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Aicardi-Goutieres JEMEEEKL (N Familial Chilblain Lupus @ 1 BEBEEF L RE X
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@ 2 FE%8 (TREX1, SAMHD1) BJRFEEFELTRES

NTW3, TREX] BERIZERNTIIE M~—EFRL T,

3’—5" exonuclease THD,

B IIBROFREERELZETDIFROEHID,

REEAREHD FCL/AGS %% (TREX1 ~7 12 DISN &
B) BHE LT, BAE TREX] B BERR DN Z DOHEEE
AT ROMEIZLY, TR TREX] OEBFEMEOImE
To77,

B. ARAE

E# TREX1cDNA M5, HaloTag® system (Promega)
AW TCES TREXL REX A< —EBAZER LI, D
#% TREX1 EH&E, 5 A28 EER L7 30-mer oligo
ssDNA &% 30 43 RISSEHEIAA—TT T I F —THE
HT U7~ (ssDNA exonuclease assay),

(wHEE~DOELE)

AT PR — L BRE I, EROEEEA T+
— AR MRICRBEERT

C. IEHR
Y Bt TREX1 & H % SDS-PAGE # iz . CBB

stain/Flamingo® stain/Western blotting ZfT7Vv ., IEE
TREX] ZEHZ#MALZ (K 1), D% ssDNA
exonuclease assay CAEHE HOIEMELHER L (X 2),

X1 CBB stain
FBTREXI]

Flamingo® stain anti-TREX1 WB
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[RAK4 {Z TLR (Toll-like Receptor) /2 /L DIREIZEB W TEEREE| % R 323,
iz, IL-1 R IL-18 & Wo oo I A LDV FFAREICHBEES D, AHFE TR,
IL-18 & Z D RE L O BENER BB EEMFNT 7o —F T L - TREIT LTz,

HEHEE
R¥E F5it (5 B R EFER /AR

A HAEEM

IRAK4 i%, TLR (Toll-like Receptor) 2 /LAt

12, IL-1 R IL-18 DV 7 T IMBEREIZB VT,
MyD88 & & HICEEZEEZREZ LT D, KRE
TiE, IL-18 SFEIZ L 5 IL-18 D FREE R F L
~UVCHRAT S, BoNDHRIL, TOHEERZH
L. IL-18 DIEAZ = hu—/L§ 2 EHOEHE
TYA NCE#RT 5,
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IRAK4 LRAE T AN FEDOHEBE/EREENTIZDOLNT
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RAA TP IARERIT ¥ 7 X —43F ThD MyD88 D TIR KA D& A&, MyD88 DF
AR AA(DD). IRAK4 @ DD, IRAK2 @ DD D&AEHMAADE-ZEREABDOILEEK
T 5, wrurr—V%ORBEETIRIZB DT, TLR @ FRiZEIT5 Myddosome 23 EE
THHN, IL-18 ZHRMEEFEIH TS Thl ML NK HIRIZIB W TIE, Mal 1337 /UREIC
BELTELT ., EDE57 Myddosome FERLAS AL TWBDMFEMIZITHIBAL TWhRW,
ARG TIL, ~V ST MRS 1 BRUSICEER IL-18 V7 T /MRER IR T, TLR YV
T F T B Mal LRIERO MR S Rz 3 o FOREZED -, BAEIZIL, [
U TIR KAV EB T H 7 H—43F TRAM/TICAM2 2838 /1 Ch D728, FE4 O invitro 7ot
AR THIELIZEZ A, IL-18R-TRAM-MyD88 DE A AR FERH S, BRI
MyD88 ® R196 ICZERAE AT 5L TRAM DR AN LT, 2D LS MyD8S KIBFE
IZRIT DA ESRER TIRBIZIE, B RBEBEDK T TR, Thl RIGDETREE

