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Abstract

Keratinocytes produce a molecule, epidermal-derived thymocyte
activating factor (ETAF), which is biologically and physio-
chemically similar to the polypeptide hormone interleukin 1
(IL-1). Because the stratum corneum (SC) is composed of ter-
minally differentiated keratinocytes, we questioned whether
ETAF/IL-1 could be isolated from this tissue. The extraction
of normal human SCwith a physiologic saline solution yielded
a large amount of ETAF/IL-1 activity, as measured by the in
vitro thymocyte co-stimulator assay. SC-derived ETAF/IL-1
(scETAF/IL-1) eluted from a sizing column with an approximate
molecular weight of 15,000, and demonstrated three isoelectric
point forms after separation on a chromatofocusing column. By
these physiochemical characteristics, scETAF/IL-1 was found
to be similar, if not identical to human keratinocyte- and mac-
rophage-derived ETAF/IL-1. Further, a number of biologic ef-
fects known to occur in vivo after the administration of ETAF/
IL-1, such as fever, neutrophilia, and an increase in plasma levels
of acute-phase proteins, were all induced by the injection of
scETAF/IL-1 into endotoxin-nonresponsive mice. scETAF/IL-
1 was also found to stimulate collagenase production by human
fibroblasts in vitro. In summary, our studies have established
that normal human SCcontains a large quantity of scETAF/IL-
1. Whether scETAF/IL-1 integrates into the earliest afferents
phases of local inflammatory responses, or merely represents a
means of disposal of excessively produced hormone is currently
unresolved.

Introduction

A considerable amount of investigative effort has recently been
spent on the analysis of interleukin I (IL-i),' a hormone that
mediates a wide range of biologic effects in vivo and in vitro.
IL- I is a 1 5,000-mol wt polypeptide reported to play an integral
role in the generation of both immune and inflammatory re-
sponses (1-3). Pyrogenicity, neutrophil chemotaxis, lymphocyte
activation and chemotaxis, muscle proteolysis, and the produc-
tion of acute-phase proteins are all effects induced by the action
of IL- I on various anatomic sites including the brain, bone mar-
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1 . Appreviations used in this paper: ETAF, epidermal-derived thymocyte
activating factor; IL-1, interleukin 1; LPS, lipopolysaccharide; pI, iso-
electric point; PMA, phorbol myristate acetate; SAP, serum amyloid P
(substance); SC, stratum corneum.

row, lymphoid tissue, muscle, and liver (4-14). Once believed
to be produced only by activated macrophages, the synthesis
and secretion of IL-1 or IL- 1-like molecules has now been ex-
tended to a variety of cell types, including keratinocytes of the
skin (15, 16). Because of its cellular source, keratinocyte-derived
IL-1 was originally termed epidermal-derived thymocyte acti-
vating factor (ETAF). However, we now appreciate that ETAF
and IL- 1 are physiochemically similar and share most biologic
activities ( 17).

Keratinocytes originate in the basal, germinative layer of the
epidermis and terminally differentiate to form eventually the
cells of the outermost layer of the skin known as the stratum
corneum (SC). Dalziel et al. (18) recently established that sterile
human SC, implanted intracutaneously into guinea pigs, induced
a pronounced inflammatory response suggesting that a pro-in-
flammatory mediator might associate with this material. Pre-
liminary observations in our laboratory determined that a sig-
nificant amount of in vitro thymocyte co-stimulator activity was
present on the surface of normal human skin. Wetherefore un-
dertook an investigation to establish whether this bioactivity was
associated with substances present within the stratum corneum.
Herein we report that normal human stratum corneum contains
a large amount of easily extractable ETAF/IL- 1 activity. This
substance(s) demonstrates the approximate molecular weight,
isoelectric points, heat stability, as well as in vitro and in vivo
bioactivities of human keratinocyte- and macrophage-derived
ETAF/IL- 1. The possible biologic implications of this obser-
vation are discussed.

Methods

Experimental animals. C3H/HeJ mice and mice of the C57BL/IOScN
strain were bred in our colony from breeding stock originally obtained
from the Animal Production Facility, National Institutes of Health. All
mice were housed at a maximum density of five animals per 7 X 11 -in.
cage and maintained on Wayne Sterilizable Lab Blox and acidified water
ad libitum. Animals of either sex (4-6 wk old) were employed as either
a source of murine thymocytes (C3H/HeJ) or in the in vivo analysis of
ETAF/IL-1 (C57BL/lOScN).

