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Identification of novel pathogenic genes for congenital hemolytic anemia and
establishment of comprehensive gene testing

KANNO, HITOSHI
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We analyzed 50 cases of congenital hemolytic anemia (CHA) by the whole exome
sequencing, and identified that a male patient had a nonsynonymous SNV in ATP11C on the X chromosome,
€.1253C>A, corresponding to p.-Thr418Asn. The proband was hemizygous and the mother was heterozygous for
this mutation, as determined by direct sequencing.Thr418 is located near Asp4l12, the phosphorylation site
for the active transport of phosphatidylserine(PS). Flipping activity was measured by monitoring PS
internalization using flow cytometry, and the patient"s red cells showed dramatically decreased flippase
activity. Because red cells with exposed PS can be phagocytosed through recognition as eat-me signals,
ATP11C deficiency presumably causes extra-vascular hemolysis.

The comprehensive gene tests enable us to make a correct differential diagnosis of CHA, and we showed
that they are particularly useful to avoid serious complications such as venous thrombosis after
splenectomy in PIEZO1 deficiency.



33

Kit

G6PD
PK
Hb

Hb

2004 2011 291

eosin 5'-maleimide

50

50

4

OF/EMA

:Hiseq2000
:Agilent SureSelect XT Human All Exon 50Mb
“ANNOVOR

= | W
o =2

HS

3
— |
|ANNOVOR |
| |
dbSNP135 1000g2011May11 |
R 2
pipeline
50 10
4
1 SPTB ¢.C5371T:p.Q1791X M M 1
SPTB C.C5163G:p.D1721E
2 3M M 3
ANK1 c.4356 4357inSTGAA‘p.N1452fS
3 SPTAL C.GBBA:Q R28H 5M M 3
4 ANK1 c.1033deIG:p.A345fs 1Y11M M 2
5 SLC4A1 c.C1721T:p.S574F 2yllm F 1
6 ANK1 C.G2899A:p.E967K 3Y. M 3
7 ANK1 QlGOSdelAZp.KSSSfS 3Y M 2
8 SPTALl €.C802T:p.R268X 18Y M 2
9 EPB41 c.C743T:p.T2481 18Y M 1
10 SPTB C. 2741deIT:p.L914fS 33y M 1
4/10
3/10
3/10
36 4 B
SPTB 3 SLC4A1
4.1 EPB41
EMA
ANK1 «a
SPTA1
10

SPTB

ANK1 SPTAl




Case3 Case6 Case?2
SPTA1 ANK1 ANK1 SPTB
1 2| €.4356_4357
c.G83A €.1605delA inSTGAA ¢.C5163G
p.R28H p.K535fs p.N1452fs p.D1721E
al domain membrgne regulat_ory repeat
domain domain

-

Garbarz M etal. Blood 75: 1691-1698, 1990

2 Gallagher PG etal. BrJ Haematol 111:1190-1193, 2000

N
p.R28H
€.1605Cdel

ANK1 4
SPTB

13

ATP11C

Case3 a
Caseb
HS
Case 2
349
B
ATP11C
PS ATP
flippase

€.1253C>A p.Thr418Asn

ATP11C

Control

Proband

Thr418

Outer
Plasma
membrane
Inner
C
@ Phosphorylation 7T+ -
b kT e T L™ E

5’ - GATAAGACTGGAACACTCACTGAA- 37

57 - GATAAGACT GGAACACTCAATGAA- 3

418
N

PS
Asp4l2

Asp412 Thr418
P-type ATPase
NBD PS
flippase
PS
20 min Incubation (min) + BSA
Events BSAQ) Evems” 0 5 o 5 2
Control f‘.‘ - ﬁ‘ - \ - -
LA ALALLAL
Patient | - \: " A - f - /i\‘ A
2 G A U 7.8 WY 7.5 W S
womer |- A - fv‘ -
A /) JM,\, ST /\A M
NBD-PS loaded NBD-PS internalized
PS
PS
X

