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ABSTRACT

Thermal injury is one of the most severe forms of tfrauma that affects every internal organ system. Therefore, the
identification of the molecular mechanisms responsible for post-burn immune dysfunction, increased susceptibi-
lity to sepsis, and multiple organ failure under such conditions demand the development of improved pharma-
cological methods. Using a flexible system for gene expression profiling, we have investigated the gene expression
of 1 152 unknown murine genes, obtained from mice exposed to a thermal insult. Genes with altered expression
levels appeared both in the liver and jejunum of scalded mice in relation to the sham-scalded counterparts as
early as 4 hours after the thermal injury. We identified 45 genes whose expression appeared up-regulated and
28 genes that were found to be down-regulated. To confirm five of the measurements detected, we re-exami-
ned the corresponding gene expression profile using the RT-PCR technique. The five genes selected, which
represent about 3.33% of the overall positive signals, rendered similar expression profiles with the two tech-
niques applied. Gene expression analysis reveled upregulation of Zinc Finger Protein 207 in the jejunum, the far
upstream element binding protein and the Cadherin L genes in the liver, and down regulation of b Interferon,
EST (AKO15189) genes in the liver, and Cadherin L gene in the jejunum; none of them had ever been directly
related with burn injuries in mice.
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RESUMEN

Aplicacién de la tecnologia de los macroarreglos de ADN al estudio de los cambios en la expresién génica
inducidos por el dafio por quemadura. El dafio térmico es una de las formas de trauma mas severas y complicadas,
la cual afecta a cada sistema de érganos internos. Es asi como, la identificacion de los mecanismos moleculares
responsables de la alteracién de la respuesta inmune, el incremento de la sepsis, y el fallo multiple de 6rganos en
estas condiciones patolégicas, ameritan del desarrollo de nuevas y mds eficientes modalidades farmacolégicas. Nosotros
interrogamos con el ARN mensajero obtenido de ratones sometidos a un dafo térmico, el perfil de expresion génico
y los agrupamientos por niveles de expresién de 1 152 genes de ratén, punteados de forma duplicada sobre un
soporte flexible. A las 4 horas del dafio térmico se identificaron genes con niveles de expresion alterados tanto en el
higado como en el yeyuno de ratones quemados en relacién con los controles no quemados. Con este estudio se
identificaron 45 genes que aumentaron su expresiéon y 28 genes que la disminuyeron. Para confirmar los resultados
obtenidos en cinco genes seleccionados por macroarreglos, se realizo la técnica de RT-PCR. Los 5 genes seleccionados,
los cuales representan alrededor del 3.33% de todas las sefales positivas obtenidas, mostraron un perfil de expresién
similar entre las dos técnicas aplicadas. El andlisis de la expresion génica revel6 un aumento de los niveles de expresién
de los genes Zinc Finger Protein 207 en el yeyuno, el far upstream element binding protein y la Cadherin L en el higado,
y disminucién de la expresion de los genes Beta Interferon y el EST (AK015189) en el higado, y la Cadherin L en el
yeyuno. Ninguno de ellos antes relacionado directamente con el dafo por quemadura en ratones.

Palabras claves: Macroarreglos de ADN, ratones quemados, RT-PCR

Introduction

Severe cutaneous thermal injuries remain a serious
medical emergency, commonly associated with mul-
tiple organ dysfunctions, and demanding intensive
and multidisciplinary medical interventionsto ensure
survival [1, 2]. While current procedures for burn
injury management haveimproved; the patient’ s prog-
nosis, morbidity and mortality remain major concerns.
Theidentification of the molecular mechanisms res-
ponsible for post-burn immune dysfunction, in-
creased susceptibility to sepsis, and multiple organ
failure (MOF) under such conditions are therefore,
demanding for the development of improved phar-
macological methods[3].

The genetic background of the population suggests
variahility between individuals, particularly exempli-
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fied by differencesin scar formation [4]. Clinical vari-
ability and unpredictability may be even larger when
the cutaneous thermal injury, having different causal
agents, is severe enough asto lead the victim to inter-
nal organs complications and to MOF.

