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Abstract

Objective: This study was aimed at characterizing
whether the autosomal short tandem repeats (STRs) used
in forensic identification might differ between leukemic
blood samples and saliva samples.

Methods: Blood and saliva samples were collected from
27 patients diagnosed with acute leukemia in Riyadh
City, KSA. DNA was extracted, and 15 STR loci were
amplified.

Results: Approximately 59.3% of patients with leukemia
exhibited mutations at the STR loci. Loss of heterozy-
gosity (LOH) occurred in 40.7% of the patients at
D19S433, D16S539, vWA, D13S317, THO1, FGA, and
D2S1338. Microsatellite instability (MSI) was detected in
22.2% of patients at TPOX, vWA, D19S433, D16S539,
and DI18S51. D19S433 and D16S539 were the most
affected loci, exhibiting an alteration percentage of
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in all samples. The overall genetic variability between
saliva and blood samples significantly differed
(P < 0.001).

Conclusion: Our results demonstrate the potential appli-
cation of forensically used STR loci in diagnosis and
monitoring of patients with leukemia. Further study
applying next generation sequencing technology is
necessary to validate these findings and explore the clin-
ical applications of forensically used STRs as diagnostic
tools for leukemia.

Keywords: Genetic mutation; Leukemia; Molecular diag-
nosis; Saudi population; STR genotyping

© 2025 The Authors. Published by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license
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Introduction

Short tandem repeats (STRs), nuclear DNA with repeats
of 2—6 base pairs, make up approximately 3% of the human
genome.' STRs have been used in multiple identity typing
methods worldwide, because of their high discriminatory
power in human identification, paternity testing, and
missing person identification, as well as their use in
diagnosing genetically induced diseases.”

Two types of genetic mutations have been found to occur
in these human genome microsatellite markers. The first type
is microsatellite instability (MSI), describing when one or
more new alleles appear in the genotype."fD The second is loss
of heterozygosity (LOH), which indicates allelic loss in many
cases of cancerous tumors, on the basis of loss of an allele at
heterozygous loci® through either complete deletion or a
decrease in the peak height to >50% relative fluorescence
units. Several studies have used LOH and MSI to examine
STR loci for forensic purposes.z”?’(”7 In some situations,
these loci may contribute to controlling gene expression,
thereby affecting phenotype; however, they are suitable
for the working circumstances in forensic settings.8
Microsatellite markers may show instability in various
cancerous tissues, owing to defects in DNA repair pathways
and the accumulation of alterations in these markers.

STRs have been used to detect and monitor various types
of cancers.”!” They have been found to indicate instability in
lung cancer, ! papillary thyroid disease,'” esophageal
cancer,'” breast cancer, ™' colorectal cancer,'® and 21
cancer types17 including the abovementioned types and
leukemia. Active leukemia is clinically defined by an
elevated percentage of blasts in the bone marrow. For
acute myeloid leukemia (AML), a diagnosis is established
when at least 20% of the cells in the bone marrow are
classified as blasts.' Untreated leukemia is newly
diagnosed on the basis of low numbers of normal red
blood cells, white blood cells, and platelets. Alternatively,
this condition is characterized by more than 25% of cells in

the bone marrow being immature white blast cells with
symptoms of acute lymphocytic leukemia (ALL).W
Leukemia affects the examination of forensic autosomal
STR markers.>' %

Few studies have been conducted on STR markers to
recognize allelic variations in Saudi subpopulations
contributing to the genetic diversity of forensic STR
markers. The overall prevalence of leukemia in the Saudi
population has been estimated to be 7.6% in males and 4.4%
in females.”’ Studies on genetic information in patients with
leukemia in KSA are limited.” The unique genetic and
environmental nature of the Arabian Peninsula might be a
potential  factor influencing the prevalence and
characteristics of leukemia in KSA; thus, the disease is
considered a major health concern.

This study was aimed at characterizing the STR loci
frequently used in forensic investigations in randomly
selected Saudi patients with leukemia, to examine the po-
tential application of STR markers in the molecular diag-
nosis of leukemia. The study might contribute valuable
insights not only for leukemia diagnosis and monitoring,
but also for the interpretation of forensic DNA evidence in
individuals with leukemia in Saudi populations and
potentially in other populations with similar genetic
backgrounds.

Materials and Methods
Sample collection

Blood and saliva samples were collected from 27 Saudi
participants (n = 54) diagnosed with leukemia at the
oncology ward of King Fahad Medical City, Riyadh, KSA.
Signed informed consent was obtained from the patients at
the time of sample donation. Demographic data and clinical
information were collected, including age, sex, and type of
leukemia. Chronic diseases were also determined through
review of the patients’ medical records. Samples were kept
confidential, and DNA was used only for this study, in
accordance with to the policy of King Fahad Medical City
and the ethical committee of Naif Arab University for Se-
curity Sciences. Approximately 3 mL blood was collected at
the clinic through cephalic venipuncture with a syringe and
transferred to EDTA tubes. Saliva was collected from inside
the oral cavity with a sterilized cotton swab and stored
at —45 °C until use.

DNA extraction

DNA was extracted from blood and saliva with a
QIAamp® DNA Mini and Blood Mini kit (Qiagen, USA)
according to the manufacturer’s instructions. A Quantifiler®
Duo DNA Quantification Kit was used to quantify the DNA
(Thermo Fisher Scientific, Waltham, MA, USA) according
to the manufacturer’s instructions. The optimum amount of
DNA for the Identifiler™ Kit was 100 pg in a maximum
input volume of 10 pL for 28 PCR cycles.
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PCR amplification

Fifteen autosomal STR loci (D8S1179, D21S11, D7S820,
CSF1PO, D3S1358, THO1, D13S317, D16S539, D2S1338,
D19S433, vWA, TPOX, D18S51, D5S818, and FGA) in
addition to the sex specific genetic locus (Amelogenin) were
amplified with an AmpFLSTR™ Identifiler™ PCR Ampli-
fication Kit (Thermo Fisher Scientific, Waltham, MA, USA)
according to the manufacturer’s instructions. A total volume
of 25 pL reaction mixture was prepared, containing 5 pL
amplification grade water, 5 pL master mix, and 5 pL
primers. The mixture was pulse vortexed for 5—10 s. Sub-
sequently, 15 uL. DNA template at a concentration of 0.25—
0.5 ng/uL for each sample was added to the respective well
containing the PCR amplification mixture. The positive
9947A control DNA with at a concentration of 0.5 ng/uL
was added to the reaction well containing PCR amplification
mixture. PCR mixture with only TE buffer without DNA
template was added to a reaction well containing the PCR
amplification mixture, as a negative control. PCR amplifi-
cation was performed on a Veriti-Pro™ Thermal Cycler
(Thermo Fisher Scientific, Waltham, MA, USA). After
denaturation at 95 °C for 11 min, 28 amplification cycles
were performed, comprising 94 °C denaturation for 1 min,
59 °C annealing for 1 min, and 72 °C extension for 1 min.
The amplification was completed with a final extension at
60 °C for 60 min, and reactions were held at 4 °C until use for
STR genotyping.

