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494  E2E WMET-FORAT

ﬁ”éé$ﬁﬁmm§

iR E R FRFREFENER/NERETTE FE I

BERYRET2ESE

o BFREGERALSETI—ROSEILBWTIRET A EEINTHS. Lirl, TLTL-HRPHER

FIRBREICE > THEIZEOFBICEVWTEP 2T NER O 2 WERERO—DTH L. TOHH

O—DIVIFREERENT, WP, HEBMSEERBMCEELAZBEICLY, £ ORBERER

SREBICBOWTREYBY, RHEESTRELD, BEOTFEIRE(EFTINTETSIL

HHIFohs.

BB RO MEIE 2~ E S L b L ERLSETRITSNLE A, ZOMERTOER
20 LI LTH - EEIEIMENS & EHIT, RIBRWEETTONLTnAEY,

S« BREGERALSEICZIN EO ST T REBRESHY, IroBREF/ FHEO L ICHE
L7 MAEEE CBMR 7 ORERHINTA I L RATETHL. FITIOETIRIELWERER
BEAREEOBH D0, MEAEEZ2 EDLICTEL, EINMTHEILLVIBEPLHHT 5.

*,
L <4

td

BERERETEEDSE

& BIRMEERSEDSIEIIR, 2~34 T & IZIUIS PID (International Union of Immunological
Society for Primary Immunodeficiency Diseases) Classification Committee D& 5#1Z & o THRE &
NTWw5, BHFOSHEIZ2004FEICERINY.

@ TOSETIEBERNEEP S DD KERIV—TI20 61, 4 EICELEETF I LML
ENTWAD, BRI - TREBLTHEIN TV EL0bHY), FLEELZLOTIEZY. &
L RETREFOREE D KYETPRC LD LEBbE. ERENFES wOT, ENZE
BAEATERLUEWEL-DEERT (F1).

¢ EBOBIZETREIPZNADOSEDO ENICELET 25T L, BKRE, FHRE, RIEFIHR
HFERETHHRERYAALE, BEST  BEFERFELTCEBHERALON—RINE SR> TE
7=.

BREEE ‘ N
QO ERMGEARREDZH CILZTOREICE T 2REBBOXMGEZ THIER, BHllgXRk,

BilR, BERICDUTEBELESSEDD EIERFELYPTL.
ONRENLRENEDH L ER2ITRL L. ,
OEFELREFE,PORELHEITL, BRMICIEEIFOBREK, FREEGTORE

THEZH IS,

J
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=1 ERUESBERLEDNSHEE (UIS" report, 2004" OHE)

. THLUBMRRETE (EERENLIE)

. E &L TREFEDRIBE

. REREHEER

. BBOREY - BENER

. BREZORE

VI

{LFAYEE | X-SCID*?, ADA™RIBRESL ¥ ¥ 2 X LREADSCID, X-FIgMIMEX &

REMEER  XBLUEREHRLEEy-TOT Y ME, AID™XRIEBE, UNG™ RIBEIC L
35 IgMINGE, RIRAYIgRIBE, CVI™®H E

ZDEHIORBBICERE S W -RERLE

RIRAYFER - WAS®, AT*®, NijmegeniE/EEE, DNA ligese V/RIBE, DiGeorgefEi&EE % &

REMYFERE | Chédiak-Higashi FEIERY, FIEMMIBRER Y o/ VERBEIE, XLP*®, ALPS™™
(CD95, CDY5L, casepase 8, 10RIBHE) % &

