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Abstract—The aim of this study is to determine some functions of neutrophil in
patients affected by psoriatic arthritis and to compare them to those of patients
affected by cutaneous psoriasis and to normal controls. We used a model of
experimental cutaneous inflammation allowing to separate a cluster of purified and
viable PMN cells. Then we analyzed, within the three groups, the IL-8 concentration
in serum and in the supernatant obtained from the inflammatory site to gather data on
the possible pathogenic role played by this cytokine in psoriatic arthritis. We studied
neutrophil functions in patients with cutaneous psoriasis and psoriatic arthritis, in
acute phase, in comparison with healthy control subjects. We investigated in vivo
neutrophil migration by Senn's skin window technique and measured adhesion assay
and superoxide production in circulating and migrating neutrophils after different
stimuli. We also measured IL-8 concentration in serum and in the supernatant obtained
from the inflammatory site, artificially created through the skin window scrape.
Neutrophil migration in vivo was significantly higher in both groups of patients than
in controls. In the presence of fMLP, blood cells showed a burst of superoxide release,
which was significantly more pronounced in patients when compared to healthy
controls. Neutrophils from skin window scrape showed a much higher response to
fMLP as compared to blood cells of all subject groups, but no differences were
observed between patients and controls. No correlation was found between the three
groups in adhesion ability under basal condition or in response to different stimuli
by circulating and migrating neutrophils. Our results also show a great increase of
IL-8 in the exudate from patients compared to controls. Our study shows that there
is no difference in neutrophil functions between patients with psoriatic arthritis and
cutaneous psoriasis; moreover we suggest that the source of high IL-8 levels are
neutrophils rather than the keratinocytes.
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INTRODUCTION

Psoriasis is a complex chronic inflammatory cutaneous disease, sometimes
linked to arthritis; in its pathogenesis, vascular nonspecific alterations, activated
T cells, nonspecific activation of keratinocytes activation and neutrophils (PMN)
are associated (1).

Since PMN infiltration inside psoriatic plaques represents the typical histo-
logic pattern of this disease (2), a number of studies were designed to determine
the functional alterations of PMNs and their possible involvement in the history
of this disease. The literature reports studies about in vivo and in vitro chemo-
taxis, phagocytosis, oxidative metabolism on PMNs obtained from peripheral
and, in few cases, from exudate created by skin window scrape (3-13).

The comparison of the results obtained from the above studies is quite dif-
ficult because of the diversity of the applied techniques; however it seems that
in vitro chemotaxis (3-5), in vivo leukocyte migration (7), as well as the pro-
duction of the superoxide triggered by a certain stimuli (8-13) and phagocytosis
(7) are increased in patients versus normal subjects.

More recent data (14-16) are focused on identification of the main chemo-
tactic agent responsible for PMN accumulation, showing the role of IL-8 that
seems to be produced in situ by epidermic keratinocytes and possibly by PMN
themselves (17).

The linkage between cutaneous psoriasis and psoriatic arthropathy is quite
complicated and its pathogenesis remains to be determined; identifying on a
cellular and immunological level the developing mechanisms of the cutaneous
pathology, from those concerning the articular pathology, is a main issue.

Since an activation of PMN may be a common denominator of both forms
of disease or, conversely, may represent a differentiating factor of their cellular
patterns, the characterization of PMN function in patients affected by cutaneous
psoriasis and psoriatic arthropathy is of primary interest in this field.

Few data are available about the PMN role in the psoriatic arthropathy: they
only regard in vitro chemotaxis and their results are controversial (18, 19).

Purpose of this study is to determine some functions of PMN cell in patients
affected by psoriatic arthritis and to compare them to those of patients affected
by cutaneous psoriasis and to normal controls. We used a model of experimen-
tal cutaneous inflammation, that we have been extensively studied for the last
few years, allowing to separate a cluster of purified and viable PMN cells (20-
28).

By the skin window scrape (Senn) (20) we studied the adhesion and the
superoxide production caused by different stimuli in PMN cells coming from
the inflammatory site and in those coming from the peripheral blood stream.