Genotyping

STR genotyping was performed through capillary elec-
trophoresis with a default injection time of 30 s and a run
time of 6000 s. Approximately 8.3 pL Hi-Di™ Formamid
and 0.4 pL internal size standard (GeneScan™-500 LIZ™)
was added to 1 pL PCR product. The mixture was incubated
at 95 °C for 3 min for denaturation, then placed at a tem-
perature of 4 °C for 3 min and transferred onto a plate until
injection into a Genetic Analyzer (Applied Biosystems 3130).

The sample files (run files) from Data Collection Software
were transferred to Gene Mapper ID Software 1D-X1.4
(Thermo Fisher Scientific, Waltham, MA, USA) for anal-
ysis and reading of alleles at specific loci, after the separation
process had been completed. Identification of each sample
was automatically performed by detection of allele peaks and
matching against the internal genetic ladder included in the
Identifiler® Plus reagents. The analytical and stochastic
thresholds were adjusted to 50 and 175 relative fluorescence
units, respectively.

Statistical analysis

The allele frequencies of the 15 autosomal loci, and the
forensic parameters power of discrimination (PD), poly-
morphic information content (PIC), random matching
probability (RMP); expected heterozygosity (Hexp), observed
heterozygosity (H,), and probability of exclusion (PE), were
calculated in STRAF 2.1.5.%* To evaluate genetic variability

between saliva and blood samples, we tested the estimated
forensic parameters of six loci (D19S433, D16S539, vWA,
FGA, D13S317, and THO1) exhibiting high and moderate
mutation with Student’s t-test, with a threshold of
P < 0.05. The genetic variability for all data was also
compared between saliva and blood samples, with a
threshold of P < 0.01.

A chi-square test of independence was conducted to
examine the association of alleles 15, 11, and 9 of the loci
D3S1358, D13S317, and THO1 associated with leukemia.
The allele frequencies were compared between patients with
leukemia in this study and the controls from a prior study by
Alharbi et al.”

Results
Demographic and clinical characterization

Table 1 shows the distribution of characteristics of patients
with leukemia who participated in this study. The
participants’ ages ranged from 8 to 63 years. Most
participants (40.8%) were older than 40 years, their age was
34.70 + 17.55 (mean + SD) years, and 55.6% were males. A
total of 63% of patients had AML, whereas 37% had ALL.
Approximately 26% of the patients had a family history of
leukemia, and 37% had a family history of other cancers.
Moreover, 63% of cases were active disease, whereas 37%
were untreated. B-cell leukemia accounted for 37% of cases,
and was followed by M2 (22.2%), M1 (18.5%), M3
(11.1%), M5 (7.4%), and MO (3.7%). No patients received
chemotherapy or radiotherapy, and 85.2% had infections.
The most common infections were blood circulation
infections (56.5%), pulmonary infections (21.7%), urinary
tract infections (8.7%), other infections (8.7%), and
gastrointestinal infections (4.4%). The main causes of
infection were bacteria (60.9%), viruses (21.6%), unknown
(8.7%), fungi (4.4%), and parasites (4.4%). Regarding the
aberration or affected chromosomes, most cases were not
otherwise specified (40.7%), whereas the remainder had
normal karyotype (18.5%), 19q and t16 (14.8% each), 12p
(7.4%), and t (1-22) (3.7%). Leukemia severity was
determined according to the type of leukemia, chromosomal
aberrations, and the number of loci acquiring genetic
mutations (Table 2).

DNA genotyping

The DNA concentration in blood samples averaged
32.42 4+ 21.23 ng/uL, and ranged between 7.33 and 84.89 ng/
pL. The DNA concentration in saliva samples averaged
55.73 £ 51.92 ng/uL, and ranged between 2.00 ng/uL and
211.49 ng/uL.

The complete profiles of the 15 autosomal STR loci and
the sex specific locus amelogenin were obtained for the 54
leukemic blood and saliva samples. Alleles at each locus
studied are shown in Table 3. The potential alleles at the
studied loci included 8 alleles at each of D8S1179 and
D21S1; 7 alleles at each of D13S317, D16S539, and vWA;
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Table 1: Demographic information for patients diagnosed with
leukemia in this study.

Variables Category Frequency Percentage
<18 years 5 18.5%
Age 18—28 years 6 22.2%
29—40 years 5 18.5%
>40 years 11 40.8%
Sex Male 15 55.6%
Female 12 44.4%
Leukemia type Acute myeloid 17 63.0%
leukemia (AML)
Acute 10 37.0%
lymphocytic
leukemia (ALL)
Leukemia stage Active disease 17 63.0%
Untreated 10 37.0%
Leukemia MO 1 3.7
subtypes
M1 5 18.5
M2 6 22.2
M3 3 11.1
M5 2 7.4
B-cell 10 37.0
NOS 11 40.7
Chromosomal t(1-22) 1 3.7
aberration
Normal 5 18.5
karyotype
12p 2 7.4
19q 4 14.8
t16 4 14.8
Family history Yes 7 25.6%
with leukemia
No 20 74.4%
Family history Yes 10 37.0%
with cancer
No 17 63.0%
Receiving Yes 0.0%
chemotherapy
No 27 100%
Receiving Yes 0 0.0%
radiation
therapy
No 27 100%
Infection Yes 23 85.2%
No 4 14.8%
Type of infection  Blood 13 56.5
circulation
infection
Urinary tract 2 8.7
infection
Gastrointestinal 1 4.4
infection
Pulmonary 5 21.7
infection
Other? 8.7
Laboratory Bacteria 14 60.9
results for
infections
Viruses 5 21.6
Fungi 1 4.4
Parasites 1 4.4
Unknown 2 8.7

NOS = not otherwise specified.
# Other includes perianal skin infection and skin infection.

Table 2: Blood samples of patients diagnosed with leukemia,
and severity according to type and subtype, number of mutated
loci, and chromosomal aberrations.

