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Abstract

Although dermal collagens appear increased in hypertrophic scars, this was not tested in tissue
samples using objective methods. We compared the expression of types | and 111 collagen in
hypertrophic and non-hypertrophic scars, at 6-12 and 18-24 months after burn using a
quantitative method. Among 17 patients with extensive burns, 3 patients had acute scars, 8 had
hypertrophic or non-hypertrophic scars at 6-12 months after burn, and 6 had hypertrophic or non-
hypertrophic scars at 18—-24 months after burn. After clinical assessment of scars using the
Vancouver Scale, immunohistochemistry for types I and 111 collagens was performed. Images
were captured with a laser scanning confocal microscope and the relative amounts of types | and
I11 collagens were determined in superficial and deep dermis. The effects of time and scar type
were assessed using two way ANOVA and Tukey’s test. Collagen Il scar/normal ratios were
higher in hypertrophic scars at both time points (p=0.05). There were no differences in collagen |
scar/normal ratios. Large variation was observed in scars during the acute phase regarding the
expression of collagens. Easily accessed by immunohistochemistry and confocal microscopy, type
I11 collagen deposition may help in determining scar phenotype, differentiating hypertrophic and
non-hypertrophic scars.
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INTRODUCTION

METHODS

Patients

Keloids and hypertrophic scars are abnormal wound responses that occur in predisposed
individuals (1). Although scars frequently result in significant cosmetic and functional
sequel, they are usually evaluated using subjective clinical assessment (2, 3, 4). Our aim in
this study was to analyze relative amounts of collagens type I and Il in scars at various
phases after burn, comparing them to their paired normal skin, by using
immunohistochemistry and laser confocal microscopy.

Clinical features seen in abnormal scars comprise changes in skin pigmentation, vascularity,
pliability, and height (5). The Vancouver scale was the first attempt to standardize scar
assessment by different observers, and has become a generally accepted clinical scar
assessment tool in most centers that specialize in scar treatment (6). In this scale,
pigmentation, pliability, height and vascularity are scored, and the sum of the scores results
in a number that is greater in scars that are more hypertrophic (5). The original VVancouver

Scale did not include assessment of “mixed pigmentation”, “pain” and “itching”. In order to
address those issues, modifications of the scale have been proposed (5, 6, 7, 8).

While enlargement of hypertrophic scars is clinically characterized by increases in
pigmentation, pliability, height and vascularity, the molecular changes taking place in a
hypertrophic scar are not well understood. Collagen deposition is known to increase during
scar formation, and collagen types I and 111 are thought to account for such increase (9).
However, investigations of collagen formation in scars have been somewhat contradictory.
Some have shown increases in types | or 111 collagen in both hypertrophic scars and keloids
(10), while others have found hypertrophic scars to have decreases in the expression of these
same collagens (11). There have also been reports of increases in the relative amounts of
type 111 collagen in hypertrophic scars (12—-17). The conflicting results on the evaluation of
scar collagen among several authors may occur partially due to technical limitations of the
methods that have been used to evaluate scars (11). The in vitro environment may be
particularly limited in its ability to reproduce the in vivo complex system that affects of
extracellular matrix production, deposition, turnover and degradation.

Therefore, we designed this study to specifically investigate the expression of types | and 111
collagen in tissue samples from hypertrophic and non-hypertrophic scars, in various phases
after burn. We used immunohistochemistry and confocal laser microscopy to assess the
expression of collagens in paired samples of scars and normal skin, all from the same
anatomical region, in age-matched male patients.

This study was designed to assess the development of burn scars in male patients with ages
ranging from 2-17 years. Our aim was to determine the pattern of expression for types I and
I11 collagen in acute scars, hypertrophic scars and non-hypertrophic scars after burn, by
using immunohistochemistry and a laser scanning confocal microscope. The study was
approved by the UTMB Institutional Review Board (IRB) and was conducted according to
the Helsinki principles.

They were enrolled who had burns over 40% of the total body surface area (TBSA), whose
legal guardians provided informed consent, and who came for evaluation during the period
from discharge to twenty four months after the injury. Patients underwent clinical
evaluations in the acute phase (with recently healed scars) while still in the hospital
recovering from the burn, and the findings were compared to patients who came for clinical
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evaluation between 6-12 months after burn or between 18-24 months after burn. Only one
scar per patient was included in the study, corresponding to the most representative scar on
the anterior thigh after a deep second or third degree burn. The scar was classified in
“hypertrophic or non-hypertrophic” and rated using the modified VVancouver Scar Scale.
Hypertrophic scars corresponded to Vancouver = 7 and non-hypertrophic scars
corresponded to Vancouver < 6.

Scar classification—Scars on the thighs of 17 patients were clinically classified as acute,
when they were recently healed scars observed less than 1.5 months after burn, and as
hypertrophic and non-hypertrophic when they were between 6-12 and 18-24 months after
burn, and rated using the modified Vancouver Scale (Figure 1).

