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An involvement of neurogenic components in the pathogen-
esis of psoriatic lesions has been suggested and neuropeptides
are thought to play a modulatory role in cutaneous inflam-
mation. In this study, we evaluated the immunoreactivity of
the neuropeptides vasoactive intestinal polypeptide (VIP)
and substance P (SP) in the skin of patients with chronic
plaque psoriasis, by immunohistochemistry and radioimmu-
noassay. No differences were observed, by immunohisto-
chemistry, in the expression and localization of VIP and SP
between psoriatic and normal skin. Using the radioimmuno-
logic technique on whole skin homogenates, VIP levels were
significantly increased in psoriatic lesions as compared to
normal skin. By contrast, SP levels were significantly lower
in lesional and non-lesional psoriatic skin than in normal
skin.

In addition, we examined the effect of VIP and SP on the

roliferation of cultured normal human keratinocytes. VIP
(1-28) (1 nM-1 uM) as well as VIP fragments (10-28)
(1 nM-1 uM) and (22-28) (1 nM-1 M) stimulated the
proliferation of keratinocytes in a dose-dependent manner,
whereas the VIP fragment (1-12) (1 nM -1 uM) was inef-
fective. The VIP antagonist (N-Ac-Tyr!, D-Phe?) - GRF (1-
29)-NH2 (0.1 uM) significantly inhibited the VIP effect on
keratinocytes. On the other hand, SP (0.1 uM) not only
failed to stimulate keratinocyte growth, but also blocked the
VIP-induced stimulation of these cells.

The imbalance of cutaneous VIP and SP and their disparate
effects on the proliferation of normal human keratinocytes in
culture would suggest that these peptides are involved in the
pathogenesis of psoriasis and may exert different modulatory
activities in the mechanisms underlying the psoriatic lesion.
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here is considerable evidence suggesting that the ner-
vous system can influence the course of psoriasis. It is
known that psoriasis can be exacerbated or even in-
duced in a genetically predisposed individual by psy-
chologic stress [1,2]. It has recently been observed that
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the resection of superficial cutaneous nerves during a surgical opera-
tion is able to clear a psoriatic plaque in that area of the skin [3].
Moreover, Bernstein et al [4] reported that the application of capsai-
cin, a sensory neurotoxin that specifically depletes peptidergic neu-
rons of neuropeptides (NP) [5], can improve psoriasis.

Neuropeptides are thought to be the main mediators of neuro-
genic inflammation, presumably involved in the pathogenesis of
certain inflammatory dermatoses [6]. Therefore, NP may also play a
role in the mechanisms underlying psoriatic lesions, and, as Farber
et al first proposed, certain NP could be responsible for some of the
initiating events occurring in psoriasis [7].

Vasoactive intestinal polypeptide (VIP) and substance P (SP) are
widely distributed in both the central and peripheral nervous system
[8,9]. Immunohistochemical studies have shown both peptides in
normal human skin [10,11]. VIP and SP are known to exert some
important physiologic functions, including vasodilation [12,13],
mast cell degranulation [14], and immunomodulation {15]. In addi-
tion, both VIP and SP have been shown to be mitogenic for connec-
tive tissue and epithelial cells [16]. Recently, Haegerstrand etal have
demonstrated that VIP enhances the proliferation of cultured
human keratinocytes [17].

Interestingly, psoriasis is characterized histologically by inflam-
mation and dilated capillaries in the papillary dermis [18], whereas
massive degranulation of mast cells is one of the earliest features of
relapsing psoriasis [19]. Moreover, psoriasis is a disorder character-
ized by an increased keratinocyte proliferation rate [20).

In the present study we evaluated the distribution and content of
VIP and SP in lesional psoriatic skin as compared to both non-le-
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sional psorsatic skin and control skin, using an immunohistochemi-
cal technique and a radioimmunoassay method (RIA). Furthermore,
in an attempt to determine the possible pathophysiologic implica-
tions of neuropeptides in psoriasis, we also investigated the effect of
VIP, VIP-related peptides, and SP on the proliferation of normal
cultured human keratinocytes.

