Korean J Hematol Vol. 41, No. 1, March, 2006

[ Original Article [J

A FO3AAH O A1 O K4 GINDOIZSO 2 ZX0] OIAIKR4A ERIT]
o|:|—|K" T OTTL— -I1EHE_/|§|_'O'-|-'|'_' I"—'-' [ o e o.IJ

O X4 =04d4 2l —

MYH9 S TIR[O| F03830|o|| ot 04-3
Adietm 3t Loldtw A, AekAALY T’ Wetma’,
ofel g, At ga olsiel 72
= 2V.4g458Y . wExEY . Age . AudY . g Y - = g
A Z? L o|HBY - UEFEY -2 HY . " FY

Clinical Characteristics of Autosomal Dominant Giant Platelet
Syndromes and Mutation Analysis of MYH9
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Background: The autosomal dominant giant platelet syndromes (GPS), characterized by triads of giant
platelets, thrombocytopenia, and Dohle-like leukocyte inclusions are caused by MYH9 mutation, a gene
encoding the nonmuscle myosin heavy chain-ITA. This study was aimed to identify the Korean GPS
patients and to define clinical findings and molecular characteristics on them.

Methods: After taking a family history, platelets were counted using hematologic autoanalyzer and
peripheral blood smear (PBS) was examined for platelet size and number, and the presence of leukocyte
inclusions. Mutation of MYH9 was studied from mononuclear cells from PB by direct sequencing of
previously known 8 exons after PCR amplification of genomic DNA.

Results: Twenty patients from 5 unrelated families were diagnosed as GPS. Giant platelets, greater than
red cells on PBS, were found to be 3.1% of platelet (range, 1~11%). The median platelet count was
61,000/ L. Inclusion bodies were found in 3 families. Two families had previously reported mutations.
Family I had Argl944Ter in exon 40, located in the tail portion of myosin, while Family IV had
Lys373Asn in exon 10, located in the proximal portion of myosin head. The mutations were found only
in affected patients, but not in normal siblings or unrelated families.

Conclusion: In this study, we identified several families with autosomal dominant GPS. Two families
had known MYH9 mutations, Argl944Ter and Lys373Asn. The search for unknown mutations in the
remaining families as well as study of protein structural and functional alteration seems to be necessary
for further delineation of these rare genetic disorders. (Korean J Hematol 2006;41:16-27.)
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Table 1. Discriminating features of MYH9-related disor-
ders (Modified from ref. 1)

Macro-
Hear-
throm- | Renal Leukocyte
ing  Cataract . .
bocyto- defect  inclusions*
. loss
penia
MHA Yes No No No Yes (typel)
SBS Yes No No No Yes (type2)
FTNS Yes Yes Yes Yes Yes (type2)
EPS Yes Yes No Yes No
DFNA17  No Yes No No No

*Ultrastructure of leukocyte inclusion: type 1, clusters of
ribosomes aligned along parallel filaments; type 2, dis-
persed filaments and randomly distributed ribosomes.
Abbreviations: MHA, May-Hegglin anomaly; SBS, Sebas-
tian syndrome; FTNS, Fechtner syndrome; EPS, Epstein
syndrome; DFNA17, nonsyndromic autosomal domonant
form of deafness.
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TETEC] MYH9 FHA] Aol 2 At =
Aol e A AyH9= non-muscle myosin heavy
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2. Bioinformatics

AV MYH9 5R A= 40789) exonZ} 5 £ SUTR
2 ¥l F7) exonl 2 FAE o] Ytk MYH9 F
Z ZH(NCBI GI: NM_002473)¢] exon’ H.&= The Well-
come Trust Sanger Instituteol| 4] A &3d}E http://www.
ensembl.orgE ©] €3} 2™ Vega gene (ID: OTTHUM-
G00000030429) =+ Ensembl gene (ID: ENSG00000-
100345) sequenceZ=HE 1 JHE ATt MYH9 &
Azt A F9 = 2210l 2, genomic location
L 34949140581 35055849 bp7FA] <F 34.9 Mbpol] 2
| EA e

St V)& =ito] HRE Wl JEE 47
2 3led NIHO| A A|&3}= Online Mendelian Inherit-
ance in Man (OMIM http://www.ncbi.nlm.ih.gov/entrez/
query.fcgi?db=OMIMe|| MYH9 74 A 47149 & ¢
A3 7zt EARolof P 3t exonF HE AUt} ©]
3 Ensembl web siteo| Al MYH9 A Ao thdl exon
HAHE A3 displayd = introne] HYE ZA sl

