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[ Abstract] Objective To study the demographic and clinical characteristics, correlation of genotype
and phenotype and treatment of Blau syndrome to facilitate early diagnosis and timely treatment of Blau syn-
drome. Methods Seventy-two patients with Blau syndrome from 11 centers from May 2006 to April 2022 were
retrospectively analyzed, and their general information, clinical data, laboratory examination and treatment
medication were collected. Results The distribution of patients with Blau syndrome was uniform in geographical
north and south of China, and there was no obvious gender bias. The mean age of onset was (14.30x+12.81)
months, and the age of diagnosis was (55. 18+36. 22) months. 35% of patients with Blau syndrome happened be-
fore 1 year old, and all patients developed before 5 years old. 87.50% (63/72) had granulomatous arthritis,
65.28% (47/72) had rash, 36.11% (26/72) had ocular involvement, 27.78% (20/72) had fever, and
15.28% (11/72) had pulmonary involvement. Arthritic manifestations of Blau syndrome were most at risk, fol-
lowed by rash, ocular involvement, and fever. The first 25 months of the disease, the risk of developing a rash
was the greatest. The risk of developing arthritis was the greatest between 25 months and 84 months. The main mu-
tations were p. R334Q and p. R334W, and patients with p. R334Q mutation had relatively high incidence of fever
(35.71% [5/14 | vs. 14.29% [1/7], P=0.43) and ocular involvement (42.86% [6/14] vs. 28.57%
[2/7], P=0.51) . There was a relatively high incidence of rash (85.71% [6/7] vs. 64.29% [9/14],
P=0.59) in patients with the p. R334W mutation. Forty-five patients (62.50%) were treated with a combina-

tion of glucocorticoid and methotrexate. Twenty-two patients were treated with tumor necrosis factor antagonist in
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addition to glucocorticoid and methotrexate. Conclusions

The risk of different clinical manifestations of Blau

syndrome from high to low was arthritis, followed by rash, ocular involvement and fever. The main treatment was

glucocorticoid combined with methotrexate, to which biological agents could be added.

[ Key words] Blau syndrome; demographic characteristics; clinical manifestations; treatment

Funding: Special Fund of the Pediatric Medical Coordinated Development Center of Beijing Hospitals Authority

(XTCX201819)

JLE Blau ZEAAEBD A ZE PR 5697 58, & —Fh
Yo U i R AL M I ZE MR, 5 NOD2 SE 1
NOD/NACHT &5 iR e s DA 2

ARGLAE 5 BRI, VIR EL LT %, )
HAG BB AN K% =R AR BRI, Kahlk R %=
PRABEE WL, RZEp T B IR | RN AR, Rz
AR EE R LA 4 LU R YL, AERAR Y
FREAR IR LA B DR B R 9 IR 2T B R 2 A
BERS, KW R—I BT 0 10 4E 00 56y
REP MG VE, WA 2 N2 &bk
SR R DA TR R S e PR 2R i R T 3L
BENRALMAK, 775208 MTE, IF T ReEE
i, Rz BRFEMHARKNE, mHEESKE
A ZE b i A R

Blau ZEAME B0 3 H )& NoDp2! ™ NOD2 1
PARZ AN N L K T R Gk, AT AE S A0 TR Y 4 M N Rz
FRIIOT 2 AN A B A L BE KT NOD2,
H# A F kappaB (nuclear factor kappa B, NF-«kB) 34
WA RRAE . 5 Blau ZR G fEA DG NOD2 2R 78 K
T AR BRI A9 NF-kB 355078

Blau ZEATEIG R R A 20, 55 B LRI E
R RAERFLISHT 2 AR, k5 iRi2 4
ERERMESCT R, IIMZM T IR ARSI £ &K
kg . R E A 2R S B B0/ AR
JE T 52 e 2 0 10

ABFSE A K { E 11 G 72 4 Blau £
BAESEAT BT, AT T AARAE | I R A
PR RINIG PRFFU AR N BARY IO, BURIEWTT

1 #NEFE
1.1 —faEk

2006 4F 5 H & 2022 4 4 H 765 #E R R AR I
JEALFLE E B RGE AL . R ER K2R L EE
Be KRS e R | i A0 8 KA R 2R B M i )L

254 July, 2022

J Rare Dis, 2022,1(3) :252-258

Be g bl KBS B Bl b IR A0 K 2 I 24 e B s 4
PrERELR . BRI B B KR e B, TR
B 5 — B B JLRE . S K2 BB L 3 B B B I XL
iy S AN I o Y TR RS S A 8 SR Ny
M — ANRER (JLEER) XBRaEr, Z8E
ILHEBE BN o W KGR e e B RN E R K= R E
o L B L3 KR RHE B AY 72 6] Blau Z5 A 1F
L, WG Gt 1 B B R 2 B b st L s e e
SEASHLZE B (HAHES . [2022] -E-134-R) .
1.2 Blau Z &SRS TR AE

