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Introduction

Summary

Adult-onset Still’s disease (AOSD) patients may show an evanescent
salmon-pink erythema appearing during febrile attacks and reducing
without fever. Some patients may experience this eruption for many weeks.
During AOSD, exceptionally high serum levels of ferritin may be observed;
it is an iron storage protein composed of 24 subunits, heavy (H) subunits
and light (L) subunits. The ferritin enriched in L subunits (L-ferritin) and
the ferritin enriched in H subunits (H-ferritin) may be observed in different
tissues. In this work, we aimed to investigate the skin expression of both H-
and L-ferritin and the number of macrophages expressing these molecules
from AOSD patients with persistent cutaneous lesions. We observed an
increased expression of H-ferritin in the skin, associated with an infiltrate in
the biopsies obtained from persistent cutaneous lesions of AOSD patients.
Furthermore, a positive correlation between H-ferritin skin levels as well as
the number of CD68" /H-ferritin " cells and the multi-visceral involvement
of the disease was observed. Our data showed an increased expression of H-
ferritin in the skin of AOSD patients, associated with a strong infiltrate of
CD68 " /H-ferritin ™ cells. Furthermore, a correlation between the levels of
H-ferritin as well as of the number of CD68"/H-ferritin" cells and the
multi-visceral involvement of the disease was observed.

Keywords: adult-onset Still's disease, dermal immune system, ferritin,
hyperferritinaemic syndrome, macrophage

higher levels of proinflammatory cytokines, such as tumour

The skin is an organ that serves as an interface between the
host and the environment, providing a mechanical and
biological barrier against chemical, physical and pathogenic
insults [1,2]. Anatomically, the skin comprises two distinct
compartments: the epidermis, an avascular layer composed
mainly of keratinocytes, melanocytes and the dermis, in
which reside different immunocompetent cells, including
dendritic cells (DCs) dermal macrophages and T cells
[1-4]. During physiological conditions, macrophages are
the most abundant haematopoietic population in the skin
[5,6], serving primarily as a first line of defence against
potentially invading pathogens [7-9]. Perivascular macro-
phages may also play a role in regulating local iron homeo-
stasis [3,4]. These cells, in skin as well as in other organs,
may display different functional phenotypes, and are
divided into two subsets: M1 (classically activated) and M2
(alternatively activated) macrophages [10]. M1 macro-
phages are activated by inflammatory stimuli and express

necrosis factor (TNF), interleukin (IL)-18 and IL-12. Con-
versely, M2 macrophages are induced by IL-4 and IL-13
and express higher levels of IL-4 and IL-10, thus promoting
wound-healing and immune modulatory activity [11].
Adult-onset Still’s disease (AOSD) is an inflammatory
disease characterized by high spiking fevers, arthritis and
severe multi-visceral involvement, which needs to be
treated by intensive immunosuppressive therapies [12—15].
The pathogenic mechanism for this condition is still largely
unknown [12]. A predisposing genetic background has also
been suggested, although no consistent associations with
human leucocyte antigen (HLA) haplotypes or other non-
HLA genes has been confirmed [12-14]. An infectious trig-
ger has been considered, due to the temporal relationship
between the disease onset and different viral, bacterial and
other pathogenic organism infections, suggesting the main
role played by the innate immunity in AOSD. In fact,
proinflammatory cytokines have been shown to be involved
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in the pathogenesis of the disease, such as IL-1(, IL-6, IL-
18, interferon (IFN)-y and TNF [12-15]. Classically, the
disease is characterized by fever, the highest temperatures
usually occurring in the evening. Fever may precede the
onset of other manifestations, such as arthralgia and arthri-
tis, which involve the wrists, knees and ankles [12,13]. A
large percentage, up to 87%, of AOSD patients may show
an evanescent salmon-pink erythema that may be associ-
ated with an erythematous maculopapular eruption, found
predominantly on the proximal limbs and trunk, appearing
during febrile attacks and reducing without fever [16].
Some patients may experience this eruption for many
weeks, and it has been suggested that this type of persistent
rash may be associated with a more severe outcome
[16,17]. Although this eruption is well accepted as a major
diagnostic criterion, the skin lesions are often misdiag-
nosed [16,17].

