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Background
Peritoneal adhesions resulting from surgical injury are
often associated with pelvic pain, bowel obstruction and

Abstract

Background: Injury to the peritoneum during surgery is followed by a healing process that
frequently results in the attachment of adjacent organs by a fibrous mass, referred commonly as
adhesions. Because injuries to the peritoneum during surgery are inevitable, it is imperative that we
understand the mechanisms of adhesion formation to prevent its occurrence. This requires
thorough understanding of the molecular sequence that results in the attachment of injured
peritoneum and the development of fibrous tissue. Recent data show that fibroblasts from the
injured peritoneum may play a critical role in the formation of adhesion tissues. Therefore,
identifying changes in gene expression pattern in the peritoneal fibroblasts during the process may
provide clues to the mechanisms by which adhesion develop.

Methods: In this study, we compared expression patterns of larger number of genes in the
fibroblasts isolated from adhesion and normal human peritoneum using gene filters. Contributions
of TGF-betal and hypoxia in the altered expression of specific genes were also examined using a
semiquantitative RT-PCR technique.

Results: Results show that several genes are differentially expressed between fibroblasts of normal
and adhesion peritoneum and that the peritoneal fibroblast may acquire a different phenotype
during adhesion formation. Genes that are differentially expressed between normal and adhesion
fibroblasts encode molecules involved in cell adhesion, proliferation, differentiation, migration and
factors regulating cytokines, transcription, translation and protein/vesicle trafficking.

Conclusions: Our data substantiate that adhesion formation is a multigenic phenomenon and not
all changes in gene expression pattern between normal and adhesion fibroblasts are the function of
TGF-betal and hypoxia that are known to influence adhesion formation. Analysis of the gene
expression data in the perspective of known functions of genes connote to additional targets that
may be manipulated to inhibit adhesion development.

infertility [1]. Epidemiological studies conclude that 30 to
35% of all hospital readmissions are associated with
adhesion associated complications, of which 4.5 to 5.1%
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are directly related to adhesions [2]. Mechanisms of adhe-
sion formations are not completely known. It is also not
clear why adhesion form in some patients and not in oth-
ers. Therefore, deciphering genetic components that sig-
nal adhesion formation may help diagnose adhesion-
prone patients prior to surgery. Needless to mention that
such information will facilitate finding ways to prevent
post-surgical adhesion formation.

Parietal and visceral peritoneum that surfaces the intra-
peritoneal organs is covered by a layer of squamous epi-
thelial cells, the mesothelium. The submesothelial layer
consists of fibroblasts, macrophages and blood vessels.
Surgical abrasion to the peritoneum releases mesothelial
cells, macrophages, fibroblasts, and blood containing
cytokines and several cell types at the site of injury. Coag-
ulation of blood creates a fibrinous mass between injured
surfaces. In some patients fibrinolysis of clot followed by
proliferation of mesothelial cells covers the wound. In
others, failure of fibrinolysis followed by proliferation
and migration of fibroblasts into the proteinous mass
generates fibrous tissues of adhesion. Consequently, the
process of adhesion formation include inflammatory
response, fibrin deposition, cell-proliferation, -differenti-
ation, -migration, -death, angiogenesis, extra cellular
matrix (ECM) turnover regulated by cytokines, hypoxia,
genetic and epigenetic factors [3].

