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Infliximab (£ 4,81 LEEFH 1% THEMI TR D,
2001 4E 0 0% 7> 5 2006 4E ) 2.3% ~H I L T &
T3 19,

BF D review I B WTH, IVIGAHREH IC I,
IVIGB %5 23 HE @ IMP % 7z 1% Infliximab
5%, EOHEENH B9,

FERA 22 TR LUME 22 1B T, FLTNF
o 8% Etanercept O AR I Tk 17,

RUINETIRBRINEARERAZ L
é’b?’:‘f’. 2-13)'

C. BOUETOERIRR

FWE TR, VIGAHIEDHEEFITH L Toff-
label i B E L THO THAZI N TH S M44FE
DR/ L 7Y, BANERE A 552006 ~ 2009
FOBICFH4ROFHEERLEREZT>TE
7o, BRI T IVIGIRPUIE O B\EIE K IS 72 v» g
ZIEOMR, 2009FE F TITIEFH 97 MEFI T
MENTwiz, Z05 LR 80% I { Tl
2 EOREDD 3, 10%HiE T IR T
EMOWVIGHESHER EN T, KRELZRIEM

— 299 —



4, ZHERNBHE~OT A4 F B4 ik ($1 TNF o #8%] Infliximab) 333

=1 NBmFEIcH T3 Infliximab EREFIO Review!?

W& REFE g (ng/kg/ D) EHIRE (An) Zoft
(4F) B/E %5 H
Weiss et al® 1 137% 5mgx 3 [H] MHIEAAD ANKE L
2004 (1/0) 459 H ZoH2HEE, GEEICHERS
Burns et al®’ 16 0.12~13.15% bmgx1 (n=15) 11/164] 13/16 {5 ¢ fid #4
2005 (10/6) 10mgx1 (n=1) L (An) 53 B
8~563¥%H
Saji et al¥ 1 1375 Smgx | EKAn g,
2006 (1/0) 219 H
Stenbog et al® 2 1138, 333 6mgx3 L iz, AniEffi
2006 (20 385K H, 69%%H Zok, 2iHH, GHEBIHES
O’'Connor et al® 1 178 5mg < 2 [H] MHIE R AR 2[E B 5 CiREh
2007 (1/0) 8,115%H
Oishi et al”’ 1 11%4H Smgx | il An fEzh, —BtEEE
2008 (1/0) 27% H
Girish et al® 1 14 %5% Smgx 1 MfHlAD fiEEh
2008 (1/0) 199%E H
Burns et al? 12 0.7~3.1#% GLmgx | 571641 LEIIVIGAISH] 11/ 12 6] fiid#h,
2008 (8/4) 755w HEH (6~15) 2B IVIG A I 2/4 51T i #
R4
Brogan et all” | 18 5% 6mg x | I An R 2h
2009 (1/0) 349% H
e 10 40 54 < 1y, S5mg/kg 11/4041 FaFEE: 60 (15%),
(FERIEREFHE)  (22/18) 144;1-4y, 8~29%H 10 HARMOF/A TAn; 1/166,
2009 174 > 4y 11 HBZEDERETAnL0/20 {1
4410 AH
Song et al'? 16 35 < 1y, 5~ 6.6mg * kg 9/164, LGICHF% 4 4 B RIRESR
2010 81 1-4y, 1ENE16 & 4095 H — BRI 6
541, >4y 6~40% H
0.2~ 15
Shirley et all® 1 131% 5mg/kg L Methylpredonisolone & O #IEIFEH
2010 (1/0) L1Js HBLE (IVIG ZEZ DH5ES])

BRI TE ST, HEIEEICHERIATY
7o, fEARAZS10 HRARTCTH UL, EEIIRE %
TR 2SO TRV L T AHEB T LD 5
ncwz !,

f$ED FDA database 12 ki, 120,000
FORIERRSE OH T, HIRPICH TNF o 25
G Il ED S HE LM RIZB W T,
Se R B AR IC VACTERL D B3 5341 AD /N
THEIR TV,

ZDMMDBERADIEH & LT, FRCIE RIERE

BT, EMEERY R BEBRRY,
ANCABHHEIMAE 23, Churg-StraussiEfERE, FIE
HIMAE R, WegnerAZFFETH HAEIREIN
TWw5, @i TIE, Stevens-JohnsonJEEEEND
B L L TG S hTnw 52,

D. BlIfER

FLTNF o & D 5,000 112 Je S FDSE D LA
RAICE T 3 HIRRMHAE TR, HERE6AAET

— 300 —



334 Annual Review {5588 2011 111, 2Z2W & RE—EHoMESs G KERES - KEERES

D FIEF #1813 28%, M 7 BIfEF6.2% T,
MEERIZ 2.2% (1086]), =—a—Es RF A
250.4% (2245), WindiE 0.2% (104), #51%0.3%
(14%)), BELZEZESREIEG (infusion reaction)
1£0.5% (244]) TH o7 JATIEHDPZ - T
3mg/kgDF s6mg/kg X © b RIEAB S H - 7-
LB ENTWBEE. Lal, EVENHAD
R BT 2 /NROLEE DR R ILER S0
72 4, HEM 2 & DJEIE & Risk/Benefit ) f[ 73 {E
FENTHLE,

1. DAEIBE

Infliximab % Etanercept &, O ALZ2BET 3
IEBAISATW S, NYHA HI~IVOLRET
WHEEDIE T LT 2 REETIEST 2, it-T
BANEMINIERE T, TBTENZZ L2, DEEREET,
DY, BERVRENPFEET 5729, BNP
DECHEIIGHERAZEIZRETH S5 ),

2, BEER

NAZN TV B IAILB VT, Etanercept %
AL 72 1,200 4o 5 41 < I sl S v C
W3, ZOWRIZHodgkin % Non-Hodgkin 1) v
oS, HURERE, SRR, TE%Edysplasia,
THD. UL, efifbofEHEE»HHES N
TED, 95 240F Adalibmab, Infliximab % fif
AEhtw, LPLERE L TEETET, 4
R L TRAS ZHH L MEBLETH 3 LR
RTWw32 F7FDADEIERHES A 7LD
EHIC kN, FITNF o 8AIOFAZIC/NET
A DIEMEIEE DR E 2 H Y 11 FI2FETE LT
. FEFERY Vv oMETH B, FEEA OB
T, 314HE Inflixkimabi% 5% T&H H 15414
Etanerceptt, 2flsAdalibmab®Th 3, £ &
D 88% F Tl RIZMFHIAI (azathioprine, MTX)
ZHFA ST/, —BREE X D Infliximab {8
R D EM IR O FIEB IRV T, EEEE

ERLEZRET 22,

3. #5lKIG (infusion reaction)

Infliximab i3I ¥ 2 B ED D, 7F
747X —RIEHERID B, RAERRE, %
B, 2, BER BESICEEL, EBblosA
INY A RHERT B, BERhv LIEEE 2R
BN, BEEL7T 74 7% —RIERTH 2
MR, RUESOREE, MR RR, mEVRE, T
7/ -, KERE EE SREFICERT
225

F I @ 72 & @ acetoaminophen % cetirizine
(i A7 2 v 3) DS 1Z, infusion reaction
DHBL (8.3%) ZFHTE Loz L OWED
532 BHMEBEEOFRTIE, JIA 1634 (In-
fliximab 684, Etanercept 95: EHEH 17
%) DEEMOBEEICE T, FH2290HD
FEAMESR 7TIRIORERZESH D, %D 62.9% 13
InfliximabfEAHCH O, 2661TiZ{FEH%Z hik
LT3, L L—7 7T, Infliximab 344 i
BDE CRAERL SRV EOREL H 229,
JIATIZ, | FEOTEHII3mg/kgi% 58 © 3.3
%, bmg/kgi5 R T%THRENTWRY, ¥
722 D% B P RMFEHACAS B L T 7z,
ANRHACrohnim TH 7.1 ~12.1% T D 5N T
V2 28)