Then we analyzed, within the three groups, the IL-8 concentration in serum
and in the supernatant obtained from the inflammatory site, artificially created
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through the skin window scrape; our aim was to gather data on the possible
pathogenic role played by this cytokine in psoriatic arthritis.

MATERIALS AND METHODS

We studied 15 patients affected by psoriatic arthritis, (9 males and 6 females, mean age 39.2
± 10.4, range 24-58 years), 15 patients with psoriasis vulgaris, (11 males and 4 females, mean age
43.35 ± 11.3, range 26-63 years) and 22 sex-and age matched control subjects.

The diagnosis of psoriasis was performed by a dermatologist.
All the patients and controls gave their consent.
The patients were enrolled into the study during a 1-year period (1996) at the Institute of

Special Medical Pathology of the University of Verona.
All patients presented in an acute phase disease and they did not receive any pretreatment.

All our patients presented psoriasis vulgaris or psoriasis associated with features of an inflammatory
arthritis: 3 had arthritis of the distal interphalangeal joints, 4 had spondyloarthropathy and 8 asym-
metric oligoarthritis; no patient had rheumatoid factor. All patients were examined for the in vivo
study on the PMN migration by the skin window scrape technique (20) and its following modifica-
tions (21). The determinations of the PMN superoxide production, of PMN adhesive ability and of
IL-8 were then performed in blood samples and of skin window exudate from each subject.

Reagents. The chemotactic peptide fMLP, zymosan and phorbol myristate acetate (PMA)
were purchased from Sigma Chemical Company, St. Louis; cytochrome c from Boehringer,
Mannheim, Germany; purified serum bovine albumin and human albumin from Behring Institut,
Marburg, Germany. Percoll was from Pharmacia, Uppsala. Sterile 96-well microtiter plates with flat-
bottomed wells (Linbro type) were from Flow Laboratories. Hank's balanced salt solution (HBSS)
and reagents were of the highest purity available.

Zymosan, opsonized with a pool of normal human sera (STZ), as described by Metcalf et al.
(11), was stored in aliquots at -20°C. In order to avoid contamination, a possible cause of artifactual
activation or priming of the cells, sterile apyrogenic solutions and disposable plasticware were used
in all experiments, which were carried out, whenever possible, under laminar flow hood. Reagents
were prepared using pyrogen-free water or 0.9% NaCl solutions.

Cell Preparation. PMNs were obtained from blood and from skin window exudates of sub-
jects after having obtained their informed consent. Blood PMNs were prepared from 40 ml of eth-
ylene diamine tetraacetate-anticoagulated blood by centrifugation over Percoll gradients (29, 30).
Cells were finally suspended in HBSS containing 5 mM glucose and 0.2% human serum albumin
(HGA) and kept at room temperature until use. A few minutes before use, l00x concentrated solu-
tions of CaCl2 and MgSO4 were added to the cell suspensions at the final concentration of 0.5 mM,
and 1 mM respectively. Exudate PMNs were isolated according to the method described by Senn
(20), with modifications (21). An area of volar surface, without skin lesions, of nondominant forearm
was disinfected with ether and an abrasion of 1 cm2 was obtained with a rotating sterile abrasive
cylinder operated by a milling cutter (minidrill, Saint Julien en Genevois, France). The abrasion did
not cause bleeding since only the epidermis was removed; the wet and transudating surface of derma
was exposed. A bell-shaped, sterile and disposable plastic skin chamber with circular adhesive base
(FAR Italia, Verona, Italy) was put on the skin abrasion and fixed with a fenestrated sticking plas-
ter. The chamber has on its top a 5 mm-wide hole equipped with a plug. One ml of autologous
serum was then injected into the chamber and twenty-four hours later the exudate was collected by
aspiration. The exudate cells (>95% PMN, >98% viable, as assessed by trypan-blue exclusion test)
were then centrifuged at 1200 rpm, washed twice with phosphate buffered saline (PBS) and finally
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suspended in HGA and kept at room temperature until use. Before use, the cell suspensions were
supplemented with CaCh and MgSO4 as described above for blood cells.

