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Abstract The reconstruction of epidermal architecturevel of proliferation, differentiation and activation than
over time in normotrophic and hypertrophic scars in udid normotrophic scars. At 7 months post-burn all kerati-
transplanted, spontaneously healed partial-thickneggyte proliferation and differentiation markers showed
burns has scarcely been studied, unlike the regeneratiormal expression, but the activation marker CD36 re-
of epidermal grafts used to cover burn wounds and tiheined upregulated in both normotrophic and hypertro-
regeneration of the dermis during hypertrophic scarringhic scars. Surprisingly, in matched unburned skin of
The expression of markers of epidermal proliferatiobyurn patients, a state of hyperactivation was observed at
differentiation and activation in normotrophic and hypei- month. Our results suggest that keratinocytes may be
trophic scars in spontaneously healed partial-thicknésgolved in the pathogenesis of hypertrophic scarring.
burns was assessed and compared with the expression of

these markers in normal control skin of healthy perscksy words Keratinocyte - Hypertrophic scar - CD36 -

to determine whether hypertrophic scarring is associatéeratin 1€

with abnormalities in the phenotype of keratinocytes.

Punch biopsies were taken both of partial-thickness

burns after re-epithelialisation and of matched unburnbdroduction

skin. At 4 and 7 months post-burn, biopsies were taken

of normotrophic and hypertrophic scars that had devBluring wound healing, a sequence of inflammation, tis-
oped in these wounds. The biopsies were analysed using regeneration and reorganisation results in the forma-
immunostaining for markers of keratinocyte proliferaion of mature scar tissue. Skin repair after burning is es-
tion, differentiation and activation (keratins 5, 10, 16 a@ntially similar to healing after simple trauma, yet burn-
17, filaggrin, transglutaminase and CD36). We observeslated ischaemia, hypoxia and oedema slow down
a higher expression of markers for proliferation, diffeyound healing ADDIN ENRf8 [24]. The end-result of
entiation and activation in the epidermis of scars atblirn wound healing can be normotrophic healing or ab-
month post-burn than in normal control skin of healthyormal wound healing, resulting, for example, in chronic
persons. There was a striking difference between nornafeers or hypertrophic scars. Besides disabling contractu-
trophic and hypertrophic scars at 4 months post-bures and disturbing cosmetic aspects, hypertrophic scars
Keratinocytes in hypertrophic scars displayed a highglso cause a variable degree of discomfort, such as se-
vere itching [24]. The aetiology of hypertrophic scarring
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inflammation [6] and wound healing [27]. Further stud§Becton Dickinson, San Jose, Calif.) and omission of the first and
i i i i i cond step.
\?\for?r?\;\?hei{énal maturation in - hypertrophic scaring Two investigators (T.E.H. and V.A.) assessed the staining in-
. N - . ., tensity independently and compared it with expression in normal
_An“bOd'eS to specific markers, S_UCh as keratins, f”aébntrol skin from healthy persons undergoing plastic surgery. For
grin, transglutaminase, are useful in study of the keratach of the four epidermal layers (basal, spinous, granular and

nocyte phenotype in tissue remodelling during bupgrny layers) the staining intensity of each marker was scored, us-

; ; ; semi-quantitative scale ranging from 0 to 3 as described pre-
wound healing, because they are expressed in d'ﬁerl\ﬁgttlily (O=not detectable, 1=weak staining, 2=moderate staining

layers of the epidermis in a differentiation-specific magnq 3=strong staining) [15]. On most markers there was consen-
ner [17, 23, 28]. Expression of CD36 in normal keratineus, but in case of any discrepancy the mean value was calculated.
cytes is absent, occurring only in response to specific im-For all markers, the mean summary score (referred to from this

munological and nonimmunological stimuli [2, 5, 8, 22Pint on as the mean score) of the four epidermal layers was used
R hh . v b f d P h me statistical analysis. Differences in the score between normal
esearcn has previously been focused on regeneratiofhfro| skin from healthy persons with both burned and matched
the epidermis in burns treated with grafts [9, 12, 30, 3@burned skin, differences over time, and differences between nor-
41], and so we aimed to describe keratinocyte maturatioetrophic and hypertrophic scars were statistically analysed using
in ungrafted, spontaneously healed partial-thicknet§§ Mann-Whitney U-test, Wilcoxon matched-pairs signed-ranks

: . . st, a Chi-square test or an ANOVA test (SPSS version 5.0.2,
burns. We focused on keratins, filaggrin, transgluta PSS, Chicago, lll., 1993). R-value equal to or lower than 0.05

nase and CD36 as a starting point for further studies @ considered statistically significant.
keratinocyte maturation in hypertrophic burn wound

scars. We wished to determine whether hypertrophic

scarring is associated with abnormalities in the phergesults

type of keratinocytes.

