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Background: Congenital factor XIII (FXIII) deficiency is a rare severs autosomal recessive bleeding disorder.

Objectives: The aim of the study was to determine the c559T> C FXIIIA genotype frequency in patients with FXIIl hemophilia who lived in
Sistan and Balouchestan province in southeast of Iran.

Patients and Methods: We determined the genotype of 180 patients with Factor XIIl hemophilia by tetra-primer amplification refractory
mutation system-polymerases chain reaction (T-ARMS-PCR).

Results: The frequency of C559T > C was 96.6% and T-ARMS-PCR was an efficient tool for detecting this genotype. Moreover, the result
showed that C559T > C mutation was a risk factor for FXIIIA deficiency in a sample of [ranian population.

Conclusions: Due to highest prevalence of FXIII deficiency (70 times higher than the global average), FXIII deficiency must be consider as
the most underdiagnosed bleeding disorder in this area. Hence, proper screening systems alongside common screening tests to identify
carriers seem necessary. Due to the limited mutations, T-ARMS-PCR with sound speed, accuracy, sensitivity, and cheapness can be used to

screen for these mutations.
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1. Background

Blood coagulation disorders are results of deficiency in
coagulation factors activity. Coagulation factor XIII (FXIII)
has an essential role at the end of coagulation cascade
and the stabilization of fibrin clot. FXIII is a zymogen and
its active form is a transglutaminase which catalyzes an
acyl transfer reaction and cross-links between two poly-
peptide chains forms through an y-glutamyl lysine link
(1). FXIII is heterotetramer (A,B,) in plasma consisting of
two catalytic A subunits and two B subunits; the B sub-
unit act as a carrier that protects and fixates the A sub-
units (1). The FXIII-A subunit is encoded by a gene on chro-
mosome 6p24-25 as a protein consisted of 731 amino acid
(2). It comprises five domain including the activation
peptide (residues of 1-37), f-sandwich (residues of 38-183),
central domain or catalytic core region (residues 184-515),
and p-barrel 1and 2 (residues 516-627 and residues 628-731,
respectively) (3). The FXIII-B subunit is encoded by a gene
located on chromosome 1q31-32.1. This part spans 28 kb
and comprises 12 exons and 11 introns (4). FXIII deficiency
is a rare bleeding disorder; its frequency is one to three
per million populations and is transmitted in an auto-
somal recessive manner. It is usually more prevalent in

areas with high rate of consanguineous marriages (1, 5).
EXIII deficiency is associated with umbilical cord bleed-
ing, prolonged wound healing, recurrent spontaneous
miscarriage, and spontaneous intracranial hemorrhage
(6). After FVIII deficiency, FXIII is the most common bleed-
ing disorder in Sistan and Balouchestan Province in the
southeast of Iran (7). up to this date, 133 different muta-
tions were reported in FXIII gene in which 114 occurred in
FXIII-A subunit and only 19 mutations occurred in FXIII-B
subunit. Missense mutations are the most prevalent mu-
tations in FXIII gene (1, 6, 8, 9). Previous studies reported
few mutations in patients with FXIII hemophilia in Irani-
an population and Arg77His and Trp187Arg were the most
common mutations (10).

2. Objectives

The aim of this study was to determine the c559T > C
FXIIIA Genotype frequency in patients with EXIII hemo-
philia by T-ARMS-PCR.

3. Patients and Methods

This study was conducted on 180 patients with FXIII he-
mophilia who were referred to Ali Asghar Hospital with

Implication for health policy/practices/research/medical education:

Careful screening system alongside common screening tests are necessary due to the limited mutations and high frequency in FXIII gene deficiency in this area.
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clinical symptoms of coagulation disorder and had nor-
mal results for prothrombin time (PT), Partial thrombo-
plastin time (PTT), bleeding time (BT), fibrinogen level,
and platelet count tests. The most common screening
tests for FXIII are based on solubility of fibrin clot in so-
lutions (2% acetic acid or 1% monochloracetic acid or 5
Mol urea). In abnormal cases, FXIII level was measured
by quantitative factor assays and genotyping was per-
formed. This study was approved by the Ethics Com-
mittee of Tehran University of Medical Sciences and an
informed consent was obtained from each participant.
Genomic DNA was extracted from peripheral blood (11)
and ¢559T > C mutation was detected by considering that
this mutation was the most common mutation reported
by T-ARMS-PCR (9, 12-15). We designed four primers to de-
termine the ¢559T > C mutation of FXIIIA. We used, two
external primers (forward outer (FO): 5-TCTTCTCTCTTCT-
CATAGGTCGCTACC-3', reverse outer (RO): 5-CACCACCA-
CACCCATCTAATTTTTAA-3') and two internal allele-specific
primers (forward inner (FI) [C allele]: 5-AACAGACACG-
TACATTCTCTTCAATCATC-3', reverse inner (RI) [T allele]:
5-AATGTCTGCCTCTTACCTTCACACAA-3"). The products
size were 216 bp for C allele, 286 bp for T allele, and 448 bp
for the two outer primers (control band), as is schemati-
cally shown in Figure 1.

