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INTRODUCTION

 Short tandem repeats (STRs), also known as 
Microsatellites are small sequences of DNA (two to six 
base pairs) which are tandemly repeated and these repeat 
units are different among individuals, making them 
highly distinguishable1 and are highly useful and widely 
used in human identity testing applications.2,3
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 Analysis of short tandem repeats (STR-PCR) is thought 
to be the standard PCR based assay for detection of chi-
merism4 Chimerism refers to the presence of mixture of 
DNA of both the donor and recipient after a hematopoi-
etic stem cell transplant as HSCT has been widely used 
for the cure of  patients suffering from malignant and 
nonmalignant hematological disorders and considered.5 
Nevertheless testing of hematopoietic chimerism influ-
ences clinical decision and therapeutic intervention in 
patients after haematopoietic stem cell transplantation 
but HSCT may get failed due to relapse, and graft-versus-
host disease (GVHD).6 Estimation of chimerism pattern 
has a central  part in monitoring of patients having un-
dergone stem cell transplant7  and short tandem repeats 
(STR-PCR) are considered the standard PCR based meth-
od for detecting chimerism.8 The method of STR-PCR us-
ing a genetic analyzer is sensitive but costly. 
 The analysis of polyacrylamide gel electrophoresis 
with subsequent densitometric quantification of the 
DNA fragments is another alternative which is cheaper 
than the use of genetic analyzer.9 PCR of short tandem 
repeats using PAGE by genetic analyzer is having lesser 
sensitivity with high coefficient of variation.10 The 
troubles most likely faced using genetic analyzer are 
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the artifacts of polymerase slippages i.e stutter peaks, 
ultimately interfering with the analysis of chimerism 
pattern.11

 Hence by analyzing the samples of peripheral blood 
or bone marrow of the recipient over time may help in 
detecting the patterns of Chimerism by conventional 
STR-PCR PAGE after a stem cell transplant in several 
malignant and non-malignant hematological diseases. 
Therefore a continuous monitoring of chimerism is 
of primary importance in the effective tailoring of the 
treatment strategies wherever required.12 This paper 
provides a simple, reliable and successful use of STR-
PCR by densitometric evaluation of donor chimerism 
pattern in acute leukaemias.

METHODS

 This descriptive study was conducted at Genetic 
Resource Centre Rawalpindi. The Twenty post-
transplant samples of the patients with acute leukaemias 
who had their stem cell transplanr were studied. About 
3-ml of peripheral blood was taken in EDTA container. 
DNA was extracted using ChelexTM method.11 To flank 
the repeat units in the gene regions, specific STR primers 
were designed and PCR conditions for STR were same 
as described by Ahmed.11 Each sibling pair (donor and 
recipient) were first run at ten different autosomal STR 
loci (Table-I). The informative locus was identified 
i.e. donor and recipient had at least one exclusive 
allele. The donor and the recipient post-transplant 
samples were run for the informative STR locus. The 
STR amplified products were analysed on 10 X 20 cm 
polyacrylamide gels (PAGE) after silver staining. The 
results of PAGE results were photographed and were 
analysed by a software image analysis (http://thal-it.
com). The donor Chimerism was then calculated and 
demonstrated as percent of complete donor Chimerism.
Ethical Approval: The study was approved by the 
institutional ethical review board, Faculty of Medical 
Sciences, Riphah International University Islamabad-
Pakistan (Ref. # Riphah/IIMC/IRC/23/3036). 

RESULTS

Informative STR loci in the Donor/Recipient pairs 
(sibling pairs): All the twenty sibling pairs when 
analyzed by STR-PCR showed that at least one 
informative STR locus was found in every pair 
(Table-I). The informative STR loci were divided into 
“Common”, “Uncommon” loci and “rare”. In each 
donor/recipient pair the number of informative loci 
varied from 1 to 8. The usefulness of each STR locus, 

Fig.1: Silver stained polyacrylamide gel electrophoresis of STR 
PCR at D5S818 locus. Lane 1 shows two distinct alleles in the 
recipient pre-transplant sample. Lane 2 shows two alleles of the 
same size (homozygous) appearing as a single thick band in the 
donor sample. Lane 3 shows the recipient post-transplant sample 
with two alleles but the intensity of the shorter allele (lower band) 
is significantly less than the larger allele (upper band). The reap-
pearance of the recipient specific allele (lower band) indicates a 
reappearance of the recipient’s tissue (decreasing chimerism).

