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ABSTRACT
PURPOSE: To evaluate the expression profile of genes related to Toll Like Receptors (TLR) pathways of human Primary Epidermal
keratinocytes of patients with severe burns.
METHODS: After obtaining viable fragments of skin with and without burning, culture hKEP was initiated by the enzymatic method
using Dispase (Sigma-Aldrich). These cells were treated with Trizol® (Life Technologies) for extraction of total RNA. This was
quantified and analyzed for purity for obtaining cDNA for the analysis of gene expression using specific TLR pathways PCR Arrays
plates (SA Biosciences).
RESULTS: After the analysis of gene expression we found that 21% of these genes were differentially expressed, of which 100% were
repressed or hyporegulated. Among these, the following genes (fold decrease): HSPA1A (-58), HRAS (-36), MAP2K3 (-23), TOLLIP
(-23), RELA (-18), FOS (-16), and TLR1 (-6.0).
CONCLUSIONS: This study contributes to the understanding of the molecular mechanisms related to TLR pathways and underlying
wound infection caused by the burn. Furthermore, it may provide new strategies to restore normal expression of these genes and thereby
change the healing process and improve clinical outcome.
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Introduction
The epidermis contains a basal layer of keratinocytes
proliferation constant. These cells remain adhered to the
underlying basement membrane. Periodically keratinocytes stop
the cell cycle, stand out from the basement membrane and initiate
a process of terminal differentiation as they move to the surface of
the skin. This gradual process culminates in the formation of three
distinct layers, the prickly, the granulosa and the cornea1.
Burns skin injuries are classified according to depth,
surface thickness, with the superficial partial and deep thickness,
and the total thickness2. Regarding the extent of the injuries, the
total body surface area (TBSA) burned is classified as small, when
up to 10% TBSA; medium when between 10 and 25% TBSA; and
large, when it affects 25% or more TBSA3-5.
The loss of the normal barrier function of the skin
causes the most common pathological conditions associated with
the infection are burning, heat loss, increased loss of water by
evaporation and changes in the major interactive functions such as
feel and appearance6,7.
Bacterial infection is a common complication in burn
patients, the lack of primary barrier and also by immunosuppression
and the presence of multiple foci of infection during the course of
treatment may even lead to death. Method of invasive infection
of the subcutaneous tissue plays an important role as related to
surgery and infection of superficial wound infection8.
Inflammation is an important tool to promote
epithelialization and wound healing caused by the burn factor. The
beneficial effects of local inflammation include cleaning of cellular
debris, protection against microbial agents, in addition to cell growth
and proliferation. However, the extension of the acute inflammatory
hinders the healing process in that the high level of cytokines,
promotes the degradation of collagen, apoptosis of keratinocytes,
and vascular compromise the production of oxygen free radicals9.
The Toll-like receptors (TLR) are important cells of the
innate immune system that recognize antigens. The innate immune
system of the host cells are able to recognize patterns associated
with pathogen molecules (PAMPs). The first TLR in mammals
was described in 1997, there are currently 13 types described10,
but are 10 TLRs identified in humans to date11. Activation of these
receptors induces the production of inflammatory cytokines and
chemokines12,13
TLR4 recognizes predominantly lipopolissarídeo (LPS)
endotoxin called component of gram-negative bacteria14. Since the
lipopeptide TLR2 recognizes the exogenous ligand gram-positive
bacteria15.
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After the link between the exogenous and TLR2 ligand,
receptor dimerization occurs and conformational changes. The
signaling pathways activated by these receptors include the gene
of the myeloid differentiation primary response (88) (MYD88),
the MyD88-dependent and TIR-domain adapter inducing
interferon-β (TRIF-dependent). The via MyD88 is used by all
TLRs except for TLR3, whose activation results in activation of
transcription factors such as nuclear factor kappaB (NF-kappaB),
the activator protein 1 (AP-1). Upon activation of these factors,
numerous pro-inflammatory cytokines are produced by cells,
such as interleukins 6 and 1β (IL-6, IL-1β) and tumor necrosis
factor alpha (TNF-α)16.
The lack of data in the literature and the functional
interaction of signaling pathways related to TLRs on keratinocytes
and dermal fibroblasts in burn patients, this issue is worthy of
being explored in burns that attacked the body surface.
Therefore, our aim is to evaluate the expression of 84
genes related to the signaling pathway of Toll-like receptors by
PCR Array in cultured epidermal keratinocytes from burned
patients.
Methods
Experimental design
The project was submitted by the Ethics Committee of
Federal University of Sao Paulo (UNIFESP) and approved in
November 9th, 2012 (146.468).
The present study design is experimental, in vitro,
using donated burn patients tissues. It is observational, analytic,
controlled and conduced in a single center. All the patients
included in this study have read and signed the Free and Clarified
Contentment Term.
Patients
The patients recruited to this study were burn victims
(Table 1) admitted in the Burns Treatment Unit, Plastic Surgery
Division, Federal University of São Paulo, University Hospital.
TABLE 1 - Data (n, age, gender, mean % TBSA) of burned
patients included in the study.