Thermal injury is a universal trauma for animal
economy and its molecular pathophysiology has re-
mained largely entangled due to the complex interac-
tions between cells and soluble mediators[5]. Although
different technologies have been described for moni-
toring gene expression, complementary DNA (cDNA)
microarray anaysis has become increasingly impor-
tant [6]. Modern advances in DNA array technology
have allowed the characterization of physiologic and
pathol ogic conditionsfrom aglobal genomic viewpoint
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[7]. Indeed, the use of these genomic profiling tech-
niques on diseased human tissue samples, will fuel the
emergence of revolutionary and personalized therapeu-
tic interventions, based on the rational understanding
of the molecular pathophysiology of a process. Fur-
thermore, it will also contribute to the understanding
of themolecul ar bases of the therapeutic effects shown
by growth factors and cytokine in humans[8, 9].

The main purpose of this paper isto provide evi-
dence to scientists, committed with basic research
in burn injury on the potential benefits of DNA
macroarrays to determine the genes whose products
may be critical for the patients’ recovery.

Materials and methods

Animal model

Adult male Balb/c mice (22-25 g) were purchased
from the National Center for Laboratory Animals
(CENPALAB, Havana, Cuba) and maintained under
controlled environmental conditionsin acertified room
of the animal facility at the Center for Genetic Engi-
neering and Biotechnology (Havana, Cuba). Access
to food and water was not restricted.

Ethics

This experiment was conducted according to current
regulatory and ethical guidelines of theanimal welfare
committee of the animal facility at the Center for Ge-
netic Engineering and Biotechnol ogy, Havana, Cuba.

Experimental groups and scalding procedure

Two animals were randomly assigned to each of the
following groups.

(A)- Micereceiving an intraperitoneal injection of
normal saline solution (0.5 mL) and scal ded.

(B)- Micereceiving an intraperitoneal injection of
normal saline solution (0.5 mL) and sham scal ded.

Diazepam was given as a pre-anesthetic medication,
at 40 mg/kg, followed by ketamine at 50 mg/kg, bothi.p.
and a brief exposureto adiethylether mask before scal-
ding. Dorsal scalds were induced [10] by immersing a
pre-delimited and depilated dorsal areafor 5 secondsin
equilibrated water at 99-100 °C. All the mice were re-
suscitated with an intraperitoneal injection of 0.9% nor-
mal saline solution (40 mL/kg). Group B mice used as
controls were not scalded but subjected to the same
anesthetic medication procedures. Following actual or
sham scalding maneuvers, micewereindividually caged
and left to evolvefor 4 hours. A ketamine over-dosewas
used for termination. The liver and jejunum were se-
lected astarget tissues for gene expression, monitoring
the effects of the acute impact of the scald.

Experimental design

Scalded mice were compared using a class compari-
son design [11], with sham-scalded counterpartsin a
direct relation (treated/control). The class compari-
son identified which genes were differentially ex-
pressed among the classes and the identification of
patterns of differential expression within it.

RNA preparation

Fragments of liver and jejunum tissues were imme-
diately frozen in liquid nitrogen and processed to a-
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ssurethe extraction of high quality mRNA. Total RNA
was extracted from homogenized tissue samples us-
ing Tri Reagent (SigmaChemical co., St. Louis, MO).
RNA quality was verified by the visualization of 28S
and 18Sribosomal bandsin 1% non-denaturing agar-
osegel. A fixed amount of 25 g of total RNA treated
with DNase |, was used to extract the mRNA with the
Quick Preparation Micro mRNA Purification Kit
(Amersham PharmaciaBiotech, UK). Oncethe mRNA
was extracted, the individual samples per organ (100
ng) and from each animal were pooled according to the
corresponding experimental group. Liver and jgjunum
mMRNA poolswere generated. The mRNA mixturewas
reverse transcribed to first strand cDNA and labeled
with the thermostable alkaline phosphatase enzyme
according to the manufacturer’ sinstructions using the
AlkPhos kit (Amersham Pharmacia Biotech, UK).

cDNA library expansion

The commercial cDNA library of eleven day old mice
(Catalog Number ML5015t, Clontech, Palo Alto, CA,
USA) was transformed in DH5a cells by electro-
poration and grown overnight at 37 °Cin solid Luria
Broth medium with 50 pg/mL of ampicillin (LBA).
Individual coloniesweregrownintheliquid LBA me-
dium overnight at 37 °C.

