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Collagen synthesis after laser skin
resurfacing of the periocular skin'

Sinteza kolagena v periokularnem podrocju

po laserski prenovi koze'

Matej Beltram,* Marko Zivin,2 Brigita Drnoviek-Olup®

Abstract

Background: Laser skin resurfacing (LSR) is a
procedure in oculoplastic surgery, used for the
reduction of periocular rhytides. Clinical effect
of the reduction of rhytides is achieved through
remodeling of skin collagen. Collagen synthesis
after LSR has been evaluated both by histologi-
cal examination and analysis of collagen gene
expression in up-to-date studies. However, these
studies are comparable only to a lesser degree
due to differences between examinators and his-
tologic criteria.

The goal of this study was to assess the usefulness
of in situ hybridization (ISH) analysis of type I
collagen gene expression after Er:YAG LSR.

Patients and methods: Eyelid skin of 9 volun-
teer patients has been treated by Er:YAG laser
with LSR parameters. Twenty-one days after
the treatment the skin was excised as part of the
blepharoplasty procedure. For ISH, a pro alpha
(I) collagen antisense copy-DNA (cDNA) probe
was designed. We prepared tissue sections and
hybridized them with the radiolabelled cDNA
probe. We used untreated skin areas from the
same skin samples as a control group.

Results: We determined and statistically
analyzed the levels of pro alpha (I) collagen gene
expression in the samples collected, which vari-
ed significantly between the treated and untrea-
ted skin.

Conclusions: In situ hybridization analysis is a
useful method in determining the site and rate of
collagen gene expression after Er:YAG LSR. We
suggest that this method is useful in determining
the amount of collagen synthesis after laser skin
resurfacing and is less observer-dependent than
histological evaluation alone.

Izvlecek

Izhodis¢a: Lasersko prenovo koze (LPK) upo-
rabljamo v okuloplasti¢ni kirurgiji za zmanjsa-
nje gub koze v periokularnem podrodju. Kozne
gube lahko razdelimo na (1) fine gube, (2) mi-
micne gube in (3) globoke gube. Za zdravljenje
prvih je primerna metoda LPK, za druge injici-
ranje koznih polnil ali botulinusnega toksina, za
tretje je potreben kirurski poseg. Kozne gube so
posledica ve¢ dejavnikov, glavna sta zmanjsanje
elasti¢nosti koze zaradi solarno-aktini¢ne okva-
re ter ponavljajoe se kréenje obraznih misic.
Ob tem se pojavljajo $e individualne variacije
zaradi genetskih osnov, kajenja in stresa. Kola-
gen v dermisu se s staranjem denaturira, stanjsa,
izgubi urejenost in se naguba ter s tem prispe-
va k nagubanosti same povrsine koze. Klini¢no
opazni u¢inek zmanjsanja globine gub po LPK
temelji na preoblikovanju kolagena v dermalni
plasti koze. U¢inkovitost LPK je tema $tevilnih
raziskav, kjer so avtorji ugotavljali spremembe
v koznem kolagenu s histoloskimi metodami.
V nekaterih raziskavah so analizirali ekspresijo
genov za kolagen z metodo hibridizacije DNK,
kot sta metodi Southern-blot in northern-blot,
ki omogocata ugotovitev izrazanja dolocene-
ga gena v vzorcu tkiva in kvantifikacijo le-tega.
Medsebojna primerjava objavljenih raziskav o
ucinkovitosti LPK je tezavna zaradi razlik med
ocenjevalci in histoloskimi kriteriji, ki so jih av-
torji uporabili.

Drugi nacini ugotavljanja u¢inkovitosti LPK te-
meljijo na primerjavi neobsevane in obsevane
koze oziroma analizi fotografij pred in po LPK,
pri kateri se ocenjuje stopnjo nagubanosti in iz-
gled koze klini¢no. Mnogo bolj$o objektivnost
in ponovljivost lahko dosezemo z metodo tridi-
menzionalne mikroskopske topografske analize
kozne povrsine. S to metodo lahko dolo¢imo
stopnjo anizometrije kozne povrsine s statisticno
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analizo vrste, dolzine, globine in usmeritve ko-
znih gub.