Recent studies illustrate roles of peritoneal fibroblasts in
adhesion development [4-10]. It is also proposed that
fibroblasts from the chronic wounds migrate into the
fibrin deposit; secrete ECM proteins causing wound con-
traction and scar formation [11]. The migration of fibrob-
lasts may be coordinated by TGF-B1 mediated interactions
of integrin receptors [10] with the RGD sequence of the
fibrin, fibrinogen and fibronectin at the fibrin clot [12].
Additional cytokines and the hypoxic condition at the site
of injury may also influence peritoneal fibroblasts to
attain a phenotype supporting formation of adhesion tis-
sue. This change in the phenotype of fibroblasts may be
induced by changes in expression pattern of several genes
during the process of adhesion development. Therefore,
identifying differences in the global gene expression pat-
tern between normal and adhesion fibroblasts may pro-
vide additional clues to the mechanisms by which normal
fibroblasts attain the adhesive, proliferating and migra-
tory phenotype required for the formation of fibrous tis-
sues of adhesions. In the present study, we compared gene
expression patterns between adhesion and normal perito-
neal fibroblasts using GF211 gene filters (Research genet-
ics) containing 4325 randomly selected known genes.
Furthermore, we confirmed the expression pattern of
genes of interest by a semiquantitative RT-PCR method
and examined possible contribution/s of TGF-f1 and
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hypoxia in the transformation of normal peritoneal
fibroblasts into an adhesion phenotype.

Methods

Peritoneal-tissue collection, fibroblast-isolation and
culture

Tissues were collected at the initiation of surgery and after
the entry into the abdominal cavity of female patients
(25-50 years) undergoing laparatomy for pelvic pain as
described earlier [4]. All patients gave informed written
consent for the tissue collection, which was conducted
under a protocol approved by the Wayne State University
Institutional Review Board. Normal parietal peritoneal
tissues were collected from these patients from the ante-
rior abdominal wall, approximately midway between the
umbilicus and symphyses pubis, and lateral to the mid-
line incision. Peritoneal tissues from adhesions, that were
at least 3 inches away from the site of normal tissue col-
lections, were also collected from the same patient. The
peritoneal fibroblasts were isolated and separated from
mesothelial cells by a differential centrifugation proce-
dure that is briefly described earlier [4]. The isolation of
fibroblasts from mesothelial cells were also verified by the
RT-PCR detection of Collagen type I, Matrix metallopro-
teinase-2 (MMP-2) and Transforming growth factor-p3
(TGF-B3) [13-15].

The primary cultures were maintained in a humidified
incubator (37°C, 5% CO,) for 3 days in DMEM (Life
Tech.) supplemented with 10% fetal bovine serum (Life
Tech.) and antibiotics (Penicillin and Streptomycin 50 U/
ml; Life Tech.). The monolayer of cells were passaged in
trypsin-EDTA solution (Life Tech.). Cells at 3-5 passages
were cultured in serum free medium in 75 cm? flasks
(Fisher Scientific, Pittsburgh, PA) to 75% confluency prior
to studies.

Gene expression pattern in the fibroblasts from adhesion
and normal peritoneum

Total RNA was isolated from monolayer of fibroblasts at
12 h of culture in serum free medium using Trizol reagent
(Invitrogen Inc.). Human Gene Filters (GF211; Research
Genetics, Inc., Huntsville, AL) containing 4325 known
human cDNA spots were used for the identification of dif-
ferentially expressed genes between adhesion and normal
fibroblasts from human peritoneum. Method suggested
by the manufacturer was strictly followed. In brief, 10 pg
of total RNA from monolayer cultures of fibroblasts were
subjected to cDNA synthesis in presence of 10 ul 33dCTP
(10 mCi/ml; ICN Radiochemicals, Irvin, CA). Radiola-
beled cDNA was separated from the free nucleotides using
Bio-Spin 6 chromatography column (Bio-Rad Laborato-
ries). Gene filters were labeled as adhesion or normal
fibroblasts and washed with 0.5% sodium dodecyl sulfate
(SDS) prior to prehybridization. Individual membrane
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Table 2: Genes differentially expressed in the adhesion fibroblasts and known to have roles in cell-adhesion, -proliferation, -migration,

-differentiation and -death.