FIERMBEGEE LT, BEB3HME (F
7o id 24 e DABE ~ SIHEILA ) #lts IR E
WWEE (FiPE, 78, 7E, ZEEvE, BE F-
BHRIOTFIE, WeTEE, SFE, WilE, B3RS
BT 5 2 L T 3%, RIEOH
TNF o 8| O /NEB OIS 2 EEE %
T2IRT,

4, RREIFBE
Blo, BCGZEBMLTOWALAEEDH 3,
LRI EEETH 5, SEFRETEICL 3 Y

— 301 —



4, BEEENREANQTY A b A4 8 (3 TNF o 8] Infliximab) 335

=2 M TNF oA /NEEE TORER s 2R 1229

BEEGEIER

- &5 TR o0 3SR BT

» Infusion reaction

- TR

CERENC B B EEE (Thele &)

- MhEERIEEEE R (MS%& L)

MR RENER (RS, BUE, oFwv,
W50, N, FORMIEBAEETE pain
amplification syndrome)

- SRR

EHRER

A EE S

AT & B R EE O BEE

- BEREEE - RIGHE The

- LEEMLEE, SRR

» Anakinra (#11L-1 Z B3 ofFH

- EEESEGE (GBE 104E) oEEEE
(RIS HEE BLAY)

s

- HEIR, A

- HIV, HBV, HCV [&iE

VASHRHGAERTH B 7 v T 4 7 =1 v (QFT-
TBZ—)V F) &, BCGEE PiMEBROEE
R0, MEOBEOMERZZ TS, MR
B IR B2 R 2 L% s, BHRO DV
TTHEZ Y, EEECRZ, RENBLEOEE,
BCGEMDH M, MEXHE, MECT, HHvmEHE
B, FhAhv T o BEEBIE3I~6H B30
FMHETH A ).

LIC

SUENIER T, Infliximab lZ AR5 TH
DG R <, IEEEREED &R A
Bz OBRELAIFEDEEIZEIVEN S b
3. UL, WFFEFERDI 1T O BGRE R
WTdHb, BCOEMDEBRPLREMDIEN, =
72T 7 F v OERERATH H 5 - DEBELEIG
e & BIIOERWNETH 5. F-EiiReE 5
DM, BE, PRICSZZWEIIRIERTH
3. BEREEIREICHE D 2 0% O BImEEED
risk &, Infliximab{#HIZ4E ) BITER O gE %%
UL, FIZS2MERiEZE ka2 R T
ZREITERETHA .

i

1)Breda L, Del Torto M, De Sanctis S, et al. Bio-

logics in children’s autoimmune disorders:
efficacy and safety. Eur J Pediatr. 2010 Jun 17.
[Epub ahead of print]

2)Weiss JE, Eberhard A, Chowdhury D, et al.
Infliximab as a novel therapy for refractory
Kawasaki disease. J Rheumatol. 2004; 31; 808-
10.

3)Burns JC, Mason WH, Hauger SB, et al.
Infliximab treatment for refractory Kawasaki
syndrome. J Pediatr. 2005; 146: 662-7.

4)Saji T, Kemmotsu Y. Infliximab for Kawasaki
syndrome [reply]. J Pediatr. 2006; 149: 426.

5) Stenbog EV, Windelborg B, Horlyck A, et al. The
effect of TNFalpha blockade in complicated,
refractory Kawasaki disease. Scand J Rheumatol.
2006; 35: 318-21.

6) O’Connor MJ, Saulsbury FT. Incomplete and
atypical Kawasaki disease in a young infant:
Severe, recalcitrant disease responsive to inflixi-
mab. Clin Pediatr. 2007; 46: 345-8.

7) Qishi T, Fujieda M, Shiraishi T, et al. Infliximab
treatment for refractory Kawasaki disease with
coronary artery aneurysm. Circ J. 2008; 72:
850-2.

8) Girish M, Subramaniam G. Infliximab treatment
in refractory Kawasaki syndrome. Indian J
Pediatr. 2008; 75: 521-2.

0) Burns JC, Best BM, Mas PD, et al. Infliximab
treatment of Intravenous immunoglobulin-Resist-
ant Kawasaki disease. ] Pediatr. 2008; 153:
833-8.

10) Brogan RJ, Eleftheriou D, Gnanapragasam J, et

— 302 —



336  Annual Review {§#2% 2011 111, 2Wi L AE—EFHOESE G KERER - EHEIIRES

al. Infliximab for the treatment of intravenous
immunoglobulin resistant Kawasaki disease com-
plicated by coronary ariery aneurysms: a case
report. Pediatric Rheumatology. 2009; 7: 1-5.

L) e 8, cPIIEEZE, DNE—, . ZEE2EE:
2EBNERE OIVIGA G & 5 YRy H
infliximab (L 37 —F) #HOMERE-Z0%E
EEBEREIL T HENRERB LT
2009; 25: 268-9.

12) Song MS, Lee BS, Sohn §, et al. Infliximab
freatment for refractory Kawasaki disease in
Korean children. Korean Circ J. 2010; 40: 334-8.

13) Shirley DA, Stephens I. Primary treatment of
incomplete Kawasaki disease with infliximab and
methylpredonisolone in a patient with a contra-
indication to intravenous immune globulin.
Pediatr Infect Dis J. 2010; 29: 978-G.

14) Hirono K, Kemmotsu Y, Wittkowski H, et al.
Infliximab reduces the cytokine-mediated
inflammation but does not suppress cellular
infiltration of the vessel wall in refractory
Kawasaki disease. Pediatr Res. 2009; 65:
696-701.

15) Son MB, Gauvreau K, Ma L, et al. Treatment of
Kawasaki disease: analysis of 27 US pediatric
hospitals from 2001 to 2006. Pediatrics. 2009;
124: 1-8.

16) Rowley AH, Shulman ST. Pathogenesis and
management of Kawasaki disease. Expert Rev
Anti Infect Ther. 2010; 8: 197-203.

17) Hii-Yuen JS, Duong TT, Yeung RSM. THF-« is
necessary for induction of coronary artery
inflammation and aneurysm formation in an
animal model of Kawasaki disease. J Immunol.
2006; 176: 6294-301.

18) Carter JD, Ladhani A, Ricca LR, et al. A safety
assessment of tumor necrosis factor antagonisis
during pregnancy: a review of the Food and Drug
Administration database. J Rheumatol. 2009; 36:
635-41.

19) Molloy ES, et al. Anti-tumor necrosis factor
therapy in patients with refractory Takayasu
arteritis: long-term follow-up. Ann Rheum Dis.
2008; 67: 1567-9.

20) Koh MJ, Tay YK. An update on Stevens-Johnson
syndrome and toxic epidermal necrolysis in

— 303 —

children. Curr Opin Pediatr. 2009; 21: 505-10.

21)Ruperto N, Lovell DJ, Cuttica R, et al. Padiatric
Rheumatology International Trials Organization;
Pediatric Rheumatology Collaboratives Study
Group. A randomized, placebo-controlled trial of
infliximab plus methotrexate for the treatment of
polyarticular-course juvenile rheumatoid arthritis.
Arthritis Rheum. 2007; 56: 3096-106.

