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Abstract

Previous in vitro studies showed that molecules in an extract of the mite Sarcoptes scabiei variety
canis De Geer could modulate the secretion of cytokines from cultured normal human epidermal
keratinocytes and dermal fibroblasts in the absence of proinflammatory cytokines in the cell culture
media. The purpose of this study was to investigate whether scabies extract could also modulate
cytokine and chemokine secretion from epidermal keratinocytes and dermal fibroblasts in the
presence of proinflammatory cytokines that are likely present in the scabietic lesion in vivo. In
particular, could the downmodulating properties of this ectoparasitic mite on skin cells be maintained
in the presence of proinflammatory cytokines? We found that even in the presence of the
proinflammatory cytokines interleukin (IL)-1«, IL-1/, and a mixture of tumor necrosis factor (TNF)
o + IL-17, scabies extract still downregulated the levels of IL-8 secretion from keratinocytes and
fibroblasts and of granulocyte/macrophage-colony stimulating factor (GM-CSF) secretion from
fibroblasts that were induced by stimulation of the cells with proinflammatory cytokines alone. This
study also showed that scabies molecules induced secretions of growth-related oncogene o
(GROw), transforming growth factor o (TGFa), and cutaneous T-cell attracting chemokine (CTACK)
from keratinocytes and IL-6 and granulocyte-colony stimulating factor (G-CSF) from fibroblasts.
These findings, coupled with the previous findings that molecules in scabies extract could
downregulate expression of intracellular adhesion molecule-1 (ICAM-1) and E-selectin by normal
dermal microvascular endothelial cells and secretion of IL-1ra from keratinocytes, suggest that
multiple factors from scabies mites play a role in the characteristic delayed inflammatory response
to a primary infestation with S. scabiei. These are adaptations that favor invasion of the host by the
parasite.
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Sarcoptes scabiei De Geer is an obligate ectoparasitic mite that lives in the stratum corneum
of the skin of humans and other mammals. After an initial 4- to 8-wk delay on becoming infested
with scabies for the first time, human patients present with various skin clinical symptoms
including pruritus and local inflammation. Evidence is mounting suggesting that S. scabiei is
the source of molecules that can downregulate the secretion of selected cytokines and
chemokines and expression of adhesion molecules by resident and infiltrating cells of the
epidermis and dermis, and this may contribute to the initial delay in inflammatory and immune
responses to the scabies mite (Arlian et al. 1996b, 2003, 2004; Elder et al. 2006).
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A previous in vitro study showed that molecules in a scabies extract prepared from whole mite
bodies (variety canis) downregulated secretion of interleukin-1 receptor antagonist (IL-1ra)
and IL-8 and stimulated secretion of IL-6 and vascular endothelial cell growth factor (VEGF)
from cultured normal epidermal keratinocytes (Arlian et al. 2003). The same study showed
that molecules in a scabies extract stimulated secretion of I1L-6, IL-8, granulocyte colony
stimulating factor (G-CSF), and VEGF from normal human dermal fibroblasts. Likewise,
living burrowing mites have been shown to upregulate IL-1¢ and IL-14 secretion from human
skin equivalents consisting of keratinocytes grown over a fibroblast-collagen matrix (Arlian
et al. 1996b).

In addition to keratinocytes and fibroblasts, various other cell types that may control
extravasation or that infiltrate scabietic lesions may respond to scabies mites and their products.
Molecules in a scabies mite extract can inhibit the expression of intracellular adhesion
molecule-1 (ICAM-1) and E-selectin by cultured normal human dermal microvascular
endothelial cells (Elder et al. 2006) and stimulate T-regulatory (Treg) cells from normal human
donors to produce the downregulating cytokine IL-10 (Arlian et al. 2006). Scabies extract
(variety canis) has also been shown to induce secretion of IL-14, IL-6, IL-8, and tumor necrosis
factor-a (TNFa) from human peripheral blood mononuclear cells (mostly monocytes) in vitro
and downregulate secretion of IL-6 and IL-8 that was induced by lipopolysaccharide (LPS)-
stimulated dendritic cells derived from them (Arlian et al. 2004).