Accession Definition Fold Change Functions
Number
Pl P2*
Increased in Intensity
gi:17986276 Collagen, type IV alpha 2 24 27 See Discussion
gi:4506760 S100 calcium-binding protein A10 23 2.7 See Discussion
gi:6679055 Nidogen 2 6.4 7.1 See Discussion
gi:14250074 Transmembrane 4 superfamily member | 37 2.6 See Discussion
gi:4758081 Chondroitin sulfate proteoglycan 2 34 32 See Discussion
gi:187538 Metallothionein |E 4.3 4.0 See Discussion
gi:4336324 Small membrane protein | 24 2.6 Cell viability [54]
gi:17738299 Cyclin-dependent kinase inhibitor 2A 2.0 2.0 Cell proliferation [55]
gi:16359382 Nuclear receptor subfamily 4, group A 1.6 2.1 Antagonizes TNF-a induced apoptosis [56]
gi:40353726 Synaptopodin 2.9 24 Actin cytoskeleton dynamics [57]
8123398519 Vasodilator-stimulated phosphoprotein 1.5 2.1 Enhances actin based cell motility, Cytoskeltal dynamics [58]
gi:28329 a-Smooth muscle actin 3.0 32 Myofibroblast transformation [44]
gi:14574570 Bcl-2 related gene bfl-1 1.6 1.4 Anti apoptotic; inhibitor of p53 induced apoptosis
gi:796812 p53 tumor suppressor 1.5 1.6 Cell cycle arrest and apoptosis [52]
Decreased in Intensity
gi:184522 Insulin-like growth factor binding protein 3~ 3.2 2.3 See Discussion
gi:4504618 Insulin-like growth factor binding protein 7 2.3 2.0 Growth suppressing factor [59]
gi:28610153 Interleukin 8 32 2.6 Inhibits fibroblast migration, delays wound healing, reduces
wound contraction [60]
gi:4504982 Lectin, galactoside-binding, soluble 3 3.0 3.0 Tumor-suppressive and pro apoptotic [61]
[galectin)
gi:12803916 Gap junction protein, beta |, [Connexin 32) 1.8 22 Tumor suppressive and Proapoptotic [62]
gi:14589894 Cadherin 5, type 2, VE-cadherin [vascular] 2.3 1.7 Down regulation associates with tumor metastasis, Initiates
endothelial-mesenchymal transdifferentiation [63]
gi: 16198356 Lactotransferrin 22 2.1 Inhibits growth of malignant tumors. Elevated by high level of
estrogen [64]
gi:21619838 Lipocalin 2, Oncogene 24p3 33 2.5 Proapoptotic [65]
git 23273645 Calponin [, basic, Smooth muscle cell 1.7 25 Inhibits smooth muscle cell contraction and Tumor Suppressive
[66]
gi:4022546 1 RAPIA, member of RAS oncogene family 1.8 1.6 Inhibits cell proliferation [67]
gi:4507112 Synuclein-gamma 1.5 1.3 Expression reduced in carcinoma [68]

* Adhesion/Normal peritoneal fibroblasts values of gene expression intensity from patient | (PI) and 2 (P2).

was transferred to separate roller tubes of the hybridiza-
tion oven (Fisher Scientific, Inc., Pittsburg, PA), each con-
taining MicroHyb hybridization solution (Research
Genetics) supplemented with Human Cot-1 DNA (Life
Technology) and Poly dA (Research Genetics). The mem-
branes were rotated at 10 RPM and at 42°C for 2 h. Radio-
labeled ¢DNA prepared from adhesion and normal
fibroblasts total RNA was denatured by heating in a boil-
ing water bath for 3 min. The denatured probes were then
injected into the prehybridization solution containing
respective membrane. The membranes were hybridized
with respective probe for 18 h at 42°C. The hybridization
solution was then replaced with washing solution (2 x