Cellular sources of ETAF/IL-I. ETAF/IL- I -containing supernatants
were obtained from the transformed keratinocyte cell line PAM212,
which constitutively produces this mediator (19). Cells were cultured at
an initial density of 5 X i0' cells/ml at 37°C with 5% CO2 in RPMI-
1640 medium (Hazleton Dutchland, Inc., Denver, PA) containing 5%
fetal calf serum (Sterile Systems Inc., Logan, UT), 50 U/ml penicillin,
50 ,g/ml streptomycin, 2 mMglutamine, 5 X 10-1 M2-mercaptoethanol
and nonessential amino acids (complete RPMI-1640 or cRPMI-1640).
After 72 h, supernatants were collected, centrifuged to remove cellular
debris, and extensively dialyzed against phosphate-buffered saline (PBS)
followed by a final dialysis with RPMI-1640. This PAM212 supernatant
was used as the ETAF/IL-I standard and was arbitrarily given an activity
of 100 U/ml.

Extraction of human SC. SCwas obtained from heel callus donated
by normal human volunteers. After washing and swabbing the donors'
heels with 70% ethanol, the SC was removed by careful paring with a
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scalpel blade or by using a Dr. Scholl's callus remover. Immediately after
collection the SC was snap-frozen in liquid nitrogen and pulverized to
a fine powder with a mortar and pestle. The SC was then extracted by
adding 10 ml of PBS for each gram of powdered SC, followed by ho-
mogenization for 30 s with a Polytron Tissue Homogenizer (Brinkmann
Instruments, Inc., Westbury, NY). The insoluble material was pelleted
by centrifugation and the supernatant was collected. This extraction pro-
cess was then repeated one to four additional times. The protein content
of each extract was determined by the Lowry assay using a bovine plasma
gammaglobulin protein standard (Bio-Rad Laboratories, Richmond,
CA). Any deviation from the protocol outlined above is explained in the
Results section.

Bioassays employed to detect the presence of ETAF/IL-1 in vitro
analysis. The thymocyte co-stimulator assay has become a standard test
for the presence of ETAF/IL- I and measures the ability of this mediator
to augment mitogen-induced proliferation of murine thymocytes. Serial
dilutions (in triplicate) of test and standard supernatants were incubated
with 5 X lO peanut agglutinin (Arachis hypogaea, Sigma Chemical Co.,
St. Louis, MO)negative thymocytes in RPMI-1640 containing 1%normal
mouse serum (plus 5 U/ml penicillin, 50 Mg/ml streptomycin, 2 mM
glutamine, 5 X 10-0 M2-mercaptoethanol and non-essential amino acids)
in the presence or absence 2.5 gg/ml of phytohemagglutinin (Sigma
Chemical Co.). After 66 h at 370C in 5%C02, cell cultures were pulsed
with 0.5 MCi of [3H]thymidine (2 Ci/mM, NewEngland Nuclear, Boston,
MA) and then harvested 6 h later onto glass fiber filters (PhD cell harvester,
Cambridge Technology, Inc., Cambridge, MA).

A second in vitro assay, recently described by Kaye et al. (20, 21),
employs an ETAF/IL-I-responsive T lymphocyte cell line as a reliable
indicator for the presence of ETAF/IL-I in test and standard supernatants.
Serial dilutions, in triplicate, of a supernatant were incubated with 1
X I04 DIO.G4.1 cells in cRPMI-1640 media containing 5% fetal calf
serum in the presence or absence of 2.5 ,g/ml of concanavalin A (Sigma
Chemical Co.). Cultures were pulsed with 0.5 MCi of [3H]thymidine for
the final 6 h of a 48-h incubation period and harvested, as described
above, prior to counting with a scintillation counter (Packard Instrument
Co., Inc., Downers Grove, IL).

Neither the C3H/HeJ thymocytes nor the DlO.G4.1 cells respond
significantly to 2.5 ug/ml of mitogen in the absence of ETAF/IL- I or to
the test supernatants (or ETAF/IL-I standards) in the absence of mitogen.
Therefore, both of these in vitro assays measure the ability of ETAF/
IL- I to augment (or co-stimulate) cellular proliferation induced by mi-
togen. In our assays, 1 U of ETAF/IL-l is capable of increasing the
proliferative rate of murine thymocytes 10-15-fold, whereas 1 Uof ETAF/
IL- I induces a 30-50-fold increase in DlO.G4. 1 cell proliferation.