Table 2. Primer set for exon amplifications

exons 5Z3 3207 Z+7} flankingslts 150 bpY
sequences AUATE o]|ZFE Vector NTI software
(Version 6.0 InforMax)E ©| &3] Z A3 primerS
319F5}$ 11 PAGE purification 3t primerS 53}

E3}od multiple
alignmenty} @12 T Ql F-Z(protein domain archi-
tecture) 5= Hlws| Bttt 2 AdFdAM = MYHIE
Ao dardd F2E Aot SAH| 7} dojd
o] izite] o 7]5E sk 99 Tl g
H XA 5 oA Sa B7] 9138t Pfam 7] %< ©| &3t

Pfam database (www.sanger.ac.uk)&
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WEA 7 S YA 2 slgdoz Aed FA
2 23 10 L-/] A8 S RPMI 1640 viA1 ¢} 1: 19
H &2 £33 & Ficoll-Hypaque©] 9|3 @ =u)
AAAM O R 1500xgR 1083 dAlste] dalA 2
2 B3t G A L2 HE QiagenAte] genomic
DNA isolation kitE #| ZA}2] protocole] wha} o] &3}

Primer sets Amplimer Sequence Mutation to detect

MYH9-1 502 GTAATGTGTTGTCCTTCTCCTCCCCGC N93K
CCCCCTTCTCAACCAGAGAGCCAGG

MYH9-10 119 CCCCGTGGCTTTCTTCCTCTCTGCTC L373N
CTGGGCGTGAAGCCTTGAGTGTGC

MYH9-16 407 CTGTAGCGACCCCCTCCCTTAGGCTC R702C R702H R705H
GGTGGAAAAGAGAAGGAGGTGGGGAAG

MYH9-25 445 GCCATCCTAAGTGCCATGATTGTGACC T1155I
GTGTGTGTGTGTGTGTGCAGAGGCCC

MYH9-26 454 GCTATGGGATAGATGGCTAGGAGGGGC R1165C
GCACGAGTCACAAAGCCCCTTAGAAG

MYH9-30 433 GGGGGAGGCGGTTTCATAACTGGGC D1424H D1424N
GAAGGAGAGGAAATGCAAAGGATGGGG

MYH9-38 406 GCCCCCAGACCTCTTTTCCAGTTACATAG E1841K
CTGCCCTTCTCACTGCCCCACCAGC

MYH9-40 431 CTTTGAGATGTGTGGGCTGTGCTGTGG R1944Ter

CTTTGGTATCAGATTCTGAGCAGGGGAGG
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oFA] 7)< W © 2 PAGE A A8 primers 411
1, 10, 16, 25, 26, 30, 38, 4080 5 871<] exonol] T3}
genomic DNAS £8a4 AuteS 3 &
PCR 5Z3}7] Y3 o] 239 primerE< sequencing
sto] Fbako A AV S AlYEHA
1. ABI Prism software 255 A& sequencing curve=
o]-§-5to] dual peak7} A=A AFE Flste] £4 3}
gth 2 AFo| AFL3 primer sequence? X Table
29 713131
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z g 5 - 7}i£ 57} olglth. dA HA
A, AL 7t A= 51 g, Al 7}%—8 49 =
g, Al 7S 9% 5 6 ﬂlv JfEL 147 = 61,
223 AV 7FE| 1—t— 4133 T2HoR F A 36
B FoA 2080 ALY IS } A3 ATk
(Table 3). EAHE2] tho]&= 24| ol A 80 744 S 3L(
Z A, 32.54), Aule= FAF 128, o2t 8H ot

AEI AT A5 o 75 SHG A
3} AT 7422] o} #](280,000/ pL)E A1 2] &F 197 o

Mo BF ad 245 B3, o859 FUHS
61,000/ uL (9], 4,000~280,000/ L)©] 21 tH Table 3).

°o]5¢] mean platelet volume (MPV)E& 43k
17.2fL (H9], 74~227fL) 2 A4 W<l 7.4~10.4fL
wo} v ks o] I A} F 20 oA = MPV
7} %% ML

oS0 A HQl Atdie AVl AY S
Anbol| A FE A A7]9 15 7A] thgFsta o

Table 3. Clinical and hematologic findings of patients with Giant Platelet syndromes