Taken together, a preponderance of in vitro data suggest that scabies mites in vivo may
influence the initiation and course of inflammatory and immune reactions in the skin by
modulation of cytokine and chemokine secretion and expression of adhesion molecules from
resident skin cells such as fibroblasts, keratinocytes, and endothelial cells and infiltrating cells
such as monocytes, dendritic cells derived from these, and lymphocytes.

The expression of primary proinflammatory cytokines such as IL-1q, IL-14, and TNFa in the
skin is essential to initiating and sustaining the inflammatory/immune response to exogenous
stimuli in the skin. Although IL-1a and I1L-15 can be produced by activated keratinocytes and
fibroblasts, IL-1a, IL-14, and TNFa are also produced by activated monocytes and
macrophages. These cytokines can act on several different cell types including keratinocytes,
fibroblasts, and endothelial cells and amplify their cytokine and chemokine responses. In
addition, the newly described cytokine IL-17 may play a role in mediating cutaneous
inflammation through possible synergy with TNFa as has been reported for skin and lung
fibroblasts (Katz et al. 2001, Letuve et al. 2006).

In the previous studies in which fibroblasts and keratinocytes were stimulated with scabies
extract, these cells were not co-stimulated with proinflammatory cytokines. In vivo,
proinflammatory cytokines are likely present in the vicinity of the burrowing mite, and these
may influence the response of keratinocytes and fibroblasts to mite products and the course of
inflammation. Thus, the purpose of this research was to investigate whether scabies extract
could modulate cytokine and chemokine secretion from keratinocytes and fibroblasts in the
presence of some other proinflammatory cytokines that are likely present in the scabietic lesion.

Materials and Methods

Reagents

A whole body homogenate extract of S. scabiei variety canis mites of all life stages was
prepared in glass-distilled water as previously described (Morgan and Arlian 1994). The extract
was filtered through a 0.22-um filter into sterile vials and its protein concentration was
determined by the method of Bradford (1976) using bovine serum albumin as the standard.
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Recombinant human IL-4, 1L-13, IL-17, and TNFa were purchased from R&D Systems
(Minneapolis, MN), and IL-1a and IL-1/ were obtained from eBioscience (San Diego, CA).
All ELISA kits (DuoSet Quantikine kits) were purchased from R&D Systems and were used
according to the manufacturer's directions.

Human Cells

Results

Cryopreserved keratinocytes and fibroblasts obtained from adult donors along with all media,
supplemental growth factors, and cell culture reagents were purchased from Lonza
Walkersville (Walkersville, MD). Cells were grown in their recommended growth media at
37°C in 5-6% CO,. Cells were maintained and passaged according to the supplier's directions.
For testing, cells were plated in 24- or 48-well Costar tissue culture plates (Corning, NY) and
grown to ~80% confluence. At the beginning of each experiment, the medium was removed
from the cells and was replaced with fresh growth media containing the stimulants (scabies
extract = proinflammatory cytokine) of interest. Cells exposed to medium in the absence of
stimuli served as controls. Cell-free culture supernatants were collected at 8, 24, or 48 h and
were stored at —80°C for subsequent cytokine analysis.

All experiments were performed at least twice with each experiment including at least three
replicate wells for each test stimulant. Data presented here are from one representative
experiment and are reported as mean = SEM.

Preliminary Studies

We are particularly interested in the downregulation that scabies mites seem to be able to
impose on the host inflammatory and immune reactions. To determine downregulatory effects,
it is necessary to first stimulate upregulated function of cells that do not constitutively express
a cytokine and then challenge them with scabies products in the absence and presence of
proinflammatory mediators. Proinflammatory cytokines chosen for study were IL-1a, IL-15,
IL-17, and tumor necrosis factor-a (TNFa). Therefore, dose-response experiments were
conducted to first determine the effect of proinflammatory cytokines on keratinocytes and
fibroblasts to determine the appropriate dose of these cytokines to use in experiments in which
upregulated cells were co-stimulated (dual stimulation) with S. scabiei extract together with
the proinflammatory cytokine.