Co-stimulator activity in any given test supernatant was assigned a
unit/milliliter value by comparing it to the ETAF/IL-l standard. Unit
values were calculated by using a formula originally derived by Luger et
al. (16): U/ml = 100 X (reciprocal dilution of test sample at 30% maximal
cpm of standard)/(reciprocal of dilution of standard at 30% maximal
cpm of standard).

Collagenase production by human fibroblasts in vitro. The ability of
scETAF/IL- I to stimulate collagenase production by human skin fibro-
blasts (2-mo-old donor, sixth passage) was assessed employing a procedure
described in detail elsewhere (22). Briefly, fibroblasts were grown in a
24-well plate in Dulbecco's modified Eagle's medium containing 10%
fetal calf serum until confluent. 24 h after confluency the medium was
removed and the cells were washed three times with Hank's balanced
salt solution. The cells were then incubated for 24 h at 37°C with Dul-
becco's medium containing 0.5% bovine serum albumin alone, or in the
presence of 100 U scETAF/IL-I or 10 ng/ml phorbol myristate acetate
(PMA, a known stimulator of collagenase activity) (23). After incubation,
the medium was removed and collagenase activity was determined after
trypsin activation by the soluble fibril assay employing [3H]collagen (type
1) from rabbit tendon (22). Under the conditions employed, none of the
test preparations was cytotoxic or mitogenic as evidenced by altered
DNAcontent, which was determined by a method described in detail
elsewhere (24).

In vivo analysis. ETAF/IL-I induces a number of characteristic in
vivo biologic effects when injected into experimental animals (1-3). We
chose to measure three of these effects (temperature elevations, neutro-
philia, and an increase in plasma levels of acute-phase proteins). Core
body temperature of C57BL/lOScN mice was determined 20 min post-
injection of the test SCextract using a rectal probe and YSI Digital Tele-
thermometer (model 49TA, Fisher Scientific Co., Pittsburgh, PA). Cir-
culating murine neutrophils were quantitated 8 h postinjection of ETAF/
IL- I -containing preparations by the removal of 50 M1 of blood from each
experimental mouse in heparinized capillary tubes. The total number
of leukocytes was determined with a hemocytometer and differential
analysis of leukocytes was performed on Wright's stained blood smears.
Plasma obtained from mice 24 h postinjection of the test SCextract was
assayed quantitatively for serum amyloid-P (SAP) by radial immuno-
diffusion employing a rabbit anti-murine SAPantibody.

Physiochemical characterization of IL-I-containing supernatants.
1 ml of a crude SCextract was applied to a 1.6 X 65-cm column containing
ACA54 (Pharmacia Fine Chemicals, Piscataway, NJ). This column was
preequilibrated with Dulbecco's PBS containing 50 U/ml of penicillin
and 50 ,g/ml of streptomycin. The column was run at a flow rate of 6.0
ml/h and I.0-ml fractions were collected. 20 Ml of each column fraction
was directly evaluated for ETAF/IL-l activity in both the DlO.G4. 1 and
thymocyte bioassays.

Chromatofocusing was employed to determine the isoelectric point(s)
of the material from human SC extracts having ETAF/IL1- activity by
means of a technique described in detail in the Pharmacia instruction
booklet ("Chromatofocusing with Polybuffer and PBE," Pharmacia Fine
Chemicals, Uppsala, Sweden). The crude SC extract or the 15,000-mol
wt fraction from the ACA54 column was initially dialyzed against the
starting buffer (0.025 MTris-CH3COOH, pH 8.3) followed by its appli-
cation to a 0.5 X 30-cm column containing the polybuffer exchanger
PBE 94 (Pharmacia Fine Chemicals, Uppsala, Sweden) which was pre-
equilibrated with the starting buffer. A gradient was formed between the
pHs of 5 and 8 using the starting and elution buffers recommended for
this pH range in the Pharmacia Chromatofocusing instructions. 2-ml
fractions were collected and 1-10 ,ul of each column fraction was directly
tested for ETAF/IL-1 activity using the thymocyte and DIO.G4.1 co-
stimulator assays. The protein content of pooled chromatofocusing frac-
tions was determined by employing the Bradford reagent because the
polybuffers employed in this procedure interfere with the Lowry assay.

