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Abstract
Objective
This retrospective study aimed to investigate the clinical characteristics and genetic findings in paediatric patients
with gastrointestinal involvement in Behget’s disease (BD), elucidating the spectrum of autoinflammatory syndromes
mimicking BD in this young population.

Methods
Fifty paediatric patients diagnosed with BD between January 2016 and December 2022, including 24 (48%) with
gastrointestinal involvement, underwent comprehensive analysis. Clinical presentations, laboratory examinations,
gastrointestinal endoscopy, and genetic tests were conducted, with patients stratified based on genetic results for
rigorous comparative clinical analysis.

Results

The cohort, with a median age of disease onset at 4.0 years, predominantly manifested with recurrent oral ulcers (100%).
Gastrointestinal symptoms were prevalent in 83.3%, with abdominal pain (70%) and haematochezia (16.7%) being
notable. Endoscopic evaluations unveiled lesions primarily in the terminal ileum and ileocecal region, with diverse
ulcers across various anatomical sites. While 70.8% initially met ICBD criteria, only 41.6% fulfilled new paediatric

classification criteria. Genetic analysis in 18 patients unveiled pathogenic variants in 7, with the genetic-positive
group exhibiting earlier onset and more atypical symptoms. Noteworthy cases included X-linked deficiency in ELF4,
A20 haploinsufficiency, and Majeed syndrome, with two cases revealing chromosomal abnormalities such as trisomy 8
syndrome. Comparative analysis underscored earlier disease onset, heightened inflammatory markers, and distinctive
gastrointestinal lesions in the genetic-positive cohort.

Conclusion
Identification of monogenic diseases and chromosomal abnormalities resembling BD underscores the imperative
of precise diagnosis for tailored treatment and genetic counselling. Expanding genetic screening initiatives holds
promise for enhancing our comprehension of the genetic landscape associated with BD.
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Introduction

Behget’s disease (BD) is a complex mul-
tisystem inflammatory disorder charac-
terised by recurrent oral and genital ul-
cers, ocular inflammation, and skin le-
sions. Although BD is more commonly
diagnosed in young adults aged 2040
years, it has also been observed in paedi-
atric populations, with a reported preva-
lence ranging from 2.7% to 26% (1, 2).
Previous research suggests that paediat-
ric BD and adult BD exhibit clinical dif-
ferences, including a higher incidence of
gastrointestinal and central nervous sys-
tem involvement, more arthralgia, and
less vascular involvement (3, 4).
Diagnosing BD in children poses signifi-
cant challenges due to its rarity, absence
of specific laboratory diagnostic tests,
and the frequent presence of nonspecific
features like headache, arthralgia, and ab-
dominal pain (5). As a result, the diagno-
sis primarily relies on clinical judgment,
which may lead to diagnostic delays
and misclassification with other inflam-
matory conditions. To aid in diagnosis,
various clinical diagnostic criteria have
been developed, including the Interna-
tional Study Group (ISG) classification
criteria (6), the International Criteria for
Behget’s Disease (ICBD) classification
criteria (7), and the Paediatric Behget’s
Disease (PEDBD) classification criteria
(8). However, the utility of these criteria
in paediatric cases remains a subject of
debate, warranting further research and
validation (9). Moreover, the aetiology
of BD is not fully understood and is be-
lieved to involve a complex interplay of
genetic and environmental factors. Ge-
nome-wide association studies (GWAS)
have identified multiple genetic suscep-
tibility loci, with HLA-B51 being the
most widely studied genetic factor (10).
Additionally, some monogenic autoin-
flammatory disease like Haploinsuffi-
ciency of A20 (HA20) may also present
with BD-like symptoms early in life and
may be mistaken for BD (11), further
emphasising the genetic complexity un-
derlying the disease (12).

In this study, we included 24 BD pa-
tients with gastrointestinal involve-
ment from a single Tertiary Referral
Centre in China, analysing their clini-
cal characteristics, laboratory features,
and gastrointestinal endoscopy find-

ings. Among these patients, 7 children
were diagnosed with single gene or
chromosomal abnormalities through
Whole Exome Sequencing (WES) and/
or karyotype analysis. We conducted a
comparative analysis of clinical charac-
teristics between individuals with posi-
tive and negative genetic testing results
to illuminate potential disparities in dis-
ease manifestation. Understanding the
clinical and genetic features of paediat-
ric BD patients is crucial for early and
accurate diagnosis, guiding appropriate
management strategies, and advancing
our knowledge of this complex autoin-
flammatory disorder in this population.

Methods

Patients

A retrospective analysis was undertaken
to examine patients diagnosed with BD
presenting gastrointestinal involvement,
who were admitted to the Department
of Rheumatology at Children’s Hospital
of Fudan University during the period
from January 2016 to December 2022.
This study was approved by the Ethics
Committee of Children’s Hospital of
Fudan University (project no.. 2023-
279) and was conducted in strict ac-
cordance with the Declaration of Hel-
sinki and all applicable laws and regu-
lations in China. All patients provided
informed consent prior to the inclusion
of their personal information and data.
The study employed a cross-sectional
design, utilising comprehensive elec-
tronic medical records, and adhered
to strict procedures to ensure patient
anonymity and data de-identification
during analysis. Organ involvement
was assessed through a comprehensive
evaluation of clinical symptoms, past
medical history, physical examination
findings, laboratory investigations, im-
aging studies, and endoscopic findings,
as previously documented (13). Routine
check-ups for patients included endos-
copy, ocular examination, and imaging
investigations of blood vessels and the
central nervous system (CNS).

Within this series, two distinct sets of
BD classification criteria were collected
to evaluate their performance. The first
set was the ICBD criteria, whereby a
score of 4 or more, fulfilling the speci-
fied criteria, indicated BD diagnosis
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Table I. Clinical characteristics of BD with gastrointestinal involvement.