We monitored the expression of epidermal maturati@opsies from 22 burn patients were examined. Four pa-
markers immunohistochemically in both normotrophigents who initially joined the study were lost to follow-
and hypertrophic burn wound scars during a 6-monip. This resulted in 38 biopsies taken at 1 month post-
follow-up. burn, 34 biopsies (23 normotrophic and 11 hypertrophic
scars) taken at 4 months post-burn, and 36 biopsies (24
normotrophic and 12 hypertrophic scars) taken at 7
Materials and methods months post-burn.

In the haematoxylin-eosin-stained sections, the epi-

Twenty-two patients aged 19-74 years (mean age: 41 years) ; ; _
treated for burns at the Burn Centre of the Red Cross Hospitzzﬁ?mls of burn scars showed a normal architecture ex

Beverwijk, The Netherlands. The extent of the total burn injury #€Pt for the epidermal ridges and dermal papillae, which
individual cases varied from 5% to 62% (mean: 16%) of the towlere not as deep or as numerous as in normal control
body surface area. After informed consent had been obtained frgkin. The epidermis of burned skin at 1 month post-burn
each patient, 3-mm punch biopsies were taken of two Pa”'abntained only sporadically infiltrating cells, which had

thickness burns at three time points: 1 month, after re-epithelid d 4 d7 h b In th id
sation had been completed [mean: 4.8 weeks, standard ef§@Ppeared at 4 and 7 months post-burn. In the epider-

(SEM): 0.32 weeks], 4 months (mean: 17.8 weeks, SEM: 0.1Ss of matched unburned skin and in normal control
weeks) and 7 months (mean: 30.6 weeks, SEM: 0.71 weeks) pgkin, inflammatory cells were absent.

burn. Matched unburned skin of the same patients was obtained
only at 1 month post-burn. At 4 and 7 months post-burn the scars
were classified as normotrophic or hypertrophic using the Vancou-
ver Scar Scale, a classification system based on consistency, eleve 8
tion and colour [38].