Blood Number Leukemia type Chromosomal

samples of loci (subtype) aberrations
mutated

B2 2 AML (M5) t1-t22

B3 2 ALL (B cell) Normal

BS 2 ALL (B cell) 12p

B10 2 AML (M3) t16

B16 2 AML (M3) 12p

B22 2 AML (M3) tl6

B8 1 ALL (B cell) 19q

B9 1 AML (M2) NOS

B13 1 ALL (B cell) 19q

Bl14 1 ALL (B cell) 19q

B17 1 AML (M5) NOS

B20 1 ALL (B cell) 19q

B25 1 AML (M2) tle

NOS = not otherwise specified.

Table 3: Allocated alleles in the 15 loci, as recorded in the 27
leukemia cases studied.

Locus No. of Identified alleles/loci
allocated
alleles
D8S1179 8 10, 11, 12, 13, 14, 15, 16, 17
D21S11 8 27, 28, 29, 30, 31.2, 32.2, 33.2, 35
D7S820 5 8,9,10, 11, 12
CSF1PO 6 8,9,10,11, 12, 13
D3S1358 6 14, 15, 16, 17, 18, 19
THOI 6 6,7,8,9,9.3, 10
D13S317 7 8,9,10,11, 12, 13, 14
D16S539 7 8,9,10, 11, 12, 13, 15
D2S1338 11 16,17, 18,19, 20, 21, 22, 23, 24, 25, 26
D19S433 10 12, 12.2, 13, 13.2, 14, 14.2, 15, 15.2,
16, 17
VWA 7 14, 15, 16, 17, 18, 19, 20
TPOX 5 8,9,10, 11, 12
D18S51 10 11, 12, 13, 14, 15, 16, 17, 18, 19, 20
D5S818 13 8,9, 10,11, 12, 13, 14, 15, 16, 17, 18,
19, 20
FGA 13 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30

6 alleles at each of CSF1PO, D3S1358, and THO1; 5 alleles at
each of D7S820 and TPOX; 0 alleles at each of D19S433 and
D18S51; 13 alleles at D5S818 and FGA; and 11 alleles at
D2S1338.

Figure 1 illustrates representative electropherograms of
both LOH and MSI in the studied cases. Table 4 shows the
amplified loci and their alleles from 27 saliva samples and
27 leukemic blood samples donated by 27 people. Genetic
mutations were detected in 16 of the 27 leukemic blood
samples (59.3%). LOH was observed in 11 samples
(40.7%), at 7 of 15 STR loci, including D19S433,
D16S539, vWA, DI13S317, THO1, FGA, and D2S1338,
representing 46.7% of the total loci. MSI was detected in 6
of the 27 samples (22.2%), including at D19S433,
D16S539, vWA, TPOX, and D18S51, representing 31.3%
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Figure 1: Representative electropherograms of LOH and MSI at selected alleles.

of the 15 studied loci. Only one sample (3.7%) was affected
by both LOH at D16S539 and MSI at vVWA.

Table 5 summarizes the types and frequencies of genetic
mutations observed at the 15 STR loci analyzed in 27
leukemia cases. Among the 432 STR loci studied, 22
(5.10%) mutations were found, and the mutation
frequencies were 0.032 for LOH and 0.018 for MSI. Most
loci remained unaffected: 94.90% showed no genetic
mutation. Fourteen mutations were found to have LOH
(3.25%), whereas eight had MSI (1.85%). Allelic alteration
was observed at nine loci: D19S433, D16S539, vWA,
D13S317, THO1, FGA, TPOX, D18S51, and D2S1338.

Among these, the most affected loci were D19S433 and
D16S539, which exhibited alteration percentages of 18.52%
(five people each), followed by vWA (11.11%). D2S1338,
D18S51, and TPOX, the least affected loci, showed an
alteration percentage of 3.70% (Figure 2). The loci
D13S317, THOl, and FGA showed moderate genetic
mutation (7.41%). Six loci (CSFI1PO, D21S11, D3S1358,
D5S818, D7S820, and D8S1179) did not show any allelic
changes in all samples, and amelogenin was normal in all
cases. Significant differences in the forensic parameters of
highly and moderately mutated loci were observed between
saliva and blood samples (PIC, P < 0.05; Ho, P < 0.001;



H.A. Alhatim et al.

67

Table 4: Genetic traits of STR loci of blood and oral swab samples. S and B indicate swab and blood samples, respectively. Loci in gray
indicate LOH, whereas those in red indicate MSI.

