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UV Irradiation Induces the Expression of Gelatinases in Human Skin

In vivo
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UV irradiation results in marked changes in skin connective
tissue, such as degeneration of collagen, and abnormal elastosis.
The mechanism of connective tissue damage by UV has not been
clarified in detail. In the present study the mechanism of actinic
damage was studied by assaying gelatinases, 72-kDa (MMP-2)
and 92-kDa (MMP-9), from suction blister fluids induced on
patients who had received either UVB or PUVA treatments. The
results indicate that both UVB and PUVA increase the levels of
gelatinases in human skin. By in situ hybridization, it was also
possible to show that UV irradiation induced increased levels of
gelatinase mRNAs in fibroblasts. Furthermore, in samples from
severe actinic damage, gelatinase mRNAs were abundantly pre-
sent, suggesting that gelatinases may contribute to photodam-
age. Key words: UVB; PUVA; photodamage; 72-kDa gelatinase;
92-kDa gelatinase.
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Aging of human skin represents a complex situation, where
numerous intrinsic and extrinsic factors contribute to the chang-
es. One of these factors is UV radiation, which causes premature
aging and actinic damage (1-3). Histologically, actinically dam-
aged human skin shows deposition of disorganized elastotic
material and basophilic degeneration of collagen. These changes
are particularly pronounced in the papillary dermis in the early
stages of the damage, but in advanced cases similar changes are
noted in the reticular dermis (2). Biochemical studies have
revealed alterations in collagen, which is the major component
of the dermis. In particular, a reduced concentration of hydroxy-
proline. as an index of collagen, has been found (2, 4). The
degeneration of collagen found in actinic damage could result
from increased degradation by proteolytic enzymes. Indeed,
recent studies have shown that UV radiation stimulates collage-
nase in cultured fibroblasts (5-7). Furthermore, UV radiation in
humans in vivo has been shown to increase collagenase mRNA
in fibroblasts, suggesting that UV radiation can increase collage-
nase which could then degrade collagen (5).

Collagenases are a family of several enzymes including in-
terstitial collagenase (MMP-1), 72-kDa (MMP-2) and 92-kDa
(MMP-9) gelatinases, and stromelysin (MMP-3) (8, 9). Gela-
tinases have the ability to degrade gelatin, basement membrane
collagen and some other collagen types such as V, VII, and X
(8-11). The effects of UV radiation on the expression of gela-
tinases has not been studied. For this reason we have now
measured gelatinases from patients who have been treated with
UVB or PUVA. The presence of gelatinases was also studied by
in situ hybridization from UV-treated skin as well as from
severe actinic damage. The results indicate that UV radiation
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increases the expression of gelatinases, which could contribute
to photodamage.

MATERIALS AND METHODS

Patients
Blister fluid samples were obtained from 26 psoriatic patients. All of the
patients were males. Seven had not received UV radiation (mean age
46, range 28-68); 11 psoriatic patients had received topical PUVA
therapy (mean age 45, range 27-65) and 8 had received UVB therapy
(mean age 40, range 26-39) for long time periods (12). Two patients
with other skin diseases had received UVB therapy and they were
included in the UVB group. Suction blisters were induced on the
healthy-looking abdominal skin and the blister fluid was collected with
a4 mantoux syringe and kept at —=20°C until assayed (13).

The study protocol was approved by the Ethics Committee of the
Medical Faculty of the University of Oulu, and the work was carried out
according to the provisions of the Declaration of Helsinki.

Assay of gelatinase by zymography

Seventy-two-kDa and 92-kDa molecular weight gelatinases were as-
sayed from suction blister fluids from patients. Our previous studies
have shown that detectable levels of gelatinases are present in suction
blisters (14).

The method of Heussen & Dowdle was used for zymography., except
that the substrate was gelatin-labelled with 2-methoxy-2, 4-diphe-
nyl-3(2H)-furanone (Fluka, Ronkonkoma, N.Y.) according to the
method of O'Grady et al. (15). The advantage of this method is that
lysis can be monitored visually, or by photographic inspection under
long-wave ultraviolet light, and the capacity of the proteins in the
samples to bind Coomassie brilliant blue does not affect the pattern of
lysis. Prior to electrophoresis, the samples for zymography were pre-
incubated with 1% SDS and electophoretic sample buffer, and pre-
stained molecular weight standard proteins were reduced with 5%
2-mercaptoethanol. Zymography was performed in 1.5 mm 10% po-
lyacrylamide slab gels containing 2 mg/ml gelatin. The gels were
photographed under long-wave ultraviolet illumination. Cleavage rates
were estimated by determining the rates of disappearance of the gelatin
by densitometric scanning of the negatives of the photographed gels
using a computing densitometer model 300A (Molecular Dynamics).
Five pL blister fluid samples were usually used for the assay, which has
been shown to be linear from 1 to 10 pL volume of blister fluid (14).