Percoll k

75.8%

Fraction

] Senescence
Y ©1%

Flippase

flippase

PS
8.86%

flippase

flippase

ATP11C

Erythrocyte
Whole Senescence
Ne 1] -
o A 6.32% /th‘ 9.17%
y
Proband = =
/1 88w /| 8%
e I i -
Mother - ﬁ A
I 5.58% /‘ 10.07%
Zas A
—
PS-positivecells
10%
6.32%
9.17% 15.86%
ATP11C
PS



D

2)

3)

4)

5)

6)

scramblase

flippase

18

Utsugisawa T, Uchiyama T, Toki T, Ogura
H, Aoki T, Hamaguchi 1, Ishiguro A,
Ohara A, Kojima S, Ohga S, Ito E, Kanno
H. Erythrocyte Reduced Glutathione is
a Novel Biomarker of Diamond-Blackfan
Anemia. Blood Cells, Molecules and
Diseases( ) 2016; 59: 31-36.
doi:10.10167j -bcmd.2016.03.007
Arashiki N, Takakuwa Y, Mohandas N,
Hale J, Yoshida K, Ogura H, Utsugisawa
T, Ohga S, Miyano S, Ogawa S, Kojima S,
Kanno H. ATP11C is a major flippase in
human erythrocytes and its defect
causes congenital hemolytic anemia(

) Haematologica 2016; 101: 559-565.

doi:10.3324/haematol .2016.142273
Imashuku S, Muramatsu H, Sugihara T,
Okuno Y, Wang X, Yoshida K, Kato A, Kato
K, Tatsumi Y, Hattori A, Kita S, Oe K,
Sueyoshi A, Usui T, Shiraishi Y, Chiba
K, Tanaka H, Miyano S, Ogawa S, Kojima
S, Kanno H. PIEZO1 gene mutation in a
Japanese family with hereditary high
phosphatidylcholine hemolytic anemia
and hemochromatosis-induced diabetes
mellitus. [Int J Hematol( )
2016.doi:10.1007/ s12185-016-1970-x
Ikeda F, Toki T, Kanezaki R, Terui K,
Yoshida K, Kanno H, Ohga S, Ohara A,
Kojima S, Ogawa S, Ito E. ALDH2
polymorphism in patients with
Diamond-Blackfan anemia in Japan(
)iInt J Hematol 2016; 103: 112-4.

doi: 10.1007/s12185-015-1891-0
.y o T
( )
2016; 61:3-12.

Kanno H, Ogura H.Glucose-6-phosphate
dehydrogenase deficiency in Japan(

7

8)

9)

10)

11)

12)

) Rinsho Ketsueki 2015; 56:
771-777.doi:10.11406/rinketsu.56.771

1 ( ) 2015; 44:
97-100.
http://jglobal .jst.go.jp/public/200

90422/201502299160167291

( )
2015; 61: 529-538.

http://yuketsu.jstmct.or.jp/wp-cont
ent/uploads/2016/01/061060529.pdf

Wang R, Yoshida K, Toki T, Sawada T,
Uechi T, Okuno Y, Sato-Otubo A, Kudo
K, Kamimaki I, Kanezaki R, Shiraishi
Y, Chiba K, Tanaka H, Terui K, Sato T,
Iribe Y, Ohga S, Kuramitsu M,
Hamaguchi 1, Ohara A, Hara J, Goi K,
Matsubara K, Koike K, Ishiguro A,
Okamoto Y, Watanabe K, Kanno H, Kojima
S, Miyano S, Kenmochi N, Ogawa S, Ito
E. Loss of function mutations in RPL27
and RPS27 identified by whole-exome
sequencing in Diamond-Blackfan
anaemia( ) Br J Haematol 2016;
168: 854-864. doi: 10.1111/bjh.13229
Viprakasit V, Ekwattanakit S,
Riolueang S, Chalaow N, Fisher C,
Lower K, Kanno H, Tachavanich K,
Bejrachandra S, Saipin J, Monthana
J,Sanpakit K,Tanphaichitr VS,Songdej
D, Babbs C, Gibbons R, Philipsen S,
Higgs DR.Mutations in Kruppel-like
factorl cause transfusion-dependent
hemolytic anemia and persistence of
embryonic globin gene expression(