We determined that IL-1« and IL-15 each at 1.0 ng/ml induced optimal cytokine secretion from
keratinocytes and fibroblasts (datanot shown). Co-stimulation with these two proinflammatory
cytokines at this dose did not result in enhanced secretion over the effect induced by each
individual cytokine alone.

IL-17 was chosen for study because the Th-17 subset of T-cells (formerly included in the Th-1
phenotype of T-cells) secrete the proinflammatory cytokine IL-17. Fibroblasts and many other
cells types including venus endothelial cells have receptors for IL-17 and cells respond to this
cytokine by expressing other proinflammatory cytokines including IL-14, IL-6, IL-8, and
TNFa (Fossiez et al. 1996, Jovanovic et al. 1998, Linden 2006, Schmidt-Weber et al. 2007).
IL-17 has also been reported to synergize the stimulatory effects of TNFa (Katz et al. 2001)
so we tested IL-17 and TNFa alone and in combination.

TNFa at 5.0 ng/ml induced secretion of IL-6, IL-8, G-CSF, and granulocyte/macrophage
colony stimulating factor (GM-CSF) from fibroblasts and of IL-8 from keratinocytes (Tables
1,2).1L-17 at 10 and 100 ng/ml by itself stimulated secretion of IL-8 by keratinocytes but little
or no other cytokine secretion from keratinocytes or fibroblasts was elicited by IL-17 at any
of the concentrations tested. TNFa at 5.0 ng/ml and IL-17 at 10.0 ng/ml combined
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synergistically to induce secretion of IL-6 from keratinocytes and of IL-6, G-CSF and GM-
CSF from fibroblasts. For both cell types, TNFa and IL-17 together induced an additive effect
on the secretion of 1L-8 compared with stimulation with TNFa or IL-17 alone (data not shown).
Hence, the subsequent experiments used TNFa + IL-17 at 5.0 and 10.0 ng/ml, respectively.

Normal Human Epidermal Keratinocytes

Sarcoptes scabiei Extract Downregulates the Secretion of IL-8 (CXCL8) in the
Presence of the Proinflammatory Cytokines IL-1a, IL-18, and TNFa + IL-17—
Keratinocytes constitutively secreted very little IL-8 and stimulation with scabies extract had
little effect on these levels (Fig. 1; Table 1). Stimulation of keratinocytes with either IL-1«,
IL-15, or TNFa + IL-17 dramatically increased secretion of I1L-8 above constitutive levels. In
a dose-dependent fashion, co-stimulation with scabies extract and the mixture of IL-1a,
IL-15, or TNFa + IL-17 decreased IL-8 secretion to levels below those induced by the
proinflammatory cytokines in the absence of S. scabiei extract.

Sarcoptes scabiei Extract Upregulates Secretion of IL-6, Growth-Related
Oncogene a (GROa/CXCL1), and Transforming Growth Factor a (TGFa) But Did
Not Modulate Proinflammatory Stimuli-Induced Secretion of These Cytokines

IL-6: Cultured keratinocytes constitutively secreted very little IL-6 (Table 1). Stimulation of
keratinocytes with varying doses of scabies extract did induce some secretion of IL-6 in a dose-
dependent fashion. Stimulation of keratinocytes with TNFa + IL-17 together increased IL-6
secretion. Addition of scabies extract at varying doses along with TNFa + IL-17 resulted in
additive secretion of IL-6. Neither IL-1a nor IL-14 elicited IL-6 secretion above baseline levels.

GROa (CXCL1): Keratinocytes constitutively secreted GROa and stimulation of these cells
with scabies extract increased secretion of GROa« above constitutive levels in a dose- and time-
dependent fashion (Table 1). Stimulation with IL-1a, IL-18, or TNFa + IL-17-induced
secretion of large amounts of GROa. Keratinocytes co-stimulated with scabies extract along
with IL-1e, IL-18, or TNFa + IL-17 did not appreciably modulate the stimulant-induced
GROaq secretions.