Blau Zi A 1E Y12 W 25 AR 4 380 (1 115 IR — BRAE,
GO AR | B R O Ve R FH T A B R PR ARG A
B FEARRIS W, 2 S0 R4 i As n] LB B AR AR
T 1 A 1 4 PR 2
1.3 PMNPREFIHER IR A
1.3.1  HARRIE

(1) 43 BB . SR A = BRAF + NOD2 3 [H %8
ARy (2) 29 B . MURUA) CEHEAE R E (G
R B kA2 8RO ) .
1.3.2 HeBRAriE

Il AR RE K NOD2 FE PRGN 45 SR R
1.4 Ak
141 FEPEEM

AR JE I A SR ECEE R 20 DNA, %F NOD2 W T A
Hh L F RSN - AL AT Sanger )T
1.4.2 YR If R E 3

(1) WGPRBERL. W, kR, W, R
e MRz B SRTTIER, iz B B E . P
WA RGEMFEF, (2) LR=EHR. O KRS
4 (WBC) JH4, m2r& [ (Hb) ., I/
(PLT) 4. HyEkidnie (PMNs) 4 @4AEAH
KedEbr. C RN (CRP) . ZL40ffIiiFE% (ESR),
(3) A8 M X i R CT, (4) JRIT259),
1.5 FitFHE

K F SPSS 19. 0 Geit2# 8t A7 et o br . KA



i JLE Blau £ A fIEIG RAR G AR YT 20 Hr -2 [ 2 D i

Kolmogorov-Smirnov £ 55 & Q-Q % i & 9 B E 17 1E
SRR, MRS TR (i) DY
BabptfE 2 (wxs) Fon, HBICECRH K%, HH
RO, BRI LU (| 8D Fow, A
8] FLHRH] Fisher FE B, P<0.05 27 A4

HEE X,
2 #R

2.1 ANOEHE

W 1 FiR, 72 4 Blau ZEAAE L, FE5EIL
B S 54.17% (39/72), LehElE b 44. 44%
(32/72), FH RBFEW (14.30+12.81) H,
AR (55.18+36.22) H, 27.78% (20/72) &
HHP L, 65.28% (47/72) HE WK S,
87.50% (63/72) & M BRI Pk OC T R,
36.11% (26/72) HEH B BRI 2 R, 15.28%
(11/72) BHE BB Z R,
2.2 IGRHHE

WA 1A FE 7R, 35%Blau £ 4 1iF 58 & 5 4 R AE
1 ZHl, 2B HE LWL S ¥ ZHi, 27.78%
(20/72) fBFF B, oS R AL A IR T s 29K i1
BT EHR (ELIB), Hr 4 62 p. R334Q %2722, 1 f
N p. R334W 28745, 65.28% 84 IR E, HAKREZE
(97.22%, 70/72) BHERIZ AL 4 & Z 0, e W
MR IR RN LLBER R, TORFESUERIR (76.60%,
36/47), 72 B E A 63 6] (87.50%) A KM
KW, Hh e fldfiE2linmg, 1 blEEabx

RIEE (%)

0~0.9 (0.9~1.8) (1.8~2.7) (2.7~3.6) (3.6~4.5)
Fiy ()

A

Bl 1 Blau A IEEE AR

Incidence in patients with Blau syndrome

Fig. 1

BRA

R 172 HLIE Blau ZEA R BN F2E R RAFE
Tab. 1 Demographic and clinical characteristics of 72 children

with Blau syndrome

£ 33 HAT (%)
S 39 54.17
KL 17 23.61
. & 32 44. 44
RIRTRY (vxs, TH) 14.30+12. 81 -
WIS (x+s, TH) 55. 18+36. 22 -
% 20 27.78
%% 47 65.28
PR ZE T 6 75 48 63 87.50
IRFRZ 2 26 36. 11
fEINES 1 1.39
R 2 2.78
WF 4 4 5.56
PRS2 1 1.39
Mg % 24 33.33
DHERZ R 4 5.56
it 2 2 11 15.28
TR R Z R 2 2.78
AT R R RS AR e ——E O S, & DAL, E SR
k|