Case Gender Age Age Initial GI lesions Oral Genital Skin Ocular ~ Vascular Neurol- ICBD  PEDBD
(onset)  (diagnosis) clinical aphthosis  aphthosis invol- invol- signs ogical  fulfilled fulfilled
presentation vement  vement signs (Y/N) (Y/N)
1 F 6y 9y6m oral aphthosis oesophageal ulcer, small Y Y N Y N N Y Y
intestine ulcer
2 M 2ylm 6y7m abdominal pain  pharyngeal ulcer, large Y N N N N N N N
ileocecal ulcer, rectal ulcer
3 F 3y 3y3m diarrhoea, small intestine and colonic Y Y N N N N Y N
abdominal pain  ulcers, terminal ileal ulcer
4 F 3y Sy oral aphthosis antral gastritis, duodenitis, Y Y N N N N Y N
colitis, terminal ileitis
5 M 0.3m 12y7m  genital aphthosis  oesophagitis, rectal mucosal Y Y Y N Y N Y Y
erosion
6 M 12y3m 14y2m oral aphthosis eosophagitis Y Y Y Y Y
7 F 12y l4ylm oral aphthosis gastric antrum mucosal Y
erosion, deep large ileocecal
ulcer
8 F 1y10m 2y4m fever, small intestine ulcers, Y Y N N N N Y N
haematochezia colonic ulcer, terminal ileitis
9 F 6m 3y9m oral aphthosis duodenal ulcer, colonic Y Y N N N N Y N
ulcer, terminal ileitis
10 M 9y 13yl0m  oral aphthosis duodenal ulcer, terminal Y Y N N N N Y N
ileal ulcer
11 M 11y 14y5m fever, small intestine ulcers, Y Y Y N N N Y Y
abdominal pain  terminal ileal ulcer
12 M 4y5m Sy arthralgia gastric antrum ulcer, Y N N N N N N N
terminal ileitis, colitis,
small intestine ulcers
13 M 3y 4y abdominal pain  deep large ileocecal valve Y N N N N N N N
ulcer, scattered ulcers in
the sigmoid colon
14 M 7y2m 11y oral aphthosis rectal erosion and ulcer, Y N Y N N Y Y Y
large ileocecal valve ulcer
15 M 4 Sy10m oral aphthosis large ileocecal ulcer
16 F 6ylm 9y6m oral aphthosis duodenitis, terminal ileal
ulcer
17 F 3y 4y oral aphthosis large terminal ileal ulcers
18 M 3y2m 13y abdominal pain  multiple erosions in the
upper jejunum
19 F Iy 12y sore throat pharyngeal ulcer, large Y N N N N N N N
oesophageal ulcer
20 M 13y 13y abdominal pain  large ileocecal valve ulcer Y N N N
21 M 2y5m 10y oral aphthosis oesophageal ulcer, erosive Y N Y y Y
gastritis, large ulcer in the
proximal ascending colon
22 M 10y 14y oral aphthosis small erosions and ulcers Y Y Y N y N Y Y
in the ileocecal region
23 F 1ly3m 6y9m oral aphthosis pangastritis, multiple Y N N N N N N N
duodenal ulcers, ileocecal
ulcer
24 M 9y 13y oral aphthosis punctate erosions in the Y N Y N Y N Y Y

rectum, scattered ulcers in
the terminal ileum

F: female; M: male; GI: gastrointestinal; Y: yes; N: no.

(13). The second set consisted of the  Whole exome sequencing

PEDBD criteria, necessitating the pres-  and karyotype analysis

ence of at least 3 out of 6 predefined A combination of WES or Karyotype
items to classify a patient as having pae-  analysis (peripheral blood or bone mar-
diatric BD (14). row) was utilised to ascertain genetic
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diagnoses. The predicted functional
impact of the identified genetic vari-
ants was evaluated using the in-silico
tools SIFT (http://sift. bii.a-star.edu.
sg/), PolyPhen-2 (http://genetics.bwh.
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Table II. Genetic variants characterised in patients presenting BD-like symptoms.

Case Gene Nucleotide change Amino acid Predicted =~ CADD Allele Zygosity  Final Treatment and outcome
change pathog- score  frequency diagnosis
enicity *

2 ELF4 ¢.700C>T p.R234* D/-/D 35 1.82¢-6 Hemi DEX prednisone, 5-ASA,
adalimumab switched to
infliximab and SASP with
good response

8 TNFAIP3 c¢.721C>T p.Q241* D/-/D 36 - Het HA20 prednisone and etanercept
with good response

9 TNFAIP3 ¢.1012G>T p.E338* D/-/D 40 - Het HA20 prednisone and adalimumab
with good response

12 LPIN2 ¢c.200T>G, p.I67R D/D/D 28.2 - Het, Majeed canakinumab, remission

c.2342_c.2346delAGAAA pK781Tfs*7  D/-/D 33 4.97e-6 Het syndrome

14 ELF4 c.677C>T p-P226L D/D/D 28.4 - Hemi DEX prednisone and etanercept

switched to adalimumab
with good response

“Prediction (polyphen2/SIFT/Mutation Taster).
D: damaging or deleterious; DEX: deficiency in ELF4, X-linked; HA20: haploinsufficiency A20; 5-ASA: 5-aminosalicylic acids; SASP: sulfasalazine;
MTX: methotrexate.

Table III. Comparison of clinical features between genetically positive group and negative  or benign. Variants detected using NGS

