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ADA

a) 
• (ADA) ADA 20q13.11

• ADA , ,
, (dAXP)

,
• (SCID) (ADA-SCID) ,  

• 1 10 (Delayed onset) 10
(Late onset) , SCID ,

b) 
• SCID 40,000 75,000 1

, ADA-SCID SCID 15% , X SCID (XSCID)
2

• ,

c) 
•

– : , , RS

– : , , BCG

–

–
–
–
–
– , , ,

IgE
•

– <500/ l CD3+T
<300/mm3, CD19+B , CD16+NK ,

– CD3+ 2 <2000/mm3,
2 6 <3000/mm3, 6 1 <2500/mm3, 1 2

<2000/mm3, 2 4 <800/mm3, 4 <600/mm3

– TRECs (<100 copies/ g DNA )
– PHA 30%
–
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– CT
– 2
– SCID, T-B-NK-SCID : RAG1, RAG2,

DCLRE1C, PRKDC, NHEJ1, AK2 SCID
– ,

TRECs

d) 
• ADA

– deletion , DNA
, array CGH

cDNA ,
ADA

– ADA (partial deficiency) 
, , ,

– ADA 1% , ADA
, , ,

– ADA

– dAXP
e) 

• ADHD, , dATP total IQ 

• dATP 
• (ERT 8 )
• , , (43.8%)
•
• :
• (HUS): 4 (Gaspar, 2015)
• dermatofibrosarcoma protuberans ( ) 8

(Fabio, 2012)
f)

• ADA ,
(Table 1)

• ADA (Table 2)
g) ,

•
– , , (Pneumocystis

ST , , , 1

– ADA (ERT)
ADA

PEG-ADA 1-2 /
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PEG- ADA ,
, ,

• (HSCT), (GT)
–

(Farinelli et al 2014)
h)

• , , IgG, IgA, IgM, IgE, 
• Total adenosine (AXP) & deoxyadenosine (dAXP): 
• ADA : ERT
• TRECs
• HSCT , ,    

• GT integration site , ADA

• CT
• ,
• ERT (1 ), (1
• , ,
• ,

i) 
• , , , QOL

• late onset , ,
,

,
, ERT

j)
• SCID ,

, ,
and/or ,

• , , PEG-ADA

• HSCT ,
,
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A-T

-
ATM 20-30

 
 

 
A.  

1.   
2 5  

2.  
3.  
4.  
5.  
6. 6 50 8 90%  
7. 30%  
8. : T  
9. ( )
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3  

 
 

IgA -2SD   
-2SD   

 
 

 
1  

 
 

IgA -2SD   
-2SD   

 
 

 
2

1 2  
 

ATM  
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A.  
A-T A-T

 
 

1/200 A-T
A-T 1/4 A-T

A-T A-T 1/1200
 1% 

A-T
 

 
B.  
A-T

L-DOPA  
 
C.  
A-T 13 IgA IgG2 IgG
500mg/dL 10-20% 80 CD3 T 1000/ l
CD3 T 450/ l  
 

Pseudomonas aeruginosa  
aemo hilus in luen a Streptococcus pneumoniae Staph lococcus aureus

EB  
 

IgG 500mg/dL

ST
A-T

 
 

 (4
) 

 
 
D.  
A-T 80 25
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 (
)

 
 
A-T

 
 
EE.  
A-T

 
 
F.  
A-T 30 2 1

 
 
G.  
A-T 20-30

 
 

: 
 
1) A-T

( 1/3 )
 

 
2) A-T

1.5 mg/m2 6 
mg/m2

A-T
 

 
3) A-T

A-T
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A-T
2/3 1/2  

 
4) A-T

 
 
5) A-T

St. Jude 
3/4 A-T

 
 
6)  
 

 

 
A-T

 
MRI  

 
A-T X MRI

X
 

ST  
H2  

  

  
 
HH.  
AT
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MAC
X TBI

RIC  
Ral  Schu ert 4 AT Flu CY ATG

3 sso ic  M
ALL 3 6
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OKT-3 4 DLI 2012 Ghosh S
AT IgM treosul an FLU ATG-Fresenius

8 EBV EBV-LPD
HLA
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(DiGeorge) 22q11.2   
 
 
A.  

