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LETTER TO THE EDITOR

Haemophilia WILEY

Abnormal bleeding phenotype for mild haemophilia B patients
with the p.lle112Thr variation on the gene for factor IX

Haemophilia B is a rare bleeding disorder characterized by low co-
agulant factor IX (FIX) levels. Mild haemophilia B (mHB) results in
a significantly milder bleeding phenotype compared with moder-
ate and severe forms. Muscular haematomas and joint bleeds or
haemarthrosis are rare and usually induced by significant trauma.
Such patients receive on-demand treatment. Prophylactic treatment
is not usually recommended in mHB.! Molecular biology is recom-
mended for investigating the aetiology of haemophilia B. Genotype
may also be considered as a marker associated with bleeding pheno-
type. Our initial surprise came from reports of a mHB patient with
numerous bleeding episodes, including joint bleeds, despite baseline
FIX levels around 40 IU/dL. The ¢.335T > C variation corresponding
to the p.lle112Thr variation, according to the new Human Genome
Variation Society type numbering, was found to be the causal mu-
tation on the FIX gene F9. The aim of this study was to identify the
genetic variation p.lle112Thr as a predictive factor for an increased
risk of bleeding in mHB patients.

All haemophilia B patients with the p.lle112Thr variation and
follow-up in a French Hemophilia Treatment Center were identified
in haemophilia referent genetic laboratories. All F9 gene exons and
flanking introns were sequenced for every first symptomatic pa-
tient in each family. If the mutation was reported in the family and
X-linked transmission of the disease was respected, a patient was
considered as presenting the mutation. Female patients were ex-
cluded from the study. Given the retrospective nature of this study,
informed consent was not required; however, patient information
notes were sent and the study was registered under Clinical Trial
Registration number NCT03946384.

In total, 23 males with mHB and the p.lle112Thr variation were
included. Median age at last data collection was 19 years (range
6-67 years), and seven patients (30.4%) were aged under 12. No
signs of connective tissue disorder were mentioned in the clinical
files.

The median baseline residual plasma FIX activity levels FIX:C,
measured by one-stage clotting assay, was 36 IU/dL (range 26-47 1U/
dL). The median activated partial thromboplastin time (aPTT) ratio
was 1.20s (range 1.07-1.50s), and for 10 patients (43.5%) this ratio
was not prolonged. FIX:C was measured by two-stage clotting assay
in 3 patients, and the levels seemed similar. Other bleeding disor-
ders, such as fibrinogen anomalies, anomalies in prothrombin time,
low factor VIII (FVIII) and XI (FXI), anti-FIX inhibitor, von Willebrand

disease, and platelet disorders, were excluded in patients who

underwent those tests. Only one thrombin generation assay (TGA)
was performed and came back normal.

The median annual bleeding rate (ABR) was 1.0 (range 0.4-9.8),
and the median joint-specific ABR was 0.5 (range 0-2.6). More than
half of the cohort (56.5%) had an ABR 21.0. The number of spon-
taneous and/or traumatic bleeding events (BE) per year could vary
from O to 27 in a single patient. The median age at diagnosis was
6 years (range 1-16), and at first BE was 3 years. All patients had at
least one BE and their first joint bleed during childhood. A total of 8
patients (34.8%) had joint procedures, approximatively a third of the
cohort. Four patients had arthrodesis/plasty, from 1 to 4 joint surger-
ies/patient, and the median age at first arthrodesis/plasty (total joint
replacement, hip, knee, elbow) was 37 years (range 25-52 years).
Four patients had other joint procedures (synoviorthesis, meniscec-
tomies, joint infiltrations), from 1 to 4 other joint procedures/patient,
and the median age at the first other joint procedure was 31 years
(range 14-52 years). The patient who was youngest at the first joint
procedure was 14 years old (synoviorthesis). The patients’ clinical
data are summarized in Tables 1, 2.