group. were also confirmed using Sanger se-
Characteristics Positive, n=7 Negative, n=11 p quencing, to exclude false positives.
Male sex, n (%) 5 (71.4) 7 (63.6) 1.000 Statistical analysis
fgeatonset, . median dQQIXQR) " ((3168%7(';))) ‘9“6) Eigggz ol The statistical analysis was conducted
ge at diagnosis, y, median K 0-8. K J7-13. . [OT .
Family history, n (%) 5 (714) 3 (273) 0.145 utilizing SPSS v. 22.0 (SPSS Inc., C}.n-
Clinical presentation, n (%) cago, IL, USA). To evaluate data dis-
Fever 7 (100.0) 8 (72.3) 0.245 tribution normality, the Shapiro-Wilk
Oral'aphthoms 7 (100.0) 11 (100.0) 1.000 test was performed as a preliminary
Genital ulcer 4 (57.1) 6 (54.5) 1.000 t Cat ical iabl
Skin involvement 4 (57.1) 5 (45.4) 1.000 step. Lategorical varlables were pre-
Ocular involvement 0 (0.0) 1 9.1) 1.000 sented as percentages or ratios, while
Vascular signs 1 (143) 3 (273) 1.000 qualitative variables were depicted as
Ne“ml,oglc"‘,l Signs 1.(14.3) 0 (0.0 0.388 medians along with their correspond-
Gastrointestinal symptoms 6 (77.8) 10 (90.9) 1.000 ine int til (IQR) t
Other” 5 (71.4) 2 (182) 0.049% }ng Interquartile range represen._
Initial clinical presentation, n (%) mg the 25-75% range. For the analySIS
Oral aphthosis 4 (57.1) 7 (63.6) 1.000 of quantitative variables, the Mann-
Genital aphthosis 0 (0.0 0 (0.0 1.000 Whitney U-test was employed, and for
Gastrointestinal symptoms 1 (14.3) 3 (27.3) 1.000 t ical iabl Fisher’ t
Fever 1 (143) 1.0 1,000 categorical varia e.s,. is 'ers exac
Laboratory data, median (range) test was used. A statistical significance
WBC count (K*10A9/L) 19.2 (5.7-25.8) 109 (2.5-22.7) 0.151 level of p<0.05 was considered to indi-

Haemoglobin (g/L) 107.0 (84.0-147.0) 118.0 (70.0-144.0) 0.520
Platelet count (K*10A9/L) 502.0 (50.0-749.0) 399.0 (110.0-536.0) 0.120
CRP (mg/L) 118.0 (43.0-160.0) 20.0 (0.5-79.0) 0.003%*
ESR (mm/h) 90.0 (33.0-120.0) 40.0 (3.0-83.0) 0.004%*
Endoscopy

Ulcer at terminal ileum/ileocecal valve 3 (42.9) 8 (72.3) 0.322
Number of ulcer sites (n=2) 7 (100.0) 4 (364) 0.013*

Other”: haematologic system involvement, arthritis, arthralgia, hearing loss; *indicates p<0.05, **in-

dicates p<0.01.

harvard.edu/pph2/), Mutation Taster
(http://www. mutationtaster.org/) and
CADD  (https://cadd.gs.washington.
edu/) (14). Interpretation of variants
was based on recommended standards

Clinical and Experimental Rheumatology 2024

from the American College of Medi-
cal Genetics and Genomics (ACMGQG),
and all variants were categorised as
pathogenic, likely pathogenic, variants
of unknown significance, likely benign

cate significant differences.

Results

General and clinical characteristics
of BD patients with gastrointestinal
involvement

From January 2016 to December 2022,
50 patients were diagnosed with BD
at our centre, among which 24 were
accompanied with gastrointestinal in-
volvement, accounted for 48% of all
BD patients. The median follow-up du-
ration was 11.5 months. Among the 24
patients, 14 were males and 10 females,
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for a male to female ratio of 1.4:1. The
minimum age of onset is 10 days after
birth, the median age of disease onset
was 4.0 years (IQR: 2.25-9.75 years),
and the median age of diagnosis was
9.87 years (IQR: 5.03 to 13.38 years).
Except for two patients, the remaining
cohort of 22 individuals (91.6%) ex-
hibited varying degrees of elevated C-
reactive protein (CRP) or erythrocyte
sedimentation rate (ESR) levels upon
disease onset, with ESR elevation dem-
onstrating a more pronounced pattern.
Among the entire cohort, the manifes-
tation of recurrent oral ulcers was uni-
versally observed, encompassing all
24 cases (100%). Genital ulcers were
noted in 13 children, while skin lesions
were evident in 11 instances. Addition-
ally, vascular involvement was apparent
in 5 cases, whereas 4 cases displayed
concomitant joint manifestations. Fur-
thermore, hematologic involvement
was evident in 4 children, ocular uveitis
was observed in 2 cases, and alterations
within the nervous system were de-
tected in a solitary case. 17/24 patients
(70.8%) fulfilled ICBD criteria at the
first presentation, compared with 10/24
(41.6%) fulfilling the new paediatric
classification criteria (Table I).
Gastrointestinal symptoms were evident
in 20 cases (83.3%), encompassing ab-
dominal pain in 17 instances, haema-
tochezia in 4 cases, vomiting in 4 cases,
and diarrhoea in 2 cases; a subset of 4
patients displayed an absence of overt
gastrointestinal symptoms throughout
the disease course. Among the cohort,
gastrointestinal symptoms materialised
as the initial presentation in 8 cases
(33.3%). Every patient underwent a gas-
trointestinal endoscopy assessment. The
predominant anatomical sites of lesion
localisation encompassed the terminal
ileum and ileocecal region, evidenced in
14 instances, including 7 cases of large
ulcers, and 4 of these cases had pseudo
polyp formation around the ulcers. Ad-
ditional notable manifestations included
2 cases of formidable pharyngeal ul-
cers, 3 cases of oesophageal ulcerations,
1 occurrence of gastric antrum ulcers,
3 cases of duodenal ulcers, 5 cases of
small intestinal ulcers, 5 occurrences of
colonic ulcers, and 2 instances of rectal
ulcers.

2080

Genetics

Eighteen of the 24 participants, who
had symptoms onset before the age of 5
and/or displayed incomplete or atypical
BD features, underwent additional mo-
lecular evaluation. The median follow-
up duration was 15.5 months. Among
these, 7 patients were attributed a defini-
tive genic aetiology aligning with their
clinical phenotype. Detailed phenotypes
and their corresponding genotypes are
elaborated upon. (Table I and II).

Cases with pathogenic variants

and likely pathogenic genetic variants
Case 2 involved a 6-year-old boy pre-
senting with recurrent unexplained fe-
ver, oral ulcers, abdominal pain, and
diarrhoea for three months. Erythema
nodosum was observed during the
physical examination. Despite normal
ophthalmological and vascular assess-
ments, gastrointestinal endoscopy re-
vealed ulcers in the pharynx, terminal
ileum, and rectum with moderate to
severe chronic active inflammation
(Fig. la-b). Diagnosed with intestinal
BD, he received corticosteroid, cyclo-
phosphamide, and 5-aminosalicylic
acid (5-ASA) treatment for 11 months,
leading to initial improvement. How-
ever, symptoms recurred later after
self-discontinuation of the medication,
with substantial ulcers observed in the
pharyngeal wall, rectum, and cecum.
Adjusted treatment with corticoster-
oids, infliximab, and 5-ASA proved
effective, ultimately healing the ulcers.
Trio-WES identified a pathogenic non-
sense mutation (c.700C>T: p.234%)
in the ELF4 gene (15), inherited from
his mother. This mutation, situated in
ELF4’s ETS domain crucial for DNA
binding, led to X-linked deficiency in
ELF4 (DEX), an inborn error of immu-
nity (IEI) resembling BD (16).

