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ticularly of IL-12 and IL-23 and, to a lesser de-
gree, of TNF �  and CXCL8/IL-8 was observed. 
 Conclusion:  A swift clinical improvement of 
GPP by infliximab and acitretin is associated 
with a marked reduction particularly of in-
nate and partially of the acquired immune 
cells as well as IL-12 and IL-23. 

 Copyright © 2013 S. Karger AG, Basel 

 Introduction 

 Generalized pustular psoriasis (GPP) of 
von Zumbusch is characterized by a sud-
den eruption of generalized painful pus-
tules on an erythematous base which co-
alesce into lakes of pus, with high-grade 
fever, leukocytosis and elevated serum C-
reactive protein  [1] . It is potentially life-
threatening and generally requires early 
administration of systemic anti-inflam-
matory agents such as oral retinoids, cyclo-
sporine or methotrexate. The onset of ac-
tion of these agents may be unsatisfactory 
and potentially associated with organ-spe-
cific toxicity. Previous reports indicate that 
tumor necrosis factor alpha (TNF � ) antag-
onists, particularly infliximab, may induce 
a rapid resolution of GPP  [2–5] . The anti-
inflammatory mechanism of action of 
 in fliximab in the lesional skin of GPP re-
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 Abstract 

  Background:  Generalized pustular psoriasis 
(GPP) is a severe inflammatory disease char-
acterized by recurrent eruptions of sterile 
pustules on erythematous skin. Although 
tumor necrosis factor (TNF) antagonists may 
lead to a rapid resolution of GPP, the mecha-
nism of action of these agents remains to be 
investigated. Here, we sought to evaluate 
markers of immune response in the skin of a 
patient who experienced a rapid ameliora-
tion of GPP after treatment with infliximab 
and acitretin.  Methods:  A skin biopsy was 
obtained before and 72 h after initiation of 
treatment. Immunohistochemical stainings 
were performed to characterize alterations 
of the infiltrates, the apoptosis marker cas-
pase 3 and key cytokines like TNF � , interleu-
kin (IL)-12, IL-23 and the chemokine CXCL8/
IL-8.  Results:  Parallel with clinical improve-
ment, a striking decline of neutrophils, my-
eloid and plasmacytoid dendritic cells, M1 
macrophages and partly of CD4+ T cells 
was observed. There was no evidence of in-
creased apoptosis mediated through the 
caspase-3 pathway. A marked reduction par-
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mains to be elucidated. In this study, we 
investigated alterations in the cutaneous 
immune response in a patient with a rapid 
amelioration of GPP after the initiation of 
treatment with infliximab and acitretin.

  Case Report 

 A 72-year old male was referred to our 
hospital with a 1-month history of pro-
gressive GPP which was not responding to 
treatment with topical corticosteroids. He 
had type II diabetes mellitus, hyperlip-
idemia, hypertension and chronic renal 
insuf ficiency. His regular medications 
 included aspirin, atorvastatin, candesar-
tan and amlodipine. There was no recent 
change of medication or clinical signs of 
infection. He had no previous or family 
history of psoriasis.

  On clinical examination, there were 
numerous scattered pustules on an ery-
thematous base with areas of confluence, 
mainly involving the trunk and extremi-
ties. Biopsy of a pustule on the right thigh 
was consistent with pustular psoriasis. 
The pustules were sterile on histological 
examination and culture.

  Full blood count revealed a hemoglobin 
level of 111 g/l (normal range 135–168 g/l) 
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and leukocytosis of 23  !  10 9 /l (normal 
range 3.5–10.5) with a neutrophilia of 20.9 
 !  10 9 /l (normal range 1.6–7.4). His chest 
radiograph was normal and the interferon 
gamma (IFN � ) release assay was negative. 
Due to the severity of the disease, treat-
ment with infliximab (5 mg/kg) in combi-
nation with acitretin (35 mg/day; 0.5 mg/
kg body weight) was initiated. A marked 
improvement of pustular lesions was noted 
within the first 48 h after the first infusion 
with infliximab ( fig. 1 ). Since new pustules 
appeared after 6 days, a second infusion of 
infliximab (5 mg/kg) was given and this 
led to a complete remission of all cutaneous 
lesions within the next few days. Treatment 
was continued for 1 month with acitretin 
35 mg/day and was subsequently tapered 
down over the following 4 months to 10 
mg/day. There was a virtually complete 
 remission for over 12 months. Thereafter, 
due to minor recurrent pustular eruptions 
on his trunk, the dosage of acitretin was 
not reduced further and has been main-
tained ever since for over 24 months.