MATERIALS AND METHODS

Skin Biopsies All patients in this study had extensive chronic
plaque psoriasis and had not received any treatment for at least 1
month prior to the study. Informed consent was obtained from each
subject. For immunohistochemistry, punch biopsies (4 mm) were
taken from the elbows in lesional skin of 14 psoriatic patients [five
women, nine men, age range 24 to 67, mean = standard error of the
mean (SEM) 45.3 &= 3.7 years]. In the same subjects, non-lesional
psoriatic skin was biopsied from an uninvolved area of the elbow
close to the psoriatic lesion. As control, fpunch biopsies were ob-
tained from the normal appearing skin of the elbow in eight age-
and sex-matched healthy subjects. Tissue samples were immersed
for 2 h in an ice-cold solution containing 4% paraformaldehyde and
15% picric acid in distilled H,O (Zamboni’s fixative) and then
rinsed for 24 h at 4°C in a 0.1 M Sérensen buffer containing 10%
sucrose. Samples were then embedded in OCT Compound (Miles
Scientific, Naperville, IL), frozen in liquid nitrogen, and stored at
—80°C until further processing.

For radioimmunoassay (RIA) of SP, punch biopsies (6 mm) were
taken from lesional psoriatic skin of 37 patients. In 31 of these
patients, biopsies were also taken from non-lesional skin. The pa-
tients were 22 men and 15 women, ranging in age from 28 to 71
years (mean + SEM 51.6 £ 4.1 years). RIA of VIP was carried out
in 25 patients, on 25 biopsies from lesional psoriatic skin and on 12
from non-lesional psoriatic skin. Lesional and non-lesional skin
biopsies were taken from the elbows. Control biopsies for both
immunohistochemistry and RIA were taken from normal appearing
skin of the elbow in 15 age- and sex-matched healthy subjects.
Biopsies were immediately frozen and stored at —80°C.

Immunohistochemistry After a 10-min treatment with normal
goat serum (1:5) for VIP and normal rabbit serum (1:5) for SP,
frozen sections (14 um) were incubated overnight at 4°C in a
humid atmosphere with a polyclonal rabbit antibody directed
against VIP (1:800, Peninsula Laboratories Europe Ltd, England)
or with a rat monoclonal antibody directed against SP (1:200, Sera-
lab Ltd, England).

Sections were then rinsed three times with phosphate-buffered
saline (PBS) for 10 min. They were then incubated for 30 min at
37°C with biotin-labeled goat —anti-rabbit Ig (1: 30, Vector Labora-
tories Inc, Burlingame, CA) for VIP or biotin-labeled rabbit-anti-
rat Ig (1:30, Vector) for SP. After rinsing, sections were incubated
for 30 min at room temperature with fluorescein-isothiocyanate
(FITC)-labeled streptavidin (1:50, Amersham International, En-
gland). After a further washing in PBS, the slides were mounted in
buffered glycerol. Controls were performed either by omitting the
primary antibody or by replacing the primary antibody with a non-
immune rabbit or rat serum. All solutions contained 0.3% Triton
X-100 (v/v) (Sigma, Chemical Company, St. Louis, MO) and 1%
(w/v) bovine serum albumin (BSA, Bochringer, Mannheim, Ger-
many). Sections were examined by two independent observers and
photographed under a Zeiss fluorescence microscope. Coverslips
were then removed and the sections stained with hematoxylin and
eosin (H & E).

Tissue Extraction for RIA  Skin specimens were homogenized
in 10 ml/g of 0.1 M acetic acid at 95°C for 10 min using an Ultra~
Turrax homogenizer (Janke-Kunkel, IKA-Werk, Germany). Ex~
tracts were then cooled and centrifuged at 12,000 X g for 20 min.
Supernatants were stored at —20°C until use.