In another case (Case 14), a 10-year-
old boy presented with recurrent oral
ulcers, skin rash, abdominal pain, fe-
ver, and elevated inflammatory mark-
ers. Flow cytometry of peripheral blood
mononuclear cells showed intermittent-
ly low NK cells. Inflammatory markers
and IgA were significantly increased.
Gastrointestinal endoscopy revealed
extensive ulcers (Fig. 1c). Treatment
with corticosteroids, Thalidomide, and

5-ASA initially improved his condition.
However, the disease recurred during
the steroid taper. Trio-WES identified
a novel missense mutation (c.677C>T,
p-P226L) in ELF4, also within the ETS
domain, inherited from the mother. This
amino acid site is extremely conserved
among species (PhyloP score 5.236)
(Fig. 1g), thereby supporting a deleteri-
ous effect of this amino acid substitu-
tion. This missense mutation has not
been reported in the ExXAC, 1000G, or
gnomAD databases The CADD score of
28.4 suggests a predicted pathogenicity,
given that a CADD score above 20 is in-
dicative of potential pathogenicity (14).
Additionally, the SIFT, PolyPhen-2,
and MutationTaster tools all predicted
this variant as deleterious. Next, we
co-transfected HEK293T cells with
flag-tagged WT and the mutant ELF4
construct, confirming the damaging
effects of the variant (Fig. 1h). Based
on the genetic study, adalimumab treat-
ment was added, which significantly
improved the intestinal lesions.

A 4-year and 5-month-old girl (Case
8) presented with recurrent haema-
tochezia, abdominal pain, and intermit-
tent fever since the age of 1 year and
8 months. She also had recurring oral
and perianal ulcers, limb joint pain,
and liver dysfunction. Due to persis-
tent liver abnormalities, we conducted
an extensive investigation to exclude
other potential causes of chronic liver
damage, such as hemochromatosis,
environmental factors, toxins, viruses,
autoimmune conditions, metabolic
disorders, and iatrogenic factors. The
liver biopsy revealed findings indica-
tive of interface hepatitis, including
focal hepatocyte necrosis, increased
portal tract fibrous tissue, and lym-
phocyte and plasma cell infiltration.
She subsequently received treatment
with corticosteroids, etanercept, and
glycyrrhizin and responded positively.
Additionally, she had bilateral moder-
ate hearing loss via auditory brainstem
response, shared by her father and
brother, who also had recurrent oral ul-
cers and liver function issues. Concur-
rently, another case (Case 9) involved
a 3-year-old girl with recurrent oral
and perianal ulcers since the age of 6
months, intermittent abdominal pain,

Clinical and Experimental Rheumatology 2024
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e ELF4 p.R234" TNFAIP3 p.Q241* TNFAIP3 p.E338*
XWTY YWTyR234" WT WT WT WT
XR234%y :1 p.E338*
/ p.Q241* p.Q241*
Case2 Case8 Case9
LPIN2 p.I67R; p.K781Tfs*7 ELF4 p.P226L
WT/p.I67R WT/ p.K781Tfs*7
XWTy WWTKP226L
/" proband
p.IB7R; p.I67R; XP22eLy
p.K781Tfs*7 p.K781Tfs*7
Case12 Case14

WT human: LWEFLLALLQ DRNTCPKYIKWTQREKGIFK
Mutated: LWEFLLALLQ DRNTCLKYIKWTQREKGIFK

M.Musculus: LWEFLLALLQ DRNTCPKYIKWTQREKGIFK

R.Norvegicus: LWEFLLALLQ DRNTCPKYIKWTQREKGIFK
B. Taurus: LWEFLLALLQ DRNTCPKYIKWTQREKGIFK

ELF4-flag

C.Lupus familiaris: LWEFLLALLQ DRNTCPKYIKWTQREKGIFK
H.Sapiens: LWEFLLALLQ DRNTCPKYIKWTQREKGIFK

M.Mulatta: LWEFLLALLQ DRNTCPKYIKWTQREKGIFK

GAPDH

E.caballus: LWEFLLALLQ DRNTCPKYIKWTQREKGIFK
S.scrofa: LWEFLLALLQ DRNTCPKYIKWTQREKGIFK

Fig. 1. Clinical manifestations in patients with genetic findings. a) a massive ulceration on the posterior pharyngeal wall in Case 2. b) Severe ileocecal
ulceration in Case 2. ¢) a massive ulceration in the terminal ileum (cecum) in Case 14. d. Intestinal stricture in Case 21. e) Pedigrees of Case 2, Case 8, Case
9, Case 12 and Case 14. f) Whole-body bone scans reveal lesions in the left sacroiliac joint and small joints of the left foot in Case 12. Red arrows indicate
abnormal signals. g) Amino acid sequence alignment of ETS domains across species. The arrow indicates the position of the Pro226Leu variant. g) Plasmids
constructs mimicking novel variant of ELF4 were expressed in HEK293T cells and determined by western blot.

EV: empty vector, WT: wild type.

- .
- -
R : ] ? K L
EV WT P226L

e

and endoscopically confirmed gastro-
intestinal damage. Despite initial cor-
ticosteroid and methotrexate treatment,
she experienced symptom recurrence,
eventually responding to adalimumab.
Both the patients and their parents un-
derwent Trio-WES, which provided
significant genetic insights. In Case 8

Clinical and Experimental Rheumatology 2024

we identified a de novo nonsense vari-
ant, ¢.721C>T: p.Q241*, and in Case
9 another novel nonsense variant was
detected, c.1012G>T: p.E338%, in
TNFAIP3. Both variants cause a pre-
mature stop codon in the ovarian tu-
mour (OTU) domain, resulting in a
putative haploinsufficiency of the pro-

tein. These variants were absent from
the ExAC, 1000G, or gnomAD data-
bases. Same variants were identified in
the affected brother of Case 8 and in
the affected father of Case 9. Accord-
ing to the ACMG guidelines (24), the
two variants are classified as pathogen-
ic (PVS1, PM2, PP3, PP4), leading to
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their definitive diagnosis of A20 haplo-
insufficiency (HA20).