L TWSATREMED RIS,
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A BIREM

IRAK4, MyD88 KIBJEIL, Toll B AM(TLR)DHEAR
W Tt o F 8 O % Z K (Myddosome) DT AL B & 12 XD
FERET D, Myddosome &1, 7 7 ¥ —43F MyD88 &t
DELT, Toll HRZFEOMIIA TIR KA &, HifafE
FEAT H T H—55F Mal/TIRAP @ TIR KA 7
FIARERLT 47 Z—43FThd MyD88  TIR KA
DEEE, MyD88 DT AR AL /(DD), [IRAK4 @ DD,
IRAK2 @ DD D& LR EmRES RO L%

B+ 5, v/ury—VEORBEERAERIZB N T,

TLR O FHtiZE1T5 Myddosome BNEETHAA, 1L-18
SAREEFEBE TS Thl MRS NK MgV Tk, Mal
By 7P v EZEICEBELTRELT ., Y0kok
Myddosome AR AL X DD FEMIZIZHIFAL TH720Y,
AP TIEL, ~ =TI B RO I B R RIL-18Y
T IAREREIZB W T, TLRVZ BT BMald
FEROHEE ST R T 0 FORELZED T,
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IL-18R « ~TIR, IL~18R B ~TIR% ., pGEXR IR/ ¥
—ITHA AT, RIBHEBL21(DE) 2B R, £
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3. 1&2.MEEFH A7 F— X% LT, GeneEditor in vitro
Site-Directed Mutagenesis System(Promega)Z AL T,
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4. Glutathione Sepharose 4B (GE Healthcare)ZfE L
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STGSTT VAT,
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6. HEK293T#H T &z O"HEK293-hTLR4-MD2-CD14
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y %, ELISAIJE CHIE L,

11. GFP &%\ i DsRed @& 477 OREFAN B,
Zeiss LSM5 EXCITER confocal microscope CTEE L7,
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1. MyD88-TIR & TLRI-TIR i%, GST F*V& U AETE
BEREAITMRIETE 228, MyD8S-TIR & Mal-TIR K
TRAM-TIR DA< MR S iz, £72. IL-18Ra
~TIR & IL-18R B ~TIR {Z4L1Z TRAM-TIR & #E& L7z (K
1o

A Pulldown Input _ Pulldown Input  Pull dow& Input

GST-MyD88-TIR
TLR1-TIR +
Mal-TIR -
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B
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TRAM-TIR +
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+ + 0
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2. ShfETERESEER T, RPN T MyD88 & TRAM DAEAE

ARBHRIS L., S HIZEDOFEETT IL-18 Fl T TREREF

BCREREL T 2 & AV LT (R 2),

2 IL-18 (min) 0 30 120
myc-MyD88 - - -

FLAG-TRAM + + +
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3. TRAM % siRNA BRI Z—T /) v 7 ¥ Licsh
A HDUVIE TRAM DEMFAEZER (C1ITH 2 HEH I &
734 . LPS HliEz & A IFN- 8 promoter F&EME_EH O
b, IL-18 Hilit4 O NF- « B i LR LA &I
Il S (K 3),



A FBBEHREMES (BHEERE BRI ESE)
SHEFRREE
5
3 DAPI DsRed-TRAM Merge
A C e oo
5.0.07
~ I -
5 0.05 |
T o4
Actb 2
siRNA - scrambie TRAM E 0.02
Eo.m
0
LPS
B scramble TRAM E
8 40
§ s % 3% C DAPI GFP-MyD88 DsRed-TRAM Merge
1 §
4 2 5
N [
E] g1
g° B 1w
L Ls
0 0

Plasmid (ng) 20 10 50 20 10 50
[ R A a3

L-18{ng/m}) O 2 10 50 O 2 10 50

4. <=y ABENRPLT MIE, v VR IL-12 &~ DR
IL-18 DA EOE TR L7z & Z A IL-12 & IL-18
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Letter to the Editor

A rapid screening method to detect
autosomal-dominant ectodermal dysplasia
with immune deficiency syndrome