) Blood.2014; 123:1586-1595. doi:
10.1182/blood-2013-09-526087 .
Hikosaka K, lkutani M, Shito M, Kazuma
K, Gulshan M, Nagai Y, Takatsu K, Konno
K, Tobe K, Kanno H, Nakagawa T.
Deficiency of nicotinamide
mononucleotide adenylyltransferase
3(nmnat3) causes hemolytic anemia by
altering the glycolytic flow in mature
erythrocytes( )

J Biol Chem 2014; 289:14796-14811.
doi:10.1074/jbc_M114.554378.
Kobayashi Y, Hatta Y, Ishiwatari Y,
Kanno H, Takei M. Human parvovirus
B19-induced aplastic crisis in an
adult patient with hereditary
spherocytosis: a case report and
review of the literature( )
BMC Res Notes 2014; 7(137),2014.




13)

14)

15)

16)

17)

18)

D

doi:10.1186/1756-0500-7-137.

. ABO
(

) 2014;
60:521-526.
http://yuketsu.jstmct.or.jp/wp-cont
ent/uploads/2015/03/060040521 . pdf

(

) 2014;
51:446-451.  J-GLOBAL  ID
201502259248807655
15A0187742

CART

2014; 33: 178-184.
http://www.apheresis-jp.org/mod
ules/publication/index.php?content_
id=44
Akizawa Y, Kanno H, Kawamichi Y,
Matsuda Y, Ohta H, Fujii H, Matsui H,
Saito K. Enhanced expression of
myogenic differentiation factors and
skeletal muscle proteins in human
amnion-derived cells via the forced
expression of MYOD1( )

Brain Dev  2013; 35:349-55..
DO1:10.1016/]j -braindev.2012.05.012
Tsuzuki S,Akahira-Azuma M,Kaneshige M,
Shoya K,Hosokawa S,Kanno H,Matsushita
T. A Japanese neonatal case of
glucose-6-phosphate dehydrogenase
deficiency presenting as severe
jaundice and hemolytic anemia without
apparent  trigger( )
Springerplus.2013; 2:434.
doi:10.1186/2193-1801-2-434

(CART)

-( )
2013; 59:470-475.

http://yuketsu.jstmct.or.jp/wp-conte
nt/uploads/2015/03/059030470.pdf

16

(G6PD)
118

2)

3)

4)

5)

6)

7

8)

9)

2015 4
19
63
2015 5 28
yo T
63
2015 5 28
60

2015 10 16

.Significance of
gene analysis in a patient with
hemolytic anemia in the adulthood

7
2015
10 17

Narla Mohandas -ATP11C
Encodes a Major Flippase in Human
Erythrocyte and Its Genetic Defect
Causes Congenital Non-Spherocyte
Hemolytic Anemia 57

Orange County
Convention Center: Orlando USA 2015

12 6

. COL4AL is a
novel causative gene responsible for
congenital hemolytic anemia,
representing characteristic clinical
course in infants( ) 57

Orange County
Convention Center: Orlando USA 2015

12 6

23

2015 7 2



2014 6 13
10)
76
2014 10 31
11)
G6PD
76
2014 10 31
12)
.Diamond-Blackfan
(DBA)
76
2014 10 31
13)
59
21
2014
11 20
14)
55
2013 11
29
15) .
Diamond-Blackfan
475
2013 6 8
16)
116
2013 4
19
9
1
3
P96-99,2015
2)
3

3)

4)

5)

P70-78,2015

15.

P38-40,2015

VI

21

P160-163,2015

P73-77,2015

6)

MOOK

P123-127,2014.

7 :

8)

55(11)P1527-1531,2014.
9) : .

(

¢y

@

®

58(3):327-335,2014.

(

o

KANNO,HITOSHI

)>--C )

) 58(3)P327-335,2014



