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Interleukin 1o (IL-1«) in Human Skin In vivo: Lack of Correlation to

Markers of Collagen Metabolism
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Levels of interleukin Lo (IL-1a) were studied from blister fluids
collected from 14 patients with various types of blistering dis-
eases. In all the fluids, I1-1a could be detected, the concentra-
tions varying from 5 to 1730 pg/ml. For comparison IL-1« was
also assayed from suction blisters of 13 subjects; 8 atopic pa-
tients and 5 healthy controls. IL-1o was also present in suction
blisters in measurable quantities, suggesting that during suction
IL-1« is released into the blister cavity. Since IL-1c has been
shown to have marked effects on collagen metabolism, the
marker of collagen synthesis (carboxyterminal propeptide of
type I procollagen (PICP)) and gelatinase were assayed from
the same samples. There was no apparent correlation between
the levels of I1-1a, PICP or gelatinase in blister fluids. The
possible association of IL-1c and collagen metabolism was fur-
ther studied in experimental conditions. Topical glucocorticoid
markedly decreased the level of PICP in suction blisters but did
not have any significant effect on IL-1a. UVB-radiation, on the
other hand, caused increase in IL-1a but did not have any
profound effect on collagen metabolism. During the re-epi-
thelialization of the blister floor the level of IL-1a decreased
markedly, and at the same time the expression of gelatinase was
increased. The results indicate that IL-1a is released in large
quantities into blister fluid when using the suction blister
model. However, no apparent correlation could be observed in
healthy or diseased skin between the levels of IL-1c, collagen
synthesis marker or gelatinase, Key words: blister; collagen syn-
thesis; gelatinases.
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Interleukin-1 (IL-1) is originally characterized from monocyvtes
and exhibits various important biological activities (1, 2). It can
augment T-cell activation, stimulate synthesis of lymphokines
and activate other cells such as endothelial cells and macro-
phages. IL-1 can increase both the synthesis rate of collagen and
activate interstitial collagenase (3-5). Originally IL-1 was
thought to be a product of inflammatory cells. However. recent
studies have revealed that many other cells can produce IL-1,
including keratinocytes (2, 6. 7). In keratinocytes IL-1 is present
in large quantities. We were interested in investigating the rela-
tionship between the levels of IL-1 and markers of collagzen
metabolism in vive in human skin.

MATERIALS AND METHODS

Patients

Blister fluids were collected from spontaneous blisters of 14 patients
with various types of blistering diseases and immediately frozen and
kept at —20°C. Suction blisters were induced on the healthy-looking
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abdominal skin of 8 patients with atopic eczema and on 5 control
subjects of the same age (8).

The effects of steroids were studied in 3 subjects in which clobeta-
sol-17-propionate cream was applied three times a day for 1, 2 and 4
days before induction of blisters. In order to study the effects of
UVB-irradiation abdominal skin was irradiated with a Waldman lamp
(output 1.90 mW/cm?®, irradiation time 120-180 s; 2 x MED) and
blisters were induced at 4 and 24 h after irradiation and collected as
described above.

In order to study the effect of re-epithelialization on IL-la and
gelatinase, blister fluid samples were taken immediately after blister
formation and at 24 and 72 h post-blistering. In each experiment 2-3
intact blisters were emptied and pooled and the remaining blisters were
protected by a cap until used.

Assavs
[L-1a was assayed by an immunoassay (Quantikine immunoassay kit,
R&D System) according to the instructions of the manufacturer. Car-
boxyterminal propeptide of type I procollagen (PICP) was assayed as
described (9. 10) and gelatinase measured by a zymography method
(11-13).

For statistical analyses, the Mann-Whitney rank sum test, Spearman
rank order correlation and Student’s r-test were used.