Fig.1.1: Densitometric evaluation of the polyacrylamide gel 
electrophoresis of the recipient’s post-transplant sample shown 
in the figure 1. Peak 2 (39.4%) is the recipient specific allele and 
its reappearance indicates a reappearance of the recipient’s 
tissue (decreasing chimerism). The donor chimerism in this 
case was reported as 60.6% (60.6% donor component and 39.4% 
recipient component).

Table-I: Relative informative-ness of eight 
STR loci in the 20 sibling (donor/recipient) pairs.

STR Loci Informative in sibling pairs  %

Common
D5S818 8/20 40.0 (0.40)
D3S1358 8/20 40.0 (0.40)
D7S820 5/20 25.0 (0.25)
D8S1179 5/20 25.0 (0.25)
Uncommon
FGA 4/20 20.0 (0.20)
TH01 3/20 15.0 (0.15)
TPOX 2/20 10.0 (0.10)
D13S317 2/20 10.0 (0.10)
Rare
D18S51-R 1/20 5 (0.05)
D21S1411-F 1/20 5 (0.05)

http://thal-it.com
http://thal-it.com
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defined by the number of informative loci, varied from 
5% to 40% as shown in Table-I.
Donor Chimerism by STR PCR: The results achieved 
from STR-PCR in all the sibling pairs were obtained 
and read from the silver stained polyacrylamide gels. 
Densitometric evaluation of the polyacrylamide gel 
of STR-PCR was done later on. (Fig.1 to Fig.2.2). The 
densitometric evaluation of PAGE clearly showed 
donor chimerism in post transplant samples of the 
patients in regards to their percentages estimated. The 
overall results of the 20 sibling pairs and the level of 
chimerism in these pairs ranged from 13.2% to 98.9%.
Donor Chimerism by STR-PCR: Results of donor chi-
merism by STR PCR in the 20 sibling pairs were read 
from the silver-stained polyacrylamide gels and their 
densitometry.

DISCUSSION

 Currently Haematopoietic stem cell transplant is 
considered to be an effective and efficient therapeutic 
strategy for managing different hematologic 
malignancies, but alongwith is compounded by  various 
complications, such as disease recurrence, toxicity 
related to treatment related toxicity, Graft rejection and 
GVHD.13 The main cause of failure of haematopoietic 
stem cell transplant is relapse inspite of continuous 
improvement in this therapeutic modality especially 
in patients with acute leukemia. As recommended 
by EuroChimerism consortium PCR analysis of STR 
is the standard method for estimation of quantitative 
chimerism in the prediction of relapses.14

 Regarding routine chimerism monitoring there are 
promising investigations on the new methods; however, 
for monitoring of chimerism status currently STR-PCR 
is the established method which not only determines 
the type of chimeras, but also determines the percentage 
of both donor and recipient cells.8 Hence after HSCT 
reappearance or persistence of recipient cells can 
indicate the recurrence of the recipient’s hematopoietic 
cells or presence of malignant cells or both.15 Many 
researchers have proved that the PCR analysis of short 
tandem repeat profiles of DNA sequences and single 
nucleotide polymorphisms analysis with real-time 
quantitative PCR based methods are major techniques 
used for detection of chimerism.12,16 The STRs have an 
advantage over other molecular markers for estimating 
the chimerism because of increase number of allels and 
low amount of DNA required in a PCR reaction.17 The 
detection limit of STR-PCR for recipient chimerism is  
ranging from 1 to 10% in few studies. Although technical 
variability among laboratories may be noticeable.18,19