REWEE  BeOBERICKL 3FHIAE (KostmannfERE, BT IE, X
ESEIFRERAELS E), LAD I-ME!, CGD*™?, IFN-y BEEHBBOXME 2 F OEERL
£

RFHER | ETENFERRES 24 RETSE, WHIM™ERES E

B O RAEERE

REROEE | TR RS, TNFSEFEERMERR, 5 IgDERR, CINCA™ M ERE,
BlaufEIREF 4 £

R RABEE

{Xz:h99%E  C1q, C1r, C2~C7, C8a, C8b, C1 inhibitor &t EDXRIBER &

*1 : International Union of Immunological Society, *2 : EfEH-& RIEFLIE (severe combined immunodeficiency),
*3: 75 )3, 257 34—+ (adenosine deaminase), * 4 : activation-induced cytidine deaminase, *5 : uracil-
DNA glycosylase, *6 : SRR R4LHE (common variable immunodeficiency), *7 : Wiskott-Aldrich
SRR, *8 BMIMEILENEHETE (ataxia telangiectasia), *9: XEH Y v HEREERE (X-linked
lymphoproriferative disease), * 10 : BTt » 78 EH (autoimmune lymphoproliferative syndrome),
*1] ° BlIEkIEE TS5 (eucocyte adhesion deficiency), *12: 1EMAZFIESE (chronic granulomatous disease),
*13 : warts. hypogammaglobulinemia, immunodeficiency and myelokathexis, *14 : 2% 7LIBAIFEAE-HE-BL

-B% (chronic infantile neurological cutaneous and auricular)

#2 ERMEETYECHTEIREDEDS

BiEfaEEE R e
miEgG, IgM, IgAf&E B#mAEEL (CD19 or 20) BiifaRENMEDHEE
FEiEMBEEE M gGH T U5 X U NEil EDERE
BEDT 7 F AT BHlE | MiFIgD, IgEfE BEREICET 3 RIG

(BER, ST7FUT,BREE) | 7 7 F T 3RERIC | piBEEs AT o LAL

(FRBRET 7 F 5 E) EFEITOTY EERE
77/ A ROY A XOFFHM HHAZIE M LA D ERAT

‘ RASFOKRE (BtkEF)
AR T AR




496 HE2i BRET -5 ORMAT

TSRS

) INEREL, HBAAZAE TH#iREE (CD3, CD4, CD8E) | THREEFEDIEE
Bafg t - X O U 2 INEEFHIERIG L/X— b —t55R
EFEEY 57 RS HLAR A E > 7 A RHA L - SRPARE
(A4, YNIVITU LR | EBHREE mEREEEE (NK, CTLE)
o) BEEEM (ADA, PNP %)
' KB, g, BESOER
FRBL B LAB D BRAR

BEPFD&FE(L-2RY. Jak3,
WASP, CD40LE)

BTN
Bl R L
BTk, fpEAsEE {bE YR ER %S T (CD11B/CD18)
NBTEITT X b HILERES skin window
1MiE lgE & FE1bgE, BREE, IRHFEE FRIEE, HEFERE, HEEERE
S 0= —WEEEE BsEN (MPO, G6PD,
NADPH oxidase &)
EIRFEET
HHEBET S
CH50 * TV UEM B2 g E
C3, C4 HERPOEE BERERTAT
EMAESFOBIE (C3a, Cda, | EIZTFREN
C4d, Cha%)
LY UR I LAY ERAKY 5 (Ccwr? Xy, —HYEE)
(tﬁﬁd)'fﬂ T4 ) ........................................................

BCORETHH BT &R (£2)

¢ RBEREESH D ES b, BREPZANEERTH 22 L) PFBWSND. L0 LS RRE
BEORETH DRI S E, FIICNT LT 2E, HELWERICES. B OES
FREEGSEDLIENDH L0, REBHIBOTEETH .

BESVLSEEICRET DD

¢ RETSELEIER B30 L) RERY D 25 CERERERSELHEIBINCMA, RE
SEEVETS. TORCERIRTEBLEETHILENFH 5.

¢ BRETREEEEOIN-FUBRBORRE | T —MOBRERKREP O THEBRVHRM TRESERLE
BIOmMEL DI L¥HH. REMLHAZRSITRLL.
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+ BIETHRITOBIIIBAERORECERLA) XT,

PULETHE. iz, BRADKAZEBXKEFTOREVEENS.
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TRRHBPOL LICERTHELZE LI L

& Mg IgGEXTE» S OBITHEORL L L b ICBAEHEI~62 ATREE Y, ZOLEDRE

EREADI/A4~1/5E b LICEETRETHA.

LI RRrury) » (IgG, 775

A, IgA, IgM)] 0EZEME. F7-, KEMOBMRE, ZO7HE, VY SBHYEEOY 7y b
TRl A, R & HICEHT A, TRk (WBC), HMEkGE| [THll, BAlls L

%3 GERREEFEDEIME

®4 REFSE

ERH-BENDEEA

1, SRR (ERIIRBELE) PHD
1) BECBVWEREIEY-F
2) BUDESE - BE(L
3) BRLGZE, SHE
4) FEEORVRERIC & 5B
2. EMOERIFERD H B
3. BEOTHI & D
4. FEEMPFTRTH 3

IR

oo rw

2) EME

SREEMELS ORBHEROEE~R 6 28
RAHLER L & RIR R O HFE
SREMEDORIBFR
BEERMEOHE
TRNGEROFE
1) BHFNEEE.

