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Background: Candidate gene approach based on case-control model is a valuable strategy to determined 

disease related genetic variants. Two single nucleotide polymorphisms rs1800469 and rs2241715 in TGF-

β1gene have been reported to affect the asthmatic status in different populations. The main focus of this 

research was to find any relationship between these SNPs and asthma in Pakistani population. Methods: 

Using case-control model, a total of 108 individuals including 52 asthma patients and 56 healthy controls 

were screened to find asthma susceptibility of variants rs1800469 and rs2241715. These SNPs were 

genotyped using SNaPshot minisequencing assay followed by capillary electrophoresis using ABI 3130xl 

genetic analyzer platform. The statistical analysis of genetic data was performed by using SPSS 21, SHEsis 

online platform and SNPStats online web software. Results: No association with asthma was seen in allelic 

model for both SNPs but genotypes analyzed under codominant, dominant, over dominant and recessive 

models of inheritance revealed that SNP rs2241715 is strongly associated with asthma under genotypic 

model. Conclusion: rs2241715 was found to be a genetic risk factor for asthma in Pakistani population.  
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INTRODUCTION 

Asthma is a long term chronic respiratory condition that 

causes inflammation and narrows the airways resulting in 

the recurring periods of coughing, wheezing, shortness of 

breath, and chest tightness.1 It is characterized by 

bronchial hyper-responsiveness, enhanced infiltration of 

different inflammatory cells including eosinophils into the 

airways2, hypertrophy of smooth cells3, constriction and 

mucous hypersecretion resulting in the airways 

obstruction and airway hyperresponsiveness4. Currently 

334 million of global population is affected by asthma5 

and it is expected to have 100 million more asthma 

patients by 2025.1 Pakistan is one of the most populous 

country and almost 15.8% of its population is suffering 

from chronic asthma.6,7 Asthma is considered to be a 

complex genetic syndrome resulting from the interplay of 

various genes and environmental factors.6 During last ten 

years different studies have been performed to identify 

association of different genes with atopy and asthma 

related phenotypes globally across various populations8–15 

which reveal that more than 100 genes are responsible for 

asthma pathogenesis16. Transforming growth factor-β 

(TGF-β) superfamily is an important group of ligands 

responsible for alveolarization, recruitment of immune 

cells, endothelial and epithelial barrier functions, platelet 

aggregation, cell proliferation and differentiation, 

apoptosis and other biological pathways within the 

airway.17 TGF-β1 is more frequently expressed in the 

mammalian tissues and its expression varied significantly 

in the airway of asthmatics both in animals and humans.18 

Enhanced level of TGF-β1 is involved in airway 

remodelling through different mechanisms that may lead 

to asthma development.19,20 Many studies have been 

conducted to investigate SNPs present on TGF-β1 gene 

and their association with asthma. Studies on Chinese 

population have shown that the SNPs rs2241715 and 

rs1800469 in TGF-β1 gene are strongly associated with 

asthma.21,22 Similarly different strategies have been 

adopted to find association of SNPs rs1800469 and 

rs2241715 with asthma among different ethnic 

populations and the results showed amazing variations of 

marginal, strong and no association of these SNPs with 

asthma.23–26 The contradictory results of previous studies 

suggest the need of screening of other populations for 

these variants to understand the molecular mechanism of 

the disease in a better way.27,28 The objective of the 

current study is to investigate any association of 

polymorphisms rs1800469 and rs2241715 in TGF-β1 

with asthma in Pakistani population. 

MATERIAL AND METHODS 

A questionnaire was designed and the patients were 

assessed based on taking to account different genetic and 

environmental factors. Fifty-four asthma patients and 

fifty-eight healthy controls having age from 4–15 years 

were enrolled for this study. The participants 
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(patients/controls) were randomly enrolled for study 

without gender discrimination. Blood samples were taken 

from patients at “The Children’s Hospital and Institute of 

Child Health Lahore, Pakistan”. Individuals with no 

history of asthma, allergy or some other serious diseases 

were selected for controls from the general population. 

The physician diagnosed asthma patients were selected 

on the basis of recurrent breathlessness along with chest 

tightness and variability in forced expiratory flow rate. 