Plasmid Purification

The R.E.A.L. Prep 96 Plasmid Kit (Quiagen, Ger-
many) protocol was used as described by the manu-
facturer. A total of 1152 purified plasmid clones were
organized in three plates of 384 wells and kept at an
approximate concentration of 100 ng/uL in a 0.3 x
SSC (NaCl, Sodium citrate, pH = 7) and 0.1% Sarcosyl
and 0.25% bromophenol blue solution.

Macroarray construction

The macroarrays used in this report were produced at
the Center for Genetic Engineering and Biotechnol ogy,
Cuba. ThecDNA macroarray filter wasdesigned using
2 filters of Nytran M S positively charged nylon mem-
brane (Schleicher & Shuell, Germany) with 1 152 un-
known mice genesin duplicated spots, yielding 2 304
spots per filter. The macroarray also contains 88 spots
of known selected genes used as controls for filter
design and performance. Theseincluded genes coding
for growth factors, interleukins, betaamyloid protein,
cell cyclekinases, transcription factors, erythroproietin,
and housekeeping genes as glyceraldehyde 3-phos-
phate dehydrogenase and the b actin gene. Filter de-
sign included some areas where no DNA was spotted.

The pin printing head used (VP 386V) and itswin-
dow frame alignment device (386VF) are commercially
available (V & P Scientific Inc., San Diego CA, USA)
[12]. DNA plasmid spotted on the membrane was | eft
to dry for 30 minutes at room temperature (RT) and
denatured with 0.4 N NaOH and 3 M NaCL for
5 minutes at RT. The membrane waslater neutralized
with 6 x SSC for 5 minutes. The filters were dried at
RT and exposed to UV light at 200-mjoules/cm? using
aStratalinker 1 800 (Stratagene, LaJolla, CA, USA).

Macroarray hybridization

Themacroarray filterswere hybridized overnight with
a chemiluminescent first strand cDNA probe (100 ng
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of labeled cDNA/filter), with 15 mL of thecommercial
hybridization solution AlkPhos (Amersham Pharmacia
Biotech, UK) at 55 °C. Then, the membranes were
washed and developed according to AlkPhos kit
manufacturer’s instructions. The blots were stripped
at 60 °Cin 0.5% SDSfor one hour. Finaly, blotswere
rinsed for 5 minutesat RT with TrispH 8.0. The signal
was detected using the CDP-Start system (Amersham
PharmaciaBiotech, UK). In order to ensure the experi-
mental consistency of the results, we used intra-filter
hybridizations (hybridization of the same filter seve-
ral times with different samples) at the conditions to
be related in our experiments. The conditions related
wereA/Binliver and jgjunum.

Image analysis

Chemiluminescence signal detection was performed
by the exposure of the macroarray filter to Fuji Medi-
cal X-rays Films (Fuji Photographic Co, LTD, Ja
pan) at different times to obtain the best image for
the analysis. Films were scanned with a Hewlett
Packard ScanJet 5100C Scanner for the quantifica-
tion of the chemiluminescencesignals. All theimages
were standardized by maximum image intensity as
well as background intensity by the ScanJet 5100C
and the Adobe Photoshop version 7 (Adobe system,
USA, 1990-2002). The ArrayVision Software ver-
sion 8 (Imaging research Inc., St. Catherine, Ontario,
Canada) was used for signal quantification. A norma-
lization step was applied in order to distinguish true
biological changesfrom random noise or non-specific
experimental variation[13]. Results on array quanti-
fication and normalization were expressed astherela-
tive expression levels compared with the control.

Gene sequencing

The selected genes were sequenced with the pGAD 10
primer: 5-CCA AAC CCA AAA AAA GAG ATC
TCT CG-3 at Tm: 66 °C, using the ALFexpress
equipment, ReproGel High resolution and Thermo
Sequenase Cy5 Dye Terminator Cycle Sequencing Kit
(Amershan Biosciences, UK).