24

RE5 REBASELREINV—F O REOKR

Mk AR _
SNk | 1,500/ LT B DEARERSIE YTty NOBRELDE
KostmanniEEEE, BEE
E =3 . ELA2
B | 1,000/uL BT B A & OTE & i‘ff:ﬂf;i; ELA
DEEIC & BEFRsRASE |
T EDES j =2 ==
oy C%QLAD4t®amﬁ éﬁ@%%éﬁixmm
HERER Y DIRFEE &
BOAE, MBNERL | FPEISERER RIBE, | MEREEE, ELEORE,
EDWEERE Chédiak-Higashi iEMEEE | NKiEM:
il
B] OGED 110 LELTF)
/i EH 14X GRYD 1 MPV | WAS WAS PH-FDie%
70fLELTF) OEE




498 o BMEF—FOERAF
/ﬁ—?m*ﬁﬁ
. 4 OK - |y-7 07 | Mi51gG, A, M, E, Bififz
E‘ i
RASE |y AEOEE LM DEEL & DIRE
CH50 EERE BB D DXRIE BBERDDERE
HERRE
. I IXER D E DFREE, ADA,
RER(E A= ZEAICHER
FREAE RERE HRHER PNP B R
U L INBRDBEDIRSR, KX
c 2 R 1 i '
s REEE DiGeorge FE#RE: LEROFE, FISHE
XIGHRE
DiGeorge iEIZEf. 5% - o
o il ANl & =] N DB E DR
B RER RS BHERELSE J 2 INER A B DR
B =Hs, 3EEL ADARIBTE, = IgEMEERE | U B EDER, IgE |
@ﬁﬁ;ﬁ@@gﬁg;ﬁ) ........................................................

BESERE s OEBEDEIC L BER
o B EERAEDSHOSE L £ 2SR REEER | BRI GETSEIIFR 2 HHERE
REEENS (, BWHAOLROL LTHEOTEETH L. ReICKENLZAZRLL.

#*6 BENIHEERESHTIARNCEREREASE

FZRMOER DiGeorge fEI&RF

FREER PNP RiBfE, AT

b P DiGeorge iEf&EE, AT, CMCC™', IPEX™*{EMRE

B EREIR WAS, AT, ETHINRERBE % 5 RETLAE, Chédiac-HigashiERH

BOEE ADARIBIE. & IgEEIREE ‘

I ALPS; CINCAEIEES, BlaufEIEEE, IPEXSEIERE, WAS, PNPRIBIE, #
R RIBEE

e ) ‘/_/\BHE WAS, AT, XLP, DNA Lig-4 RiBiE, PNP XIBFE

BEHRE DiGeorge fE1EEE, NijmengenfE1&#%, DNA ligase IV RIBIE, .—ﬂgEfW%ﬁ

BAPBEE SchwachmanE&#

EHHEDEQ LAD type 1 _J

* 1: chronic muco~cutaneous candidiasis,

*2: immunodysregulatidn. polyendocrinopathy, enteropathy X—linkedff:
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R7 BENCBRMEERTERERETEEONERN

BELAIWNRZRT A IV ABEE BEREREEE, WAS

A1 Y IR R % | | SCID, X-&IigMMiE

BRI TO7 TV ABESE (BRAEE) my-J07Y) > MiE

B IE T LIRRRYE BMBER, RATRE, &IgEMERR

BUETIARE - 1> 7 VI YEBRE | 9G¥ T 75 A RIBE
(W%, FEXEE)

ERGEBVAIVARRIE XLP

#HE, BCGREY, JEERMME ) IFN-y EERBORE
FAEUTBREE WIRUBIE, C5-CORIBHE
GUTRAXRY T TLICEBEER X-& IgM M fiE
REQ—T7 IV ABE (FE) WHIME 1% 8%

REMS > T HBESE CMCC

S ERMRBEASEIIRBICL o TRIFFICRENTHERICL 5%, HREERTILFHE (F
7). COBBREY L GERT I LEBINOFEFPY T TR, BELLTRICEET LI L
NoblOBOTEETHS.