22)Saag KG, Teng GG, Patkar M, et al. American
College of Rheumatology 2008 recommendations
for the use of nonbiologic and biologic disease-
modifying antirheumatic drugs in rheumatoid
arthritis. Arthritis & Rheumatizm. 2008; 59: 762-
84.

23) Horneff G. Malignancy and tumor necrosis factor
inhibitors in juvenile idiopathic arthritis. Z
Rheumatol. 2010; 69: 516-26.

24) Diak P, Siegel J, La Grenade L, et al. Tumor
necrosis factor-alpha blockers and malignancy in
children: Forty-right cases reported to the Food
and Drug Administration. Arthritis Rheum. 2010;
62: 2517-26.

25)Saag KG, Teng GG, Patkar NM, et al. American
College of Rheumatology 2008 recommendations
for the use of nonbiologic and biologic disease-
modifying antirheumatic drugs in rheumatoid
arthritis. Arthritis Rheum. 2008; 59: 762-84.

26)Lahdenne P, Wikstrom Am, Aalto K, et al.
Prevention of acute adverse events related to
infliximab infusions in pediatric patients. Arthritis
Care Res. 2010; 62: 785-90.

27) Gerloni V, Pontikaki I, Gattinnara M, et al. Focus
on adverse events of tumour necrosis factor o
blockade in juvenile idiopathic arthritis in an
open monocentric long-term prospective study of
163 patients. Am Rheum Dis. 2008; 67: 1145-52.

28) Ruperto N, Lovell DJ, Cuttica R, et al. Long-term
Efficacy and safety of Infliximab plus Metho-
trexate for the treatment of polyarticular course
juvenile rheumatoid arthritis: Findings from an
open-label freatment extension. Ann Rheum Dis.
2010; 69: 718-22.

29)de Ridder L, Rings EH, Damen GM, et al.
Infliximab dependency in pediatric Crohn’s
disease: long-term follow-up of an unselected
cohort. Inflamm Bowel Dis. 2008; 14: 353-8.



Kemmotsu et al. Pediatric Rheumatology 2011, 9:28
http://www.ped-rheum.com/content/9/1/28

R 2.%  PEDIATRIC
{O¥; RHEUMATOLOGY

RESEARCH Open Access

Clinical characteristics of aseptic meningitis
induced by intravenous immunoglobulin in
patients with Kawasaki disease

Yasushi Kemmotsu', Tomotaka Nakayama, Hiroyuki Matsuura and Tsutomu Saji

Abstract

meningitis.

after IVIG treatment was performed.

who did not receive medical treatment.

Background: Aseptic meningitis is a serious adverse reaction to intravenous immunoglobulin (IVIG) therapy. We
studied the clinical characteristics of patients with acute Kawasaki disease (KD) who developed IVIG-induced aseptic

Methods: A retrospective analysis of the medical records of patients with KD who developed aseptic meningitis

Results: During the 10-year period from 2000 through 2009, among a total of 384 patients with Kawasaki disease,
4 (3 females and 1 male; age range, 19-120 months) developed aseptic meningitis after IVIG. All 4 developed
aseptic meningitis within 48 hours (range, 25-40 hours) of initiation of IVIG. The analyses of cerebrospinal fluid (CSF)
revealed elevated white blood cell counts (22-1,248/uL) in all 4 patients; a predominance of polynuclear cells (65%-
89%) was noted in 3. The CSF protein level was elevated in only 1 patient (59 mg/dL), and the glucose levels were
normal in all 4 patients. Two patients were treated with intravenous methylprednisolone; the other 2 children were
observed carefully without any special therapy. All patients recovered without neurological complications.

Conclusions: In our patients with Kawasaki disease, aseptic meningitis induced by IVIG occurred within 48 hours
after initiation of IVIG, resolved within a few days, and resulted in no neurological complications, even in patients

Keywords: Kawasaki disease, intravenous immunoglobulin, aseptic meningitis

Background
Intravenous immunoglobulin (IVIG) is a blood product
that is widely used in the treatment of a number of medi-
cal conditions, including immunodeficiency disorders,
inflammatory diseases, and autoimmune diseases.
Kawasaki disease (KD) is a self-limited systemic vascu-
litis syndrome of childhood that was first reported by
Tomisaku Kawasaki in 1967 [1]. Patients typically
develop a fever, bulbar conjunctival injection, changes in
the oropharyngeal mucosa and peripheral extremities,
cervical lymphadenopathy, and a polymorphous rash.
Coronary aneurysm and myocardial infarction are the
most serious complications of this disease. In Japan,
there are approximately 10,000 incident cases per year

* Correspondence: kemmotsuyasushi@yahoo.co.jp
Department of Pediatrics, School of Medicine, Faculty of Medicine, Toho
University, Tokyo 143-8541, Japan

( BioMed Central

[2]. The etiology of the disease is not well understood,
but high-dose IVIG is known to prevent the coronary
complications [3,4].

There have been a number of reports regarding IVIG-
induced adverse reactions, including mild reactions such
as tachycardia, headache, facial flushing, nausea, diarrhea,
and rash, as well as serious adverse reactions such as ana-
phylaxis, acute renal failure, and thromboembolic events
[5]. Aseptic meningitis is a neurologic adverse event that
can be caused by IVIG. Although there have been case
reports describing IVIG-induced aseptic meningitis, few
studies have described the characteristics of a group of
such patients. In this study, we describe the clinical and
laboratory characteristics of IVIG-induced aseptic menin-
gitis in 4 patients with KD.

© 2011 Kemmotsu et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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Patients and methods

Patients

To investigate the clinical characteristics of IVIG-induced
meningitis in KD patients, we retrospectively reviewed
the medical records of patients who were admitted to our
university hospital during the 10-year period from 2000
through 2009. All patients met the Japanese criteria for
typical KD on admission. They were treated with oral
aspirin and 1 or 2 g/kg of IVIG, the latter of which was
administered over 12 or 24 hours, respectively. The IVIG
products were freeze-dried sulfonated (Kenketsu Veni-
lon®-1, Chemo-Sero-Therapeutic Research Institute,
Kumamoto, Japan) and freeze-dried, polyethylene glycol
(PEG) -treated (Kenketsu Glovenin®-I, Nihon Pharma-
ceutical Co, Ltd, Tokyo, Japan) human normal immuno-
globulin. Testing of the CSF was done soon after the
diagnosis of suspected IVIG-induced meningitis, and a
diagnosis of meningitis was made on the basis of clinical
symptoms such as fever and headache, meningeal irrita-
tion signs, and CSF pleocytosis. A final diagnosis of asep-
tic meningitis was made by negative bacterial culture
results.

Results

Characteristics of the study population and IVIG products
A total of 384 patients with KD were admitted to our hos-
pital; 4 developed aseptic meningitis after IVIG. Table 1
shows the background characteristics of these 4 patients.
Three were females older than 5 years. The other patient
was a 1-year-old male. Their serum C-reactive protein
(CRP) levels and white blood cell counts before IVIG
treatment were 3.3-5.5 mg/dL and 6,500-27,100/uL,
respectively. Sulfonated immunoglobulin was given to 2
patients, and a polyethylene glycol-treated product was
given to the other 2 patients. Two patients were treated
with 1 g/kg IVIG, and the other 2 received 2 g/kg IVIG.
There were no adverse reactions during the IVIG adminis-
tration in any of the patients.

Clinical course and laboratory findings

All 4 patients responded well to initial IVIG: their fevers
ceased and the clinical symptoms of KD improved.