Semiquantitative reverse transcription-
polymerase chain reaction (RT-PCR)

The same source of total RNA used in primary gene
expression profiling was used in the RT-PCR assay.
Approximately three micrograms (uug) of total RNA
(mixture of 1.5 pg of total RNA per animal in the
group), were reverse transcribed using an oligo-dT
primer in 20 pL of thetotal volume of the reaction;
approximately 0.3 pg of the resulting cDNA were
used by the reaction of the PCR technique (we as-
sume that total RNA has approximately 2% mRNA)
[14]. The PCR was performed using the following
primers for mice genes (Mus muscul us):

Zinc finger protein 207 5'-ATA GTT CCT GGT
ATG TGG GAA GAT-3 and 5'-CCA AGG TGG
GCCTCCTCGAC-3, far upstream element binding
protein (FBP) 5'-GTA ATC CTA AGA GGT TTA
TCA G-3 and 5-GGT CTT GTA TGC TAA CTG
GAA CAC-3, beta interferon 5-GCG TTC CTG
CTG TGC TTC TCC AC-3' and 5 AAT AGC TCT
TCA AGT GGA GAG CAG-3, cadherin L 5'-GGA
GAAGTC CAC GGT GAA CTT ACA ATG-3 and

5-GGG TGC TCC TCA CTGAAA CAA GACAGT-
3, bactin 5-TGA CGG GGT CAC CCA CACTGT
GCC CAT CTA-3 and 5-CTA GAA GCA TTG
CGG TGG ACG ATG GAG GG-3', expression se-
quences tags (EST AK015189) 5-CAT GAG TTG
GGC CCA GGC CGT GGT AG-3' and 5'-CGT GGC
ACC AGT CTC CTC ATA AAG T-3

Thedesign of the PCR was asfollows: thirty cycles
at 95 °C for 1 minute, 52 °C (for the zinc finger
protein 207 gene), 50 °C (for the FBP gene), 55 °C
(for the betainterferon gene), 53 °C (for the cadherin
gene), 60 °C (for beta actin gene), 54 °C (for EST
AKO015189) for 1 minute, and 72 °C for one minute.
A final primer extension at 72 °C for five minutes
completed the reaction.

After amplification, theproducts were detected using
1% agarose gel in TAE buffer (50 x TAE is242 g of the
Trisbase, 57.1 mL of glacial acetic acid, and 100 mL of
0.5M EDTA, pH8.0) with 10 pL of the PCR pro-duct
and 2 pL of the loading buffer (0.25% bromophenol
blue, 0.25% xylene cyanol FF, 30%glycerol) and the
runwasat 120 V for 30 min. The PCR productswith a
207 bp for Zinc Finger Protein 207, 276 bp for FBP,
397 bp for betainterferon, 362bp for cadherin, 600 bp b
actin, 438 bp for EST (AK015189) and negative controls
were stained with ethidium bromide and visualized
under UV light. The DNA concentration was determined
by densitometry measurement of the electronic gel image
using Kodak Digital Science 1D software (Eastman
Kodak Co, Rochester NY).

Results

After obtaining liver and jejunum samplesfrom mice
with dorsal scaldsinvolving 25-30% of body surface,
the first step consisted of showing the optimal RNA
integrity and quality (data not shown). The commer-
cial RNA extraction kitsrendered good resultsinterms
of a pure and non-degraded RNA, compatible with
the range of enzymatic reactions and detection sys-
tems used in gene expression analyses.

Thefollowing step was to use cDNA macroarrays
containing gene sequences representative of 1 152
different mouse genesto analyze the gene expression
profiles of two experimental groups. We observed an
expression pattern obtained in the experiment using
the pooled RNA from two mice that were scalded
and undamaged. Two macroarray filters were hybri-
dized twice to compare the gene expression patterns
associated to each experimental setting. Filters were
assigned as follows: filter 1 was hybridized with
mMRNA extracted from liver fragments of mice from
groupsA and B. Filter 2 was hybridized with mRNA
harvested from the jejunum of groupsA and B, repre-
senting its scalded and sham scalded mice groupsre-
spectively. Results from this combination would show
gene expression changes produced by scaldinginflicted
in theliver and jejunum.