BRESEH SHETRECE, BEOT7A0—T v

+SCID W) ¥ BB OB 2 T IUE RSB ISP TR T, PWMRIIRENRIEESEZ BRI
NTHLENRH L. 272 X-SCID D&, BHgSER L T Y SRV EEL WIS 2VE
BbdHY, BolBaikY Y HY Ty FORETTAREORRIEETHS.

S XGEE y -7 07 ) VififE (X-linked a gammaglobulinemia : XLA) 3y~ 0 7) YiifEEL B
HBOKIBZRTOFRETH LA, FFREF (I7EIeG, B HESNILE) dFHEmEh TV 5,

$y-rus COWKIZFDOLT T LANNES0~600mg/dL &£ %5 L) ICHTCEEZ /2 TAH I LA
EE,

SEIEMIE* BT 2 EABICIEARERS L LTHEI N0 LB TEVERBO2HTD
D, F&, SUFEPELZHOT, HESTF, BEEEEFORT 2 EICLAENIEETH 5.

CODEHERROEHRBRENTFRICKRESEET LD, B-INVA e ENlEET S 7 4
O—HEE.

P-RICKERASICIIECRIEER, EREE (FiC) U REE) o 2EHEEICEDLDT,
RURROL-OOEMNEZREVEETH 5.

oX #

l) Notarangero L et al : Primary immunodeficiency diseases : An update. J Allergy Clin Immunol 114 : 677-687, 2004

2) Conley ME et al : Immunodeficiency disorders : General considerations. Immunologic Disorders in Infants & Children,
“4th ed. WB Saunders, Philadelphia, pp201-252, 1996
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AIDS in childhood

I EIEEEERS SsRHaERASEE - A

EREE
AuﬁE

/ANVIR @ HIV (human immunodeficiency vir-
us) 13, BIELMRT2I0FAULETH S LEERX

NTwa, AROHIV IZKA L EE L TETHE
{, BE2EBLULACECTATROEBEVWERTD
3. MNEOBFOEHL 3F v U 7 OEBEGLDEE
BRTHE, BESHIV Fv ) 70BE, BEER
LRI 5-50% EERTHS. 2z, MEFED
WIEBTIEO 8L {, BESHKE VA LR
DEETZRY / LA0KREE T 3, Mo HIV-,
RNAZE—#Huc k), BREOEFEE*HET 3.
g7z, CD4*T U »3BRk$uz L 0, ﬁr ERMEET
&5,

EERAER E LCiE, IR CIRHERIEETHS
VDY oEER, FEROEX, REES, T
7, MBEERHELZETHY, REEOETCL DM
B, AoUs, Hr0EHY ikl ¥ ORG
REEDIRT, & 512 HIV C X 3 E b B ICHE
T5., TOE>TRER, BERER, HELBRZY
Fﬁm&ﬁﬁ%éﬁa

B. B2EAE

INBD HIV BREEFCH L TOBEKRIIKA LT
BLCERORBBE- 7V 75V RADER, HE
WHEINO A=y =0T 3 Ik, AEHRRE
NTBEBELH L s, NRKEROEYESE
Y AR EE LD X TIHIRT . _

¥/, NRHIVELREEDOH LV bOU A VARE
ERELIE 2FE 2T 37 E AV HRARESIE
BHBLbILTWwa, Jiv buvA VAFEEOE
LT, OHIVoE#ESMFanZ 2L, @Y
ANABOBECIVERDEEELHETSE, %
7: CD4MRREIZHMRBRRE R EOEHHED Y R 2
FFHRTE D, QFARZEIC LD HIV BRBREDE
KMEEROHBREINGE TE 3, 2ELE L THEK
WhHics

EEMCEKED [/MNEHIV RSB BT 325V
P ANVAEFERETAETNA NS4 ] 2SR
4tz (http://aidsinfo.nih.gov/guidelines/).

2007 SRR

CHHIV SERAESSZE LV L b b
%)Tbé. ifu, 7‘:17—7 'EKE.I::I?K

A.E?W%@%%

ANBO HIV B RTFREESSZ W 6, O
BFAOHV b v AV REE, QFALORE, @
FEVIBSEERTH 5.

