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Abstract: Hemophilia A is an X-linked bleeding disorder caused by mutations in the FVIII gene.
Genetic factors have been shown to be a risk factor for the development of inhibitors. We aimed to
identify the specific variations of the FVIII gene of patients with hemophilia A with inhibitors and
their association with the inhibitor titer. Methods: Cross-sectional descriptive study. We included
12 Colombian patients from a health care provider, “Integral Solutions SD”, who underwent analysis
of genetic material (DNA), which was reported by the Molecular Hemostasis Laboratory in Bonn,
Germany. Results: All of these patients were diagnosed with severe hemophilia A with inhibitors;
ages ranged between 6 and 48 years, with a median age of 13.5 years. Molecular analysis showed the
inversion of intron 22 in six patients (50.0%), a small duplication in two patients (16.7%), the inversion
of intron 1 in one patient (8.3%), a large deletion (8.3%), a nonsense mutation (8.3%) and a splice-
site (8.3%), findings similar to those of other studies. A total of 58.3% of the patients presented
inversion mutations with a high risk of developing inhibitors A total of 83.3% of the evaluated
patients presented null mutations; however the presence of high inhibitor titers was 66.7%. The most
frequent mutation was the inversion intron 22. Knowing the type of mutation and its association as a
risk factor for generating inhibitors invites us to delve into other outcomes such as residual values of
coagulation FVIII as well as its impact on the half-life of the exogenous factor applied in prophylaxis.
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1. Introduction

Hemophilia A is a genetic disease linked to chromosome X characterized by the defi-
ciency or absence of clotting factor VIII [1,2]. The Factor VIII gene has 26 exons distributed
in 187,000 base pairs (bp), which encodes a polypeptide chain of 2351 amino acids (aa).
Among the FVIII introns, intron 22 (32Kb) stands out for its large size. The most frequent
mutations are inversion of introns 22 and 1, with 45% of cases of severe hemophilia A [3,4].

We can find several types of mutations in patients with hemophilia A, including small
and large deletions, insertions or point mutations associated with deleterious changes such
as missense mutation, nonsense mutations and splicing alterations [3,4].

The main complication of replacement therapy is the development of FVIII neutraliz-
ing inhibitors. Genetic factors are a risk factor for the development of inhibitors; in fact,
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between 20% and 30% of patients with severe hemophilia A develop this type of anti-
body [3,5,6].

Mutations in the absent or truncated FVIII protein are associated with a 20–80% risk
of inhibitor development [6]. In mild or moderate hemophilia, nonsense mutations are
associated with a 5% frequency of developing inhibitors [6]. Inversion of intron 22 (Inv22)
causes 42% of severe hemophilia [3,7] and Inversion 1, 3% [3].

The development of inhibitors in patients with hemophilia A is multifactorial; these non-
modifiable risk factors include the severity of hemophilia (the risk of inhibitors is 25–30%
in severe hemophilia and 5% in mild or moderate hemophilia) [3,6,8]; family history of
inhibitors [3]; and the genetic makeup of the patient. There are mutations associated with
the absence of a product gene (null mutation), which confers a higher risk of generating
inhibitors, e.g., inversion of introns 1 and 22, large deletions, nonsense mutations, and splice
site mutations [3,6,9,10]. Missense or splicing mutations are considered low-risk mutations
with an average frequency of developing inhibitors of less than 5% [3,9,10]. Inhibitor
development significantly increases morbidity in this population and decreases their quality
of life.

For this reason, the objective of this study was to identify the specific variations of the
FVIII genes of patients with hemophilia A with inhibitors and their association with the
inhibitor titer.

2. Methods

A cross-sectional descriptive study was conducted, which included Colombian pa-
tients of a health care institution in Colombia (Integral Solutions SD) with severe hemophilia
A with inhibitors, and results of the genetic mutations were reported by the Laboratory
of Molecular Hemostasis in Bonn, Germany. The information was collected through In-
tegral Solutions SD medical records and delivered in an anonymous database to Integral
Solutions Research.

Patients were eligible for the study if they met the inclusion criteria: diagnosis of
severe hemophilia A (FVIII: <1%) with inhibitors (In Colombia for the year 2019, according
to the high-cost account, 1.916 cases of hemophilia A were reported, of which 242 pa-
tients developed inhibitors), resulting in genetic sequencing and complete medical records.
The exclusion criteria were acquired hemophilia A and female patients, so the study sample
size was reached.