4. Results

We evaluated 180 patients with hemophilia, 174 (96.6%)
patients had substitution of C to T and change of Trypto-
phan to Arginine in the form of homozygote. The T-ARMS-
PCR method was effectively applied for genotyping C559T
> C mutation of the FXIIIA. The genotypes determined by
this method is shown in Figure 2, and conformities se-
quencing are illustrated in Figure 3.

5.Discussion

FXIII deficiency is a rare autosomal recessive disorder
with a higher prevalence rate in Sistan and Balouches-
tan province than the worldwide rate. This high preva-
lence might be due to the consanguineous marriage
as more 70% of marriages are consanguineous in this
province (10). In this area, the number of patients diag-
nosed were Significantly increased from 45 in 2006 to
205 cases in 2012, (16). Sistan and Balouchestan province
with 2,700,000 population had about 200 FXIII deficient
known cases (1 per 13,500 population), which is 70 times
higher than the global average. The number of FXIII de-
ficient cases were few in the other parts of the world, for
example, in UK it was 26 cases (7) and 72 cases were recog-
nized in a vast study carried out in European Coagulation
Disorders Research Center (1996) (17). Frequency ratio of
factor XIII deficiency to blood coagulation disorders was
reported in 62% Caucasians, 6% in African-America, 19% in
Latinos, 3% in Asian (7) whereas Factor XIII deficiency is
the second most common blood coagulation disorders

Figure 1. Schematic Illustration of the Tetra Amplification Refractory Mu-
tation System-Polymerase Chain Reaction (T-ARMS-PCR) Assay
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The forward outer (FO) and the reverse outer (RO) primers give a 448 bp
product (control band). FO and Reverse inner (RI) Primers amplify the T
allele, producing a 286 bp product, and primers forward inner (FI)and RO
produce a 216 bp product for the C allele.

Figure 2. Electrophoresis Pattern of Tetra Amplification Refractory
Mutation System-Polymerase Chain Reaction for Finding FXIIIA C559T >
C mutation
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Figure 3. Sequencing Results of FXIIIA Genomic DNA
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A) Homozygous CC genotype; B) Homozygous TT and heterozygous.
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in southeast of Iran (10). In the present study, we
showed that c.559T > C mutation was the most common
mutation (more than 95%) in FXIII gene in Sistan &
Balouchestan province. T-ARMS-PCR is a quick and
easy technique for determination of the mutation (18).
This method was easily applied for genotyping the
Trp187Arg in FXIIIA gene and the determined genotypes
were confirmed by the sequencing genotypes. The
parents’ DNA showed heterozygous pattern. One of the
advantages of this method is that efficiently amplifies
both wild type and the mutated alleles with a control
fragment in a single PCR tube. A large number of
mutations have been reported according to different
databases for FXIII gene (http://[www.hgmd.cf.ac.uk and
http://www.f13-database.de) in different parts of the
world. Anwar et al. reported four mutations codon 295;
G — A at position -246 upstream of exon 1; T — C and C
— T at positions -23 and -24, respectively, in intron nine
in patients with FXIII hemophilia who originated from
the North of Pakistan, the neighboring country of this

province (19). The common mutations in five different
subunits of FXIII-A gene are shown in Table 1. Previous
studies reported Arg77His and Trp187Arg as the most
common mutations (10).

