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/Abstract h

Homocystinuria is a rare inherited disorder characterized by cystathionine beta-synthase deficiency. Undiagnosed
and untreated patients have serious symptoms, such as arterial and venous thrombosis, osteoporosis, convulsions, and eye
problems. At a young age, clinical signs can be mild and remain unnoticed by physicians, thus significantly delaying diag-
nosis and treatment. Vascular complications are the main cause of morbidity and mortality. The molecular mechanisms of
thrombosis in these patients are not fully understood, but blood clotting changes are frequently observed: endothelial dam-
age, platelet activation, and short- or long-term consumption of clotting factors and inhibitors, such as antithrombin and
protein C. Here, we report four clinical cases in whom the diagnosis of homocystinuria was made after several episodes of
thrombosis. This stresses the importance to make hematologists and vascular medicine specialists aware of the symptoms of
this rare and severe thrombotic disorder in order to improve the management of a disease that can be easily and successfully

treated after correct diagnosis.
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Key Message: The diagnosis of homocystinuria is often delayed and made after several episodes of recurrent thrombosis.
The knowledge of its syndromic character and the associated clinical signs may lead to earlier diagnosis and better man-

agement of this rare inherited disorder by hematologists and vascular medicine specialists.

List of abbreviations: AT: antithrombin activity; CBS: cystathionine-B-synthase; CVT: cerebral venous thrombosis; DOAC:
direct oral anticoagulant; DVT: Deep Vein Thrombosis; FVII: factor VII; INR: International normalized ratio; MRI: magnet-
ic resonance imaging; MTHFR: methylene tetrahydrofolate reductase; PC: protein C; PE: pulmonary embolism; PS: protein

S; VKA: Vitamin K Antagonists; VTE: Venous thromboembolism
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Introduction

Homocystinuria due to cystathionine p-synthase (CBS)
deficiency is a disorder of methionine metabolism characterized
by severe hyperhomocysteinemia. It is a rare recessive inherited
disorder with a prevalence from 1:1800 to 1:900000 in the func-
tion of the ethnicity and the method of diagnosis (e.g. genetic or
biochemical screening in newborns or diagnosis of symptomatic
patients) [1]. Due to the wide range of clinical presentations and
symptom severity, its diagnosis is often delayed. The most com-
mon clinical form of the disease is characterized by ectopia lentis,
myopia, osteoporosis, and developmental delay. Some patients
may present intellectual disability, Marfanoid features, seizures,
megaloblastic anemia, and skeletal abnormalities. Thromboem-
bolic events are the leading cause of morbidity and mortality in
patients with homocystinuria [1,2]. Venous thromboembolism
(VTE) is the most frequent vascular complication, but throm-
boembolic events may occur also in arteries, and affect large and
small vessels. Serious complications of thromboembolism have
been reported, including hypertension due to renal infarcts, focal
neurological signs secondary to cerebrovascular thrombi, myo-

cardial infarction, and fatal pulmonary embolism [2].

The diagnosis of CBS deficiency is based on the de-
tection of very high plasma levels of total homocysteine
(>100umol/L - normal values in adults <15 pmol/L)) [3] asso-
ciated with increased levels of methionine and decreased levels
of cysteine. The diagnosis should be confirmed by CBS gene
mutation analysis or by measuring CBS activity in plasma or in
cultured fibroblasts. Hyperhomocysteinemia can also be caused
by vitamin B12 and B9 deficiencies, renal failure, or inherited
homocysteine re-methylation disorders, such as in individuals
carrying the C677T mutation in the methylene tetrahydrofolate
reductase (MTHFR) gene. However, in these cases, homocyste-
inemia is usually mild or moderate (between 15 and100 pmol/L),
is not associated with homocystinuria, and is considered more a

risk factor for cardiovascular diseases [3].

The treatment of CBS deficiency mainly relies on the
supplementation of pyridoxine (CBS cofactor), folic acid, and
cobalamin. However, 50% of patients do not respond to pyridox-

ine and require betaine and a methionine-restricted diet [1].

The presence of typical clinical signs and the involve-
ment of four organ systems (eye, central nervous system, skele-
tal, and vascular systems) can easily lead to the suspicion of CBS
deficiency. However, many patients with homocystinuria may
only present recurrent VTE from a young age as the major clin-

ical sign, with or without associated symptoms, such as myopia,

osteoporosis, or neurological symptoms that may go unnoticed
by physicians. This makes it difficult and delays the diagnosis of
homocystinuria. Here, we describe four cases that emphasize the
syndromic character of homocystinuria in order to make physi-

cians aware of this rare condition and facilitate its diagnosis.