SSC containing 1% SDS). The temperature of the oven
was raised to 50°C and RPM of rotors was increased to 15.
Membranes were washed for 20 minutes when washing
solution was replaced with a batch of fresh and pre-
warmed (50°C) washing solution. Washing was contin-
ued for additional 20 min. A third wash was performed
with 0.5 x SSC solution containing 1% SDS at 55°C for 15
minutes. Membranes with ¢cDNA spots facing up were
covered with Saran wrap and exposed to phosphor screen
(Kodak) for overnight. The screen was scanned with a
Phosphor Imager (Storm System; Amersham Biosciences
Corp., Piscataway, NJ). After acquisition of signal intensi-
ties from the normal and adhesion fibroblasts of one
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Table 3: PCR primers, amplicon size and expression ratios of genes between adhesion and normal peritoneal fibroblasts

Transcripts

Primer Sequence (5' to 3')

Ampliconsize  Adhesion/Normal  Adhesion/Normal

(base pairs)

Ratio Gene Filter*

Ratio (RT-PCR)**

18S Ribosomal Subunit Sense ggaggttcgaagacgatcag 509 (No spot) 0.9
Antisense  cgctgagccagtcagtgtag

Collagen type IV alpha 2 chain(COL4A?2) Sense caccatgcccttectgtact 351 2.6 2.3
Antisense ttgcattcgatgaatggtgt

S100 Calcium binding protein A10 (SI00A10) Sense cacaccaaaatgccatctca 389 25 2.1
Antisense cttctatgggggaagcetgtg

Nidogen 2 (NID2) Sense gcttacgaggaggtcaaacg 500 6.8 2.9
Antisense  ttcacccggaaggtattcag

Transmembrane 4 superfamily member | Sense tcgeggctaatattttgett 500 3.2 1.9

(TMA4SFI)
Antisense  gcctccaagcactccattta

Chondoitin sulfate proteoglycan 2 (CSPG2) Sense gaaccaaattatggggcaga 400 33 3.0
Antisense ctcccaatccttegtcgata

Insulin-like growth factor binding protein 3 Sense gggtaggcacgttgtaggaa 603 -2.8 -2.8

precursor (IGFBP3)
Antisese gtgaggctggctaagaatge

Metallothionine (hMT-le) Sense cagagggtctctgggtttca 400 42 33
Antisense  gccccatgtcctctcactaa

* Average intensity of Adhesion/Normal peritoneal fibroblast gene expression data from patient | (P1) and 2 (P2) presented in Table 2. Minus (-) sign

indicate fold decrease in intensity in the adhesion fibroblasts. ** Ratios of Adhesion/Normal mean values from 4 patients.

patient, filters were stripped according to protocol and
subjected to gene filter experiments with the RNA samples
from a second patient and images were scanned. Tiff
images obtained from normal and adhesion fibroblasts of
two patients were analyzed using Pathway 4 software
(Research Genetics) for the identification of differentially
expressed genes between the normal and adhesion fibrob-
lasts of each patient.

Relative abundance of selected genes in the fibroblasts
from adhesion and normal peritoneum

Steady-state levels of mRNA of selected genes that are
known to have a role in cellular adhesion, proliferation,
migration, apoptosis and demonstrating different expres-
sion levels between adhesion and normal fibroblasts in
the gene filter experiments were verified further by a pre-
viously described semiquantitative RT-PCR method [16].
Total RNA (1 pug) from the monolayer culture of adhesion
or normal fibroblasts was subjected to reverse transcrip-
tion as described earlier. Complementary DNA (100 ng)
was subjected to PCR amplification of the cDNA of inter-
ests in a 25 pl reaction mixture containing 50 mM Tris-
HCI (pH 8.4), 50 mM KCI, 2.5 mM MgCl,, 0.2 mM dNTP,
0.5 U Taq Polymerase (all from Life Technology, BRL) and
1 uM each of sense and antisense primers. Primer
sequences were determined using Primer3 software from
the Internet http://frodo.wi.mit.edu/cgi-bin/primer3
primer3_www.cgi. The control primers (sense 5'-ggaggttc-
gaagacgatcag-3' and antisense 5'-cgctgagccagtcagtgtag-3')
were expected to provide an amplicon of 509 bp from

human 18S ribosomal subunit cDNA (gi: 337376). Acces-
sion numbers of genes of interests are provided in Table 2
and nucleotide sequences of primers and expected size
amplicons are provided in the Table 3. Each PCR cycle
consisted of a hot start at 95°C for 1 min, followed by
melting at 95°C for 30 sec, annealing at 58°C for 1 min
and extension at 72°C for 1 min. At the end an extension
reaction at 72°C for 10 min was performed.