Skin specimens

Skin biopsies were taken under local anaesthesia from non-lesional skin
of 11 subjects with psoriasis (2 had been treated mostly with UVB, 7
with PUVA for a long time, and 2 had not received any treatment). All
the samples were obtained from abdominal sun-protected skin, which
chnically did not show any significant actinic damage. In addition,
samples were obtained during routine operations from facial skin with
actinic elastosis of 2 subjects and from sun-protected skin of 5 controls
without psoriasis. The samples were fixed in formalin and mounted in
paraffin. Five-pum sections were cut for in situ hybridization and routine
hematoxyline eosin sections. Elastin was stained with Verhoeff — van
Gieson.

In situ hybridization
A detailed description of the preparation of paraffin sections for in situ

hybridization has been given previously (16). For hybridization with
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Fig. 1. The levels of gelatinases in non-treated, PUVA- or UVB-trzated
patients expressed as densitometric units. The means of levels are
shown by short bars,

gelatinase probes, a 635 bp Sca I — Sac I fragments of the K-191 human
72-kDa gelatinase cDNA clone (17) was cloned into the M-13 poly-
linker site of pSP64 and pSP65 vectors (Promega, Wisconsin, USA). A
650-bp Xba I-Hind 1II fragment of the K-174. Human 92-kDa gela-
tinase ¢cDNA clone (18) was cloned into the pGEM 4z (Promega). A
riboprobe transcription kit (Promega) was used, and the transcripts were
labelled with either 355-rCTP or 355-rUTP to specific activitizs of
3x 10° cpm/40 pl. All the solutions used with the RNA probes were
treated with 0,1% diethylpyrocarbonate (DEPC, Fluka).

In situ hybridizations with anti-sense and sense RNA probes have
been described previously (16). The pre-hybridization steps included
incubation in 0.2 M HCI (20 min, room temperature (RT)), followed by
a 5-min wash in DEPC-H,O and proteinase K treatment (1 mg/ml,
15-30 min, 37°C). After the glycine treatment and washes, proteolysis
was stopped by immersing the sections in 4% paraformaldehyde in PBS
for 20 min. The sections were acetylated in 0.25%-0.5% acetic an-
hydride in 0.1 M triethanolamine for 10 min, washed and. after de-
hydration, allowed to air-dry for 1-2 h at RT, before the hybridization
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mixture was applied. This contained the radioactive RNA probe, 10 mM
DTT, 10 mM Tris-HCI, 10 mM NaPO,, 5 mM EDTA. 0.3M NaCl, 1
mg/ml yeast tRNA, 50% deionized formamide, 10% (v/v) dextran
sulphate, 0.02% (w/v) Ficoll, 0.02% (w/v) polyvinylpyrrolidone and
0.02 mg/ml bovine serum albumin. Forty pl of this hybridization
mixture (approximately 7x 10° cpm/10 pl hybridization buffer) was
placed on each section, after which the sections were covered with
coverslips washed with DEPC-H,0. The hybridization was allowed to
proceed overnight at 50°C, after which the coverslips were removed by
2% 30 min incubations in a washing buffer containing all the constitu-
ents of the hybridization mixture except dextran sulphate and t(RNA, at
60°C. The slides were then washed in fresh buffer at 50°C for 1-4 h,
rinsed in 0.5M NaCl in 10 mM Tris-HCI, 1 mM EDTA (TE) at 37°C for
15 min and then incubated in 0.5 M NaCl in TE containing 40 pg/ml
RNAse A (Sigma) at 37°C for 30 min. Washes were performed as
follows: 0.5 M NaCl in TE (37°C. 15 min), 2 x S5C (45°C 2 x 15 min),
1 x SSC (45°C, 2x 15 min). After washing, the sections were de-
hydrated by serial incubations with increasing concentrations of ethanol
containing 300 mM ammonium acetate and air-dried at RT for 1-2 h.

Autoradiography was performed by dipping the slides into Kodak
NTB-3 nuclear trac emulsion diluted 1:1 with 1% glycerol in H,O. After
being exposed for 7-15 days, the slides were developed in Kodak D19
developer at RT for 5 min, rinsed in acetic acid and fixed for 5 min at
RT. The sections were counter-stained with hematoxylin and eosin.