DiGeorge syndrome :DGS 1965 DiGeorge
Ca

1

1981 DGS 22q11.2
DGS 22q11.2 2 30

 
 DGS Velocardiofacial syndrome Conotruncal Anomaly Facial 

syndrome 22q11.2 22q11.2
 

DGS 22q11.2
CDH7 10 13-14

DGS DGS 22q11.2
2  

 
B.  

22q11.2 4000 6000 1
3 22q11.2

 
 
C.  

 
a.  Ca  

    b.   
    c.   

 
    d.  

 
    e.   
 

 
a.   
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    b.    T  
    c.    B   
    d.   

e.  X  
 

 
22q11.2  

fluorescence in situ hybridization (FISH)  array comparative genomic 
hybridization (aCGH)  TBX1  

 de novo 
 

22q11.2 4

 
 

 
FISH aCGH

22q11.2 22q11.2
10p13-14 CD3 T 

T-cell receptor excision circle TREC
T  

TREC
T DGS 5

DGS
 

 
 

22q11.2
CHARGE ccoloboma of the eye, hheart anomalies, 

choanal atresia, rretardation, ggenital and eear anomalies
22q11.2

DGS CHARGE
CHD7  
 
D.  

30
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EE.  

DGS 0.5 1 DiGeorge
complete DiGeorge syndrome :cDGS

20% DiGeorge partial DiGeorge syndrome :pDGS
cDGS pDGS

 
 

F.  

cDGS Pneumocystis 
jirovecii ST

GVHD CMV
CMV T T

 
6

T
 

T 7

8  

 
22q11.2 2011

9  
 
G.  

DGS
 

T
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22q11.2
 

 
HH.  

 
(JIA)  

 
22  

 
 

2  
 
 
 
 
 
 
 
 
 
 
DiGeorge syndrome 22q11.2 22q11.2 DiGeorge 
syndrome CHD7 10p13-14  
 

13

12
11 2
11 1
11 1

11 2

12 1
12 2
12 3

13 1

13 2
13 31
13 32
13 33

22q11.2 DiGeorge
syndrome

CHD7

10p13-14
18q21.33
4q21.3-q25
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DiGeorge  
   

DiGeorge  Definitive 3 CD3 T 500/ L
22q11.2

Ca  
Probable 3 CD3 T 1500/ L

22q11.2  
Possible 3 CD3 T 1500/ L

Ca
/  

DiGeorge  Definitive CD3 T 50/ L
Ca  
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generation sequencing for the diagnosis of primary immunodeficiencies. J Allergy 
Clin Immunol. 2016; 138:303-305. 
5  Kwan A, Abraham RS, Currier R, et al. Newborn screening for severe combined 
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312:729-38. 
6  Markert ML, Devlin BH, Alexieff MJ, et al. Review of 54 patients with complete 
DiGeorge anomaly enrolled in protocols for thymus transplantation: outcome of 44 
consecutive transplants. Blood 2007; 109:4539-47. 
7  Land MH, Garcia-Lloret MI, Borzy MS, et al. Long-term results of bone marrow 
transplantation in complete DiGeorge syndrome. J Allergy Clin Immunol 2007; 
120:908-15. 
8  Kojima D, Muramatsu H, Okuno Y, et al. Successful T-cell reconstitution after 
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9  Bassett AS, McDonald-McGinn DM, Devriendt K, et al. Practical guidelines for 
managing patients with 22q11.2 deletion syndrome. J Pediatr 2011; 159:332-9. 

97



 

 
  
A.  

DC; Dyskeratosis congenita

Hoyeraal-Hreidarsson syndrome HHS 1  
6 TTAGGG

DNA

50-150
DNA DNA p53

shelterin 2
RNA

TERC TERT Shelterin

DKC1,TERT,TERC,NOP10,NHP2 shelterin
TIN2 TPP1 TINF2,ACD

WRAP53 Cajal
2013

HHS DNA2 DNA
RTEL1 CST CTC1,TEN1,STN1

DNA CST
CTC1 DC 2015

DC mRNA A
PARN

TERC,DKC1,RTEL1 mRNA
PARN DC 11

DKC1 TERT TERC RTEL1 NOP10 TINF2 CTC1 NHP2 WRAP53
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ACD PARN DC  
 
BB.  