Table 1 Background characteristics of the patients
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Table 2 shows the clinical course of the patients. Asep-
tic meningitis developed within 48 hours (range, 25-40
hours) after initiation of IVIG. All 4 patients developed
a sudden, severe fever. Their recorded highest body
temperatures were 38.0, 38.7, 38.8, and 39.1°C. The 3
females complained of headache, and the 1-year-old
male was irritable and vomited frequently. On physical
examination, there were typical signs of meningeal irri-
tation, including neck rigidity, Kernig’s sign, and Brud-
zinski’s sign. Table 3 shows the CSF findings of the 4
patients. The initial pressure was recorded in 1 patient
and was mildly elevated (24 cm H,0). The analyses of
the CSF revealed elevated white blood cell counts
(22-1,248/pL) in all 4 patients, 3 of whom were neutro-
phil-predominant (65%-89%). The CSF protein level was
elevated in only 1 patient (59 mg/dL), and the glucose
levels were normal in all 4 patients (51-77 mg/dL). The
CSF chloride and lactate dehydrogenase (LDH) levels
were measured in 3 patients and were normal (123-128
mEq/L and 33-40 U/L, respectively). In addition, the
results of CSF bacterial culture were negative in all
patients. There was no worsening of inflammatory mar-
kers, ie, serum CRP and peripheral white blood cell
counts, at the onset of meningitis (mean + SD CRP:
4.3 £ 4.1 mg/dL, WBC: 9,300 + 7,700/pL), as compared
with the levels at admission (mean + SD CRP: 5.9 +
2.0 mg/dL, WBC: 14,800 + 9,000/uL). Two patients
were treated with a single dose of 15 mg/kg of intrave-
nous methylprednisolone; the other 2 patients recovered
without medical treatment. Fever and signs of meningeal
irritation disappeared in 1 or 2 days, and no patient
developed any neurological complications such as sei-
zures or disturbances in consciousness. There was no
recurrence of KD in any of the patients, and all four
patients were discharged without coronary artery
aneurysms.

Discussion

Aseptic meningitis after IVIG was first reported in 1988
[6]. Since then, there have been similar case reports of
IVIG-induced meningitis in patients with medical condi-
tions such as idiopathic thrombocytopenic purpura

Age Sex KD criteria CRP(mg/dL)/WBC(/uL) IVIG product and dose Day on IVIG
on admission
Ty male 5/6 5.5/6,500 PEG-treated 8
2 g/kg
6y fernale 5/6 7.1/15,600 Sulfonated 5
1 g/kg
7y female 6/6 7.8/27,100 Sulfonated 5
2 g/kg
10y female 6/6 3.3/9,900 PEG-treated 4
1 g/kg

KD = Kawasaki disease; CRP = C-reactive protein; WBC = white blood cell; IVIG = intravenous immunoglobulin; PEG = polyethylene glycol.
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Table 2 The clinical course of the patients

Page 3 of 5

Patient Time from start of IVIG to onset, hrs Treatment Time to recovery
1y male 33 15 mg/kg mPSL 1 day
6y female 40 15 mg/kg mPSL 2 days
7y female 25 None 2 days
10 y female 31 None 1 day

IVIG = intravenous immunoglobulin; mPSL = methylprednisolone.

(ITP), myasthenia gravis, and inflammatory demyelinat-
ing neuropathy {7-9]. There has previously been only 1
case report describing this complication in a patient
with KD [10].

The rate of aseptic meningitis after IVIG was 1% (4 of
384) in this study, but the frequency varies widely, from
0% to 11%, in reports of patients with different underly-
ing diseases [11,12]. It was also reported that the devel-
opment of aseptic meningitis was not correlated with
the patient age or the type of underlying neuromuscular
disease [12].

Hamrock reported that most patients who developed
aseptic meningitis received 2 g/kg of IVIG, and that
meningitis did not occur in any of their patients receiving
a standard replacement dose of IVIG for a congenital
immunodeficiency [5]. All of our patients received high-
dose IVIG at a dose of 1 or 2 g/kg. Our patients almost
equally received sulfonated IVIG or PEG-treated IVIG,
and 2 patients in each group (total 4) developed meningi-
tis, thus indicating that there are no apparent differences
in the effects of sulfaonated or PEG-treated IVIG with
regard to the development of meningitis. In this study,
patients were exposed to either sulfonated IVIG or PEG-
treated IVIG, but not to products manufactured by other
processes such as cold ethanol Cohn fractionation/ultrafil-
tration, ion exchange, or low-PH treatment. The inability
to further explore the possible etiological factors related to
specific IVIG brand or manufacturing lots may be a limita-
tion of this study. There were no obvious differences of
clinical and laboratory data, including the severity of KD
on admission, day of initiating IVIG, or changes of inflam-
matory markers after IVIG between patients who devel-
oped meningitis and those who did not.

In the present study, aseptic meningitis developed
within 25 to 40 hours after initiation of IVIG. In pre-
vious case reports, most patients also developed menin-
gitis within 48 hours of beginning IVIG. Although all of

Table 3 Cerebrospinal fluid findings

our patients developed a fever and typical meningeal
irritation signs, it may be possible that milder cases of
aseptic meningitis could be misdiagnosed as IVIG-
refractory KD, since the onset of fever after completion
of IVIG therapy is often interpreted as recrudescence of
KD. It is important to consider the possibility of IVIG-
induced meningitis with careful physical examinations
to avoid unnecessary therapies, such as additional IVIG,
steroids, and infliximab.

CSF examinations revealed neutrophilic pleocytosis in
3 of our 4 patients, slight elevation of the protein level in
1 patient, and normal glucose levels in all 4 patients.
These findings were similar to those of previous reports.
The analysis of the CSF in patients with aseptic meningi-
tis usually shows pleocytosis with neutrophil predomi-
nance, normal or slightly elevated protein, and normal
glucose levels. It may therefore be difficult to differentiate
IVIG-induced meningitis from viral meningitis by the
CSF findings, as it has been reported that the CSF protein
levels are normal to mildly elevated, glucose levels are
normal to slightly depressed, and neutrophil predomi-
nance is also seen in pediatric patients with viral menin-
gitis [13,14].

All of our patients recovered without developing any
neurological complications. Two were treated with
intravenous methylprednisolone, and the other 2 were
monitored without medical treatment. Jayabose et al.
reported that children with ITP who were given predni-
sone had a lower risk of neurological complications
after IVIG [15]. However, it has also been reported that
such symptoms are self-limiting, and that there is no
specific therapy that shortens the duration of symptoms.
Thus, it may be advisable to carefully observe such
patients and avoid systemic therapy [5]. In our study,
there were no obvious differences in the clinical courses
between patients treated with intravenous methylpredni-
solone and those who received no medical treatment,

Patient Cells (/pL) Glucose (mg/dL) Protein (mg/dL) LDH (U/L)
1y male 1,248 (P 89%) 51 59 39
6 y female 120 (P 13%) 54 23 33
7y female 648 (P 83%) 77 30 40
10 y female 21 (P 65%) 52 37 NT

LDH = lactate dehydrogenase; P = polynuclear cells; NT = Not tested.
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which suggests that systemic steroid administration is
not beneficial for IVIG-induced meningitis.

