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Abstract

Introduction: Post-burn hypertrophic scar tissue (Hsc) is characterized by increased collagen synthesis, cellular growth
(hyperplasia) and cell turnover (shedding). Its clinical characteristics (erythema, pain, dysesthesia, pruritus, elevation)
exhibit aspects of chronic local inflammation, but the mechanism of its etiopathogenesis has not been clearly elucidated.
In chronic skin inflammation, pro inflammatory and profibrogenic cytokines play an important role in producing skin
dysfunction. In this study, we examined changes in tumor necrosis factor (TNF)-a and interleukin (IL)-1  mRNA
expression and its presence in post-burn hypertrophic scars in stem cells. Results obtained in normotrophic scar tissue
(Nsc) were compared to results obtained in normal skin (Ns).

Materials and Methods: Skin biopsies were obtained from 15 patients with (Hsc) who presented burns on over 10% of
their skin surface, more than a year post-injury. Nsc was obtained from 17 patients who experienced scarring in optimal
conditions. Ns were obtained from 11 patients who underwent cosmetic or reconstructive surgery. We performed
histopathology analysis with routine processing. TNF-a and IL-1f mRNA expression levels on all three types of biopsy
were obtained via semi-quantitative RT-PCR, RT-qPCR, western blot and by in situ hybridization.

Results: When analyzing mRNA expression levels by semi-quantitative RT-PCR, and qPCR we observed higher TNF-a and
IL-1p levels in post-burn hypertrophic scar tissue relative to normal skin and normotrophic scar tissue. In contrast, in situ

hybridization revealed significant differences in IL-1 hybridization intensity localized in Hsc epidermis relative to Nsc

and Ns epidermis. For TNF-a, expression intensity in epidermis and dermis did not differ between Ns, Nsc and Hsc. We
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found higher TNF-a-positive porcentage of cells in the epidermis of Ns and Hsc relative to Nsc; meanwhile IL-1(3-positive

percentage of cells were higher in the epidermis of Hsc as compared to Ns and Nsc. Our histopathologic analysis yielded

relatively low inflammatory infiltrate cell counts, and we found no correlation between inflammatory infiltrate cell count

and cytokines produced.

Conclusion: Together these results suggest that there is increase in TNF-a and IL-1 mRNA expression in post-burn Hsc.

Interestingly, the basal keratinocytes (stem cells) showed differential expression of both cytokines compared to other cell

types, which suggests that they may play an important role in post-burn skin repair processes.

Keywords: Burns; Inflammation; Collagen; Keratinocytes; Proinflammatory Cytokines

Abbreviations: TNF-a: Tumor Necrosis Factor Alpha;
IL-1f: Interleukin 1 Beta; Hsc: Hypertrophic Scars; Nsc:
Normotrophic Scars; Ns: Normal Skin; PDGF: Platelet-
Derived Growth Factor; FGF: Fibroblastic Growth Factor;
TGF-B: Transforming Growth Factor Beta.

Introduction

Burns constitute a high-interest research area due to
the skin’s physiological importance. Burns can create
scars that have psychological, functional and aesthetic
consequences and dramatically influence a patient’s
quality of life [1]. The most commonly used method of
diagnosing pathological scars is clinical examination.
Laboratory analysis and available instrumentation are not
capable of predicting the evolution, duration and end
result of scars. Histological, immunological and
biochemical studies have enabled us to understand new
concepts in the etiopathogenesis of scars; in the future,
the combination of basic data with clinical information
will lead to further advances in the prevention, resolution
and treatment of pathological scars.

In the 1990s, the Muir, et al. [2] proposed a
classification scheme for hypertrophic scars based on
clinical criteria and related to scar evolution times. Later,
Magliacani, et al. [3] proposed a new classification based
on clinical criteria, but also including contraction and
tissue atrophy, and further categorizing hypertrophic
scars as active (AHS; active hypertrophic scars) or in
remission (RHS; remission hypertrophic scars). This
classification continues to be one of the most frequently
used.

It has been suggested that, among other important
characteristics for determining the state of activation of a
scar, the number of T lymphocytes and macrophages
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found in the inflammatory infiltrate are determinants in
scar development [4-7]. Likewise, a correlation has been
hypothesized between the quantity and function of
immune cells in the inflammatory infiltrate, their activity,
and fibroblast to myofibroblast differentiation via the
production and expression of different cytokines that
influence the development of pathological scars [8-12]
and result in irreversible changes to tissue architecture
[13,14].