Recently, it has been proposed that AOSD and other dis-
eases, such as macrophage activation syndrome, cata-
strophic anti-phospholipid syndrome and septic shock,
might be included in a common entity called ‘hyperferriti-
naemic syndrome’ [18]. Generally, serum ferritin levels are
considered a non-specific marker of the acute phase
response, which is often ignored or not evaluated. Ferritin
is an iron storage protein composed by 24 subunits, heavy
(H) subunits and light (L) subunits [19,20]. Usually, the
ferritin enriched in L subunits (L-ferritin) has been found
in the liver and in the spleen, whereas the ferritin enriched
in H subunits (H-ferritin) may be observed in the heart
and kidneys [19,20]. Although the main modulator of this
molecules is the iron availability, ferritin synthesis may also
be regulated by different inflammatory cytokines such as
IL-1B and IL-6 [20,21]. Increasing evidence suggests that
circulating ferritin levels may not only reflect an acute
phase response but play a critical role in inflammation,
binding specific receptors on the surface of immune-
competent cells, thus contributing to the abnormal produc-
tion of inflammatory cytokines, leading to the subsequent
‘cytokine storm’ [18-21].

In this work, we investigated the tissue expression of
both H- and L-ferritin and the number of macrophages
expressing these molecules in the inflammatory cutaneous
infiltrate from AOSD patients. In addition, we performed
an analysis to evaluate whether these results might correlate
with the multi-visceral involvement of the disease.

Patients and methods

During the last 10 years we obtained skin samples from 10
consecutive patients with active AOSD with persistent
(more than 24-36 h) cutaneous lesions, referred to the
Rheumatology Clinic of I’Aquila University and to the
Rheumatology Clinic of Palermo University. In addition,
we obtained peripheral blood mononuclear cells (PBMCs)
in six of the enrolled patients. These blood samples were

H-ferritin in AOSD skin

Table 1. Clinical data of enrolled adult-onset Still’s disease (AOSD)
patients.

Women (men) 8 (2)
Disease duration, median (range) months 12 (6; 18)
Erythrocyte sedimentation 85 (43; 103)

rate median (range) mm/h
C-reactive protein median (range) mg/dL 108.5 (205 300)
1218 (564; 3343)

6 (4; 8)

Serum ferritin median (range) ng/ml
Pouchot’s score median (range)

collected at the same time of the skin biopsies during
AOSD flare. All these patients fulfilled the criteria proposed
by Yamaguchi for AOSD [22]. Serum levels of ferritin,
erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP) and Pouchot’s score evaluating the multi-visceral
involvement of the disease [23] were recorded. The Pou-
chot’s score ranges from 0 to 12 and is calculated by assign-
ing and adding 1 point for each of the following
manifestations occurring during a disease flare: fever, evan-
escent rash, pleuritis, pneumonia, pericarditis, hepatome-
galy or abnormal liver function tests, splenomegaly,
lymphadenopathy, white blood cells > 15 000/mm’, sore
throat, myalgias and abdominal pain. Ten skin biopsies,
obtained during aesthetical surgical interventions for mela-
nocytic lesions, were considered as healthy controls (HCs).
The demographic characteristics of enrolled patients are
reported in Table 1.

The local ethics committee approved this study. It was
performed according to the Good Clinical Practice guide-
lines, and written informed consent was obtained from all
patients according to the Declaration of Helsinki.

Histological analysis of biopsies

Sequential sections (thickness 3 pm) were obtained from
skin biopsies and fixed by formaldehyde and embedded by
paraffin. For conventional smear preparations, conven-
tional glass smear slides were fixed with 95% ethanol for at
least 15 min and then treated with water for 1 min, haema-
toxylin for 1 min, running water for 15 min, eosin for 30 s,
95% ethanol for 10 min and 100% ethanol for 10 min.
Stained slides were coverslipped with Permount. Haema-
toxylin and eosin images were acquired using an Olympus
BX53 fluorescence microscope with CellSens software
(Olympus America Inc., Center Valley, PA, USA).