The mechanisms underlying IVIG-induced meningitis
are not clear. One possible cause is an allergic hypersensi-
tivity reaction caused by direct entry of the IVIG prepara-
tion into the CSF compartment. This is supported by the
fact that CSF eosinophilia has been observed in some
patients [11]. In our study, one patient exhibited periph-
eral eosinophilia (11% of the total 5,800/puL white blood
cells) but CSF eosinophilia was not observed in any of our
patients. None of our patients developed exanthema after
IVIG. Although our patients received no pre-treatment, it
may be useful to give antihistamines prior to IVIG if aller-
gic reaction is one of the mechanisms responsible for
IVIG-induced meningitis. Recently, it was reported that
there were increased levels of CSF monocyte chemoattrac-
tant protein-1 (MCP-1) in ITP patients with IVIG-induced
meningitis, which suggests a role for monocytes in the
inflammation of the meninges [16]. On the other hand,
Jarius et al. reported that aseptic meningitis was frequently
associated with neutrophillic pleocytosis in the CSF and in
vivo activation of TNF-o-primed neutrophils by atypical
antineutrophil cytoplasmic antibodies in IVIG might con-
tribute to aseptic meningitis [17]. In our present study, the
CSF cytokines or chemokines were not measured.

Meningitis is also a known complication of KD. Dengler
et al reported that one-third of patients with KD who
underwent a lumbar puncture had CSF pleocytosis with
mononuclear cell predominance [18], which is in contrast
to the polynuclear cell predominance observed in IVIG-
induced meningitis. Meningitis as a complication of KD
usually occurs early in the course of the disease and
improves after KD treatment, which is mainly IVIG therapy
[19]. Table 4 shows a comparison between IVIG- and KD-
induced meningitis. It is not difficult to differentiate IVIG-
induced meningitis from aseptic meningitis complicating
KD, as both the time of onset and CSF findings differ.

Conclusions
In conclusion, IVIG-induced meningitis developed
within 48 hours of initiating IVIG and resolved in a few

Table 4 A comparison between IVIG- and KD-induced
meningitis

Meningitis due to IVIG  Meningitis due to KD

Appearance  Within 48 hrs after IVIG Early in the stage, before
VIG

Clinical Typical meningeal signs Can lack meningeal signs

findings

CSF findings  Polynuclear cell Mononuclear cell
predominance predominance

Effective No special therapy Therapy for KD

therapy

IVIG = intravenous immunoglobulin; KD = Kawasaki disease; CSF =
Cerebrospinal fluid.

Page 4 of 5

days, without neurological complications, and systemic
steroid administration was not beneficial in our patients.
Further investigations of the pathophysiology of IVIG-
induced meningitis, including a detailed analysis of the
underlying mechanisms, are needed.

Authors’ contributions

YK contributed by taking care of the patients. All authors contributed to the
analysis and interpretation of the data. All authors read and approved the
final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 20 May 2011 Accepted: 14 September 2011
Published: 14 September 2011

References

1. Kawasaki T: Acute febrile mucocutaneous syndrome with lymphoid
involvement with specific desquamation of the fingers and toes in
children. Arerugi 1967, 16(3):178-222.

2. Nakamura Y, Yashiro M, Uehara R, Oki |, Watanabe M, Yanagawa H:
Epidemiologic Features of Kawasaki Disease in Japan: Results from the
Nationwide Survey in 2005-2006. J Epidemiol 2008, 18:167-172.

3. Newburger JW, Takahashi M, Bums JC, et al: The treatment of Kawasaki
syndrome with intravenous gamma globulin. N Engl J Med 1986,
315:341-347.

4. Newburger JW, Takahashi M, Beiser AS, et al: A single intravenous infusion
of gamma globulin as compared with four infusions in the treatment of
acute Kawasaki syndrome. N £ngl J Med 1991, 324:1633-1639.

5. Hamrock DJ: Adverse events associated with intravenous
immunoglobulin therapy. int! Immunopharmacol 2006, 6:535-542.

6. Kato E, Shindo S, Eto Y, Hashimoto N, Yamamoto M, Sakata Y, et af:
Administration of immune globulin associated with aseptic meningitis.
JAMA 1988, 259:3269-3271.

7. Jayabose S, Roseman B, Gupta A: Aseptic meningitis syndrome (AMS)
after IV gammaglobulin (LV. Gg) therapy for [TP. Am J Pediatr Hematolo
Oncol 1990, 12:117.

8. Meiner Z Ben-Hur T, River Y, Reches A: Aseptic meningitis as complication
of intravenous immunoglobulin therapy for myasthenia gravis. J Neurol
Neurosurg Psychiatry 1993, 56:830-831.

9. Vera-Ramirez M, Charlet M, Parry GJ: Recurrent aseptic meningitis
complicating intravenous immunoglobulin therapy for chronic
inflammatory demyelinating polyradiculoneuropathy. Neurology 1992,
42:1636-1637.

10. Boyce TG, Spearman P: Acute aseptic meningitis secondary to
intravenous immunoglobulin in a patient with Kawasaki syndrome.
Pediatr Infect Dis J 1998, 17:1054-1056.

11. Orbach H, Katz U, Sherer Y, Shoenfeld Y: Intravenous immunoglobulin:
adverse effects and safe administration. Clin Rev Allergy Immunol 2005,
29:173-184.

12. Sekul EA, Cupler EJ, Dalakas MC: Aseptic Meningitis Associated with High-
Dose Intravenous Immunoglobulin Therapy: Frequency and Risk Factors.
Ann Intern Med 1994, 121:259-262.

13, Irani DN: Aseptic Meningitis and Viral Myelitis. Neuro/ Clin 2008,
26(3):635-655.

14.  Negrini B, Kelleher KJ, Wald ER: Cerebrospinal fluid findings in aseptic
versus bacterial meningitis. Pediatrics 2000, 105(2):316-319.

15, Jayabose S, Mahmoud M, Levendoglu-Tuga O, et al: Corticosteroid
prophylaxis for neurologic complications of intravenous
immunoglobulin G therapy in childhood immune thrombocytopenic
purpura. J Pediatr Hematol Oncol 1999, 21:514-517.

16. Asano T, Koizumi S, Mishina-lkegami K, Hatori T, Miyasho T, Fujino O:
Increased levels of Monocyte Chemoattractant Protein-1 in
cerebrospinal fluid with gamma globulin induced meningitis. Acta
Paediatr 2010, 99:164-165.

17. Jarius S, Eichhorn P, Albert MH, Wagenpfeil S, Wick M, Belohradsky BH,
Hohlfeld R, Jenne DE, Voltz R: Intravenous immunoglobulins contain

— 307 —



Kemmotsu et al. Pediatric Rheumatology 2011, 9:28 Page 5 of 5
http://www.ped-rheum.com/content/9/1/28

naturally occurring antibodies that mimic antineutrophil cytoplasmic
antibodies and activate neutrophils in a TNFa-dependent and
Fc-receptor-independent way. Blood 2007, 109:4376-4382.

18.  Dengler LD, Capparelli EV, Bastian JF, Bradley DJ, Glode MP, Santa S,
Newburger JW, Baker AL, Matsubara T, Burns JC: Cerebrospinal fluid profile
in patients with acute Kawasaki disease. Pediatr Infect Dis J 1998,
17:478-481.

19. Takagi K, Umezawa T, Saji T, Morooka K, Matsuo N: Meningoencephalitis in
Kawasaki disease. No To Hattatsu (in Japanese) 1990, 22:429-435.

doi:10.1186/1546-0096-9-28

Cite this article as: Kemmotsu et al: Clinical characteristics of aseptic
meningitis induced by intravenous immunoglobulin in patients with
Kawasaki disease. Pediatric Rheumatology 2011 9:28.