Results

Analysis of the soluble proteins extracted from SCfor ETAF/
IL-1 activity in vitro. A cell-free supernatant derived from pooled
sequential extractions of a l-g sample of SC was tested for the
presence of ETAF/IL-1 by the DlO.G4.1 and thymocyte co-
stimulator assays. Fig. 1 represents the results obtained using
the DIO.G4.1 bioassay and demonstrates that the SC extract
tested contained a large amount of co-stimulator activity. In
terms of units, the SC supernatant possessed - 16,000 U/ml of
ETAF/IL-1 activity or '-4 X 105 U/g of original SC. An equiv-
alent amount of co-stimulator activity was detected by the thy-
mocyte bioassay (data not shown). In the absence of mitogen,
the supernatant had no stimulatory effect on either the DlO.G4. 1
cells or murine thymocytes. Protein content in this pooled SC
extract was determined by the Lowry assay to be - 1.7 mg/ml.
Therefore, 4.3 Mg of protein (a 1:80 dilution) in the supernatant
from SC having ETAF/IL-1 activity (scETAF/IL-l) induced a
60-fold increase in the proliferative rate of the DlO.G4. 1 cells.
These results have been repeated with at least 10 separate l-g
SCsamples (each obtained from different human subjects) with
only minimal variation in the amount of scETAF/IL- 1 obtained
after extraction. Homogenization and extraction of equivalent
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Figure 1. In vitro co-stimulator activity of scETAF/IL- 1. A superna-
tant derived from the extraction of normal human stratum corneum
was tested for in vitro co-stimulator activity employing DlO.G4. 1 cells
for the bioassay (.). The heat lability of the co-stimulator activity was
determined by incubating a parallel sample of this supernatant at
80°C for 10 min before analysis for in vitro activity (o). DlO.G4.1
cells responded minimally to 2.5 jg/ml of concanavalin A (-500
cpm) and this background value was substracted from all experimen-
tal values, which are reported as counts per minute. Results are pre-
sented as the average±the standard error of the mean. Similar results
were obtained when thymocytes from lipopolysaccharide (LPS)-non-
responsive mice were employed in the bioassay.

amounts of several other fresh tissues including heart muscle,
lung, spleen, and kidney did not yield any ETAF/IL- 1 activity.

In an attempt to eliminate the possibility that products from
a bacterial contamination in the SCextract were responsible for
inducing the cellular proliferation, scETAF/IL-1 was also ex-
tracted from a source of SC (vernex) aseptically removed from
a newborn infant immediately after delivery by cesarean section.
The soluble extract derived from vernex demonstrated a positive
co-stimulator activity (data not shown). Further, we found that
exposure of scETAF/IL-l to 80°C for 10 min before in vitro
analysis abrogated all co-stimulator activity (Fig. 1). The results
of these experiments suggest that the ETAF/IL-1 activity ob-
tained from SC was not due to bacterial endotoxin contami-
nation because endotoxin is highly resistant to heat inactivation
and should not be a contaminate of aseptically collected vernex.

The amount of scETAF/IL- 1 and soluble protein that could
be obtained from each extraction of a defined amount of SC
was determined by a series of sequential treatments. A total of
44 mg of soluble protein and -7.0 X 105 U of scETAF/IL-l
could be obtained from a 1.0-g sample of SC (data not shown).
The majority of the soluble protein (87%) and scETAF/IL-1
activity (93%) was solubilized from the first two extractions. In
order to obtain an equivalent amount of ETAF/IL- 1 from con-
ventionally employed ETAF/IL-1-producing cells, one would
require a 100% yield in the recovery of activity from -7 liters
of tissue culture supernatant. Because the loss of activity through
purification and concentration procedures is quite significant
(25, 26), it is realistic to assume that one would have to start
with even greater initial volumes of tissue culture supernatants
to derive the amount of ETAF/IL-1 activity that can be easily
obtained from a small amount of human SC.

Physiochemical analysis of scETAF/IL-J. A sample of hu-
man scETAF/IL- 1 was subjected to ACA 54 column chroma-
tography to determine the approximate molecular weight as-

sociated with its in vitro co-stimulator activity. The results of
this experiment are presented in Fig. 2. All of the scETAF/
IL-1 bioactivity eluted from the ACA 54 column in fractions
that indicate an approximate mol wt of 15,000. This result is
consistent with the reported size of the major species of human
ETAF/IL- I obtained from conventional cell culture sources (1,
25, 26). In that human IL-2 demonstrates a mol wt of 15,000
and may also possess co-mitogenic activity in vitro, we tested
our scETAF/IL- 1 on an IL-2-addicted murine T cell line (HT2).
We found that neither the unfractionated SC extract nor the
15,000-mol wt molecule(s) derived from this preparation was
capable of supporting the proliferation HT2 cells in vitro (data
not shown).