Patients with the habit of smoking and patients with 

illness like emphysema, chronic bronchitis, pneumonia 

and tuberculosis were excluded from the study. Ethical 

approval of the study was taken from ethical review 

board of ‘‘The Children Hospital & Institute of Child 

Health’’ and institutional approval was taken from 

‘‘Centre for Applied Molecular Biology’’. A written 

consent form was got signed from all healthy controls 

and patients or their guardians in case of minors. For the 

extraction of genomic DNA organic method (using 

phenol, chloroform and isoamylalcohol) of DNA 

extraction was used.29 For the qualitative and 

quantitative analysis of the extracted genomic DNA, 1% 

agarose gel was used. A standard DNA was also used for 

the quantitative analysis of the extracted genomic DNA.  

The amplification primers were designed using Primer 3 

(http://bioinfo.ut.ee/primer3-0.4.0/) and Primer-BLAST 

online tools for the amplification of flanking regions of 

the desired SNPs. The primer sequences used for this 

purpose along with their product size are given in Table 1. 

For both SNPs in this study (rs2241715, rs1800469); a 

multiplex PCR reaction was optimized for 20µl reaction 

volume. DreamTaq DNA Polymerase (ThermoFisher 

Scientific Cat # EP0701) 0.1µl with conc (1U/µl), 10X 

buffer 2µl, dNTP’s (ThermoFisher Scientific Cat # 

R0191) 1µl, Primers Mix (8 pmol/µl) 1.5µl, genomic 

DNA 1.5µl and nuclease free water 13.8µl were used in 

the reaction. Thermal cycler conditions were hot start at 

95oC for 5min and final extension at 72oC for 10 min with 

30 cycles of denaturation at 95oC for 45 sec, annealing 

at60oC for 45 sec, extension at72oCfor 90 sec. Quality of 

amplicons was checked by using 2% agarose gel and 

quantity was determined by comparison of bands with 

100bp DNA ladder (Thermofisher Gene Ruler 100bp 

Plus DNA Ladder cat # SM0321). Amplified PCR 

products were purified by Exonuclease I and shrimp 

alkaline phosphatase enzymes both from (Thermo 

Scientific) and purified products were processed in 

SNaPshot reaction using ABI Prism SNaPshot SBE 

multiplex kit (Applied Biosystems, Foster City, CA) as 

described by Sabar and coworkers.13 A list of primers 

used in SNaPshot assay is given in Table 2. Poly GACT 

tails of different lengths were added at the 5ˊ end to 

differentiate the products of SNaPshot assay by their 

relative size. The SNaPshot products were purified and 

pooled with Hi-Di formamide and Liz-120 size standard 

and then subjected to the ABI PRISM 3130XL Genetic 

Analyzer for genotyping. The GeneMapper IDX software 

was used for the analysis of the fluorescence and size of 

the extended product. Statistical analysis was performed 

using SHEsis online platform and IBM-SPSS Statistics 

21 software. The demographic data of cases and controls 

was compared applying χ2 test and independent sample t-

test using IBM-SPSS Statistics 21. Distribution of allele 

frequencies among asthma patients and controls were 

determined by using SHEsis online platform, however 

genotypic association under different inheritance models 

(codominant, dominant, recessive and over dominant) 

was determined with SNPStats online web software 

(https://www.snpstats.net/start.htm). 

RESULTS 

One hundred and twelve participants (112; 58 Controls 

and 54 patients) were enrolled for the current case-control 

based study from local population of Pakistan. Among 

these 58controls and 54 patients, 2 controls and 2 patients 

were excluded from study on the basis of low genotyping 

call rates (˂95%). Rest of the 108 samples were subjected 

to statistical analysis to find association of rs1800469 and 

rs2241715 with asthma. Hardy-Weinberg Equilibrium 

(HWE) value for SNPs rs2241715 and rs1800469 was 

0.10 and 0.882 respectively which is greater than cut off 

value (0.001) set for the exclusion criteria. 

The demographic variables and their 

characteristics are shown in table-3. It was observed that 

the difference between cases and controls was non-

significant in terms of gender and living environment 

while the difference between their ages is significant (p-

value 0.03). Genotypes for both the genetic variants of 

TGF-β1 were determined using SNaPshot 

minisequencing technique (Figure-1) and then further 

subjected to statistical analysis for genotype and allele 

frequency distribution among controls and asthma 

patients using SHEsis online platform and SNPStats 

online web software. The goodness-of-fit test for HWE 

was also applied tors2241715 and rs1800469 in controls 

showing their genotype frequencies were in Hardy-

Weinberg equilibrium with p-values 0.10 and 0.882 

respectively (>0.001). Allele frequencies for both SNPs 

in TGF-β1 are listed in Table-4. The allele frequencies 

distribution for rs2241715 revealing that the minor allele 

T marginally more prevalent in asthma patients 

suggesting its trend towards asthma association (p-value 

0.064 approximately near to the significant value). 