The post-burn  hypertrophic scar (Hsc) is
characterized by increased collagen synthesis, higher
cellular growth (hyperplasia), and increased cell turnover
(shedding, as dead cells are replaced by younger cells) [1].
Its clinical characteristics (erythema, pain, dysesthesia,
pruritus, elevation) exhibit aspects of chronic local
inflammation, but the mechanism of etiopathogenesis has
yet to be clearly elucidated [3].

The overproduction of collagen fibers is the most
salient characteristic of this type of skin disorder; some
well-known cytokines such as IL-1f, TNF-a, PDGF, FGF
and TGF-f directly trigger the proliferation of fibroblasts
and/or stimulate the production of conjunctive tissue [15-
17]. These cytokines are produced primarily by activated
macrophages, but some are also produced by other cell
types such as lymphocytes, endothelial cells, and the
fibroblasts themselves.

Specifically, the tumor necrosis factor (TNF)-a
regulates a great number of cellular responses such as
scarring, proliferation, differentiation, inflammation and
death. TNF-a is present in two forms: as a 26-kDa
membrane protein (mTNF) and as a 17-kDa soluble
protein (sTNF), derived from the membrane form by
proteolytic liberation via the TNF-a converting enzyme
(TACE) [18]. To perform its biological function, TNF-a
attaches to Type I (TNFR1, 55-kDa) and Type II (TNFR2,
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75-kDa) receptors which recruit proteins that can activate
different signaling pathways [19]. Through its
cytoplasmic death domains, TNFR1 recruits TNFR1-
associated death domain protein (TRADD) and TNF
receptor-associated factor 2 (TRAF-2), then activates the
mitogen-activated protein (MAP) kinase pathway [20].

The cytokine interleukin (IL)-1f mediates immune
regulation and inflammatory response, including
regulation of scarring, growth, differentiation and various
metabolic processes. It is produced primarily by activated
macrophages, but is also expressed in B and T
lymphocytes, as well as epithelial, endothelial and
mesenchymal cells [21,22]. IL-1B is generated as a
precursor, pro-IL-1f, and converted to its mature form by
the IL-1B converting enzyme (ICE or caspase-1). It is
thought that IL-1B is only active as a mature protein. It
joins with IL-1 receptor, type I (IL-1R1) and the IL-1R
accessory protein (AcP) which together form the receptor
signaling complex. IL-1R heterodimerizes and recruits
MyD88, and this complex joins with toll interacting
protein (TOLLIP), IL-1R-associated kinase (IRAK) and
IRAK4. The proximity of these molecules to the receptor
facilitates interaction through association of their death
domains. The signaling involves the receptor joining TNF
receptor-associated factor (TRAF)6, activating MAP
kinases (TAK1, MKK6) and subsequently triggering
activation of NFkB, JNK and p38 [23].

It has been demonstrated that IL-1B cooperates with
TNF-q, in spite of structural differences, to execute certain

processes, such as control of collagen synthesis [24-26].
In this study, we examined the expression and tissue
localization of TNF-a and IL-18 mRNA in post-burn Hsc.
We compared the results to those obtained in
normotrophic scars (Nsc) and normal skin (Ns) using
semi-quantitative RT-PCR, RT-qPCR, western blot and in
situ hybridization. We also assessed whether expression
of TNF-a and IL-1f mRNA correlates with porcentage of
cells in the inflammatory infiltrate and in the tissue.

Materials and Methods

Patients

Hypertrophic scars were classified by their
histopathology into active (AHS) or in remission (RHS)
based on the infiltrated immune cell counts [4,11,27]; we
found that our classification did not necessarily correlate
with the classification based on clinical characteristics [3].
Hypertrophic scar tissue was obtained with patient
consent; 15 patients presented post-burn Hsc after having
at least 10% body surface area burned (BSAB) following
at least one year of evolution (Table 1).

Nsc specimens were obtained from 17 patients whose
lesions healed optimally. Ns biopsies were obtained from
11 patients who underwent cosmetic surgery procedures.
None of the patients had evidence of infection or any type
of cancer. And none had been treated with Immuno
modulators within three months prior to surgery.

Features Normal Skin Normotrophic scars Hypertrophic scars
Ns Nsc Hsc
Number of patients 11 17 15
Age (years) 26 (4-54) 14(3-37) 15(4-22)
Male / Female 4:07 3:14 8:07
Time ofscars | = ---moemeeeee- > 1 year > 1year

Table 1: Clinical features of patients.