RIA Procedures VIP (22-28) was iodinated by the chloramine
T method [21], and purified by microcolumn Sep-Pak C18 (Waters

Assoc., Milford, MA) reverse-phase chromatography. The labeled
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Table I. Details of Neuropeptides Used
for Keratinocyte Cultures®

Peptides Source and Reference Concentrations
VIP (1-28) Sigma 1 nM-1uM
VIP (1-12) Sigma 1 nM-1uM
VIP (10-28) Sigma 1 nM-1uM
VIP (22-28) Institute of Pharmacology, 1 nM-1uM

Bologna, Italy [21]
VIP antagonist GRF Peninsula 0.1 uM
(1-29)

Sp Sigma 1 nM-1uM

“ All neuropeptides used were diluted in Dulbecco’s modified Eagle’s medium/
Ham’s F12 medium.

peptide was stable for 2 to 3 months at —20°C. The VIP (22-28)
antiserum used in this experiment, AH78, was prcpared as
previously described [22]. The antibody was used at a final dilution
of 1:6000 in an assay volume of 300 xl. In a typical assay, the ICs,
for VIP (22-28) was about 60 fmol/assay tube with a detection
limit of 3 fmol/tube. Intra- and interassay coefhicients of variation
were 5% and 7%, respectively. The antiserum showed full cross-
reactivity with VIP (1-28) as well as with VIP (22-28); generally,
it appears to recognize VIP fragments with an intact carboxyl-ter-
minal. Its cross-reactivity for both peptidin histidine isoleucine
(PHI) (1 -27) and PHI (22-27) was less than 0.01%. Extracts were
incubated with AH78 antiserum and !?°I VIP (22-28) for 18-24 h
at 4°C. In control experiments, total recovery of VIP (1-28) and
VIP (22 -28) in skin samples, immediately prior to extraction, was
71% and 76% of added standard VIP (1-28) and VIP (22-28),
respectively (means of three independent estimations assayed in
triplicate) [23].

Concerning RIA for SP, extracts were incubated with '2I SP
labeled with Bolton and Hunter reagent (specific activity ~2000
Ci/mmol, Amersham International, UK) and with a specific rabbit
polyclonal antiserum to SP (Amersham). RIA was carried out in
50 mM sodium phosphate (pH 7.2), containing 0.2% gelatin and
10 mM EDTA, in an assay volume of 800 ul for 24 h at 4°C. The
ICs, for SP was about 10 fmol/assay tube and the detection limit
was 1 fmol/tube. In control experiments, total recovery of SP in
skin samples, prior to extraction, was 60% of added standard SP
(mean of three independent estimations assayed in triplicate). Reac-
tions were terminated by addition of 1.0 ml of a dextran/charcoal
suspension. Bound peptides were then separated by centrifugation,
and estimated esssentially as described by Ghazarossian etal [21]. All
samples were assayed in triplicate.

Normal Human Keratinocyte Cultures Keratinocytes were
cultured according to Green [24]. Keratinocytes for primary cul-
tures were obtained from skin plastic surgery and grown in 75-cm?
culture flasks (Costar, Cambridge, MA) with 1.5 X 10% mitomy-
cin-treated [10 mg/ml for 2 hat 37°C (Sigma)] 3T3 cells. Keratino-
cytes were cultured in Dulbecco’s modified Eagle’s medium/Ham’s
F12 medium (DMEM/F12, 3: 1) (Seromed-Biochrom KG, Berlin,
Germany) containing insulin (5 ug/ml, Sigma), transferrin (5 ug/
ml, Sigma), triiodothyronine (2 nM, Sigma), hydrocortisone (0.4
ug/ml, Sigma), adenine (180 mM, Sigma), mouse epidermal
growth factor (EGF, 10 ng/ml; Sigma), and 10% fetal calf serum
(Seromed-Biochrom). Keratinocytes were then subcultivated ac-
cording to Haegerstrand et al [17]. Briefly, keratinocytes (2 X 10°
per well) and 3T3 cells (35 X 10? per well) were cultivated in tripli-
cate on 24-well plates (2 cm? per well, Costar) with the above-men-
tioned medium (without EGF) and cholera toxin (CT, 0.1 nM,
Sigma) for 2 d. From d 3 to d 10, keratinocytes were cultivated in
DMEM/F12 serum-free medium containing 0.1% BSA (Boer-
inger), EGF, and peptides (Table I). Medium containing EGF,
without the addition of neuropeptides (NP), will be referred to as
control medium. CT (0.1 nM) was used as a positive control. Media
were changed every second day. At d 10, keratinocytes were har-
vested by using a trypsin/EDTA solution for 15 min and counted in
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an automatic cell counter (Coulter Electronics Ltd, Luton, En-
gland). Results were obtained from four independent experiments.