Computer analysis of the 1 152-cDNA elements
on the array, provided information on the cDNA hy-
bridization signalsinfilters1and 2. Intotal, 73 genes
had changed the expression levels two fold or more
from the base line (up or down regulated). The ex-
pression of 45 geneswasincreased two fold or more,
whereasthe expression of 28 genesexhibited decreased
levels(Table 1).
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For five gene products whose expression met no
change or differential expression, the criteria were
selected from the macroarrays to anayze their behavior
by the RT-PCR technique. Their sequence analysis
reveal ed ahigh degree of homology (more than 98%
homol ogy) with mice genesreported in the gene bank
database. The selected genes werethe ZFP (zinc finger
protein 207), FBP (Far upstream element binding
protein), b Interferon, cadherin and the EST (expression
sequence tags (accession number in the Gene Bank
AKO015189)) (Figure 1). The reliability of the RT-
PCR assay isindicated by the lack of a specific signal
for the H,O control (data not shown). Mouseb actin
was used as the housekeeping gene. According to
DNA array hybridization, b actin transcript was de-
tected at very similar levelsin al the conditions studied
(approximately Log, A/B: 0.01, very near thebaseline).

The relative changes in the expression of several
genes as determined by the cDNA array and RT-PCR
are presented in table 2. The semiquantitative con-
ventional RT-PCR technique confirmed the majority
of the cDNA array expression profile. Numerical dif-
ferences between both assays were considered to be
due to the intrinsic properties of each technique.

Discussion

Most tissue and organ responses to thermal injury are
gene-mediated events that may range from the onset
of cellular pro-survival mechanismsand inflammation,
up to programmed cell death. These cellular and mo-
lecular processes are expressed intheclinical arenaas
immune response demise, prolonged and uncontrolled
metabolism, asin multiple organ dysfunctions [8].
Methods to screen endogenous gene expression
areimportant both for functional genomicsasfor po-
tential medical applications. DNA macroarrays offer
the opportunity to compare large numbers of samples
to generate amoreglobal view of abiological system.
Thistechnology may cometo unravel the connection

Table 1. Filter quantification results using the arrayvision software.

Gene quantification

Filter 1
Ratio: A/B
Organ: liver

Filter 2
Ratio: A/B
Organ: jejunum

Number of genes with positive signals in the macroarray (percent
referred to the total number of genes in the array)

Number of the up-regulated genes that increase the expression
more than two fold from the base line (values=0)

(log2 treated/untreated) (percent referred to the total number of
genes with a positive signal in the macroarray).

Number of down regulated genes that decrease the expression
more than two fold from the base line

(log2 treated/untreated) (percent referred to the total number of
genes with a positive signal in the macroarray).

Number of genes with a non-variable expression (+2 fold
variation of the expression from the base line)

(log2 treated/untreated) (percent referred to the total number of
genes with a positive signal in the macroarray).

149 (12.93%)

30 (20.13%)

23 (15.43%)

95 (63.75%)

159 (13.80%)

15 (9.43%)

5 (3.14%)

139 (87.42)
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Figure 1. Macroarray and RT-PCR results. The RT-PCR technique
was developed at different times for each gene analyzed; the
figure shown a photographic composition of different agarose gels
electrophoresis. Positions from 1 to 10 represent the gene expres-
sion profiles measured by macroarray (panel A) and by RT-PCR
(panel B and C). Columns 1 and 2 represent the jejunum ZFP
expression, columns 3 and 4 represent liver FBP expression,
columns 5 and 6 represent liver b-interferon expression, columns
7 and 8 represent liver Cadherin expression, and columns 9 and 10
represent liver EST expression. Columns 1, 3,5, 7, and 9 represent
mice treated with saline and scalded and columns 2, 4, 6, 8, and
10 represent mice treated with saline and sham scalded. Panel C:
RT-PCR results by using the b actin gene expression as the house-
keeping gene.

Table 2. Comparison of the macroarray gene expression profile and the RT-PCR assay. The table shows
the semiquantitative results of the five genes selected by macroarray and analyzed by RT-PCR

