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Hemophilia
Ki Young Yoo, M.D.

Korea Hemophilia Foundation, Seoul, Korea

Hemophilia is the most common coagulation disorder. It has a long history. Hemophilia A is caused
by FVIII gene mutation, and hemophilia B by FIX gene mutation. Those genes are located on X
chromosome long arm. Bleedings in hemophiliacs predominantly occur in joints and muscles. Because
those site are insufficient in tissue factor to induce hemostasis. Among joints knee, ankle and elbow
are most frequently affected because their synovial structure is vulnerable to injury compared to
other joints. Hemophilia is diagnosed with factor assay. Severe hemophilia is below 1% of FVIII: C,
moderate between 1% and 5%, mild over 5%. Carrier detection and prenatal diagnosis have been
conducted with RFLP-based linkage analysis and DNA sequencing. Mainstay of treatment is factor
replacement therapy so far. Bleedings can be controlled by infusion of factor concentrates. Hemophilc
arthropathy and muscle contracture are representative sequelae. Complications of facotor replacement
therapy are inhibitor development and infections. Hemophiliacs with inhibitor should be managed
with large dose factor concentrate, bypassing agent, ITI and immunosuppression. Ultimately, hemo-
philia could be cured by gene therapy. (Korean J Pediatr 2006;49:821-829)
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Fig. 1. Schematic diagram of the coagulation reactions follow- kb2l #tj3sk

ing TF-VII activation of factor IX and factor X.
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VIIRIAH= hepatocyte 22 sinusoidal endothelial cell, kidney
oM mHEolAE Ao d#A Utk factor VIS FApeke
264,000 Daltonel™, &4 el W &(100-200 ng/mL) o2& &
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VII2IAHE heavy chain?! Al, A2, B(variable size)domain¥}
light chain®l A3, CI, C2 domain®.& A% Ut} VIISIA
7} Golgi apparatus®l A secretion F™A] residue 1648-1689AF

AskA T "9 poolol= A 15119 VIIQAIAE Utk o] acidic 2914 non-covalentdtAl vWESF Agstc) o]
VWFE &% WelA VIISIAet 50:19 H&= A8, se
cretion® VIIE <HE3kA7]aL,  VIIIAZF  phospholipidell
binding 3= A& WA, A YA £33t VIIIAY

26 HPRT WS 9T wEbA giREe] vWDelAE vWEZF 7HAE)
A VIIRIAE wheba Zagch b 9RAd A s VIIIA
7} AaFEAE yWFE Adolth
i Np— fAAe] AFe 1w 3% d9EAS 49, intron22 49l
_______ B (inversion) 7} F 50% A A= o]o] deletion®] BTl F5
27.2 %, A% E998A 329 % point mutation®] 7HF &3}t
2. IXQIX}t - REAL, Fx, WS, EAH Yol
s7s [ FRAGILEX b- wEx 72 k=
XA 2= 7He] hepatocytedll Al A4t IXQAAF
AAE GAA G X271l EA8H, 8/M<] exon 2 7
7hel introno® FAE AF 33kbel FAA|tHFig. 4).
FACTOR VIl ... o 4o P o1zl o] Ezlaro 1)
COLOR VISION Coding gene< 4% 24 IXQUAY] EA2 56,000 dalton®]th.
28 G6PD ol VIIIARS] °F 1/5¢ &g Arjolvh vt IX<1AHE]
4 FEE 5 pg/mLE VIl dl&) 50u) 7b @) L3
F49] pooldl= dAe] 23w sl IXQUAZE EA) 8t
ter XA FAAe] WEHS missense mutation®] 7FF E3HH,
inversion®] 4 deletlon% A=R-3=%

Fig. 2. Schematic representation of the X chromsome.