TGFa: Keratinocytes constitutively produced TGFa and stimulation of these cells with
TNFa + IL-17 slightly increased TGFa secretion (Table 1). Stimulation with varying doses of
scabies extract yielded a dose-dependent secretion of TGFa. Co-stimulation with scabies
extract along with TNFa + IL-17 resulted in a mite extract dose-dependent increase in TGFa
above the TNFa + IL-17—-induced levels.

Cutaneous T-cell Attracting Chemokine (CTACK/CCL27) Secretion Requires
Prolonged Stimulation With Scabies Extract—CLA (cutaneous lymphocyte associated
antigen) is the surface ligand of a subset of memory T cells. These T cells bind to E-selectin
that is expressed on microvascular endothelial cells during local inflammation and whose
expression on dermal endothelial cells is suppressed in the presence of scabies extract (Elder
et al. 2006). CLA+ memory T cells preferentially home to the skin. CTACK is an attractant
for CLA+ memory T cells that is produced in the skin by keratinocytes (Morales et al. 1999,
Homey et al. 2002) and TNF« and IL-15 have been reported to induce CTACK production
(Homey et al. 2002).

No CTACK secretion by keratinocytes was detected before 48 h. Stimulation with varying
doses of scabies extract increased CTACK production from keratinocytes above constitutive
levels by nearly three-fold at all doses tested (Fig. 2; Table 1). Although addition of IL-1«,
IL-1p, IL-4, or IL-13 at 10.0 ng/ml doubled the amount of CTACK secreted, stimulation with
TNFa at 10.0 ng/ml elicited a five-fold increase in CTACK production. Stimulation with
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scabies extract at 12.5,25, and 50 xg/ml along with TNFa (10 ng/ml) increased CTACK
production above TNFa-induced level (Fig. 2).

Scabies Extract Has No Effect on the Secretion of Thymus- and Activation-
Regulated Chemokine (TARC/CCL17) and Thymic Stromal Lymphopoietin
(TSLP)—TARC is a cytokine produced by dendritric cells, keratinocytes, fibroblasts, and
bronchial epithelial cells and is a specific chemoattractant for Th-2 type T-cells to sites of
inflammation (Yu et al. 2002). Fibroblasts require dual stimulation with IL-4 and TNFa to
produce TARC (Yu et al. 2002). TSLP is a keratinocyte-produced cytokine that promotes
dendritic cell-mediated allergic inflammation (Bogiatzi et al. 2007, Liu 2007, Soumelis et al.
2002).

Keratinocytes did not constitutively secrete TARC or TSLP and no more than trace amounts
of these compounds were produced when cells were stimulated with scabies extract, with
TNFa alone, or in combination with IL-1a, IL-1f, IL-4, or IL-13 (Table 1).

Normal Human Dermal Fibroblasts

Scabies Extract Downregulates Induced Secretion of IL-8 (CXCL8) and GM-CSF

IL-8 (CXCL8): Unstimulated fibroblasts did not secrete measurable amounts of IL-8 (Fig. 3;
Table 2). At 8 h, fibroblasts stimulated with scabies extract increased IL-8 secretion; however,
IL-8 secretion decreased as scabies extract concentrations increased (Fig. 3). By 24 h, 1L-8
secretion was induced by scabies extract in a dose-dependent manner. Stimulation of
fibroblasts with IL-1a, IL-15, or TNFa + IL-17 elicited secretion of tremendous amounts of
IL-8. At 8 h, the stimulant-induced IL-8 secretion was decreased by co-incubation with
increasing doses of scabies extract but by 24 h the scabies extract had no effect on the level of
IL-8 secretion from fibroblasts induced by these proinflammatory mediators (Fig. 3).

GM-CSE: Fibroblasts did not constitutively secrete GM-CSF nor did addition of scabies
extract elicit secretion of this cytokine (Fig. 4; Table 2). Stimulation of fibroblasts with
IL-1a, IL-15, or TNFa + IL-17—induced substantial GM-CSF secretion. Co-stimulation of
fibroblasts with scabies extract and any of the three proinflammatory stimuli induced a dose-
dependent downregulation of GM-CSF secretion below the proinflammatory-induced levels
at both 8 and 24 h.

