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ABSTRACT

Introduction. Periodic fever, aphthous stomatitis, pharyngitis, and adenitis (PFAPA) syndrome is an auto-
inflammatory disease of unknown etiology. In recent years, mutations in the MEFV gene, which is the causative
gene for familial Mediterranean fever (FMF), have been identified in patients with PFAPA, and the efficacy of col-
chicine as a therapeutic agent has been reported.

Objective. To elucidate the pathology and efficacy of new therapeutic methods, we analyzed the clinical
data and genetic analysis data of PFAPA patients, together with the therapeutic effects.

Subjects and Methods. Ten patients (6 boys and 4 girls) from 1 to 8 years of age, who were diagnosed as
having PFAPA syndrome were analyzed. Cytokine profiling and genomic study were performed on blood sam-
ples from patients with PFAPA and FMF.

Results.

cytokines IL-4 did not increase in PFAPA patients. Similar cytokine profiles were found in patients with FMF.

Serum levels of Interleukin (IL)-6 and Interferon- y increased, but the levels of anti-inflammatory

There was no statistical difference in the levels of these molecules between patients with FMF and PFAPA.
Mutations in exon 2 and 3 of the MEFV gene were identified in 4 out of the 7 PFAPA patients. All patients were
treated with histamine H2 receptor antagonists, but in 5 of the patients it was necessary to add colchicine, and in 2
patients the treatment was changed to colchicine due to ineffectiveness.

Conclusions. Treatment of colchicine prolongs the afebrile period in patients with PFAPA, irrespective of
whether patients have MEFV mutations. From reports in the literature and results of our studies, colchicine can

be recommended for patients who are resistant to other treatments, irrespective of whether patients have MEFV

mutations.

Introduction

Periodic fever, aphthous stomatitis, pharyngitis, and
adenitis (PFAPA) syndrome in which patients demon-
strate characteristic symptoms of fever, aphthous stoma-
titis, pharyngitis, and cervical lymphadenitis, is an auto-
inflammatory diseases with unknown etiology'?. It was

first described by Marshall e al. in 12 pediatric patients .
The fever is accompanied by chills and malaise, begins
abruptly and lasts for 3 to 6 days, with temperatures of
approximately 40 to 41°C. Similar episodes of clinical
symptoms are repeated every 2 to 8 weeks. Treatment
with antipyretics and antibiotics are not effective. The
administration of oral steroids, cimetidine, and tonsillec-
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tomy have been reported to be partially effective®™.
Therefore, the effectiveness and indications of these
treatments remain unclear. In recent years, mutations in
the MEFV gene, which is the causative gene for familial
Mediterranean fever (FMF), have been identified in
patients with PFAPA syndrome, and the efficacy of col-
chicine to control the flares in PFAPA patients has been
reported®”. Therefore, to elucidate the pathological
mechanism and the effectiveness of new therapeutic
methods against PFAPA, we retrospectively investigated
the clinical data and genetic analysis data of patients, as
well as the therapeutic effects of various agents.

Subjects and Methods

The subjects were 10 patients (6 boys and 4 girls) from
1 to 8 years of age, who were diagnosed with PFAPA
syndrome (compatible to Thomas’s Criteria®) and were
being treated at the Department of Pediatrics at Tokyo
Medical University between 2014 and 2016. Five pedi-
atric patients with FMF were also analyzed. The diag-
nosis of FMF was performed in accordance with Tel-
Hashomer criteria” and the published guidelines'”. The
following 27 cytokines and chemokines were measured
using the Bio-Plex Multiplex Cytokine Assay System
and Bio-Plex Pro Human Cytokine 27-plex
Assay : platelet-derived growth factor (PDGF)-BB,
interleukin (IL)-1f, IL-1ra, IL-2, IL-4, IL-5, IL-6, IL-7,
IL-8, IL-9, IL-10, IL-12(p70), IL-13, IL-15, and IL-17,
eotaxin, fibroblast growth factor (FGF) granulocyte
colony-stimulating factor (G-CSF), granulocyte
macrophage colony-stimulating factor, inter-
feron (IFN)-, IP-10, monocyte chemoattractant pro-
tein-1, macrophage inflammatory protein (MIP)-la,
MIP-14, RANTES, tumor necrosis factor (TNF)-a,
and vascular endothelial growth factor (VEGF) (Bio-
Rad Laboratories, Tokyo, Japan). Lymphocytes were
collected from whole blood, DNA was extracted, and the
MEFYV gene was analyzed for mutations that have been
reported in FMF patients'"'?., In addition, clinical
symptoms were retrospectively analyzed from medical
records. Statistical analysis was performed using
IBM® SPSS® Statistics Version 25.0 software. A mul-
tiple factor analysis was performed.