Initially cDNA of interests were amplified from normal
peritoneal fibroblasts at different (25 to 35) PCR cycles.
PCR products were subjected to agarose gel electrophore-
sis. Molecular weight marker (100 bp DNA ladder; Life
Technology) were also loaded in adjacent lanes. DNA in
the gel were stained with 1:10,000 dilution of SYBR Green
I dye (Molecular Probes, Inc., Eugene, OR) and photo-
graphed using a DC 120 Kodak digital camera (Eastman
Kodak, Rochester, NY) for the verification of size and
analysis of band intensity using Image ] software http://
rsb.info.nih.gov/ij/. Band intensities were plotted to
determine the linearity of PCR reactions for the amplifica-
tion of target transcripts. Target cDNA were amplified by
PCR from normal and peritoneal fibroblasts at specific
PCR cycle within its linear range of amplification. Total
RNA samples from normal and adhesion fibroblasts of 4
patients (included RNA from normal and adhesion
fibroblasts of two patients used for the gene filter experi-
ments) were used for the RT-PCR experiments. Optical
densities obtained from amplicons of 4 patients (1 nor-
mal and 1 adhesion fibroblast RNA sample per patient)
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Table 4: Expression profiles of genes in the adhesion vs. normal peritoneal fibroblasts and the effects of TGF-1 or hypoxia on the

expression level of genes in the normal peritoneal fibroblasts

Adhesion/Normal fibroblasts
(Gene Filter & RT-PCR)

Transcripts

TGF-$1 Effects (RT-PCR) Hypoxia Effects (RT-PCR)

COL4A2 0 0 0
SI00AI0 0 0 0

NID2 T — ND
TM4SFI T — ND
CSPG2 0 0 —
IGFBP3 N — ND
hMT-le T 0 0

T = Up regulation (p < 0.05); { = Down Regulation (p < 0.05); — = No Change ND = Not determined

were used to derive mean + standard error of mean values
representing relative levels of each mRNA species in nor-
mal and adhesion fibroblasts.

Effects of TGF-/3; or hypoxia on gene expression pattern
Effects of TGF-B1 or hypoxic conditions on the steady
state levels of specific gene transcripts in the normal peri-
toneal fibroblasts were also studied to examine the possi-
bility of adhesion causing factors potentiating the gene
expression pattern in the normal fibroblasts similar to
adhesion fibroblasts. Normal peritoneal fibroblasts were
cultured in six well culture plates (FALCON). When
confluent, monolayer of cells in culture were exposed to 1
ng/ml TGF-B, (Sigma Chemical Company, St. Louis, MO)
or hypoxia (2% Oxygen) for 24 h. Control plates were cul-
tured for the same duration in absence of TGF-B1 or
hypoxia. Total RNA was isolated from the control, TGF-B1
and hypoxia treated cells and subjected to RT-PCR
reactions as described above to determine relative levels of
18S ribosomal subunit and gene specific transcripts in the
control and treated cells. RT-PCR experiments were con-
ducted twice with the normal peritoneal fibroblasts iso-
lated from 3 patients to have six control, six TGF-B1
treated and six hypoxia exposed amplicons. This included
normal fibroblasts from one new patient and two patients
that were used exclusively for RT-PCR experiments for the
confirmation of gene array data. Optical densities of
amplicons from six control or treated cells per mRNA spe-
cies were used to derive the mean + standard error of
mean values for comparison.