Light Microscopy in Skin Tissue

We placed the biopsies in SafeFix ® fixative for 24
hours, routinely processed them and embedded them in
Paraplast ® at 56°C. The tissue sections (5 um thick) were
stained with hematoxylin-eosin, and were examined by
dermatopathology specialists at Mexico General Hospital.
Analyses were conducted to assess the following

parameters: density, composition and location of
inflammatory infiltrate (perivascular, periadnexal,
perineural or interstitial); presence of hemorrhaging;
vascular changes (dilation, necrosis, thrombosis);

Alcantara Quintana Luz Eugenia, et al. Expression of TNF-A and IL-1
Messenger RNA in Stem Cells of Normotrophic and Hypertrophic Scars.
] Embryol Stem Cell Res 2019, 3(2): 000133.

cutaneous appendices (pilous follicles, sudoriferous
glands); alterations (necrosis, spongiosis); and dermal
edema, fibrosis or sclerosis.

RNA Preparation

RNA was extracted from tissue samples previously
stored in AM7020 RNAlater ® (Applied Biosystems) via
the Tripure ® method (11667165001, Roche Applied
Science). Prepared RNA sample quality was analyzed with
NanoDrop ® and Bioanalyzer ® (Agilent Technologies).
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cDNA Synthesis

Total RNA was transcribed to complementary DNA
(cDNA) according to the SuperScript First-Strand
Synthesis System for RT-PCR protocol (Catalog No.
11904-018, Invitrogen). Briefly, 1 pg of total RNA, 1 pl
dNTPs mix, 1 pl Oligo(dT);,.45(0.5 pg/ul) were brought to
a final volume of 10 pl with DEPC-treated water. The
mixture was pre-incubated for 5 min at 65°C, and chilled
on ice for 5 min. We added 2 pl 10x RT buffer, 4 pul 25 mM
MgCl,, 2 ul 0.1 M DTT, 1 ul RNAse inhibitor, and incubated
at 42°C for 2 min. We then added 1 pl SuperScript® II RT
to each tube, mixed and incubated the mixture at 42°C for
50 min, completing the reaction at 70°C for 15 min. We
collected reaction material after brief centrifugation at
4°C. Finally, we added 1 pl of RNase H to each tube and
incubated for 20 min at 37°C before proceeding to blank
DNA amplification.

Polymerase Chain Reaction (PCR)

Five microliters of cDNA were amplified with TNF-a,
IL-18 and B-actin oligonucleotides in a Palm-Cycler®
thermal cycler (Corbett Life Science CG1-96) in a total
volume of 50 pl containing 5 pl 10X PCR buffer, 1.5 ul 50
mM MgCl,, 1 pul 10 mM dNTP mix, 1 ul sense
oligonucleotide at 10 mM concentration, 1 pl antisense
oligonucleotide at 10 mM concentration, 0.3 pul Taq DNA
polymerase (5 units/pl), 5 pl complementary DNA (from
the earlier reaction) and lastly 35.2 pul DEPC-treated
water. The TNF-a oligonucleotides (GenBank accession
number NM_000594) were the following: sense
CCTGTAGCCCATGTTGTAGCAA and antisense
CCTTGGTCTGGTAGGAGACG, (TIB, MOL BIOL, LLC). There
were 35 amplification cycles with the following
characteristics: 94°C for 2 min, (94°C for 30 s, 61°C for 1
min, 68°C for 1 min), 68°C for 7 min.

The IL-1B oligonucleotides (GenBank accession
number NM_000576) were the following: sense
CTGTCCTGCGTGTTGAAAGA and antisense
GAAGTCAGTTATATCCTGGC. PCR conditions for IL-1(
were 94°C for 2min, (95°C for 1 min, 50°C for 1 min, 72°C
for 5 min), with a 10-min post-extension period at 72°C.
Thirty-five PCR cycles were also performed in this case.

The following oligonucleotides were utilized for (-
actin (GenBank accession number NM_001101): sense
CCAAGGCCAACCGCGAGAAGATGAC and antisense
AGGGTACATGGTGGTGCCGCCAGAC. There were 35
amplification cycles for f-actin with the following
characteristics: 94°C for 2min, (94°C for 30sec, 66°C for
30sec, 68°C for 1min), 68°C for 7min.