Results

We retrospectively analyzed the medical records of 10
patients who were followed in the Department of Pediat-
rics at Tokyo Medical University Hospital because of
periodic fevers and/or aphthous stomatitis. Mutations
in exons 2 and 3 of the MEFV gene were observed in 4
out of 7 patients who underwent genetic testing (L110P,
E148Q, R408Q, and P369S). The patients showed peri-
odic fever at intervals of approximately 4 weeks. Dur-
ing most of those periods, their temperature rose to
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approximately 39°C in the first 2 to 3 days, followed by a
lower temperature of 37°C for the next 2 to 3 days. The
febrile episodes were accompanied by severe aphthous
stomatitis, malaise, and pharyngitis. In addition, some
of the patients sometimes complained of headache,
abdominal pain, and diarrhea during the febrile episodes
(Table 1). Their laboratory data showed no abnormali-
ties during the afebrile period. However, all patients
developed leukocytosis and had increased C-reactive
protein levels during the febrile period, as shown in Table
1. Levels of interleukin IL-6 and serum amyloid-A also
increased during the febrile periods. Autoantibodies
were negative in all patients.

Cytokine profiling

We performed cytokine profiling in the sera obtained
from 6 patients with PFAPA and 4 patients with MEFV
gene mutation, and the results are shown in Figure 1. In
PFAPA patients during the febrile period, levels of IL-6
and IFN-y, which are inflammatory cytokines, increased,
but not those of the anti-inflammatory cytokines IL-4
and IL-10. In 3 patients, serum cytokines were ana-
lyzed on the first febrile day (Figure 2). Serum levels
of inflammatory cytokines and chemokines increased, as
well as levels of PDGF and VEGF. Similar cytokine
profiles were found in patients with FMF, which is shown
in Figure 3. There was no statistical difference between
the results of patients with FMF and PFAPA, which are
shown in Figures 3 and 4. Multivariate analysis identi-
fied 4 statistically significant factors. One major factor
represented more than 10 cytokines and chemokines
(PDGF-bb, IL-1ra, IL-2, IL-10, IL-15, IL-17, FGFb,
MIP-1a, RANTES, and TNF-a), and the second factor
represented more than 5 cytokines and chemokines (IL-6,
IFN-vy, VEGF, and others). The third factor represented
mainly IL-9, and the fourth factor represented mainly
IL-8. The 2 major detected factors obtained from both
patients with PFAPA and FMF were divided into differ-
ent categories. There were no common characteristics
between patients with PFAPA and FMF, as shown in Fig-
ure 5. Treatment with antibiotics and nonsteroidal anti-
inflammatory drugs did not shorten the duration of the
febrile periods in any of the patients. Between the
febrile periods, the patients were all healthy and could go
to kindergarten or school.  All patients were treated with
histamine H2 receptor antagonists, but in 5 of the patients
it was necessary to add colchicine, and in 2 patients the
treatment was changed to colchicine. In the 2 patients
treated with colchicine, the antipyretic period became
longer than when histamine H2 receptor antagonists
alone was administered. However, there was no corre-
lation between patients who showed favorable therapeu-
tic effects of colchicine and positivity of MEFV muta-
tions, as shown in Table 2.
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Table 1 Characteristics of patients with PFAPA