TR (ORI 32 B) . 26 i (36.11%) H# HH
MRz 2, 472 BIHRE B TR, R n] 8
N AES . oI (23.08%, 6/26), Ja HELAT IR
K% (15.38%, 4/26) . HIEHR (7.69%, 2/26) FIHN
B (7.69%, 2/26) “5F£ M, 11 4] (15.28%) ¥
PUAHRZ B, EEFR PN Il a] Bk g

3.0} R
25} 1R
T RIZER SR A

2.0 T EREHZ R
15F
1o}
05F

O B 1 1 1 1 1

0 50 100 150 200
FEwr D

A. Blau ZEEHEEEHGE; B. Blau ZEEEAS ]I PR 22 A ) JXURS: T

Vol. 1 No. 3 255



F

ik

S

PRI KB MM R RS2 RiX
4 AN RFRINHEAT RS 500, Wil 1B fr7R, Blau £5
AAE IR ZF e 0GR B WU e R, O
%, RS2 R kG fEmBRNE 25 N, sk
IR, 25~84 N H , KR 21
R Fe K

HABIGRRIA T S 80E . mER, o2 R,
Hpm B EFE T RERE, TRMEREZ R,
o LTS A7 2
2.3 EEBMERESN

NOD2 3SR i & A 98748 51 R 2R 78 1 K &
ST, DRz B IRE A AL, AR XF 72 6
A SE R RN R 2R 7 14 22 S0 720407

ABEFE A 42 B #F Blau Z5 G 1E B NOD2 3
oA, A 14 BN R & 58 R o2, 20l 2
p. C495R, p.D512F, p.E383D, p. G481D, p. M513T,
p. A661P, p.P268S, p.R334Q, p.R334L, p. R334W,
p. R471C, p. R587C, p.T476P, p. T605P, p. R334Q 5
33.33% (14/42), fitedesr, HKR p. R334W,
. 16.67% (7/42)

AT HETPIA EZRAE p. R334Q Fl p. R334W
LA, 55 p. R334Q 28745 1) 5 A AR 55 v 1 &
B [35.71% (5/14) vs. 14.29% (1/7), P=0.43]
MR Z B [42.86% (6/14) wvs. 28.57% (2/7),
P=0.51] KRMEZHK, TE p. R334W RARYHE T, HAH
SRR B KR E [85.71% (6/7) vs. 64.29%
(9/14), P=0.59], W35 A HARUAY PR 25 b 4 OG5 %
RHAR [85.71% (6/7) vs. 85.71% (12/14), P=
1.00],

2.4 BITHRSH
K2 o T 72 I SENETT . 1161 (15.28%)

ek S

S (n=15, 62.50%)

=

(n=11, 15.28%)
RIGIT

(n=10, 13.89%)

(n=5, 6.94%)

BRI R+ R

=1, 1.39%
{m ) A

A R H S BEIRTT, 5 B (6.94%) RN IR
IBYT, 45 (62.50%) B L H TR I 28
WEYRTT, | BN HVEE . W2 | VD) B e i 1
HIRIT (E124),

33 B E N TNF-o 5P, HHBGEEACRSL 3 4]
(4.17%) , BEFRFIEBAHE 13 6] (18.06%), HHRPE L
6 % (8.33%), T A I AR IR FE I F 32 1R i A
FEEE 11 B (15.28%) . FTA R AR Z 5
AR (EI2B), 10 6 (13.89%) & K4
ZALTIRIT .

22 {5 E A Rz I ORI HR M A ) 3 R
TNF-o B0, 1 BIEE A2 T & A VR B R &
RIT

3 itig

e E BB R S, R T 72 Bl 12
Blau ZEAIEBE ARG B, X225 KM Blau 254
fIEBASY, — 2 B2 BE b Re 98 A4 3% [ Blau Z5 & fiE 1Y
AR

ARHFSE % B Blau £545 1F B E R L 7 0 A B 1
Ay, W R Ry E S . SRR 1 %, #ie
MR 4.5 %, 27.78% B FH B LA, 65.28% 83
L 9%, 87.50% B & OB AZE bk G T R,
36. 11% B F IR AR AZ R KPR Blau ZE A ERY E
BEIGRAFAE [ B G RE 507 1 AR B ) e DA T 44
LG A ME P HEST 19, Blau 545 1iF 81780 11 BR 26 31
NRZEMPE T R KB, IRTEZ R, R =0
fiE, BRI ANCIETE Lk =BAFH, {24 30%
R 1 2 B & B, Blau 254 AF H BB 0 IR A 3
I AARAE , AHRE R GE

EHN T HMIERIERE T
Vi Uik SEpik#EEES
(n=6, 8.330%) (n=11, 15.280%)
RIS A B 4T
(n=3, 4.17%) S