  Punch biopsy specimens (5 mm) were 
obtained from the lesional skin before be-
ginning therapy and from the skin adja-
cent to the first biopsy after 72 h. Tissue 
samples were immediately embedded in 
optimal cutting temperature compound, 
were snap-frozen and stored at –70   °   C until 
sectioning. Immunohistochemistry was 
performed using the streptavidin-biotin 
complex/alkaline phosphatase method, as 
described previously  [6, 7] . The antibodies 
used as first-stage reagents included CD3 
(Clone: F7.2.38, DakoCytomation, Glos-
trup, Denmark), CD4 (Clone: MT310, 
Dako), CD8 (Clone: DK25, Dako), CD69 
(Clone: FN50, BD Pharmingen, N.J., USA), 
CD1a (Clone: 10, Dako), CD11c (Clone: 
KB90, Dako), CD208/DC-LAMP (Clone 
104.G4, Immunotech, Prague, Czech Re-
public), CD303/BDCA-2 (Clone: AC144, 
Miltenyi Biotec, Bergisch Gladbach, Ger-
many), CD123 (Clone: 9F5, Pharmingen), 
CD163 (Clone: EDHU-1, Serotec MCA, 
Oxford, UK), CD32 (Clone: KB61, Dako), 
neutrophil elastase (Clone: NP57, Dako), 

HLA-DR (Clone: TAL.1B5, Dako), cleaved 
caspase-3 (Cell Signaling Technology, 
Danvers, Mass., USA), TNF �  (R&D Sys-
tems), interleukin (IL)-12p70 (Clone: 
24945.11, R&D Systems, AF-210-NA), IL-
23 (Clone: HLT2736, BioLegend, San Di-
ego, Calif., USA) and CXCL8/IL-8 (Ab-
cam, Cambridge, UK). Irrelevant immu-
noglobulin G subclass-matched antibodies 
were used for negative controls.

  Quantitative analysis of positively 
stained cells was performed by using the 
digital image analysis system NIS-Ele-
ments Software BR 2.30 (Nikon, Tokyo, Ja-
pan), as previously described  [7] .

  In order to characterize the inflamma-
tory infiltrate, immunostaining with vari-
ous cellular markers was performed before 
and 72 h after the initiation of treatment. 
The representative stainings and quantifi-
cation of the inflammatory cells are illus-
trated in  figures 2  and  3 , respectively. In 
parallel with clinical improvement, a sub-
stantial reduction of the inflammatory in-
filtrate was seen after treatment. In par-

a b

c d

e f g h

  Fig. 1.   a ,  e  GPP before treatment.  b ,  f  At 
24 h.  c ,  g  At 72 h after infliximab (5 mg/
kg) and acitretin 35 mg/day.  d ,  h  One 
month after infliximab therapy with aci-
tretin 35 mg/day. 
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  Fig. 2.  Immunohistochemical analysis of different leukocyte populations, the apoptosis marker caspase 3, the cytokines TNF � , IL-12, 
IL-23 and the chemokine CXCL8/IL-8 before  (1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31 and 33 ) and 72 h after ( 2, 4, 6, 8, 10, 12, 
14, 16, 18, 20, 22, 24, 26, 28, 30, 32 and 34)  treatment with infliximab and acitretin 35 mg/day. Original magnification  ! 200. 
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ticular, a marked decrease of neutrophils 
(neutrophil elastase) and myeloid (CD11c) 
dendritic cells (DC) was observed. In com-
parison to myeloid DC (CD11c), lower 
numbers of plasmacytoid DC (CD303) 
were found scattered throughout the der-
mis before treatment. No positively stained 
CD303+ cells were observed after therapy. 
Although M1 and M2 macrophages (CD32 
and CD163, respectively) also declined 
markedly, relevant remaining numbers of 
M2 macrophages (CD163) were still de-
tected after treatment. A notable reduction 
was also observed, mainly for CD3+ and 
CD4+ T cells, whereas the numbers of 
CD8+ T cells declined only marginally. 
Before treatment, an increased expression 
of activation markers on T cells (CD69, 
HLA-DR) and DC (CD208, HLA-DR) was 
observed. The expression of these activa-
tion markers was also notably decreased 
after treatment, but was still quite evident, 
especially for HLA-DR. Interestingly, an 
increase in the number of CD1a+ Langer-
hans cells was observed after the treatment 
with infliximab and acitretin.