Patient no. 1 2 3 4 5 6 7 8 9 10
Age of onset (years) 2 4 8 4 5 1 5 6 1 2
Sex F M M M F F M M F M
VATER
Other diseases ) (%) =) =) =) ) ) syndrome | (%) (%)
(%)
Periodic fever + + + + + + + + + +
A Aphthous stomatitis n n + + _ _ + _ — +
g Pharyngitis and adenitis + + + + + + — + + +
%T Headache - + - — - - — _ — _
'551 Cervical lymphadenopathy — + + — + + + + + +
2 Nausea/vomiting - - — — - - _ _ _ _
Abdominal pain - - + - - - - - - +
IgG (mg/dL) 765 881 | 1,110 | 1,329 | 1,006 | 1,204 | 826 1,121 719 | 1,241
IgA (mg/dL) 46 109 207 337 103 154 119 160 29 146
c IgM (mg/dL) 93 115 37 35 290 72 174 91 91 98
f;: IgE (IU/mL) ND ND ND | 756.1 | ND ND ND ND ND | 344.6
% IgD (mg/dL) 30.9 34 10.7 | 295 ND 5.3 2.5 9.9 5.8 2.1
5 CH50 (U/mL) 55 40 70 94 ND ND ND ND ND ND
SAA (ng/mL) 468 | =25 | 1,350 | ND 455 | 474 4.7 53.6 455 38.6
CRP (mg/dl) 7.7 0.03 | 3.05 | 1211 | 046 09 | <03 0.71 8.9 0.5

SAA : serum amyloid A ND : not determined > : match the FMF classification criteria
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Fig. 1 Serum cytokines in PFAPA patients (13 febrile episodes) on febrile days and MEFV gene mutation patients (6 febrile epi-
sodes)
Both patients with PFAPA and MEFV gene mutation showed similar cytokine profiles.
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Fig.2 Serum cytokine profiling in PFAPA patients on the first febrile day
Serum levels of inflammatory cytokines and chemokines increased, as well as the levels of PDGF and VEGF in PFAPA

patients on febrile day L.
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The levels of IL-6 and IFN-v increased, but not those of anti-inflammatory cytokines IL-4.

Solid circles: PFAPA
Open circles: MEFV gene mutation

Fig.3 Comparison of serum cytokines in PFAPA and MEFV gene mutation patients
There was no statistical difference between the representative cytokine results (IL-1ra, IL-6, IL-8, IL-10, IFN- p and TNF-

a) of patients with MEFV gene mutation and PFAPA.

DISCUSSION

The characteristics of PFAPA syndrome may clinically
resemble autoinflammatory diseases, but their etiology is
not fully understood. The syndrome is characterized by
periodic fevers associated with aphthous stomatitis, phar-
yngitis and cervical adenitis, which is different from sys-
tematic arthritis and Bechet disease. We previously
reported the first Japanese case of PFAPA syndrome'”.
In this previous report, we described the case of an
11-year-old boy who had experienced periodic fevers
associated with aphthous stomatitis since the age of 3
months. His symptoms were compatible with those of

PFAPA syndrome, and he was diagnosed as having
PFAPA syndrome in 2001. After our initial report,
many Japanese patients with PFAPA have been reported,
and it is no longer a rare disease. Symptoms of PFAPA
syndrome usually last an average of 4.5 years. It is cru-
cial to understand the pathophysiology of this disease
and methods to treatment these children, who are going
through developmental processes both physically and
mentally.

Cytokine analysis

We hence performed cytokine analysis in this study
towards understanding the pathophysiology. In the
present study, the levels of the inflammatory cytokines
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Fig. 4 Comparison of cytokines and chemokine levels between PFAPA and MEFV gene mutation patients

By multivariate analysis one first major factor (Z-1) represented more than 10 cytokines and chemokines (PDGF-bb, IL-1ra,
IL-2, IL-10, IL-15, IL-17, FGF basic, MIP-1a, RANTES, and TNF-a), and the second factor (Z-2) represented more than 5

cytokines and chemokines (IL-6, IFN-y, VEGF, and others).

The 2 major detected factors (Z-1 and Z-2) obtained from

patients with PFAPA and MEFV gene mutation were divided into different categories.