In another distinct case, a 5-year-old
boy (Case 12) presented with recurrent
symptoms, including ankle pain, rash,
oral ulcers, abdominal pain, and consti-
pation. Laboratory tests indicated anae-
mia, significantly elevated CRP and ESR
levels, and negative autoantibodies. Ini-
tially suspected as BD and juvenile idio-
pathic arthritis (JTA), he was treated with
prednisone, 5-ASA, and MTX, with ini-
tial relief. However, he later experienced
haematochezia and recurring ankle pain,
with whole-body bone scans revealing
asymmetric and uneven radiotracer dis-
tribution, along with lesions in the left
sacroiliac joint and small joints of the
left foot (Fig. 1f). Tofacitinib treatment
had limited efficacy.

To further elucidate the aetiology, whole
exome sequencing (WES) was con-
ducted. After sequencing, we identified
a paternal missense variant ¢.200T>G
(pI67R) and a maternal frameshift
variant c.2342 _¢.2346delAGAAA
(p-K781Tfs*7) in the LPIN2 gene. The
¢.200T>G (p.J67R) variant has not been
reported in the EXAC, 1000G, or gno-
mAD databases, and this amino acid
site is conserved among species (Phylop
score 5.004). The in-silico tools SIFT,
PolyPhen-2, and MutationTaster pre-
dicted the variant to have a deleterious
consequence. The high CADD score
of 28.2 also suggests a damaging ef-
fect of the variant. Based on the ACMG
guidelines, this variant is classified as
likely pathogenic (PM1, PM2, PM3,
PP3). The c¢.2342_c.2346delAGAAA
variant, located in exon 18, leads to
a premature translational stop signal
(p.Lys781Thrfs*7) in the LPIN2 gene.
It is expected to result in an absent or
disrupted protein product. Loss-of-
function variants in LPIN2 are known
to be pathogenic. This variant is present
in population databases (rs762442011,
gnomAD 0.006%). The CADD score
is 33 and classified as pathogenic in
accordance with ACMG guidelines
(PVS1, PM2, PP3). Thus, this patient
was re-diagnosed with Majeed syn-
drome and started on treatment with
the monoclonal anti-IL-13 antibody,
canakinumab, with significant clinical
and laboratory improvement.
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Cases with chromosomal
abnormalities

In July 2020, a 13-year-old boy (Case
10) presented with recurrent oral and
scrotal ulcers, anaemia, thrombocyto-
penia, and elevated CRP and ESR lev-
els. Antibiotics had limited effect, but
glucocorticoid therapy, including pred-
nisolone, improved his condition. In-
termittent abdominal pain and elevated
inflammatory markers led to a gastroin-
testinal endoscopy, revealing terminal
ileum ulcers, raising suspicion of intes-
tinal BD. Genetic testing did not pro-
vide a definitive cause. At six, he had
been diagnosed with aplastic anaemia,
treated with cyclosporine and predni-
solone. No improvement or worsening
occurred. A bone marrow biopsy at an
older age revealed cytogenetic abnor-
malities (47, XY, +8) and a diagnosis of
myelodysplastic syndrome (MDS) was
made. He was treated with prednisone
and thalidomide with poor response and
was recommended for haematopoietic
stem cell transplantation (HSCT).

In 2022, a 10-year-old boy (Case 21)
came to our hospital with an 8-year his-
tory of recurrent oral ulcers, 2 years of
abdominal pain, and folliculitis-like
skin eruptions. Vascular assessments
identified femoral vein thickening and
strictures. Gastrointestinal endoscopy
revealed extensive oesophageal and co-
lonic ulcers, bringing about the diagno-
sis of intestinal BD. At 2, he had been
diagnosed with “aplastic anaemia” and
treated with cyclosporine for nearly 3
years. Platelet count gradually declined,
and genetic analysis revealed a trisomy
on chromosome 8§, confirmed by karyo-
type examination leading to a trisomy 8
syndrome diagnosis. Treatment with cor-
ticosteroids and 5-ASA initially helped,
but stopping steroids worsened symp-
toms. Follow-up endoscopy showed
worsening intestinal lesions and intesti-
nal stricture (Fig. 1d). Corticosteroids,
sulfasalazine, and adalimumab provided
partial relief, but symptoms recurred af-
ter 10 months, including skin lesions, ul-
cers, abdominal pain, and vomiting.

To offer early clinical insights into ge-
netic testing, we undertook a compara-
tive analysis between patients with ge-
netic causes and unknown causes (Table
IIT), despite the inherent limitations of

a small sample size. While both groups
presented similar initial symptoms, a
notable discrepancy emerged regarding
the timing of disease onset and diagno-
sis. Specifically, individuals with posi-
tive genetic test results experienced dis-
ease onset and diagnosis at earlier me-
dian ages compared to those with nega-
tive results. Interestingly, although most
clinical features exhibited no significant
differences between the two groups, the
positive genetic test cohort displayed
elevated incidences of specific manifes-
tations including arthritis or arthralgia,
abnormal liver function, and hearing
loss. Furthermore, laboratory assess-
ments revealed higher levels of inflam-
matory markers, particularly ESR and
CRP, in the positive genetic test group,
suggesting a more pronounced inflam-
matory response in these individuals.
Endoscopic evaluations of gastrointes-
tinal lesions revealed distinct patterns,
with the positive genetic test group
showing a predominance of ulcers in
multiple sites compared to the negative
genetic test group, where lesions were
primarily localised to the distal ileum
and ileocecal valve.