Group
Severe Burn
F, female; M, male.

Age Medium
(years)
31.5

Gender
3M
1F

SCQ Medium
(%)
32
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The control group comprised healthy, non-smoking
donors submitted to aesthetic plastic surgery. The first is a 38 years

gently detached from the dermis with forceps; the epidermis was
intended for isolation of keratinocytes18.

old female who underwent breast lift surgery; the second patient
Total RNA extraction

was a 32 years old female who underwent abdominoplasty.
All of them fit in the inclusion criteria.

Each cell type was separately homogenized using
Inclusion, exclusion and non-inclusion criteria

Trizol

TM

reagent (Invitrogen, Foster City, CA) following the

manufacturer’s instructions. After complete dissociation of
Inclusion criteria for the study were patients of both

nucleoprotein complexes, phase separation was achieved with

genders, over 18 years old, who agreed to participate and signed

chloroform and centrifugation. The precipitated RNA from the

a consent form, being hospitalized in Burns Unit and requiring

aqueous phase was washed with 75% ethanol. The RNA was

surgery. A criterion was added to the group with large burns: having

dried and dissolved in RNase-free water. Total RNA was then

deep partial thickness or full thickness burns affecting between

purified with Qiagen RNeasy MiniKit (Qiagen, Valencia, CA) and

25% and 50% of total body area surface (TBSA) or which require

submitted to DNAse treatment using the RNase-free DNase Set

partial skin graft in 10% TBSA. To the control group was included

(Qiagen Inc., Valencia, CA, USA). The amount and quality of

the criterion of not having previous diseases, not smoking, and

the extracted RNA were assessed by spectrophotometry using

performing aesthetic surgery.

NanoDrop v3.3.0 (NanoDrop Technologies Inc., Rockland, DE)

Patients who had previous skin diseases, such as psoriasis
and similar, superficial skin lesions or illnesses that might interfere

and capillary electrophoresis using Bioanalyzer 2100 (Agilent
Technologies Inc., Palo Alto, CA, USA).

directly in the inflammatory process, as rheumatologic diseases in
general were not included.

qPCR array

Exclusion criteria were contamination of the culture
flasks, low proliferation rate without achieving confluence of 80%

The total RNA (1.0 μg) per plate/array from each pool

of the cells in the culture flasks, insufficient quantity of extracted

of patient was used for synthesis of cDNA. Samples were treated

RNA that prevents the evaluation of patient data or non-viability

with buffer coming from the kit and reverse transcription reactions

of the extracted material.

were performed using the RT2 First Strand Kit from SABiosciences
(Qiagen Company), according to the manufacturer’s protocol.