 Few researchers found out that by using STR markers 
in 56 children with ALL after HSCT early detection of 
chimerism can be found out easily.20 Hence for analysis 
of chimerism, the preferred technique should be easy 
to perform, rapid, cheap, easily interpretable and 
applicable to every patient. In addition, results should 
have less variation between the samples and should 
be highly reproducible.  However these consideration 
should be taken into account for analyzing the exact 
quantification of donor/recipient DNA for assessing 
engraftment of the donor DNA and diagnosing the 
failure of graft  in an early manner.4

 In a study by Andrikovics et al a total of 12 STR 
markers are needed to obtain 95% informativity for 
the analysis of chimerism.21 A group of researchers in 

Fig.2: Silver stained polyacrylamide gel electrophoresis 
of STR PCR at D3S1358 locus. Lane 1 shows two closely 
packed alleles in the recipient pre-transplant sample. 
Lane 2 shows two distinct alleles in the donor sample. 
Lanes 3 & 4 show the recipient post-transplant samples 
with three alleles. The middle allele (indicated by arrow) 
is the recipient’s exclusive allele. Its reappearance in the 
post-transplant sample indicates a reappearance of the 
recipient’s tissue (decreasing chimerism).

Fig.2.2: Densitometric evaluation of polyacrylamide gel 
electrophoresis of the recipient’s post-transplant sample 
shown in the figure 2. Peak 2 (20.6%) is the recipient 
specific allele and its reappearance in a post-transplant 
sample indicates a reappearance of the recipient’s tissue 
(decreasing chimerism). The donor chimerism in this 
case was reported as 79.4% (79.4% donor component and 
20.6% recipient component).
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their study of 230 patients of malignant hematological 
disorders found out that five STR informative markers 
were able to find chimerism in all patients except ten 
patients who deceased and also suggested that STR 
is more informative in detecting mixed chimerism 
as compared to other method.22 A Japanese study 
suggested that using 20 STR markers and the KMR 
kit markers the informativity in donor/recipient pairs 
for estimation of chimerism may be detected in a large 
variety of donor/recipient pairs.23 
 Few researchers have suggested that at least 40 
markers are required to discriminate a large number 
of the donor recipient pairs. 24 A group of researchers 
in their study have observed the status of chimerism 
by using STR markers in 39 donor/recipient pairs and 
found chimerism in all the pairs.25  

CONCLUSION

 Our study demonstrates that STR -PCR using 
densitometric evaluation is a simple and favourable 
technique without use of any special instrumentation 
and expensive reagents making it suitable for a use in 
routine laboratory practices. Hopefully this will help 
in analysis of the outcomes after hematopoietic stem 
cell transplantation in patients suffering from acute 
leukaemias.

Conflict of Interest: None.

Financial support or Grant: None.

REFERENCES
1. Alharbi SF, Almir A, Elshehaw. Impact of leukaemia on the detection 

of short tandem repeats (STR) Markers. Cureus. 2022;14(11):e30954 
doi: 10.7759/cureus.30954

2. Peng D, Zhang, Y., Ren, H, Li H, Li R, Shen X. Identification of se-
quence polymorphisms at 58 STRs and 94 ii SNPs in a Tibetan popu-
lation using massively parallel sequencing. Sci Rep. 2020;10:12225. 
doi: 10.1038/s41598-020-69137-1

3. Sahoo S, Samal R, Behera S,  Swain AK, Iswas SB, et al. Genomic 
portrait of Odisha, India drawn by using 21 autosomal STR markers. 
Int J Legal Med 2020; 134:1671-1673. doi:10.1007/s00414-020-02281-5.

4. Bailón AN , Carbonell D ,  Escudero A , Chicano M , Muñiz P, 
González JS, et al. Short Tandem Repeats (STRs) as Biomarkers for 
the Quantitative Follow-Up of Chimerism after Stem Cell Trans-
plantation: Methodological Considerations and Clinical Application 
Genes 2020; 11: 993.doi:10.3390/genes11090993

5. Yamada M, Sakamoto K, Tomizawa D, Kato M, Osumi T, Imadome K 
et al. A prospective viral monitoring study after paediatric allogenic 
haematopoietic stem cell transplantation for malignant and non ma-
lignat diseases. Transplantation and Cellular Therapy. 2021; 27:872 
doi.org/10.1016/j.jtct.2021.07.014

6. Waterhouse M., Pfeifer D., Duque-Afonso J., Follo M., Duyster J., 
Depner M., et al. Development and Performance of a next Generation 
Sequencing (NGS) Assay for Monitoring of Mixed Chimerism.  Acta 
Int. J. Clin. Chem. 2021; 512: 40–48. doi: 10.1016/j.cca.2020.10.034.