Oxidative Metabolism Assay. Superoxide anion was measured by the superoxide dismutase-
inhibitable reduction of ferricytochrome c in a microplate assay system. The microplate assay for
C>2 production was performed according to previously published methods (29), with the following
modifications. The wells were coated with fetal bovine serum as described (30), then were supple-
mented with 25 ul of 0.6 mM cytochrome c in HGA containing 0.5 mM CaCl2 and 1 mM MgSO4

(HGACM) and with 25 ul of the stimulants diluted in HGACM at a concentration exactly 4 times
higher than that required in the assay. This was done because each agent is diluted 4 times in the
final incubation mixture (as noted). The plate was then brought to 37°C, and 50 ul of the neutrophil
suspensions (2 x 105 cells), prewarmed at 37°C, were added to each well using a multichannel
pipette and the plates were incubated at the 37°C for the desired time. At the time indicated, the
plates were rapidly transferred into a microplate reader (Reader 400 SLT Labs Instruments) and the
reduction of cytochrome c was measured at 550 nm using 540 nm as reference wavelength, and
using 0.037 optical density units as standard for 1 nmole of reduced cytochrome c (29).

Adhesion Assay. For adhesion measurements, after the assay of cytochrome c reduction, the
plates were transferred to an automatic washer (Easy Washer 2 SLT Labs Instruments) and subjected
to two washing cycles with PBS at room temperature. Adherent cells were quantified by measuring
the membrane enzyme acid phosphatase and the percentage of adhesion was calculated on the basis
of a standard curve obtained with known numbers of PMNs (29).

IL-8 Assay. The IL-8 concentration in the serum and in the supernatant obtained from the skin
window scrape of the subjects was determined using a double-ligand ELISA method as suggested
by Bazzoni et al. (31).

Samples and recombinant IL-8 standards (0.02-10 ng/ml) were incubated for 2h at 37°C in
microtiter plates coated with a mouse anti-IL-8 monoclonal antibody. After washing, a goat anti-
IL-8 monoclonal antibody conjugated to alkaline phosphatase was added, and finally, the activity
was determined with p-nitrophenylphosphate.

Statistics. Statistical analysis was carried out using the nonparametric Wilcoxon test.

RESULTS

Figure 1 shows the data concerning the PMN migration in controls and
in patients. The migration was 61.8 ± 12.4 x 106 PMN/cm2/24 h in healthy
subjects, 84.8 ± 9.1 x 106 PMN/cm2/ 24 h in patients suffering from psoriasis
vulgaris (P < 0.001) and 84.7 ±20.1 x 106 PMN/cm2/24 h in patients with
psoriatic arthritis (P < 0.001).

Table 1 reports data on superoxide production by circulating and migrat-
ing PMNs, under basal conditions and after specific stimuli (fMLP, STZ, or
PMA). Unstimulated production was very low in all groups and in both blood
and skin window neutrophils. In the presence of fMLP, blood cells showed a
burst of superoxide release, which was significantly more pronounced in patients
as compared to healthy controls. Skin window showed a much higher response
to fMLP as compared to blood cells of all subject groups, but no differences
were observed between patients and controls.

Priming of superoxide production in skin window cells versus blood cells
and priming in blood of patients versus controls were stimulus (fMLP) spe-
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Fig. 1. PMN migration in 22 normal subjects (N), in 15 patients affected by Cutaneous Psoriasis
(CP) and in 15 patients with Psoriatic Arthritis (PA).

Table 1. Superoxide Production, Under Basal Condition and in Response to Different
Stimuli, by PMN from Blood (B) and from Skin Window Exudate (SW) in Healthy

Control Subjects (N = 22) and in Patients Suffering from Cutaneous Psoriasis (N = 15)
and Psoriatic Arthritis (N = 15).