A Factor VIIl mRNA (9010 nt)
s, | M e,
5'UTR Factor VIIl coding sequence + stop codon 3'-UTR
(150 ni) (7056 ni) (1806 nf)

B -191 336 719 1691 2025 2332

N[ Al A2 B A |ale2]| ¢
Arginine 372 Arginine 1689
Arginine 740
C
N [ Al R Ca?* e { A3 |ci|c2| ¢
Heavy chain Light chain
Fig. 3. (A) Factor VIII mRNA showing the extent and location of the open reading frame. (B)

The newly synthesised factor VIII protein comprising of a pre-sequence of 19 amino acids and a

mature peptide of 2332 amino acids(total length, 2351 amino acids).
represen domains assigned according to homologies within the protein.

Al1-3, B, C1, and C2
The arginine residues

signalling the sites for proteolytic activation by thrombin are arrowed. (C) Activated factor VIII
comprising a heterotrimer in which the dimeric N-terminal 2h+eavy chain is held together with the
monomeric C-terminal light chain by a metal ion bridge(Ca™").
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& ] 2 3 4 6 7 8
(~34 kb)
B Factor IX mRNA (2803 ni)
e rmiaiaso ke it ibep it
5'-UTR Factor IX coding sequence + stop codon 3'-UTR
(29 ni) (1383 ni) (1390 ni)
E -46-19 1 40 85 415
N|F pro | GLA| EGF EGF act catalytic C
e
) A
‘| 1
Arginine  Arginine
145 180
b e
N | GLA| EGF EGF 5 r catalytic C
Light chain Heavy chain

Fig. 4. (A) Genomic organization of the human facotor IX gene. (B) Factor IX mRNA showing the
relative size and location of the open reading frame. (C) The newly synthesised factor IX protein
comprising a pre- and pro-sequence(27 and 19 amino acid, respectively) and a mature peptide of 415
amino acids(total length, 461 amino acids). (D) Activated factor IX comprising a N-terminal light
chain and a C-terminal heavy chain held together by a disulphide bridge between cysteine residues
132 and 279. GLA, “GLA” domain, in which 12 glutamic acid residues undergo post-translational ¥
—-carboxylation by a vitamin K dependent carboxylase; EGF, epidermal growth factor-like domain;
act, activation peptide released after proteolytic activation at arginine 145and arginine 180; catalytic,
the serine protease domain.
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#EA(linkage analysis)S ©|83 Adah TdZde] thygA
(RFLP) 7+d XY} DNA sequencinge ©]-83F 217 ZdhH
o] 9t} linkage analysis® 32 AZ3F AN A 22 G4
A Aol AR 7Pk FdArEe] A A& A FHEeE 44
S o] &g otk AlelAl 1 cM(1%9] fFAAAZS o] dof
g g5 FHAARE A= oF 100-10,000 kbolaL, VIIIQIA
FHAE 186 kb, IXYAF F3HAHE 34 kbl B2 FAbY 322
ZH(intragenic marker)E ©]&3lH AZF WE SFE 1% °l

a2k & 4 Ak vIIIA s v A J{@X}(polymorf
phism marker) & 2:0]& AFEAEL Bell, Hindlll, Xbal 5

o] glom IXAA FHAW EAAEE Msel, Hhal, BamHI
%°l AtKTable 1). VNTR(variable number of tandem re-
peat)ZA] intronl3 VNTR, intron22 VNTR %ol A
22 Z A 20k, FHAY] B A A extragenic marker) &
AN A b vlE) Azl e ATl 3-5%E =
olth fFxzIe] FAARE 2ol AEL WAL A Bglll/
Dx13, Taql/stl4 VNTRelt}. =8 -alcto A= A0
3l Bell, stl4 VNTR, E-¢#Bel thall Msel, Hhal<

2 ol g3ta Utk AFHE Rl wls) HErEA FHe] 3l
Lo A R R i I A D P A

3 Az v 8-S Wol ARt o] QT o] wiiEe] ¥
X BAES WA mutation screeningS A 383l mutation
o] JilHe 54 F9ol dial A7IAEE sk HHEE o
4%t} Mutation screening ol =
electrophoresis(DGGE), single strand confirmation analysis
(SSCA) 5 o8l 7FA7F AT, ARlare oA de] 0]
+ W2 heteroduplex formationd ©]43 methodE ©]&3%
L= -2 P R S qEAQ F7H e
sensitive gel electrophoresis(CSGE), denaturing high per-
formance liquid chromatography(dHPLC)oltH”. Ak zeke]
A9 441 10-125 §249 13-15F AL 2050 Zﬁ]rfﬁ
d AFHE B3l veol 22 DNAE F53te] A7 HAE
AlgatAl gt o5l ANAZE 7 mE A7 AE 7]'
5ot 855 DNA &o] B7] wiie] dsdrt