Every single patient had received FIX concentrate at least once
in their life. A total of 19 patients (82.6%) had on-demand treatment.
Four patients (17.4%) had prophylactic treatment with a median ABR
of 4.8, a median joint-specific ABR of 1.8, and with a median age at
prophylaxis introduction of 31 years.

In this study, we describe patients with mild HB presenting with an
abnormal bleeding phenotype. All the patients in our study presented
their first joint bleed during childhood, even though spontaneous joint
bleeds are unusual in mHB patients.? In addition, some significant BE
may have been underestimated. Our clinical data were mostly col-
lected from patient treatment diaries, but some BE may not be traced
in this type of diary; we therefore described only the minimum num-
ber of BE. Moreover, bleeding severity was underestimated because
some patients had joint procedures without any joint bleeds recorded.
This abnormal bleeding phenotype could justify earlier prophylaxis in
these patients. Patients should not be treated on the basis of the initial
severity classification based on FIX levels, but rather on the severity of
the BE. If the symptoms are similar to those of a severe HB patient, the
same therapeutic plan should be chosen because a delay in treatment
may be damaging. This genetic variation may thus be deleterious. Out
of the 725 HB patients followed in the French national mHB cohort,
only 8 have prophylactic treatment, 3 of whom have the genetic varia-
tion p.lle112Thr (FranceCoag, data updated on 05.18.2019).
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TABLE 1 Clinical data and treatment

Age (y)
Patients under the age of 12y
Joint bleeds
Age at 1st joint bleed (y)
Total N° of joint bleeds
Joint-specific ABR?
Joint-specific ABR 21.0
Joint procedures®
Patients with joint procedure
Patients with arthrodesis/plasty
N° of arthrodesis/plasty/patient
Age at 1st arthrodesis/plasty (y)
Patients with other joint procedures
N° of other joint procedures/patient
Age at 1st other joint procedure (y)
Bleeding events (BE) and diagnosis
Diagnosed on BE
Age at diagnosis (y)
Age at 1st BE (y)
ABR®
ABR 21.0
Treatment
N° patients requiring substitution at least once in their life
Age at 1st substitution (y)
Patients with on-demand treatment
Patients with prophylactic treatment

Age at prophylaxis (y)

Note: Values are median (interquartile range Q1-Q3) or n(%).

p.lle112Thr cohort
n=23
19 (11-32)
7 (30.4)

6 (2-8)
6(2-14)
0.5(0.3-1.1)
8(34.8)

8(34.8)
5(21.7)
1(1-2)
37 (29-52)
5(21.7)
2(2-2)
31 (26-36)

17 (73.9)
6(2-7)
3(1-7)

1.0(0.6-1.8)

13(56.5)

23 (100)
7 (5-8)
19 (82.6)
4(17.4)
31 (26-33)

?Joint-specific ABR, joint-specific annual bleeding ratio or median annual number of joint bleeds.

®Joint procedures include arthrodesis and arthroplasties (total joint replacement, hip, knee, elbow) and other joint procedures such as synoviorthesis,

meniscectomies and joint infiltrations.
“ABR, annual bleeding ratio or median annual number of bleeds.

No discordance between FIX one-stage and two-stage clotting
assays was described in our patients in whom those tests were per-
formed. A difference between those assays is well described in FVIII
dosage and is associated with certain genetic variations in the F8
gene.3 In haemophilia A, clinical symptoms seem best correlated to
FVIII levels measured by two-stage clotting assay. Discrepancies be-
tween FIX clotting assays have been described in HB patients and
could be linked to a genetic mutation, but in those studies two-stage
clotting assays gave higher levels than one-stage clotting assays.4
However, no other articles seem to describe a discrepancy between
FIX levels and clinical severity.