Alcantara Quintana Luz Eugenia, et al. Expression of TNF-A and IL-1
Messenger RNA in Stem Cells of Normotrophic and Hypertrophic Scars.
] Embryol Stem Cell Res 2019, 3(2): 000133.

The amplified samples were run through
electrophoresis in 2% agarose gel; the PCR products were
stained with 2.5 pl GelRed® (41002, Biotium). Gel
photographs were taken with an ultraviolet light
transilluminator coupled to a computer running Dolphin-
1D® software (Wealtec). Densitometry was performed
according to the parameters established by the software.
Chain

Quantitative Reaction

(qPCR)

To evaluate the level of gene expression by real-time
PCR with SYBR Green dye was applied. The Piko Real
(Thermo Fisher Scientific) equipment for reaction
monitoring was used.  actin gene was used as internal
control. The PCR reaction was performed in 20 pl final
volume using 96-well plates. The reaction mixture
contained 10 pl Syber Green SuperMix, 100 nM of each
primer (forward and reverse) and 1 pl cDNA. All samples
were run in duplicate. Each sample was normalized on the
basis of its (3 actin.

Polymerase

Statistical Analysis for qPCR

TNF o and IL-1 B staining scores follow an ordinal
scale. Data followed a parametric distribution and were
shown as means + SD. We used one-way analysis of
variance (ANOVA) and the Tukeys testpost hoc for
multiple comparisons. Statistical analyses were
performed using excel and GraphPad Software, Prism 8.0
(GraphPad Software, San Diego, CA, USA). Differences
were considered as statistically significant whenever a P
value < 0.05 occurred.

Analysis of TNF-a and IL-13 Expression via In
Situ Hybridization

Skin biopsy tissue samples were cut into multiple 5-
um sections under conditions DNase and RNase-free,
collected on treated thin films, and each probe hybridized
separately. We used oligonucleotides complementary to
human TNF-a (GeneDetect Company, GD1177-OP),
human IL-1f3 (GD1104-0P) and control (GD5000-0OP). We
used an in situ hybridization protocol published on the
GeneDetect Company website.

Briefly, we used the following procedure: Tissue
sections were deparaffinized with xylene and graduated
alcohols (100%, 95% and 50%) and placed in 0.2 N HCI
(Merck 10114) at room temperature to remove basic
proteins. The samples were washed with distilled water
and subjected to enzymatic digestion with proteinase K (1
pg/ml, Sigma 2308) in 0.05 M Tris-HCl, (Sigma, T1535),
pH 7.4 for 5 min at room temperature. The sections were
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again washed with distilled water, that had been treated
with 0.1% diethyl pyrocarbonate (DEPC, Fluka, 32490),
for 5 min [28]. The thin films were transferred to freshly
prepared 0.1 M TEA buffer (Sigma T1377) with acetic
anhydride (Sigma, A6404) for 5 min. The equilibrium
solution consisted of formamide 100% (Promega H5052),
2 M NaCl, 1 M Tris-HCI (pH 7.4), 0.5 M EDTA, 1.59 M DTT
(Sigma, D8906), 52 pg/ul heparin (BioChemika, 51550) in
DEPC-treated water (Invitrogen 750023); 50x Denhardt’s
Solution (Sigma D2532); tRNA (Sigma, R5636), 10%
dextran sulfate (Sigma, D8906), and 500 pg/ml denatured
salmon sperm DNA (Sigma, 15632-011). Lastly, DTT was
added to the prehybridization solution (final
concentration 10 mM). Hybridization temperature in all
cases was 35°C.

The following day the samples were washed in high
astringency conditions (sequentially in 2x citrate buffer
and in 100 mM Tris-HC], 150 mM NacCl (pH 7.5) to reduce
background noise and non-specific hybridization signals
[29]. Final detection was performed according to the
reagent supplier’s instructions (Rembrandt® Cat. no.
HKD47). Briefly, 2 to 3 drops of the conjugated antibody
were added to the thin films, which were then incubated
overnight at 4°C and washed with deionized water. A 1X
aminoethylcarbazol (AEC; Sigma A6926) working
solution was applied and the thin films were again
incubated for 5 to 15min. They were counterstained with
hematoxylin for 5 to 10 min. The sections were mounted
for microscopic evaluation, photographed with a Leica
microscope fitted with a Nikon camera, and evaluated
with MCID® Image Analysis software (Imagine Research,
Inc., St. Catherines, Canada). Two samples from patients
with gingivitis, which is characterized by an acute
inflammation process, provided the positive control
tissue.