However, rs2241715 was significantly associated under 

codominant (p=0.02), dominant (p=0.023) and over 

dominant (p=0.0095) genotypic models, over dominant 

model is best fit model due to lowest AIC value (146.8) 

(Table-5). In case of rs1800469 a non-significant 

association was observed in genotype distribution and 

allele frequencies between cases and controls (Table-4 

&6).  

http://bioinfo.ut.ee/primer3-0.4.0/
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Figure-1: Peak view on GeneMapper IDX for rs1800469 and rs2241715 respectively 

X-Axis represents allele size and Y-Axis represents relative fluorescence units (peak heights) 

 

Table-1: Primers for amplification PCR 
SNP Primer ID Primer Primer Sequence            5ˊ–3ˊ  Length (bp) Amplicon Size (bp) 

 

rs2241715 

M17-1F Forward (F) TGGGTCTCCTGGTTTTTGTC 20  

210 M17-1R Reverse (R) TACTCAGCAAACCCCAAAGG 20 

 

rs1800469 

M17-2F Forward (F) TTGAGTGACAGGAGGCTGCTTA 22  
248 M17-2R Reverse (R) CTTAATCCGGGGGATGAGAC 20 

 

Table-2: SBE Probes for SNaPshot Minisequencing (SBE) reactions 
Target SNP Primers Orientation SNP SBE Primers with GACT tail Primer Length (bp) 

rs1800469 Forward C/T GACTGACTGACTGACTGACTCCTCCTGACCCTTCCATCC 39 

rs2241715 Forward G/T TGACTGACTGACTGACTGACTGACTTTTTTCTCCTCCACGGTCC 44 

 

Table-3: Demographic Data of cases and controls 
 Controls Cases p-value* 

Total no. of participants 58 54  

Individual shaving genotyping rate of 95% 56 52  

Gender, %(Male) 28(50.0%) 32(61.5%) 0.25 

Age (Mean±SD) years 6.07±3.53 9.25±2.66 0.03 

Living Environment, %(Urban) 41(73.2%) 28(53.8%) 0.103 
* p-value of less than 0.05 is considered as a level of significance 

 

Table-4: Allele frequencies of rs2241715 and rs1800469 for asthmatic patients and controls calculated by 

SHEsis 
SNP Allele/Genotype Frequency p-value 

  Controls Asthmatic Patients  

rs2241715 G 0.946 0.875 0.064 

T 0.053 0.125 

 

rs1800469 

C 0.892 0.836 0.225 

T 0.107 0.163 

 

Table-5: Genotype analysis under different inheritance models for rs2241715 
Percentage of typed samples: 108/108 (100%) 

Association of rs2241715 with response Affection (n=108, crude analysis) 

Model Genotype Cases Controls OR (95% CI) p-value AIC BIC 

Codominant G/G 39 (75%) 51 (91.1%) 1.00 

0.02 147.7 155.8 G/T 13 (25%) 4 (7.1%) 0.24 (0.07-0.78) 

T/T 0 (0%) 1 (1.8%) NA (0.00-NA) 

Dominant G/G 39 (75%) 51 (91.1%) 1.00 
0.023 148.4 153.8 

G/T-T/T 13 (25%) 5 (8.9%) 0.29 (0.10-0.89) 

Recessive G/G-G/T 52 (100%) 55 (98.2%) 1.00 
0.25 152.2 157.6 

T/T 0 (0%) 1 (1.8%) NA (0.00-NA) 

Over dominant G/G-T/T 39 (75%) 52 (92.9%) 1.00 
0.0095 146.8 152.2 

G/T 13 (25%) 4 (7.1%) 0.23 (0.07-0.76) 
* p-value of less than 0.05 is considered as a level of significance 
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Table-6: Genotype analysis under different inheritance models for rs1800469 
Percentage of typed samples: 108/108 (100%) 
Association of rs1800469 with response Affection (n=108, crude analysis) 

Model Genotype Cases Controls OR (95% CI) p-value AIC BIC 
Codominant C/C 35 (67.3%) 45 (80.4%) 1.00 

0.11 151.2 159.3 C/T 17 (32.7%) 10 (17.9%) 0.46 (0.19-1.12) 
T/T 0 (0%) 1 (1.8%) NA (0.00-NA) 