Z metodo in situ hibridizacije (ISH) lahko na-
tan¢no dolo¢imo mesto izrazanja dolocenega
gena v tkivu, hkrati lahko semi-kvantitativno
dolo¢imo tudi stopnjo izrazanja preiskovanega
gena. Iz teh dveh razlogov smo Zeleli preizkusiti
uporabnost metode ISH za oceno izrazanja ge-
nov za kolagen tipa 1 po LPK z laserjem Er:YAG.
S tem smo Zeleli prispevati k boljsi ponovljivosti
in ve¢ji objektivnosti pri ocenjevanju razli¢nih
postopkov LPK.

Bolniki in metode: V $tudijo smo vklju¢ili osem
prostovoljk in enega prostovoljca, pri katerih je
bil zaradi dermatohalaze zgornjih vek predviden
kirurski poseg - blefaroplastika. Studijo je potr-
dila Komisija za medicinsko etiko RS v okviru
raziskovalnega projekta »Delovanje laserskega
sevanja na tkiva ocesa in periokularnega podro-
djac.

21 dni pred posegom smo odvec¢no koZo vek ob-
sevali z laserjem Er:YAG z enakimi nastavitvami
kot pri LPK. Odstranjeno kozo smo zamrznili
v teko¢em dusiku pri -90°C. Za postopek ISH
gena za kolagen tipa 1 smo pripravili specifiéno
protismiselno DNK (cDNA) in jo hibridizirali z
vzorci tkiva. Oznacdene tkivne rezine smo inku-
birali v svetlobno neprodusno kaseto s fotograf-

skim filmom in ga nato razvili, da smo iz njega
lahko od¢itali rezultate poskusa. Prav tako smo
na objektna stekelca s tkivnimi rezinami nanesli
fotografsko emulzijo za neposredno primerjavo
rezultatov ISH in histoloske ocene tkivnih rezin.
Kot kontrolna skupina za primerjavo so nam slu-
zili neobsevani predeli koze iz istih vzorcev koze
vek.

Rezultati: Z metodo ISH smo dokazali tvorbo
novega kolagena tipa 1 v vzorcih koze po LPK z
laserjem Er:YAG. Dolo¢ili smo mesto izrazanja
gena za kolagen tipa 1 v tkivnih rezinah vzorcev
obsevane koze v povrhnjem dermisu do globine
200 pum. Semikvantitativno smo dolo¢ili stopnjo
izrazanja gena za kolagen tipa 1, ki je bila zna-
¢ilno visja (do 20x) v vzorcih obsevane koze v
primerjavi z vzorci neobsevane koze.

Zakljucki: Dokazali smo uporabnost metode
ISH za dokazovanje tvorbe kolagena v koZi po
obsevanju z laserjem Er:YAG z nastavitvami za
LPK. Povecanje izrazanja gena za kolagen tipa
1 je tolik$ne stopnje in sega do take globine, da
lahko povzro¢i izboljsanje videza koze z zmanj-
$anjem globine koznih gub. Menimo, da je me-
toda ISH uporabna za primerjavo ucinkovitosti
razlicnih metod LPK. Poglavitna prednost te
metode je, da je manj odvisna od kriterijev opa-
zovalca kot sama histoloska analiza in omogoca

semikvantitativno oceno stopnje izrazanja gena
za kolagen tipa 1.

Background and objective

Laser skin resurfacing (LSR) is a derma-
tosurgical laser procedure, used for the re-
duction of fine periocular and facial rhytides
(wrinkles). Facial wrinkles can be divided in
three main groups: fine wrinkles, expression
wrinkles and grooves, and creases. LSR pro-
cedures are indicated for fine wrinkles; botu-
linum toxin and filler product injections are
used for mimetic wrinkles and grooves; but
creases can only be treated with removal or
retension/lifting surgery.! Two main mecha-
nism of ageing cause wrinkles: the reducti-
on of skin elasticity due to solar elastosis and
actinic damage; and repeated contractions
of fine facial muscles. Additionally, indivi-
dual variability is caused by genetic predi-
spositions, smoking and stress. Changes in
dermal collagen take form of denaturation

and loss of orientation of the fibres, thinning
and folding of the collagen dermal layer.?
The mode of action of LSR is on this dermal
collagen layer. Partial skin collagen denatu-
ration is achieved by delivery of laser ener-
gy, which causes an inflammatory response
in the skin, which in turn leads to collagen
remodeling and new collagen synthesis. The
ultimate effect of this procedure is smoothe-
ning of the skin surface and the reduction
of wrinkles. Various laser types are used for
LSR, most notably the CO; and Er:YAG la-
ser. Alternatively, other energy sources have
been introduced in the last few years, e.g. ra-
diofrequency waves (RF) and intense pulsed
light (IPL) sources.