FIRMBUBOERCY F 7Y >~ (ZDV,
AZT:vroENL) 600mgH2-32ROKSE,
EERERA D & HRIRT £ TEFIRREST 52 (B¥I0O
1B 2mg/keg, T D% 1mg/kg/BFL 7 %), &
ERIERS-12EM»6 ZDV oy 7E2EDO
¥5 (Img/kg 7 4), £ 6BF T 3. #F
BEREADEEEIVANVZAELRY, BFREHDY
AZWHENTHB, 1 LEBE~NOZREIZJC
(FrysEy), DD (V¥ /v y) BHAET v
F—yv 2 Z2BITIENDY, $EFTBEER
EFV (z77Ev V) THH 3. #DELrH4E

RADHFEI b PV TEEEELTEA, %

DIELELX DBIEFRICEEEXET 5,
B. BV ZfR DT

AREBREDS bh ) —MAOFHIEEETH
2. STEHIOERIX5E % T CD 4 {E 28500/
sl BT 5213 CD 4T B0 B4 28 15% LT,
6-12 B Tid 200/ L BUT 5 2 i3 15% AT TiaE
T3,

C. 5L HIV §&:%

INBTIRERA LB LU TEREEL Thikngs
v, BEFEATRES P HIV 8512 3 BEICKR
A3 QX7 vA Y I YEETEBEEHEEX
(NRTID), @FX7v4Ay FRUEEERIEES
(NNRTD, @7 us 7—¥HEZE (PD), SH6
AREETIZONNRTIIH+NRTI2H, @PI1
K+NRTI2HOWTRLD 3K 2HAELETHE
BEEBRT 2B E0I% 0,

CInEe 1)+ (2) itﬁ3ﬂ+[©—ﬁﬁnn
FholHE) O3HOHALYT 5.
*RAFFTCHERE N T3 EE.

HREREA
(%-/ 4
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7) RA v Y CRHARRENDLEOTEER
BEd3, ZolEEBHLLT HFlumEtesry
TANADERERILPTVW I &, HAELR
7r:a u%@&b)ijbujé kﬁ’ég

@?%JZ <2§E9 Q% & - AET R s

5, O - loKREREC L3#T 5, @y b

EOBEVIBITIZ L, RETEET 3.

e

primary immunodeficiency (PID)

Lﬁﬁ IE AT ASRRE - MRRE

HD@% T O AR KERD D,
Ex OBREFC U ERBRBEERT —HOKRTDH
%, SREMLS, EEEECHECATEREEE
BECEHTIEREY, REBBLMORERRE
FEHTA2EBRYDE, REBBORER, OT
HRRZROXKE, ONRAEELEDOKKE OfMizoXx
fE, @Q#ERIBEL ARSI TELS LERLY

T, FEERRESLLBREERTER LS W,
ZHWCRETPID 255 Z L BEETH D, IR
R B 6 BRI 21T, BN IEES
F, BEEFEGCTFORBECHEERZH&NS, T TK
WO EDOPIDEBWIETEEBETFLSEEENT
w3,

AEE

PID RZFDREVNEDLHCEHHETHS. B2
L, MQ@E%& Eo R EEROEANEE
THBH I ERwmEFRY, TR, BREEOT
B/ 5%, HRIBEHEICO T T PID s 2 —i&yiz
RS EELT.

A. BEFE DT/ BEE

1.y 707 oiFiEE X-E#HEy o7
MIEZKER L T 205 IoG KRB/ RZ T BERBI
EHT 5, BREFHOLD, THMIWC y 707 Y
COBRETI L RERTROBEBECZDLOTE
ETHb, EoEDLLTBEOIEY — R
TH, FHFEE L CORWEFTIIKEIERE S,

BUREX R CHTHNREL 22 2 830k
PO TEHEBEBaANSE, SRV MBEIRGDO N7
VAL ES00mg/dL A EE T AT EMNBLET, T
DURNEHFTERME2BEI L CHERT S, —
BB RBERAD y 707 Y > 200 - 400 mg/kg
23-6BHERTHRETALEND B, &5,

PID, FiZ IgA REESHAITREMEFRORERE

BEVIENHgoNTEY, YHKRSEEEZEL
TE%WWﬁQ%ET%

f’%%@&%
a. STEH THRROXMBODZFEETEH Y =
FERBRETFHH/EELLT, B ERAFERE
(CGD : chronic granulomatous disease) % & D&
MEORE CRHEREEOTHELTREEN
5., TV F-2EHlHcEEEET 3.