Hodo R

A=}
wAe 3

ol

denaturing gradient gel

A= confirmation

(e}
TR

Table 1. Diallelic DNA Polymorphisms within or Flanking the Human Factor VIII Gene

Heterozygosity

Restriction enzyme Location Detection method

Caucasian Asian Chinese American black
Taql 5’ Probe 0.40 u u u
G/A Intron 7 PCR 0.33 016" u u
Bcll Intron 18 PCR 0.39 0.43 0.33 0.31
HindIll Intron 19 PCR 0.38 0.41 0.37 0.34
Mspl Intron 22 Probe 0.01 0.13 u 0.01
Xbal Intron 22 Probe 0.49 0.48" 0.49 u
Bgll Intron 25 Probe 0.25 0.11 0.0 0.38
Mspl 3’ Probe 0.43 u u u
“Unknown, 'Turkish Asian, 'Thai
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Aow 2-393F 50% =R A F
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=
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o

958 d-¢HAd dhal, 19729 &
Aagr. $nA fAame HEE Fr40 ¢
3l o

al
2ZM FF trough levelS 1% ol’HE-HA &

olgA ¥ FTT W IAAE FoF 5 MKy
T 3tk Sadal mF ool d9-H 3xte AMES BT
W SR FALHEe ey ;Ao e Hg Frjxom
MAANAT. 288t 1995 WHOSE AAIE A3 (WFH),
20019 "= FHIALAGHNHF) S FALHS T35 99 &

N

js

G ArYor Aot dE SARIAE H=
a7 &FatA =W venous thrombosis® $184d0] Z7patH?.

SIXE M|

VIIIA AlAl= 1 1U/kge AUFAE 2452 2% <7t
Al IXARE 1%E 771 Aoz A o, A4
2 2eole AlFo]l wt & Aol7t Utk §ijAE pro-
we}  intermediate-purity(1-50 IU
VII:c/mg of protein), High-purity(50-200 IU/mg), mono-
clonal antibody purified(very high-purity, >1,000 IU/mg)>-
2 Y99?, 37 intermediate-purity FVII concentrate®] 7
§ A7) FAAA AA e o]dNkgS do Tt ¥t high-
purity ©]de] SaIAE= WA © o] feldt oldE %
PR =k S high-purity FIX(>100 1U/mg)< FIXQIAk
EgA Al vla) dd AEe Aol I HolA

tein specific activity©ll

g3 x=

1. WM DAY S (Hemophilic arthropathy)

5-254) Arelell Fslai=7] |
al

PAMFoR 1ES U9

%

[e)
HEWFo 7112 inflammatory synovium-
mediated aspect®} degenerative cartilage-mediated aspect =
Woj Al AHAT? inflmmatory synovium-mediated aspect:=

AHAW EEZ synoviumdl iron®] H#Eo] hemosiderin®]

Table 2. Substitution with Clotting Factor in Case of a Trauma of the CNS

Trauma

Required level of clotting factor;
treatment period

Dose

Mild (fall<50 cm; blow to the head)
Moderate(fall>50 cm; fall from stairs;
significant blow to the head)

Severe, Cerebral concussion, Cerebral contusion

Bleeding

100%; once

100%; 2-5 days

20-100%; 8-10 days

50-100%; >2 weeks

50 U/kg FVIIL; 100 U/kg FIX

Loading :
50 U/kg FVIIL 100U/kg FIX
maintenance : bid a day 2 5U/kg
FVIIL, 50U/kg FIX