This missense variation switches an isoleucine for a threonine
amino acid (AA) in the first epidermal growth factor (EGF-1) mod-

ule, but the implication of such a domain in interaction with factor

VIII within the tenase complex has not been fully elucidated.’ One
study built an EGF-1 deletion mutant FIX molecule and showed that
the binding affinity of the mutant for interaction with FVIII was
impaired.®

We tried to understand the impact of p.lle112Thr variation on
the FIX protein. Position p.112 corresponds to the first AA resi-
due after the first beta sheet in FIX EGF-1.° In other coagulation
factors with two EGF domains, similar to FIX, the AA at this same
position is preserved in factor X (isoleucine) and is a leucine res-
idue in factor VIl (with physical and chemical features similar to
those of isoleucine).” However, studying sequence conservation
between species, using the Alamut® program (version 2.11.0),%
shows that 1le112 in FIX is only preserved in 8 species out of

12, which is moderate conservation, indicating little importance
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TABLE 2 Characteristics of patients
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with prophylaxis Patient 1 Patient 2 Patient 3 Patient 4
FIX:C baseline one stage, (Ul/dL) 32 35 43 45
Age at diagnosis, (y) 3 1 2 8
Joint bleeds

Age at 1st joint bleed, (y) 8 1 2 8
Total N° of joint bleeds 22 46 64 10
Joint bleeds/year, range 0-4 0-9 0-9 0-3
Joint-specific ABR ? 1.4 2.6 21 0.5
Joint procedures®
N° of joint arthrodesis/plasty 1 0 2 2
Age at 1st arthrodesis/plasty, 25 - 23 26
v)
N° of other joint procedure 0 0 0 7
Age at 1st other joint - - 26
procedure, (y)
Bleeding events (BE)
Age at 1st BE, (y) 3 1 2 8
Total No of BE 70 91 293 28
BE/year, range 0-14 0-21 1-27 0-6
ABR € 4.4 51 9.8 1.3
Treatment
Age at 1st substitution, (y) 8 1 2 8
Age at prophylaxis, (y) 30 14 32 37

?Joint-specific ABR, joint-specific annual bleeding ratio or median annual number of joint bleeds.

bJoint procedures include arthrodesis and arthroplasties (total joint replacement, hip, knee, elbow)
and other joint procedures such as synoviorthesis, meniscectomies, and joint infiltrations.

“ABR, annual bleeding ratio or median annual number of bleeds.

of this AA. To predict the impact of point mutation on protein
stability, we used CUPSAT software (Cologne University Protein
Stability Analysis Tool).” The p.lle112Thr change confers unfa-
vourable torsion, destabilizing the protein. To predict the overall
protein impact, we used Poly-Phen-2 (Polymorphism Phenotyping
version 2),° which considers the variation of interest only as a
genetic polymorphism. In all, variation p.lle112Thr does not seem
to have a severe impact on protein activity. However, in these
prediction models, FIX was rarely considered as a whole, and
intra-molecular interactions and interactions within the tenase
complex were often not analysed.

Most of the patients with the p.lle112Thr variation live in or are
from the Normandy region. The patients come from 11 different
families and may have a common ancestor. A founder effect should
be explored as it could lead to this variation being referred to as hae-
mophilia B Normandy. We should keep in mind that if all the patients
are related, an additional possible inherited bleeding disorder could
explain the abnormal BE.

We acknowledge the weaknesses of our study. This is a retrospec-
tive cohort with patients from different French centre with clinical and
biological data relying on patient treatment diaries and medical re-

cords. Some clinical data were undocumented, and the data collection

periods were different for each patient. Data after the introduction of
prophylaxis were not compiled in this study. Biological tests such as
two-stage clotting assay, fibrinolysis testing, and TGA were missing for
some patients, and we could not test them as it would have made this
interventional research.

Our study reveals that the p.lle112Thr variation on the F9 gene
may be associated with an abnormal bleeding phenotype in mild HB
patients. To the best of our knowledge, this is the first study to de-
scribe a clinical-biological discrepancy in mild HB. This new infor-
mation may be beneficial for patients with the p.lle112Thr genetic
variation, as prophylactic treatment could be initiated earlier. It also
underlines the importance of molecular biology in finding the causal
mutation, even in mild HB patients.

Further studies are needed to complete biological assessments
of all patients, and a prospective study, particularly on patient evolu-

tion with prophylactic treatment, could be of interest.
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