Case 1

The first patient was a 52-year-old woman who had sev-
en spontaneous VTE episodes (n=3 pulmonary embolism (PE),
n=3 Deep Vein Thrombosis (DVT), and n= 1 superficial vein
thrombosis). When she was 17-year-old, she presented a sponta-
neous DVT complicated by massive PE with pulmonary infarc-
tion. After the second spontaneous DVT, long-term anticoagu-
lation therapy with Vitamin K Antagonists (VKA) was initiated.
The five other VTE episodes occurred spontaneously, one during
bridge therapy for a breast biopsy, and another episode while
the International Normalized Ratio (INR) was below the target
range of 2-3. She had no thrombosis risk factors, such as obesity,
oral contraceptive use, pregnancy, or cancer. Routine thrombo-
philia testing reported no inherited or acquired thrombophilia,
particularly, no antiphospholipid syndrome, no factor V Leiden
mutation, no prothrombin gene mutation, no protein C (PC) or
protein S (PS) deficiency. Antithrombin activity (AT) was at the
lower limit of the reference range (Table 1). No thrombocyto-
sis or polycythemia was detected, but macrocytosis was noticed.
The diagnosis of homocystinuria was established after the last
VTE episode, a bilateral segmental PE (Figure 1) that occurred
despite stable INR within the target range of 2-3 and in the ab-
sence of any identified transient risk factor. Laboratory testing to
detect rare thrombophilic defects did not find the JAK2 V617F
mutation. Conversely, the total homocysteine levels in plasma
were 464 pmol/L. After the diagnosis of homocystinuria, supple-
mentation with cobalamin and folic acid was initiated. After 16
months of treatment, plasma homocysteine levels remained very
high (299umol/L). Therefore, the plasma amino acid profile was
analyzed by chromatography that showed the specific profile of
CBS deficiency with very high plasma homocysteine levels as-
sociated with increased methionine and reduced cysteine (Table
1) Pyridoxine and cysteine supplementation was initiated that
rapidly normalized plasma homocysteine level (11 pmol/L) after
3 weeks of treatment. Interestingly, plasma AT also was normal-

ized (111%) concomitantly with homocysteine levels.
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A review of her medical records after diagnosis sug-
gested that her history of seizures, cognitive deficiency, and de-
pression could be related to homocystinuria. Moreover, a retinal
detachment linked to a dislocated lens was also found in her

medical records.

Case 2

A 33-year-old man was diagnosed with homocystinuria
after two spontaneous and one surgery-induced DV, on long-
term therapy with VKA. The patient was a smoker and had IgA
nephropathy. Routine thrombophilia testing detected only AT
deficiency (Table 1). The level of total homocysteine was above
700umol/L, and amino acid chromatography suggested CBS
deficiency (very high levels of homocysteine, increased methi-
onine, and reduced cysteine). Genetic testing revealed two het-
erozygous mutations in the CBS gene: p.Ile278Thr that is one of
the most prevalent mutations responsible for pyridoxine-sensi-
tive homocystinuria, and p.Leu230Arg that induces a premature

stop codon [4]. He was treated with pyridoxine 1500mg daily,

Figure 1: Patient with spontaneous bilateral segmental pulmo-
nary embolism. Enhanced thoracic computed tomography pul-
monary angiography image showing pulmonary embolism with

a thrombus in the left anterior segmental artery (arrow).

Table 1: Main laboratory tests that guided the diagnosis of cystathionine-beta-synthase deficiency in the four patients.

Normal
Casel Case 2 Case 3 Case 4
Values
CBS deficiency diagnosis
tHcy (pmol/L) 464 >700 370 308 <15
Methionine (umol/L)* 1050 76 = 275 17-36
Cysteine (umol/L)* 7 9 - 5 18-51
i p-Pro49Leu p-Ile278Thr p-Ile278Thr p-Thr257Met
CBS gene mutations
p.-Thr353Met | p.Leu230Arg p.Leu230Arg p-Val479Gly*
Thrombophilia testing
AT (%) 75 171 176 142 80-120
AT after treatment (%) 111 92 101 70
PC (%) N N N 154 70-100
PS (%) N N N N 55-100
FV Leiden mutation Absent Absent Absent Absent
Prothrombin gene mutation’ Absent Absent Absent Absent
Antiphospholipid syndrome tes- ) . . .
ting® Negative Negative Negative Negative
FVII (%) NR NR NR 135 50-150
Blood cell count
Hemoglobin 120 101 126 132 120-160
MCV 110 93.7 107 98 80-100

CBS: Cystathionine-beta-synthase, tHcy: total homocysteinemia, AT: antithrombin activity, PC: Protein C activity, PS: Protein S antigen, FV:

factor V, FVIL: factor VII, MCV: mean corpuscular volume, N: normal, NR: not reported.