Discussion

In our study of 24 BD patients with GI
involvement, genetic testing identified
monogenic diseases or chromosomal
abnormalities mimicking BD in 7 out
of 18 tested patients. These individu-
als had an earlier median onset age
of 2 years, with 5/7 (71.4%) having a
family history of the condition. Com-
mon symptoms included recurrent oral
ulcers, and approximately half also
exhibited genital ulcers and skin le-
sions. Ocular, vascular, neurological,
and hematologic involvement is less
common. Notably, the genetically pos-
itive group showed higher inflamma-
tory markers and a greater proportion
of atypical presentations (5/7, 71.4%
vs. 2/11, 18.2%, p=0.049) compared
to the negative group. Initially, 70.8%
of all patients met ICBD criteria for
BD, while 41.6% met PEDBD criteria,
consistent with prior reports. The ge-
netic testing-positive group displayed
similar rates, with 5/7 (71.4%) meeting
ICBD criteria and 2/7 (28.6%) meeting
PEDBD criteria.
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Among the seven patients, two were
diagnosed with DEX, a recently identi-
fied inborn immune dysregulation dis-
order (17). Globally, there have been
14 reported cases of DEX (18), includ-
ing five from China, with eleven dis-
tinct variants (c.115C>T, c.443delG,
c.465delG, ¢.553C>T, c¢.636G>T,
c.691T>C, c.700C>T, c.743C>T,
c.752G>C, c¢.1015delG, Deletion ex-
ons 2-7). Thirteen of the previously
reported cases exhibited BD-like fea-
tures, while one showed a lupus-like
phenotype (15). Common immunolog-
ical signs included reduced memory B
or total B cells, low NK cells, and el-
evated inflammatory markers (17, 19).
In our cohort, these two DEX patients
exhibited severe BD-like symptoms,
characterised by persistent extensive
terminal ileum ulcers, spanning over
half of the intestinal circumference,
and accompanied with pseudo polyp.
The persistent presence of volcano-
type ulcers, absence of mucosal healing
in two of the patients during follow-up
may suggest a potentially poorer prog-
nosis (20). Their disease courses were
protracted and relapsing, with subopti-
mal responses to prednisone and con-
ventional immunosuppressants. Both
received TNF-a antagonists, with ini-
tial responses to adalimumab observed
in two patients. Subsequent relapses
led to a switch to infliximab, resulting
in disease stabilisation.

HA20, stemming from a loss-of-func-
tion TNFAIP3 mutation identified in late
2015, disrupts the inhibitory function of
NF-kB, promoting the overproduction
of inflammatory cytokines and leading
to systemic inflammatory disease. Cur-
rently, HA20 stands as the most preva-
lent monogenic condition exhibiting
BD-like features (21, 22). In our cohort,
we presented two girls, each harbouring
a distinct truncating TNFAIP3 muta-
tion, ultimately diagnosed with HA20.
Intriguingly, Case 8 displayed not only
classical BD symptoms such as fever,
oral and perianal ulcers, and gastroin-
testinal involvement but also persistent
liver abnormalities and sensorineural
hearing loss. Her brother, sharing the
same mutation, also experienced liver
abnormalities and hearing loss. In con-
trast, their father, without the TNFAIP3
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mutation, suffered from hearing loss
but had normal liver function. Recent
research suggests that HA20 patients
may develop chronic liver complica-
tions characterised by hepatic fibrosis,
hepatocyte injury, and the infiltration
of inflammatory T lymphocytes, which
aligns with our findings (23). Notably,
hepatic Behcet involvement is exceed-
ingly rare (24). When BD affects the
liver, it may manifest as conditions
like hepatic arteritis, hepatic arterioma,
hepatic venous thrombosis, hepatic
abscesses, or Budd-Chiari syndrome
(25, 26). In cases where other potential
causes are excluded, and inflammatory
liver lesions are evident, HA20 should
be considered. Additionally, it is worth
mentioning that sensorineural hearing
loss has not been previously reported
in HA20 patients. Given the family his-
tory, it is plausible that hearing loss in
this family may be attributed to factors
beyond TNFAIP3 mutations, including
other genetic factors or environmental
influences.

In addition to the previously mentioned
two BD-like syndromes, our cohort un-
veiled other monogenic autoinflamma-
tory diseases that mimic BD. Among
them, there was a male patient initially
diagnosed with BD and JIA but was
subsequently confirmed to have Ma-
jeed syndrome. Majeed syndrome is a
rare multisystem inflammatory disor-
der characterised by chronic multifo-
cal osteomyelitis (CRMO), congenital
dyserythropoietic anaemia (CDA),
with or without neutrophilic dermatosis
(27). Case 12 in our cohort exhibited
classical features of Majeed syndrome,
including CRMO, CDA, skin involve-
ment, and growth retardation. And joint
symptoms were his initial presentation.
However, this patient also manifested
recurrent oral ulcers, abdominal pain,
haematochezia, and multiple gastro-
intestinal ulcers, which resemble the
intestinal manifestations seen in BD.
Notably, despite treatment with corti-
costeroids and DMARDs, his gastroin-
testinal symptoms continued to worsen.
Gastrointestinal involvement is uncom-
mon in Majeed syndrome, with only
two previously reported cases in Indian
children experiencing recurrent abdom-
inal pain or diarrhoea (28). However,

detailed gastrointestinal endoscopy was
lacking in these reports, leaving the ex-
tent of intestinal involvement uncertain.
These findings imply that gastrointes-
tinal symptoms should be considered
within the clinical spectrum of Majeed
syndrome. Furthermore, when BD pre-
sents alongside significant bone and
joint lesions, Majeed syndrome should
be contemplated, with IL-1 antagonists
potentially offering therapeutic benefits
for disease management (29).