Table 2 Characteristics and mutations of PFAPA patients with MEFV mutations

Patient no. 1 2 3 4 5 6 7 8 9 10
Acetaminophen,
NSAIDs, No effect | Noeffect | No effect | No effect | No effect | No effect | No effect | No effect | No effect | No effect
- antibiotics
@
§+ Colchicine Effective *1 NT NT NT *2 *3 NT no effect NT
a
2 Cimetidine Effective | Effective | Effective | Effective | Effective -) Effective | Effective *1 No effect
Oral steroids Effective NT NT NT NT NT NT NT Effective NT
Exon 1 =) =) -) Unknown | Unknown | Unknown &) -) &) -)
E Exon 2 ) L110P** ) Unknown | Unknown | Unknown =) E148Q** ) E148Q **
S|
%
; Exon 3 =) =) =) Unknown | Unknown | Unknown =) =) l;‘;gg(s)* " -)
=1
o
g' Exon 5 =) -) &) Unknown | Unknown | Unknown &) -) &) -)
Exon 10 () -) &) Unknown | Unknown | Unknown &) -) &) -)

Effective : shortening of febrile period or prolongation of interval

*1 : effective initially but not after, *2 : undetermined, *3 : effective for aphthous stomatitis

NT : not performed, ** : heteromutation

IL-1ra, IL-6, and IFN-y were increased, whereas those
of the anti-inflammatory cytokines IL-4 and IL-10 were
not. Stojanov et al. assayed serum and intracellular cyto-
kine levels in 6 patients with PFAPA during the symp-
tom-free period, as well as 6 to 12 hours and 18 to 24
hours after fever onset. Febrile PFAPA attacks led to a
significant increase in serum levels of IL-6 and IFN-y
compared with during the symptom-free period and con-
trols, with IL-18, TNF-a, and IL-12(p70) levels being

significantly higher than in controls'”. These data were

consistent with our present data. They reported that
serum anti-inflammatory IL-4 levels were lower at all
times in PFAPA patients during the entire periods of
PFAPA progression compared with controls, with no dif-
ferences in serum IL-10 levels. Their data and our data
demonstrating inflammatory cytokine activation and a
reduced anti-inflammatory response suggest dysregula-
tion of the immune response in patients with PFAPA
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syndrome. A similar phenomenon in the tonsils of
PFAPA patients has been reported'®. Valenzuela, et al.
reported that IL-4 gene expression in the tonsils was
lower in PFAPA patients than in the controls. Three of
the 9 patients had recurrent episodes of aphthous stoma-
titis without fever after tonsillectomy'®. 1L-4 cytokine
gene expression in the tonsils was lower in the PFAPA
patients. These results suggest a potential pathogenic
mechanism based on inhibition of Th2 responses in
PFAPA syndrome. Stojanov et al. found that comple-
ments, IL-1-associated genes and IFN-induced genes
were significantly overexpressed, but T cell-associated
transcripts (CD3 and CD8B) were downregulated in the
serum of patients during PFAPA attacks. In addition,
PFAPA flares were accompanied by significantly
increased serum levels of chemokines for activated
T-lymphocytes (IP-10/CXCL10 and MIG/CXCLDY),
G-CSF, and proinflammatory cytokines (IL-18, IL-6).
They also treated 5 PFAPA patients with a recombinant
IL-1 receptor antagonist. All patients showed a prompt
clinical response and an increase in IP-10/CXCL10 level.
They hence suggested that particular environments trig-
ger the activation of complements and IL-1B/IL-18 dur-
ing PFAPA flares, together with the induction of Thl-
chemokines and the subsequent retention of activated
T-cells in peripheral tissues. IL-6 was found to
induce immunological factors. We previously reported
that CD8" T-cells were activated in the aphthous lesions
of PFAPA patients’®. Fersvoll et al. reported that acti-
vation of the innate immune response is the initial step in
PFAPA, which is followed by a subsequent adaptive
response with the activation and redistribution of T-cells.
The levels of IL-6, CXCL10, and MIP-1a were signifi-
cantly increased during febrile episodes, which was simi-
lar to our results, and the levels of CXCL10 remained
high between febrile episodes. They showed that
patients had relative eosinopenia and lymphocytopenia,
with reduced numbers of both CD4" and CD8" T-cells
during the febrile episodes'”. Serum IL-6 increased in
patients. IL-6 is known to be a B-cell-stimulating factor,
which is present at high levels in many inflammatory
diseases'™. Cimetidine is known to be as effective as
histamine H, receptor antagonists, and is an immune
modulator of T-cells possessing suppressive functions.
PFAPA may hence be caused by abnormalities of sup-
pressor T-cells. Further studies focusing on T-cell dif-
ferentiation are required to clarify these points. PFAPA
syndrome is categorized into the autoinflammatory dis-
eases, which mainly involve the inflammasome. This
syndrome might also be correlated with the inflamma-
some, as patients demonstrated an increase in cytokine
levels.