DNA macroarrays
Gene name and
The numbers are

The numbers are

Semiquantitative RT-PCR

access number in Tissue h ios b h i0s b Gene function
the Gene Bank the ratios between the ratios between
sample/control sample/control
Zinc Finger Protein Nucleic acid binding; nucleus;
9 . regulation of transcription, DNA-
207 (ZFF) Jejunum Log2 A/B: 5.06 Log24/B: 0.071 dependent; transcription factor activity;
(BC003715) ependent; ranscrp Vi
zinc ion binding [16 and 17]
Far upstream Activated gene expression.
element binding . Contributes directly to c-myc
protein Liver Log2 A/B: 0.31 Log2 A/B: 0.083 transcription while bound to a single-
(FBP), (BC014763) strand site [18]
Beta Interf
(;:'A 3:053;8;1 Liver Log 2 A/B: -3.33 Log 2 A/B: -0.27 Cytokine activity [19]
. Calcium ion binding; cell adhesion;
Cadherin L Liver Log 2 A/B: 0.32 Log 2 A/B: 0.71 cytoplasm; homophilic cell adhesion;
(X77557.1) integral to membrane; membrane;
‘ Jejunum Log 2 A/B: -1.12 Log 2 A/B: -0.25 plasma membrane Family of calcium-
dependent adhesion molecules [20]
DNA binding; nucleus; regulation of
EST (AKO15189) Liver Log 2 A/B:-0.021 Log 2 A/B:-0.05 transcription, DNA-dependent; signal
o T transducer activity; signal transduction
[21]
31 Biotecnologia Aplicada 2005; Vol.22, No. 1
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between theinjury and the ensued changesin cellular
behavior, thus contributing to set up novel and com-
prehensive pathophysiological cascades, and there-
fore to introduce target aimed therapeutic strategies
with amore rational approach [21].

We have developed a cDNA macroarray system
by using nylon filters containing arrayed cDNA se-
guences derived from acommercial mouse library to
test the capability of this technology to detect genes
that appeared differentially expressed following acu-
taneousthermal traumausing avalidated model [23].
By means of comparative analyses performed be-
tween multiple hybridization using appropriate
probes, this study revealed a diverse group of genes
with altered expression levelsintheliver and jejunum
of mice subjected to scalding in relation totheir unin-
jured counterparts. From a pool of 1 152 mice genes
arrayed in nylon filters, DNA macroarrays allowed
usto identify 45 genesthat were up regulated and 28
genes that were down regulated. Other authors have
analyzed the global changesin geneexpressioninin-
jured murine skin and liver, following scalding [22,
23]. Similar to our studies in internal organs, theses
studies revealed a prevalence of the up-regulation of
gene expression after burninjury, also revealinginthe
gene ontology analysis an integrated up-regul ation of
genesinvolved in metabolic pathways, inflammatory
processes and protease activity.

The liver and jejunum were the target organs se-
lected to analyze gene expression changes asthey are
frequently affected in severely burned patients; the
former is compromised by fulminant functional failure,
and the latter because of its barrier functionitisjeop-
ardized following shock, thus contributing to toxic-
septic translocation [24]. We have also aimed this
genetic approach toward the acquisition of biologi-
cally relevant information within specific tissue
niches. Indeed, the actual challenge of the macroarray
system is to harvest biologically useful and appli-
cableinformation [25].

The accuracy of the macroarray system was con-
firmed by RT-PCR. Specifically FBP gene expression
was up regulated, whereas EST and beta interferon
genes were down regulated in both analyses. The
cadherin gene was up or down regulated in relation to
the tissue analyzed. The ZFP gene expression was
less confirmed due to large differences in expression
levels revealed by the macroarray and the RT-PCR
(71.26 fold). This discordance may be attributed to
specific features of each technology (macroarraysand
semiquantitative RT-PCR) asto their reliability toiden-
tify differentially expressed genes. Other factors are
array production, RNA extraction, probelabeling, hy-
bridization conditionsand image analysisinfluence on
macroarraysresults. On the another hand, the conven-
tional RT-PCR requires small amounts of RNA but its
end-point analysis lacks precision for a quantitative
determination. The later techniqueis affected by elec-
trophoretic resolution, weak and differential priming,
analysis of banding patterns, and procedures for band
characterization. Thus, these differencesmay turninto
numerical discordances between the two methods[26].

Post-burn multiple organ dysfunctions is one of
the major causes of death in severely burned victims
and its pathogenesis is complicated. Different studies

highlight the rel ationship between apoptosis and mul -
tiple organ failure [27]. In our study, three of the
genes analyzed are described as related with the
apoptotic event. For example, the loss of functionin
the murine zinc finger protein (ZFP) family has been
implicated in an increase in programmed cell death
and adecrease in the mitotic index irrespectiveto the
p53 function [28]. On the other hand, the FBP gene
tended to increase its expression in the liver follo-
wing the burn injury infliction, which may be sim-
plistically interpreted as a signal toward either
apoptosisor cell cycle arrest suppression. FBP binds
to the single-stranded far upstream element that con-
trols c-myc expression, while myc is a well-reputed
regulator of the cell cycle and of apoptosis in many
cell lineages[29, 30]. These observations suggest that
the interpretation of the eventual outcome of any
tissue seemsto be complex, requiresfar more dataas
an integrative vision of the biological event. An ap-
propriate knowledge of gene/protein physiology is
also mandatory to prevent a misleading conclusion
ontherole of the geneswhose expression is changing.