Isoelectric point (pI) analysis of human ETAF/IL- I has sug-
gested that three distinct pI forms exist (7.0-7.2, 6.6-6.8, and
5.0-5.4) (1, 25, 26). The results of our pI analysis of human
scETAF/IL-1 are shown in Fig. 3. Employing a chromatofo-
cusing column set up to separate molecules over a pH range of
between 8 and 5, three pI forms (7.2, 6.6, and 5.0) of co-stim-
ulator activity eluted from the column. Results obtained by di-
rectly testing column fractions in the D1O.G4. 1 bioassay suggests
that the major peak of co-stimulator activity has a pI of 7.2.
However, when peaks of activity were pooled separately and
dialyzed to remove the chromatofocusing buffers, an equivalent
amount of co-stimulator activity was present in each of the peaks
(data not shown).

The data presented in Table I represent the scheme employed
to semipurify scETAF/IL- 1 from a 1 .0-g sample of normal SC.
Dialysis of the crude SC extract against a low molarity Tris-
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Figure 2. Determination of the approximate molecular weight of sc-
ETAF/IL- 1. A I -ml sample of SC extract demonstrating in vitro co-
stimulator activity (- 1000 U/ml) was subjected to column chroma-
tography as described in Methods. The molecular weight standards
employed were ovalbumin (44,000), myoglobin (18,800), cytochrome
c (12,384) and vitamin B12 (1,355). 1-ml column fractions were col-
lected and 20 ul of each fraction (in triplicate) was tested directly for
in vitro co-stimulator activity employing D1O.G4. 1 cells. Similar re-
sults were obtained employing LPS-nonresponsive thymocytes for the
bioassay. This elution profile corresponds to the profile obtained when
supernatant from an ETAF/IL-l producing human cell line (A43 1)
was chromatographed.
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Figure 3. pl analysis of scETAF/IL- 1. - 1,000 U of scETAF/IL- I was
subjected to chromatofocusing between the range of pH 8 and 5 (A).
l-ml fractions were collected and 5 gl of each fraction (in triplicate)
was analyzed directly for in vitro co-stimulator activity employing
DlO.G4.1 cells. Co-stimulator activity is represented as counts per
minute (A). Peaks with co-stimulator activity were pooled separately
and dialyzed against RPMI-1640 before retesting. All three peaks (pH
7.2, 6.6, and 5.0) contained equivalent amounts of co-stimulator ac-
tivity after dialysis (data not shown). Human ETAF/IL- I from a hu-
man cell line (A43 1) subjected to pI analysis employing this technique
also demonstrated three pI forms corresponding to pH 5.0-5.2, 6.6-
6.8, and 7.0-7.2.

containing buffer resulted in the spontaneous precipitation of
the majority of protein. Keratohyalins found in SCare reported
to precipitate under these conditions (27). Our results demon-
strate that the specific activity of scETAF/IL- 1 increases
throughout the procedures employed for purification except the
molecule(s) with the lowest pl. The pH range employed for the
chromatofocusing was apparently not optimal for separation of

Table I. Extraction and Semipurifi cation of scETAF/IL-i

Total proteint Total activity§ ETAF/IL-lI
recovered recovered activity

mg U U/mg of protein

Saline SC extract* 134.0 6.0 X i0' 4.4 X 103(I)¶
Dialysis (0.025 M

Tris) 41.0 7.0 X i0' 1.8 X 104(4)
Gel filtration

chromatography 10.0 6.5 X lIO 6.1 X 104 (14)
Chromatofocusing

pH 7.0-7.2 0.160 7.4 X 104 4.6 X 10' (104)
pH 6.0-6.8 0.105 2.2 X 104 2.1 X l0' (48)
pH 5.0-5.2 0.225 2.4 X 103 1.0 X 104 (2)

* 1 g of normal human SCwas snap-frozen with liquid nitrogen and
ground into a fine powder with mortar and pestle. scETAF/IL- was
extracted with PBS as described in Methods.
t The protein content of test preparations was determined by either
the Lowry or Bradford assay.
§ In vitro co-stimulator activity was determined using the DIO.G4. 1
cell line.

Specific activity represents the total activity recovered divided by the
total protein recovered.
¶ The numbers in parentheses represent the specific activity of each
following procedure divided by the starting specific activity.

the pl 5.0 molecule from other contaminating peptides. Ex-
haustive treatment of the 15,000-mol wt (pI 7.2-7.0) preparation
of scETAF/IL- I with insoluble trypsin resulted in the loss of the
majority (70%) of the co-stimulator activity (data not shown).
Insoluble chymotrypsin was less effective, however it also resulted
in a decrease in the bioactivity.