Statistics For both RIA and keratinocyte cultures, results are ex-
pressed as mean * SEM. Newman-Keuls test or Student t test were
used for comparison of the means.

RESULTS

Immunohistochemistry VIP-immunoreactive (IR) nerve end-
ings were detected in the superficial dermis, mostly around blood
vessels (Fig 14) and as perivascular and periglandular networks in
the mid and lower corium. In general, SP-IR nerves were less fre-
quently observed as compared to those containing VIP. SP-contain-
ing fibers were mainly localized in the papillary dermis as free nerve
endings (Fig 1B) or occasionally surrounding a blood vessel, wher-
eas sparse SP-IR terminals were observed in the epidermis. Similar
distribution pattern and staining intensity were observed for both
VIP and SP in lesional, non-lesional psoriatic skin, and normal skin.
In addition, both VIP- and SP-IR were intensely expressed in the
cytoplasm of a few cellular elements in the inflammatory infiltrate
of psoriatic lesions (Fig 24,C). These cells were found in intra- and

erivascular location in the superficial dermis. Aggregates of VIP-
and SP-IR cells were also detected in the stratum corneum. H & E
staining confirmed that these cells were neutrophils (Fig 2B,D). No
VIP- or SP-IR neutrophils were present either in non-lesional or in
control skin.

RIA With the procedure used in this study, both VIP and SP-IR
could be detected in each sample, including normal controls. There-
fore, measurements were performed without pooling the speci-
mens.

VIP-IR was significantly higher in lesional psoriatic skin
(3.45 £ 0.47 pmol/g tissue) than in non-lesional psoriatic skin
(1.72 = 0.55 pmol/g tissue, p < 0.05) or control skin (0.55 & 0.52
pmol/g tissue, p < 0.01). VIP levels in non-lesional psoriatic skin
were constantly higher than in control skin, although the difference
was not statistically significant.

By contrast, SP-IR levels were significantly decreased in lesional
psoriatic skin (0.21 & 0.038 pmol/g tissuc) and in non-lesional pso-
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Figure 1. Immunofluorescence staining of a section from lesional psoriatic
skin. VIP-IR fibers innervate a blood vessel in the superficial dermis (4) and
a SP-IR free nerve ending is located in the papillary dermis (B). (4, B:
magnification X 400).

riatic skin (0.20 =% 0.042 pmol /g tissue) as compared to control skin
(0.97 % 0.24 pmol/g tissue, p < 0.01).

Normal Human Keratinocyte Cultures The results are sum-
marized in Table II. The addition of VIP and VIP fragments (10—
28) and (22-28) significantly increased the number of keratino-
cytes in culture as compared to control medium. As shown in Fig 3,
VIP (1-28), (10-28), and (22-28) at concentrations ranging from
1 nM to 1 uM, stimulated keratinocyte proliferation in a dose-de-
endent manner. On the contrary, the amino terminal fragment
VIP (1-12) failed to stimulate keratinocyte growth (Table IT), dem-
onstrating that the VIP carboxy terminus is necessary for the mito-
genic effects. CT caused an increase in keratinocyte number ranging
from 259 =& 42.94 to 567.33 & 24.74% in seven different experi-
ments. The addition of the VIP antagonist GRF (1-29) to the
control medium containing VIP, significantly diminished the VIP-
induced proliferation of keratinocytes (Fig 4). On the other hand, in
the absence of VIP, the VIP antagonist GRF (1-29) did not influ-
ence keratinocyte growth (Fig 4) nor did it affect the CT-induced
stimulation of keratinocytes (Fig 5), providing indirect evidence
that the mitogenic effect of VIP is mediated via a specific receptor.
Finally, SP not only failed to stimulate keratinocyte proliferation
(Table II), but also it significantly inhibited the VIP-induced stimu-
lation of these cells (Fig 6).