To the Editor:

A patient presented to us with autosomal-dominant anhidrotic
ectodermal dysplasia with immune deficiency syndrome (EDA-
ID). By using a rapid flow cytometric screening system, we
detected a novel mutation of the IKBA gene in the patient.
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Toll-like receptors are one of the major groups of pathogen-
associated molecular pattern recognition receptors in the innate
immune system. Following Toll-like receptor activation, intra-
cellular signaling components such as interleukin-1 receptor—
associated kinase 4 (IRAK4) and NF-kappa-B essential modula-
tor (NEMO) are sequentially activated. This leads to the degra-
dation of inhibitor of kB (IkB), which causes the activation of
nuclear factor-kB (NF-«B) and expression of inflammatory
cytokines.! Recently, defects in various components of this
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FIG 1. A, External abnormalities of the AD-EDA-ID patient at the age of 16 months. B and C, Flow cytometric
analysis of intracellular TNF-« production in CD14™ cells in response to LPS stimulation. D, Genetic analysis
of the IKBA. E and F, Western blot analyses of expressions of wild-type and mutant types [xBa proteins. G,

NF-«B reporter gene activities.
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TABLE I. Immunological findings of the AD-EDA-ID patient at the
age of 5 months

Patient Normal values
Numberof blood cells (/pLL)
_ Leukocytes 21,190 _ 6,000-17,500
Lymphocytes 1230 400013500
Monocytes B 7 I ~Unknown
Lymphocytes subsets (%)~~~ s e
s o osee
Teblma e 255
CD8 o 234 2356
CD20 34 320
Serum‘immunoglq'bulin levels (mg/dL) R
1eG B 930 290-960
TgA e e 0T CT44
IgM , ‘ 101 41-161
1gG subclass (%) ; Sy
1561 04 ©39.3-89.0
1gG2 i 3000 74504
G391 13126
TG4TSR s o178
Lymphocyte proliferation assay (cpm)*
First time. CHes T e S
No stimulus 151 70-700
PHA 8,660 26,000-53,000
~Con A 1,260 20,000-48,000
Second time ! iy :
No stimulus 123
PHA 24600
Con A 11,200

Con A, Concanavalin A; PHA, phytohemagglutinin.
*Lymphocyte proliferation assay was performed at the age of 10 and 11 months.

signaling pathway have been reported; IRAK4 deficiency was
seen to cause high susceptibility to bacterial infections such as
Streptococcus pneumoniae,2 and NEMO deficiency was observed
to lead to X-linked recessive anhidrotic ectodermal dysplasia with
immune deficiency syndrome.3 In 2003, a hypermorphic mutation
of the Ik Ba gene was reported as another causative gene defect for
EDA-ID.* As the hereditary form of this disease is autosomal
dominant, it is termed AD-EDA-ID.

The patient we assessed was a 5-month-old male infant with
some dysmorphisms (Fig 1, A). His umbilical separation date was
18 days after his birth. The patient’s body temperature regulation
was poor because of his anhidrosis. He suffered recurrent infec-
tions from his first month, including hepatitis with Cytomegalovi-
rus infection, enteritis with Rotavirus, bronchiolitis with
respiratory syncytial virus, bacterial pneumonia, urinary tract in-
fection, and acute otitis media. His family has no history of
primary immunodeficiency. The results of a blood examination
at the age of 5 months are shown in Table I. Serum immunoglob-
ulin values were normal for his age. It should be noted that his se-
rum IgA levels, but not IgM levels, increased with age (IgA, 751
mg/dL, and IgM 125, mg/dL at 9 months; normal ranges of IgA
and IgM in Japanese infants are 10-56 and 55-200 mg/dL,
respectively).

