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We have analysed and compared, by in situ hybridisation, the effects of
exogenously applied TGF-Bs on expression of endogenous TGF-3 mRNAs in
partial thickness thermal wounds in old and young mice. Although injury
induced the expression of TGF-31 mRNA in the epidermis and dermis at the
wound margins, expression of TGF-32- or TGF-B33-mRNA was not detected.
Biopsies taken 24 hours following injury revealed a focally clustered
distribution of TGF-B1 hybridisation signals in the dermis, the number of
positive cells and expression levels being reduced in old mice. Topical
application of all three TGF-B isoforms enhanced TGF-B1 mRNA expression
in the dermis of old and young mice. In biopsies taken three days following
injury, TGF-B31 hybridisation signals were most prominent in the regenerating
epidermis although at this timepoint differences in expression levels between
treated and non-treated animals were less pronounced. o 1993 acadenic pPress, Inc.

Cutaneous injury initiates a cascade of events which normally results
in complete healing of a wound. Major events in the repair process include
blood coagulation, platelet aggregation and degranulation, recruitment of
inflammatory cells, proliferation of connective tissue cells, remodelling of
extracellular matrix, epithelial cell migration and proliferation leading to re-
epithelialization of the wound (reviewed in 1). Transforming Growth Factor-3s
(TGF-Bs) have been implicated as important mediators of wound healing
because of their potent effects on macrophage and fibrobilast recruitment
(2,3), their strong stimulatory effects on the formation of extracellular matrix
proteins (4,5), and their well documented angiogenic effects (6,7,8,9).
Numerous in vivo studies have shown that the local application of TGF-3
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isoforms can enhance the repair process in animal wound healing models. In
this respect TGF-B appears to be especially effective in stimulating repair
under conditions in which the normal healing processes are either artificially
or naturally impaired (reviewed in 10). However, our present knowledge of the
regulation and expression of endogenous TGF-8s in normal skin and during
the wound healing process is relatively limited. TGF-31 mRNA is induced in
the porcine dermis following wounding and expression levels are enhanced
by local application of TGF-31 protein (11,12). A  recent
immunochistochemistry study has provided evidence for increased secretion of
TGF-B1 by migrating keratinocytes at the margins of pig and human skin
wounds (13).

The aim of the present study was to compare, by in situ hybridisation,
mRBNA expression of the three mammalian TGF-f3 isoforms in partial
thickness thermatl wounds on young and old mice following topical application
of TGF-B31, -B2, and -B3 or placebo treatment.

MATERIAL AND METHODS

Growth factors: Recombinant human TGF-31 was obtained from IDS
(Washington, U.K), recombinant human TGF-B82 and TGF-B3 were from
Ciba-Geigy (Basel, Switzerland). All TGF-Bs were formulated in a viscous
vehicle buffer solution (0.5% w/v hydroxypropylcelluiose in 10mM histidine,
140mM NaCl, pH 7.4).

Wounding, treatment and collection of biopsy specimens: Partial
thickness thermal wounds were induced on the dorsal thorax of
anaesthetised young (3 month) and old (18 month) C57BL/6 mice by means
of a brass block (1cm2) equilibrated to 80°C and pressed on the depilated
skin for 10 seconds. The blister roof was removed 1 hour later and wounds
were treated by topical application of 1 pg recombinant TGF-B1, TGF-32,
TGF-B3 or with vehicle only. Skin biopsy specimens were collected 6 hours,
24 hours and 72 hours following injury.

In situ hybridisation: Biopsies were fixed for 24 hours at 4°C in a
freshly prepared solution of 4% paraformaldehyde in PBS and paraffin
embedded. 6um sections were hybridized with [35S]-labeled riboprobes as
described (14). The TGF-B riboprobe templates were 333 nucleotide long
fragments, subcloned into pGEMS (Promega) and corresponded to the c-
DNA sequences encoding the mature forms (plus stop codon) of human TGF-
31, TGF-B2, and TGF-B3. Specificities of ail riboprobes were checked by
Northern blot analysis and "sense” probes were used as negative controls.
Exposure times were 2 weeks. Sections were stained with Haematoxylin.

RESULTS

Expression of TGF-B mRNAs in intact skin and 6 hours following
wounding. Specific TGF-B1, TGF-B2, and TGF-B3 expression was not
detected in non-wounded mouse skin (data not shown) and only very weak
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Fig.1. In situ localization of TGF-B1 mRNA at the edge of a partial
thickness thermal wound 6 hours following injury of a young mouse.
Left) brightfield illumination; right) darkfield illumination (showing reflected
light from silver grains). Only very weak TGF-B1 hybridisation signals are
visible in the dermis at the wound margin.

TGF-31 hybridisation signals were found in the dermis of all skin biopsies
taken 6 hours following wounding (Fig.1).