  In order to elucidate if the induction of 
inflammatory cell apoptosis was respon-
sible for the rapid therapeutic response, 
immunohistochemical staining was per-
formed with an anti-cleaved caspase-3 an-
tibody. Activated caspase-3-positive cells 
were identified by their bright-red appear-
ance ( fig. 2 , inset of  25 ,  26 ) and were only 
occasionally detected in the epidermal 
and upper dermal compartment in simi-

larly low numbers before and after treat-
ment.

  To further evaluate whether this treat-
ment correlated with a downregulation of 
psoriasis-relevant cytokines and chemo-
kines, immunostainings were performed 
for TNF � , CXCL8/IL-8, IL-12 and IL-23. 
A marked decrease in the number of infil-
trating cells expressing IL-12 and IL-23 
was seen after therapy. A decrease was also 
observed for TNF �  and CXCL8/IL-8, al-
though substantial expression of CXCL8/
IL-8, particularly in the dermis, was still 
noted after treatment.

  Discussion 

 In this study, we demonstrated that in-
fliximab in combination with acitretin led 
to a rapid resolution of GPP which was 
subsequently maintained by low-dose aci-
tretin. In parallel with clinical improve-
ment a marked downregulation, particu-
larly of the innate and partially of the ac-
quired immune responses, was noted in 
the skin.

  GPP is associated with significant mor-
bidity and treatment is often challenging. 
There is a lack of evidenced-based thera-
pies and universally accepted guidelines 
for management of this disease. Our study, 
together with previous reports, confirms 
the rapid effectiveness of infliximab on 
GPP within a few days  [2–5] . TNF antago-
nists may be indicated as rescue therapy in 

severe GPP that is unresponsive to tradi-
tional systemic therapies. In addition, as 
demonstrated in this case, TNF antago-
nists can be helpful to achieve quick clini-
cal control in patients with severe comor-
bidities which preclude the use of other 
systemic agents such as cyclosporine or 
methotrexate in high doses. In previous 
reports, the recurrence of pustules has 
been noticed between 5 and 14 days after a 
single dose of infliximab  [3, 5] . Similarly, 
in our patient, a second infusion of inflix-
imab was required to maintain clinical re-
mission.

  The pathogenesis of GPP is still poorly 
understood and data on the underlying 
immunological mechanisms is limited. 
Our results show that, besides neutro-
phils, skin lesions in GPP are highly infil-
trated with different cell populations of 
the innate immune system like myeloid 
DC, M1 and M2 macrophages. Myeloid 
DC and M1 macrophages represent the 
main source of pivotal cytokines like 
TNF � , CXCL8/IL-8, IL-12 and IL-23  [8–
10] . In correlation with the increased in-
filtrate, an enhanced expression of these 
cytokines was readily found in GPP be-
fore therapy. TNF �  has pleiotropic effects 
that include the upregulation of adhesion 
molecules (ICAM-1) which enhances leu-
kocyte recruitment to sites of evolving 
 inflammation and stimulation of proin-
flammatory cytokines and chemokines 
(i.e. IL-1, IL-6 and CXCL8/IL-8)  [11] . Ac-
cordingly, intense immunostaining for 
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  Fig. 3.  Quantification of the inflammatory 
cells, cleaved caspase 3, TNF � , CXCL8/
IL-8, IL-12 and IL-23 before and 72 h after 
treatment with infliximab and acitretin 
35 mg/day. N. elastase = Neutrophil elas-
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CXCL8/IL-8, which plays a major part in 
the recruitment of neutrophils, was found 
in the skin lesions before therapy. Recent-
ly, an IL-36 receptor antagonist deficien-
cy has also been reported to lead to 
CXCL8/IL-8 upregulation in GPP  [12] . 
Analysis of the in situ expression of IL-36 
and the IL-36 receptor antagonist during 
successful therapy will be of interest in 
future investigations.

