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【 CASE REPORT 】

Development of an FVIII Inhibitor in a Mild Hemophilia
Patient with a Phe595Cys Mutation
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Abstract:
Mild hemophilia A is caused by a missense mutation in the FVIII gene that is responsible for a decrease in

the FVIII:C to between 5% and 40%. The development of FVIII inhibitors has been reported in 3-13% of pa-

tients with mild hemophilia. Genetic risk factors for the development of inhibitors in mild hemophilia have

been investigated. In the present study, we encountered a case of mild hemophilia with an FVIII inhibitor and

identified the mutation responsible: a novel Phe595Cys mutation in the FVIII gene. In addition, this study

showed that the inhibitor recognized exogenous wild-type FVIII and autologous mutant FVIII.
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Introduction

Mild hemophilia A is commonly caused by a missense

mutation in the factor VIII (FVIII) gene, which results in a

decrease in the FVIII:C to between 5 and 40 U/dL (1). Pa-

tients with mild hemophilia may develop inhibitors, even

though the incidence of inhibitor development is markedly

lower than that in patients with severe hemophilia. The inci-

dence of inhibitor development in patients with mild hemo-

philia has been reported to be between 3% and 13% (2, 3).

Risk factors for the development of inhibitors in hemo-

philia are a family history of inhibitors, intensive FVIII

treatments, old age at the first exposure, a high number of

peak treatments, and certain missense mutations (3).

Genetic risk factors for the development of inhibitors in

patients with mild hemophilia have been examined, and the

Arg593Cys and Trp2229Cys mutations in FVIII were identi-

fied (4, 5). We herein report a mild hemophilia patient car-

rying the Phe595Cys mutation who developed an inhibitor

that neutralized exogenous wild-type FVIII and autologous

mutant FVIII.

Case Report

A 68-year-old man was diagnosed with mild hemophilia

A in his teens after he exhibited difficulty achieving hemo-

stasis after traumatic injury, which resolved without any

treatment. The FVIII:C was 5-10%. There was no history of

hemophilia in his family. He had no bleeding episodes re-

quiring FVIII replacement therapy until the age of 64. At

the age of 65, he was given plasma-derived FVIII (pdFVIII)

products (30 U/kg, every 12 hours over 3 days) for the first

time because of bleeding at the right elbow. At the age of

68, he was given pdFVIII for the second time because of in-

traperitoneal bleeding. He presented to the emergency room

with hematemesis and abdominal pain. Laboratory examina-

tions revealed a low level of hemoglobin (9.8 g/dL). Ab-

dominal computed tomography showed intraperitoneal

bleeding. Emergency selective angiography revealed bleed-

ing from the gastroepiploic artery. Trans-arterial emboliza-

tion was successfully performed. He was given pdFVIII (30

U/kg, every 12 hours) for 10 days. The FVIII:C increased

following the infusion of pdFVIII as expected, and an in-

hibitor detection test (Bethesda assay) was negative.
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Figure　1.　Clinical course.

Figure　2.　Differing effects of the patient’s FVIII inhibitor on 
exogenous wild-type FVIII and autologous mutant FVIII. The 
patient’s plasma containing the inhibitor was treated at 56°C 
for 30 min in order to eliminate residual VIII:C. Treated plas-
ma (inhibitor concentration: ×1) was diluted 2- and 4-fold with 
HEPES buffer and incubated with normal pooled plasma 
(closed circle), the patient’s plasma stored before inhibitor de-
velopment (open circle), or buffer (inhibitor concentration: 0) 
at 37°C for 2 h. The residual VIII:C was measured using a one-
stage clotting assay and expressed as a percentage of the value 
for each plasma sample incubated with buffer.

Three months later, hemorrhaging occurred at the bilateral

femoral muscle and pharynx. He was given pdFVIII (30 U/

kg, every 12 hours) twice but had difficulty achieving hemo-

stasis. We immediately measured the FVIII:C after the ad-

ministration of pdFVIII and found that it was <1%. Be-

thesda assay of his FVIII inhibitor showed a value of 15.5

BU/mL. He was administered a recombinant FVIIa product

(Novo-Seven; Novo Nordisk, Tokyo, Japan), which stopped

the hemorrhaging. There were no bleeding episodes that re-

quired FVIII replacement therapy. The titer of the inhibitor

spontaneously decreased and disappeared six months later.

Now, his FVIII:C is 5% (Fig. 1).

We examined whether or not the patient’s inhibitor neu-

tralized endogenous mutant FVIII. The patient’s plasma con-

taining the FVIII inhibitor was treated at 56℃ for 30 min-

utes to eliminate residual endogenous FVIII:C. A mixture of

treated plasma and the patient’s plasma in which the inhibi-

tor had disappeared was subjected to the Bethesda assay.

The patient’s inhibitor exhibited a linear dose-response rela-

tionship characteristic for type I inhibition kinetics when his

plasma was mixed with normal pooled plasma. Unfortu-

nately, we were unable to collect his plasma on admission,

so we used plasma collected seven days later. The FVIII:C

was 1.4%, and the FVIII inhibitor was 4.8 BU/mL. The pa-

tient’s inhibitor in treated plasma neutralized mutant FVIII:C

in the patient’s plasma without the inhibitor by approxi-

mately 40% and neutralized wild-type FVIII:C in normal

pooled plasma completely (Fig. 2).