The descriptive analysis of the qualitative variables (absolute frequencies and percent-
ages) and quantitative variables (position measurements) was performed, as well as the
bivariate analysis, to determine the association between the type of mutation and the titer
of the inhibitors. For this, we used the statistical software SPSS version 26, licensed by
Integral Solutions Research.

Given that clinical histories were used, the following biases were considered: Informa-
tion that was controlled by corroborating the data found in the clinical history against what
was reported; selection bias, where the reference population was adequately established
with the inclusion criteria, ensuring that the data of the variables are valid.

Integral Solutions SD provided the data anonymously to Integral Solutions Research
and the confidentiality of the data and compliance with the standards of good clinical
practice were guaranteed at all times.

3. Results

We analyzed data from 12 patients diagnosed with severe hemophilia A with inhibitors;
the age range was 6 years to 48 years, with a median of 13.5 years. Of the 12 patients,
50% received immune tolerance induction (ITI), 16.7% ITI + prophylaxis with bypassing
agents, and 33.3% prophylaxis; of these patients who received ITI at the time of the analysis,
12.5% reported ITI successful (negative inhibitors) and 87.5% were still in ITI.
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A total of 50% of the participants (n = 6) were treated with plasma-derived coagulation
factor VIII concentrate (pdFVIII), followed by 25% (n = 3) with emicizumab, 8.3% (n = 1)
with aPCC, 8.3% (n = 1) with pdFVIII + aPCC, and 8.3% (n = 1) with pdFVIII + rFVIIa.

The most frequent mutation was an inversion of intron 22 (50%, n = 6), followed by
a small duplication in exon 16 (16.67%, n = 2), with a non-null mutation in both cases,
an inversion of intron 1 (8.33%, n = 1), a large deletion in exon 14 (8.33%, n = 1), a nonsense
mutation of (8.33%, n = 1), and a splice site mutation (8.33%, n = 1). A total of 66.7% of
patients had high inhibitor titers (Table 1).

Table 1. Description of variables.

Variable Category N %

Treatment
ITI

ITI-Prophylaxis
Prophylaxis

6
2
4

50.0
16.7
33.3

Type of mutation

Inversion Intron 22
Small Duplication

6
2

50.0
16.7

Inversion Intron 1
Splice site
Nonsense

Large Deletion

1
1
1
1

8.3
8.3
8.3
8.3

Inhibitor titers High titers
Low titers

8
4

66.7
33.3

Variable Q1 Median Q3 Minimum Maximum * p Value

Age (years) 7.0 13.50 20.75 6 48 0.019
* Shapiro–Wilk test.

A total of 83.3% of the patients presented null mutations; 16.67% (n = 2) presented a
small duplication in exon 16 with a non-null mutation in both cases (Table 2).

We also analyzed the development of inhibitory antibodies, finding that 66.7% of the
population (n = 8) developed high-titer inhibitory antibodies, of which five patients (62.5%)
had an inversion of intron 22, one (12.5%) had an inversion of intron 1, one (12.5%) had a
splice-site, and one (12.5%) had a small duplication (Table 3).

We did not find a statistically significant association between the type of mutation and
the inhibitor titer, possibly due to the sample size; however, we found a trend that could
associate the presence of high titers with the inversion of intron 22 (Table 3).

Regarding the association between null and non-null mutations (factor function)
related to the type of mutation, we found a statistical significance with a p value of 0.03 be-
tween the null mutation and the inversion of introns 22, 1, 13 and exons 24 and 14. However,
this association was affected by the frequency of intron 22 and its relation to the null muta-
tion (Table 4).

This study shows the relation between the small duplication F8 mutation: c. [5447-
5448dupGG]; (0) p. (Gln1817Glufs] with the non-null mutation; we found a significant
association with a p value of 0.001. Of these two patients, one of them reported high
inhibitor titers and the other one low inhibitor titers; therefore, it was correlated with factor
traces, whose levels were below 0.1 in both patients. Reviewing the literature, no reports
were found to associate this mutation with the risk of generating inhibitors.
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Table 2. Inhibitor titers and mutations.