7. Nayyar A, Ahmed S. Donor Chimerism Study by Single Nucleo-
tide Polymorphism using SYBR green based Real Time PCR. Pak 
J Med Sci. 2021; 37(7) :1795-1799. doi: https://doi.org/10.12669/
pjms.37.7.4203 

8. Chia WC, Khoo TS, Wahid SF, Razak NF, Alauddin H, Sabudin RZ 
et al. Multiplex PCR for assessment of chimerism following haema-
topoietic stem cell transplantation (HSCT). Ann Hematol. 2019; 98: 
1279-91. doi: 10.1007/s00277-019-03626-w.

9. Bach C, Tomova E, Goldmann, K, Weisbach V, Roesler W, Andreas 
Mackensen A et al. Monitoring of Hematopoietic Chimerism by Real-
Time Quantitative PCR of Micro Insertions/Deletions in Samples 
with Low DNA Quantities. Transfus Med Hemother. 2015; 42: 38-45. 
doi: 10.1159/000370255 

10. Kim SY, Jeong MH, Park N, Ra E, Park H, Seo SH, et al. Chimerism 
Monitoring after Allogeneic Hematopoietic Stem Cell Transplanta-
tion Using Quantitative Real-Time PCR of Biallelic Insertion/Dele-
tion Polymorphisms. J Mol Diagn. 2014;16,679-688. doi: 10.1016/j.
jmoldx.2014.06.005

11. Ahmed S. Study of donor Chimerism. Manual of PCR in Diagnostic 
Pathology. First edition. Rawalpindi: GRC Publications 2013;p:127-129

12. Tozzo P, Delicati A, Zambello R, Caenazzo L Chimerism Monitoring 
Techniques after Hematopoietic Stem Cell Transplantation: An Over-
view of the Last 15 Years of Innovations Diagnostics (Basel). 2021; 
11(4): 621.doi: 10.3390/diagnostics11040621

13. Styczyński J., Tridello G., Koster L., Iacobelli S., van Biezen A., van 
der Werf S, et al. Death after Hematopoietic Stem Cell Transplanta-
tion: Changes over Calendar Year Time, Infections and Associated 
Factors. Bone Marrow Transpl. 2020; 55: 126–136. doi: 10.1038/s41409-
019-0624-z. 

14. Valero-Garcia J, González-Espinosa MdC, Barrios M, Carmona-
Antoñanzas G, García-Planells J, Ruiz-Lafora C, et al. Earlier relapse 
detection after allogeneic haematopoietic stem cell transplantation by 
chimerism assays: Digital PCR versus quantitative real-time PCR of 
insertion/deletion polymorphisms. PLoS ONE 2019; 14(2): e0212708. 
https://doi.org/10.1371/journal.pone.0212708 

15. Peter B,  Carreras E, Dufour C , Mohty M ,  Kröger N. Documentation 
of Engraftment and Chimerism After HSCT 7th edition. The EBMT 
Handbook. Cham: Springer International Publishing; 2019. Cham 
(CH): Springer; 2019. Chapter 20; pp. 143–147. DOI: 10.1007/978-3-
030-02278-5_20

16. VivesJ, Casademont-Roca A, Martorell L, Nogues N. Beyond chimer-
ism analysis: Methods for tracking a new generation of cell-based 
medicines. Bone Marrow Transplant. 2020; 55, 1229–1239.

17. Deniskova TE, Sermyagin AA, Bagirov VA, Okhlopkov IM, Gladyr 
EA, Ivanov RV et al.

18. Comparative analysis of the effectiveness of STR and SNP markers for 
intraspecific and interspecific differentiation of the genus Ovis. Russ J 
Genet. 2016; 52: 79–84.