STR loci
S S1179 DAIS11 D7S%30 CSFIPO DIST358 THOL DI3S317 D1ess39 DISTIIS. DISsis VWA TPOX DISSsiA D5S818 FGA
Si 1305 2830 89 10,00 1517 69 ILI2 1215 2020 1215 1818 810 1616 XX 1313 2425
BI 1315 2830 89 1000 1517 69 1LI12 1215 2020 1215 1818 810 1616 XX 1313 2425
$2 112 2030 1L12 1001 1517 79 &1 &1 1720 1213 1619 88 ILI1 XX 1012 2425
B2 1,12 2030 1L12 1041 1517 79 811 | QLI | 1720 1213 88 ILIL XX 1012 2425
s3 1204 29322 1002 1001 1415 69 1L14 ILIL 1621 1515 1708 88 1213 XX 1Ll 2024
B3 12,14 29322 1012 1041 1415 |99 | 1114 1111 1621 1515 1708 88 1213 XX 1Ll 2424
s4 1215 2030 89 LIl 1518 79 1L13 99 2223 14152 1417 911 1919 XX 1213 2130
B4 1205 2930 89 LIl 1518 79 ILI3 99 2223 14152 1417 911 1919 XX 1213 2130
ss IL13 3030 1001 1202 1517 7.7 811 1LIL 1723 1213 1718 88 1416 XY 1012 2324
BS 1133030 1001 1212 1517 7.7 AL 1L 1723 1213 1707 88 1406 XY 1002 2324
S6 1506 2029 99 1011 1517 69 1011 1212 1919 1315 1517 810 1213 XY 1113 1822
B6 1506 2929 99 1001 1517 69 1011 1212 1919 1315 1517 810 1213 XY 1113 1822
7 IL13 30312 812 1202 1415 89 1LI12 911 2323 1516 1518 89 1212 XY 1212 1921
B7 L3 30312 812 1212 1415 89 1L12 91l 2323 1516 1518 89 1212 XY 1212 1921
S8 L4 30322 812 112 1506 79 1L14  1L12 1723 1214 178 88 1213 XX 1013 2224
B8 114 30322 812 IL12 1516 79 1L14  1L12 1723 | 1414 1708 88 1213 XX 1013 2224
) 1L 2829 810 1L12 1518 66 1L12  ILI1 1822 1306 1618 811 1317 XY 1001 2024
B9 1L 2829 810 1L12 1518 66 1L12  1LI1 | 2222 1306 1618 811 1317 XY 1001 2024
s10 1517 30342 10,10 1001 1518 793 1112 913 2024 1314 1708 89 1415 XX 11l 1929
B10 1517 30342 10,10 1001 1518 |77 1112 | 99 | 2024 1304 1708 89 1415 XX 11l 1929
si1 1315 30322 1001 1001 1517 993 1LII 812 2525 1516 1516 811 1315 XY 112 2222
Bl1 1315 30322 1001 1001 1517 993 1LIl 812 2525 1516 1516 811 1315 XY 112 2222
s12 1,16 322322 1L12 1001 1517 99 114 ILII 1617 12152 1707 89 1220 XY 1313 1924
BI2 1,16 322322 1L12 1001 1517 99 114 ILII 1617 12152 1707 89 1220 XY 1313 1924
s13 1011 2930 901 1002 1516 89 1LI12 1213 1924 142152 1708 810 1317 XY 902 2027
BI3 011 2930 901 1002 1516 89 1L12 1213 1924 142042 1708 810 1317 XY 902 2027
sl4 1506 322322 1011 1112 1518 69 ILIIL 912 I8I8 14217 1708 1L12 1415 XX 1112 2224
Bl4 a6 322322 o0 iz asis 69 o oz s R s o2 s xx 2 2
s15 1304 2029 901 911 1517 693 911 1213 1924 1306 1617 88 1215 XY 1112 2022
BIS 1314 2929 901 901 1517 693 911 | 1202 | 1924 1306 1617 88 1215 XY 1122022
S16 10,10 28322 901 1002 1516 79 ILII  1L12 1926 12204 1516 812 1306 XX 1Ll 2325
BI6 1010 28322 911 1002 1516 79 1926 122,14 - 812 1316 XX 1Ll 2325
s17 1415 2930 1212 1002 1517 69 ILI3 1112 2020 13,152 1618 810 1618 XX 1012 1921
BI7 1415 2030 1212 1002 1517 69 | ILIL | 1L12 2020 13,152 1618 810 1618 XX 1012 1921
sig 1215 29332 102 1001 1415 69 112 ILII 1920 1414 1708 912 1517 XY 813 2024
BIS 1215 29332 102 1001 1415 69 1L12  ILII 1920 1414 1708 912 1517 XY 813 2024
S19 1314 32235 1LI1 1002 1517 69 811 811 1921 132,132 1517 88 1621 XX 1213 25
B19 1314 32235 1LI1 1002 1517 69 811 811 1921 132,132 1517 88 1621 XX 1213 25
$20 1415 29322 811 1112 1415 69  1L12 1012 1720 12152 1708 89 1617 XY 910 2324
B20 1415 29322 811 11,12 1415 69 1112 1012 1720 1718 89 1617 XY 910 2324
s21 1203 2730 900 1202 1516 67 1114  &11 1619 1316 1718 88 1620 XX 12,13 2122
B21 1213 2730 900 1202 1516 67 1114  &11 1619 1316 1718 88 1620 XX 1213 2122
s2 1317 29322 10,0 1112 1515 99  1L12 912 1723 15162 1720 &1 1516 XY 10,10 1820
B22 1317 29322 1010 1112 1515 99 1112 17,23 15162 17,20 1516 XY 10,10 1820
$23 1216 30332 900 912 1515 993 1111 1L12 1920 15216 1718 S&11 1516 XX 910 19,19
B23 12,16 30332 900 912 1515 993 1111 1112 1920 15216 1718 &11 1516 XX 910 19,19
24 1215 3030 89 ILIL 1519 79 1LI3 99 2223 14152 1417 911 1919 XX 1213 2130
B24 1215 3030 89 ILII 1519 79 ILI3 99 2223 14152 1417 911 1919 XX 12,13 2121
s25 1315 29322 810 1112 1516 993 811  1L13 2123 1416 1618 88 1215 XX 1212 2224
B25 1315 29322 810 11,12 1516 993 811  1L13 2123 | 1414 1618 88 1215 XX 12,12 2224
$26 1414 2830 1012 811 1415 77 ILI1 911 1720 13152 1618  &11 1216 XX  1L12 2629
B26 1414 2830 1012 811 1415 77 ILI1 911 1720 13152 1618  &11 1216 XX 1L12 2629
27 1215 2930 1010 1213 1517 910 911 89 1725 142,172 1708 1001 1215 XY 913 2224
B27 1215 2930 1010 12,13 9.1 89 1725 142172 1708 1011 XY 9.13

15,17

9,10

22,24
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Table 5: Comparison of STR loci of blood samples from patients diagnosed with leukemia versus reference buccal swab samples.

Mutation type Frequency Locus RFU Allelic alteration Case Sex
of incidence Saliva Blood number

LOH 0.032 D16S539 32.4 8,11 11,11 2 Female
THO1 35.1 6.9 9,9 3 Female
FGA 37.3 20,24 24,24 3 Female
D13S317 47.9 8,11 11,11 5 Male
VWA 29.6 17,18 17,17 5 Male
D19S433 49 12,14 14,14 8 Female
D2S1338 17.5 18,22 22,22 9 Male
THO1 12.8 7,9.3 7,7 10 Female
D16S539 334 9,13 9,9 10 Female
D19S433 442 14.2,15.2 14.2,14.2 13 Male
D16S539 36.8 12,13 12,12 15 Male
D13S317 22.1 11,13 11,11 17 Female
FGA 41.7 21,30 21,21 24 Female
D19S433 46.6 14,16 14,14 25 Female

MSI 0.018 VWA = 16,19 18,19 2 Female
VWA — 15,16 — 16 Female
D19S433 = 14.2,17 16,17 14 Female
D16S539 = 11,12 12,13 16 Female
D19S433 = 12,15.2 12,13 20 Male
D16S539 = 9,12 11,12 22 Male
TPOX = 8,11 9,11 22 Male
D18S51 = 12,15 15,16 27 Male

RFU: relative fluorescence units.
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Figure 2: Percentage distribution of detected STR loci with mutations.