Since the introduction of LSR, many stu-
dies investigated the effectiveness of various
LSR procedures. The amount of collagen and
the arrangement of its fibrils were histologi-
cally evaluated in most of these studies.’™!
Other studies rely on the evaluation of skin
texture by either half-face comparison or
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photographic analysis, and arbitrary score
systems are used for different degrees of skin
wrinkles. When comparing these studies,
the problem of differences between histolo-
gical criteria, score systems and examinators
arises, leading to significant interobserver
differences. It is therefore difficult to objecti-
vely assess the effectiveness of different laser
resurfacing techniques used today, and to
make an objective comparison.

Three-dimensional microscopic topo-
graphic analysis of the skin surface is a
quantitative method, where degree of aniso-
metropy, type, length, depth and orientation
of wrinkles can be evaluated.'>"*

More recent studies use the methods of
imunuhistofluorescence for the analysis of
specific proteins (e.g. collagen) and gene-
-expression analysis, e.g. Southern-blot and
Northern-blot techniques. These techniques
enable us to measure the rate of activation of
a specific gene in a tissue sample.

In situ hybridization is a method, which
enables us to detect the amount of synthe-
sis of a specific protein at a pretranslational
level as well as the site of synthesis in a tis-
sue section. This method has been used in
dermatopathology since 1988, and the rate
of collagen synthesis in a variety of patholo-
gical processes has been studied.’*® Exam-
ples include keloids, surgical scars, psoriasis,
scleroderma, photoaged skin, and connecti-
ve tissue diseases, which were studied in vi-
tro and in vivo.'’** A few studies have been
made where gene expression after irradiati-
on of the skin with laser was analyzed with
Southern-, Western- or Northern-blot DNA
expression techniques. However, to our best
knowledge, none of these studies used the
method of in situ hybridization in combi-
nation with Er:YAG LSR. In situ hybridiza-
tion offers one major advantage over other
gene expression techniques: the exact site
of expression of the challenged gene in the
tissue can be determined. Additionally, the
amount of gene expression can be assessed
semi-quantitatively.

Our goal was to explore the usefulness of
ISH in determining collagen synthesis after
laser skin resurfacing with the Er:YAG laser.
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Patients and methods

Eight female and one male volunteer,
aged between 54 and 62 years, participated
in this study. Their informed consent was
obtained, and the study received clearance
by the National Medical Ethics Committee.
All of the patients had Fitzpatrick skin type
2 and blepharochalasis, for which blepharo-
plasty was indicated. None of the patients
had a history of previous skin disease or la-
ser/surgical treatment of the involved area.
The eyelid skin was treated with laser under
local anesthesia with 2 % Xylocaine. On day
21 after laser treatment elective surgery -
blepharoplasty was performed by standard
surgical protocol. At the time of surgery the
treated skin was excised as part of the pro-
cedure and immediately frozen in dry ice
(frozen CO,, -90°C) and stored for further
analysis.

We used a 2940 nm Er:YAG laser (Fidelis
M320A, Fotona d.d., Slovenia) with ‘smooth’
mode parameters: energy fluence 1.0, 1.25,
150 and 1.75 J/cm2; six pulses per packet;
550 us/pulse, 250 ms/packet; single pass, no
overlapping; spot size 5 mm; repetition rate
20 Hz. There were 2 areas of irradiated skin
per eyelid, giving together four areas, one
for each selected laser energy fluence.

The tissue sections were cut with a micro-
tome in sections of 2 micrometer thickness
and placed on a microscopic glass slide. We
used an oligonucleotide (45 base-pair) DNA
probe for in situ hybridization, labelled with
radioactive sulphur 35. We designed a spe-
cific probe for alpha 1 procollagen chain
(COLA1), which together with procollagen
alpha 2, form collagen type I. The nucleotide
sequence for alpha 1 chain antisense probe
is: gttcttggtctcgtcacagatcacgtcatcgcacaacacct
tgc, base pairs 360 to 316, GC/AT ratio: 23/22.
The probe was tested for specificity and sen-
sitivity for the target gene; a comparison to
other genes was performed using the MeSH
browser. The labeled probe on microscopic
glass, tissue sections and radiosensitive film
were incubated for 10 days and a second set
of tissue sections on microscopic glass and
labeled probe was covered with film emul-
sion directly.
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Figure 1 (Left): Untreated
vs. treated skin. ISH

with probes COLA1 and
COLA2. Note the gap -
untreated zone.