100
2  

 
C.  

 
DC

DC  
 

 

DC flow-FISH

 
PCR Flow-FISH

Flow-FISH 3

PNA kit
flow-FISH

SD 2 -2.9 
SD 2

DC
 

11

4 SBDS

DC  
3  
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Fanconi

Schwachman-Diamond Pearson

 
 

DD.  
20 40 DC

11 5

 
 
E.  

DC HHS
DC

 
 

F.  
6

DC
1 800mg 24 /

2016 7 24 12 11 92%
12 10 83% grade2

41% 33%  
2016 DC Systematic Review

8 5 57% 10 23%
20 2000

HLA 109 15 14%
27 2 7% 71 13

18%
 

DC first line
DC
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GG.  
DC

70 9

DC
 

 
H.  
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. telomerase shelterin  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

. Flow-FISH  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RNA template

AAUCCC

TERT

Dyskerin

NOP10
NHP2

3

5

TERC

TTAGGG
3

telomere

GAR1

5

POT1

TPP1
TIN2

RAP1

TRF1TRF2

telomerase

shelterin
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A.  

IgE  (Job's IgE

(1)  
 
B.  

10 -100 1
90 STAT3 de novo

(2)  

IgE

2

IgE

(Aspergilloma; fungus ball)
 

 
C.  

IgE STAT3 STAT3

STAT3
 

DOCK8 (AR)
2015 IUIS Netherton ( SPINK5)

PGM3(phosphoglucomutase 3) AR IgE (3)  
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DD.  
IgE

IgE T Th17 IL-17A,IL-17F, IL-22
(CXCL1, CXCL2, 

CXCL8) -  
T IgE

(4)  
IgE

STAT3 Th17 Th17
 

IgE
T

EB DNA IgE

 
 
E.  

1
IgE 2000 IU/ml IgE

IgE
IgE

IgE
700 /um3

 
IL-6, IL-10, IL-23 STAT3

 
IL-6

CRP
IL-6  

 
F.  

2000 IU/ml IgE T
B IgE  
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IgE STAT3
 

STAT3 IgE  
 

IgE
STAT3

 
 
GG.  

IgE
IgE

 
ST ®

®
®

®

 
-

® - ® - ®

Th17

 (5, 6)  
 

H.  
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X   

 
1  

X X-linked agammaglobulinemia: XLA 1952
Bruton 1) 8

1993 2 XLA
Bruton tyrosine kinase BTK 2, 3)  

 
2  

XLA X
1 X 4 20

1 BTKbase http://structure.bmc.lu.se/idbase/BTKbase/
2015 3 1362 200

 
 
3  
1)  

4

5

1/3
6  

 
2)  

 
 
3)  

IgG 200mg/dL IgA IgM
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IgG 300mg/dL B CD19
CD20 2

20
7  

 
44)  

BTK BTK
BTK 1 8  

 
1 BTK  
 
XLA BTK

 

 
2  

9)  
 
5)  
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2 9 XLA
BTK

autosomal recessive agammaglobulinemia: 
ARA ARA 5 IGLL1 Ig CD79A Ig

CD79B BLNK PIK3R1  
 
44  

Helicobacter
QOL  

 
5  

 
 
6 ( )  

XLA
IgG IgG 700mg/dL

IgG
IgG 10 3-4

1
QOL 11, 12

HLA
13  

 
7  

XLA

CT
3 Helicobacter
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3 XLA CT  
 

 
88  

B
XLA  
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IgM  
  
a)  

IgM HIGM IgG, IgA, IgE
IgM

 
b)  
  2016
HIGM1 60 IgM 50%

 
c)  

A.  
1  
2 HIGM1  

X  
3 HIGM1/3 PCP  

 
 

B.  
IgG, IgA, IgE  
IgM  

HIGM1  
CD40L, AICDA, CD40, UNG  
In vitro  

( ) 
FACS  

 
C.  