RESULTS

Levels of IL-1a, PICP and gelatinase in blister fluids

IL-1ae could be detected in blister fluids of various blistering
discases. The lowest levels were observed in blisters induced by
liquid nitrogen (Table I). In further studies IL-la was also
measured from suction blisters of patients with atopic eczema

Table 1. The levels of interleukin I (IL-1e), carboxyterminal
propepiide of tvpe I procollagen (PICP) and gelatinase in vari-
ous blisters

BP = bullous pemphigoid: Ery = erysipelas; EM = erythema multi-
forme: RA = rheumatoid arthritis; ND = not determined.

Patient Diagnosis IL-la PICP Gelatinase
number (pg/ml) w/l (densitometric
units, DU)
I BP 25 1570 380
2 BP 65 950 710
3 BP 100 1585 660
i BP 25 670 460
5 Pompholyx 20 1535 640
6 Pompholyx 35 505 350
7 Ery 40 2615 335
8 Ery 25 170 370
9 Ery 120 2245 480
10 EM 20 2395 845
11 RA 100 ND 830
12 RA 1730 ND 1005
13 Cryoblister 10 70 400
14 Cryoblister 5 130 530
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Table 1I. The levels of interleukin e (IL-1a), carboxyterminal
propeptide of type I procollagen (PICP) and gelatinase in suc-
tion blisters of control subjects and patients with atopic eczema

(AE)

Patient Diagnosis IL-le PICP Gelatinase
number (pa/ml) ng/l (densitometric
units, DU)
1 AE 85 1030 260
2 AE 1050 895 200
3 AE 135 310 160
4 AE 480 60 900
5 AE 75 40 240
6 AE 160 20 630
7 AE 370 215 1210
8 AE 380 425 360
9 control 230 1285 675
10 control 385 1200 720
11 control 500 70 855
12 control 305 475 615
13 control 175 420 445

and healthy controls (Table II). IL-1a could be determined from
all suction blisters; the mean IL-la level was 340 pg/ml in
atopic eczema patients and 320 pg/ml in controls. The levels of
PICP were 380 pg/l in atopic eczema patients and 690 pg/l in
controls, and gelatinase 490 densitometric units (DU) in atopic
patients and 660 DU in healthy controls. There was no statisti-
cally significant difference between IL-1«, PICP and gelatinase
levels in controls and atopic eczema patients. The levels of
IL- 1 in spontaneous blisters or suction blisters did not correlate
with the corresponding levels of PICP or gelatinase (Tables [
and II). The level of IL-1e was also studied during healing of
blisters up to 72 h, and the levels decreased markedly as shown
in Fig. 1A. At the same time gelatinase expression was consid-
erably increased (Fig. 1B). In one subject IL-1ae was also mea-
sured from blisters induced on four different sites: abdomen,
upper arm, lower leg and back. The individual levels of IL- 1«
were 230, 330, 100 and 400 pg/ml, respectively.

Effects of topical glucocorticoid and UVB-irradiation

Topical clobetasol-17-propionate reduced the level of PICP in
suction blister fluids (p<0.005) but did not have any significant
effect on IL-1ex (Fig. 2).

The effect of UVB on IL-1« was studied by irradiating skin
with 2 x MED UVB and by inducing suction blisters 4 and 24 h
after irradiation (Fig. 3). The levels of IL-la were 1.5-fold
higher at 4 h than in control blisters. However, the increase was
not statistically significant. The levels of PICP and gelatinase
did not change in irradiated skin.

DISCUSSION

The levels of IL-l1« found in spontaneous blisters of various
blistering diseases were relatively low, but still higher than
serum levels found in general. Part of the IL- 1o could be derived
from inflammatory cells, which are abundantly present in vari-
ous blistering diseases. Surprisingly higher levels of IL-1a were
present in suction blisters induced on abdominal skin of healthy
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controls and patients with atopic eczema. The levels of TL-1a
found in blister fluids were within the same range as those found
in other studies using a different method (14). Since, usually, no
apparent inflammation is present in healthy skin, IL-la could
not be derived from inflammatory cells. Instead it is plausible
that most of IL-1e in suction blisters is derived from epidermis,
since as many previous studies have shown, epidermal cells
contain IL-la. It is possible that the local trauma to epidermis
during suction releases abundantly preformed IL-1a from dis-
rupted keratinocytes into the blister cavity. This would be an
explanation for the wide variation in the levels of IL-la in
blister fluids. During healing of the blister floor, the levels of
IL-Tee decreased markedly, and in fact the levels were close to
those found in spontaneous blisters. This indicates that during
regeneration of epidermis, most of the released IL-1« is gradu-
ally degraded or bound to receptors of fibroblasts (15).