Loading:
50 U/kg FVII; 100U/kg FIX continue with
FVIII or FIX according to laboratory find-
ings of clotting factor level and clinical
features

Same as with contusion
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Table 3A. Recommeded Plasma Factor Level and Duration of Administration when there is No Significant Resource Constraint

Hemophilia A

Hemophilia B

Type of - -
hemorrhage 1?5211{3/(‘3 Duration(days) lgfsll(rf/od) Duration(days)
Joint 40-60 1-2, may be longer if response is inadequate 40-60 1-2, may be longer if response is inadequate
Muscle 40-60 2-3, sometimes longer if response is inadequate 40-60 2-3, sometimes longer if response is inadequate
(except iliopsoas)
Iliopsoas

Initial 80-100 1-2 60-80 1-2

Maintenance 30-60 3-5, sometimes longer as secondary mainten- 30-60 3-5, sometimes longer as secondary mainte-

ance therapy during physiotherapy nance therapy during physiotherapy

CNS/head

Initial 80-100 1-7 60-80 1-7

Maintenance 50 8-21 30 8-21
Throat and neck

Initial 80-100 1-7 60-80 1-7

Maintenance 50 8-14 30 8-14
Gastrointestinal

Initial 80-100 1-6 60-80 1-6

Maintenance 50 7-14 30 7-14
Renal 50 3-5 40 3-5
Deep laceration 50 5-7 40 5-7
Surgery (major)

Pre-op 80-100 60-80

Post-op 60-80 1-3 40-60 1-3

40-60 4-6 30-50 4-6
30-50 7-14 20-40 7-14

Table 3B. Recommeded Plasma Factor Level and Duration of Administration when there is Significant Resource Constraint

Hemophilia A

Hemophilia B

Type of - .
hemorrhage 113\?:11{% Duration(days) 113\?:11@(1) Duration(days)
Joint 10-20 1-2, may be longer if response is inadequate 10-20 1-2, may be longer if response is inadequate
Muscle 10-20 2-3, sometimes longer if response is inadequate 10-20 2-3, sometimes longer if response is inadequate
(except iliopsoas)
Tliopsoas
Initial 20-40 1-2 15-30 1-2
Maintenance 10-20 3-5, sometimes longer as secondary mainten- 10-20 3-5, sometimes longer as secondary mainten-
ance therapy during physiotherapy ance therapy during physiotherapy
CNS/head
Initial 50-80 1-3 50-80 1-3
Maintenance 30-50 4-7 30-50 4-7
20-40 8-14(or 21 if indicated) 20-40 8-14(or 21 if indicated)
Throat and neck
Initial 30-50 1-3 30-50 1-3
Maintenance 10-20 4-7 10-20 4-7
Gastrointestinal
Initial 30-50 1-3 30-50 1-3
Maintenance 10-20 4-7 10-20 4-7
Renal 20-40 3-5 15-30 3-5
Deep laceration 20-40 5-7 15-30 5-7
Surgery(major)
Pre-op 60-80 1-3 50-70 1-3
Post-op 30-40 4-6 30-40 4-6
20-30 7-14 20-30 7-14
10-20 10-20
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=L, ozle] diAA el BAEo] IL-1, IL-6, TNF-a =
AT B2 S ATt Aol ol doEHELS B
AT oY At A7]H  hyperemic,

)

proliferative, friable villi7l A= A AEde] HAcr} old

BAE 27)0] Foure ur HNzst= A FoAde 7

%3t} degenerative cartilage-mediated aspect™ TZ in

vitro AgoA #zAHE AIE BEYR dvh F I gloj=

50% sEo o] 4Unk(RE FHo] #H Rro R AAX~HA

HE=EEd Zdes Al =EHo=

glycan® Ao #

Aol w2H gdutelo] gl xlo A dee A
= =l

Aze

2. & A (Inhibitor)