Table 6: Mean and standard deviation for the forensic parameters calculated from allele frequencies for the highly and moderately
mutated loci (D19S433, D16S539, vWA, D13S317, FGA, and THO1) in blood samples versus control saliva samples. GD: genetic
diversity (total heterozygosity); PIC: polymorphic information content; RMP: random matching probability; PD: power of discrim-

ination; Ho: observed heterozygosity; PE: probability of exclusion.

Samples PD PIC PM Hexp Ho PE

Saliva 0.87 £ 0.05 0.74 + 0.08 0.13 + 0.06 0.77 £ 0.08 0.84 + 0.07 0.68 = 0.12
Blood 0.87 + 0.05 0.71 + 0.09 0.13 + 0.05 0.76 + 0.09 0.76 + 0.07 0.54 +0.12
P-value 0.47 0.02* 0.77 0.018" 0.00047*** 0.00027%**

# Significant at P < 0.05, ** significant at P < 0.01, *** significant at P < 0.001.
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Table 7: Differential association between genotypes and leukemia, compared between patients with leukemia in this study (N = 27) and

controls in Alharbi et al.> (N = 15).

Locus Allele Percentage of Percentage of Chi-square test of significance

leukemia cases controls

(this study) (Alharbi et al.)?
D3S1358 15 27/42 (64.3) 8/42 (33.3) %2 =11.59, df = 1, N = 42; P-value = 0.0006; ¢> = 0.28
D13S317 11 27/42 (64.3) 8/42 (33.3) %2 = 11.59, df = 1, N = 42; P-value = 0.0006; ¢> = 0.28
THO1 9 21/42 (50) 5/42 (11.9) % = 6.30, df = 1, N = 42; P-value = 0.01; ¢> = 0.19

Confidence interval was 99% for alleles 15 and 11, and 95% for allele 9.

PE, P < 0.001) (Table 6). The overall genetic variability
between saliva and blood samples was also significant at
P < 0.001.

Discussion

The present study revealed significant genetic alterations
at forensic STR loci among Saudi patients with leukemia.
Approximately 59.3% of the studied patients exhibited ge-
netic alterations. LOH of 40.7% was observed across the
markers D19S433, D16S539, vWA, D13S317, THO1, FGA,
and D2S1338. Among the changes, MSI was detected at
D19S433, D16S539, vWA, TPOX, and D18S51 in 22.2% of
patients. The loci D19S433 and D16S539 showed the highest
frequency of genetic changes, whereas D2S1338, D18S51,
and TPOX were the least affected loci. These findings high-
light the potential utility of STR loci analysis in diagnosing
and monitoring patients with leukemia, thus offering a new
method for genetic profiling in leukemia research and clinical
management.z’

Associations between forensic STR markers and diseases
have been studied, and several investigations support their
application in identifying cancer-related alleles. In a study by
Wei et al.,”” the highest levels of serum norepinephrine were
found in patients with the THO1-9 allele, whereas patients
with the THO1-7 allele had the lowest levels. Ceccardi et al.”®
have examined the STR profiles commonly used in forensic
identification across a diverse array of human tumor
tissues. The samples studied included 48 gastrointestinal
cancers, 13 urogenital cancers, and 7 oral cancers. The
vWA, FGA, and DI18S51 loci were the most frequently
altered loci. That study has contributed valuable insights
into the stability of genetic markers in cancerous tissues,
which might potentially affect the field of forensic science
and the understanding of genetic changes in tumor
development. Stomach and intestinal carcinomas have been
found to exhibit alteration at D18S51, vWA, and FGA.”’
Many studies have reported associations of D16S539,
D19S433, vWA, and THOl polymorphisms with several
diseases.”'?® Al-Harthi'” has examined autosomal STR
profiling in Saudi women diagnosed with breast cancer and
found mutations in 54.84% of cases; moreover, the STR
loci D16S539, D22S1045, THOI, and TPOX were found to
be highly susceptible to MSI and LOH. Despite its small
sample size, the current study yielded findings consistent
with those reported by Qi et al.,”” in which CODIS loci
were used for screening lung and liver cancer
predisposition. The authors found a statistically significant

difference between the alleles associated with lung cancer
(D18S51-20) and liver cancer (D21S11—30.2 and D6S1043-
18). These results demonstrated the predictive power of us-
ing CODIS loci to assess cancer susceptibility. A consider-
ably high frequency of two pairs of alleles, D8S1179-16 and
D5S818-13, and D2S1338-23 and D6S1043-11, has been re-
ported in young people diagnosed with stomach cancer.”®
The frequency of STR alterations differs according to the
type of cancerous tissue. The highest alteration rates have been
reported in esophageal cancer, followed by colorectal, hepa-
tocellular, gastric, lung, renal cell, breast, and pancreatic
cancers.” Moreover, that study demonstrated that all eight
tumor types showed alterations (LOH and MSI) at the STR
loci used for forensic applications, including the STR loci
examined in the present study. Leukemia has been detected
and diagnosed on the basis of more 9.3 and 9 alleles at the
locus THO1 than observed in healthy controls.” The authors
of that study have provided evidence of an association
between THOI alleles and leukemia. Although MSI was
associated with AML and ALL in the present study, Walker
et al.’" have reported that patients with AML do not exhibit
MSI. This genetic instability is often detected in patients
with chronic myeloid leukemia (CML) and found in some
STR loci frequently used in forensic human identification
(D178261 and D3S643).3l To our knowledge, studies
published to date have indicated the presence of LOH and
MSI in patients diagnosed with CML>*'~>* at only some
CODIS STR loci usually used for forensic purposes.
However, the present study is not the first to find STR
mutations in patients diagnosed with AML and ALL. Faderl
et al.’** have reported that LOH at some STR markers
located on chromosome 5 is associated with AAL (loci other
than those included in CODIS, e.g., D52818). Among
patients exposed to hematopoietic stem cell transplantation,
Pereira et al.*> have found LOS at D21S11 and CSF1PO,
and length mutations at other STR loci, in patients
diagnosed with AML. Patients with prognostically adverse
AML have been diagnosed with LOS in chromosome 13 at
several markers other than the CODIS D13S317 locus.*®
Some aspects of LOH have been found at STR loci in
chromosomes 1, 3, 5, 10, and 12 in patients with ALL’"3®
Zuho et al.’’ have revealed deletions in some STR loci in
chromosomes 9 and 17 in novel childhood ALL cell lines.
The current study analyzed 16 STR loci previously tar-
geted by Alharbi et al.” Both studies focused on randomly
selected Saudi patients and showed similar allelic ranges of
the potential alleles identified. Allele 15 at locus D3S1358
(100%), allele 11 at locus D13S317 (100%), and allele 9 at
locus THO1 (77.8%) are frequently detected in saliva and
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blood samples. The distribution of both alleles was
compared between the leukemic cases studied herein and
the controls in the study by Alharbi et al.” Allele 15 at
locus D3S1358 and allele 11 at locus D13S317 were found
in all 27 cases in this study and in 8 of 15 control cases
reported by Alharbi et al.” Allele 9 at the locus THO1 was
found in 21 leukemic cases in this study and 5 controls in
Alharbi et al.” The proportions of alleles 15 (D3S1358), 11
(D13S317), and 9 (THOl) were significantly higher in
patients with leukemia than controls (Table 7). Among
patients with leukemia, 64.3% had alleles 15 and 11, and
50% had allele 9; among controls, 19% had alleles 15 and
11, and 11.9% had allele 9. These findings indicated a
strongly significant association between leukemia and these
alleles (> = 11.59, P = 0.0006; %> = 6.30, P = 0.01). The
significant difference observed in the distribution of these
alleles between the leukemia and control cases suggested a
possible contribution to the risk leukemia development.
The square ¢ coefficient showed moderate correlations
((1)2 = 0.28 and 0.19, respectively), thus indicating that
patients with leukemia were more likely to have the three
alleles than controls. The presence of these alleles might be
associated with elevated risk of developing leukemia.
However, further exploration is necessary to understand
the potential mechanisms underlying the relationship
between these alleles and leukemia.