Skin samples—Punch biopsies 3 mm in diameter were taken from scars and paired
normal skin in 17 patients. Three acute scars, four hypertrophic and four non-hypertrophic
scars at 6-12 months after burn, and three hypertrophic and three non-hypertrophic scars at
18-24 months after burn were immediately immersed in a mixture of 80% methanol/20%
dimethyl sulfoxide (DMSOQ) at —20°C, freeze-substituted and embedded in paraffin (Table
1).

Immunofluorescence and confocal microscopy for collagen types | and Ill—
After deparaffinization and rehydration, three consecutive sections 4 micrometers thick were
treated for one hour with 1% bovine serum albumin (Vector Laboratories, Burlingame, CA)
in phosphate buffered saline containing 0.1% Tween 20, to decrease nonspecific binding of
IgG, and incubated overnight at 4°C with a polyclonal primary antibody for collagen | or
collagen 11 at a dilution of 1:200 (Research Diagnostics Inc., Flanders, NJ). On the next
day, FITC-conjugated goat anti-rabbit 1gG was used as secondary antibody (Neomarkers®,
Fremont, CA) and cell nuclei were stained with 4,6-diamidino-2-phenylindole (DAPI)
(Vector Mounting Medium®, Burlingame, CA). Images were captured using a confocal
laser scanning microscope (Zeiss LSM 510®, Jena, Germany), with a 20X objective, and
analyzed using Image Tool® Software. The connective tissue was divided into two distinct
regions: Region 1 included superficial connective tissue, corresponding to papillary dermis.
Region 2 included deep connective tissue corresponding to the upper 100 pm of the reticular
dermis. In order to perform a quantitative analysis of collagen content, the instrument was
calibrated and the intensity of fluorescence was measured in standardized 20 pm squares in
these regions and compared with the matched normal skin. A scar index was defined as the
ratio of the measurement in scar divided by that in normal skin (index = scar/normal skin).
The images were analyzed in 8-bit gray scale mode. The intensity of fluorescence is given
by the unit “gray level”, varying from zero (black) to 255 (white). Three images were
captured from each dermal region and then intensity measurements were obtained from
three different areas within each image. The resulting intensity of fluorescence value
represented the mean value from 9 measurements taken under standard conditions after the
background was subtracted.

Statistical analysis—The effects of time (6—12 months versus 18—-24 months) and scar
type (non-hypertrophic versus hypertrophic) were assessed using a two way ANOVA
followed by Tukey’s test, with p<0.05 accepted as indicating significance.

Scar classification during clinic appointments

Due to the small number of patients in each of the 5 study groups, patients with
“hypertrophic scars” were combined and compared to patients with “non-hypertrophic
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scars”. No differences were seen regarding age in these two groups. The Vancouver Scores
varied from 3-6 in non-hypertrophic scars, and from 7-12 in hypertrophic scars. In order to
meet the inclusion criteria of this study, all patients were male. Table 1 summarizes the
demographic characteristics of the study patients.

Evaluation of dermal collagens in tissue samples

The acute phase group of scars and paired normal skin samples displayed a large variation
regarding the expression of types I and 111 collagen. Therefore, this group was excluded
from the analysis, and a two-way ANOVA with factors time and treatment was performed
comparing the other 4 groups, considering the index scars/normal skin. When the groups of
scars between 6—12 months were compared to scars between 18-24 months, no differences
were seen regarding collagen | expression (Figures 1 and 2). For collagen I11, the ratio of
scar collagen to that of normal skin was higher in hypertrophic scars than in non-
hypertrophic scars at both time points (p = 0.05) (Figures 3 and 4).

DISCUSSION

This study was developed in order to establish an objective methodology to assess
hypertrophic and non-hypertrophic burn scars. In a previous investigation, we found that
hypertrophic scars usually develop between discharge (around 1.5 months after burn, when
the patients have acute recently healed scars) and the 6 months visit (18). Since we observed
that scars reach maximum scores of hypertrophy between 6 to 12 months (18), scars in this
interval were combined. Also, we found that scars have a tendency to regress in the mature
phase, from 18 to 24 months after trauma, and we also combined the scars from this interval,
as they behaved in a similar manner (18).

Studies on scar formation are usually complicated by a number of variables, such as
differences between human and experimental animal skin, objective methods for evaluation
and influence of anatomical site on scar formation (4). In this study, evaluation of scars from
the same anatomical site, caused by similar mechanism of injury, may have increased the
consistency of our results.