DISCUSSION

This study shows that the distribution pattern and staining intensity
of VIP- and SP-IR nerves in lesional psoriatic skin are quite similar
to that observed in non-lesional psoriatic skin or normal skin, in
agreement with previous works [25,26]. On the other hand, Nauk-
karinen et al [27] reported an increase in SP-containing nerves in
psoriatic lesions, whereas Johansson et al [28] have recently demon-
strated that, in involved psoriatic skin, intracpidermal nerves,
known to contain SP but not VIP [29], are decreased. The discrepan-
cies in these results are not surprising. Evaluation of nerve fibers is
difficult histologically, because they appear randomly and only par-
tially in a plane of section. Moreover, only a small number of nerves
is detectable on any one section [27]. VIP-IR nerves were more
frequently encountered than those containing SP in both lesional
and normal skin. The sparseness of SP-IR nerves has already been
reported by others [30] and, indeed, this is not an unexpected find-
ing, because, in the skin, SP is only contained in sensory neurons,
whereas VIP is present both in the sensory and autonomic nerve
fibers [31].

Unlike immunohistochemistry, the radioimmunologic method
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Figure 2. VIP-IR is observed within cellular ele-
ments in the papillary dermis (A). SP-IR is de-
tected within cells of both the papillary dermis and
the stratum corneum (C). H & E staining of the
same sections demonstrates that both VIP and SP-
IR cells are neutrophils (B and D) (4, B, C, D:
magnification X 250).

used in this study is a sensitive technique that allows measurements
of very small amounts of peptides and detection of even minor
differences in level. NP have already been evaluated by RIA in
several dermatoses. VIP and SP levels were below the limit of detec-
tion in the serum of five psoriatic patients, whereas VIP and SP
concentrations in suction blister fluids from lesional skin in the
same subjects were considered to be within normal range [32].
However, it must be pointed out that when RIA is performed di-
rectly on tissue homogenates, it allows a more reliable quantifica-
tion of peptide levels than the suction blister method. In fact, using
this latter technique, the actual concentration of peptide present in
the tissue at a given time is not measured. Indeed, peptide levels
could be artificially changed during the induction phasc of the blis-
ters.

The findings of increased VIP-IR and decreased SP-IR in lesional
psoriatic skin, as determined by RIA, are at variance with the data
reported by Eedy et al [33]. These authors have found both NP
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levels elevated in biopsies from psoriatic lesions, whereas others
have recently found no difference in SP concentrations between
psoriatic and normal skin [34]. On the other hand, SP content has
recently been found decreased also in inflammatory skin conditions
other than psoriasis. Lorens and Theodorsson [35] have detected
reduced SP levels in the oxazolone-induced allergic contact derma-
titis in mice; in addition, SP levels are diminished, whereas VIP
levels are increased in lesional skin from patients with atopic eczema
[36,37]. The decreased cutaneous content of SP could be explained
cither by a diminished synthesis at the central level or by an in-
creased peripheral enzymatic degradation. Interestingly, in rats,
VIP levels are increased and SP levels are decreased in both dorsal
root ganglia and spinal cord after peripheral nerve injury [38,39],
suggesting that lesioned primary sensory neurons present an altered
production of NP. We thus hypothesize that a similar imbalance in
the synthesis of NP may occur when a peripheral inflammatory
process takes place in the skin.
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Table II.  Effects of Different Neuropeptides on the
Proliferation of Cultured Human Keratinocytes®

Peptides Percent Increase == SEM? Significance
VIP (1-28) (0.1 uM) 44.08 + 6.81 p <0.01
VIP (1-12) (0.1 uM) 5.21 + 10.40 NS
VIP (10-28) (0.1 uM) 49.24 + 13.06 p <0.02
VIP (22-28) (0.1 uM) 30.67 + 11.98 p <0.05
SP (0.1 uM) 13.95 + 8.24 NS

“ Normal human keratinocytes were subcultivated according to Green [24]. Three
days after seeding, serum was substituted with BSA (0.1%) and peptides were added.
Cells were counted seven days later.