Inhibitors Titer (BU *) NM_000132.3 (F8)- Exon Intron Null Mutation y Non Null

High titer (57BU)
Small duplication

c. [5447-5448dupGG];(0)
p. (Gln1817Glufs)

Exon 16 Non null

High titer (60 BU) Inversion intron 22 Intron 22 Null

Low titer (4.8 BU)
Small duplication

c. [5447-5448dupGG]; (0)
p.(Gln1817Glufs)

Exon 16 Non null

High titer (7 BU) Inversion intron 22 Intron 22 Null

Low titer (1.4 BU) Inversion intron 22 Intron 22 Null

High titer (512 BU) Inversion intron 1 Intron 1 Null

High titer (238 BU) Inversion intron 22 Intron 22 Null

High titer (320 BU) Splice site
c. [2114-1G > C]; (0) Intron 13 Null

Low titer (2.2 BU)
Nonsense mutation
c. [6721C > T]; (0)

p.(Gln2241Ter)
Exon 24 Null

High titer (48 BU) Inversion intron 22 Intron 22 Null

High titer (8.0 BU) Inversion intron 22 Intron 22 Null

Low titer (1.0 BU) Large deletion Exon 14 Null

* BU (Bethesda units).

Table 3. Association between type of mutation and presence or absence of inhibitors.

Mutation Type High Titer Low Titer Total p Value *

Inversion of intron 1 F8 1 0 1 0.46

Inversion of intron 22 F8 5 1 6 0.22

Large deletion of exon 14 F8 0 1 1 0.14

Mutation nonsense of exon 24 F8 0 1 1 0.14

Small duplication F8 1 1 2 0.58

Splice site F8 1 0 1 0.46

8 4 12
* Test Chi-squared.

Table 4. Association between type of mutation and null mutation.

Mutation Type Null Non Null Total p Value *

Inversion of intron 1 F8 1 0 1

0.035

Inversion of intron 22 F8 6 0 6

Large deletion of exon 14 F8 1 0 1

Nonsense mutation of exon 24 F8 1 0 1

Small duplication F8 0 2 2

Splice site F8 1 0 1

10 2 12
* Test Chi-squared.



Hematol. Rep. 2022, 14 153

4. Discussion

In our study, the inversion of intron 22 had a frequency of 50% (6/12), a finding that
coincides with other studies, e.g., Garcés and Linares [11], with a frequency of 40% (12/30)
in Colombian patients and Mantilla, Beltran et al. [12], with a frequency of 45% (14/31) in
Mexican patients, for the same mutation. INV22 is estimated to be the most frequent in
patients with hemophilia A, with a prevalence between 40% and 50% [6,13].

We found the inversion of intron 1 in 8.33% of the cases (1/12), coinciding with the
finding of Garcés and Linares [11], of 10% (3/30), but different from the results obtained by
Albánez and Ruiz et al. [14] and Mantilla and Beltran et al. [12], who did not report this
mutation. It is important to note that intron 1 inversion appears in approximately 2% to
5% of severe cases of hemophilia [13,15].

Null mutations were found in 83.3% of patients and mutations at high risk of inhibitor
development in 58.3% in the same population. As reported in the studies by Oldenburg
and Pavlova et al. [6]. Gouw and van den Berg et al. [9], Rossetti and Szurkalo et al. [10]
and the Institute of Experimental Medicine [3], there are mutations associated with the
absence of a product gene (null mutation) and an increased risk of generating inhibitors,
including an inversion of introns 1 and 22, large deletions, nonsense mutations and a splice
site mutation.

According to the consideration of Spena and Garagiola et al. [16] regarding non-null
mutations, defined as those that allow residual synthesis of the factor and that could play
a protective role against the development of inhibitors, it was found in this study that
16.7% had non-null mutations and 83.3% had null mutations (n = 10), of which 70% had
high titers.

One of the patients with low inhibitors included in our study had an intron 22 mutation.
It has been observed that some patients with high-risk mutations do not develop inhibitors,
so there must be other predisposing factors [3].

The small duplication F8: c. [5447-5448dupGG]; (0) p. (Gln1817Glufs] mutation of exon
16 had a frequency of 16.6%, showing a significant association with non-null mutations;
however, reviewing the literature, no reports were found to associate this mutation with
the risk of generating inhibitors and there were no reports of the mutation in the CDC
listing with search date 4 June 2020.

5. Conclusions

Ten of the twelve patients (83.3%) presented null mutations (absence of factor), which
are the most frequent in patients with hemophilia A with inhibitors. Inversion of in-
trons 22 and 1, large deletions, nonsense mutations and splice site mutations were the
determining mechanisms of these mutations.