Comparison with FMF

We analyzed serum cytokines obtained from children
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with FMF, which is a representative autoinflammatory
disease. There were no differences in cytokine levels
between patients with PFAPA and FMF. MEFV is the
gene that regulates cryopyrin. The pathophysiology of
PFAPA might be associated with activation of the inflam-
masome, similar to FMF. Family histories have not
been investigated in PFAPA syndrome, but hereditary
factors may be involved. Kubota et al. performed DNA
sequencing analysis of genes associated with autoinflam-
matory disorders, such as MEFV, MVK, NLRP3, and
TNFRSF14 and serum cytokines. Heterozygous MEFV
variants were detected in 4 out of 7 patients. Serum
TNF-a and IL-18 levels were increased during both the
attack-free and attack periods compared with the
controls. IL-1f, IL-1ra, IL-6, and sSTNFRI1 only
increased during the attack period. Oral prednisolone
was administered to these patients, which immediately
reduced fever in most patients. They concluded that
Japanese PFAPA syndrome patients have cytokine dys-
regulation as a result of genetic variants of autoinflam-
matory disorder-associated genes. In recent years, the
presence of variants in inflammasome-associated genes
have been identified, mostly in NLRP3 and MEFYV, sug-
gesting a possible role of inflammasome-associated
genes in the pathogenesis of PFAPA. However, none of
these variants appeared to be relevant to PFAPA indicat-
ing the high genetic heterogeneity of inflammatory dis-
eases'”.

MEFV mutations FMF is characterized by periodic
attacks of high fever, abdominal or chest pain, and
intense inflammatory reactions. Colchicine is the drug
of first choice for FMF, and shows substantial therapeutic
effects in most patients. FMEF is caused by mutations in
the MEFV gene. In Japanese patients with typical
symptoms, the M694] mutation within exon 10 is fre-
quently found. In contrast, mutations within exon 2
(E148Q) or exon 3 (P369S and R408Q) are associated
with patients who show atypical clinical manifestations'”.
In this study, we were unable to find a correlation
between MEFV mutations and clinical symptoms, partic-
ularly regarding a patient’s treatment response to
colchicine. Gunes et al. reported that heterozygous
mutations in the MEFV gene were identified in 57 out of
231 FMF patients (24.7%), and they demonstrated the
efficacy of colchicine therapy. In the colchicine group,
the interval between episodes was prolonged from 18.8 +
7.9 days to 49.5 + 17.6 days by prophylactic colchicine
therapy ; furthermore, prophylactic treatment was more
effective in reducing episode frequency in patients with
MEFYV gene variants than in those without treatment’.
It is particularly important to assess and to demonstrate
the high response rate to colchicine prophylaxis in
PFAPA syndrome patients, particularly those with MEFV

variants. Dusser et al. also reported the efficacy of col-
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chicine as a prophylactic treatment for PFAPA syndrome.
Heterozygous MEFV gene mutations tended to be more
frequent in the responders group. Although not signifi-
cant, colchicine treatment appeared more effective in
patients with less complete PFAPA phenotypes and
MEFYV heterozygosity”. However, there has also been a
negative report regarding the correlation between MEFV
mutations and PFAPA. Celiksoy et al. evaluated 64
patients with PFAPA syndrome, and an MEFV gene
mutation was found in 42 (66.0%) of the children. Het-
erozygous or compound heterozygous variants of the
MEFYV gene were most frequently found. No significant
differences in clinical or laboratory findings were
observed between the 2 groups, and there were no signif-
icant differences in the period or duration of the fever
episodes. Eighteen of the patients using prednisolone
received colchicine as a prophylactic treatment, and fever
episodes occurred in only 9/18 (50.0%) of the patients,
which further decreased within a few months of colchi-
cine treatment”. In our present study, we could not find
a correlation between positive and negative mutations of
MEFYV.