Surgical procedure
The skin samples used in this study were obtained by
the usual surgical procedure for burn patient care in our Burns
Unit. Debridement of dead tissue from a patient with full or partial
thickness burns was realized 4 days after the burn; the healthy skin
around the burn lesion, which is normally collected and discarded,
was destined to culture in our laboratory.
Keratinocyte culture
Keratinocytes derived from a skin fragment of a burn
patient were isolated and cultured according to the standard
method, adapted in our laboratory with changes as described
below17, 18.
In a 60 mm culture plate, the skin fragment was placed
and sectioned into small pieces with sizes of approximately 0.5
cm3. Those fragments were placed in a 50 ml sterile tube with
30 ml of dispase (Boeringer Mannheim, Indianapolis, IN) and

qPCR Array was performed using the RT2 Profiler™ PCR array
of SABiosciences (http://www.sabiosciences.com/ArrayList.php).
For each patient 84 genes were examined for relevant human
genes involved in the Toll Like Receptors pathway (PAHS-018Z).
Amplification, data acquisition, analysis curves were performed
on an ABI Prism 7500FAST Sequence Detection System (Applied
Biosystems, Foster City, CA). In each turn, each gene was checked
for efficiency, and minimum and maximum threshold curve pattern.
To ensure accurate comparisons between curves the same threshold
were established for all genes and races. Three genes were used as
internal control and the average Ct value were used to standardize
gene expression (2-CT change table) and determine the difference
between groups. Gene expression was considered upregulated or
downregulated when the difference was more than two times.
Statistical analysis

kept refrigerated at 4°C until the next day, totaling 15 hours of

The statistical parameters and the data analysis were

action of dispase. After this period, each epidermal fragment was

performed by the RT2 Profiler PCR Array data analysis version 3.5
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(http://pcrdataanalysis.sabiosciences.com/pcr/arrayanalysis.php).
For the analysis it was considered significant the fold change/fold
regulation that presented a p value less than 0.05.

Among differentially expressed genes, we highlight the
seven most hypo expressed genes, that were: HSPA1A (58 times),
HRAS (36 times), MAP2K3 (23 times), TOLLIP (23 times), RELA
(18 times), FOS (16 times), and TLR1 (6.0 times) (Figure 3).

Results
After the expression analysis of the 84 studied genes for
each pathway, we observed, for Toll Like Receptor pathway, that
21% of these genes were differentially expressed, among these
100% were down-regulated (Figures 1 and 2).

FIGURE 3 - Hypoexpressed genes for Toll Like Receptor pathway from
cultured keratinocytes from burned patients.

Discussion
FIGURE 1 - Heat Map for Toll Like Receptor pathway from cultured
keratinocytes from burned patients. In red, up-regulated genes; in green,
down regulated genes; and in black, genes not regulated.

FIGURE 2 - Scatter Plot for Toll Like Receptor pathway from cultured
keratinocytes from burned patients. In red, up-regulated genes; in green,
down regulated genes; and in black, genes not regulated.
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In order to update the literature on the gene expression of
Toll Like receptors in the skin of burned patients, we performed
extensive search, however, did not return any results to this topic.
Overwhelmingly, the articles dealing separately genes involved
in this system, in addition, in animal models, and a few times
were performed protein instead gene analyzes. Below we discuss
some important genes that presented with decreased expression in
patients with severe burns in relation to controls.
Heat shock 70kDa protein 1A (HSPA1A) gene encodes
a 70kDa heat shock protein which is a member of the heat shock
protein 70 family. In conjunction with other heat shock proteins,
this protein stabilizes existing proteins against aggregation and
mediates the folding of newly translated proteins in the cytosol
and in organelles. To better understand the cellular and molecular
responses to overexposure to millimeter waves, alterations in
the gene expression profile and histology of skin after exposure
to 35 GHz radiofrequency radiation were investigated. Upregulation of Hspa1a at 24 h by 35 GHz millimeter-wave exposure
was confirmed by real-time RT-PCR. The results indicated that
prolonged exposure to 35 GHz millimeter waves causes thermally
related stress and injury in skin while triggering repair processes
involving inflammation and tissue matrix recovery19.
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Harvey rat sarcoma viral oncogene homolog (HRAS) gene