Biologic effects ofscETAF/IL-J in vivo. Our in vitro analysis
indicated that the physiochemical characteristics of scETAF/
IL-I were similar if not identical to ETAF/IL- 1 obtained from
conventional cell sources. This conclusion, however, was based
on the accuracy of the murine thymocyte and the D1O.G4.1
bioassay to define the presence of ETAF/IL-1. Weare aware
that problems may arise with this interpretation, because it has
been previously demonstrated by others that certain serum and
cellular proteases (28) or phorbol esters (29) are capable of in-
terfering with these in vitro bioassays.

IL- I has classically been defined by its in vivo biologic effects.
Pyrogenicity (4, 30), neutrophilia (5), acute-phase protein syn-
thesis (13, 14), muscle proteolysis (1 1, 12), prostaglandin syn-
thesis (31, 32), collagenase production (33, 34) and several other
effects have been demonstrated to be induced by IL-I (35, 36).
The following experiment was conducted to determine whether
scETAF/IL- I exhibits in vivo stimulatory activity on a number
of diverse IL- I sensitive targets. A defined amount (established
by in vitro analysis) of scETAF/IL- I was injected intravenously
into C57BL/I0ScN mice which are genetically nonresponsive
to lipopolysaccharide. Core body temperature was analyzed after
20 min and found to be elevated (a response that returned to
normal by 2 h), blood samples were collected after 8 h and found
to- contain elevated numbers of circulating neutrophils, and
plasma samples, collected after 24 h, determined that the cir-
culating level of SAP, a major murine acute-phase protein, was
significantly elevated (Table II). Pretreatment of the scETAF/
IL-I with heat (800C for 10 min) before intravenous injection
abrogated all in vivo bioactivity. A 1 5,000-mol wt preparation
(by ACA column chromatography) of scETAF/IL-1 was also
capable of eliciting each of these in vivo biologic effects. Clearly,
scETAF/IL- I exhibits biologic identity with human ETAF/
IL- I by its ability to elevate core body temperature (pyrogenicity),
increase the number of circulating neutrophils (neutrophil-re-
leasing activity), and elevate the concentration of an acute-phase
protein (induction of acute-phase protein activity).

The heterogeneous nature of the pI forms of ETAF/IL- I has
been the subject of several recent reports. This heterogeneous
nature is not due to differences in the glycosylation of the mol-
ecule (37) and each of the human pI forms has been reported
to possess equivalent in vitro and in vivo biologic activity (38).
When a defined amount of each of the isolated pI forms of
scETAF/IL-l was injected into groups of C57BL/lOScN mice,
an elevation in core body temperature, peripheral blood neu-
trophils, and SAPconcentrations were observed (Table II).

Stimulation of collagenase production in vitro. The possible
biologic relevance of scETAF/IL-l in normal human SCis pres-
ently unknown; however, in light of the known properties of
this mediator, one could speculate that it may integrate into the
earliest events following wounding of the skin. One of the prop-
erties of ETAF/IL- 1 is its ability to induce the production of
collagenase by fibroblasts (31-34), an event associated with in-
flammation. Weinvestigated the ability of scETAF/IL- 1 to in-
duce collagenase production by cultured human skin fibroblasts.
The results shown in Fig. 4 demonstrate that the 1 5,000-mol wt
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Table I. In Vivo Biologic Effects of scETAF/IL-i

Biologic effect

scETAF/IL-1 Unit4 injected A Temperature§ A Neutrophils/ A SAPI

OC X105 cells/ml Bg/ml
Whole SC extract* 875 0.7±0.10** 16.8±1.4 44±2.0

875 (10 min, 80'C) 0.1±0.12 1.4±1.3 4±3.0
175 0.3±0.09 4.8±1.0 38±6.8

15,000-mol wt fraction 375 0.8±0.13 12.2±0.6 41±5.4

15,000-mol wt (pI 7.0-7.2) 250 0.6±0.05 10.6±1.3 38±10

15,000-mol wt (pl 6.6-6.8) 250 0.3±0.04 8.9±1.4 107±14

15,000-mol wt (pl 5.0-5.2) 250 0.4±0.03 8.3±1.3 30±5

* Groups of five C57BL/lOScN mice were employed for each experimental stratum corneum preparation. Control animals were injected with an
equivalent volume of physiologic saline. f Determined using the thymocyte proliferation assay and the DIO.G4.1 co-stimulator assay. § Rectal
temperature taken at 20 min after intravenous injection. "l Neutrophils were quantitated on blood samples taken 8 h after the intravenous injec-
tion of scETAF/IL- I or saline. ¶ SAPwas quantitated by radial immunodiffusion. * All results represent the mean±standard error of the
mean.

scETAF/IL- 1 and each of the pl forms of this mediator was
capable of inducing collagenase production by human fibroblasts.
Human skin fibroblasts constitutively produce collagenase ac-
tivity (4.4 U/106 cells) when assayed at confluency in serum-
free medium. PMA, a known potent stimulator of collagenase
(22), increased the enzyme activity twofold. Similarily, all prep-
arations of scETAF/IL-I at a concentration of 100 U/ml) elicited

50% increase over control values in the rate of collagenase
production.