Knowing the type of mutation and its association as a risk factor for generating
inhibitors invites us to delve into other outcomes such as residual values of coagulation
FVIII as well as its impact on the half-life of the exogenous factor applied in prophylaxis.
This would allow individualized strategies to be proposed based on a genomic understanding.

6. Limitations

The sample size was too small, and statistical tests could not identify significant
relationships within the study.

Author Contributions: S.S.D., C.A.R., G.A.D.M. and J.M.C.: study concept and design; S.S.D. and
C.A.R.: analysis and interpretation of data; S.S.D., J.M.C., G.A.D.M. and C.A.R.: drafting of the
manuscripts; C.A.R. and S.S.D.: statistical analysis; N.R.P., I.A.P.A., F.J.M.C., J.E.P.S., F.A.P.R., R.G.P.,
C.A.M., A.M.V.: critical revision of the manuscripts for important intellectual content. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.



Hematol. Rep. 2022, 14 154

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee (Comité Institutional de Ética en
Investigacion en Humanos Universidad CES) protocol code Ae-487 and date of approval 10 June 2020.

Informed Consent Statement: Informed consent was not given since we worked with anonymized
data from Integral Solutions SD. a confidentiality agreement was signed between Integral Solutions
SD and Integral Solutions Research.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author, due to restrictions for privacy and ethical. The data are not publicly available
due to it is data of patients and belong to a health institution in Colombia.

Acknowledgments: Our sincere thanks to the authors who contributed their knowledge to carry out
this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Lenting, P.J.; van Mourik, J.A.; Mertens, K. The Life Cycle of Coagulation Factor VIII in View of Its Structure and Function. Blood

1998, 92, 3983–3996. [CrossRef] [PubMed]
2. Patek, A.J.; Taylor, F.H. Hemophilia. II. Some properties of a substance obtained from normal human plasma effective in

accelerating the coagulation of hemophilic blood. JCI J. Clin. Investig. 1937, 16, 113–124. [CrossRef] [PubMed]
3. Instituto de Medicina experimental (IMEX) CONICET Academia Nacional de Medicina. Alteraciones genéticas en hemofilia A.

Implicancias en el desarrollo de inhibidores. In Proceedings of the XII Congreso del Grupo CAHT, Buenos Aires, Argentina, 28
September–1 October 2016; Volume 20, pp. 180–184.

4. Gitschier, J.; Wood, W.I.; Goralka, T.M.; Wion, K.L.; Chen, E.Y.; Eaton, D.H.; Vehar, G.A.; Capon, D.J.; Lawn, R.M. Characterization
of the human factor VIII gene. Nature 1984, 312, 326–330. [CrossRef] [PubMed]

5. Tieu, P.; Chan, A.; Matino, D. Molecular mechanisms of inhibitor development in hemophilia. Mediterr. J. Hematol. Infect. Dis.
2020, 12, e2020001. [CrossRef] [PubMed]

6. Oldenburg, J.; Pavlova, A. Genetic risk factors for inhibitors to factor VIII and IX. Haemophilia 2006, 12 (Suppl. 6), 15–22.
[CrossRef] [PubMed]

7. Antonarakis, S.E.; Rossiter, J.P.; Young, M.; Horst, J.; De Moerloose, P.; Sommer, S.S.; Ketterling, R.P.; Kazazian, H.H., Jr.; Négrier,
C.; Vinciguerra, C.; et al. Factor VIII Gene Inversions in Severe Hemophilia A: Results of an International Consortium Study.
Blood 1995, 86, 2206–2212. [CrossRef] [PubMed]

8. Kasper, C.; Diagnóstico y tratamiento de inhibidores de los factores VIII y IX. Federación Mundial de Hemofilia. 2004. Available
online: http://www1.wfh.org/publication/files/pdf-1179.pdf (accessed on 15 February 2020).