¢ Results are expressed as mean percent increase * SEM of cell number as compared

to control.

¢ Student t test was used for comparison of the means. Means were obtained from
wriplicate cultures of four independent experiments.

4 NS, not significant.

The high VIP levels in psoriatic lesions raises the question of
where the peptide originates. In this study, VIP-IR was found both
in cutaneous nerve fibers and in neutrophils. VIP-IR has been dem-
onstrated by others also in Merkel cells [10]. The definite physio-
logic role of these cells and of the VIP-like material they contain is
still unclear [10,40], although an increased number of Merkel cells
in psoriasis seems unlikely. VIP is also contained in cells other than
Merkel cells, such as mast cells [41]. The increased mast cell number
in psoriatic skin [19] could partially account for the high VIP levels;
on the other hand, in the present study, non-lesional psoriatic skin
was found to have higher levels of VIP than normal skin, despite the
fact that no difference in mast cell number has been detected be-
tween the former and the latter group [42]. In addition, SP, which is
diminished in lesional psoriatic skin, is also contained in mast cells
[43]. Human neutrophils, which accumulate in psoriatic lesions,
appear to concentrate VIP [44], whereas SP quantities are constantly
lower than those of VIP in neutrophils as well as in other types of
leukocytes [45]. The accumulation of neutrophils in psoriatic le-
sions would thus be partially responsible for the increased VIP levels
detected in the present study. Nevertheless, the abundance of cuta-
neous VIP-containing fibers and the minimal concentrations of
peptides usually detected within cells [45] suggest that nerve termi-
nals are still the major source of VIP.

Because psoriasis is a skin disorder characterized by epidermal
hyperprolifgration, we investigated the possible effects of VIP and
SP on cultured human keratinocytes. VIP (10~-28) and VIP (22-
28), but not VIP (1-12), were able to stimulate keratinocyte prolif-
eration, indicating that the carboxy terminal fragment is responsible
for the mitogenic effect. Furthermore, it may be speculated that the
minimum aminoacidic sequence necessary for the proliferation of
cultured keratinocytes is the heptapeptide VIP (22-28), because a
preferential site of enzymatic breakdown by peptidases occurs in
position 20-21 [22]. The capacity of VIP and the failure of SP in
stimulating keratinocyte proliferation have already been reported
by others [17]. VIP mitogenic effect on keratinocytes was inhibited
by the addition of a VIP antagonist, whereas this molecule alone was
ineffective and did not influence the CT-induced keratinocyte pro-
liferation. These results are in agreement with the findings of Hae-
gerstrand et al who demonstrated the presence of a specific VIP-re-
ceptor on normal human keratinocytes in culture [17].

Most interestingly, the addition of SP was not only ineffective in
stimulating keratinocyte growth, but was also able to block the
mitogenic effect of VIP. Although intriguing, the mechanisms
through which SP may exert this inhibition remain speculative. SP
has been reported to induce keratinocytes to secrete potent cyto-
kines such as interleukin 1 and granulocyte macrophage colony-sti-
mulating factor [46] and also to enhance leukotriene B4-induced
mitogenic effect on cultured keratinocytes [47].

Moreover, SP has been shown to stimulate the hydrolysis of
phosphatidylinositol 4, 5 biphosphate into diacylglycerol and inosi-
tol triphosphate [48], whereas VIP seems to act via the induction of
intracellular cAMP accumulation [17,49]. Interactions between the
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Figure 3. Dose-response curves of the effects of the VIP fragments (1 -28)
(A), (10-28) (B), and (22-28) (C) on the proliferation of cultured normal
human keratinocytes. Data are expressed as means + SEM of triplicate cul-
tures from four independent experiments. Student t test was used for compar-
ison of the means. * = p <0.001; ** = p < 0.01; *** = p < 0.05; NS = not
significant,

cyclic nucleotide and inositide pathways have been reported; for
instance, phorbol esters, which act as diaglycerol analogues, inhibit
the receptors that activate adenylate cyclase [50,51]. This mightalso
be the case for SP inhibition of VIP-induced proliferation of kerati-
nocytes. These different modulating effects on human keratino-
cytes would also support the idea proposed by Hanley that NP, and
in particular tachykinins, may exert a tonic control over normal
basal layer cell division [52] and that in psoriasis there appears to be
an alteration of such a regulation.