(B3I

la#%% PID ORPFEDEBE T % H /3 —
T3 HHEORENNEERFER T2, BRI Lo
TREBEEECRERIBH L L HEET 5 HERD
WX AR L ER.

CGD TRERROHEBREXFRELERET 51
B, B2 OFHHRASN TS,

R Elaay

. UM bHM4 > RBRELE+BVETRMBEEEC
¥t L, G-CSF R IFN-y 35 & 3, IFN-y &
BIGEERE, FN-yBREFEORERSE
(IL12p 40, IL12RB1, IFN-yR1, IFN-yR 2,
STAT-1D & EEFRHE) WHER. CGDTIZ
IFN-y ® 2 -3 B/ B0 K THEHVEFEBREED T
B, BECEXMTHD, REERLED LA TW

5.
a. CGD (¥ BB THH/ 47
|

b AREHRSE (LWL
AR
GILHBD

AP = (R

B. RARILAR
1. IRERIHIE KRB, EFI & - TEGERE

CSEREEZ LN TWAONERTH L, BEE

B HRET £ (SCID: severe combined
immunodeficiency) TD#XHEGIZRD ST
VB, LEROFREEEDENERES T 50

2007 FERR
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BEEE 2> Tw 3, Kostmann fEERE, Wiskott
Aldrich fE &R, X-#H#EE M ERBE L ETRIE
Ble LCREHOBELEE LW EELONEY, B
OB, Fr—0OME, FIBEZEDL T3
pir YEEMNS W, CGD bBHEOY X7, BET
ZRBYFE L FNEVBHEL L, EEHFIILT LS
72w, Z QYRR L OMF B,

9. BIGFEE X-SCID, 77/ vy > F7 34—
PRIBFEW L 5 SCID T3 ¥ Tz MR % 289
ELRBETFREC L > THESREPFINLGE
BEHFLESRTHWS, LaL, X-SCID D 3fEH
THEE L HIEEEITER (1 R0 ORER,
BEFHEORZEHCEEYESTEATHY, B
BUFERFHEZOMEBRDLENTWS, —7,
CGD ikt LT b BRI EEFINRE S NIz, B
BORGICOWTRERTHTH 3,

bronchial asthma in childhood

l ZEINEBE BERSAFRZIE - MNAEEpES

SEZHRBEOFRBII T VALY —ERELEE L L
TeBMREERELERISH, BRIZOREB
- T, ORERORE, @QEMC L 3RIFEE,
@7 vy b EEERED - RERE, OBEY
EE), B{TbhTw3, BINETORHELT
BEEECHEGET A LR BMETENAONE T
L, BALREZ-T “7or7uo—=" twiikfiEz
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Abstract

Adenosine deaminase (ADA) is an important’
deaminating enzyme, which converts adenosine (Ado)
and 2’-deoxyadenosine (dAdo) to inosine and 2'-
deoxyinosine, respectively. Deficiency of ADA causes
an inherited metabolic disorder as well as primary
immunodeficiency disease. Although most patients with
ADA deficiency show severe combined immunodeficiency
(SCID), a more varied phenotypic spectrum has been
reported. Among the SCID disease subtypes, ADA-
SCID was the first disease to have the pathogenetic
mechanism elucidated at the molecular level, and was
therefore considered as one of the best candidates for
clinical gene therapy. Indeed, the first clinical gene
therapy procedure was performed on ADA-SCID
patients in 1990. Thus, in spite of this rare disease,
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ADA deficiency has contributed to our understanding of the molecular
pathogenesis of human disease, and for the development of new therapeutic
concepts for gene therapy.

Introduction

In 1972, Giblett and co-workers serendipitously discovered that a genetic
deficiency of adenosine deaminase (ADA) results in severe combined
immunodeficiency (SCID) [1]. SCID due to ADA deficiency is the first disease
among the SCID subtypes to be identified and the molecular mechanisms
elucidated. It is now known that ADA deficiency causes the second most
common form of SCID.