For immunofluorescence, antigen retrieval was carried
out using target retrieval solution (Dako, Glostrup, Den-
mark). Sections were treated with Dako protein block
(Dako) to block non-specific binding and successively with
anti-H-ferritin, anti-L-ferritin, anti-CD11, anti-CD68,
anti-CD163, anti-IL-1B, anti-IL-12, anti-IFN-vy and anti-
TNF antibodies (Santa Cruz Biotechnology, Santa Cruz,
CA, USA). The immunoreaction was revealed by using a
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secondary fluorescence antibody (Alexa Fluor 488-
conjugated and Alexa Fluor 555-conjugated; Invitrogen,
Carlsbad, CA, USA), and negative controls were obtained
by omitting the primary antibody. Cell nuclei were visual-
ized using 4',6-diamidino-2-phenylindole (DAPI). Sections
were examined and photographed under a light micro-
scope (Olympus BX53). Immunofluorescence images were
acquired using an Olympus BX53 fluorescence microscope
with CellSens software (Olympus America Inc.). The num-
ber of CD68/H-ferritin- and CD68/L-ferritin positive cells
was determined as follows: 10 random high-power micro-
scopic fields for each area (10 000 um®), showing an
immune-inflammatory infiltrate, were selected and the
numbers of CD68/H-ferritin and CD68/L-ferritin immu-
noreactive cells were counted by using NIHimage] 1.43
(http://rsbweb.nih.gov/ij/) freeware. The mean values of
positive cells in each area were added and divided for the
number of areas in the section.

PBMC isolation

PBMC preparations were used in these studies. The hepari-
nized blood was layered carefully onto Ficoll (density
1-077 g/ml; Fresenius Kabi Norge AS for Axis-Shield PoC
AS, Oslo, Norway) and centrifuged at 800 g for 30 min
without brake to obtain a density gradient separation. After
centrifugation, the mononuclear cell layer was recovered
and washed twice with phosphate-buffered saline (PBS;
Sigma, St Louis, MO, USA).

Quantitative reverse transcription—polymerase chain
reaction (QRT-PCR) analysis

Total RNA was extracted from PBMCs and reverse-
transcribed into complementary DNA (cDNA) with the
ThermoScript RT-PCR system (Invitrogen). The RT-PCR
was run in triplicate. FTH and FTL gene expression was
performed by using SYBR green kits (Applied Biosystems,
Bleiswijk, the Netherlands). Primers were designed on the
basis of the reported sequences [Primer bank NCBI;

(a) (b)

AOSD

HC

H-feritin L-ferritin

B-actin: 5'-CCTGGCACCCAGCACAAT-3' (forward) and
5'-AGTACTCCGTGTGGATCGGC-3' (reverse); H-ferritin:
5/-TCCTACGTTTACCTGTCCATGT-3' (forward) and 5'-
GTTTGTGCAGTTCCAGTAGTGA-3" (reverse); L-ferritin:
5'-CAGCCTGGTCAATTTGTACCT-3' (forward) and 5'-
GCCAATTCGCGGAAGAAGTG-3' (reverse). Results were
analysed after 45 cycles of amplification using the ABI 7500
Fast Real Time PCR System.

Statistical analysis

GraphPad Prism version 5.0 software was used for statisti-
cal analyses. Due to the non-parametric distribution of our
data, the Mann—Whitney U-test was used as appropriate
for analyses. Spearman’s correlation analysis and linear
regression were performed to evaluate the possible correla-
tion among the tissue expression of both H- and L-ferritin
and the number of double-positive cells for CD68 and H-
ferritin (CD68/H-ferritin® or double-positive cells for
CD68 and L-ferritin (CD68"/L-ferritin®) and clinical and
laboratory data. Spearman’s correlation analysis and linear
regression were also performed to evaluate the possible cor-
relation among the tissue expression of H-ferritin and the
proinflammatory cytokines, IL-1f, TNF and IFN-vy. Statis-
tical significance was expressed by a P-value < 0-05.