Family,

% of platelets by

diameter size

Inclusion Hearing

Initial diagnosis, Patients Agesler:( Y Mpy P;E;Lerlﬁt body in impair- Ci:::?' ':r?t?s
Mutation >8um 4~8yum <4um granulocyte ment
I IA 2/F 21.0 84 3 16 81 + - - -
MHA/SBS IB 33/M 19.4 40 2 11 87 + - - -
Arg1944Ter IC 26/F 8.6 4 ND ND ND + - - -
ID 59/F 10 5 21 74 + - - -
Il 1A 15/M 10.9 63 1 98 + - - -
MHA/SBS 1B 51/M 7.4 280 5 2 93 + - - -
Il A 61/M 22.7 12 7 37 56 + - - -
MHA/SBS B 32/M 12.5 8 11 40 49 + - - -
e 3Y6M/M  20.4 28 1 16 83 + - - -
1D 8M/M 10.8 5 7 31 62 + - - -
lE 3Y2M/ 18.1 22 3 21 77 + - - -
lIF 33/F 21.5 26 3 31 66 + - - -
v IVA 11/M 16.8 101 1 10 89 - - - -
EPS VB 44/M 20.3 63 3 25 72 - - - P
Lys373Asn IVC 16/F 15.4 66 1 9 90 - - - -
IVD 80/F 19.9 66 1 16 83 - - - -
IVE 46/M 13.4 107 1 4 93 - - - -
IVF 42/M 18.0 67 1 7 92 - - - -
v VA 8/F 17.6 108 1 12 87 - - - -
EPS VB 38/M 11.1 59 ND ND ND - + - RF

Normal values:

MPV, 7.4~10.4f; Platelet count 150-350x 10°/L.

Abbreviations: MPV, mean platelet volume; MHA, May-Hegglin anomaly; SBS, Sebastian syndrome; ND, not done; EPS,

Epstein syndrome; P, proteinuria; RF, renal failure.
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Fig. 1. (A) Blood smear shows thrombocytopenia with giant platelets. (B) Déhle-like inclusion body in leukocyte in patient

3C (arrow) (Wright's Giemsax1,000).

Fig. 2. Pedigrees of the Family Il (A), Family Ill (B) and Family V (C). All the families show the autosomal dominant inheritance

spanning 3 generations.

(Fig. 1A), A8 F9] Z7|Ht} & 8um ©]/te] 4%
of MEELE Ht 3.1% (U9, 1~11%)°] A, 4E+
A719 Axteg I AdFEoe e a4y
(4~8ym)e] WM& HFt 18.1% (A9, 1~40%)°]
p=

FH T Yol Dohle frAtaAE AT Sefol=
9] May-Griinwald-Giemsa 9% S F2] 1/4~1/39]
Al #ZE AT (Fig. 1B). (A7 B2 752 Al
I, Il 7kEe] At} o] &l A AAAn A A nA|lF2=
HFskA] Fstath

A= o] 354 ¢
HA7E &L, 344 of hg ARdes A

VI F 3740 Aol 4L Wit ThE B A
IV 7h%e) 444 @ ohiA 2 2l ARE o i
shglont B e Qg 10d A%
FEe] Biligt glof kg ¥g Folglo ARA

o xAe gglth
3 REYA Y AN oo

574E = 2ol ARt AL | A 7FESS A9
A7V Z M= 3ol 24X B 23S 72 gloH, &
Y 5 A4S 7A@ Ao oF gk Fof|A] A gho]
FdE = o2 Hol F9] A4 $ARATS ¢
T AUk (Fig. 2).

FAEA, QA 243 g7 FUA LY o
MYH9-HA Ao 2 437 5712 Ag Zof o
o] B (Table 1) AL, IL, Il 7}=& A2, Az 9
Aglo] gl BAA 7} 9o B2 May-Hegglin anomaly
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Fig. 3. Pedigree and electropherograms showing genetic alterations of MYH9 gene in the Family I. The candidate exons
of MYH9 in the affected patients and in their normal siblings were subjected to genotyping after PCR amplification. (A)
Pedgree shows the typical autosomal dominant trait of penetration. (B, C) Electropherogram showing the alteration of single
nucleotide in the 40th exon in the proband white arrow in A & B), comparing with the normal sibling (black arrow in A
& C). Note that equal amounts of thymidine (T) and cytidine (C) were reported as N, suggesting two different alleles are
present. No other mutations were found in the patient. And this mutation was present only in this family.