Discussion

The epidermis of skin is predominately composed of keratino-
cytes. These cells originate from rapidly dividing precursors in

250

200
0
at

PA 15,000 15,000 15,000 15,000& ~~~~molwt
p1 7.0-7.2 pI 6.6-6.8 p1 5.0-5.2

Figure 4. Stimulation of human fibroblast skin collagenase by sc-
ETAF/IL-l1. Confluent fibroblast cultures were treated for 24 h with
PMA(10 ng/ml), 100 U/ml of 15,000-mol wt scETAF/IL, 100 U/ml
of 15,000-mol wt (p1 7.0-7.2), 100 U/ml of 15,000-mol wt (pJ 6.6-
6.8), or 100 U/ml 1 5,000-mol wt (p1 5.0-5.2). Supernatants were col-
lected and tested for collagenase activity (after trypsin activation) by
the soluble fibril assay employing 50 ztg of [3Hjcollagen (type 1). Colla-
genase activity in supernatants from control fibroblast culture induced
the degradation of 14.7±0.4 ztg of [3H~collagen during the 1-h incuba-
tion period. The activity in supernatants from test cultures is ex-
pressed as percent increase over control~standard error of the mean.
All scETAF/IL-l1 preparations as well as the PMAstimulated collage-
nase activity significantly above controls (P < 0.001).

the basal layer and migrate peripherally during their differentia-
tion to eventually form the SC(39). During this migration process
the keratinocytes gain and lose a number of characteristics and
functions that associate with their precise anatomic location (39).
Although we now appreciate the immunologic potential of other
resident cell types within the epidermis, such as the Langerhans
cell, only recently have the keratinocyte and its products been
implicated as an active participant in the generaiton of both
immune and inflammatory responses (40, 41). Keratinocyte
expression of class II molecules of the major histocompatibility
complex can be induced or is associated with certain experi-
mental and pathologic conditions (42-44). It has recently been
suggested that expression of these molecules serves to facilitate
the migration of lymphoid cells into the skin (manuscript sub-
mitted for publication). In 1982, Sauder et al. (15) and Luger et
al. (16) observed that keratinocytes can produce a molecule
termed the "epidermal-derived thymocyte activating factor"
(ETAF), which was similar in function and physiochemical
characteristics to macrophage derived IL-1 (17). It is now ap-
preciated that keratinocytes represent the major producers of
this polypeptide hormone in the skin. Wehave previously re-
ported that normal keratinocytes produce a significant amount
of ETAF/IL- 1 constitutively when maintained in vitro (45). It
is also appreciated that ETAF/IL- I production can be augmented
by the addition of exogenous inducers of inflammation to cell
cultures or by exposure of keratinocytes to the effects of ultra-
violet radiation in vitro (15-17, 45). Furthermore, the exposure
of animals to ultraviolet radiation in vivo results in a pronounced
inflammatory response, which is accompanied by an elevation
in peripheral blood neutrophils, an increase in the plasma con-
centration of several acute phase proteins, and the presence of
detectable levels of ETAF/IL- I in the serum (45).

It has been observed that subcutaneous implantation of sterile
human SC into guinea pigs results in a marked inflammation
which is followed by granuloma formation (18). Therefore, the
object of this investigation was to determine whether the un-
derlying mechanism(s) responsible for this inflammatory re-
sponse might be due to the presence of preformed pools of ETAF/
IL-I within the SC inoculum. Our experiments demonstrate that
the extraction of SCwith physiologic saline yields a soluble pro-
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tein-containing supernatant having significant ETAF/IL- 1 ac-
tivity. scETAF/IL- 1 was assessed in vitro by its ability to co-
stimulate the proliferation of both a cloned IL- 1-responsive mu-
rine T-cell line as well as murine thymocytes derived from LPS.
nonresponsive donors. Further support for the concept that
scETAF/IL- I and ETAF/IL- 1 were similar was obtained when
the co-stimulator activity demonstrated heat lability, molecular
weight, and isoelectric points that were consistent with the prop-
erties of keratinocyte- and macrophage-derived human ETAF/
IL- 1 (1). Our results also demonstrate that scETAF/IL- 1 and
each of the isoelectric forms of this mediator are capable of in-
ducing a significant increase in collagenase production by normal
human fibroblasts in vitro.