Considering the high rate of consanguineous marriag-
es, the great homogeneity in the population and muta-
tions was seen in this area. The sequencing change in this
mutation is TGG — CGG and is related to a tryptophan to
arginine substitution at residue 187 (20). Trp187 in FXIIIA
is conserved in all known transglutaminases (21). In the
EXIIIA subunit, residue of Trp187 is located in the direc-
tion to the surface of the protein between the catalytic
core and the b-sandwich domain (22) and substitution of
this residue with arginine would increase steric clashes
between the Arginine side chain atoms and the contigu-
ous atoms from the neighboring residues (20). In sum,
C559T > C mutation was a risk factor for predisposition
to FXIIIA deficiency in this part of Iran. It seemed that this
province had the highest prevalence rate of FXIII defi-
ciency in the world. With respect to the high incidence of

Table 1. Common Mutations Found in five Different Subunit of FXIII-A Gene (3)

Type of Mutations  Beta Sandwich Core BetaBarrel1 BetaBarrel2 Activated Peptide
and Region
Missense Asn60Lys, Arg77Cys  Pro186Leu,Trp187Arg,Gly210Arg, Arg540GIn Glys92Ser, Ar-
Gly215Arg, Leu235Arg, Met242Arg, g611His
Arg2521le, Arg260Cys, Arg260His,
Arg260Leu, Gly262Glu,Ser263Phe,
Trp283Cys, Pro289Arg, Ser295Arg,
Val316Phe,Ala318Val,Arg326Gln,L
eu354Pro, Ala378Pro, Arg382Ser,
Ala394Val,Thr398Asn,Arg408Gln,
Ser 413Trp, Val414Phe,Gly420Ser,
Leu498Pro,Gly501Arg
Arg77His, Arg78Cys Asn541Lys  Leu660Pro, Leu-
667Pro
Met159Arg, Tyr167Cys Gly562Arg  Asp668Gly, Arg-
703Trp
Ser708Asn,
His716Arg
Non sense c.210T>G,c.514C>T ¢.979C>T,c.1201C>T, c.1171G>T, - C.1984C>T,
c1326C>A €1994G>A
€523C>T c.2075G>A
Insertions/dele-  ( —7to —20)insTT ¢.599-600delAA, c.689delA, Exon 5 c.1652deliobp €.2002- 33bpdel
tions del, ins T866, c.709delG 2003delCT
€.291-296insTCGTCC €.869insC, c.1030-1032delAAT, c.2066del C, Exon c.27delT
.1201insC, 127067del33 15 del
c.249-261deli3bp  ¢.1392-1395delAATT, c.1405-1408del-
CAAA, Gross Deletion(>100 kb)
€.397insG
€.499-512del14bp
Splice site c.131-132delAG IVS5 —1G> A, IVS7+1 G > A, c.1111T >
G, IVS10+1G, ¢.2045G > A
C.319GNT, IVS3+6 T >
C,IVS3+5G >A
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FXIIIA gene deficiency, an appropriate screening system
to identify the carriers is essential. Due to limited muta-
tions in this area, T-ARMS-PCR with a sound speed, accura-
cy, sensitivity, as well as cheapness can be used alongside
the common screening tests.

Acknowledgements

The author expressed their thanks to the patients who
participated in this study and their families.

Authors’ Contribution

All authors contributed to this work. Ebrahim Miri-
Moghaddam contributed to design, setup, and preparing
the manuscript; Majid Naderi contributed to the diag-
nosing and referring patients with hemophilia; Yasaman
Garmei contributed to the preparation of the manuscript
and genotyping the patients.

Financial Disclosure

The authors indicated that they had no financial rela-
tionships relevant to this article to disclose.

Funding/Support

This study was financially supported by vice president
for research and technology, Tehran University of Medi-
cal Sciences, by number, 91-4-31-19213.

References

1. Muszbek L, Bagoly Z, Cairo A, Peyvandi F. Novel aspects of factor
XIII deficiency. Curr Opin Hematol. 2011;18(5):366-72.

2. Board PG, Webb GC, McKee ], Ichinose A. Localization of the coag-
ulation factor XIII A subunit gene (F13A) to chromosome bands
6p24-—p25. Cytogenet Cell Genet.1988;48(1):25-7.

3. Eshghi P, Cohan N, Naderi M, Karimi M. Factor XIII deficiency: a
review of literature. I/BC. 2012;4(2):85-91.

4. Ichinose A, McMullen BA, Fujikawa K, Davie EW. Amino acid
sequence of the b subunit of human factor XIII, a protein com-
posed of ten repetitive segments. Biochemistry. 1986;25(16):4633-
8.