This experiment showed the tendency toward a
reduction of b-interferon gene expressionintheliver
of burned animals. Altered cytokine induction pro-
files, including the suppression of the Thl family
members are believed to contribute to burn-asso-
ciated immunosuppression and to the eventual de-
velopment of sepsis [31]. Beta interferon has been
shown to act as a pro-survival factor for T cells
whereas its down-regulation leads to apoptosis,
which may unquestionably contribute to the burned
patient’s immune dysfunction [32].

The cadherin gene exhibited a differential expre-
ssion pattern in the liver and gut; up-regulated in the
liver tissue and down regulated in the jejunum. Thus,
gene expression in response to injury seems to be
ruled in atissue context and a time frame dependent
manner, which demands caution while translating the
datainto abiological language. It islikely that therole
played by the same gene/protein may change from
one tissue to another even under the same triggering
insult. The cadherin gene superfamily is particularly
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Thefield of micro and macroarray expression analy-
sisis today one of the most potent and sophisticated
technologiesfor gene expression analysis. Literatureis
becoming plethoric with still more novel analytical
methods each day. However, the gap between informa-
tion technology derived data and an appropriate bio-
medica meaningful interpretation requiresbridgesmade
by a solid cell and tissue physiology understanding,
knowledge of signaling pathwaysand molecular patho-
physiology, as an integrative clinical and biological

Biotecnologia Aplicada 2005; Vol.22, No.1

15. Pahl PMB, Hodges YK, Meltesen L,
Perryman MB, Horwitz KB, Horwitz LD.
ZNF207, a ubiquitously expressed zinc
finger gene on chromosome 6p21.3
Genomics 1998;53:410-12.

16. Borden KLB. RING fingers and B-
boxes: zinc-binding protein-protein inter-
action domains. Biochem Cell Biol 1998;
76:351-58.

17. Duncan R, Collins I, Tomonaga T,
Zhang T, Levens D. A unique transactivation
sequence motif is found in the carboxyl-
terminal domain of the single-strand-bin-
ding protein FBP. Mol Cell Biol 1996;
16(5):2274-82.

18. Kondo H, Yonezawa Y, lto H. Inter-
feron-beta, an autocrine cytokine, sup-
presses human fetal skin fibroblast migra-
tion into a denuded area in a cell
monolayer but is not involved in the age-
related decline of cell migration. Mech
Ageing Dev 1996,87(3):141-53.

19. Duguay D, Foty RA, Steinberg MS.
Cadherin-mediated cell adhesion and tis-
sue segregation: qualitative and quanti-
tative determinants. Dev Biol 2003;
253(2):309-23.

20. Carninci P Hayashizaki Y. High-effi-
ciency full-length ¢cDNA cloning. Meth
Enzymol 1999;303:19-44.

21. Nees M, Woodworth CD. Microarrays:
spotlight on gene function and phar-
macogenomics. Curr Cancer Drug Targets
2001;1(2):155-75.

22. Feezor RJ, Paddock HN, Baker HV,
Varela JC, Barreda J, Moldawe LL,
Schultz GS, Mozingo DW. Temporal pat-
terns of gene expression in murine cuta-
neous burn wound healing .Physiol
Genomics 2004;16:341-8.

23. Vemula M, Berthiaume F, Jayaraman
A, Yarmush ML. Expression profiling analy-
sis of the metabolic and inflammatory
changes following burn injury in rats. Physiol
Genomics 2004;18:87-98.

24. Fang WH, Yao YM, Shi ZG, Yu Y,
WuY, Lu LR, Sheng ZY. The mRNA expres-
sion patterns of tumor necrosis factor-al-
pha and TNFR-1in some vital organs after
thermal injury. World J Gastroenterol
2003;9(5):1038-44

25. DeRisi JL, lyer VR, Brown PO. Explo-
ring the metabolic and genetic control of
gene expression on a genomic scale. Scien-
ce 1997;278:680-86.