*results of amino acid chromatography, 1G20210A, SLupus anticoagulant, anti-cardiolipin antibodies, anti-B2GP1 antibodies, + not described in

the literature, but probably pathogenic according to the bioinformatic analysis.
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cobalamin 1mg daily, and folic acid 10mg daily. In this patient,
the variations in homocysteine levels were caused by severe kid-
ney disease. After kidney transplantation, the homocysteine lev-
el remained at 80 pumol/L. It was decided to stop the long-term
anticoagulation therapy, but unfortunately, the patient had a new
DVT of the calf veins complicated by PE. Long-term anticoagu-
lation with VKA was reintroduced. In parallel, a treatment with
betaine supplementation and methionine-restricted diet was ini-
tiated. The treatment led to a rapid decrease in plasma homocys-

teine level to 58 pmol/L.

After homocystinuria diagnosis, bone deformities in
the left leg and foot were detected, without any other typical ho-

mocystinuria symptom.

Case 3

Homocystinuria was diagnosed in a 40-year-old wom-
an after two VTE episodes induced by transient risk factors: a
femoral and iliac DVT at the age of 21 years after starting com-
bined oral contraceptive therapy, and a postoperative femoral
vein DVT after cesarean section. The patient was a smoker and
consumed alcohol regularly. After the second VTE episode,
long-term anticoagulation therapy (VKA) was initiated. Throm-
bophilia testing showed a slight and persistent decrease in AT
activity (76%), but no other thrombophilic disorder (Table 1).
Blood count highlighted the presence of isolated macrocytosis
without any other abnormality. The total homocysteine level
was above 200 umol/L. CBS deficiency was diagnosed using fi-
broblasts isolated from a skin biopsy. Genetic testing identified
compound heterozygosity for the p.Ile278Thr and p.Leu230 Arg
CBS mutations. The diagnosis was confirmed 17 years after the
first VTE, and specific treatment was initiated 12 years after the
diagnosis. Supplementation with high-dose pyridoxine, cobala-
min and folic acid lowered the total homocysteine level in plas-
ma from 370umol/L to 102umol/L. The addition of betaine led
to the normalization of homocysteine level. AT also was normal-
ized after therapy (101%).

A careful review of her medical records after the diag-
nosis showed a personal history of depression and osteopenia,

compatible with the diagnosis of homocystinuria.

Case 4

The fourth case was a 21-year-old woman with a histo-
ry of venous and arterial thrombosis, but without cardiovascular
risk factors. At the age of 17 years, she presented spontaneous

extensive cerebral venous thrombosis (CVT) of the superior sag-

ittal, straight and transverse sinuses, and the left internal jugular
vein. Long-term anticoagulant therapy with a direct oral antico-
agulant (DOAC) was prescribed. One month later, she had facial
paralysis, but MRI did not confirm recurrent CV'T. Thrombophil-
ia testing, performed after a wash-out period from the DOAC,
did not detect antiphospholipid syndrome, factor V Leiden mu-
tation, and prothrombin gene mutation. There was no PS defi-
ciency, but moderate PC and AT deficiency (Table 1). The patient
also had a mild factor VII (FVII) deficiency (35%). No genetic
abnormality of the PC, SERPIN C1 and F7 genes was detected.
Blood cell count showed no abnormalities. Four years later, at
the age of 21, while on DOAC therapy, she had a Sylvian fissure
ischemic stroke treated by mechanical thrombectomy (Figure 2).
An early recurrence required a new thrombectomy with partial
recanalization of the left medium cerebral artery complicated by
embolism in the contralateral Sylvian and cerebellum territories
and hemorrhagic transformation. A floating thrombus of the left
carotid sinus, extending into the internal and external carotid
arteries, was identified (Figure 3). In addition, a thrombus of
the right common femoral artery was incidentally found during
hospitalization. Long-term anticoagulation therapy with warfa-
rin was decided. Complementary laboratory tests showed severe
homocysteinemia with very high levels of total homocysteine
(308pmol/L) (Table 1). Amino acid chromatography suggested
CBS deficiency that was confirmed by genetic testing showing
compound heterozygosity for the CBS mutations p.Thr257Met
and p.Val479Gly. Treatment with high-dose pyridoxine, cobala-
min, and folic acid, associated with betaine and low-protein diet,
fully normalized homocysteinemia (12pumol/L) within a few

weeks. AT activity also improved (currently at 70%).

The patient had severe myopia, and after the diagnosis
of homocystinuria, it was noticed that she had bilateral lens

subluxation that can be associated with CBS deficiency.
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Figure 2A

Figure 2C

Figure 2: Cerebral diffusion magnetic resonance imaging (2A) and apparent diffusion coefficients cartography (2B) in the trans-
verse plane showing the left Sylvian ischemic stroke. The 3D time-of-flight magnetic resonance angiography shows the occlusion

(arrow) of the left medium cerebral artery (M1section) (2C) in a patient with acute aphasia and right hemiplegia.
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Figure 3: Computed tomography pulmonary angiography image showing a floating thrombus in the left carotid sinus (arrow).