Sarcoptes scabiei Extract Upregulates Secretion of IL-6 and G-CSF by Dermal
Fibroblasts

IL-6: Cultured fibroblasts did not constitutively produce IL-6 (Table 2). Stimulation of
fibroblasts with varying doses of scabies extract increased IL-6 secretion in both a dose-
dependent and time-dependent fashion. Stimulation of fibroblasts with IL-1a, IL-15, or
TNFa + IL-17 also induced increased secretion and these levels of IL-6 secretion were
unchanged by co-stimulation with scabies extract compared with proinflammatory-induced
expression.

G-CSF: Fibroblasts did not constitutively secrete G-CSF (Table 2). Stimulation with varying
doses of scabies extract induced G-CSF secretion in a dose- and time-dependent fashion.
Stimulation with either IL-1a, IL-1f, or TNFa + IL-17 also increased G-CSF secretion. Co-
stimulation with scabies extract and proinflammatory cytokines did not affect the G-CSF levels
induced by the proinflammatory stimuli alone.

Scabies does not induce the secretion of TARC (CCL 27) and TSLP: Fibroblasts did not
constitutively secrete TARC or TSLP nor were they expressed when cells were stimulated with
scabies extract or with TNFa alone or in combination with IL-4, IL-13, or IL-17 (Table 2).
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Discussion

A previous study found that molecules in scabies extract downregulated the constitutive and
LPS-induced secretion of IL-8 from normal cultured keratinocytes (Arlian et al. 2003). In that
particular study, no proinflammatory cytokines were added to the culture media along with the
scabies extract. In vivo, it is likely that proinflammatory cytokines such as IL-1a, IL-15,
TNFa, and IL-17 are released by other cells in the vicinity of a scabies mite in the epidermis.
Therefore, in this study we co-stimulated keratinocytes with scabies extract and IL-1«,
IL-18, and a TNFa + IL-17 mixture. We observed that keratinocytes constitutively secreted
very little IL-8 but IL-8 secretion was induced when the cells were stimulated with IL-1a,
IL-18, and TNFa + IL-17. Importantly, this finding was that scabies extract, even in the
presence of the proinflammatory cytokines IL-1a, IL-18, and a TNFa + IL-17 mixture, dose-
dependently downregulated the level of IL-8 secretion that was induced by the
proinflammatory cytokines alone. IL-8 is a potent chemotatic factor for neutrophils.
Neutrophils are a major component of the cell infiltrate into a scabietic lesion once
extravasation begins (Arlian et al. 1994, 1996a).

The temporal effect of scabies extract on fibroblast IL-8 production over time was also
interesting. At 24 h, scabies induced a dose-dependent increase in IL-8 production as we had
seen in our earlier studies (Arlian et al. 2003). The addition of the proinflammatory cytokines
induced secretion of large amounts of IL-8 that was downregulated by scabies extract at the
shorter time but not at the longer time. This is consistent with our observations in TNFa-
stimulated dermal endothelial cells where scabies extract (200 xg/ml) inhibited IL-8 production
by 85% at 6 h but by lesser amounts as time progressed (52% at 12 h; Elder et al. 2006). In
fact, this observation of scabies down-modulation of endothelial cell cytokine secretion at
shorter times is one of the reasons that we conducted the current experiments at shorter times.

We hypothesize that the apparent inconsistency between the ability of scabies extract to induce
IL-8 secretion from fibroblasts while also suppressing proinflammatory-induced 1L-8
production is caused by the presence of at least two distinct sets of bioactive molecules in the
scabies extract. One (the “IL-8 suppressor”) interferes with proinflammatory-induced IL-8
production, perhaps by binding to the receptor through which these stimulatory molecules act.
The second stimulates I1L-8 secretion by a mechanism independent of the one used by the other
stimuli, and by 24 h, the amount of 1L-8 produced in response to this molecule overcomes the
inhibition.