Figure 2 (right): Relative
signal strength image of
ISH with COLA1 probe.
Gap — untreateated
tissue, right — effect of
single laser spots.
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After this period, a microscopic analysis
of the tissue sections covered with film emul-
sion was performed. Additionaly, a photo-
graphic scanner was used to measure the
density of silver grain in the developed film.

Results

The expression of pro alpha 1 collagen
type I mRNA was significantly higher in the
treated tissues compared to untreated tissue
(p< 0.01). The expression of this mRNA was
limited to the subepidermal layer, which
correlates well with the histological findings
of extracellular matrix thickening. The zone
of enhanced collagen expression extended
up to 200 um deep into the dermis. We also
noted proliferation of fibroblasts in the same
layer. The amount of mRNA expression was
also correlated with the energy fluencies
used in laser skin resurfacing. At fluencies
of 1.00 and 1.25 J/cm? scarce mRNA expres-
sion in a limited number of fibroblasts was
noted, whereas at fluencies of 1.50 and 1.75
J/cm? a strong signal was measured, which
was correspondingly stronger at the latter
energy fluency (Figures 1 and 2).

Discussion

We successfully proved new collagen
synthesis after Er:YAG LSR in eyelid skin
by ISH method. To our knowledge, this is
the first study to unequivocally show new
collagen synthesis after Er:YAG LSR. New
collagen synthesis has been speculated on,
and deducted from analysis of the thickness
of collagen fibrils, but no direct proof exi-
sted. Opponents to the idea of new colla-
gen synthesis after LSR argued that there
was only re-arrangement of collagen fibrils.
Other authors believe the skin tightening
effect is due to shrinkage of the epidermal
layer or scarring in the subepidermal la-
yer.>”*1® Concerning scar formation, colla-
gen type V is typical for scars, whereas colla-
gen type I and III are less present. The cDNA
probe that we used to label the mRNA for

procollagen alpha 1 chain is specific for col-
lagens type I and III.

We have also shown the exact site of new
collagen synthesis, which is the upper der-
mal layer and extends up to 200 pm deep,
which is more than enough to produce a cli-
nical effect. We have proved the presence of
myofibroblasts in the same layer, which is a
turther proof of new collagen synthesis.

There are two main methods of evaluati-
on of the effectiveness of LSR as described in
the literature. The first is by examining the
patient’s skin texture and smoothness before
and after treatment by (in-)dependent ob-
servers, either in a clinical setting or on the
basis of photographs. In most of the studies,
some sort of arbitrary score system or gra-
dation of the results is used, which are usu-
ally referred to as excellent, good, and poor.
Such scoring systems have several flaws: in
many cases, there is no definition of the gra-
ding system, which therefore relies on the
subjective judgement of the observer. A di-
rect consequence is a very low inter-obser-
ver repeatability of the results. A new appro-
ach to the evaluation of skin texture is the
method of three-dimensional topography; a
3D-relief of the skin is acquired by means of
different microscopic techniques: mechani-
cal, laser, interferometry and fringe projec-
tion microscopy. The acquired topographic
data are analysed and a degree of skin fold
anisometropy, orientation and volume can
be determined.'>'* This method offers the
advantage of objectivity and reproducibility,
but has not been used for evaluation of the
periocular skin.

The second method is the analysis of hi-
stological sections obtained from skin grafts
or volunteers” skin after LSR. Most obser-
vers rely on the measurement of the depth
of the collagen denaturation layer and zone
of collagen remodelling. In both cases, there
is no sharp demarcation line between ‘dena-
turated’ and normal collagen or between the
zone of collagen remodelling and unchan-
ged subepidermal layer. From the analysis of
pictures and our own experience we know
that there is a large ‘grey’ zone, which could
be part of either measured or unmeasured

zone.> !
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Figure 3 (left): HE
stained section of eyelid
skin 21 days after LSR,
100x magnification.
Figure 4 (right):
Methylen-blue stained
tissue section of eyelid
skin 21 days after LSR,
200x magpnification.
Black dots represent
signal from cDNA probe
for collagen type 1.
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This important question of repeatability
of data analysis and inter-observer repeata-
bility can be avoided with collagen analysis
using the method of ISH.