Stimulant

None
B
SW

fMLP 10-7 M
B
SW

STZ 0.l mg/ml
B
SW

PMA 10 ng/ml
B
SW

Controls

0.3 ± 0.3
0.7 ± 0.6

6.7 ± 3.5
18.1 ±4.7

7.5 ± 2.5
7.7 ± 2.3

22.2 ± 5.4
23.2 ± 3.5

Cutaneous Psoriasis

0.4 ± 0.3
0.7 ± 0.6

10.2 ±3.1a

18.9 ± 1.7

8.6 ± 3.7
8.6 ±3.9

23.1 ±3.4
23.4 ± 3.5

Psoriatic Arthritis

0.5 ± 0.4
0.9 ± 0.8

10.3 ± 4.5a

17.7 ± 5.7

7.9 ± 2.9
8 ± 3

23.9 ± 4.3
24.5 ±5.3

Values are nmoles O-/106 PMN ± standard deviation. Incubations of resting cells, fMLP
stimulated and PMA stimulated cells were carried out for 10 min; incubations of STZ
stimulated cells were carried out for 40 min. aP < 0.001.
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Table 2. Adhesion of PMN from Blood (B) and from Skin Window Exudate (SW)
Under Basal Condition and After Different Stimuli in Control Subjects (N = 22) and in
Patients Suffering from Cutaneous Psoriasis (N = 15) and Psoriatic Arthritis (N = 15).
Values are Percentages of Adherent PMN ± SD. Incubations in All Conditions Were

Carried Out for 40 Minutes.

Stimulant

None
B
SW

fMLP 10-7 M
B
SW

STZ 0.1 mg/ml
B
SW

PMA 10 ng/ml
B
SW

Controls

7.6 ± 2.6
15 ± 5.9

23.4 ± 4.8
29.6 ± 7.7

22.6 ± 9.6
27.4 ± 5.9

54.9 ± 9.8
52.1 ± 6.9

Cutaneous Psoriasis

7.9 ± 2.4
14.9 ± 2.2

24.3 ± 3.3
29.2 ± 4.7

23.7 ± 3.6
28.3 ± 3.9

52.3 ± 3.8
52.3 ± 3.9

Psoriatic Arthritis

7.7 ±1.9
15.4 ±6.5

24.7 ± 5.3
31.7 ±7.8

24.2 ± 8.6
29 ± 6.3

51.5 ±5.2
50.9 ± 5.3

cific, because these differences were not apparent when two different stimulants,
namely STZ and PMA, were employed.

Table 2 shows the results for adhesion of circulating and migrating PMNs
under basal condition and after stimuli. At variance with the results of oxidative
metabolism, adhesion of PMN was observed even in the absence of stimulants
and this phenomenon was increased in skin window cells as compared to blood
cells. In the presence of stimulants, adhesion increased in all conditions. A slight
difference of adhesion in favor of skin window cells was detected, but it was
largely accounted for by the difference present in unstimulated cells. There was
no difference between normal subjects and patients.

Our results also show a great increase of IL-8 in the exudate from patients
(both groups, with psoriatic arthritis and with cutaneous psoriasis) compared to
controls: the average was 1.85 ± 0.52 ng/ml in patients with psoriatic arthritis,
1.94 ± 0.65 ng/ml in patients with cutaneous psoriasis and 0.65 ± 0.32 ng/ml
in controls (Figure 2).

The relationship between the IL-8 in the supernatant obtained from the skin
window scrape and the amount of migrated cells was 23 ± 0.06 pg/106 cells
in patients with psoriatic arthritis, 24 ± 0.08 pg/106 cells in patients with cuta-
neous psoriasis and 11 ± 0.07 pg/106 cells in controls. Therefore, migrating PMN
in patients produce twofold as much IL-8 as compared to healthy controls (P <
0.0005).

The IL-8 concentrations in the peripheral blood were undetectable in all
subjects.
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Fig. 2. IL-8 concentration in supernatant from skin window exudate in 22 normal subjects (N), in
15 patients affected by Cutaneous Psoriasis (CP) and in 15 patients with Psoriatic Arthritis (PA).