A venous blood sample was collected from the patient,

and genomic DNA was extracted from leukocytes according

to the standard procedure using the QIAamp DNA Blood

Mini kit (QIAGEN, Hilden, Germany). The entire FVIII

gene-coding regions and exon/intron boundaries were ampli-

fied by polymerase chain reaction (PCR) with appropriate

primers. The PCR products were purified and directly se-

quenced using a 3500 Genetic Analyzer (Applied Biosys-

tems, Tokyo, Japan).

This study was approved by the Ethics Committee of

Ehime University Graduate School of Medicine. The subject

gave his written informed consent. A sequence analysis of

FVIII in this patient showed a 1784T>G alteration (p.Phe

595Cys) in exon 12 of the FVIII gene.

Discussion

We encountered a patient with mild hemophilia who car-

ried the Phe595Cys mutation in FVIII and developed an in-

hibitor. According to the Factor VIII Gene (F8) Variant Da-

tabase (http://www.factorviii-db.org/), this is the first report

in which the Phe595Cys mutation was found to be causative

for mild hemophilia and associated with inhibitor develop-
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ment; however, the Phe595Ser mutation was previously re-

ported to be causative for severe hemophilia. In addition,

this study showed that the inhibitor recognized exogenous

wild-type FVIII and autologous mutant FVIII. Previous

studies reported that certain mutations in the FVIII gene in

mild hemophilia are associated with a greater risk of inhibi-

tor development. Missense mutations introducing a cysteine

residue may alter disulphide bridge formation, leading to a

gross aberrant conformation. Certain mutations, including

Arg593Cys and Trp2229Cys (4, 5), have been associated

with inhibitor development. Among them, Arg593Cys was

found to have a 10-fold higher risk of developing inhibi-

tors (5). The Phe595Cys mutation in this study may also in-

duce the development of inhibitors by the same mechanism.

In the present study, we expanded the list of genetic muta-

tions associated with the FVIII inhibitor to include Phe595

Cys.

In addition to genetic risk factors, some environmental

factors are associated with inhibitor development in mild he-

mophilia, including intensive FVIII treatments, old age at

the first exposure, and a high number of peak treatments (3).

Our patient was subjected to intensive FVIII treatments

twice, and the inhibitor developed after the second intensive

therapy for intraperitoneal bleeding. The cause of his intrap-

eritoneal bleeding was unclear. The risk of inhibitor devel-

opment after surgery has been demonstrated in patients with

severe and mild hemophilia (5, 6). FVIII infused into pa-

tients with hemophilia is recognized as being different from

autologous FVIII, generating an alloantibody. Therefore, we

believe that the inhibitor that developed in our patient was

directed against the A2 domain, in which the mutated resi-

due (Phe595) was located. Previous studies have shown that

the epitopes of almost all FVIII inhibitors were located in

the A2 and/or A3-C1-C2 domains, suggesting the high im-

munogenicity of these domains (7). The Phe595Cys muta-

tion may induce conformational changes in the A2 domain

of endogenous mutant FVIII, resulting in the development

of an inhibitor against the A2 domain of exogenous wild-

type FVIII. Most inhibitors in patients with mild hemophilia

have been reported to cross-react with autologous FVIII, re-

sulting in little or no residual FVIII:C (4, 5). However, we

previously reported that a mild hemophilia patient with the

Glu272Lys mutation in FVIII developed an exogenous

FVIII-specific inhibitor (8).

Viel et al. reported that the prevalence of six wild-type

FVIII proteins (the H1-H6 haplotypes) was dependent on

ethnicity (9). They speculated that a mismatch in the FVIII

haplotype between the FVIII concentrate and its recipients,

particularly in immunodominant epitopes, led to an increase

in the frequency of inhibitor development. They focused on

four different amino acid polymorphisms (R484H, R776G,

D1241E, and M2238V), based on a non-synonymous single

nucleotide polymorphism. We tested our patient for these

polymorphisms, and the results revealed that he had the H1

haplotype, which is the most frequent haplotype found in

Japanese people (10).

Haplotypes of the immune response factor have been in-

vestigated in relation to the risk of inhibitor development.

Pavlova et al. reported that the incidence of inhibitor devel-

opment was related to different TNF-α/IL-10 genotype com-

binations. A strong association was observed between the

high-TNF-α and high-IL-10 haplotypes [TNF-α-308 (AA/

GA) and IL-10-1082 (GG)] and inhibitor formation (OR

4.4) (11). TNF-α and IL-10 analyses (TNF-α-308G/G and

IL-10-1082G/A) revealed that our patient was at low risk of

developing inhibitors.

Whether or not a specific mutation is associated with the

development of an inhibitor that does not cross-react with

autologous mutant FVIII is unclear at present. DDAVP may

be an effective therapeutic option for patients with a non-

cross reactive inhibitor but may be ineffective for patients

with a cross-reactive inhibitor.

In conclusion, we encountered a mild hemophilia patient

with the Phe595Cys mutation in FVIII who developed an

exogenous FVIII inhibitor. More data on the link between

the genotypes and characteristics of inhibitors in mild hemo-

philia are needed. This information will facilitate more ap-

propriate patient management and help better define the mo-

lecular mechanisms underlying inhibitor development in

mild hemophilia.
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