Submit your next manuscript to BioMed Central
and take full advantage of:

* Convenient online submission

® Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at () o
www.biomedcentral.com/submit BiolVed Central

— 308 —



CLINICAL REPORT

AMERICAN JOURNAL OF

medical genetics
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Owing to the large size of chromosome 2, partial monosomy of
the long arm of this chromosome gives rise to many specific
phenotypes. We report on a 2-month-old girl with an interstitial
deletion of 2q24.2q24.3, which was confirmed by microarray-
based comparative genomic hybridization analysis. The patient
showed delayed growth and mental retardation, early myoclonic
seizures, and characteristic dysmorphic features including thick
arched eyebrows, upslanting palpebral fissures, long eyelashes,
depressed nasal bridge, short nose, long philtrum, small mouth,
micrognathia, and low set ears. Her early myoclonic seizures
were likely due to haploinsufficiency of SCNIA and SCN2A,
which are included in the deletion region. When she experienced
acute bronchopneumonia, she showed severe pulmonary
emphysema. The deletion region of 2q24.2 includes the integrin
6 gene (ITGB6), which may prevent acute lung injury and
pulmonary emphysema. Many previously reported patients with
deletions of 2q24.2 showed poor outcomes because of respiratory
failure. These observations suggest the possibility of a strong
relationship between haploinsufficiency of ITGB6 and pulmo-
nary dysfunction. © 2010 Wiley-Liss, Inc.

Key words: chromosome 2; 2q24.2; integrin 6 (ITGB6);
myoclonic seizure; pulmonary emphysema

INTRODUCTION

Recent advances in molecular analyses, including multiplex
ligation-dependent probe amplification and microarray-based
comparative genomic hybridization (aCGH), have allowed the
precise mapping of the boundaries of chromosomal aberrations
in patients [Stankiewicz and Lupski, 2006]. Owing to the large size
of chromosome 2, many regions may contribute to the specific
phenotypes associated with partial monosomy of the long arm of
this chromosome, that is, the terminal deletion of 2q37 and
the interstitial deletions of 2q31, 2q24, and 2q14. Patients with a
terminal deletion of 2q37 show developmental delay, severe behav-
ioral disturbance, growth/pubertal retardation, and dysmorphic
facial features [Conrad et al., 1995; Falk and Casas, 2007; Kitsiou-
Tzeli et al, 2007]. The 2q31.2q32.3 deletion syndrome is an
established syndrome with growth and developmental retardation,

© 2010 Wiley-Liss, Inc.
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microcephaly, and distinctive craniofacial anomalies [Mencarelli
et al., 2007; Prontera et al., 2009]. The locus for split-hand/foot
malformation with long-bone deficiency is suspected to be located
in the 2q14.2 region [Babbs et al., 2007; David et al., 2009]. It is well
known that there is a cluster ofion channel genes in the 2q24 region.
Among them, SCNIA on 2q24.3, which encodes voltage-gated
sodium channel 1 (alpha subunit), is a critical gene responsible
for severe myoclonic epilepsy in infancy (SMEI) [Wallace et al.,
2003],and there are many reports of cryptic chromosomal deletions
involving SCNIA [Pereira et al., 2004; Madia et al., 2006; Pereira
et al., 2006; Suls et al., 2006; Davidsson et al., 2008; Wang et al.,
2008]. However, only a few patients have been reported to have a
deletion 0f2q24.2 [Frynsetal., 1977; McConnell etal., 1980; Shabtai
et al., 1982; Moller et al., 1984; Bernar et al., 1985; Takahashi et al.,
1985; Wamsler et al., 1991; Woods et al., 1993; Boles et al., 1995;
Chinen et al., 1996; Nixon et al., 1997; McMilin et al., 1998;
Slavotinek et al., 1999; Maas et al., 2000; Pereira et al., 2004; Langer
etal., 2006; Madia et al., 2006; Suls et al., 2006; Pescucci et al., 2007;
Davidsson et al., 2008; Grosso et al., 2008; Wang et al., 2008].
Recently, we encountered a child with a 2q24.2q24.3 deletion
who showed congenital anomalies, early myoclonic seizures, and
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severe pulmonary emphysema caused by viral infection. We report
on the patient and discuss the genotype—phenotype correlation.

CLINICAL REPORT

A female infant was born spontaneously at 40 weeks and 4 days
of gestation following an uncomplicated pregnancy. She was pro-
portionally small for this gestation time, with birth weight 0f2,230 g
(<10 centile), length of 47 cm (<25th centile), and head circum-
ference of 32 cm (<25th centile). Her family history was unremark-
able. The patient was the second child of healthy parents (both at 24
years old), and her 7-year-old brother was in good health.

When she was hospitalized in our institution for acute
bronchitis at her age of 2 months, she displayed retarded growth
with weight of 3,835g (<3 centile) and length of 53.6cm
(<10 centile), as well as continuous myoclonic jerks, generalized
hypotonia and dysmorphic findings including thick arched eye-
brows, upslanting palpebral fissures, long eyelashes, flat nasal
bridge, short nose, long philtrum, small mouth, micrognathia, and
low-set ears (Fig. 1A,B). Conventional chromosome analysis
identified interstitial deletion of chromosome 2q with the karyo-
type of 46,XX,del(2)(q24q31). Echocardiography showed no signs
of cardiac anomalies or pulmonary hypertension. Blood screening
tests for inborn errors of metabolism, and neurophysiological
examinations did not reveal any abnormalities.

At her age of 3 months, she had a number of episodes of afebrile
generalized tonic-clonic seizures. Although sodium valproate de-
creased the frequency of seizure attacks, continuous myoclonic
jerks were intractable.

At the age of 5 months, she was hospitalized for respiratory
syncytial virus infection, which was confirmed by PCR-based
analysis. She showed pyrexia and respiratory distress due to con-
tinuous coughing and was intubated for hypoxia and hypercapnia.
She was transferred to an intensive care unit, where she was
supported with invasive mechanical ventilation for acute hypoxic
respiratory failure because of bronchopneumonia. Chest radiogra-
phy revealed diffuse haziness of both lungs (Fig. 2A). On the 7th and
26th days after hospitalization, computed tomography scans of the
chest revealed severe pulmonary emphysema, bullae, and pulmo-
nary collapse (Fig. 2B,C). Pulmonary emphysema improved with
pressure-limited ventilation. On the 80th day after hospitalization,
she was extubated, and a repeat chest X-ray revealed normal lung
expansion (data not shown).

METHODS

To investigate the precise chromosomal deletion region of the
proposita’s chromosome, we performed aCGH analysis using
Human Genome CGH Microarray 44A (Agilent Technologies,
Palo Alto, CA) with genomic template DNA extracted from
peripheral blood according to the manufacturer’s instruction.
Chromosomal aberrations were visualized by CGH Analytics
version 4.40 (Agilent Technologies). Metaphase or prometaphase
chromosomes were prepared from phytohemagglutinin-
stimulated peripheral blood lymphocytes for two-color fluore-
scence in situ hybridization (FISH) analysis using bacterial artificial
chromosome (BAC) clones as probes as described [Shimojima
et al., 2009a]. BAC clones were selected from an in silico library

FIG. 1. Facial features of the proposita at 7 months of age. A: Frontal view of the proposita showing thick arched eyebrows, upslanting palpebral
fissures, depressed nasal bridge, short nose, long philtrum, small mouth, and micrognathia. B: Side view of the proposita showing long eyelashes, low
set ears, and micrognathia. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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FIG. 2. Radiological examination of the proposita. A: Chest X-ray
taken upon hospital admission at 5 months of age showing
bilateral infiltration. B,C: Computed tomography scans of the chest
showing extremely large pulmonary bullae at the 7th and 26th
days after hospitalization, respectively.