19. Pedini P,  Cherouat N , Basire A , Simon S, Budon L , Pourtein M et 
al. Evaluation of next-generation sequencing and crystal digital PCR 
for chimerism monitoring of post-allogeneic hematopoietic stem cell 
transplantation. Transplant Cell Ther. 2021; 27, 89.e1-89.e10  

20. Llaurador G , Nicoletti E ,  Prockop SE ,  Hsu S,  Fuller K, Mauguen A 
et al. Donor-host lineage-specific chimerism monitoring and analysis 
in pediatric patients following allogeneic stem cell transplantation: In-
fluence of pretransplantation variables and correlation with post-trans-
plantation outcomes. Transplant Cell Ther. 2021; 27, 780.e1-780.e14 

21. Lejman M, Prażmo AZ, Zawitkowska J, Mroczkowska A, Grabowski 
D, Jerzy R et al.  Impact of early chimerism status on clinical outcome 
in children with acute lymphoblastic leukaemia after haematopoietic 
stem cell transplantation BMC Cancer. 2019; 19: 1141.  doi: 10.1186/
s12885-019-6360-3 

22. Andrikovics, H, Orfi Z, Meggyesi N, Bors A, Varga L, Kövy P et 
al. Current trends in applications of circulatory microchimerism de-
tection in transplantation. Int. J. Mol. Sci. 2019; 20: 4450. doi: 10.3390/
ijms20184450.

23. Tyler, J., Kumer, L., Fisher, C., Casey, H. & Shike, H. Personalized chi-
merism test that uses selection of short tandem repeat or quantitative 
PCR depending on patient’s chimerism status. J. Mol. Diagn. 2019; 21: 
483–490

24. Minakawa K, Ono S, Watanabe M, Sato Y, Suzuki S, Odawara S, et 
al. Evaluation of a quantitative PCR-based method for chimerism 
analysis of Japanese donor/recipient pairs. Sci Rep 2022; 12:  21328  
https://doi.org/10.1038/s41598-022-25878-9

25. Vynck, M, Nollet, F, Sibbens, L., Devos, H. Chimerism monitoring us-
ing biallelic single nucleotide or insertion/deletion polymorphisms: 
How many markers to screen? Clin. Chim. Acta 2022; 532: 123–129

26. Sel FA, Oguz FS, Besisik SK, Mastanzade M, Ogret YD, Hindilerden 
IY, et al. Short Tandem Repeat-Polymerase Chain Reaction (STR-PCR) 
with Quantitative Real Time-Polymerase Chain Reaction (qRT-PCR) 
Method Using for Chimerism Analysis. Clin Lab 2019 ; 65(9). doi: 
10.7754/Clin.Lab.2019.190221

Authors Contribution:

AN: literature search, study design and concept, data 
collection, data analysis, data interpretation, drafting.
SA: Study design and concept, data analysis, data 
interpretation, Critical Review, Final approval.

Ayesha Nayyar et al.