Results

Increased expression of H-ferritin in AOSD skin

Immunofluorescence analysis showed increased H-ferritin
expression in the skin samples of AOSD patients when
compared with HCs (Fig. 1). Conversely, no differences
were observed for L-ferritin when compared to HCs. Fur-
thermore, a significant increase of H-ferritin was detected
when compared with L-ferritin in AOSD patients
(P<0-001) and when compared with both H-ferritin and
L-ferritin in HCs (P<0-001; P<0-001). The statistical
analysis between the tissue expression of H-ferritin and

Fig. 1. Expression of H-ferritin in skin
samples of adult-onset Still’s disease
(AOSD) patients. Immunofluorescence
analyses in skin samples of AOSD patients
show: (a) increased expression of
H-ferritin in the tissue; (b) on the
contrary, no expression of L-ferritin may
be observed; (c) among the infiltrating
macrophages, only one cell displays both
the molecules. Immunofluorescence
analyses in skin samples of healthy
controls (HCs) show: no expression of
H-ferritin (d) and of L-ferritin (e). (f) No
co-localization between H-ferritin and

Merged L-ferritin.
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Pouchot’s score of the same patients showed a positive cor-
relation between H-ferritin and the multi-visceral involve-
ment of the disease (P<0018301). In addition, we
reported a positive correlation among the tissue expression
of H-ferritin and both serum ferritin (P < 0-05) and CRP
(P < 0-05), respectively. Figure 2 shows the results.

No difference of H-ferritin mRNA expression in
PBMCs in AOSD

We then analysed both the relative H-ferritin and L-ferritin
mRNA expression in PBMCs of AOSD patients. Our results
showed no significant differences in both H-ferritin and

L-ferritin relative mRNA expression when AOSD patients
were compared with HCs (Fig. 3).

Proinflammatory cytokines and H-ferritin in AOSD
skin

Immunofluorescence analysis showed an increased expres-
sion of proinflammatory cytokines in the skin samples of
AOSD patients when compared with HCs (Figs 4 and 5).
Specifically, a significant increase of IL-1f was detected in
AOSD samples when compared with HCs (P < 0-001). We
observed a statistically significant correlation (P < 0-001)
between the tissue expression of H-ferritin and IL-1B of
the same patients. In addition, we showed co-localization
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between H-ferritin and IL-1(3 in the skin samples of our
patients (Fig. 4). We noted a significant increase of TNF
and IFN-v in the skin of our AOSD patients when com-
pared with HCs (P < 0-001 for each comparison) (Fig. 5).
However, no statistically significant correlations were
observed among the tissue levels of these cytokines and the
levels of H-ferritin tissue expression.

CD68 " /H-ferritin© macrophages in AOSD skin

We analysed the number of CD68" macrophages in the
cutaneous inflammatory infiltrate in our samples. The
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H-ferritin.

double staining between the H-ferritin and CD68 con-
firmed an increased presence of macrophages expressing
H-ferritin in the inflammatory infiltrate when compared
with HCs (P < 0-001) (Fig. 6). We did not observe any co-
localization between CD68 and L-ferritin in the same sam-
ples. Our analyses show a positive correlation between the
number of CD68"/H-ferritin™ in the skin of AOSD
patients and the multi-visceral involvement of the disease
(P<0-05). Subsequently, we performed a double staining
between the H-ferritin and IL-12, a well-known M1 macro-
phage marker, and CD163, which is considered a M2
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Fig. 5. Increased expression of tumour necrosis factor (TNF) and interferon (IFN)-y in skin of adult-onset Still’s disease (AOSD) patients.

Immunofluorescence analyses in skin samples of AOSD patients show: (a) expression of IFN-y in AOSD patients; (b) expression IFN-y in

healthy controls (HCs); (c) IEN-y immunostaining optical density shows a significant increase expression IFN-y when comparing AOSD patients
with HCs (***P < 0-001); (d) expression of TNF in AOSD; (e) expression of TNF in HCs; (f) TNF immunostaining optical density shows a
significant increase expression TNF when comparing AOSD patients with HCs (***P < 0-001).
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Fig. 6. CD68 macrophages expressing H-ferritin in skin infiltrate of adult-onset Still’s disease (AOSD) patients. Haematoxylin and eosin staining
of AOSD patients (a) and healthy controls (HCs) (c). In AOSD patients, an infiltrate enriched in monocytes/macrophages cells may be observed.
Only few neutrophils and eosinophils may be detected. The immunofluorescence analysis shows: (b) a large number of CD68*/H-ferritin™

cells may be identified in the skin of AOSD patients; conversely, (d) only one CD68" /H-ferritin* cell may be observed in the skin of HCs.