Table 4. Summary and locations of the single nucleotide mutations in 2 identified families

Family Proband Exon Nucleotide Amino acid Comments
| Bae xx 41 T5797G R1944X Known (Martignetti, 2000)
v Lee xx 11 G1119C K373N Known (Heath, 2002)

9} Sebastian TF79| 7Hs/do] oy miAlFE AT
7} Ho YA gonz 5}

th AV, V 7S A4 218 g 71EE el 9
1, BgA7F EA5A] &k v 2 Epstein FF 7ol
ekt

4. MYH9 QERIS] EoiHo| wAS 9l

exon?| HF AIMAEM

L=l

{0

71E0l gl MYH9 ko] Bl E 4] 9
o] OMIM database (http://www.ncbi.nlm.nih.gov/entrez/
dispomim.cgi?id=160775)°l A May-Hegglin anomaly+
MIM155100, 2] 3L Fechtner 5372 MIM 1536402
2, I8]3 ExPASy (ID: P35579, http//ca.expast.org/
cgi-bin/niceprot.pl?P35579) ol 4] W3] 723}

710l 4#1 7 exon 1, 10, 16, 25, 26, 30, 38, 408 &
871 exon?] 1170e] X 1% MYH9 S| E A 7]
MEEAE Attt 71Ed gzl 51 Aol
b £ Aol A& primere Table 30 W<ttt

A A7IE TS Tl & AFolAE Al 7H=5

I AV 7EEA A 7]Ed 4zl EdRHlE g
<+ 1 AtH(Table 4). A1 7}Zol| A & 409 exonel & F
ot ST97THA Fato]l G tiAl T & G2 A ¥ o]
Argl944Ter EA Wl E L o7t (Fig. 3). = electro-
pherogram #2414 Al A YElYE Co sl Fste
& curve (74 sHadE) il F2 A C peak o] 9
ANE F A T peak7} 2 A A YEFY sequ-
ence T4 No.2 HuHdtt ol T ddF+
2k % shvbe CE, U A shvke TE 23 sle 3o
24 TS ERHAATE o] @ (heterogeneous) o &
om|ge}, oA 5797 Sako] G thAl TR | g
© 24 arginineS T=E= CGA 4l stop codon?! TGA
2 W3] o] (nonsense mutation) T o] dH F
E5 & mutantE A AT T8 B2R2 o] 3k} 7}S
M g e AE WollX 7 MYH9 G 3} gk
2 32 A 719 ofnliite] @ A= Argl944Ter
mutant forme] &L 5& emlsta Ut

AV 7FEe A E 119 exondl] 1@ 1,199
nucleotide”} G W4l C ==& GZ vl o] & 373

)

p
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AA lysines +23tsh= AAG7} asparagines 28t (www.sangerac.uk) C2FE A F AU & AT
st AACE vH 7 © 24 (missense mutation) Lys373 oA a7 =dwolo] AA 92 Lolm it}
Asn 2| 3+S o)n|gth(Fig. 4). & o] Ao A= 3 A (Fig. 5). AV 7}Ze A 99lo] U™ Lys373Asn=
3 Ulo] 3738 A ofu|x=Abo] Lysel AA MYH9 Tl myosin globular head §-$ol| 9|84 1, Al 7}l A

A2k Asndl wlgd ddel s vista it Aelo] HUF Argl833L tail 9o 98k
5 7}l #EE A7) mutatione Y sHA | g B AGo|A] 7} species 7Hol] ofm]wAbe] MEH
1 AdAH o7 AP LARZT 7o AHS Bl 3t A= B8] AF MYHO (NMMHC TIA)SH 4% &
VR FADL, A5 W S8 gle B A 24¢] (homologous gene)?l ¥ MYH9, 87 MYHY,
e b, e 10?]9] B4R ©] exons& T enopus MYH9 2 AF MYHI19 FAAEZ Al
Zote] Aatstledl e BEHA Gkt T3 o] paralogous &% Z}(duplication¥] o] A7 A} 442}
A5 FHEH 3 Fd o] gE EAHolE ol MYHIO (NMMHC IIB)¢] ©@® sequenceZ H] &
man otk 1 A3} AL 7hEel c>HDL st Arglo447} ATV
5. M8 cHMTX 0=0AM ObO| = A mappingt 2t 7FEel s st Lys373_f A S oA & HE
o] gl 715 Tag oAt S & 5 SldTh

Z(species)Zt OfO| =&t HE

“ @

TG AAAANGTGT ATC’ TG AAAAGGTGT ATC'
100 110 100 ” f

<:|

L T AL Al

Fig. 4. Pedigree and electropherograms showing genetic alterations of MYH9 gene in the Family IV. The candidate exons
of MYH9 in the affected patients and in their normal siblings were subjected to genotyping after PCR amplification. (A)
Pedgree shows the typical autosomal dominant trait of penetration. (B, C) Electropherogram showing the alteration of
single nucleotide in the 10th exon in the proband (white arrow in A & B), comparing with the normal sibling (black
arrow in A & C). Genotyping of 10th exon shows the patient has two different alleles of cytidine (C) and guanosine (G).
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Fig. 5. The linear protein structure was obtained from pfam (www.sanger.ac.uk) and the relative location of the
mutations was pointed out. One mutation from the Family IV was located in the head portion of the myosin, while
that of the Family | was at the tail portion of the protein.