Quantitative Analysis of mRNA Expression in
Human Dermis and Epidermis

Dermal and epidermal images were digitized as TIFF
files (using Adobe® PhotoShop v9.0) and quantitative
analysis was performed with MCID M2 image analysis

software (Imaging Research, Inc, Ontario, Canada).
Briefly, rectangular cross-sections of linear epidermal
cells (approximately 10 cells wide) were selected, as were
sections of dermal tissue below the epidermis. Intensity
was measured at various heights of the rectangular cross-
sections in a total of 1,000 umZ2. We also analyzed positive
cell counts per um?. In photographing the samples, we
avoided background noise and also measured as a control
variable the negative cell count in each tissue cross-
section. We too obtuved the percentage of cells, the count
a total of 300 cells.

Results

Histopathology

Histopathologic analysis, conducted in line with prior
studies showed no differences in the number of
lymphocytes [27] (Figure 1A). Both the Nsc (Table 2) and
the Hsc (Table 3) specimens were characterized by slight
dermal lymphocyte infiltrate, forming small groups of
perivascular cells in the upper dermis and occasionally in
the lower dermis. A few other lymphocytic cells were
dispersed among the collagen fibers (Figure 1B, Figure
2A-C). In general, the epidermis was not affected,
although dermal buds were at times more pronounced
and showed signs of spongiosis. Exceptionally, two
patients with hypertrophic scarring presented traces of
cutaneous appendages and acanthosis in the epidermal
layer (Figure 2C); and only one hypertrophic scar biopsy
was characterized by moderate inflammatory infiltrate,
with lymphocyte presence surrounding the blood vessels
and macrophages between the collagen fibers (Table 3).

No. Patients Porcentage %
Leve 17 100
Perivascular 8 45.45
Interstitial 8 45.45
Not value 1 9.1
Table 2: Inflammatory cell infiltrate of normotrophic

scars.

No. Patients |[Porcentage % No. Patients | Porcentage %
Leve 14 88.8 Moderade 1 11.1
Perivascular 6 44.4 Perivascular 0 0
Perivascular, periadnexial 4 22.2 Perivascular, periadnexial 0 0
Perivascular, interstitial 2 11.1 Perivascular, interstitial 1 11.1
Interstitial 2 11.1 Interstitial 0 0

Table 3: Inflammatory cell infiltrate of hypertrophic scars.
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Figure 1A,B: Inflammatory cell infiltrate of normal skin (Ns) and normotrophic scars (Nsc). Histological aspects of the
normal skin (A) and normotrophic scars (B), the various epidermal layers (E) are visible: B, basal; M, malpighian; G,
granular; C, horny layer (haematoxylin-eosin staining) in both types of skin. In normal skin (1A) the immune cell
infiltrate (ICI) contain a small number of lymphocytes (L) around blood vessels (BV). The papillary dermis (PD) forms
conic upward projections (dermal papillae) alternating with epidermal rete ridges, it is made of collagen fibers (CF)
arranged in loose bundles. The reticular dermis (RD) is made of coarser collagen bundles, tending to lie parallel to the
skin surface. The reticular dermis contains the deep part of cutaneous appendages, vascular and nerve plexuses. In
normotrophic scars (1B) presented leve immune cell infiltrate (ICI), where prevailed lymphocytes and occasional
macrophages cells. The epidermis manifested spongiosis (S). Bars 100um (A,B X 40).

Figure 2: A-C: Inflammatory cell infiltrate of hypertrophic scars (Hsc). The hypertrophic scars (Hsc) have different
amount of Immune cell infiltrate (ICI), moderate (2A) and leve (2B,2C). Have present lymphocytes and macrophages
cells insinuating between collagen fibers (CF), forming collagen cellular nodules and abnormal thick (2A-B). The
epidermis had no significatives changes, except by sometimes presented acanthosis (2B) and spongiosis (2C). Bars
100um. (A, X10; B, X40; C X20).

.
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TNF-a and IL-13 mRNA Expression

TNF-a, IL-18 and f-actin mRNA expression was
determined by semi-quantitative RT-PCR in Ns biopsies
(N=11) as well as Nsc (N=17) and Hsc (N=15) biopsies.
The analysis densitometric analysis revealed significant
differences in TNF-a (p < 0.0048) and IL-1 (p < 0.0047)
mRNA expression between Hsc scars and Ns (normal
skin) but no Nsc. Figure 34, 3B. We also perform RT-qPCR
(Figure 3C). The mRNA was expressed 2 times more in
Hsc than in Ns.