Expression of TGF-B mRNAs 24 hours following wounding. A
focally clustered distribution of TGF-31 hybridisation signals was observed in
the dermis at the wound margin (Figs.2 & 3). Biopsies from non-treated
young mice (Fig.2A) revealed higher levels of TGF-B1 hybridisation signals
than those from non-treated old mice (Fig.3A). Both in young and old mice
the number of TGF-B1 positive cells and the overall extent of expression
within the wounded dermis increased after topical treatment of the wounds
with TGF-B3s (Figs. 2 & 3). All three TGF-3 isoforms turned out to be potent
stimulators of TGF-B1 expression. TGF-3 treatment of wounds in old mice
increased the level of TGF-B1 expression to a level (Fig.3B) which was
higher than that observed in non-treated young mice (Fig.2A). A further
stimulation of TGF-B1 expression was visible in wounds of young mice
following topical application of TGF-Bs (Fig.2B-D). Specific expression of
TGF-B2 and TGF-B3 mRNAs was not detected in any of the wound biopsies
taken from untreated or TGF-3-treated wounds.

Expression of TGF-B mRNAs 72 hours following wounding. In
comparison to the 24-hour biopsies, higher levels of TGF-B1 mRNA
expression were observed in the regenerating epidermis after 72 hours
(Fig.4). At this time however, TGF-81 mRNA transcripts were more uniformly
distributed in the dermis. At 72 hours post wounding differences in TGF-31
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Fig.2. In situ hybridisation showing TGF-B1 mRNA expression in
biopsies taken 24 hours following wounding of young mice treated
with: A) vehicle only; B) 1ug TGF-81; C) 1ug TGF-82; D) 1ug TGF-B3.
Left) brightfield illumination; right) darkfield illumination. A focally clustered
distribution of TGF-B1 hybridisation signals is visible in all biopsies at the
wound margins. The number of TGF-B1 positive cells and the overall extent
of expression is increased in TGF-B3 treated mice.
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Fig.3. In situ hybridisation showing TGF-B1 mRNA expression in
biopsies taken 24 hours following injury of old mice treated with: A)
vehicle only; B) 1pg TGF-B3. Left) brightfield illumination; right) darkfield
illumination. Increased levels of TGF-B1 hybridisation signals are visible at
the wound margin of a TGF-B33 treated mouse.

Fig.4. In situ localisation of TGF-B1 mRNA at the edge of a partial
thickness thermal wound 3 days following injury of a young mouse.

Left) brightfield illumination; right) darkfield illumination. TGF-31 hybridisation
signals are strongest in the basal cell layers of the regenerating epidermis.
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expression levels between treated and non-treated animals were less
pronounced and TGF-32 and TGF-B3 hybridisation signals were again not
detected.

DISCUSSION

The findings of the present study suggest that TGF-B1 mRNA
expression is decreased in wounds of old animals, where the wound healing
status is known to be naturally impaired (9). Cox et al. (15) have shown that
topical application of recombinant or natural TGF-B2 enhanced and
accelerated wound healing responses in old rodents to levels observed in
non-treated young animals. In most instances a single application of TGF-32
was sufficient to obtain a full healing response. Our observations also provide
evidence that exogenously applied TGF-Bs stimulate the expression of
endogencus TGF-31, probably via an enhanced recruitment and/or activation
of wound monocytes/macrophages. This finding is in agreement with the
reported enhancement of TGF-B1 expression in porcine skin wounds
following treatment with TGF-B1 (11,12). Salomon et al. (16) have shown that
a restoration of wound healing in doxorubicin-treated animals, which also
show reduced TGF-B3 expression levels at the wound site, can be simply
achieved by topical application of TGF-31 thereby providing further evidence
for the efficacy of TGF-B3 isoforms to heal impaired wounds.

Induction of TGF-B1 expression in the dermis may be an important
prerequisite for restoration of dermal matrix or granulation tissue formation. In
addition, an induction of TGF-31 expression in epidermal cells at the edge of
a wound may be an important signal for re-epithelialization to occur. This
second idea is supported by several findings since TGF-B1 has been shown
to switch keratinocytes from a differentiating- to a regenerative-phenotype
(17); to stimulate keratinocyte motility in vitro (18), and in ex-vivo biopsies
(19); and to upregulate the production of fibronectin (18), an essential
component of the provisional matrix over which epidermal cells need to
traverse during the re-epithelialization process.

TGF-Bs are potent inhibitors of epithelial cell proliferation although
these growth factors may stimulate proliferation of some mesenchymal cells
via induction of Piatelet-Derived Growth Factor (PDGF) (reviewed in 20).
Normal skin epithelial cells do not constitutively express PDGF or PDGF-
receptors although an induction of both proteins has been shown to occur
following injury (21). TGF-81 may stimulate proliferation of keratinocytes at
the wound margins indirectly, via an alternative pathway involving PDGF,
thereby providing a plausable explanation for the thickening of the
regenerative epidermis at the wound edge.
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At the mechanistic level, cellular resposes to wounding include
induction of AP-1 regulated genes (22) and autoinduction of TGF-B1 has
been shown to be mediated by the AP-1 complex (23). TGF-B31 which is
released from degranulating platelets and activated macrophages and is
present in an active form in wound fluid {24-26) may therefore trigger a
cascade of inductive events resulting in TGF-B1 expression in dermal and
epidermal cells at the wound site via an AP-1 mechanism.

From the findings of the present study we suggest the hypothesis that
an induction of TGF-R31 expression in dermal and epidermal cells is essential
for normal wound healing to proceed. A stimulation of endogenous TGF-31
expression in wound tissues, e.g., by the addition of exogenously applied
TGF-Bs, may therefore offer a promising therapeutic approach for the
treatment ot chronic, non-healing wounds.
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