ARed ol AsEFAN A o) FHTg 2 &
I & Aol AgdanS daBo QA sA] Bt
AARG E4H F5 B A48t e 1S 2319
HI7HA MYHS-ARA Ao e JAg e < Aoz AyZtdr wgha dAAREA ANSo]
gtx AFAZ Fage] A7)} 5 HFstL, I F AE Ao A 53] 7FEEo] g We T2 AT
o] BelAle] EA f5, oz YA, g, & AALE Aldste] A dage] Av|<} 4, a9
o AAAW o] g TR ok (Table 1) o] g g B 24 55 gelstdor & Aot}
3t 7|02 S R doe A7 U B MYH9-QARY AgellA] & F de SHERE
z8d =AM AT 5~40%7F HETH 874, 130 AL, g uygE B
o & AP LTS Holn, g7 A H oA FH d F otk 28 AL vle Fshd, =EAE Y
A AeA] aAgrEs A g B o = Agste 2o E & Utk 28 A2 Ao}
Tl 20 9] gAME AR E A LR 7158 vebE § slom, A Hol EAY, 974 Y,
I~11%% 2A et o, Ao vk o] 5= 2 8 37} v Zol 7P B3 F/dolth A1 AW, A Y
2372 LEPH 2~44%7+ A 2kA) 5] THTable 2). 2, Al ZEAe] WHAAI7E AlA ol 27] A HE
MYH9 A3 Ao g oAl 9E8 1o 25~ AR treFstA vepdt) 23] e dv)
70%AN A ST W BLAE #2L 5 ded ole AR oA 27 AxA7RA g 5+ g,
7+d Al Kol Dohle body$} H]$23Fed ‘Dohle--AFA B AFGNME AV 7FE9 V B 2= 10 SEHEE
A'g Aty B AFME 3 7tEd A #REUT k2 o] 7hsta, 344 W WA AlRHo =z 2
(Fig. 1, Table 3). o] E4A <] AAAnZA nAF2 kgt ou VA 3kt 8A 2 obF A3 A%
2 May-Hegglin anomaly¥} Sebastian =3 7+& 73 o] o] AL Holx| gkgtt} mEE AV 7t = IV B
F 9oy’ B A E w72 d3E AgatA ke 300 FRHRE FEEe] W) llen) 80
ekt Aol ey (32} IV D)E 283 11 7t tE @
B AdFeA #aE dxse] d4d FAe A5 A e e L A7 5 o] st o H ¥
TAF7IZ S A9 TSk 61,000/ L2 1< 3 71 el = 41 28 5o Bt o Ry} gk,
Aet 197l A A AAE Bt 5718 Atge gagtd el Ag vt o2 21 el e,
2 Al 7159] IC9} ID $Abs 247 1A $hxke] 264 T3 Yol wet Ao FHEI) e Aoz 47}
d 2R 594 @ ey EA(Fig. 2) " 524 & = At
AR A ANZo R A (N2 B e B Ao BAAESH AdE HY 199999
IC gxE= HAAAA EA cyclophosphamideE 73+ Kunishima £'”©] genome-wide linkage £41S £3}0]
Folata U, ID At A EES Aldskslof May-Hegglin anomaly®] 3 2}7} 2201 @A 7+-<ho
T A3 Azl vk b4 &a AU 2Tt 1A 22912.3-q13.29] 13.6-cM F-9lol] $xgtha ¥,
FAlE ado] FAES du FH4 AddRs 2 Kelly 5%"0] 2 Z%le]| ] NMMHC-AS 3 3}8l&=
A Ho] A Ak T3 AV 7FE9] 3 S A = MYH9 7 71] o]4S wrglth. A5 & linkage ¥
(o HAA A 23 v dARaAY Ao s AT F12F HA Al May-Hegglin anomaly ©] €]
HAAEES Adstd oy ds] o] gtk o o #}A 0| Sebastian 5= % Fechtner &%°] 2}l
ojo] o AT AP AaTe] Aoz fhal U7 BAAE Fuke AdAaA 4 AdELE S
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