e Aol A SaAAE Tt AA= ©1AE non-
self2 QlAste] AE vHEA Ak A= typel(classic),
type2(product-related)”}  JTHTable 4). @] HAHAAIZ
mixing test® Al¥Tc} typel 651]% fast-acting antibody©] =
2 ZA] AARE 1ARE & HAF BFRCA aPTT7F A€tk type
2 A= slowly-acting antibody©1 B2 FA] FHAll= 4742
aPTTE Holu, 1A1ZE & AAlelA Addch A9 ehS
Bethesda Assay® 7Fssith o] A= A9 535 (neutrali-
zing activity)= °©l-&3le] dAE A3} 37CAA 2A17HE -
HA) 52 108(E9-4B) incubation ¥ control plasma2l 50%
7}A] procoagulant activitys WFE A9 &S FAHIC o]
WL Agstal AEsHA Al A AldE 4 gle interla-
boratory variation®] 30-80%° ©]&t} Nijmegen modified

method+= imidazole bufferE ©]&3}¢] Bethesda assay<l pH

Ao w2 AUAdS wiAlsly] s aorE WRiolt) o]l
FAE wWggHez HESY] Y8 ELISAE ol &% IgG

o]&3t dA9] epitope A
= 50 Utk B3] oldd WYy wHEL Bethesda assay®
E SAHEYA AT Suedxe] FA L] JIgFS

functional inhibitore] A&l Z=&o°] FHrt}

subclass assay, immunoblotting=

"X non-

Bethesda assay’¥

Table 4.

A 9717 5 BU/mL ©173?1 AE high titer, L ©|3+&
low titer 322t A&, Anamnestic response’t 10 BU/
mL °l3td &7t 2 ojFew b L 52 10 BU/mL
ool AR BA A 50% ol WAZPE F7FHW high re-
sponderg} ¥t} FZF %ﬂ—or‘ﬂéA skt A A LS 15-
50% (3 30%)°ll olErt. BE/FeT TTHALY 3-13%°A]
A7y LA T AHEB #RE9] 3.9%0lA A TE $A
gt} Bypassing agent© A9l FH x Ao HE VIIAA

2 IXQIAE bypassingdte] A8S FE3HA Hrh. passing

agent= A7t Adgle]l PSS fFmdkh -2uEle] by-
passing agentZ+& 3tolule} M AEo] ) 18y bypass-
ing agent® A¥E& frists ARG fz}xﬂ% el VI A
AAY XA AR AGs Fests 3lo] us gaAolr]
uba] B g XS JFEC] 70-80%°l ol2E WHg s
H(immune tolerance induction therapy)& &3 IAE §lol

3, Sz HELW 2 FReYS Aldske Aolth
3. ZAInfection)

1980 el H
AR #FdE =

2}, filtering 59 @A =s53AHS Sl AFe AADH =

2
N 1o
T
@
<
2
N
N
o
s}

H

g A% 16719 } 131 7F g AFS T3 Agel 7hsst
7] wjiel thekat npole] s Basl FAHo] E AT o]Fo
solvent/detergent® < tri(n-butyl) phosphate %<& organic

3 nf

solvent®} Tween80(polysorbate) < detergentE ©]-&

) g,

Sl Bl H]EQ] membrane lipid envelopeE

S FAA A2 AAE 19909 o] F ZFE dg 2o
I ok we] A9 20039 #A 70% AE] A7), =S
AHe A wiEol A9 100%2 FAIF FAA Az Al

z3 AA= A A HE 3
,_E ol-ng;] oh;]_ :Leioﬂ_l_ E‘f-a—]_

F ATl A oI g A2 A

[e

The Differences in Product Associated Inhibitors and the Classic Inhibitors

Type 1(Classic)

Type 2(Product-associated)

Detection of inhibitor
Patient’s characteristics
Response to treatment
Clinical course
Characteristics of inhibitors

Joint

< 50 exposure days
Younger and PUPs”
Immune tolerance

Fast-acting inhibitor
Mainly IgG4
A2, C2, A3-C1 epitopes

>50 exposure days
Older and PTPs'
Switch to another drug
Soft tissue, Skin
Slow-acting inhibitor
mainly IgG

C2 epitopes

“Previously untreated patients, TPreviously treated patients
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