Hypertrophic scars (HS) occur frequently after deep dermal injury, such as deep partial-
thickness burns and abrasions, and they have been characterized by overproduction of
collagen (19). This is in agreement with our results, but we further determined that this
increase is due to accumulation of type 111 collagen in the deep dermal layer of hypertrophic
scars. Non-hypertrophic scars were shown to have significantly less type 111 collagen when
compared to hypertrophic scars at the same time points. No differences have been found
regarding type | collagen expression in hypertrophic scars. Increased type 111 collagen in
hypertrophic scars has been reported long ago (20, 21). The collagen produced in response
to an injury of human skin has been considered to show characteristics of embryonic or fetal
skin. In nonhypertrophic healing, maturation of scars occurred over time, including changes
in the degree of cross-linking, while hypertrophic scars were thought to retain the
characteristics of embryonic collagen (20). During wound repair, collagen type 111 is known
to first enter the wound around day 2 to 3, followed by collagen type | around day 6 to 7 (22,
23). Indeed, in this study we observed that collagen type 111, as well as collagen type I, are
present in acute scars. Collagen synthesis reaches its peak at about 6 months after injury,
starting to decline to a normal turnover rate 2 to 3 years after wounding (24-27). We have
not found, in this investigation, a decrease in the amount of collagen protein in scars at 18—
24 months after burn when compared to scars at earlier time points. Although synthesis and
catabolism may be in balance, an excess of collagen remains.
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An increased need for objective data has been noted in studies that aim to quantify scar
response to different treatments, as opposed to the customary rating by clinical observers
(4). Since the Vancouver Scale was created in 1990 (6), many attempts have been made to
improve the scoring system, adding objectivity to scale parameters (5, 7, 8, 18, 28, 29).
Investigations on the cellular and molecular aspects of scars have tried to establish criteria
that would help to differentiate hypertrophic and non-hypertrophic scars, but the findings of
these studies have been somewhat contradictory. While K ZHANG et al., 1995, found
increased types | or 111 collagens in hypertrophic scars and keloids (10), LQ ZHANG et al.,
1995, showed hypertrophic scars to have a decrease in the expression of these same
collagens (11). This apparent disparity may occur due to technical limitations regarding the
methods that have been used to evaluate extracellular matrix proteins, particularly collagen
(11). Gene expression has been usually evaluated by means of Polymerase Chain Reaction
(PCR) or more recently, using Microarrays (30, 31). However, increased gene expression
has often been presumed to be associated with increased deposition of protein/growth
factors in a particular tissue, what may not always be true (30). Tissue regulatory
mechanisms may also account for decreased or increased gene expression in scars,
depending upon the phase of scar evolution and phenotype (32). The turnover of collagen
may be increased in excessive scar tissue (13, 25) and posttranscriptional mechanisms may
operate to decrease the effects of elevated levels of mMRNA or to reduce collagen synthesis
(33, 34, 35). Techniques that allow protein localization, such as immunoperoxidase
histochemistry, are not considered reliable methods regarding protein quantification. This
problem arises in part from the nonlinear relation between the amount of reaction product
and the amount of antigen. Although conventional immunofluorescence does allow protein
quantification by using specific software programs for fluorescence analysis, changes in
tissue thickness among samples can cause errors in the resulting fluorescence measurement
(37, 38). In this case, the final fluorescence image results from light reflected throughout the
whole thickness of the labeled tissue, with light coming from above and beneath the focal
plane being collected by the objective lens and contributing to a blurry image (37, 38).
However, recent improvement in this area has been achieved with the use of confocal
microscopes, which have been designed with a pinhole that rejects the out of focus
information of fluorescence samples (37, 38). Because this advantage allows for an accurate
quantification of the relative amounts of protein via immunofluorescence in small samples
of tissue, we have chosen this technique to evaluate collagen expression in this investigation.
In addition to describing the time related changes in two major dermal collagens in
hypertrophic and non-hypertrophic scars, we believe that this study contributes a novel
technique to help evaluate extracellular matrix protein expression using small cutaneous
samples of limited availability.
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Figure 1.

Type | collagen immunohistochemistry. Type | collagen is labeled with a FITC-secondary
antibody (green), while nuclei is labeled with DAPI (blue). Acute scar (A), Hypertrophic
scars (B: 6-12 months; D: 18-24 months), Non-hypertrophic scars (C: 6-12 months; E: 18—
24 months), normal skin (F), negative control (G). We observe that, in hypertrophic scars,
collagen fibers display a parallel pattern (B, D), while non-hypertrophic scars collagen fibers
tend to form more delicate waves, randomly distributed (C, E), closely to what occurs in
normal skin (F).
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Type | collagen expression in the study groups.
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Figure 3.

Type 111 collagen immunohistochemistry. Type 111 collagen is labeled with a FITC-
secondary antibody (green), while nuclei are labeled with DAPI (blue). Acute scar (A),
Hypertrophic scars (B: 6-12 months; C: 18-24 months), Non-hypertrophic scars (D: 6-12
months; E: 18-24 months), normal skin (F), negative control (G). Collagen type Il is
expressed all along the papillary and reticular dermis already in the acute scars (A).
Hypertrophic scars have increased expression of type 111 collagen in deeper layers of dermis
(reticular dermis) (D, E), while a “degree” of type |11 collagen expression is observed in
non-hypertrophic scars, with increased expression in the superficial papillary dermis,
decreasing in the reticular dermis, similar to the observed in normal skin (F).
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