The small sample size in this study is a potential limitation
that might have introduced errors in result estimation and
hindered the ability to detect statistically significant differ-
ences between cases. Additionally, the unbalanced distribu-
tion of characteristics among samples might have prevented
important differences from being observed. To address this
limitation, a similar study with a larger sample size is rec-
ommended, particularly including the newly identified acute
leukemia mutations. This approach would enhance the ac-
curacy of the results, decrease error risks, and increase sta-
tistical power for discrimination. Challenges in sample
collection, such as patient health status or refusal to partic-
ipate, might further have limited this study’s representa-
tiveness and introduced bias by leading to the exclusion of
certain disease categories. To mitigate these challenges,
establishing sample banks at medical centers with informed
consent procedures would facilitate access to larger, more
diverse patient samples, thus enhancing the study’s ability to
represent broader population groups.

The observed high proportion of leukemia cases with a
family history in this study, despite its limited sample size, is
a notable finding that warrants further investigation. This
observation aligns with those from recent studies reporting
elevated incidence of leukemia in KSA.”%#404! Although data
on familial leukemia rates in the region remain scarce, the
elevated family history rates observed herein might indicate
genetic predisposition, shared environmental exposures, or
a combination of factors unique to the Saudi population.
To elucidate the molecular mechanisms underlying
different leukemia subtypes, and to validate our findings,
future research should expand the study to include both
acute (AML and ALL) and CML cases, with larger sample
sizes and comprehensive genomic analyses. Such an

approach might provide valuable insights into the etiology
of leukemia in this population and potentially inform
targeted prevention and treatment strategies.

Conclusion

In conclusion, genetic mutations were found in 59.3% of
patients with leukemia herein. The STR loci included in the
study showed varying susceptibility to genetic mutations.
Both LOH and MSI were observed at three sites (D19S433,
D16S539, and vWA), wherecas LOH was recorded at four
sites (D13S317, THO1, FGA, and D2S1338), and MSI was
found in only TPOX. The associations of allele 15 at
D3S1358, allele 11 at D13S317, and allele 9 at THO1 might be
considered potential genetic elements for leukemia diagnosis.
Further research is required to confirm and explore the
clinical applications of forensically applied STRs as a diag-
nostic tool for leukemia.

Source of funding

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit
sectors.

Conflict of interest

The authors have no conflicts of interest to declare.

Ethical approval

This study was initially approved by the Institutional
Review Board (IRB) of King Fahad Medical City, Riyadh,
KSA (reference: H-01-R-012 IRB), and the experimental
procedure was performed in accordance with their relevant
guidelines and regulations.

Authors’ contributions

Conceptualization, H.A., M.N.A., and S.A.A.; method-
ology, H.A.; software, H.A. and S.A.A.; formal analysis,
H.A. and S.A.A.; investigation, H.A., M.N.A., S.A.B.,
S.A.A., and A.N.; data curation, H.A., M.N.A., S.A.B., and
A.N.; writing—original draft preparation, H.A. and
M.N.A.; writing—review and editing, S.A.A. and M.N.A_;
visualization, M.N.A., S.A.B., and A.N.; supervision,
M.N.A., S.A.A.,S.A.B., and A.N. All authors have read and
agreed to the published version of the manuscript. All au-
thors have critically reviewed and approved the final draft
and are responsible for the content and similarity index of the
manuscript.

Acknowledgements
The authors gratefully acknowledge King Fahad Medical

City in Riyadh, Saudi Arabia, for donating the samples, and
issuing the final ethical approval and consent form. We also



H.A. Alhatim et al. 71

thank Dr. Mahmoud Alsafrani and Abrar Alsaleh at Naif
Arab University for Security Sciences for assistance with
statistical analysis.

References

10.

11.

12.

13.

14.

15.

16.

. Subramanian S, Mishra RK, Singh L. Genome-wide analysis of

microsatellite repeats in humans: their abundance and density in
specific genomic regions. Genome Biol 2003; 4: 1—10.

. Alharbi SF, Alamri A, Elshehawi A. The impact of leukemia on

the detection of Short Tandem Repeat (STR) markers. Cureus
2022; 14(11):e30954.

. Ananian V, Tozzo P, Ponzano E, Nitti D, Rodriguez D,

Caenazzo L. Tumoural specimens for forensic purposes: com-
parison of genetic alterations in frozen and formalin-fixed
paraffin-embedded tissues. Int J Leg Med 2011; 125: 327—332.

. Pikor L, Thu K, Vucic E, Lam W. The detection and implica-

tion of genome instability in cancer. Cancer and Metastasis
Reviews 2013; 32: 341—352.

. Yamamoto H, Imai K. Microsatellite instability: an update.

Archives of toxicology 2015; 89: 899—921.

. Tozzo P, Delicati A, Frigo AC, Caenazzo L. Comparison of the

allelic alterations between indel and Str markers in tumoral
tissues used for forensic purposes. Medicina 2021; 57(3): 226.