QOL of PFAPA patients

Thomas et al. described the presentation, clinical
course, therapeutic responses, and long-term follow-up
of patients with PFAPA syndrome®. PFAPA episodes
lasted an average of 4.8 days (95% confidence interval
[CI]: 4.5 to 5.1 days) and recurred every 28 days (95%
CI: 26 to 30 days), with a maximum temperature of
40.5°C (95% CI: 40.4°C to 40.6°C). Although the
affected children had no long-term sequelae, febrile epi-
sodes reduced their QOL because of their absence from
school and inappropriate treatments. Glucocorticoids
were highly effective in controlling symptoms. Therapy
with cimetidine or prednisone has been reported to be
effective in some patients by Marshall et al. and Feder".
However, the effects of these drugs have remained con-
troversial to date. It is hence necessary to collect more
data to determine the appropriate therapy for PFAPA
syndrome. Recent reports have suggested that PFAPA
syndrome does not require any therapy, because all
symptoms resolve naturally’”. However, the patient in
our previous report had not received any effective treat-
ment until 11 years of age, and during that period, he was
absent from school for approximately 1 week every 2-4
weeks because of fever, malaise, and aphthous stomatitis.
From reports in the literature and our studies, colchicine
can be recommended for patients who are resistant to
other treatments, except patients with mutations in
MEFYV. Finally, other possibilities involved in the etiol-
ogy of PFAPA include abnormalities of neutrophils or
histiocytes and an allergic response®”. Histopathologi-
cal analysis of the oral ulcerative lesions demonstrated
that the ulcerations were covered by a fibrinopurulent
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substance, composed of interstitial and perivascular infil-
trates of inflammatory cells, predominantly of histiocytes
and scattered neutrophils'”. Moreover, colchicine is
known to positively affect the function of neutrophils.
Further research on phagocytes may also be useful.

Conclusions

From reports in the literature and result of our studies,
colchicine can be recommended for patients who are
resistant to other treatments, irrespective of whether
patients had MEFV mutations.

Limitations

The study has several limitations. First, the data may
be unreliable due to the small number of cases consid-
ered in this study. Secondly, the number of specimens
analyzed in each case varies, and there is no uniformity
in testing time, which can lead to errors. We hope to
overcome these limitations by conducting future prospec-
tive studies.
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BRI BT B PFAPA JEBEEEDOY A A A 70T 7 40) v 7k

MEFV &1 1T
BT AR AR % oORK E [LLE | N~ S
AT i Mmook R AR o oM &

WRUERER /N - EELR AT B

[Z 5]

[T wiz] BEMmARZEE, 77 EOns%s, WEEZSR, B X OFHEE) N8 J (PFAPA) JEMEREIZ, WEHS
MELROTWRVWHDRERER TH L, TE, KRS (FMF) OJEKEET TH D MEFV EinT 0% R
75 PEAPA JEBEHED BH CTHER SN TB Y IHEEL L TCoalveF rOEREIHRE SN TV 5,

[ % & 73] PFAPA JEEREE B SN2 125 8METD 10 ADEE (BIle N4 N) Zfge L, W
A HA > TaT AN 27 EBIEFHNTIE. PFAPA SEMREE & FMF OB E 0 SEEL L 72 MU CTER L 72,

[#4 Bl 4y —u4Fry IL—6BLUA v ¥ —7 20—y OIiEfEIZ LA L7225, PFAPA fEBEEOH
HCTRPIIEEY A M A Y IL-4 DER ERZRO D570 ROV A I A2 707 7 4 )VH FMF DBRFIZ
RO B 7z, FMF & PFAPA JEMEHE D BH W TR ERIIR SN d o720 MEFV BImTOL7 V2 2BLU3 O
ZEHEIL, T ANOPFAPA BEHED ) H 4 ATRE S N72e TRTOBFETL AY I v H2 RO REI T H I
72 S AOBEBETIEI N Ty 2 BINTA2UERH D, 2 N\OBETIERIRD Loz OB EN TN F U~
HE N,

[# 2] aNbF U TOEBIE, BEVFNMEFVERZF > TWAHHhE ) IZBMRE <. PFAPA O EZ DM,
WM AR %,

(F—T—R) FEWEHFEE, MEFV, IL-6, IL-4, Ikt F 2, I AFT

(9)