In the interpretation of the results of the in situ hybridizations, a
fibroblast was considered as containing a specific signal when there
were 1020 grains concentrating clearly in the cytoplasm. An abundant
hybridization signal was scored when the number of grains exceeded
20. At least five such positively labelled fibroblasts per section were
required for scoring the sample as positive.

Statistical analysis

For statistical analysis the Mann-Whitney U-test was used.

RESULTS

Demonstration of gelatinases in suction blister fluids and
effects of PUVA and UVB treatments

Gelatinases were assayed by the zymography method, which
allows both the type 72-kDa and type 92-kDa enzymes of
gelatinase to be measured simultaneously. The levels of 72-kDa
and 92-kDa gelatinases were lower in non-treated patients, com-
pared to PUVA and UVB-treated patients (Fig. 1). The mean
level of 72-kDa gelatinase was in non-treated patients 128 DU
(median 114), in PUVA-treated patients 224 DU (median 235,
p=0.027, compared to non-treated patients) and in UVB-treated
patients 176 DU (median 183). The mean level of 92-kDa
gelatinase was in non-treated patients 60 DU (median 37), in
PUVA-treated patients 122 DU (median 119) and in UVB-
treated patients 125 DU (median 122, p=0.043, compared to
non-treated patients).

In situ hybridization
The in situ hybridization for the presence of 72-kDa and 92-kDa
gelatinase mRNAs revealed abundant signals, especially for
72-kDa gelatinase in fibroblasts of UV-treated skin (Fig. 2).
Signals were also found in endothelial cells (see also ref. 14).
The signals in PUVA- and UVB-treated subjects were in general
more abundant than in non-treated subjects or controls. Only
occasionally could gelatinase mRNAs be seen in skin samples
obtained from non-treated skin or controls.

Seventy-two-kDa gelatinase mRNA was also demonstrated
abundantly in fibroblasts of skin biopsies taken from subjects
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Fig. 2. In situ hybridization for the presence of 72-kDa gelatinase mRNA in a skin specimen (from the abdominal skin of a 41-year-old male who had
been treated with UVB and PUVA for 4 vears) shows specific grains in dermal fibroblasts (arrows). Endothelial cells (arrowheads) of a dermal
capillary (c) also contain hybridization signals (magnification x400) (A). The negative control exhibits the background reaction only (B).

with severe photodamage (Figs. 3, 4). In other specimens ob-
tained from sun-protected skin, such an accumulation of 72-kDa
gelatinase mRNA could not be seen.

by 7 .. . f“ ‘
Fig. 3. In situ hybridization for the presence of 72-kDa type IV collage-
nase of a skin specimen (from the tip of the nose of a 66-year-old
subject) with solar elastosis shows numerous specific grains in a fibro-
blast near the epidermis in the centre of the field (arrow) (magnification
x 400).

e

DISCUSSION

The results indicate that therapeutic UVB and PUVA treatments
can increase the expression of gelatinases in human skin. Espe-
cially interesting was the finding of a high signal for 72-kDa
gelatinase mRNA in samples obtained from subjects with severe
solar elastosis. Thus it is possible that actinic damage by UV
radiation is partially due to gelatinases. Gelatinases have a broad
spectrum of action on various components of connective tissue.
They can degrade not only basement membrane collagen and
gelatin but also elastin. It is possible that the fragmentation of
elastin noted in some PUVA-treated patients could be due to
increased levels of gelatinases (2).

How UV radiation induces gelatinases is still unknown. As
regards interstitial collagenase, studies have emphasized the role
of various interleukins, which can stimulate interstitial collage-
nase (19). In vive and in vitro studies have shown that UV
radiation increases the levels of interleukins (20-22).

Another possibility is that UVA radiation, which can pene-
trate into the dermal site of the skin, could directly stimulate

Fig. 4. In situ hybridization for the presence of 72-kDa type IV collage-
nase of a skin specimen (from the cheek of an 86-year-old subject) with
a heavy solar elastosis reveals specific grains in fibroblasts in the
mid-dermal area in the vicinity of a hair follicle (arrows) (magnification

x 400).
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collagenases through stimulation of protein kinase C-tumour
promoting phorbol ester cascade (23, 24). In the case of UVB,
which is mostly absorbed into the epidermis, the mechanism
could be through numerous cytokines as discussed above.
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