Another important finding was that S. scabiei extract could dose-dependently downregulate
the secretion of GM-CSF from fibroblasts that was induced by stimulation with
proinflammatory cytokines. The functions of GM-CSF include stimulating the differentiation
of granulocytes and monocyte progenitors and the growth of endothelial cells. It is not clear
what the effect might be in a scabietic lesion but perhaps monocytes would not differentiate
into macrophages in the lesion or even infiltrate from the blood stream into the lesion. Temporal
histological studies have shown that there are few macrophages in scabietic lesions compared
with neutrophils and lymphocytes (Arlian et al. 1994, 1996a).

Although scabies mites are the source of molecules that can downregulate selected aspects of
fibroblast, keratinocyte, and endothelial cell function, these mites also stimulate inflammatory
events by these same cells and others. This study showed that scabies molecules induce
secretions of GROa, TGFa, and CTACK from keratinocytes and IL-6 and G-CSF from
fibroblasts. In most cases, scabies extract acted in an additive fashion to increase the effect of
the proinflammatory cytokines IL-1q, IL-15, and TNF« + IL-17 on these cells. The interesting
question is how do these upregulated and downregulated effects influence the overall host
response temporally after the mite infestation is initiated. Clearly, the downregulation events
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induced by the mites are dominant early in an infestation even in the presence of
proinflammatory cytokines and lipid-mediators. The depressed response shifts to an
inflammatory response as an infestation progress. In our in vitro system, we stimulate cells
with scabies mite whole body extracts that contain all soluble mite molecules. One possibility
is that in vivo the effector molecules, and their quantities are released at different rates and/or
at different times. The down-modulating molecules are likely released by live mites so they
can establish a population in the host protected from the host's damaging response. Live mites
produce downregulating molecules but as the mite population increases and mites die and
disintegrate in the skin, they may be the source of molecules that induce the inflammatory
response that eventually overrides the initial downregulation.

Overall, these results suggest that molecules in scabies extract can both down- and upmodulate
cytokine and chemokine expression from keratinocytes and fibroblasts even in the presence of
potent proinflammatory mediators. These findings that the secretion of IL-8 from keratinocytes
and fibroblasts and of GM-CSF from fibroblasts can be downregulated coupled with our
previous finding that scabies could downregulate expression of IL-8, ICAM-1, and E-selectin
by dermal microvascular endothelial cells (Elder et al. 2006) and IL-1ra from keratinocytes
(Arlian et al. 2003) suggest that scabies mites are the source of multiple factors that may play
arole in the delayed inflammatory response observed in an early primary infestation with
scabies. The interesting host—parasite relationship that has evolved favors the parasite's early
successful exploitation of the host and the survival of the parasite.
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Fig. 1.

IL-8 (CXCLS8) secretion by normal human epidermal keratinocytes in response to various
stimuli. Cells were incubated for 8 or 24 h with varying doses of S. scabiei (SS) extract alone
or in combination with IL-1a (1.0 ng/ml), IL-15 (1.0 ng/ml), or TNFe + IL-17 (5.0 + 10.0 ng/
ml, respectively).
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Fig. 2.

CTACK (CCL27) secretion by normal human epidermal keratinocytes in response to various
stimuli. Cells were incubated for 48 h with varying doses of S. scabiei (SS) extract alone or in
combination with TNFa (10.0 ng/ml).
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Fig. 3.

IL-8 (CXCLB8) secretion by normal human dermal fibroblasts in response to various stimuli.
Cells were incubated for 8 or 24 h with varying doses of S. scabiei (SS) extract alone or in
combination with IL-1a (1.0 ng/ml), IL-14 (1.0 ng/ml), or TNFa + 1L-17 (5.0 + 10.0 ng/ml,
respectively).
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GM-CSF secretion by normal human dermal fibroblasts in response to various stimuli. Cells
were incubated for 8 or 24 h with varying doses of S. scabiei (SS) extract alone or in
combination with IL-1a (1.0 ng/ml), IL-15 (1.0 ng/ml), or TNFa + 1L-17 (5.0 + 10.0 ng/ml,

respectively).
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