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ABSTRACT
Objective. Adult-onset Still’s disease 
(AOSD) and periodic fever syndrome 
share clinical features in some aspects. 
Familial Mediterranean fever (MEFV) 
is a typical periodic fever syndrome 
and MEFV gene mutations may con-
tribute to the clinical features of certain 
rheumatic diseases. The purpose of this 
study is to research the incidence and 
clinical utility of MEFV gene mutations 
in Korean AOSD patients.
Methods. The study included 96 AOSD 
patients and 165 healthy controls. In 
both groups, genomic DNA was iso-
lated and genotyped using restriction 
fragment length polymorphism for 5 
MEFV gene mutations (E148Q, P369S, 
M680I, V726A and M694V). In the 
AOSD patients, the clinical signifi-
cance of MEFV mutation was assessed 
by the laboratory and clinical features.
Result. M680I, V726A and M694V 
were not found in both groups. P369S 
was detected in 7 (7.3%) AOSD pa-
tients and 10 (6.1%) healthy controls. 
E148Q mutation was found in 77 
(46.7%) among healthy controls with 6 
QQ and 44 (45.8%) of AOSD patients 
with 5 QQ, respectively. The allele fre-
quency of E148Q was 0.25 in AOSD 
patients, and that of P369S was 0.04. 
However, there was no significant dif-
ference in most clinical manifestations 
and laboratory findings by the pres-
ence and absence of E148Q mutation.
Conclusion. MEFV mutations includ-
ing E148Q mutation were not associ-
ated with the development of AOSD 
patients in Korea. Although high inci-
dence of E148Q mutation was found, 
E148Q mutation did not show major 
effect on the clinical features of AOSD. 
But we need to look for association 
with clinical response to certain treat-
ments and long-term prognosis.

Introduction
Adult-onset Still’s disease (AOSD) is 
a rare, systemic inflammatory disorder 
characterised by high spiking fever, 
rash, arthritis and leukocytosis (1). To 
date, pro-inflammatory cytokines may 
play important roles in the pathogen-
esis (2). Dysregulated production of in-
terleukin (IL)-1 played a crucial role in 
the pathogenesis of systemic onset ju-
venile idiopathic arthritis (JIA), which 
shares clinical features and pathogen-
esis with AOSD (3). However, genetic 
studies, including our own on IL-1 
could not identify significant genetic 
association in AOSD patients (4). But, 
there is a possibility that certain muta-
tions and/or polymorphisms of genes 
within the IL-1 pathway may contrib-
ute to pathogenesis of AOSD.
Familial Mediterranean fever (FMF) is 
a hereditary auto-inflammatory disor-
der characterised by periodic episodes 
of fever, peritonitis, pleuritis, arthritis 
or erysipelas-like erythema. It occurs 
mainly in Mediterranean and Middle 
Eastern populations (5). FMF is associ-
ated with a single gene named MEFV 
encoding pyrin, a major regulator of 
inflammation, and mutations of this 
gene result in uncontrolled inflamma-
tory cascade, probably by dysregulated 
inflammasome function and excessive 
IL-1β activation (6). Among more than 
220 MEFV mutations reported to date 
(7), M694V, M680I, V726A and M694I 
are major mutations associated with 
disease (5).
The MEFV gene may play as an inde-
pendent modifier of the clinical mani-
festations of rheumatoid arthritis, and 
in systemic onset JIA (8, 9). It is still 
uncertain whether MEFV mutation is 
associated with clinical manifestations 
of chronic inflammatory disease, espe-
cially in the area where the incidence 
of FMF is very low alike Korea, even 
though three FMF cases, lacking major 
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MEFV mutations, were reported very 
recently (10-12).
To date, there has been no previ-
ous study about association between 
MEFV gene mutations and AOSD. In 
this study, we investigate the incidence 
of MEFV gene mutations and whether 
MEFV gene mutations have an effect 
on disease manifestations in a cohort 
of AOSD patients in Korea.

Patients and methods
This study included 96 patients with 
AOSD meeting the Yamaguchi’s criteria 
(1). The data collected were:  complete 
blood cell count (CBC), erythrocyte 
sedimentation rate (ESR), C-reactive 
protein (CRP), liver function test, albu-
min, lactic dehydrogenase (LDH) and 
serum ferritin at first flare in our hospi-
tal. A total of 165 otherwise healthy con-
trols were recruited. The protocol of this 
study was approved by the Institutional 
Review Board of Hanyang University 
Hospital. All patients and healthy sub-
jects gave informed consent prior to the 
study. Medical history, clinical find-
ings and laboratory findings including 
Pouchot’s clinical score were collected 
through a review of the electronic medi-
cal records in the patient group. 
Mutational analysis of both patients 
and healthy controls was carried at the 
Institute of Rheumatology at Hanyang 
University. Total genomic DNA was ex-
tracted from peripheral blood leukocytes 
using standard protocols of QIAamp 
DNA Investigator kit (Qiagen, Duessel-
dorf, Germany). Each sample was tested 
for the five mutations: E148Q, M694V, 
M680I, V726Aand P369S by using 
polymerase chain reaction (PCR) and 
restriction fragment length polymor-
phism methods as described previously 
(13). All of the PCR primers were pro-
duced by Bioneer (Daejeon, Korea), and 
restriction enzymes (AvaI, Sac I, Hinf 
I, Hph I, Alu I) were purchased from 
Thermo Fisher (Waltham MA, USA).
Statistical analysis was performed us-
ing the Statistical Package for the Social 
Sciences (SPSS version 20.0, Chicago, 
Illinois, USA). The χ2 test or Fisher’s 
exact test and Mann-Whitney U-test 
were used as appropriate. A probability 
(p) value of <0.05 was considered sig-
nificant. 