Clone name
RP11-664N22
RP11-690N19
RP11-763J13
RP11-214A4

Chromosome band
2p25.3
2q24.2
2q24.2
2q24.2

Nucleotide
Start
44,074
160,587,760
160,629,947
162,846,383

160-he 162-vio 164-Mb 166-hb 168-o

FIG. 3. Results of aCGH analysis. Chromosome view (top) indicates
a deletion of 2q24.2q24.3 determined by the CGH analytics by
applying the Aberration Detection Method 2 algorithm with a
threshold of 6.0. The range of the aberration was expanded on gene
view (bottom). The blue-shaded area and the blue line in each view
indicate the copy number aberration region and the moving
average of the log, ratio of intensity on the y axis, respectively.
Red circles emphasize the locations of /TGB6 and SCN1A. Dots
indicate the positions of the probes. [Color figure can be viewed in the
online issue, which is available at www.interscience.wiley.com.]

(UCSC Human Genome Browser, March 2006) (Table I).
Microsatellite marker D252330 was analyzed using the ABI Prism
Linkage Mapping Set and GeneMapper (Applied Biosystems,
Foster City, CA) [Shimojima et al., 2009b].

RESULTS AND DISCUSSION

A 7.5-Mb deletion of 2q24.2q24.3 was identified in this patient by
aCGH analysis (Fig. 3). Two-color FISH analysis confirmed the
deletion in the patient (Fig. 4), and parental chromosome analysis
showed normal chromosomes indicating de novo occurrence of the
deletion in the patient (data not shown). Microsatellite marker
analysis revealed that the patient shared a common allele only with
her mother, which indicated that the paternally derived allele was

TABLE I. Summary of the FISH Analyses

Position®
End Result Included genes
230,847 Not deleted SH3YL1
160,779,118 Deleted IT6B6
160,830,554 Deleted IT6B6
162,941,799 Deleted IFIHI, GCA, KCNH?

*Chromosome locations and nucleotide positions are from UCSC coordinates, March 2006 assembly.
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TABLE II. The Result of the Microsatellite Marker Analysis With

D2S2330
Father Patient Mother
171/171 —/173 167/173

The numbers indicate bp length.

deleted in the patient (Table IT). The final karyotype was 46,XX,del-
(2)(q24.2q24.3).arr  2q24.2q24.3(160,332,614-167, 824,700) x 1
dn. The chromosomal deletion region of this patient is common
to those reported by Langer et al. [2006] and Maas et al. [2000], and
her dysmorphic facial features were similar to those seen in the

previous reports, in particular to that by Maas et al. [2000]
(Table III).

According to the UCSC genome browser, at least 34 genes
are included in the deletion region of this patient, in which
there is a cluster of sodium channel genes, including
SCN3A, SCN2A, SCN1A, SCN9A, and SCN7A. SCN9A was re-
ported as the responsible gene for congenital inability to experience
pain, but which was transmitted as autosomal recessive traits [Cox
etal., 2006]. SCN7A is suspected to have some functions in central
nervous system, but there is no report of mutation in human
diseases [Watanabe et al., 2000]. Although only one missense
mutation of SCN3A has been identified in a patient with cryptic
pediatric partial epilepsy, we do not know any clinical effect of
SCN3A haploinsufficiency [Holland et al., 2008]. SCNIA and
SCN2A are responsible for SMEI [Wallace et al., 2003] and benign

TABLE Ill. Previously Reported Patients With Chromosomal Deletions Around 2q24.2

References Subject no. Deletion region
Fryns et al. [1977] 2q21g24
McConnell et al. [1980] 2q22q31
Shabtai et al. [1982] 2923q31
Moller et al. [1984] 2q24.2q31
Takahashi et al. [1985] Familial 2q23.3q24.2
Bernar et al. [1985] 2q24.2q24.3
Wamsler et al. [1991] 2q24q31
Woods et al. [1993] 2q22q24.2
Boles et al. [1995] 2q24.2q31.1
Chinen et al. [1996] 2q24.2q31
Nixon et al. [1997] 2q24.3q32.1
McMilin et al. [1998] Patient 1 2q22.3q23.3
Patient 2 2423.3q24.2
Patient 3 2q23.3q24.2
Patient 4 2q24.2q31
Slavotinek et al. [1999] First child 2q31.1g31.3
Second patient 2q24.3q31.3
Maas et al. [2000] 2q23q24.3
Pereira et al. [2004] 2q24.3q24.3
Langer et al. [2006] 2q24.1q31.1
Madia et al. [2006] Three patients 2q24.3q31.1
Suls et al. [2006] EP514 2q24.3q24.3
EP530 2q24.3q24.3
EPD64 2q24.3931.1
Pescucci et al. [2007] 2924.3q31.1
Grosso et al. [2008] Patient 11 2q23q31
Patient 12 2q24.3g31.1
Patient 13 2q37qter
Davidsson et al. [2008] 2q24.3q31.1
Wang et al. [2008] Seven patients 2q24.3q24.3
The present patient 2q24.2q24.3

Locus of ITGB6

Outcome (2q24.2)

Died at 2 m by recurrent Ambiguous
bronchopneumonias
Died at 15 min Included
Died at 20 y by respiratory infection Included
NA Ambiguous
NA Ambiguous
Died at 1 y 4 m by respiratory infection Ambiguous
NA Ambiguous
NA Ambiguous
NA Ambiguous
Died at 2 m by heart failure Ambiguous
NA Excluded
NA Excluded
NA Ambiguous
NA Ambiguous
NA Ambiguous
NA Excluded
NA Excluded
Died at 2 and 1/4 years of Included
age by RSV infection

NA Excluded
Died at 3 y 2 m by apnea Included
NA Excluded
NA Excluded
NA Excluded
NA Excluded
NA Excluded
NA Included
NA Excluded
NA Excluded
NA Excluded
NA Excluded
Severe pulmonary emphysema at 2 m Included

“Ambiguous” means that we could not determine whether the reported patients have deletion of /TGB6 or not. Gray columns emphasize the patients who had died and the patients whose

deletions includes /TGB6 region.

m, months; y, years; RSV, respiratory syncytial virus.

NA, not available.
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FIG. 4. FISH analysis verified the deletion of 2q24.2. RP11-664N22
on 2p25.3 was labeled by SpectrumRed and two copies of
chromosome 2 were identified. Asingle signal for RP11-690N19 on
2q24.2 covering ITGB6 was labeled by SpectrumGreen
(arrowhead), which indicates the deletion of this region on the
unlabeled chromosome 2. [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com.]

familial neonatal—infantile convulsions [Berkovic et al., 2004],
respectively, and both of which are segregated as autosomal
dominant traits. Especially, most SCNIA hemizygous mutations
were loss of function mutations derived from nonsense or frame-
shift mutations [Wallace etal., 2003]. Therefore, haploinsufficiency
of both SCNIA and SCN2A is likely to be responsible for the
intractable seizures in this patient [Pereira et al., 2004].

The integrin B6 gene (ITGB6) is included in the proximal
deletion region of 2q24.2. Integrins are heterodimeric transmem-
brane receptors that were identified based on their ability to bind
and mediate cell adhesion to distinct components of the extracel-
lular matrix during processes that include cell survival, prolifera-
tion, and migration [Fernandez-Ruiz and Sanchez-Madrid, 1994].
The epithelial-restricted integrin atv36 binds to and activates the
latent transforming growth factor-3, and ITGB6 null mice show a
marked induction of macrophage metalloelastase 12, which has
been implicated in the chronic lung disease emphysema [Morris
etal., 2003]. Thus, haploinsufficiency of ITGB6 might be related to
extremely severe pulmonary emphysema during acute broncho-
pneumonia in our patient.