Analysis of TNF-a and IL-13 Gene Expression by
Real Time PCR

To further analyze TNF-a and IL-1f at level of
transcription, gene expression was achieved by real-time
quantitative PCR Kkinetics using SybrGreen I chemistry.
The baseline adjustment method of the Piko Real software
was used to determine the threshold cycle in each
reaction. A melting curve was constructed for each primer
pair to verify the presence of one gene-specific peak and
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the absence of primer dimmer. Analysis of mRNA levels
showed a marked an increase in the expression of TNF
and IL1. The value was twice more. The melting curve of
the genes showing a single peak. The Tm values of each
amplification products are shown over peaks (Figure 3C).

TNF-a mRNA Expression Determined by In Situ
Hybridization

TNF-a mRNA expression was determined by in situ
hybridization for 28 biopsies: 5 Ns biopsies, 11 Nsc
biopsies, and 12 Hsc biopsies. Analysis of hybridization
intensity and positive porcentage cells (Figure 4) revealed
significant differences in expression intensity between
epidermis and dermis within any of the three biopsy
types. A comparison in 1000-um? sections showed a
higher TNF-a-positive porcentage of cells in epidermis of
Ns (30%) and Hsc epidermis (28%) relative to Nsc (21%).
By dermis we showed a higher TNF-a-positive porcentage
of cells in dermis of Nsc (27%) relative to Hsc (20%) and
Ns (12%). mRNA (Figure 4).
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In terms of positive cell distribution patterns,
expression was observed in all epidermal layers (basal,
spinous, granulosa and corneal) and even in some
melanophages. Dermal infiltrate cells were also positive,
especially those found in small perivascular cell groupings

in the papillary and reticular dermis; some cells found
interstitially in collagen fibers were positive as well
(Figures 5A-H). The Nsc was positive cells in nervious
axons, these places was higher intensity.

r

with aminoethylcarbazole (AEC, red coloration). Bars 100um.

Figure 5A-H: Expression of TNF-a mRNA in three types biopsies 5 A-B. Expression of TNF-a in epidermis (E), immune
infiltrate cells (ICI) of papilar dermis (PD) of Ns. 5 C-D. Expression of TNF-a in basal and malpighian layers, papillary
dermis, immune cell infiltrate and nervous axons (NA) in reticular dermis of Nsc. 5 E-F. Expression of TNF-a in
epidermis and cell immune infiltrate in papilar dermis and around of blood vessels in reticular dermis of Hsc. 5 G.
Tissue control positive was gingival tissue with probes oligo dT in the epithelium and the connective tissue and
infiltrate cells. 5H. In the negative controls no showing detectable expression. Detection by transcripts was visualized
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IL-18 mRNA Expression Determine by In Situ
Hybridization

IL-13 mRNA expression was determined in 24
biopsies: 4 Ns biopsies, 9 Nsc biopsies, and 11 Hsc
biopsies. We observed hybridization intensity and IL-1f3
positive porcentage of cells.

IL-18 mRNA expression intensity of the epidermis Hsc
tissue differed from that in Ns and Nsc tissue (Figure 6).
We also found more porcentage of positive cells for the
epidermis (61%) and dermis (23%) of Hsc relative to the
epidermis (35%) and dermis (11%) of Nsc as well as the
epidermis (17%) and dermis (10%) of Ns. We found
statistically significant differences in the porcentage of
cells (Figure 6).
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Figure 6: Quantitation of skin sections processed for ISH using DIG-labeled probes for IL-1. The porcentage of cells
exhibiting positive hybridization signal for mRNAs were counted in the epidermis (E) and dermis (D) Error bars
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Figure 7A-H: Expression of IL-1 $ mRNA in three types biopsies 7 A-B. Expression of IL-1f in keratinocytes (K) and
reticular dermis (RD) around of blood vessels (BV) of Ns. 7 C-D. The epidermal layers no showing significatives
modifications, are visible: B, basal; M, malpighian; G, granular; C, horny layer. Showing ICI in papillar or superficial
dermis (PD) and reticular or deeper dermis (RD). Too existed expression of IL-1B in epidermis and immune cell
infiltrate (ICI), reticular dermis and dispersed cells in Nsc. 7 E-F. Expression de IL-1f en epidermis layers and immune
cells infiltrate in dermis of Hsc. 7 G. Tissue control positive was gingival tissue with probes oligo dT in the epithelium
and the connective tissue and infiltrate cells. 7H. In the negative controls no showing detectable expression. Detection
| by transcripts was visualized with aminoethylcarbazole (AEC, red coloration) Bars 100pum.
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As for positive cell distribution pattern, all the
epidermal layers showed the presence of positive cells
(mostly keratinocytes), while in the dermis, only a few
inflammatory infiltrate cells were positive, mainly those
surrounding blood vessels, in the perivascular zones
(Figure 7A-H).

