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SOLUBLE TNF RECEPTOR |

TNF-o may have different effects in wound healing —
inhibitory and activating {17, 18, 19, 20]. However, it is
well known that TNF-0t may be difficult to measure in
serum. TNF may interact with two receptors, a 55-60
kilodalton (CD 120a) and a 75-80 kilodalton (CD 120b)
receptor, which mediate the different effects of Tumor
Necrosis Factor alpha. The early inflammatory effects
are mediated by the slow p53-60 TNF receptor that is
expressed in the vascular system and most organs. The
fast p75-80 TNF receptor is the predominant receptor
type in activated lymphocytes and monocytes and s in-
volved in the immuno-cnhancing cffect of TNF. Both
receptors release their extracellular part as soluble TNF
receptor (STNFR) into the circulation [21]. sSTNFR may
function as an inhibitor or carrier protein for TNF to
confine any local, e.g., wound, source of TNF. The rela-
tionship of TNF and sTNFR has been investigated in
several studies {22, 23, 24] and sSTNFR levels were asso-
ciated with systemic complications in a variety of diseas-
es |25, 26] . To our knowledge this is the first study
where STNFR-T was serially determined in the local,
postoperative wound and the systemic circulation.
Plasma levels are only moderately increased. However,
in local wound fluid STNFR-1 remained clevated for
two days postoperatively which may reflect increased
pro-inflammatory TNF-a release [27, 28, 29] . The
modest operative trauma of mamma reduction plasty is
represented by the moderate STNFR-1 increase in plas-
ma and the visible increase in local wound fluid. The
source of STNFR-1 remains to be elucidated. Peripheral
cells, such as lymphocytes and PMN, possess mostly 75
kDaTNFR [30] but in patients with severe trauma and
septic shock the serum levels of 55kDasTNFR exceed
those of 75kDasTNFR |23]. In this study we have not
determined the cells in the wound fluid nor have we de-
termined sSTNFR-2 levels. To clarify the function of sol-
uble Tumor Necrosis Factor Receptors in wound heal-
ing we need such investigations.

IL-6

The moderate operative trauma in this study is further
reflected by small and temporary clevated plasma 11.-6
levels. The local trauma Icads to increased IL-6 levels in
wound fluid (271.7 pg/ml). 11.-6 regulates several com-
ponents of the acute phase response and is involved in
the B-cell differentiation and the co-stimulation of T-
cells which are involved in wound healing {31] . There is
alsu a strong relationship to antecedent TNF-ot release
[32] resulting in high levels of IL-6 in early experimental
wounds [33] and in burn blister fluids [34]. Increased
IL.-6 levels correlated with impaired T-cell response and
an increased susceptibility to infection in burned pa-
tients [35]. 1L-6 was also implicated in suppressing fi-
broblast formation [36). Fibroblasts again may produce
TGF-B. The observed reduction in TGF-B may be
caused by the 11L-6 induced suppression of fibroblasts.
In contrast, high concentrations of 1L-6 induced de
novo synthesis of active TGF-B by adherent cells or ac-
tivated macrophages to synthesize or release enzymes
capable of activating latent TGF-B [37). However,
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monocytes/macrophages appear later in wound healing
and it seems unlikely that these cells are responsible for
the carly local production of TGF-P.

11.-8

The normal levels of plasma [1.-8 indicate that no
systemic neutrophil activation has occurred. Neutrophil
recruitment into inflaimmatory lesions  depends  on
chemotactic agents such as IL-8 [38]. Elevated IL-8 lev-
¢ls causing neutrophil accumulation were reported in a
variety of disease [39, 40, 41, 42]. The 1L-8 concentra-
tion in wound fluid was increased in this study which
may indicate keratinocyte proliferation [43]. The signifi-
cance of I1.-8 in wound healing remains unclear. Only
one study deals with effect of IL-8 in wound healing
[12). In hypertrophic scars treated by dressings there
was an increase of IL-8 mRNA and a decrease of TGF-
B. It was concluded that hydrogel dressing may augment
collagenolysis via promotion of inflammation mirrored
by increased IL-8 and decreased TGF-B levels. High I1..-
8 levels as thuse we observed in the wound are seen in
patients with sepsis [44] or primates challenged with E.
coli [45, 46]. Our results are in agreement with reports
by Ono et al. [5, 6] who measured IL-8 in nanogram
range in burn wound blister fluid. The inflammatory re-
sponse by locally produced IL-8 elicits edema formation
duc to ncutrophil-mediated damage and subscquent
plasma leakage [47, 48]. The effect of 1L-8, however, is
still in dispute. 11.-8 may also have anti-inflammatory cf-
fects and inhibit the adherence of neutrophils to endo-
thelium [49], intravenous bolus 11.-8 caused transicnt
neutropenia and leukocyte sequestration [50]. In this
study the increased local 11-8 release may be more a
sign of local inflammation than anti-inflammatory ac-
tion. It is clear to us that the isolation of cells from the
wound fluid would furthet help to clarify the role 11.-8
in wound healing.

TGF-p

The concentration of TGF-B in plasma was in the nor-
mal range throughout the study period. There was, how-
ever, a significant decrease of TGF-B at the first and
second postoperative day in the wound fluid. TGI-3
may stimulate the proliferation of certain cell types (e.g.,
connective tissue) while inhibiting proliferation of lym-
phocytes and cpithelial cells [51]. It can be produced by
several cell types, c.g., platelets and macrophages, and
may promote wound healing [52, 53]. This effect may be
achieved by the synthesis and rapid maturation of colla-
gen in early wound [54, 55). This observation indicates
that TGF-B may not be an early player in wound heal-
ing. Our results seem to confirm this observation. The
decrease of TGE-B at the first and second postoperative
day may also be caused by consumption of this factor
known to block biologic effects of pro-inflammatory cy-
tokines on matrix remodeling and destruction [36]. It is
yet unclear which cell type is primarily responsible for
the production of TGF-f§; macrophages which follow
neutrophils into the wound after two days may also re-
lease this factor [57]. Furthermore some of the effects
of TGF-B, e.g., chemotaxis for inflammatory cells and
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fibroblasts, depend on optimal concentration which we
don’t know yet [58, 39]. Although growth factors have
been applied frequently to chronic wounds in clinical
studies, there remains this obvious lack of knowledge of
uptimal growth factor concentration in wounds.

Cytokines and growth factors play an importtant role
in the inflammatory response during the early phase of
wound healing. The absolute levels and the balance
between the mediators may decide on the outcome of
wound healing. As none of the patients in this study had
wound complications the observed pattern of cytokine
and TGF-B production can be considered as “normal”.
The knowledge of the appropriate timing and quantity
of growth factor and cytokine application is necessary
before widespread application of topical cytokine thera-
py.- The combination of several factors may be more
therapeutic chan single cytokine application {60).

We conclude that wound eytokine and growth factor
levels are markedly higher than the systemic ones.
Cytokines peaked at different time points, probably re-
flecting the influx of inflaimmatory cells into the wound
and the phase of wound healing, Further studies are
necessary to clarify the mechanism of eytokine release in
notmal postoperative wounds before a therapeutic strat-
egy can be developed.
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