PMS2 MSH6 INO80 NEMO ATM XLF NBN
IgM  

PIK3CD PIK3R1
activated PI3K-delta syndrome (APDS1/2) IgM
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DD.  
IgG, IgA, IgE IgM

CD40LG, AICDA, CD40, UNG in vitro
 

 
E.  

HIGM
 

d)  
HIGM1

HIGM1

HIGM2,4 5  
e)  

 
 
f)  

A.  

 
 

B.  
HIGM1/3 T
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HIGM1

 
HIGM1 G-CSF

 
 

C.  
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DD.  

HIGM1,3 T HLA

CD40L
HIGM1 5

5  
 

g)  
HIGM2 T

HIGM1 HIGM1 56
23 40 31.6

 
h)  

HIGM1/3 T
HIGM1 PCP
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X  
  
1  

X X-linked lymphoproliferative syndrome: XLP
Epstein-Barr virus EBV

1-3) 2 SLAM-associated protein
SAP SH2D1A SAP 4, 5) XLP1 X-

linked inhibitor of apoptosis XIAP XIAP/BIRC4
XIAP 6) XLP2 SH2D1A XIAP/BIRC4

X Xq25 XLP X
 

 
2  

XLP 100 1-2 XLP
8 XLP1 2 XLP2 XLP1 30

XLP2 20 XLP2 3)  
 
3  
1)  

XLP2 X
7, 8) EBV

hemophagocytic 
lymphohistiocytosis: HLH XLP1

XLP2
inflammatory bowel disease: IBD

1 1) HLH EBV HHV6
XLP2

EBV XLP2 IBD HLH
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1 XLP1 XLP2  

 
XLP1 

SAP  
XLP2 

XIAP  
EBV HLH 45  49  
EBV HLH 7  24  

 26  0  
 38  28  

HLH  7  88  
 0  19  

 
22)  

HLH XLP2 HLH
 

 
3)  

HLH
EBV-HLH IgA/M

XLP1 EBV
 

 
4)  

SH2D1A XIAP/BIRC4
XLP1 CD8+T

NK SAP XLP2 XIAP
1 9, 10) V 24+V 11+CD3+T invariant 

NKT iNKT XLP XLP2
XLP2 NOD2 TNF-

11)  
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1 SAP XIAP  

SAP XIAP
 

 
55)  

XLP1 XLP2 HLH familial HLH: 
FHL FHL XLP
EBV EBV

2 12) ITK
CD27 Coronin-1A MAGT1 HLH

EBV
iNKT

EBV
XLP1

 
 

2 EBV  

 
 

 
HLH  

 

 

 

EBV  

iNKT 

 

XLP1 

SAP  
XL SH2D1A + + + -  

XLP2 

XIAP

 

XL XIAP + - + - /  

ITK  AR ITK + + + +  

CD27  AR CD27 + + + + /  

MAGT1  XL MAGT1 - + + +  

STK4  AR STK4 - + + + ? 
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Coronin-1A 

 
AR CORO1A - + + +  

APDS AD PI3KCD - + + +  

CTPS1  AR CTPS1 - + - +  

ALPS-FAS AD FAS + + + + ? 

XL, X-linked; AR, autosomal recessive; APDS, activated PI3K  syndrome; AD, 
autosomal dominant; ALPS, autoimmune lymphoproliferatvie syndrome. 
 
44  

XLP1 Burkitt
B EBV EBV

XLP2 IBD
 

 
5  

XLP1 XLP2 13)

 
 
6 ( )  

HLH A
XLP1

XLP2 HLH
XLP EBV HLH EBV B

CD20
14)

XLP2
IBD TNF-

 
XLP1

9) XLP2
15)

XLP2 IBD
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16)  
 
77  

XLP1 XLP2
13) XLP1

81.4 62.5 17)

XLP1 3, 9)  
 
8  

XLP HLH HLH
17) EBV

HLH EBV EBV
XLP1 HLH IBD HLH

XLP2 XLP
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