  The pathogenic role of IL-12 and IL-23, 
shown for the first time in GPP, has not 
been elucidated so far in this disease. 
While IL-12 stimulates Th1 cells and IFN �  
production, IL-23 leads to the activation of 
Th17 cells  [13] . Th17 cells are character-
ized by their ability to produce specific cy-
tokines such as IL-17, IL-21 and IL-22  [14] . 
Notably, IL-17 is involved in mediating 
neutrophil recruitment and activation. 
Thus, as in plaque psoriasis, the IL-23/IL-
17 pathway could also be of relevance in 
GPP. This is further substantiated by a re-
cent report showing the effectiveness of 
ustekinumab, an IL-12/IL-23 p40 antago-
nist, in GPP  [15] .

  In this study, we further investigated 
alterations in inflammatory cells 72 h af-
ter the initiation of treatment. In correla-
tion with clinical improvement, a sub-
stantial decline in the numbers of neutro-
phils, activated myeloid DC and mainly 
M1 macrophages as well as activated 
CD4+ T cells was observed. A similar re-
duction of these cells has also been report-
ed previously in palmoplantar pustular 
psoriasis after treatment with infliximab 
 [16] . In parallel with the reduced number 
of these cells, a marked decrease was 
found for IL-12 and IL-23. Our study is 
also the first to demonstrate a marked de-
cline of plasmacytoid DC which were not 
detectable any more in the skin lesion af-
ter therapy. Plasmacytoid DC are impor-

tant sources of type 1 IFNs and these cells 
are thought to be crucial in the initiation 
of plaque psoriasis  [17] . Type I IFNs can 
facilitate activation of myeloid DC and 
subsequent production of IL-12, IL-15, IL-
18 and IL-23  [18, 19] . The decline of these 
cells may therefore also represent an im-
portant step leading to the downregula-
tion of inflammation after therapy with 
infliximab.

  Interestingly however, 72 h after the 
first administration of infliximab, consid-
erable numbers of TNF � -positive and IL-
8-positive cells were still seen in the infil-
trate. This may provide an explanation for 
the recurrence of pustules on the 6th day 
after the first infliximab infusion. The 
presence of significant remaining num-
bers of M2 macrophages, which may also 
express TNF � , could at least partly be re-
sponsible for this observation  [20] .

  In contrast to the decrease in the num-
ber of most cells, an increase in the num-
ber of CD1a-positive Langerhans cells was 
observed in the epidermis along with clin-
ical improvement. This observation has 
also been noticed in previous studies in 
psoriatic lesions after treatment with 
acitretin or TNF antagonists  [21, 22] , in-
dicating that Langerhans cells may also 
have some immunomodulatory function 
in GPP.

  The precise underlying mechanisms 
leading to the rapid reduction of the in-
flammatory infiltrate after therapy with 
infliximab is not completely understood. 
While some studies indicate that apoptosis 
of inflammatory cells is induced by TNF 
antagonists, other reports, including our 
data, fail to show that apoptosis mediated 
through the caspase-3 pathway is involved 
 [23–26] . The molecular mechanisms lead-
ing to the rapid reduction of various leuko-
cyte populations in GPP after the neutral-

ization of TNF remain to be delineated in 
future studies.

  It is noteworthy that our patient was 
also started on acitretin 35 mg/day togeth-
er with the first infusion of infliximab. 
Acitretin is thought to improve psoriasis 
by normalizing the keratinization and 
proliferation of the epidermal cells as well 
as exerting some immunomodulatory ef-
fects like downregulating the production 
of proinflammatory cytokines including 
TNF, IL-1 and IL-6. Nevertheless, Caproni 
et al.  [27]  found that acitretin was not able 
to downregulate serum IL-17 and IL-22 
levels after 12 weeks’ treatment of plaque 
psoriasis in comparison to etanercept. 
Since acitretin has a rather slow onset of 
action, and as our patient only received 
acitretin for 3 days prior to obtaining the 
second biopsy specimen, it is very unlikely 
that the observed alterations in the in-
flammatory infiltrate were mediated by 
this drug.

  In conclusion, our data support the ef-
fectiveness of infliximab in the treatment 
of GPP and, in particular, demonstrate the 
importance of the innate immune system 
in the manifestation of this disease.
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