(e) A significantly increased number of CD68 " /H-ferritin " cells is present in AOSD skin when compared to HCs (***P < 0-001). (f) A positive
correlation between CD68 " /H-ferritin™ cells and the Pouchot’s score was observed.

macrophage marker [24,25]. In our samples, we observed a
strong infiltrate of cells co-expressing H-ferritin and 1L-12,
suggesting that M1 macrophages colonize the affected skin.
Conversely, our data failed to show any co-localization
between H-ferritin and CD163 (Fig. 7).

DCs marker and H-ferritin in AOSD skin

A double staining between the H-ferritin and CDI1, a
marker of DCs [26], was performed in our samples. Our
data failed to show any co-localization between H-ferritin
and CD11 (Fig. 8).

Discussion

In this work, we observed an increased expression of H-
ferritin in the skin associated with an infiltrate character-
ized mainly by CD68"/H-ferritin® macrophages in the

Fig. 7. Co-localization of H-ferritin and
M1 macrophage marker in skin infiltrate
of adult-onset Still’s disease (AOSD)
patients.

biopsies obtained from persistent cutaneous lesions of
AOSD patients. Although the persistence of cutaneous
lesions in AOSD is uncommon, this clinical feature is asso-
ciated with the onset of systemic complications and a more
severe prognosis [16,17].

As already mentioned, it has been proposed recently that
AOSD should be included in hyperferritinaemic syndrome,
in which the higher levels of ferritin may not only be con-
sidered a consequence of the inflammation, but actively
playing a role in the pathogenic mechanism which will lead
to the ‘cytokine storm), a syndrome in which disruption of
the balance of a helpful inflammatory response, switching
it from being beneficial to destructive, may cause an
uncontrolled up-regulation of proinflammatory molecules
such as IL-13, TNF, IL-8 and IL-6 [18-20]. This exagger-
ated cytokine production may lead to a disease character-
ized by hypotension, fever and diffuse oedema that may
evolve to multi-organ dysfunction and death [27].

© 2016 British Society for Immunology, Clinical and Experimental Immunology, 186: 30-38 35
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In this work, we observed an increased expression of H-
ferritin in the skin of our patients. It must be pointed out
that H-ferritin, specifically binding surface receptors on the
immune cells, may play a role during their activation and
production of inflammatory molecules such as IL-13 and
IL-6 [18-21]. Although the low number of enrolled
patients limited us to achieve definitive conclusions, the
skin expression of H-ferritin cells correlated strongly with
multi-visceral involvement. This result may confirm previ-
ous reports showing that the persistence of skin lesions cor-
relates with the degree of systemic activity, and although
the majority of papers discussing these persistent AOSD-
related skin lesions are case reports or small series, some
authors found a significant correlation of AOSD activity
with a poor outcome [28-33]. With regard to the increased
H-ferritin expression in skin lesions, we found a strong cor-
relation between this expression and a more severe disease,
paralleling previous studies regarding different target
organs of AOSD [34,35].

These results might suggest that ferritin up-regulation,
under the influence of proinflammatory cytokines such as
IL-1B, IEN-vy and TNF, which we found expressed largely
in the skin of our patients, might further induce the H-
ferritin expression which, amplifying the production of
proinflammatory cytokines, thus generating a vicious loop
which perpetuates the inflammatory state [12-15,34-37].
Of interest, we observed a significant increase of tissue lev-
els of IL-1 which co-localize with H-ferritin, confirming
the pivotal role of IL-1B during this disease [12—15].