5. Board PG, Losowsky MS, Miloszewski K]. Factor XIII: inherited
and acquired deficiency. Blood Rev.1993;7(4):229-42.

6. Cummins RO, Chamberlain D, Hazinski MF, Nadkarni V, Kloeck
W, Kramer E, et al. Recommended guidelines for reviewing, re-

12.

13.

14.

16.

17.

19.

20.

21

22.

porting, and conducting research on in-hospital resuscitation:
the in-hospital 'Utstein style'. A statement for healthcare profes-
sionals from the American Heart Association, the European Re-
suscitation Council, the Heart and Stroke Foundation of Canada,
the Australian Resuscitation Council, and the Resuscitation
Councils of Southern Africa. Resuscitation. 1997;34(2):151-83.
Peyvandi F, Duga S, Akhavan S, Mannucci PM. Rare coagulation
deficiencies. Haemophilia. 2002;8(3):308-21.

Schroeder V, Kohler HP. Factor XIII deficiency: an update. Semin
Thromb Hemost. 2013;39(6):632-41.

Karimi M, Bereczky Z, Cohan N, Muszbek L. Factor XIII Deficiency.
Semin Thromb Hemost. 2009;35(4):426-38.

Eshghi P, Abolghasemi H, Sanei-Moghaddam E, Anwar R, Jazebi
M, Amid A, et al. Factor XIII deficiency in south-east Iran. Haemo-
philia.2004;10(5):470-2.

Sambrook ], Russell David W. Molecular cloning: a laboratory man-
ual. Vol. 3.: Cold spring harbor laboratory press; 1989.

Eshghi P, Mahjour SB, Naderi M, Dehbozorgian ], Karimi M.
Long-term prophylaxis in patients with factor XIII deficiency
complicated by intracranial haemorrhage in Iran. Haemophilia.
2010;16(2):383-5.

Lak M, Peyvandi F, Ali Sharifian A, Karimi K, Mannucci PM. Pat-
tern of symptoms in 93 Iranian patients with severe factor XIII
deficiency. | Thromb Haemost. 2003;1(8):1852-3.

Naderi M, Zarei T, Haghpanah S, Eshghi P, Miri-Moghaddam E,
Karimi M. Intracranial hemorrhage pattern in the patients with
factor XIII deficiency. Ann Hematol. 2013.

Peyvandi F, Tagliabue L, Menegatti M, Karimi M, Komaromi
I, Katona E, et al. Phenotype-genotype characterization of 10
families with severe a subunit factor XIII deficiency. Hum Mutat.
2004;23(1):98.

Naderi M, Imani M, Eshghi P, Dorgalaleh A, Tabibian S, Alizadeh S,
etal. Factor XIII deficiency in Sistan and Baluchistan province. Sci
J Blood Transfus Organ. 2013;10(3):282-8.

Seitz R, Duckert F, Lopaciuk S, Muszbek L, Rodeghiero F,
Seligsohn U. ETRO Working Party on Factor XIII questionnaire on
congenital factor XIII deficiency in Europe: status and perspec-
tives. Study Group. Semin Thromb Hemost.1996;22(5):415-8.

Ye S, Humphries S, Green F. Allele specific amplification by tetra-
primer PCR. Nucleic Acids Res.1992;20(5):1152.

Anwar R, Gallivan L, Miloszewski K], Markham AF. Factor XIII defi-
ciency causing mutation, Ser295Arg, in exon 7 of the factor XIIIA
gene. Thromb Haemost. 2000;84(4):591-4.

Trinh CH, Sh Elsayed W, Eshghi P, Miri-Moghaddam E, Zadeh-Va-
kili A, Markham AF, et al. Molecular analysis of sixteen unrelated
factor XIIIA deficient families from south-east of Iran. Br] Haema-
tol. 2008;140(5):581-4.

Altschul SF, Madden TL, Schaffer AA, Zhang ], Zhang Z, Miller W, et
al. Gapped BLAST and PSI-BLAST: a new generation of protein da-
tabase search programs. Nucleic Acids Res. 1997;25(17):3389-402.
Yee VC, Pedersen LC, Le Trong I, Bishop PD, Stenkamp RE, Teller
DC. Three-dimensional structure of a transglutaminase: hu-
man blood coagulation factor XIII. Proc Natl Acad Sci U S A.
1994;91(15):7296-300.

Gene Cell Tissue. 2014;1(1):e18314