Discussion

This study analyzed TNF-a and IL-1§ mRNA
expression and localization in the post-burn Hsc; these
two cytokines are considered pro inflammatory and
profibrogenic [17]. Histopathological analysis revealed
low levels of inflammatory infiltrate in Hsc that was very
similar to that in Nsc and Ns. These findings differ from
results obtained by Castagnolj, et al. [13] who determined
that Hsc involved a chronic inflammatory process in
which immune system cells were found in large
quantities, expressing proinflammatory and profibrogenic
cytokines responsible for the process and its chronic
nature. And we belived this difference might be explained
by the possible existence of different Hsc types [12].

We observed reduced expression of TNF-a mRNA in
post-burn Hsc. This finding corresponds to previous
studies by Peruccio, et al. [30] and Zhang, et al. [31], who
also detected reduced expression of TNF-a mRNA in Hsc.
No prior data on IL-1f3 gene expression exist to date,
though IL-1B is known to have biological properties
similar to TNF-a [24], and the two cytokines have a
synergistic effect in degradation of the extracellular
matrix in fibrotic processes [32,33]. Interestingly, we
found that IL-1 mRNA is also reduced in post-burn Hsc.
This reduced expression of both cytokines in post-burn
Hsc may explain the alterations to the extracellular matrix
observed in this type of scar.

In situ hybridization by TNF-a mRNA showed higher
porcentage of cells positives in the dermis in Nsc, with a
constant level of expression intensity. Thus Hsc could be
associated with lower TNF-a expression, since the cells
are present at constant expression levels, in contrast to
Nsc, which has more dermal cells at the same rate of
expression than Hsc. Or maybe the Hsc could be
associated with higher porcentage of positives TNF-a
keratinocytes. Nevertheless the date of percentage of cells
not presents statistically significant differences.

In the case of IL1-, we observed a reduction in mRNA
expression intensity by Hsc (these date present
statistically significant differences), with higher positive
keratinocytes cells present more than Nsc and Ns.
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However these last dates of porcentage of cells not
present statistically significant differences.

This leads us to conclude that the formation of
hypertrophic sequelae may be due to the fact that the
keratinocytes express a lower quantity of IL-1B. Our
results agree with prior work by Niessen, et al. [34],
which assigned a predominant role to the epidermis in
the physiopathogenesis of skin hypertrophy, although
they associated a higher quantity of Langerhans cells with
the Hsc; in contrast, here we found an increase in the
keratinocytes that make up the epidermis.

It is known that TNF-a regulates the scarring process,
participating in the proper degradation and remodeling of
the collagen fibers [35], and that IL1-B participates
primarily in the first phase of scarring [36]. This
information leads to the conclusion that cytokine
liberation must be regulated in a controlled fashion
during the entire tissue repair process. Our data, showing
a reduction in both TNF-a and IL1-f gene expression
imply a change in the regulation of these cytokines.

We believe that it is necessary to evaluate at the
systemic level the production of these cytokines, either in
serum or in peripheral blood cells, and to monitor the
patients as the scars mature, in order to determine if in
fact these cytokines intervene in the normal repair
process. Likewise, patient variability in the production of
cytokines (transcription, post-transcriptional regulation,
proteasomal degradation, processing by converting
enzymes, receptor regulation, soluble receptors,
accessory receptors, natural antagonists) will enable
determination of their functional availability and their
major effects in biological systems. It is also necessary to
determine if the IL-1f3 and TNF-a gene promoter regions
present polymorphisms that affect their levels of
expression in order to establish whether or not the
etiopathogenesis of Hsc is due to a transcriptional
alteration.

The results of this study suggest that there is
differential expression of TNF-a and IL-1f in the
epidermis and dermis of post-burn Hsc, relative to non-
hypertrophic tissues, with probable keratinocyte
participation.
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