IL- 1 has been functionally defined by its ability to stimulate
a variety of target-cell specific responses in vivo (4-14). These
include pyrogenicity, the ability to induce neutrophilia, and the
stimulation of liver hepatocytes to produce acute-phase proteins.
Weestablished that each of these effects could be induced by
the injection of scETAF/IL-1 into LPS non-responsive mice.
Further, the kinetics of the scETAF/IL-1-induced effects was
consistent with their being mediated by ETAF/IL- 1 and not an
unknown exogenous stimulant. Therefore, the results obtained
from both in vivo and in vitro analysis of SC extracts suggest
that a molecule is present in SC, which funcitonally and physio-
chemically is similar to human ETAF/IL-1.

The SC is known to serve many homeostatic functions in-
cluding the ability to absorb ultraviolet radiation from the sun,
retain water within the body, and act as a major diffusion barrier
to prevent potentially toxic molecules from gaining entrance.
Percutaneous absorption studies have demonstrated that small
lipophilic molecules can readily penetrate through SCand gain
entrance to the circulation whereas the penetration of ionic mol-
ecules is greatly impeded. Increasing the hydration of SC, ex-
posure of skin to ultraviolet radiation, or topical application of
a number of substances can increase the rate of percutaneous
absorption (46). It has also been demonstrated that SC has the
capacity to act as a reservoir for some lipid-soluble molecules
(47, 48). For example, the topical application of hydrocortisone
results in the slow release of this substance for as long as 7 d,
an effect that can be abrogated by stripping the skin of stratum
corneum (47).

The amount of scETAF/IL- 1 that can be extracted from SC
might suggest that this structure is functioning as a reservoir of
this mediator (in either secreted or membrane-associated form).
Recent evidence from our laboratory suggests that normal ker-
atinocytes appear to express ETAF/IL- 1 constitutively on their
plasma membrane surface (Gahring and Daynes, manuscript in
preparation). If we hypothesize that keratinocytes constitutively
produce this mediator (or constitutively express membrane-as-
sociated forms), the presence of scETAF/IL- 1 may represent a
means by which excesses of this hormone are externalized. Other
investigators have also been interested in the means by which
IL- 1 is removed from the body. Kimball et al. (49) have recently
demonstrated that small quantities of IL- 1 (ETAF/IL-1) could
be detected in normal human urine after concentration and di-
alysis. Therefore, passage through the kidneys followed by ex-
cretion may represent a means by which IL-1 is externalized.
The body is also capable of removing substances via sweat. We
have preliminary evidence to suggest that human sweat contains
a significant co-stimulator activity when tested in vitro after ex-
tensive dialysis. This co-stimulator activity may in fact be

scETAF/IL- I derived from the hydration and release from the
SC. The spontaneous elution of scETAF/IL- I into fluid medium
may also be responsible for our observation that in vitro co-
stimulator activity could be detected in normal amniotic fluid
obtained from a number of individuals (unpublished observa-
tions). The amount of co-stimulator activity obtained from the
extraction of normal human stratum corneum far exceeds any
activity obtained from urine, sweat, or amniotic fluid and may
represent a major site of ETAF/IL- I disposal.

Considering the quantity of scETAF/IL- I found in stratum
corneum, several intriguing possibilities for a functional role for
this molecule in wound healing could be hypothesized. Immune
potentiating, chemotactic (neutrophil and T-lymphocyte), and
autocrine functions of IL-I have all been described (50). Further,
IL- I is known to induce fibroblasts to produce collagenase and
E-series prostaglandins (31-34). If scETAF/IL- I is released into
a local site after wounding, inflammatory and immune processes
known to require IL- I could be immediately initiated without
the lag period required for the de novo synthesis and release of
this mediator by viable cells. Whether scETAF/IL- 1 proves to
be the inflammatory mediator responsible for the effects observed
after the subcutaneous implantation of human SC into guinea
pigs awaits further experimentation. The large amount of ETAF/
IL- I activity present in normal SC, coupled with the knowledge
that this mediator is a known and essential inducer of inflam-
matory responses, indicates that scETAF/IL- 1 and its potential
involvement in homeostatic mechanisms warrant further in-
vestigation.
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