. Al Sharhan NA, Messaoudi SA, Babu SR, Chaudhary AB,

Alsharm AA, Alrefaei AF, et al. Utility of circulating cell-free
DNA in assessing microsatellite instability and loss of hetero-

zygosity in breast cancer using human identification approach.
Genes 2022; 13(4): 590.

. Wyner N, Barash M, McNevin D. Forensic autosomal short

tandem repeats and their potential association with phenotype.
Front Genet 2020; 11: 884.

. Chen A, Zhang S, Xiong L, Xi S, Tao R, Chen C, Li J, Chen J,

Li C. Investigation of an alternative marker for hypermutability
evaluation in different tumors. Genes 2021; 12(2): 197.
Baniuelos MM, Zavaleta YJ, Roldan A, Reyes RJ,
Guardado M, Chavez Rojas B, Nyein T, Rodriguez Vega A,
Santos M, Huerta-Sanchez E, Rohlfs RV. Associations between
forensic loci and expression levels of neighboring genes may
compromise medical privacy. Proc Nat Acad Sci 2022; 119(40):
€2121024119.

Zhang P, Zhu Y, Li Y, Zhu S, Ma R, Zhao M, Li J. Forensic
evaluation of STR typing reliability in lung cancer. Leg Med
2018; 30: 38—41.

Dang Z, Li L, Kong X, Zhang G, Liu Q, Li H, Li L, Zhang R,
Cui W, Wang Y. Evaluation of allelic alterations in short tan-
dem repeats in papillary thyroid cancer. Mol Genet Genomic
Med 2020; 8(4):el1164.

Kaifi JT, Rawnaq T, Schurr PG, Yekebas EF, Mann O,
Merkert P, et al. Short tandem repeat polymorphism in exon 4
of esophageal cancer-related gene 2 detected in genomic DNA is
a prognostic marker for esophageal cancer. Am J Surg 2007;
194(3): 380—384.

dos Santos Jr GC, de Souza Goes AC, de Vitto H, Moreira CC,
Avvad E, Rumjanek FD, de Moura Gallo CV. Genomic
instability at the 13q31 locus and somatic mtDNA mutation in
the D-loop site correlate with tumor aggressiveness in sporadic
Brazilian breast cancer cases. Clinics 2012; 67(10): 1181—1190.
Al-Harthi N. The Effect of cancerous tumors on autosomal STR
profiling. Master thesis. Saudi Arabia: Naif Arab University for
Security Sciences; 2017.

Al-Qahtani WS, Al-Hazani TM, Safhi FA, Alotaibi MA,
Domiaty DM, Al-Shamrani SM, Alshehri E, Alotaibi AM,
Alkahtani S. Assessment of metastatic colorectal cancer (CRC)
tissues for interpreting genetic data in forensic science by
applying 16 STR loci among Saudi patients. Asian Pac J Cancer
Prev 2021; 22(9): 2797.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Fujimoto A, Fujita M, Hasegawa T, Wong JH, Maejima K,
Oku-Sasaki A, Nakano K, Shiraishi Y, Miyano S,
Yamamoto G, Akagi K. Comprehensive analysis of indels
in whole-genome microsatellite regions and microsatellite
instability across 21 cancer types. Genome research 2020; 30(3):
334—346.

Sockel K, Stolzel F, Honl F, Baldauf H, Réllig C, Wermke M,
et al. Allogeneic stem cell transplantation with sequential
melphalan-based conditioning in AML: residual morphological
blast count determines the risk of relapse. Cancer Management
and Research 2022; 15: 547—559.

Vakiti A, Reynolds SB, Mewawalla P. Acute myeloid leukemia.
StatPearls Publishing LLC; 2024. https://www.ncbi.nlm.nih.
gov/books/NBK507875/. Last update: April 27.

Bawazir A, Al-Zamel N, Amen A, Akiel MA, Alhawiti NM,
Alshehri A. The burden of leukemia in the Kingdom of Saudi
Arabia: 15 years period (1999—2013). BMC cancer 2019; 19. 1-
0.

Filoglu G, Bulbul O, Rayimoglu G, Yediay FE, Zorlu T,
Ongoren S, Altuncul H. Evaluation of reliability on STR typing
at leukemic patients used for forensic purposes. Molecular
biology reports 2014; 41: 3961—3972.

Erwin  GS, Girsoy G, Al-Abri R, Suriyaprakash A,
Dolzhenko E, Zhu K, Hoerner CR, White SM, Ramirez L,
Vadlakonda A, Vadlakonda A. Recurrent repeat expansions in
human cancer genomes. Nature 2023; 613(7942): 96—102.
Omar IS, Hafiza MY, Zafarina Z, Norasikin MN, Azmel MI,
Shafini MY, et al. Forensic short tandem repeat markers
alteration in cancerous tissues: a scoping review. Egypt J
Forensic Sci 2024; 14(1): 14.

Gouy A, Zieger M. STRAF—a convenient online tool for STR
data evaluation in forensic genetics. Forensic Sci I: Genetics
2017; 30: 148—151.

Wei J, Ramchand CN, Hemmings GP. Possible association of
catecholamine turnover with the polymorphic (TCAT) n repeat
in the first intron of the human tyrosine hydroxylase gene. Life
Sci 1997; 61(14): 1341—1347.

Ceccardi S, Alu M, Lugaresi F, Ferri G, Bini C, Balbi T, et al.
Evaluation of reliability of STR typing in different types of
cancerous tissues used for identification purpose. In Interna-
tional Congress Series 2006; 1288: 672—675. Elsevier.

Pelotti S, Ceccardi S, Alu M, Lugaresi F, Trane R, Falconi M,
Bini C, Cicognani A. Cancerous tissues in forensic genetic
analysis. Genetic testing 2007; 11(4): 397—400.

Hui L, Liping G, Jian Y, Laisui Y. A new design without
control population for identification of gastric cancer-related
allele combinations based on interaction of genes. Gene 2014;
540(1): 32—36.

Qi X, YuY,Ji N, Ren S, Xu Y, Liu H. Genetic risk analysis
for an individual according to the theory of programmed
onset, illustrated by lung and liver cancers. Gene 2018; 673:
107—111.

Walker CJ, Eisfeld AK, Genutis LK, Bainazar M,
Kohlschmidt J, Mrozek K, et al. No evidence for microsatellite
instability in acute myeloid leukemia. Leukemia 2017; 31(6):
1474—1476.