Since the discovery by Giblett et al., the pathogenetic mechanisms in
ADA-SCID patients have been thoroughly studied. Several groups reported
cloning of the full length ADA c¢DNA in the early 1980°s [2, 3, 4], and then the
report of the complete sequence and structure of the ADA gene was followed
[5]. ADA is widely expressed in all human tissues, but highest in the lymphoid
system including the thymus, spleen and lymph nodes [6, 7, 8]. Accumulation
of the ADA substrates; adenosine (Ado) and 2’-dexyadenosine (dAdo) directly
or indirectly lead to lymphocyte apoptosis, resulting in severe defects in the
immune system [9, 10]. In addition, patients with ADA deficiency show
damage in the liver or bone, indicating that these tissues are also sensitive to
changes in ADA levels.

Clinical severity varies among ADA deficient patients. However, recently
this variety has become better understood due to multiple biochemical and
molecular studies. Biochemical evaluation showed that the levels of toxic
metabolites show a good correlation with clinical phenotype, and studies of
genotype/phenotype relationships have revealed that the clinical phenotype is
clearly related to the residual enzyme activity resulting from the mutant ADA
alleles [10].

Recent therapeutic developments for patients with ADA deficiency have
also been remarkable. Hematopoietic stem cell transplantation (HST), ADA
enzyme replacement therapy, and gene therapy are now available choices for
therapy, although there are still several controversial matters to be resolved.

‘In this chapter, I will review the historic background, the recent progress
and specific topics related to ADA deficiency; its pathogenesis, clinical
features and therapeutic options.

ADA deficiency; Historical backgrounds

In 1972, Giblett et al. [1] fortuitously discovered 2 unrelated girls with an
absence of red blood cell ADA activity, who showed severely impaired
immunity. One child had recurrent respiratory infections, candidiasis, and
marked lymphopenia since birth. The other had frequent respiratory infections
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from 2 years of age and progressed to severe pulmonary insufficiency and
hepatosplenomegaly. This was the first report demonstrating that ADA deficiency
might be relevant to the cause of this severe combined immunodeficiency
(SCID). Furthermore, they subsequently found a genetic deficiency in a related
enzyme in the pathway; purine nucleoside phosphorylase (PNP), that resulted in
a severe cell mediated immune deficiency [11], indicating the important role of
the purine salvage pathway in the maintenance of a normal immune system.
Since then, patho-physiological studies highlighting the molecular basis of ADA
deficiency have been tenaciously performed. These studies have subsequently
indicated that ADA-SCID is one of the best candidate diseases for gene therapy
for several reasons [see Table 1] and consequently, the first authorized clinical
gene therapy was performed on patients with ADA deficiency in 1990. Details of
these treatment will be discussed later.

Table 1. Reasons for ADA deficiency considered as the best candidate for gene therapy.

Early characterization of molecular basis
Single gene disease; simple pathogenesis
ADA,; expressed stable and ubiquitous
ADA; wide safety range in vivo

Promising outcome from the results of HST or enzyme replacement therapy
Target cell is easily available
Gene introduced cells will gain selective advantage

NOOT A W N

ADA gene and ADA mutation

The ADA gene spans 32 kb and consists of 12 exons, and is mapped to
chromosome 20q13.11 [12]. Several groups have isolated the full length ADA
cDNA [2, 3, 4], and have reported the complete sequence and structure of the
ADA gene [5]. Thus far, more than 70 ADA mutations have been reported.
Mutations of various types included: missense, nonsense, splice and small/large
deletion mutations. Some large mutations resulted from recombination between
Alu repetitive sequences, which are rich throughout the ADA gene (23 copies) [5].
Approximately half of all ADA mutations are unique to each family, however,
there are some mutations, which were more frequently detected at a CpG
dinucleotide (e.g. R211H, G216R) [13]. Characterization of each ADA mutant
using in vitro expression system was performed [13], which will be described later.

Structure and function of ADA

ADA is a 41 kDa protein with 363 amino acids, consisting of a (a/B)s
barrel structure motif [14]. It is a metallo-enzyme containing a zinc atom in the
catalytic pocket. ADA is a purine metabolizing enzyme, which catalyzes the
deamination of Ado and dAdo to inosine and deoxyinosine, respectively. We
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know that ADA acts not only as cytosolic enzyme, but also has activity as an
ecto-enzyme (outside the cell) [15, 16]. Human ADA (but not mouse ADA)
associates with some T cell through the activation marker CD26, also known
as dipeptidyl peptidase IV, although the precise functional importance of the
ADA-CD26 complex is not well understood [17, 18]. Ado receptors, which
belong to the superfamily of G-protein-coupled receptors, are expressed on a
variety of cells, and Ado can exert immunosuppressive effects and induce
apoptosis in activated lymphocytes [19].