Serial 5um cryostat sections were cut from Tissue-tek (Miles
Elkhart, USA) embedded biopsies and attached to glass slidess 6
coated with poly=-lysin and fixed in 100% acetone for 10 min. g
All incubations were performed at room temperature. An alkaline g
phosphatase anti-alkaline phosphatase (APAAP) staining method§ 4 |
was used as described by Schaumburg-Lever [35]. In brief, sec-2
tions were preincubated with 10% normal rabbit serum in phos- § 31
phate-buffered saline (PBS), followed by incubation with antibod- € » |
ies against keratins (Keratin 5: Euro-Diagnostica, Malmo, Swe-
den; Keratin 10: Monosan, Uden, The Netherlands; Keratin 16: 1
Sigma, Zwijndrecht, The Netherlands; Keratin 17: Dako, Glostrup,
Denmark), Filaggrin (Biomedical Tech., Stoughton, Mass.), Trans-
glutaminase (Biomedical Tech.) and CD36 (CLB, Amsterdam,
The Netherlands). The sections were rinsed, incubated for 30 min
with rabbit anti-mouse immunoglobulin antibodies (Dako) and in-
cubated for 30 min with APAAP (Dako). The immunoreaction was
visualised by using a solution containing new fuchsin (Chroma- keratin 16 keratin 17 CD36
Gesellschaft, Kbngen, Germany), sodium nitrite, naphthol phos-
phate, dimethylformamide and levamisol in TRIS-HCI buffeffig. 1 Keratin 16 and 17 and CD36 expression in the epidermis in
(pH=8.0). Slides were counterstained with Mayer's haematoxyhoth normal control skin of healthy persons, in burn scars at 1, 4
and mounted in glycerol-gelatin (Merck, Darmstadt, Germanygnd 7 months post-burn time, and in matched unburned skin of the
The negative controls involved concentration-matched mouse Ig&ients
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Fig. 2A—F Immunohistochem-
ical localization of keratin 16
and CD36 in partial-thickness
burn scars at 4 months post-
burn time, matched unburned
skin and normal control skin of
healthy persons. CD38 in
matched unburned skin of a
burn patient an® in normal
control skin of a healthy per-
son.C Keratin 16 in a hormo-
trophic scar an® a hypertro-
phic scar from the same pa-
tient, and CD3€ in a normo-
trophic scar anéF a hypertro-
phic scar from the same pa-
tient. Original magnification
x40C
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9 Whitney U-test:P=0.24). At 7 months no scars showed
" —=— K16 normotr. keratin 17 expression, as expected.
8 \\ — = KiGhypertr. " CD36 remained expressed by keratinocytes at both 4
. N —o— CD36 normor. | and 7 months post-burn. At 7 months, 34 of the 36 scars
o \ e T CD36 hypertr. still showed CD36 expression. This upregulation was
S 6 < significant compared with normal control skin of healthy
= B \ SRR persons (Mann-Whitney U-tesP<0.01). At 4 months
g 5 = -~ post-burn the difference between normotrophic scars
£, NN - (mean score 3.9; Fig. 2E) and hypertrophic scars (mean
2 \ oo score 5.6; Fig. 2F) was significant (Mann-Whitney U-
§ 3 test: P=0.03; Fig. 3), but there was no longer a signifi-
N cant difference at 7 months post-burn (mean scores nor-
2 ~ mo;rophlc scars: 2.9, hypertrophic scars: 3.7; Mann-
| Whitney U-testP=0.38).
The expression of keratins 5 and 10 and filaggrin and
0 ‘ , of transglutaminase in scars was no different from that in

1 month 4 months 7 months normal control skin at 4 and 7 months post-burn.
post-burn time

Fig. 3 Keratin 16 and CD36 expression in normotrophic and hpjscussion
pertrophic burn scars

Our data show that keratinocytes in burn wounds in
The dermis of the normotrophic scars showed a narhich re-epithelialisation is just completed have entered
mal architecture, whereas the hypertrophic scars showedalternative pathway of differentiation and are express-
the typical dermal collagen organisation of whorls aridg an activated phenotype compared with those in nor-
nodules. mal control skin from healthy persons. This is shown by
At 1 month after burning, the expression of keratins the upregulation of keratins 5, 16 and 17, filaggrin, trans-
16 and 17 (Fig. 1), filaggrin, transglutaminase and CDgfutaminase and CD36 in the 1-month-old burn scar.
was clearly higher than in normal control skin of healthiyhese results agree with those of previous studies on epi-
persons (Mann-Whitney U tegp<0.01). No alterations dermal maturation in grafted burn wounds [9, 30, 33, 41]
were observed in keratin 10 expression. and show that the first aim of the newly formed epider-
The matched unburned skin of every patient taken atnis is rapid migration and proliferation to cover the de-
month post-burn showed a normal expression pattern fioded area. This is followed by enhanced differentiation
all markers except CD36 (Fig. 1). 19 of the 22 showirig restore the barrier function of the skin.
an upregulation of this marker (Fig. 2A). The difference With regard to the chronic phase of spontaneously
between this elevated expression in matched unburhedled burn wounds, our study clearly demonstrates a
skin and the absence of CD36 expression in the norriale-dependent difference in keratinocyte phenotype be-
control skin of healthy persons (Fig. 2B) was highly sigareen normotrophic and hypertrophic scars. This in-
nificant (Wilcoxon testP<0.01). There was no relationdicates that the distinction between normotrophic and
between the distance from the biopsy site of the matchwsgbertrophic scars is located in both dermis and epider-
unburned skin to the burned area and the CD36 expmass.
sion (Chi-square teslB=0.28). No relation was observed A recent study has also revealed an upregulation of
between total burned body surface area and CD36 keratin 16 in the epidermis of hypertrophic scars [25].
pression in the matched unburned skin biopsies (ANOWowever, the workers concerned did not observe time-
test,P=0.27). dependent expression, probably owing to the unknown
At 4 and 7 months post-burn, keratin 16 expressidepth of the original wound and to dissimilar treatments,
differed significantly between the epidermis of norman particular grafting.
trophic (Fig. 2C) and of hypertrophic (Fig. 2D) scars. Epidermal growth factor (EGF) and transforming
There was still an upregulation of keratin 16 in 9 of tlgrowth factorer (TGF-0) have been shown to upregulate
10 hypertrophic scars (mean score 6.4), as against 5surabasal keratin 16 expression specifically in hyper-
of 21 normotrophic scars (mean score 2.6; Mann-Whgroliferative epidermis [21, 26], and should be regarded
ney U-test:P<0.01; Fig. 3). At 7 months post-burn the&s important growth factors in the pathogenesis of hyper-
expression of keratin 16 had reverted to normal in bdtbphic scarring. Potential sources of EGF or T&GH
normotrophic (mean score 1.7) and hypertrophic scasgpertrophic burn scars are the immunologically active
(mean score 2.1; Mann-Whitney U-teB£0.83). cells present in the dermis or epidermis and the keratino-
Keratin 17 was still slightly upregulated in 11 of theytes themselves. The latter play an important part in the
33 scars at 4 months, with a small, but statistically insigxpression of keratin 16, as it has been shown that kerati-
nificant, difference between normotrophic (mean scomecytes can produce and be stimulated by BGR-an
0.7) and hypertrophic scars (mean score 2.2; Marmuwtocrine loop [11]. Alternatively, induction of keratin
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16 in hypertrophic scars may be caused by the continu-The upregulation of CD36 is likely to be influenced
ous upward mechanical forces to which the epidermisbig the presence of an hormonally active peptide, as it is
exposed, because of the tumour-like growth of the reti@iso upregulated in the matched unburned skin of the pa-
lar dermis. Keratin 16 is known to be involved in the réients. No long-term follow-up data are available on cyto-
organisation of the keratin filaments to facilitate mobilitiine levels that lead to activation of the noninvolved epi-
by keratinocytes [31]. dermis, so that there are no data to support this sugges-