Results
The 96 patients were composed of 17 
males and 79 females, and mean age 
was 39.1 years. The healthy groups 
were composed of 21 males, and 144 
females, and mean age was 31.4 years. 
The main clinical manifestations of the 
AOSD patients were as follows; fever 
(98.9%), arthritis or arthralgia (89.3%) 
and rash (79.8%) (Table I). The labora-
tory findings were described in Table II. 
Among 5 mutations tested, M680I, 
V726A and M694V were not found 
among AOSD patients and healthy 
controls. Heterozygous P369S muta-

tion was found in 7 AOSD patients 
(7.3%) and 10 healthy controls (6.1%). 
In patients with AOSD, 44 patients 
(45.8%) had E148Q, composed of 39 
patients with heterozygous E148Q 
(EQ) and 5 female patients with ho-
mozygous E148Q mutation (QQ). 
Among healthy controls, 77 had E148Q 
mutation (46.7%) with 6 QQ. The al-
lelic frequencies of E148Q in AOSD 
patients and controls were 0.25 and 
0.25, respectively, and those of P369S 
were 0.04 and 0.05, respectively. Four 
AOSD patients and 7 healthy controls 
had E148Q + P369S mutations. The 

Table I. Demographic and clinical features of the patients with AOSD according to E148Q 
alleles.

Demographic/Clinical features EQ or QQ EE Total
  (n=44) (n=52) (n=96)

Onset age (years) 33.6 ± 11.8 34.1 ± 11.8 39.1 ± 12.2
Female (%) 81.8 82.7 82.3
Fever (%) 97.7 100 98.9
Rash (%) 81.4 78.4 79.8
Sore throat (%)* 34.4 65.5 58.5
Arthritis or arthralgia (%) 92.2 83.7 89.3
Myalgia (%) 62.8 54.2 62.8
Hepatomegaly (%) 37.2 40.4 38.9
Serositis (%) 9.3 5.8 7.4
Rheumatoid factor (%) 2.3 1.9 2.1
Antinuclear antibody (%) 4.4 21.6 13.5

Clinical progression type     
 Monocyclic pattern (%) 25.0 15.3 19.8
 Polycyclic systemic pattern (%) 40.9 51.9 46.9
 Chronic articular pattern (%) 29.5 30.7 30.2
 Undetermined pattern (%) 4.5 1.9 3.1
Modified Pouchot’s score 5.8 ± 1.7 6.2 ± 1.6 6.0 ± 1.7
Steroid mean dosage 9.6 ± 5.7 17.2 ± 46.5 13.7 ± 34.5 
  (prednisolone equivalent dose, mg/day) 
Response rate to steroid treatment (%) 79.5 82.7 81.3
Macrophage activation syndrome (%) 0 1.9 1.0

Steroid dosage was estimated total used cumulative steroid divided by durations of follow-up. *p-value 
0.012. 

Table II. Laboratory findings of the patients with AOSD according to E148Q allele.

Laboratory findings (normal range) EQ or QQ EE Total
 (n=44) (n=52) (n=96)

WBC (4,000-10,000/mm3) 15285.7 ± 7704.9 14223.1 ± 8107.9 14710.1 ± 7902.2
Hemoglobin (12.0-16.0mg/dL) 10.3 ± 1.6 11.8 ± 1.5 10.6 ± 1.6
Platelet (150-450ⅹ103/mm3) 282.8 ± 112.4 313.9 ± 135.4 299.7 ± 125.7
CRP (<0.3 mg/dL) 10.2 ± 6.2 8.4 ± 7.0 9.2 ± 6.7
ESR (≤20 mm/hour)* 82.9 ± 26.1 66.5 ± 35.5 74 ± 36.5
AST (5-40 U/L) 63.4 ± 85.9 112.1 ± 254.1 89.8 ± 196.4
ALT (5-45 U/L) 65.5 ± 113.1 117.7 ± 226.2 98.8 ± 184.2
Albumin (3.2-5.5 g/dL) 3.3 ± 0.5 3.5 ± 0.5 3.4 ± 0.5
LDH (60-200 U/L) 383.9 ± 319.2 501.5 ± 648.1 447.7 ± 524.7
Ferritin (13-150 ng/mL) 6548.3 ± 10038.0 7907.9 ± 15785.7 7284.7 ± 13410.7