Table III summarizes data obtained from previously reported
patients with chromosomal deletions around the 2q24.2 locus.
Among them, seven patients were reported to have died, of whom
four died due to respiratory infections. Intriguingly, four patients
had confirmed chromosomal deletions including the region of
ITGBS, and the other three possibly had the same deletions which
are ambiguous because of the conventional karyotyping. The
present patient had a chromosomal deletion including ITGB6 with
severe pulmonary involvement. Therefore, we suggest that thereisa
relationship between haploinsufficiency of ITGB6 and pulmonary
involvement. Ongoing care of this patient and others, who have
chromosomal deletions of 2q24.2, should focus on preventing

severe pulmonary disease, especially when patients incur respira-
tory infections.
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Abstract X-linked anhidrotic ectodermal dysplasia with
immunodeficiency (X-EDA-ID) is caused by hypomorphic
mutations in the gene encoding nuclear factor-<B essential
modulator protein (NEMO). Patients are susceptibile to diverse
pathogens due to insufficient cytokine and frequently show
severe chronic colitis. An 11-year-old boy with X-EDA-ID was
hospitalized with autoimmune symptoms and severe chronic
colitis which had been refractory to immunosuppressive drugs.
Since tumor necrosis factor (TNF) « is responsible for the
pathogenesis of NEMO colitis according to intestinal NEMO
and additional TNFR1 knockout mice studies, and high levels
of TNFx-producing mononuclear cells were detected in the
patient due to the unexpected gene reversion mosaicism of
NEMO, an anti-TNFx monoclonal antibody was administered
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to ameliorate his abdominal symptoms. Repeated administra-
tions improved his colonoscopic findings as well as his dry skin
along with a reduction of TNFx-expressing T cells. These
findings suggest TNF blockade therapy is of value for
refractory NEMO colitis with gene reversion.

Keywords NEMO colitis - infliximab - gene reversion

Introduction

X-linked anhidrotic ectodermal dysplasia with immunodefi-
ciency (X-EDA-ID) is a rare inherited disease caused by
hypomorphic mutations in the gene encoding nuclear factor-<B
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(NF-kB) essential modulator (NEMO), which is the regulatory
subunit of IkB kinase [1-3]. Mutations of NEMO can cause an
impaired capacity to activate NF-kB, resulting in defects in
ectodermal differentiation and innate and adaptive immunity
[4, 5]. Affected patients generally show multiple developmen-
tal anomalies in ectodermal tissues such as sparse hair,
hypodontia with conical teeth, and anhidrosis or hypohidrosis
due to lack of sweat glands. These patients also suffer from
severe life-threatening infections in various sites caused by
Gram-positive or Gram-negative bacteria or mycobacteria.
Immunological abnormalities are characterized by defects in
the production of proinflammatory cytokines in response to
lipopolysaccharide (LPS) stimulation, hypogammaglobuline-
mia, specific antibody deficiency, and natural killer cell
dysfunction. Hematopoietic stem cell transplantation for X-
EDA-ID has been employed as a curative treatment [6—10],
but has sometimes resulted in engraftment failure.

NEMO colitis, which is inflammatory colitis associated
with mutated NEMO protein [11], is found in one fifth of all
X-EDA-ID patients [12] and is usually reported as inflam-
matory bowel disease (IBD), atypical colitis, or Behcet’s
disease [6, 11, 13]. The onset of inflammatory colitis occurs
early in childhood and often causes failure to thrive [2, 5-7,
9, 11-13]. The age of onset of colitis in X-EDA-ID is earlier
than that of Crohn’s disease, ulcerative colitis, or chronic
granulomatous disease [14]. Histological examination
reveals active colitis with abundant neutrophilic infiltration,
and the colitis usually improves with corticosteroids but not
with antimicrobial agents [6, 11]. Susceptibility to colitis
remains after hematopoietic stem cell transplantation [6, 9].

Recently, Nenci et al. demonstrated that mice lacking
NEMO in intestinal epithelial cells developed spontaneous
severe colitis [15]. However, an additional lack of tumor
necrosis factor (TNF) receptor-1 in these mice inhibited
intestinal inflammation. These interesting findings suggest that
TNF«x plays a role in the progression of NEMO colitis and
that TNF blockade therapy would be a promising treatment.

We describe here an X-EDA-ID boy suffering from severe
intractable colitis who improved dramatically following
treatment with a chimeric anti-TNFx monoclonal antibody,
infliximab. Infliximab administration reduced all symptoms
relating to inflammatory colitis, not only frequent diarrhea and
severe abdominal pain, but also inflammatory findings by
colonoscopy. These effects have lasted for more than 2 years
with regular administrations of infliximab.

Methods
Cell Preparation and Culture

Peripheral blood mononuclear cells (PBMCs) were isolated
from peripheral blood from our X-EDA-ID patient and his

@ Springer

mother using Ficoll-Paque gradient centrifugation. PBMCs
were suspended in RPMI 1640 medium (Sigma-Aldrich,
USA) and non-adherent cells were used to obtain stimulated T
cells. Adherent cells were cultured for 10 days with 500 U/mL
granulocyte-macrophage colony-stimulating factor (GM-
CSF) (Peprotech, USA) to induce monocyte prolifera-
tion. T cells were stimulated for 48 h with 1-pg/mL
phytohemaggulutinin (PHA) (Seikagaku Kogyo, Japan)
and then for 8 days with 10-U/mL recombinant human
interleukin (IL)-2 (Genzyme Techne, USA).

Cytokine Production Assay

PBMCs from our patient and healthy volunteers were
incubated with LPS (1 pg/mL) (Sigma-Aldrich) at a
concentration of 1x10° cells/mL at 37°C for 24 h. The
concentration of TNFx in supernatant was measured using
human BD OptEIA enzyme-linked immunosorbent assay
kits (Becton-Dickinson, USA).

Mutation Analysis and Reversion Analysis

Genomic DNA from our patient and his mother was
extracted from PBMCs, stimulated T cells, and stimulated
monocytes using Puregene DNA purification kit (Gentra/
Qiagen, USA); total RNA was extracted using TRIzol,
according to the manufacturer’s instructions (Invitrogen,
USA). Complementary DNA (cDNA) was synthesized
from total RNA with TaKaRa RNA PCR™ Kit (AMV)
(Takara, Japan). Polymerase chain reaction (PCR) of
genomic DNA and cDNA was performed using TaKaRa
LA Taq (TaKaRa) with primers to amplify between exon 2
and exon 4 in the /KBKG gene. PCR primers were as
follows: c1F, 5'-GCGCTCCTGAGACCCTCCAG-3'; c2R,
5'-GAGGAGAAGGAGTTCCTCAT-3'; G3F, 5'-
CCCAGCTCCCCTCCACTGTC-3'; G4R, 5-AACCCTG
GAAGGGGTCTCCGGAG-3'. Genomic DNA was dena-
tured at 94°C for 3 min, followed by 35 cycles of
denaturation at 94°C for 30 s, annealing at 64°C for 30 s,
and elongation at 68°C for 2 min 30 s, and a final extension
for 7 min at 72°C using G3F and G4R primers. cDNA was
denatured at 94°C for 1 min, followed by 35 cycles of
denaturation at 94°C for 30 s, annealing and elongation at
68°C for 1 min, and a final extension for 5 min at 68°C
using clF and c2R primers. After gel electrophoresis and
visualization, targeted bands were extracted and sequenced
using ABI Big-Dye Terminator (Applied Biosystems,
USA).

To analyze the reversion of mutation, we used our X-
EDA-ID patient’s PBMCs and stimulated cells. Mononu-
clear cells sorted with FACSVANTAGE (Becton-Dickinson)
were used only at analysis after 12 months of infliximab
treatment. PCR products were subcloned using a TOPO
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