We have additionally measured the rate
of new collagen production by densitome-
tric analysis of the tissue sections. There is
an up to 20x increase in collagen production
on day 21 compared to baseline values before
laser treatment. We have chosen this three-
week interval between laser treatment and
tissue sampling as it corresponds to a peak
in collagen synthesis according to other stu-
dies on collagen expression after laser tre-
atment with Northern-blot analysis, as well
as according to our own unpublished data.
This is contradictory to the argument of scar
formation, which develops at a much later
stage after tissue injury — weeks to months
after the stimulus. We also noted a correla-
tion with laser energy fluence. To our best
knowledge, this study shows the method of
ISH as the most objective method for the
evaluation of LSR effectiveness for new col-
lagen synthesis, with a low intra- and inte-
robserver bias.

This method has its own deficiencies as
well. First, it is a time-consuming procedu-
re, where a specific oligonucleotide probe
has to be designed and labeled with a radi-
onuclide such assulphur 35, which was used
in our case. Special laboratory equipment as
well as staff training is mandatory.

Conclusions

The method of in situ hybridisation is a
useful method in determining the site and
rate of mRNA expression of pro alpha col-
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lagen type I in samples after laser skin re-
surfacing. We suggest that this method is
therefore useful in determining the amount
and site of collagen type I synthesis, which
would make it possible to compare difte-
rent lasers used for skin resurfacing, as well
as the effectiveness of other, non-laser skin
resurfacing methods. ISH of collagen type 1
facilitates the quantification of results with
greater objectivity compared to histological
and clinical evaluation. Our goal in the fu-
ture is to correlate, if possible, this method
with long-term clinical results.

References

1. Bui P, Gilbert Z. The aging face and neck. In:
Ascher B, Landau M, Rossi B, eds. Injection treat-
ments in cosmetic surgery. London: Informa
Healthcare; 2008.

2. Coen-Letessier A. Skin aging: clinical diagnosis
and other factors. In: Ascher B, Landau M, Rossi
B, eds. Injection treatments in cosmetic surgery.
London: Informa Healthcare; 2008.

3. Alster TS. Cutaneous resurfacing with Er:YAG la-
sers. Dermatol Surg 2000; 26: 73-5.

4. Alster TS, Lupton JR. Erbium:YAG cutaneous la-
ser resurfacing. Dermatol Clin 2001 19: 453-66.

5. Weiss RA, Harrington AC, Pfau RC, Weiss Ma,
Marwaha S. Periorbital skin resurfacing using
high energy Er:YAG laser: results in 50 patients.
Lasers Surg Med 1999; 24: 81-6.

6. Utley DS, Koch RJ, Egbert BM. Histologic analy-
sis of the thermal effect on epidermal and dermal
structures following treatment with the super-
pulsed CO; laser and the Er:YAG laser: an in vivo
study. Lasers Surg Med 1999; 24: 93-102.

7. Majaron B, Kelly KM, Verkruysse W, Nelson JS.
Er:YAG laser skin resurfacing using repetitive
long-pulse exposure and cryogen spray cooling:
L. Histological study. Lasers Surg Med 2001; 28:
121-30.

8. Alster TS. Clinical and histologic evaluation of six
Erbium:YAG lasers for cutaneous resurfacing. La-
sers Surg Med 1999; 24: 87-9.

I-115



IZVIRNI CLANEK/ORIGINAL ARTICLE

I-116

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Ross VE, Naseef G, Skrobal M. In vivo dermal col-
lagen shrinkage and remodeling following CO2
laser resurfacing. Lasers Surg Med 1996; 18: 38.
Stuzin JM, Baker TJ, Baker TM, Kligman AM.
Histologic effects of the high-energy pulsed CO2
laser on photoaged facial skin. Plast Reconstr Surg
1997; 99: 2036—50.

Alster TS, Nanni CA, Williams CM. Comparison
of four carbon dioxide lasers: a clinical and his-
topathologic evaluation. Dermatol Surg 1999; 25:
1-4.