WBC: white blood cell; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; AST: aspartate 
aminotransferase; ALT: alanine aminotransferase; LDH: lactic dehydrogenase. *p-value 0.021.
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frequencies of all five MEFV gene mu-
tations, and allelic frequency were not 
statistically different between AOSD 
patients and healthy controls (Table 
III).
The symptom of sore throat was less 
frequently developed (Table I) and 
ESR levels were higher (Table II) in 
group with E148Q mutation compared 
with patients without E148Q mutation. 
But, other clinical, laboratory findings 
and mean dosage of steroid used were 
not statistically different according to 
presence or absence of E148Q muta-
tion. There was no significant differ-
ence between patients with EQ and QQ 
(data not shown). The one patient, who 
had no E148Q mutation, developed 
macrophage activation syndrome. To-
tal three patients without E148Q muta-
tion died of infection (n=2) or multiple 
organ failure (n=1).

Discussion
The carrier frequency of MEFV mu-
tations is highly various depending 
on area and ethnic population (5, 14). 
Since most important MEFV  mutations 
were identified in exon 10, M694V was 
the most. M680I and V726A were also 
important variations associated with 
FMF. In contrast to Mediterranean or 
Arabian region, M694V was not re-
sponsible mutation in Japanese patients 
with FMF. Instead, M694I was most 
associated for the clinical expression of 
FMF (14). These major mutations were 
also not found in Korean FMF cases 
(10-12). A few studies reported that 
systemic onset JIA had MEFV gene 
mutation in 4.2%–25.4% of patients. 
They reported FMF and systemic on-
set JIA have some common pathogenic 
features and systemic onset JIA with 
MEFV  mutations may have a severe 
and resistant disease course. M694V 

mutations had more common and se-
vere disease courses than E148Q muta-
tions in systemic onset JIA (9). E148Q 
mutation results in the substitution of 
glutamine for glutamic acid at codone 
148 in exon 2. Although there is some 
ambiguity whether E148Q is a true 
mutation, E148Q mutation has been 
known as a milder phenotype with re-
duced penetrance or usually required 
another additional MEFV mutation to 
cause the classical manifestation of 
FMF (15, 16). The E148Q mutations 
were found in various ranges from 
1.4 to 20.2% in Turkish patients with 
FMF and population screening (7, 17). 
E148Q mutations were also identified 
in 27.2% in Chinese and 23.7% of Jap-
anese population (18, 19). In this study, 
Korean cohort showed high incidence 
of E148Q mutation among MEFV 
gene mutations in both AOSD patients 
(45.8%) and healthy controls (46.7%) 
compared with Turkey, other Mediter-
ranean and other Far East group. How-
ever, allelic frequencies of MEFV mu-
tations were highly similar to those of 
Japanese. In one report from Japan, al-
lelic frequencies of E148Q and P369S 
were 0.23 and 0.057, respectively. 
However, the allelic frequencies of 
M694V, M694I, M680I were less than 
0.001 (14). In this Korean study, allelic 
frequencies of E148Q and P369S were 
also 0.25 and 0.04, and the allelic fre-
quencies of M694V, M694I and M680I 
were less than 0.002. 
Even though we could not find a distinct 
association of E148Q and P369S muta-
tions in Korean patients with AOSD, 
sore throat and serum ESR were found 
to be lower in AOSD patients with 
E148Q mutation compared to patients 
without mutation. In a report from Is-
rael, an MEFV gene mutation, especial-
ly M694V, was regarded as a modifier 

gene for an attenuated disease activity 
in periodic fever, aphthous stomatitis, 
pharyngitis and adenopathy syndrome 
(PFAPA syndrome) (20). However, 
the relationship of MEFV mutation 
and clinical feature could not be com-
pletely explained, because the M694V 
mutation was not detected in this study. 
Therefore, the rarity of these important 
mutations in this Korean population 
suggests that MEFV mutations may 
have a minor role in the development 
and clinical features of AOSD, if other 
MEFV genes participate in the patho-
genesis.
This study has some limitations such 
as small sample size of total 261 cases, 
cross sectional collection of data, and 
no MEFV gene results in relatives of 
patients. In addition, a further chal-
lenge of colchicine to AOSD patients 
with MEFV mutations will be required. 
This study is the first attempt to ana-
lyse the association of AOSD with 
MEFV gene mutations. We found a 
high incidence of E148Q mutation 
and no significant association with the 
development of AOSD in this Korean 
cohort. Our results suggest that this 
E148Q mutation may have a minor 
role in the clinical expression of Ko-
rean AOSD population and not associ-
ated with severity. Taken together, the 
clinical utility of screening for MEFV 
gene mutation seems to be quite differ-
ent depending on the area, and ethnic 
populations, and may not provide sig-
nificant information especially where 
FMF is infrequent.
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