Dominant C/C 35 (67.3%) 45 (80.4%) 1.00 
0.12 151.2 156.5 

C/T-T/T 17 (32.7%) 11 (19.6%) 0.50 (0.21-1.21) 
Recessive C/C-C/T 52 (100%) 55 (98.2%) 1.00 

0.25 152.2 157.6 
T/T 0 (0%) 1 (1.8%) NA (0.00-NA) 

Over dominant C/C-T/T 35 (67.3%) 46 (82.1%) 1.00 
0.074 150.4 155.7 

C/T 17 (32.7%) 10 (17.9%) 0.45 (0.18-1.10) 
* p-value of less than 0.05 is considered as a level of significance 

 

DISCUSSION 

TGF-β1 is a protein that belongs to the TGF-β 

superfamily involved in different biological processes in 

the airway.17 TGF-β1 gene was selected as a possible 

candidate gene because it is an important mediator that 

plays a pivotal role in airway remodelling and 

inflammation and considered to be involved in asthma 

development.30 Any change in the promoter region of 

DNA may lead to change in binding rates by altering 

transcription factor binding sites. So, a SNP present in 

promoter region can affect gene expression by changing 

the binding rates of transcription factors responsible for 

regulation of gene expression31as in case of rs1800469 (a 

promoter region SNP of TGF-β1).It was observed that the 

change in allele from C to T is associated with the 

variation in concentration level of TGF-β1 in plasma.32 

rs1800469 is a functional genetic variant of TGF-β1 that 

has been studied as a potent asthma susceptible variant in 

many populations.23,24,33,34 rs2241715 is located in the 

intronic region of TGF-β1 that has been evaluated as a 

potential risk factor for asthma in various 

populations.21,25,22 Current study is the first effort to 

evaluate the association pattern of these SNPs with 

asthma in Pakistani population. There is slight variation in 

allele frequency distribution of SNP rs2241715 for 

controls and cases showing marginal association (p-value 

0.064) at allelic model. Further, heterozygous genotype 

‘‘GT’’ of rs2241715 was found to be more prevalent in 

asthma patients as compared to both homozygous 

genotypes ‘‘GG’’ and ‘‘TT’’ and showing its strong 

association with asthma under codominant, dominant and 

over dominant models (p-value 0.02, 0.023 and 0.0095 

respectively) as shown in Table5.The results of 

rs2241715 are in accordance to the other studies 

conducted in different populations. A genome wide 

association study in Mexican population25 Chinese 

population21 support our findings, i.e., SNP rs2241715 is 

associated with clinically diagnosed asthma. The results 

of the SNP rs1800469 in current study showed that there 

is no significant variation in allele frequencies and 

genotype distribution of controls and cases. The 

genotypic and allelic models of SNP rs1800469 did not 

show any significant association with asthma as shown in 

Table4 and Table-6. Our finding regarding SNP 

rs1800469 is also in concordance with various studies 

conducted in different ethnic populations.24,33 In contrast 

to our findings, some studies have shown the significant 

association of SNP rs1800469 with asthma.23,34  

These dissimilarities in results might be owing 

to various factors like ethnicity, geographical locations, 

life style and environmental factors. Sample size is 

another important factor that can affect the outcome of 

case- control based population studies. In the current 

study we have studied only two SNPs of TGF-β1 gene 

due to funding constraints. So, for the better 

understanding of genetic association of TGF-β1 gene 

with asthma, inclusion of more SNPs of this gene with 

larger sample size is suggested. 

CONCLUSION 

The outcomes of the current study suggests that 

heterozygous “GT” genotype for the SNP rs2241715 of 

TGF-β1 is more prevalent in asthma patients. Analysis of 

genotypes under different inheritance models reveal that 

rs2241715 associated with asthma in genotypic model 

and this SNP also shows trend towards asthma 

association in allelic model while the SNP rs1800469 

shows no significant association with asthma in Pakistani 

population. It can be concluded from the findings of this 

work that SNPs of TGF-β1 gene may be suggested as 

potential asthma susceptible genetic variants for asthma 

development in Pakistani population but the findings of 

current study require further validation by addition of 

more SNPs from TGF-β1 gene along with considerably 

larger sample size. 

AUTHORS' CONTRIBUTION  

MA: Conceptualization and study design, data analysis, 

data interpretation, write-up. MFS: Conception and 

design of the work, data acquisition, data analysis, 

drafting, literature review. IB: Conceptualization, data 

interpretation. MUG: Conceptualization, data analysis, 

data interpretation, revision. MS: Data analysis, data 

interpretation, revision. 