Patho-physiology

Patients with ADA deficiency show profound defects in T, B, and NK
cells in the peripheral blood, indicating that normal levels of ADA activity are
essential for these cell maturation, maintenance of the normal immune status.
Deficiency of ADA results in accumulation of the ADA substrates; Ado and
dAdo. Several potential immunodeficiency pathogenic mechanisms due to
ADA deficiency have been proposed, and are illustrated in the Figure 1 [9, 10,
16, 20, 21]. One major pathogenic mechanism is thought to be largely due to
the accumulation of the dAdo and its subsequent conversions; dAdo
triphosphate (dATP) and total dAdo nucleotides (dAAXP), which interfere with
ribonucleotide reductase; a key DNA synthesis enzyme. Elevated dAdo inhibits
the hydrolysis of S-adenosylhomocysteine (AdoHcy), a potent inhibitor of all

Lack of ADA as an ect-enzyme

Cell membrane : : jf V\; Ado receptor
TCAMP  4———— TAdo Ade receptor—medlated NF-KB supression
Inhibit pyrimidine
TAXP —
ADAJ synthesis
Inosine .
D eomom TAﬂﬂHC.’r‘ Inhihit .
transmethylation
‘ Inhibit ribonucleotide
I reductase
tdAdo . S
- TdATP. — Induce apoptosis

. . o / Activate ATP.
ADA deficiency Alter TdT catabolism
product

Figure 1. The potential pathogenic mechanisms for immunodeficiency due to ADA
deficiency [9,10,16,20,21]. AdoHcy; S-adenosylhomocysteine, TdT; Terminal
deoxynucleotidyltransferase.
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transmethylation reactions; critical to cellular functions, and furthermore, dAdo
activates apoptosis. In contrast to dAdo, the basis for immunosuppression
caused by Ado has not been well understood. Recently, a new adenosine-
receptor (AR)-mediated immunosuppression mechanism for ADA deficient
patients has been proposed [15, 16]. This involves abnormal Ado signaling
through AR, due to a lack of ecto-ADA enzyme, and may be, in part,
responsible for the immunosuppression resulting from interference with NF-kB
activation in lymphocytes [19].

Animal model

ADA gene disrupted mice die perinatally from liver cell degeneration,
atelectasis and small intestinal complications [22, 23]. In contrast to the human
ADA deficient phenotype, lymphoid development at birth is normal. ADA
deficient mice generated using a two-stage genetic engineering strategy,
expressing ADA transgene in placenta, survive after birth and develop lymphoid
depletion and bone abnormalities [24]. These differences in the ADA deficient
phenotype between humans and mice are interesting, however, they needed to
be better understood. It may result from differences between the two species
in the metabolism of ADA substrates, in the sensitivity to toxic metabolites or
in binding capacity of CD26 to ADA.

Clinical symptoms

Most patients with ADA deficiency are categorized as having SCID. ADA-
SCID shows the same clinical features as other type of SCID; overwhelming
fungal, viral and bacterial infections, failure to thrive, chronic diarrhea and so on.
Patients with ADA-SCID show severe lymphopenia including T, B and NK
cells, and in some cases the lymphopenia is progressive. It is known that some
patients with ADA deficiency show a less severe, later onset phenotype. An
atypical case with adult onset ADA deficiency was also reported [25]. Thus,
ADA deficiency can lead to a variable phenotypic spectrum, and it can
ultimately be classified into 4 groups; SCID, delayed onset, later onset and the
so-called partial deficiency without any immunodeficiency [26, 27]. These terms
are used to evaluate the clinical severity and immune dysfunction, and are
generally decided by the age at diagnosis [Table 2]. The levels of toxic
metabolites correlate well with clinical severity, indicating the sum of residual
ADA activity derived from both mutant ADA alleles that determines the clinical
grade. Arredondo-Vega et al. reported genotype-phenotype correlations based on
the activity of mutant ADA alleles using an ADA deficient £. coli S $3834 [10,
13]. Based on ADA activity evaluated by this system, mutant ADA alleles were
grouped into 6 categories [Table 3], which for most part correspond with their
respective clinical spectrum.