The reasons for the prolonged CD36 expression tign. Neuropeptides regulated by the nervous system and
keratinocytes, the cause of its expression and its functsatreted by nerve endings are another possible source of
in burn wound scars are all unclear. It is known theg¢ntrally located messenger that might influence both the
CD36 is upregulated by keratinocytes in response kieratinocytes of the burn scars and the keratinocytes of
some immunological and non-immunological stimuli [2he matched unburned skin. When the skin is injured sig-
5, 8, 22]. CD36 can be expressed by various other c#lls elicited by the sensory nerves from this tissue reach
types, such as platelets, monocytes, macrophages, emytl-central nervous system, and in addition to this so-
rocytes and endothelial cells [14]. It belongs to a famitalled orthodromic response, the sensory nerves are ca-
of integral membrane glycoproteins that bind a rathgable of a second, efferent, impulse to the skin, the anti-
wide range of ligands [4, 13, 18, 39]. It may serve agleomic response [3]. With this response, neuropeptides
signal transduction molecule [29] and as a general adaee released into the skin, which can influence keratino-
sion molecule [34]. The biochemical features of theyte activation in clinically unaffected skin. Neuropep-
CD36 molecule expressed on keratinocytes of hyperttimes can also modulate keratinocyte functions, such as
phic scars are identical to those on other cell types [&}iokine production [36] and possibly CD36 expression.
suggesting that the function of CD36 on keratinocyt®kerves reach both the burned and the unburned skin and
might resemble its role in other cell types. can thus influence keratinocytes of the whole skin.

In macrophages, CD36 has been identified as an adWe conclude that the development of hypertrophic
hesion molecule in the clearance of apoptotic neutroplstarring is not only an isolated dermal defect, but rather
ic granulocytes [34]. CD36 may serve as an adhesitie result of a defect in the interaction between dermis
molecule in keratinocytes, whether for inflammatorgnd epidermis and also influenced by systemic neuro-
cells, or for adjacent keratinocytes to form a tight cohermonal systems.
nection when the epidermis is mechanically challeng
in scar formation. It may be that Langerhans cells upr
ulated in the burn scars (personal, unpublished, resu
use the CD36 molecule as an adhesion factor to re-enter
the epidermis after re-epithelialisation. References
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