REFERENCES 
1. Masoli M, Fabian D, Holt S, Beasley R. The global burden of 

asthma: executive summary of the GINA Dissemination 

Committee report. Allergy 2004;59(5):469–78. 



J Ayub Med Coll Abbottabad 2022;34(4 Suppl 1) 

http://www.jamc.ayubmed.edu.pk 948 

2. Lee YC, Cheon KT, Lee HB, Kim W, Rhee YK, Kim DS. Gene 
polymorphisms of endothelial nitric oxide synthase and 

angiotensin-converting enzyme in patients with asthma. Allergy 

2000;55(10):959–63. 
3. James AL, Elliot JG, Jones RL, Carroll ML, Mauad T, Bai TR, et 

al. Airway smooth muscle hypertrophy and hyperplasia in asthma. 

Am J Respir Crit Care Med 2012;185(10):1058–64. 
4. Rogers DF. Airway mucus hypersecretion in asthma: an 

undervalued pathology? Curr Opin Pharmacol 2004;4(3):241–50. 

5. WHO. The Global Asthma Report. [Internet]. 2014. [cited 2022 
June]. Available from: 

http://www.globalasthmareport.org/burden/burden.php 

6. Ghani MU, Sabar MF, Shahid M, Awan FI, Akram M. A report on 
asthma genetics studies in Pakistani population. Adv Life Sci 

2017;4(2):33–8. 

7. Hasnain SM, Khan M, Saleem A, Waqar MA. Prevalence of 
asthma and allergic rhinitis among school children of Karachi, 

Pakistan, 2007. J Asthma 2009;46(1):86–90. 

8. Ramasamy A, Kuokkanen M, Vedantam S, Gajdos ZK, Couto 

Alves A, Lyon HN, et al. Genome-wide association studies of 

asthma in population-based cohorts confirm known and suggested 

loci and identify an additional association near HLA. PLoS One 
2012;7(9):e44008. 

9. Ferreira MA, Matheson MC, Duffy DL, Marks GB, Hui J, Le 

Souef P, et al. Identification of IL6R and chromosome 11q13.5 as 
risk loci for asthma. Lancet 2011;378(9795):1006–14. 

10. Ullemar V, Magnusson PK, Lundholm C, Zettergren A, Melen E, 
Lichtenstein P, et al. Heritability and confirmation of genetic 

association studies for childhood asthma in twins. Allergy 

2016;71(2):230–8. 
11. Bonnelykke K, Sleiman P, Nielsen K, Kreiner-Moller E, Mercader 

JM, Belgrave D, et al. A genome-wide association study identifies 

CDHR3 as a susceptibility locus for early childhood asthma with 
severe exacerbations. Nat Genet 2014;46(1):51–5. 

12. Galanter JM, Gignoux CR, Torgerson DG, Roth LA, Eng C, Oh 

SS, et al. Genome-wide association study and admixture mapping 
identify different asthma-associated loci in Latinos: the Genes-

environments & Admixture in Latino Americans study. J Allergy 

Clin Immunol 2014;134(2):295–305. 
13. Sabar MF, Ghani MU, Shahid M, Sumrin A, Ali A, Akram M, et 

al. Genetic variants of ADAM33 are associated with asthma 

susceptibility in the Punjabi population of Pakistan. J Asthma 
2016;53(4):341–8. 

14. Sabar MF, Shahid M, Bano I, Ghani MU, Akram M, Iqbal F, et al. 

rs12603332 is associated with male asthma patients specifically in 
urban areas of Lahore, Pakistan. J Asthma 2017;54(9):887–92. 

15. Ghani MU, Sabar MF, Bano I, Shahid M, Akram M, Khalid I, et al. 

Evaluation of ADAM33 gene’s single nucleotide polymorphism 
variants against asthma and the unique pattern of inheritance in 

Northern and Central Punjab, Pakistan. Saudi Med J 

2019;40(8):774–80. 
16. Meng JF, Rosenwasser LJ. Unraveling the genetic basis of asthma 

and allergic diseases. Allergy Asthma Immunol Res 

2010;2(4):215–27. 
17. Shi M, Zhu J, Wang R, Chen X, Mi L, Walz T, et al. Latent TGF-

beta structure and activation. Nature 2011;474(7351):343–9. 

18. Li MO, Wan YY, Sanjabi S, Robertson AK, Flavell RA. 
Transforming growth factor-beta regulation of immune responses. 

Annu Rev Immunol 2006;24:99–146. 