https://doi.org/10.1038/s41598-020-69137-1
https://pubmed.ncbi.nlm.nih.gov/?term=Sahoo+S&cauthor_id=32211959
https://pubmed.ncbi.nlm.nih.gov/?term=Samal+R&cauthor_id=32211959
https://pubmed.ncbi.nlm.nih.gov/?term=Behera+S&cauthor_id=32211959
https://pubmed.ncbi.nlm.nih.gov/?term=Swain+AK&cauthor_id=32211959
https://pubmed.ncbi.nlm.nih.gov/?term=Biswas+S&cauthor_id=32211959
https://doi.org/10.1016/j.jtct.2021.07.014
https://doi.org/10.12669/pjms.37.7.4203
https://doi.org/10.12669/pjms.37.7.4203
https://doi.org/10.1371/journal.pone.0212708
https://pubmed.ncbi.nlm.nih.gov/?term=Carreras+E%5BEditor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Dufour+C%5BEditor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Mohty+M%5BEditor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Kr%C3%B6ger+N%5BEditor%5D
https://doi.org/10.1007/978-3-030-02278-5_20
https://doi.org/10.1007/978-3-030-02278-5_20
https://pubmed.ncbi.nlm.nih.gov/?term=Pedini+P&cauthor_id=32980546
https://pubmed.ncbi.nlm.nih.gov/?term=Cherouat+N&cauthor_id=32980546
https://pubmed.ncbi.nlm.nih.gov/?term=Basire+A&cauthor_id=32980546
https://pubmed.ncbi.nlm.nih.gov/?term=Simon+S&cauthor_id=32980546
https://pubmed.ncbi.nlm.nih.gov/?term=Budon+L&cauthor_id=32980546
https://pubmed.ncbi.nlm.nih.gov/?term=Pourtein+M&cauthor_id=32980546
https://pubmed.ncbi.nlm.nih.gov/?term=Llaurador+G&cauthor_id=34082161
https://pubmed.ncbi.nlm.nih.gov/?term=Nicoletti+E&cauthor_id=34082161
https://pubmed.ncbi.nlm.nih.gov/?term=Prockop+SE&cauthor_id=34082161
https://pubmed.ncbi.nlm.nih.gov/?term=Fuller+K&cauthor_id=34082161
https://pubmed.ncbi.nlm.nih.gov/?term=Mauguen+A&cauthor_id=34082161
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6878687/
https://doi.org/10.1186%2Fs12885-019-6360-3
https://doi.org/10.1186%2Fs12885-019-6360-3
https://pubmed.ncbi.nlm.nih.gov/?term=%C5%90rfi+Z&cauthor_id=31509957
https://pubmed.ncbi.nlm.nih.gov/?term=Meggyesi+N&cauthor_id=31509957
https://pubmed.ncbi.nlm.nih.gov/?term=Varga+L&cauthor_id=31509957
https://pubmed.ncbi.nlm.nih.gov/?term=K%C3%B6vy+P&cauthor_id=31509957
https://doi.org/10.1038/s41598-022-25878-9
https://pubmed.ncbi.nlm.nih.gov/?term=Abatay-Sel+F&cauthor_id=31532093
https://pubmed.ncbi.nlm.nih.gov/?term=Savran-Oguz+F&cauthor_id=31532093
https://pubmed.ncbi.nlm.nih.gov/?term=Kalayoglu-Besisik+S&cauthor_id=31532093
https://pubmed.ncbi.nlm.nih.gov/?term=Mastanzade+M&cauthor_id=31532093
https://pubmed.ncbi.nlm.nih.gov/?term=Duvarci-Ogret+Y&cauthor_id=31532093
https://pubmed.ncbi.nlm.nih.gov/?term=Yonal-Hindilerden+I&cauthor_id=31532093

	_GoBack
	_Hlk155817052
	_Hlk155819567
	_GoBack
	_Hlk155728055
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_GoBack
	_Hlk156294384
	_Hlk119156107
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_GoBack
	_Hlk154525583
	_Hlk154525643
	_Hlk154587105
	_GoBack
	_GoBack
	_GoBack
	_Hlk75786452
	_Hlk100186225
	_Hlk95690690
	_GoBack
	_Hlk137815080
	_ENREF_23
	_ENREF_4
	_ENREF_5
	_ENREF_8
	_ENREF_11
	_ENREF_12
	_ENREF_14
	_ENREF_15
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_21
	_ENREF_20
	_Hlk137034230
	_ENREF_22
	_GoBack
	_Hlk132460520
	_Hlk131813621
	_GoBack
	_Hlk141949366
	_GoBack
	_GoBack
	_Hlk134990979
	_Hlk134990997
	_GoBack
	_Hlk155397522
	_Hlk155397414
	_GoBack
	_Hlk155556273
	_GoBack
	_GoBack
	_GoBack
	_Hlk71084764
	_Hlk71084744
	_GoBack
	_GoBack
	_GoBack
	_Hlk140788363
	_Hlk140697119
	_Hlk140696260
	_GoBack
	_Hlk157586796
	_Hlk158843478
	_Hlk118721105
	_GoBack
	_GoBack
	_Hlk20828664
	_gjdgxs
	_2n1xtzu0qbrj
	_GoBack
	_Hlk154822388
	_Hlk131544751
	_GoBack
	_GoBack