Although in vivo and in vitro studies are difficult to compare, the
results of the present work indicate that the imbalance of SP and VIP
and their diverse effects on keratinocyte proliferation could reflect a
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Figure 4. Effects of the VIP antagonist GRF (1-29) on the VIP-induced
proliferation of cultured human keratinocytes. Control medium (open bar,
EGF 10 ng/ml), VIP antagonist GRF (1-29) (cross-striped bar, 0.1 uM), VIP
(grey bar, 0.1 uM), VIP (0.1 uM) + VIP antagonist GRF (1-29) (0.1 uM)
(solid bar). Keratinocyte proliferation induced by control medium is conven-
tionally set at 100%. Addition of the VIP antagonist significantly diminishes
the VIP-induced proliferation of cultured human keratinocytes. VIP antago-
nist GRF (1-29) alone does not significantly affect keratinocyte growth. In
the same experiment, VIP significantly stimulates the proliferation of cul-
tured human keratinocytes. Results are expressed as mean & SEM of tripli-
cate cultures from four independent experiments. Student t test was used for
comparison of the means. *** VIP versus control, p < 0.001; ** VIP + GRF
(1-29) versus VIP, p < 0.01; GRF (1-29) versus control, NS (not signifi-
cant).

different role of these NP as modulatory agents in the psoriatic
lesion. In this respect, it is interesting to note that SP and VIP
exhibit disparate activities also in the immune system, in that the
former is more stimulatory, whereas the latter acts as an inhibitory
molecule. In particular, SP stimulates lymphocyte proliferation
[53], induces the release of a number of cytokines from human blood
monocytes [54], and enhances immunoglobulin synthesis [55]. On
the other hand, VIP inhibits lymphocyte proliferation [56] and mi-
gration [57], reduces immunoglobulin A synthesis [55], and inhibits
natural killer cell activity [58]. In addition, VIP su presses experi-
mental delayed-type hypersensitivity reactions [5953. Furthermore
recent works point to a possible antiinflammatory role for VIP.
Indeed, it is released in elevated amounts in the lungs where it
protects the tissue against inflammatory injuries due to a variety of
agents [60] and VIP also inhibits phospholipase A2 [61], thus pro-
viding a major antiinflammatory activity. In conclusion, we posit
that VIP and SP may be involved in the pathogenesis of psoriasis and
they might exert disparate effects on both the inflammatory mecha-
nisms and keratinocyte proliferation.
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Figure 5. Effects of the VIP antagonist GRF (1-29) on the CT-induced
proliferation of cultured human keratinocytes. Control medium (open bar,
EGF 10 ng/ml), CT (cross-striped bar, 0.1 nM), CT (0.1 nM) + GRF (1 -29)
(0.1 uM) (solid bar). Keratinocyte proliferation induced by control medium
is conventionally set at 100%. The VIP antagonist GRF (1-29) does not
affect the CT-induced stimulation of keratinocytes. Results are expressed as
mean & SEM of triplicate cultures from four independent experiments. Stu-
dent t test was used for comparison of the means. NS, not significant.
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Figure 6. Effects of co-addition of SP and VIP on the proliferation of
cultured human keratinocytes. Control medium (open bar, EGF 10 ng/ml),
VIP (grey bar, 0.1 uM), SP (cross-striped bar, 0.1 uM), VIP (0.1 uM) + SP
(0.1 uM) (solid bar). Keratinocyte proliferation induced by control medium
is conventionally set at 100%. VIP but not SP stimulates keratinocyte
growth. Addition of SP inhibits the VIP-induced keratinocyte proliferation.
Results are expressed as mean = SEM of triplicate cultures from four inde-
pendent experiments. Student t test was used for comparison of the means.
*** VIP versus control, p < 0.001, SP versus control, NS (not significant).
* SP + VIP versus VIP, p < 0.05.
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