We used a previously described rapid screening method for
IRAK4 deficiency syndrome using the patient’s blood cells.’
Flow cytometric analysis of intracellular TNF-a production in
CD14" cells in response to 4 hours of LPS stimulation (1.0 pg/
mL) showed a substantially lower proportion of CD14 and
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TNF-a double-positive cells in the patient than in age-matched
healthy subjects (mean, 95.7%; SD, 2.78; n = 10) (Fig 1, B).
The histogram of LPS-stimulated TNF-a positive monocytes
(blue) of this patient showed a twin peak pattern (mean fluores-
cence intensity of the peaks, 0.878 and 56.6) compared with the
histogram of nonstimulated TNF-o. monocytes (red). Monocytes
from healthy subjects displayed a single right-shifted peak pattern
(mean fluorescence intensity of the peaks, 73.0; SD, 40.2; n = 10)
(Fig 1, ).

We next analyzed the IRAK4, MyD88, NEMO, and IKBA genes
and found a novel mutation (c. 25C>T) (p. Q9X) in the IKBA gene
(Fig 1, D). The IRAK4, MyD8&8, and NEMO genes were normal.
Other /KBA gene mutations have been previously reported in
AD-EDA-ID, namely, $32I, W11X, and E14X.*>" The serine
residues of the N terminus of IkBe, S32 and S36, are functionally
important phosphorylation sites. Phosphorylation leads to degra-
dation of this protein and release of active NF-«B. If these resi-
dues are substituted or deleted, NF-«B cannot be inactivated by
IkBo. Interestingly, a mechanism by which disease onset is
caused by gene substitution at the stop codon near the 5’ end of
the gene sequence has been reported, and this causes a hypermor-
phic effect of N terminus—truncated IxBa protein.®

‘We confirmed the functional effect of the Q9X mutation in the
IkBa gene in our patient by analyzing for endogenous IkBa pro-
tein in his lysed blood cells. Western blots using an anti-IkBa
antibody (C-21, Santa Cruz) showed 2 shorter bands for the pa-
tient than for a control subject (Fig 1, E). A subsequent in vitro
protein expression study on HEK293 cells of C-terminal FLAG-
tagged IkBa Q9X and W11X showed 2 shorter bands compared
with wild-type IkBa, while IxkBa E14X showed a single shorter
band. We believe that the 2 bands are likely to be N terminus—
truncated IkBa proteins that are translated from M13 (IkBa
A1-12) or M37 (IxkBa A1-36) (Fig 1, F). If this is correct, the
N terminus—truncated IkBa A1-36 should have no serine phos-
phorylation site. An NF-«kB reporter gene activity assay showed
a significant dose-dependent inhibitory effect of IkBa Q9X
compared with wild-type IkBa on LPS-stimulated Toll-like
receptor 4-MD2-CD14 coexpressed HEK293 cells (Fig 1, G).
On the basis of these results, we diagnosed this patient as having
AD-EDA-ID.

Because NF-kB is an essential component of immune
responses, some EDA-ID patients have combined T-cell dys-
function.” There are also reports of EDA-ID patients dying from
complications of mycobacterial disease. In addition, NEMO
deficiency was recently reported to be one of the candidate
deficiencies of Mendelian susceptibility to mycobacterial dis-
ease syndrome.8 We therefore evaluated the patient’s T-cell
response by using lymphocyte proliferation assays. Lympho-
cytes stimulated with phytohemagglutinin and concanavalin
A proliferated only to low levels (Table I). As an additional fea-
ture, inflammatory bowel disease has also often been reported in
XL-EDA-ID patients. The mechanism of the onset of inflamma-
tory bowel disease with EDA-ID remains unknown, but our AD-
EDA-ID patient also showed symptoms of inflammatory bowel
disease.

This is the first report of an AD-EDA-ID patient with a novel
Q9X mutation of the IKBA gene. This case also demonstrates that
the screening method using LPS-stimulated intracellular TNF-
a~producing CD14 cells is an effective method for the rapid
diagnosis of innate immune defects, not only in IRAK4-
deficient patients but also in EDA-ID patients.



