treatment programs and individualized drug selection for improved safety, 
efficacy and sustainability. This journal is indexed on the American Chemical Society’s Chemical Abstracts Service (CAS). The manuscript 
management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www. 
dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/pharmacogenomics-and-personalized-medicine-journal

Pharmacogenomics and Personalized Medicine 2022:15                                                                  DovePress                                                                                                                         815

Dovepress                                                                                                                                                     Abdalhabib et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	DNA Extraction
	Molecular Analysis
	Statistical Analysis

	Results
	Discussion
	Acknowledgments
	Disclosure
	References