19. Sagara H, Okada T, Okumura K, Ogawa H, Ra C, Fukuda T, et al. 
Activation of TGF-β/Smad2 signaling is associated with airway 

remodeling in asthma. J Allergy Clin Immunol 

2002;110(2):249–54. 
20. Le AV, Cho JY, Miller M, McElwain S, Golgotiu K, Broide DH. 

Inhibition of allergen-induced airway remodeling in Smad 3-

deficient mice. J Immunol 2007;178(11):7310–6. 
21. Chen JB, Zhang J, Hu HZ, Xue M, Jin YJ. Polymorphisms of 

TGFB1, TLE4 and MUC22 are associated with childhood asthma 

in Chinese population. Allergol Immunopathol (Madr) 
2017;45(5):432–8. 

22. Yang XX, Li FX, Wu YS, Wu D, Tan JY, Li M. Association of 

TGF-beta1, IL-4 and IL-13 gene polymerphisms with asthma 
in a Chinese population. Asian Pac J Allergy Immunol 

2011;29(3):273–7.  

23. Li H, Li Y, Zhang M, Xu G, Feng X, Xi J, et al. Associations of 
genetic variants in ADAM33 and TGF-beta1 genes with childhood 

asthma risk. Biomed Rep 2014;2(4):533–8. 

24. Yucesoy B, Kashon ML, Johnson VJ, Lummus ZL, Fluharty K, 

Gautrin D, et al. Genetic variants in TNFalpha, TGFB1, PTGS1 

and PTGS2 genes are associated with diisocyanate-induced asthma. 

J Immunotoxicol 2016;13(1):119–26. 
25. Wu H, Romieu I, Shi M, Hancock DB, Li H, Sienra-Monge JJ, et 

al. Evaluation of candidate genes in a genome-wide association 

study of childhood asthma in Mexicans. J Allergy Clin Immunol 
2010;125(2):321–7.e13. 

26. Ghani MU, Sabar MF, Akram M. Smart approach for cost-
effective genotyping of single nucleotide polymorphisms. Kuwait J 

Sci 2021;48(2):1–11. 

27. Costa R, Marques C, Rios R, Silva H, Carneiro N, Cana Brasil T, et 
al. Are TGF-β gene polymorphisms associated with asthma risk? 

OA Immunol 2013;1:1–5. 

28. Sabar MF, Akram M, Awan FI, Ghani MU, Shahid M, Iqbal Z, et 
al. Awareness of Asthma Genetics in Pakistan: A Review with 

Some Recommendations. Adv Life Sci 2018;6(1):1–10. 

29. Salazar LA, Hirata MH, Cavalli SA, Machado MO, Hirata RD. 
Optimized procedure for DNA isolation from fresh and 

cryopreserved clotted human blood useful in clinical molecular 

testing. Clin Chem 1998;44(8 Pt 1):1748–50. 
30. Al-Alawi M, Hassan T, Chotirmall SH. Transforming growth 

factor beta and severe asthma: a perfect storm. Respir Med 

2014;108(10):1409–23. 
31. Yocum GT, Gaudet JG, Lee SS, Stern Y, Teverbaugh LA, Sciacca 

RR, et al. Inducible nitric oxide synthase promoter polymorphism 

affords protection against cognitive dysfunction after carotid 
endarterectomy. Stroke 2009;40(5):1597–603. 

32. Grainger DJ, Heathcote K, Chiano M, Snieder H, Kemp PR, 

Metcalfe JC, et al. Genetic control of the circulating concentration 
of transforming growth factor type beta1. Hum Mol Genet 

1999;8(1):93–7. 

33. Buckova D, Izakovicova Holla L, Benes P, Znojil V, Vacha J. 
TGF-beta1 gene polymorphisms. Allergy 2001;56(12):1236–7. 

34. Zhang Y, Zhang J, Huang J, Li X, He C, Tian C, et al. 

Polymorphisms in the transforming growth factor-beta1 gene and 
the risk of asthma: A meta-analysis. Respirology 2010;15(4):643–

50. 

35.  

 

Submitted: December 22, 2021 Revised: June 21, 2022 Accepted: June 21, 2022 

Address for Correspondence:  
Muhammad Farooq Sabar, Centre for Applied Molecular Biology, University of the Punjab, Lahore-Pakistan 

Cell: +92 321 442 3628 

Email: farooqsabar@yahoo.com 

 
 