Patel TN, Chakraborty M, Bhattacharya P. Microsatellite
instability in chronic myeloid leukemia using D17S261 and
D3S643 markers: a pilot study in Gujarat population. Indian J
Cancer 2017; 54(2): 426—429.

Wang ZL, Dai L, Li S, Qiu GQ, Wu HQ. Comparison of allelic
frequencies of 15 short tandem repeat loci between chronic
myeloid leukemia patients and non-related healthy individuals.
Chin J Med Genet 2012; 29(3): 306—308.

Risinskaya N, Glinshchikova O, Makarik T, Kozhevnikova Y,
Chabaeva J, Kulikov S. Accumulation of STR-loci aberrations
in subclones of Jurkat cell line as a model of tumor clonal
evolution. Genes 2023; 14(3): 571.



http://refhub.elsevier.com/S1658-3612(25)00003-4/sref1
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref1
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref1
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref1
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref2
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref2
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref2
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref3
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref3
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref3
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref3
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref3
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref4
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref4
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref4
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref4
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref5
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref5
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref5
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref6
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref6
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref6
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref7
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref7
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref7
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref7
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref7
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref8
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref8
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref8
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref9
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref9
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref9
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref10
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref10
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref10
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref10
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref10
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref10
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref11
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref11
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref11
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref11
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref12
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref12
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref12
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref12
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref13
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref13
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref13
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref13
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref13
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref13
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref14
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref14
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref14
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref14
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref14
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref14
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref15
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref15
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref15
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref16
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref16
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref16
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref16
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref16
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref16
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref17
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref17
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref17
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref17
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref17
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref17
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref17
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref18
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref18
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref18
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref18
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref18
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref18
https://www.ncbi.nlm.nih.gov/books/NBK507875/
https://www.ncbi.nlm.nih.gov/books/NBK507875/
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref20
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref20
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref20
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref20
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref20
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref21
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref21
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref21
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref21
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref21
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref22
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref22
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref22
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref22
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref22
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref23
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref23
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref23
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref23
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref24
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref24
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref24
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref24
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref24
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref25
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref25
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref25
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref25
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref25
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref26
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref26
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref26
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref26
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref26
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref27
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref27
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref27
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref27
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref28
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref28
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref28
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref28
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref28
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref29
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref29
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref29
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref29
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref29
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref30
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref30
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref30
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref30
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref30
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref31
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref31
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref31
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref31
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref31
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref32
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref32
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref32
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref32
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref32
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref33
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref33
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref33
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref33

72

STR profiling in a cohort of Saudi patients

34.

35.

36.

37.

38.

Faderl S, Gidel C, Kantarjian HM, Manshouri T, Keating M,
Albitar M. Loss of heterozygosity on chromosome 5 in adults
with acute lymphoblastic leukemia. Leukemia research 2001;
25(1): 39—43.

Pereira S, Vayntrub T, Hiraki DD, Cherry AM, Arai S,
Dvorak CC, Grumet FC. Short tandem repeat and human
leukocyte antigen mutations or losses confound engraftment
and typing analysis in hematopoietic stem cell transplants. Hum
Immunol 2011; 72(6): 503—509.

Schnittger S, Haferlach C, Kern W, Haferlach T. Analysis for
loss of heterozygosity on chromosome arm 13q by STR analysis
or SNP sequencing can replace analysis of FLT3-ITD to detect
patients with prognostically adverse AML. Genes Chromosomes
Cancer 2014; 53(12): 1008—1017.

Risinskaya NV, Gavrilina OA, Chabaeva JA, Yushkova A,
Sudarikov  AB, Kulikov SM, Parovichnikova EN,
Savchenko VG. Loss of heterozygosity in the short tandem
repeat (STR) loci found in tumor DNA of de novo diagnosed
ALL patients as a factor predicting poor outcome. Blood 2019;
134: 5204.

Risinskaya N, Gavrilina O, Chabaeva J, Yushkova A,
Kostritsa N, Sudarikov A, et al. ALL-332: loss of

39.

40.

41.

heterozygosity in the short tandem repeat (STR) loci found in
tum or DNA of de novo-diagnosed ALL patients as a factor
predicting poor outcome. Clin Lymphoma Myeloma Leuk 2020;
20: S171.

Zhu Y, Yang R, Gao J, Zhang Y, Zhang G, Gu L. Establish-
ment and characterization of a novel childhood acute
lymphoblastic leukemia cell line, HXEX-ALLI1, with chromo-
some 9p and 17p deletions. Cancer Cell Int 2019; 19: 1-3.
Elasbali AM, Alharbi HH, Onzi ZA. Epidemiology and pat-
terns of leukemia in northern Saudi Arabia. Int J Med Res
Health Sci 2019; 8(1): 160—166.

Alshahrani AM, Bakheet OS, Makkawi MH, Alasmari SZ.
Hematological malignancies: prevalence and hematological
characteristics in a single center in southern Saudi Arabia. Saudi
Med J 2024; 45(3): 295.

How to cite this article: Alhatim HA, Abdullah MN,
Jamaludin SA, Nurdin AB, Amer SA. STR profiling in a
cohort of Saudi patients with acute leukemia. J Taibah
Univ Med Sc 2025;20(1):62—72.



http://refhub.elsevier.com/S1658-3612(25)00003-4/sref34
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref34
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref34
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref34
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref34
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref35
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref35
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref35
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref35
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref35
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref35
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref36
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref36
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref36
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref36
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref36
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref36
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref37
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref37
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref37
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref37
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref37
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref37
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref38
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref38
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref38
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref38
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref38
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref38
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref39
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref39
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref39
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref39
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref39
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref40
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref40
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref40
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref40
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref41
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref41
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref41
http://refhub.elsevier.com/S1658-3612(25)00003-4/sref41

	STR profiling in a cohort of Saudi patients with acute leukemia
	Introduction
	Materials and Methods
	Sample collection
	DNA extraction
	PCR amplification
	Genotyping
	Statistical analysis

	Results
	Demographic and clinical characterization
	DNA genotyping

	Discussion
	Conclusion
	References