In addition, our results, showing a statistical correlation
among the levels of H-ferritin in the skin of AOSD patients,
serum ferritin and levels of CRP, suggest a possible role of
the innate immune system of the skin in maintaining the
degree of systemic inflammation.

At present, it is well known that the histopathology of
the AOSD-associated evanescent rash, characterized typi-
cally by a mixed inflammatory infiltrate surrounding the
perivascular areas and without epidermal changes, differs
strongly from the persistent rash, in which the eruption
shows two main findings: (i) a pattern of dyskeratosis,
present mainly in the superficial layers of the epidermis
without accompanying basilar dyskeratosis; and (ii) a
sparse superficial dermal infiltrate often containing

Fig. 8. Dendritic cells marker and
H-ferritin in skin of adult-onset Still’s
disease (AOSD) patients.

neutrophils but without vasculitis. Although dyskeratosis
in the lower epidermis is typically absent, few cases have
shown focal vacuolar interface alterations and rare necrotic
keratinocytes in the lower epidermis [28-33]. Of interest,
the description of the mixed infiltrates, associated with
AOSD, does not point out the presence and the possible
role that skin macrophages may play in the induction and
maintenance of the skin rash. In the skin samples obtained
from AOSD patients we focused upon the inflammatory
infiltrates, and especially the monocyte/macrophage popu-
lation. Interestingly, we identified a specific subset of mac-
rophages, displaying a specific CD68"/H-ferritin™
phenotype that cannot be observed in normal skin, sug-
gesting a close relationship of these cells with the observed
hyperferritaemia. At present, in our study, we still cannot
conclude if the CD68" macrophages are producing ferritin
or phagocytosing cells actively. However, it is well known
that different macrophage cell lines may release H-ferritin
after inflammatory stimuli [36-38]. In fact, it has been
shown in one animal model that cultured macrophages
may secrete both H- and L-ferritin, confirming their role in
serum ferritin production through a non-classical secretory
pathway [37]. To our knowledge, our paper is the first
demonstration of a statistically significant correlation
between the number of CD68"/H-ferritin™ macrophages
infiltrating the skin of AOSD patients and the multi-
visceral involvement of the disease. This datum confirms
the possible role played by dermal macrophages and the
innate immune system of the skin to induce and sustain
the degree of systemic inflammation. Furthermore, our
result parallels what has already been observed with other
biomarkers of macrophage activation, such as macro-
phage—colony stimulating factor, IFN-vy, sCD163 and mac-
rophage inhibitory factor, which correlate significantly
with the AOSD multi-visceral involvement [39—42]. In
addition, we show a co-localization between H-ferritin and
IL-12, confirming that MI1-macrophages largely infiltrate
the skin of AOSD patients. M1-macrophages exhibit anti-
microbial properties physiologically by release of inflam-
matory mediators, and although these cells play a pivotal
role in host defence, a possible dysregulation of these cells
may lead to different pathological inflammatory conditions
[4,10,11]. In fact, during AOSD, the exaggerated
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production of IL-1B, IFN-y and TNF may promote the
recruitment and/or the proliferation of these M1 macro-
phages expressing H-ferritin [34-37].

The increased number of CD68 ™ /H-ferritin ™ cells in the
inflammatory cutaneous infiltrate as well as the increased
expression H-ferritin, which correlate significantly with
inflammatory markers and multi-visceral involvement,
strongly suggest the possible role of these cells in the AOSD
pathogenesis.

In conclusion, our data show an imbalance between the
production of L- and H-ferritin in the skin of AOSD
patients, associated with a strong infiltrate of CD68"/H-
ferritin* macrophages in the same samples. Furthermore, a
correlation between the levels of H-ferritin as well as the
number of infiltrating CD68"/H-ferritin™ macrophages
and the multi-visceral involvement of the disease was
observed. Taken together, our data suggest that CD68 ™ /H-
ferritin” macrophages may be involved in the induction
and maintenance of the skin lesions as well as in the sys-
temic inflammation, which is a specific hallmark of the dis-
ease. Further studies are ongoing in our laboratory in order
to elucidate the role of ferritin and CD68"/H-ferritin ™
macrophages in AOSD.
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