identifying electrical injury24. An animal model of radiation-

belongs to the Ras oncogene family, whose members are related to

induced skin ulcers in rats irradiated with 35 to 55 Gy y-rays it was

the transforming genes of mammalian sarcoma retroviruses. The

established. The results suggested that the changes in c-fos and

products encoded by these genes function in signal transduction

Rb proteins may be related to the poor healing of radiation-

pathways. Mutations in this gene are associated with melanoma

induced skin ulcers24.
Toll Like receptor 1(TLR1) gene is a member of the

caused by sun exposure20.
Mitogen-activated protein kinase 3 (HRAS) gene is a

Toll-like receptor (TLR) family which plays a fundamental role in

dual specificity protein kinase that belongs to the MAP kinase

pathogen recognition and activation of innate immunity. TLRs are

family. This kinase is activated by mitogenic and environmental

highly conserved from Drosophila to humans and share structural

stress, and participates in the MAP kinase-mediated signaling

and functional similarities. They recognize pathogen-associated

cascade. It phosphorylates and thus activates MAPK14/p38-

molecular patterns (PAMPs) that are expressed on infectious

MAPK. This kinase can be activated by insulin, and is necessary

agents, and mediate the production of cytokines necessary

for the expression of glucose transporter. Expression of RAS

for the development of effective immunity. Polymorphisms

oncogene is found to result in the accumulation of the active form

in TLR1 are associated with increased susceptibility to

of this kinase, which thus leads to the constitutive activation of

complicated skin and skin structure infections. For TLR1, impaired

MAPK14, and confers oncogenic transformation of primary

proinflammatory cytokine production due to the polymorphism is

cells. It is involved in the protective response to cellular injury by

most likely the mechanism mediating this effect25.
Nuclear TLR1 staining was observed in the upper layers

hypoxia in lung epithelial21.
Therefore, HSPA1A, HRAS, and HRAS can be relevant

of both nonlesional and lesional psoriatic epidermis, but not in

to repair processes. In our results we observed decrease in

that of normal skin. These findings suggest that TLRs expressed

expression of these genes that can implicate a worsening in the

by epidermal keratinocytes constitute part of the innate immune

repair of the injury caused by severe burn.

system of the skin. The relevance of altered keratinocyte TLR

Toll interacting protein (TOLLIP) gene encodes an

expression in psoriasis remains to be determined26.

ubiquitin-binding protein that interacts with several Toll-like

Therefore, we can observe that the genes above related

receptor (TLR) signaling cascade components. The encoded

are implicated in restoration to injury or wound of skin and others

protein regulates inflammatory signaling and is involved in

organs. And the repressed expression of these genes, that we saw

interleukin-1 receptor trafficking and in the turnover of IL1R-

in ours results, can mean a worsening in function of the skin as an

associated kinase. Polymorphisms in this gene are associated with

organ protective immune.

atopic dermatitis .
22

Conclusion

NF-kappa-B is a ubiquitous transcription factor involved
in several biological processes. It is held in the cytoplasm in
an inactive state by specific inhibitors. Upon degradation of
the inhibitor, NF-kappa-B moves to the nucleus and activates
transcription of specific genes. NF-kappa-B is composed of NFKB1
or NFKB2 bound to REL, RELA, or RELB. The most abundant
form of NF-kappa-B is NFKB1 complexed with the product of
this gene, RELA (v-rel avian reticuloendotheliosis viral oncogene
homolog A). RELA has a regulating epidermal proliferation and
homeostasis and a profibrogenic role for in the skin, and identify a

This study contributes to the understanding of the
molecular mechanisms related to TLR pathways and underlying
wound infection caused by the burns. Furthermore, it may provide
new strategies to restore normal expression of these genes and
thereby change the healing process and improve clinical outcome.
Wherefore, further studies in the future about these genes
could contribute to the development of new drugs that can restore
patients with damage skin burns faster and more effectively.

link between epidermal RELA expression and systemic sclerosis.
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