(n=13, 18.06%)

B 2 72 4] Blau ZR S E B IRTT IUR
Fig. 2 Treatment status of 72 patients with Blau syndrome

A, ABGIRTTIIBLR s B. AR PRI N Y BAR

256 July, 2022



o[ L Blau £ 43 IE I RAESANRIT 20 H7- 22 2 B i

IZWFFENT Blau ZEAAEHEAT T XU T, 25 5 & 3
SRR ZE b S R R B XU e K, R 298
IRERsZ 8, KA, TERRFERHT 25 A, IRBLEZ A
Wrfe K, RS A PR 2E I 1 G R B KU Fe K, i
GEAS RN R 2 I OCTT RR IR e oy A=, i L
ABIFSE 7R A R ZER S B RTT R L KTTIE

AT I LA FE D 948 R p. R334Q F
p. R334W, #5747 p. R334Q R B EH M B &K
RIFIRERZ B A%, 7E p. R334W RAR B E
AR B B B 9B A AR 45 B R AR N TR
MR GRYT . 22 BITERE K o R 0 e
TRITRYSERS LM TNF-o 59070, XUBSAFF 5T s 56
TRFIIE G KN, T HA R 25106 R 2
ZRAVEAE , ZRIMMBUE TIRTT IR, AT LU
B 1R T = LABE B B 3 16 HH (R ne R o7 o
filt, ARz R E 32 5, w] Uhn A e 2R
FEH F-o FEBLAN

ZHIA B ARGE Blau Z54 1iE A9 5556 % A8 AR 02
M A RS, RAEfePRT ESR, CRP Jhis, #E
It A AR R R EE R BAE , IR A9 A SR  BAsE
THRASCE R IRIS T E IR AL, RN
TRHEME R = Hebr , HASCHE siAR7E T UL, Blau
ZEAE NOD2 $EH 58728 3 30 NF-kB 3476 5 5 RAE,
MG A ARAS, K NF-kB 7K F- AT DL — &
FRIE b S5 1R

AWFFEARRZ NI 5 #4704, KR Blau 45
B A 1SV SR R, I E RS, BT LR U
[T SRANGE | DRIk T 3 2 BB 1 RS 45 R, {H S
BRAGE 2RI, 2 R MR TS 14 1 PR 38 By T R B R
RGBS, BRIk, 752 A W A A R
DUFNDR R S PR 2R 75 A T S B i 99
AR INZR, ABFSE A L Blau Z5 A 10F 3 3L N 58718
KAV 14 Fp, Horp R334W ., R334Q. G481D, MS5I3T.
R587C, TEESNAA HLiE, 5 WL R334W, R3340,
5 E M —E

25 FRrR, P EJLE Blau 254 E A A I R 76 31
HH IR RS s ZR AR P AR PR ST 5 | B
2, R B R, FEEIRYT LY E R TR T
HBRENS  FEICEEAN b AT AR S Al A
BEREL 55 TAEE AR CE R, THar RS T
[t 8

EETE: FHRAR AL KRR, Red i

THFEA I, RXBEE; ETH RGP, FA,
HRA, LW, AR KT, B 2F. PR,
Haker JR4BE, Rixér, Eix, fgwede M
FEm, AR NRE DR RESE KAE,
HEE R T R FAKE

FISERZE: MIAEEN EFARAEHNBFE,

Z £ X M

[1] ZRR. JLE Blau ZRGIERFFR R [J]. T E A ILE
Zkikk, 2018, 33: 26-29.

[2] Rosé CD, Doyle TM, Mecllvain-Simpson G, et al. Blau
syndrome mutation of CARD15/NOD2 in sporadic early
onset granulomatous arthritis [ J]. J Rheumatol, 2005, 32:
373-375.

[3] Rosé CD, Wouters CH, Meiorin S, et al. Pediatric granu-
lomatous arthritis; an international registry [ J]. Arthritis
Rheum, 2006, 54. 3337-3344.

[4] Aréstegui JI, Arnal C, Merino R, et al. NOD2 gene-asso-
ciated pediatric granulomatous arthritis: clinical diversity,
novel and recurrent mutations, and evidence of clinical im-
provement with interleukin-1 blockade in a Spanish cohort
[J]. Arthritis Rheum, 2007, 56. 3805-3813.

[5] Sfriso P, CasoF, Tognon S, et al. Blau syndrome, clinical
and genetic aspects [ J]. Autoimmun Rev, 2012, 12.
44-51.