Since IL-1a has been shown to modulate various aspects of
collagen metabolism, we also compared the levels of IL-la to
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Fig. 1. The levels of IL-1a (A) and gelatinase (B) in healing suction
blisters. Suction blisters were induced at time 0, and blister fluid
samples were collected at 0, 24 and 72 h post-blistering and used for the
assay of IL-la (pg/ml) and gelatinase (densitometric units, DU). The
values are the means of duplicate assays.
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Fig. 2. Effect of topical clobetasol-17-propionate on the levels of PICP
(A) and IL-la (B) in suction blisters. Abdominal skin of three subjzcts
was treated three times with clobetasol-17-propionate for 1, 2 or 4 days
until the blisters were induced and blister fluid samples used for the
assay of PICP and IL-1a. The values are the mean + SEM of triplicate
assays.

markers of collagen synthesis and degradation. Collagen syn-
thesis was monitored by a recently developed sensitive assay,
which is based on the measurement of collagen propeptides
from blister fluid (10). In order to measure degradation, gela-
tinase expression was measured by a zymography method. This
method is based on lysis of gelatin by activated gelatinases.
These enzymes have the ability to degrade gelatin (the dena-
tured collagen). basement membrane collagen, elastin and some
other collagen types such as collagen type V., VII and X (16-21).
The origin of gelatinases varies and the 72 kDa is mostly
derived from fibroblasts, whereas the 92 kDa stems from in-
flammatory cells and keratinocytes.

Even though numerous in vitro studies have shown that I1-1
can stimulate both collagen synthesis and degradation, we did
not find an apparent correlation between IL-la and collagen
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propeptides or gelatinases. This aspect was further studied in
experimental situations. When topically potent glucocorticoid,
was applied the level of PICP decreased by over 90 percent, but
the level of 1L-la did not change markedly. This suggests that
short-term glucocorticoid treatment in healthy skin does not
significantly alter the endogenous production of IL-1a, or that
during suction the same amount of IL-la is released into the
blister cavity even in steroid-treated skin, Similarly, in a recent
study one-week treatment with topical potent glucocorticoid did
not alter significantly the IL-la levels in suction blisters (V.
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Fig. 3. Effect of UVB-irradiation on the levels of IL-1a (A), PICP (B)
and gelatinase (C). Three subjects were irradiated by UVB (2 x MED)
and suction blisters were induced at 4 and 24 h after irradiation and used
for the assays. The values are the mean + SEM.



Koivukangas et al., unpublished). In inflammation, where IL- 1«
levels are upregulated, it is possible that topical glucocorticoid
could downregulate 1L-1la.

Interestingly the levels of gelatinases and IL- 1« did not corre-
late in any of the patient groups studied. This aspect was further
studied in UVB-irradiated skin. Numerous studies have shown
that UV-irradiation can stimulate production of various interleu-
kins (22, 23), and it has also been shown that UV-radiation
increases interstitial collagenase (24, 25). Here UVB slightly
enhanced the levels of IL-la in suction blister fluids, but the
levels of gelatinases were not altered. It should be noted that the
follow-up after irradiation was only one day, and it is possible
that during a longer follow-up gelatinase expression could be
modulated.

When the possible association of [L-1a and collagen degrada-
tion was further studied during re-epithelialization of the blister
tloor, an opposite change in the levels of IL-1a and gelatinases
was observed. Immediately after blister induction the level of
IL-la was high, but it was decreased markedly at 24 h post-
blistering. In contrast, gelatinase was considerably increased at
the same time. It is possible that the high level of IL- l« liberated
into fresh blisters may induce gelatinase, as found at 24 h
post-blistering.
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