Rigano L, Pagani V, Cartigliani C, Ahcan U, Zivec
K. Skin measurements: instrumental and senso-
rial strategy in the evaluation of cosmeceuticals
and aesthetic surgery performances=Meritve
koznih lastnosti: tehni¢ne in zaznavne metode za
vrednotenje kozmeti¢nih pripravkov ter posegov
v estetski kirurgiji. Zdrav Vest 2008; 77: 273-80.
Zahouani H, Vargiolu R. Skin morphology and
volume: methods of evaluation. In: Ascher B, Lan-
dau M, Rossi B, eds. Injection treatments in cos-
metic surgery London: Informa Healthcare; 2008.
Scharffetter K, Lankat-Buttgereit B, Krieg T. In
situ hybridization-an expansion of dermatologic
histopathology. Z Hautkr 1988; 63: 409-10, 413—4.
Scharffetter K, Lankat-Buttgereit B, Krieg T. Lo-
calization of collagen mRNA in normal and
scleroderma skin by in-situ hybridization. Eur J
Clin Invest 1988; 18: 9-17.

Scharffetter K, Stolz W, Lankat-Buttgereit B,
Mauch C, Kulozik M, Krieg T. In situ hybridiza-
tion-a useful tool for studies on collagen gene ex-
pression in cell culture as well as in normal and
altered tissue. Virchows Arch B Cell Pathol Incl
Mol Pathol 1989; 56: 299-306.

Chung JH, Seo JY, Choi HR, Lee MK, Youn CS,
Rhie G, et al. Modulation of skin collagen metabo-
lism in aged and photoaged human skin in vivo. J
Invest Dermatol 2001; 117: 1218-24.

Ohtsuka T, Koibuchi N, Sakai H, Yamakage A,
Yamazaki S. Quantitative analysis of alpha 1(I) and
alpha 1(III) procollagen mRNA expression in sys-
temic sclerosis skin tissue—an in situ hybridiza-
tion study. Arch Dermatol Res 1999; 291: 575-82.
Zoppi N, Ghinelli A, Gardella R, Barlati S, Colom-
bi M. Effect of dexamethasone on the assembly
of the matrix of fibronectin and on its receptors
organization in Ehlers-Danlos syndrome skin fi-
broblasts. Cell Biol Int 1998; 22: 499-508.

Kuroda K, Tsukifuji R, Shinkai H. Increased ex-
pression of heat-shock protein 47 is associated
with overproduction of type I procollagen in sys-
temic sclerosis skin fibroblasts. ] Invest Dermatol
1998; 111: 1023-8.

Kauh YC, Rouda S, Mondragon G, Tokarek R,
diLeonardo M, Tuan RS, Tan EM. Major suppres-
sion of pro-alphai(I) type I collagen gene expres-
sion in the dermis after keloid excision and im-
mediate intrawound injection of triamcinolone
acetonide. ] Am Acad Dermatol 1997; 37: 586-9.
Wangoo A, Laban C, Cook HT, Glenville B, Shaw
RJ. Interleukin-10- and corticosteroid-induced re-
duction in type I procollagen in a human ex vivo
scar culture. Int ] Exp Pathol 1997; 78: 33-41.
Zhang K, Garner W, Cohen L, Rodriguez J, Phan
S. Increased types I and III collagen and trans-
forming growth factor-beta 1 Mrna and protein

24.

25.

26.

27.

28.

in hypertrophic burn scar. J Invest Dermatol 1995;
104: 750—4.

Koivukangas V, Kallionen M, Karvonen J, Autio-
Harmainen H, Risteli J, Risteli L, Oikarinen A.
Increased collagen synthesis in psoriasis in vivo.
Arch Dermatol Res 1995; 287: 171-5.

Riaz Y, Cook HT, Wangoo A, Glenville B, Shaw
RJ. Type 1 procollagen as a marker of severity of
scarring after sternotomy: effects of topical corti-
costeroids. J Clin Pathol 1994; 47: 892-9.

Zhang LQ, Laato M, Muona P, Kalimo H, Peltonen
J. Normal and hypertrophic scars: quantification
and localization of messenger RNAs for type I, IIT
and VI collagens. Br ] Dermatol 1994; 130: 453-9.
Peltonen J, Hsiao LL, Jaakkola S, Sollberg S, Au-
mailley M, Timpl R, et al. Activation of collagen
gene expression in keloids: co-localization of type
I and VI collagen and transforming growth factor-
beta 1 mRNA. J Invest Dermatol 1991; 97: 240-8.
Lee KS, Song JY, Suh MH. Collagen mRNA ex-
pression detected by in situ hybridization in ke-
loid tissue. ] Dermatol Sci 1991; 2: 316-23.

Zdrav Vestn Supl | december 2010 | Letnik 79