26. Schmittgen TD, Zakrajsek BA. Effect of
experimental treatment on housekeeping
gene expression: validation by real-time,
quantitative RT-PCR. J Biochem Biophys
Methods 2000;46(1-2):69-81.

27. Fusheng Shi, Liu Xusheng, Di Guiping,
Yang Zhengguo, Luo Xiangdong,
Yang Zongcheng. An experimental study
of the role of cellular apoptosis and its
mechanism in pulmonary injury in scal-
ded rats. Annals of Burns and Fire Disas-
ters-vol. XV(1), 2002.

28. Meagher MJ, Braun RE. Requirement
for the murine zinc finger protein ZFR in
perigastrulation growth and survival. Mol
Cell Biol 2001,21(8):2880-90.



Isabel A Guillén, et al.

Application of the cDNA macroarray technology to the burn injury

thought. Although the main purpose of thisarticleisto
encourage the application of this technology as atool
for the burn associated tissue damage research, we have
attempted to use illustrative examples and hypotheti-

29. Brockstedt E, Rickers A, Kostka S,
Laubersheimer A, Dorken B, Wittmann-
Liebold B, Bommert K, Otto A. Identification of
apoptosis-associated proteins in a human
Burkitt lymphoma cell line. Cleavage of het-
erogeneous nuclear ribonucleoprotein A1 by
caspase 3. J Biol Chem 1998;273(50):33884.

30. Han ES and Hilsenveck SG. Array-based
gene expression profiling to study aging. Mech
Ageing Dev 2001; 122:999-1018.

Received in july, 2004. Accepted

for publication in december, 2004.

31. Toliver-Kinsky TE, Varma TK, Lin CY,
Herndon DN, Sherwood ER. Interferon-
gamma production is suppressed in thermally
injured mice: decreased production of regu-
latory cytokines and corresponding receptors.
Shock 2002;18(4):322-30.

32. Pilling D, Akbar AN, Girdlestone J,
Orteu CH, Borthwick NJ, Amft N, Scheel-

33

cal biological explanationson the basesof our findings.
Certainly, in anon distant future thisemerging technol-
ogy will ensure novel therapeutic interventionsfor the
critical burned victim.

Toellner D, Buckley CD, Salmon M. Inter-
feron-b mediates stromal cell rescue of T cells
from apoptosis. Eur J Immunol 1999;29:
1041-50.

33. Conacci-Sorrel M, Zhurinsky J, Ben-Ze “ev
A. The cadherin-catenin adhesion system in
signaling and cancer. J Clin Invest 2002;
109(8):987-91.

Biotecnologia Aplicada 2005; Vol.22, No.1



	BIOTECNOLOGÍA APLICADA Vol22 No1
	CONTENIDO / CONTENT
	ARTÍCULOS DE REVISIÓN / REVIEW ARTICLES
	Molecular aspects of abiotic stress in plants
	La dextranasa a lo largo de la industria azucarera
	The dextranase along sugar-making industry

	ARTÍCULOS DE INVESTIGACIÓN /  RESEARCH ARTICLES
	Application of the cDNA macroarray technology aimed to detect gene expression changes following burn injury
	Correlation of in vivo-in vitro potency assays for the cuban Hepatitis B vaccine
	Caracterización de las proteínas de reserva y cultivo de anteras para el desarrollo de genotipos de arroz de alta calidad nutricional
	Characterization of storage proteins and anthers culture, perspectives for development of high nutritional quality rice genotypes
	Evaluación de la seguridad del factor estimulador de colonias de granulocitos producido por el CIGB
	Safety evaluation of granulocyte colony-stimulating factor obtained in CIGB

	REPORTES / REPORTS
	Immunotherapy for the new century
	State of plant-made pharmaceuticals sector 2005: Setting healthy roots
	Premios de la Academia de Ciencias de Cuba 2004 / Awards of the Academy of Sciences of Cuba 2004
	New procedure for the production of biopharmaceutical proteins in the milk of non-transgenic animals
	Identification and recombinant expression of a bacterial exolevanase useful for the production of high fructose syrups


	PRÓXIMOS EVENTOS / FUTURE EVENTS
	INSTRUCCIONES A LOS AUTORES
	INSTRUCTIONS TO AUTHORS