[6] Punzi L, Gava A, Galozzi P, et al. Miscellaneous non-in-
flammatory musculoskeletal conditions. Blau syndrome [J].
Best Pract Res Clin Rheumatol, 2011, 25; 703-714.

[7] Clark SK. Sarcoidosis in children [J]. Pediatr Dermatol,
1987, 4. 291-299.

[8] Raphael SA, Blau EB, Zhang WH, et al. Analysis of a
large kindred with Blau syndrome for HLA, autoimmunity,
and sarcoidosis [ J]. Am J Dis Child, 1993, 147.

842-848.

[9] Manouvrier-Hanu S, Puech B, Piette F, et al. Blau syn-
drome of granulomatous arthritis, iritis, and skin rash: a
new family and review of the literature [J]. Am J Med Gen-
et, 1998, 76. 217-221.

[10] Tkeda K, Seto Y, Narita A, et al. Ultrasound assessment of
synovial pathologic features in rheumatoid arthritis using
comprehensive multiplane images of the second metacarpo-
phalangeal joint: identification of the components that are re-
liable and influential on the global assessment of the whole
joint [J]. Arthritis Rheumatol, 2014, 66. 523-532.

[11] Okafuji I, Nishikomori R, Kanazawa N, et al. Role of the

Vol. 1 No. 3 257



NOD2 genotype in the clinical phenotype of Blau syndrome

5509-5512.

and early-onset sarcoidosis [ J]. Arthritis Rheum, 2009, [17] Kanazawa N, Okafuji I, Kambe N, et al. Early-onset sar-
60. 242-250. coidosis and CARD15 mutations with constitutive nuclear

[12] Kurokawa T, Kikuchi T, Ohta K, et al. Ocular manifesta- factor-kappaB activation; common genetic etiology with Blau
tions in Blau syndrome associated with a CARD15/Nod2 mu- syndrome [J]. Blood, 2005, 105; 1195-1197.
tation [J]. Ophthalmology, 2003, 110; 2040-2044. [18] Chamaillard M, Philpott D, Girardin SE, et al. Gene-envi-

[13] Miceli-Richard C, Lesage S, Rybojad M, et al. CARD15 ronment interaction modulated by allelic heterogeneity in in-
mutations in Blau syndrome [ J]. Nat Genet, 2001, 29. flammatory diseases [J]. Proc Natl Acad Sci USA, 2003,
19-20. 100 3455-3460.

[14] Ogura Y, Inohara N, Benito A, et al. Nod2, a Nod1/Apaf- [19] ZEER, k@R, Fi1, & HEJLERZEMERT R
1 family member that is restricted to monocytes and activates 26 Bl R m AR TTREVT A BT [J]. A R 2 2%
NF-kappaB [J]. J Biol Chem, 2001, 276. 4812-4818. &, 2014, 18. 593-596, 652.

[15] Girardin SE, Boneca IG, Viala J, et al. Nod2 is a general [20] LiC, Zhang J, Li S, et al. Gene mutations and clinical
sensor of peptidoglycan through muramyl dipeptide ( MDP) phenotypes in Chinese children with Blau syndrome [J]. Sci
detection [J]. J Biol Chem, 2003, 278. 8869-8372. China Life Sci, 2017, 60.; 758-762.

[16] Inohara N, Ogura Y, Fontalba A, et al. Host recognition of

bacterial muramyl dipeptide mediated through NOD2. Impli-
cations for Crohn’s disease [J]. J Biol Chem, 2003, 278

(cHi . 2022-05-26 FEH1: 2022-06-05)
(A3, %)

CEE - EE - RE

(EXRFRY #5E M T7 R E W%

(ZNFBRY) T2022 FBFRERLBE EXHRE, TENAEFZLRBIERPREMEFZHL, IKILY
R, BEMRAFERREZEE ik, Bal (FRLBHAR) WL 2@, M
https://jrd. chard. org. cn; ) B, ﬁf]ﬂﬁ“l”%‘—ﬁd%ﬁﬂ&ﬁﬂﬁﬁ%i%&, ?rfi?%f‘kﬁﬁ’gl%d']h, W
L R FHANIRIRAS

BT, &A1 T (FEAFREA (RER) ) BFREAFRNT . LTTHRIBRAA RN E
FOME, (RRBAR) CRINETE RN Z FHIERE, FABRAERETAHST, K, EH,
AL Fo A A F F AR T KRR EIEE, (ERRFR) SRR RIPHOK T, #7E 5K DR R EF
AR F B ABORFATHAT, S TH RPAEBEE, RILPFZRAY AN EAEEE L,

258 July, 2022