The association between MDS and BD
has been recognised for over 25 years.
Patients with both conditions tend to
experience more fever episodes and
intestinal lesions compared to those
with BD alone. Trisomy 8 is a common
finding (81.3%) in patients with both
BD and MDS, leading to the term “tri-
somy 8-associated autoinflammatory
disease” (TRIAD) (30). In our cohort,
we identified two cases of BD coexist-
ing with MDS. These individuals were
initially diagnosed with “aplastic anae-
mia” during childhood and later devel-
oped BD and MDS in their older years.
In one case (Case 21), the patient pre-
sented with intractable intestinal BD,
characterised by recurrent abdominal
pain, rectal bleeding, and extensive il-
eocecal ulcers involving a significant
portion of the intestinal circumfer-
ence (4/5). Despite treatment attempts
with glucocorticoids, mesalazine, and
TNF-a inhibitors (adalimumab and in-
fliximab), the progression of intestinal
lesions remained uncontrolled. This
aligns with previous observations that
many patients with BD and MDS do
not respond well to standard BD treat-
ments, indicating differences in treat-
ment responses compared to BD alone
(31, 32). Treatment strategies focusing
on MDS appear to offer more favour-
able outcomes for patients with both
MDS and BD. The exact reasons be-
hind the refractoriness of BD with tri-
somy 8-positive MDS to conventional
therapy remain unclear. HSCT is con-
sidered the only curative treatment for
MDS and has been successful in cases
where trisomy 8-positive MDS coexists
with BD (33). For individuals like Case
21, HSCT might be a potential thera-
peutic option. When managing BD pa-
tients with concurrent haematological
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abnormalities, the presence of trisomy
8 should not be underestimated.

This study is limited by the lack of
functional analyses conducted on all
newly identified mutations, despite
their predicted pathogenicity by multi-
ple prediction tools (SIFT, PolyPhen-2,
MutationTaster and CADD). Further-
more, the sample size is insufficient, as
genetic testing was not performed on all
BD patients in our cohort. Among the
50 BD patients diagnosed concurrently,
genetic testing was only conducted on
24 patients, all of whom with positive
genetic findings had gastrointestinal
involvement. Genetic testing was initi-
ated in BD patients at our hospital over
the past decade; however, some patients
diagnosed earlier were lost to follow-
up, leading to potential inclusion of BD
mimics in our cohort.

In summary, this study highlights the
range of monogenic diseases and chro-
mosomal abnormalities that can resem-
ble BD, particularly when gastrointesti-
nal symptoms are present. Factors such
as early onset, positive family history,
atypical clinical features, multi-site in-
testinal involvement observed during
endoscopy, and inadequate response to
standard therapies should prompt con-
sideration of early genetic screening.
However, we acknowledge the study’s
limitation due to a small sample size,
preventing definitive conclusions. Rec-
ognizing the underlying cause, whether
treatable or not, is crucial for prognosis
assessment, genetic counselling, and
the potential avoidance of unneces-
sary and potentially harmful immuno-
suppressive treatments. A broader ap-
proach to genetic screening may offer
a more nuanced understanding of the
genetic landscape of BD.

Acknowledgements

The authors wish to thank all patients
and investigators who participated in
the study.

References

1. PAIN CE: Juvenile-onset Behget’s syndrome
and mimics. Clin Immunol 2020;214: 108381.
https://doi.org/10.1016/j.clim.2020.108381

2. HU YC, CHIANG BL, YANG YH: Clinical
manifestations and management of pediatric
Behget’s disease. Clin Rev Allergy Immunol
2021; 61(2): 171-80.

2084

11.

13

14.

15.

https://doi.org/10.1007/s12016-020-08809-2

. KRAUSE I, UZIEL Y, GUEDIJ D et al.: Child-

hood Behget’s disease: clinical features and
comparison with adult-onset disease. Rheu-
matology (Oxford) 1999; 38(5): 457-62.
https://
doi.org/10.1093/rheumatology/38.5.457

. KARINCAOGLU Y, BORLU M, TOKER SC et

al.: Demographic and clinical properties of
juvenile-onset Behget’s disease: A controlled
multicenter study. J Am Acad Dermatol
2008; 58(4): 579-84.
https://doi.org/10.1016/j.jaad.2007.10.452

. BATU ED: Diagnostic/classification criteria

in pediatric Behcet’s disease. Rheumatol Int
2019; 39(1): 37-46.
https://doi.org/10.1007/500296-018-4208-9

. CRITERIA FOR DIAGNOSIS OF BEHCET’S

DISEASE: International Study Group for
Behget’s disease. Lancet 1990; 335(8697):
1078-80. https://
doi.org/10.1016/0140-6736(90)92643-V

. INTERNATIONAL TEAM FOR THE REVISION

OF THE INTERNATIONAL CRITERIA FOR BE-
HCCT’S DISEASE: The International Criteria
for Behget’s disease (ICBD): a collaborative
study of 27 countries on the sensitivity and
specificity of the new criteria. J Eur Acad
Dermatol Venereol 2014; 28(3): 338-47.
https://doi.org/10.1111/jdv.12107

. KONE-PAUT I, SHAHRAM F, DARCE-BELLO

M et al.: Consensus classification criteria
for paediatric Behget’s disease from a pro-
spective observational cohort: PEDBD. Ann
Rheum Dis 2016; 75(6): 958-64. https://
doi.org/10.1136/annrheumdis-2015-208491

. KURT T,AYDIN F, SEZER M et al.: Performance

of diagnostic criteria in pediatric Behcet’ dis-
ease. Rheumatol Int 2022; 42(1): 127-32.
https://doi.org/10.1007/s00296-020-04777-0

. TAKEUCHI M, MIZUKI N, MEGURO A et al.:

Dense genotyping of immune-related loci
implicates host responses to microbial expo-
sure in Behget’s disease susceptibility. Nat
Genet 2017; 49(3): 438-43.
https://doi.org/10.1038/ng.3786

ZHOU Q, WANG H, SCHWARTZ DM et al.:
Loss-of-function mutations in TNFAIP3
leading to A20 haploinsufficiency cause an
early-onset autoinflammatory disease. Nat
Genet 2016; 48(1): 67-73.
https://doi.org/10.1038/ng.3459

. PAPADOPOULOU C, OMOYINMI E, STAND-

ING A et al.: Monogenic mimics of Behget’s
disease in the young. Rheumatology (Oxford)
2019; 58(7): 1227-38. https://
doi.org/10.1093/rheumatology/key445

. EKICI TEKIN Z, CELIKEL E,AYDIN F et al.: Ju-

venile Behget’s disease: a tertiary center expe-
rience. Clin Rheumatol 2022; 41(1): 187-94.
https://doi.org/10.1007/s10067-021-05896-0
RENTZSCH P, WITTEN D, COOPER GM,
SHENDURE J, KIRCHER M: CADD: predict-
ing the deleteriousness of variants through-
out the human genome. Nucleic Acids Res
2019; 47(D1): D886-D9%4.
https://doi.org/10.1093/nar/gky1016