9. Gouw, S.C.; van den Berg, H.M.; Oldenburg, J.; Astermark, J.; de Groot, P.G.; Margaglione, M.; Thompson, A.R.; van Heerde,
W.; Boekhorst, J.; Miller, C.H.; et al. F8 gene mutation type and inhibitor development in patients with severe hemophilia A:
Systematic review and meta-analysis. Blood 2012, 22, 2922–2934. [CrossRef] [PubMed]

10. Rossetti, L.C.; Szurkalo, I.; Radic, C.P.; Abelleyro, M.M.; Primiani, L.; Neme, D.; Candela, M.; Bianco, R.P.; Pinto, M.d.T.; Larripa,
I.B.; et al. Factor VIII genotype characterization of haemophilia A affected patients with transient and permanent inhibitors: A
comprehensive Argentine study of inhibitor risks. Haemophilia 2013, 19, 511–518. [CrossRef] [PubMed]

11. Garces, M.F.; Linares, A.; Sarmiento, I.C.; Caminos, J.E. Estudio molecular de la inversión de los intrones 1 y 22 del factor VIII de
la coagulación en niños con hemofilia A severa utilizando técnica de PCR de larga distancia. Rev. Fac. Med. 2017, 65, 245–251. (In
Spanish) [CrossRef]

12. Mantilla-Capacho, J.M.; Beltrán-Miranda, C.P.; Luna-Záizar, H.; Aguilar-López, L.; Esparza-Flores, M.A.; López-Guido, B.;
Troyo-Sanromán, R.; Jaloma-Cruz, A.R. Frequency of intron 1 and 22 inversions of Factor VIII gene in Mexican patients with
severe hemophilia A. Am. J. Hematol. 2007, 82, 283–287. [CrossRef] [PubMed]

13. Kemball-Cook, G.; Gomez, K. Molecular basis of hemophilia A. In Textbook of Hemophilia, 2nd ed.; Lee, C.A., Berntop, E.E., Hoots,
W.K., Eds.; Wiley–Blackwell: Hoboken, NJ, USA, 2010; pp. 24–32.

14. Albánez, S.; Ruiz-Sáez, A.; Boadas, A.; de Bosch, N.; Porco, A. Identification of factor VIII gene mutations in patients with severe
haemophilia A in Venezuela: Identification of seven novel mutations. Haemophilia 2011, 17, e913-8. [CrossRef] [PubMed]

15. Bagnall, R.D.; Waseem, N.; Green, P.M.; Giannelli, F. Recurrent inversion breaking intron 1 of the factor VIII gene is a frequent
cause of severe hemophilia A. Blood 2002, 99, 168–174. [CrossRef] [PubMed]

16. Spena, S.; Garagiola, I.; Cannavò, A.; Mortarino, M.; Mannucci, P.M.; Rosendaal, F.R.; Peyvandi, F.; SIPPET Study Group.
Prediction of factor VIII inhibitor development in the SIPPET cohort by mutational analysis and factor VIII antigen measurement.
J. Thromb. Haemost. 2018, 16, 778–790. [CrossRef] [PubMed]

http://doi.org/10.1182/blood.V92.11.3983
http://www.ncbi.nlm.nih.gov/pubmed/9834200
http://doi.org/10.1172/JCI100829
http://www.ncbi.nlm.nih.gov/pubmed/16694450
http://doi.org/10.1038/312326a0
http://www.ncbi.nlm.nih.gov/pubmed/6438525
http://doi.org/10.4084/MJHID.2020.001
http://www.ncbi.nlm.nih.gov/pubmed/31934311
http://doi.org/10.1111/j.1365-2516.2006.01361.x
http://www.ncbi.nlm.nih.gov/pubmed/17123389
http://doi.org/10.1182/blood.V86.6.2206.bloodjournal8662206
http://www.ncbi.nlm.nih.gov/pubmed/7662970
http://www1.wfh.org/publication/files/pdf-1179.pdf
http://doi.org/10.1182/blood-2011-09-379453
http://www.ncbi.nlm.nih.gov/pubmed/22282501
http://doi.org/10.1111/hae.12105
http://www.ncbi.nlm.nih.gov/pubmed/23534532
http://doi.org/10.15446/revfacmed.v65n2.57012
http://doi.org/10.1002/ajh.20865
http://www.ncbi.nlm.nih.gov/pubmed/17211847
http://doi.org/10.1111/j.1365-2516.2011.02500.x
http://www.ncbi.nlm.nih.gov/pubmed/21371196
http://doi.org/10.1182/blood.V99.1.168
http://www.ncbi.nlm.nih.gov/pubmed/11756167
http://doi.org/10.1111/jth.13961
http://www.ncbi.nlm.nih.gov/pubmed/29399993

	Introduction 
	Methods 
	Results 
	Discussion 
	Conclusions 
	Limitations 
	References