Discussion

The four patients described in this article present sever-
al clinical and laboratory similarities. In all patients, the first epi-
sode of thrombosis occurred before the age of 25 years, followed
by regular recurrences. In one patient, recurrent VTE occurred
despite prophylactic anticoagulation. Laboratory testing often
reported transient AT deficiency that was improved or normal-
ized after specific treatment. Our data are in accordance with the
results of a large series of 629 patients with homocystinuria in
which the risk of thrombosis was 25% before the age of 16 and
increased to 50% by the age of 30 years, emphasizing the early
appearance of vascular events in this disease [2]. In another co-
hort of patients with homocystinuria, vascular events were the
symptom leading to the diagnosis in 25% of patients [5]. Throm-
boembolic events are also associated with mortality in almost
80% of patients [2]. Myocardial infarction, stroke, and PE are the
main causes of mortality. Fortunately, specific treatment (pyri-
doxine, betaine, and methionine-restricted diet) to lower plas-
ma homocysteine significantly reduces the cardiovascular risk
in CBS deficiency [6]. Thus, early diagnosis is crucial to initiate
treatment and prevent thrombotic complications. Among the
four patients presented here, only one had arterial thrombosis.
She had a stroke at the age of 21 and also presented large artery

stenosis, as previously reported [7,8].

Several mechanisms have been proposed to explain the
occurrence of of vascular events in patients with severe homo-
cysteinemia, but little is known about the pathophysiology of
thrombosis in this disease. In vitro studies suggest that homo-
cysteine might inhibit the endothelium antithrombotic function,

increase tissue factor expression, inhibit the activity of PC and

AT, and activate platelets [7,8]. Animal studies confirmed that
severe homocysteinemia can induce dysfunction of the vascular
endothelium and loss of endothelium-dependent vasodilation,
two key changes that increase the risk of thrombosis. Our four
patients had transient AT deficiency until specific treatment low-
ered plasma homocysteine level to normal values. The associa-
tion between AT activity and CBS deficiency has been described
in previous case reports and series [9-14]. However, the mecha-
nisms underlying AT deficiency in severe homocysteinemia are
unknown. A possible direct effect of excessive circulating homo-
cysteine or methionine was previously suggested to explain the
acquired AT deficiency observed in these patients [10,15]. AT
and other coagulation deficiencies induced by severe homocys-
teinemia may explain the hypercoagulability that increases the
risk of thromboembolic events in this disease. One of our pa-
tients (case 4) had moderate AT, PC, and FVII deficiencies de-
tected during thrombophilia testing. Homocystinuria-associated
PC and FVII deficiencies have been previously described, but are
less frequent than AT deficiency [10-12,16]. FVII deficiency and
thrombosis are not contradictory findings because some muta-
tions that cause FVII deficiency are associated with a high risk
of thrombosis [17]. In patient 4, some family members also had
mild asymptomatic FVII deficiency, suggesting the inheritance
of two distinct abnormalities (CBS defect and FVII deficiency).
Differently from AT deficiency, FVII or PC level improvement
and normalization of plasma homocysteine levels could not be

evaluated because of the long-term VKA (warfarin) treatment.

It has been demonstrated that moderate homocystein-
emia and MTHFR gene mutations are not significant risk fac-
tors for VTE [18]. Therefore, plasma homocysteine is not sys-

tematically measured in young patients with venous thrombosis.

JScholar Publishers

J Cardio Vasc Med 2020 | Vol 6: 301



However, the detection of mild AT deficiency or combined co-
agulation defects, such as AT and PC deficiency, during throm-
bophilia screening may be a warning signal for clinicians. This
should lead to a measurement of plasma homocysteine level,
particularly if no SERPIN C1 gene abnormality is detected. The
care pathway of these four patients highlights the lack of knowl-
edge of this rare inherited disorder by non-specialist physicians.

Conclusion

Although CBS deficiency is a rare disorder, specific
treatment can be offered to efficiently reduce plasma homocyste-
ine levels and the incidence of thrombotic complications that are
the main causes of morbidity and mortality. Such an approach is
not possible without an early diagnosis. Hematologists and vas-
cular medicine specialists should be aware of the large and un-
specific spectrum of symptoms that appear in young adulthood.
Careful interrogation and physical examination are essential for

detecting clinical signs that may suggest homocystinuria.

Ethical approval: consent has been obtained from each partic-
ipant knowledge of understanding purpose and nature of proce-

dures for the study.
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