DISCUSSION

Many data are available on the PMNs' functions in patients affected by
psoriasis, since accumulation of PMNs in the corneum is a typical histologic
pattern of psoriasis. There are controversial data as to the in vitro increase of
PMN chemotaxis (3-5) that would be normalized by therapy (9); a few authors
reported an alteration of the respiratory burst in psoriasis, others demonstrated
those alterations only in patients affected by pustular psoriasis (9).

There are few studies on the psoriatic arthritis whose pathogenesis itself is
still unknown; these data are controversial and they took only in consideration in
vitro chemotaxis; Leibovici et al. (19) maintained that the chemotaxis in psoriatic
arthritis would be comparable to that of the normal subjects; on the other hand
Ternowitz (18) reported an alterated chemotaxis, though not a different one, from
that determined in patients affected by psoriasis without arthritis.

To our knowledge, Senn's skin window scrape has never been used in pa-
tients with psoriatic arthritis; according to our previous experiences (21-28) it



is a quite useful technique, since it allows evaluation in vivo chemotaxis under
highly reproducible conditions and analysis of both cellular and humoral factors.

Our study was aimed to evaluate in vivo migration, superoxide production
and adhesion of PMN coming from the blood stream and from a skin window
scrape of patients with active phase psoriasis, with active phase psoriatic arthritis
comparing to normal subjects.

We found a significant increase of the in vivo PMNs migration in both
patients with psoriasis or psoriatic arthritis, compared to controls, and a sig-
nificant increase of superoxide production from the circulating PMN, in both
patients with psoriasis or psoriatic arthritis.

We also confirmed, as previous studies showed, that the PMN coming from
an exudate are primed, being more responsive to fMLP (7, 21, 25-27, 32) com-
pared to the circulating PMNs, and showing increase of the adhesive ability
without stimuli (23).

The first issue to be discussed is the like results in patients by psoriatic
arthritis and cutaneous psoriasis; we state that psoriatic does not seem to have
any difference as to PMNs function compared to cutaneous psoriasis; in this
report we do not want to deal with its controversial pathogenesis. At to the
increased responsiveness to fMLP from circulating PMNs there is a curious anal-
ogy with what we found in patients affected by ankylosing spondylitis (26). We
recall that has been hypothesized that long lasting bacterial products in patients
with spondylitis could cause a priming on the circulating PMNs with a con-
sequent externalization of receptor to fMLP (33, 34). Therefore we could think
about a similar situation in psoriatic patients, that may be in keeping with the fre-
quent staphylococci and streptococci infections of their cutaneous lesions (35).
Our data also show that the priming effect observed in superoxide production
in blood of patients as compared with normal subjects is agonist-specific, being
restricted to fMLP as stimulatory agent. This may be due to the complex nature
of the receptor dynamics and stimulatory pathways involved in NADPH oxidase
activation, as we have already discussed in previous reports (21, 22).

Recent studies are consistent with the theory stating that increased chemo-
tactic activity and PMN hyperaccumulation would be the consequence of an
IL-8 increase in the psoriatic lesion (14-17). Our data, showing a significant
increase of the IL-8 levels in the supernatant from the skin window scrape in
psoriatic patients are in agreement with this view. Since serum levels do not dif-
fer in patients and controls, the increased in the skin window during psoriasis
appears to be due to local factors which are probably linked to the abnormal skin
responses. Our experimental setting does not permit us to establish whether the
source of increased IL-8 are keratinocytes, PMN, or both. However, considering
that the skin window scrape was performed on a normal skin patch and that it
implies a dermal exposure (removal of most keratinocytes), we think it is cor-
rect to hypothesize that the source of high IL-8 levels could be the PMN rather
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than the keratinocytes. This agrees with the finding of primed PMNs in the exu-
date and with the increased levels of IL-8, divided by number of cells, in both
psoriatic groups, suggesting that IL-8 increase is not only due to an increased
chemotaxis.

The final scenario would show a primed PMN that, once reaching the
inflammatory site, secretes a high amount of IL-8 attracting other PMNs.
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