SUN G, WU M, LV Q et al.: A Multicenter
cohort study of immune dysregulation dis-
orders caused by ELF4 variants in China.
J Clin Immunol 2023; 43(5): 933-39.
https://doi.org/10.1007/s10875-023-01453-3

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

. TANGYE SG, AL-HERZ W, BOUSFIHA A et

al.: Human Inborn Errors of Immunity: 2022
Update on the Classification from the Inter-
national Union of Immunological Societies
Expert Committee. J Clin Immunol 2022;
42(7): 1473-507.

https://doi.org/10.1007/s10875-022-01289-3

. YLER PM, BUCKLIN ML, ZHAO M et al.:

Human autoinflammatory disease reveals
ELF4 as a transcriptional regulator of inflam-
mation. Nat Immunol 2021; 22(9): 1118-26.

https://doi.org/10.1038/541590-021-00984-4

. OLYHA SJ, O’CONNOR SK, KRIBIS M et al.:

“Deficiency in ELF4, X-Linked”: a mono-
genic disease entity resembling Behget’s
syndrome and inflammatory bowel disease. J
Clin Immunol 2024, 44(2): 44.
https://doi.org/10.1007/s10875-023-01610-8
SUN G, WU M, LV Q et al.. A Multicenter
cohort study of immune dysregulation dis-
orders caused by ELF4 variants in China.
J Clin Immunol 2023; 43(5): 933-39.
https://doi.org/10.1007/s10875-023-01453-3
CHEON JH, KIM WH: An update on the di-
agnosis, treatment, and prognosis of intesti-
nal Behget’s disease. Curr Opin Rheumatol
2015;27(1): 24-31. https://
doi.org/10.1097/bor.0000000000000125
KADOWAKI T, OHNISHI H, KAWAMOTO N et
al.: Haploinsufficiency of A20 causes autoin-
flammatory and autoimmune disorders. J Al-
lergy Clin Immunol 2018; 141(4): 1485-8 el1.
https://doi.org/10.1016/j.jaci.2017.10.039
YU MP, XU XS, ZHOU Q, DEUITCH N, LU MP:
Haploinsufficiency of A20 (HA20): updates
on the genetics, phenotype, pathogenesis and
treatment. World J Pediatr 2020; 16(6): 575-
84.
https://doi.org/10.1007/s12519-019-00288-6
DESHAYES S, BAZILLE C, EL KHOURI E et
al.: Chronic hepatic involvement in the clini-
cal spectrum of A20 haploinsufficiency. Liv-
er Int 2021; 41(8): 1894-900.
https://doi.org/10.1111/1iv.14935

WANG B, LI R, ZHANG S et al.: A case of Be-
heet’s disease with hepatic lesions misdiag-
nosed as Crohn’s disease. Inflamm Bowel Dis
2022; 28(6): e86-¢87.
https://doi.org/10.1093/ibd/izab322
VUYYURU SK, GAMANAGATTI S, SHALI-
MAR: Behget’s disease with Budd-Chiari
syndrome and challenges in its management.
ACG Case Rep J 2020; 7(3): €00352. https://
doi.org/10.14309/crj.0000000000000352
MAESHIMA K, ISHII K, INOUE M, HIMENO K,
SEIKE M: Behget’s disease complicated by
multiple aseptic abscesses of the liver and
spleen. World J Gastroenterol 2013; 19(20):
3165-68.
https://doi.org/10.3748/wjg.v19.i120.3165
FERGUSON PJ, EL-SHANTI H: Majeed Syn-
drome: a review of the clinical, genetic and
immunologic features. Biomolecules 2021;
11(3): 367.
https://doi.org/10.3390/biom 11030367
CHAVAN PP, AKSENTIJEVICH I, DAFTARY
A et al.: Majeed Syndrome: five cases with
novel mutations from unrelated families in
india with a review of literature. J Rheumatol
2021; 48(12): 1850-5.
https://doi.org/10.3899/jrheum.201663

ROY NBA, ZAAL Al, HALL G et al.: Majeed

Clinical and Experimental Rheumatology 2024



30.

syndrome: description of a novel mutation
and therapeutic response to bisphosphonates
and IL-1 blockade with anakinra. Rheuma-
tology (Oxford) 2020; 59(2): 448-51.

https://doi.org/10.1093/rheumatology/kez317
SHEN Y, MA HF, LUO D, CAI JF, ZOU J, GUAN
JL: High incidence of gastrointestinal ulcera-
tion and cytogenetic aberration of trisomy 8
as typical features of Behcet’s disease asso-
ciated with myelodysplastic syndrome: a se-
ries of 16 consecutive Chinese patients from
the Shanghai Behget’s disease database and

Clinical and Experimental Rheumatology 2024

31.

32.

Autoinflammatory syndromes in paediatric BD / Q. Lv et al.

comparison with the literature. Biomed Res
Int 2018; 2018: 8535091.
https://doi.org/10.1155/2018/8535091
TOYONAGA T, NAKASE H, MATSUURA M
et al.: Refractoriness of intestinal Behget’s
disease with myelodysplastic syndrome in-
volving trisomy 8 to medical therapies - our
case experience and review of the literature.
Digestion 2013; 88(4): 217-21.
https://doi.org/10.1159/000355341

ONAKA T, NAKANO K, UEMOTO Y et al.: Al-
logeneic stem cell transplantation for trisomy

33.

8-positive myelodysplastic syndrome or
myelodysplastic/myeloproliferative  disease
with refractory Behget’s disease: Case report
and the review of literature. Mod Rheumatol
Case Rep 2022; 6(2): 273-717.
https://doi.org/10.1093/mrcr/rxac032
SOYSAL T, SALIHOGLU A, ESATOGLU SN
et al.: Bone marrow transplantation for Be-
heet’s disease: a case report and systematic
review of the literature. Rheumatology (Ox-
ford) 2014; 53(6): 1136-41.
https://doi.org/10.1093/rheumatology/ket479

2085