Statistical analysis

Band intensity value of each RT-PCR experiment (normal,
adhesion or treated fibroblasts) was used to derive Mean
+ Standard error of Mean using Statview 4.5 software
(Abacus Concepts, Berkley, CA). Differences between
Means were tested for significance by one-way analysis of
variance with the specific post hoc test using the same

software to compare differences in the steady state levels
of different mRNA species.

Results

Expression pattern of genes between adhesion and normal
peritoneal fibroblasts

Hybridization intensities of radio labeled cDNA from nor-
mal or adhesion fibroblasts from both the patients were
different when analyzed using Pathway software. Com-
parison of hybridization intensities from individual gene
spots between normal and adhesion fibroblast RNA (Fig-
ure 1) demonstrated that the expression levels of ~4%
genes were >1.5 fold different. BLAST search of the acces-
sion number of genes from the list provided by the man-
ufacturer showed that genes with altered expression level
between normal and adhesion fibroblasts are reported to
be involved in cell adhesion and migration; transforma-
tion, transcription, translation and growth factors as well
as cytokines and signaling molecules.

Gene filter data from two patients showed similar expres-
sion pattern of collagen type 1 (alpha 2), Collagen type III
(alpha 1), fibronectin 1, Matrix metalloproteinase-1
(MMP-1), Transforming Growth Factor beta-1 (TGF-f1),
TGF-B2 and tissue plasminogen activator as reported ear-
lier using multiplex PCR technique (Table-1). Signal
intensities representing TGF-B3 (gi:22531293), TGF-$ 111
Receptor (gi:26251745), VEGF-A (gi:2565322), VEGF-B
(gi:39725673) and VEGF-C (gi:19924300) expression lev-
els were respectively 1.6, 1.5, 1.9, 1.3 and 1.3 fold (aver-
age values from two patients) lower in the adhesion
compared to normal fibroblasts. No spots for antiapop-
totic bcl-2 and proapoptotic bax were present in GF211
filters. Signal intensities representing anti apoptotic mole-
cule bcl-2 related gene bfl-1 (gi: 14574570) and pro-
apoptotic molecule p53 (gi:796812) were higher (Table
2) in adhesion compared to normal fibroblasts. Expres-
sion levels of proapoptotic molecule bad (gi: 14670387)
and bak1 (gi: 33457353) were not different between nor-

Page 5 of 14

(page number not for citation purposes)



Reproductive Biology and Endocrinology 2005, 3:1

http://www.rbej.com/content/3/1/1

. .o -9 - .
K . . .
A S o M AR
. e . . . H -
i ® PR TR T e -!.-; g ok : i
2 . - 5 s . . .
. -‘. i -, L) H i . 3 % . '2. .'o
Cia® Ut % e e sy
. .
e % % = % i P i By oy o b,
W - - » . v,
bk T e, R o ‘ahiy , e
. ke . 3 . . .:: L
P i e s bl AT o
.. (e .
= P L .t .
. . - . . ¢ 3
» * i . H L <’ o |
. e ! .
; " .. % - . & o0
1 . .3 s
p - P . PR . . - :a
2. F g >
A . - . - Wi '.:-a
: o su, i v . .
- 2 2¥en T
. R X L % ¢ |
. ® s *9, o "o; X » .!.. 2 . _ d
- LA . % e . . .
.. P ' '. . | . -'rv
ol AR S " e e v ba
M s i ‘e . . . CIESC
.
2% % , PR oo . iy TR
P .-. $ » o L]
4 ' .« o oie L
?' d e : .~ $: [ 3
- ¢ - o P .
P PR e AR . 4
3 L -: 2 »e o -
po g e - 2 . L 3 ™
- " . - . A e &
. " . . .
0 ., ” . -, ¢ b | .
1 . * o
.! (e a . i . v H
g’ . -
= . » . e > "5
100.0:
=3 =
= -7 2
§ o ’;" ot e
= - e -
= g ~{,,-.¢"/
£ o T e
K il u.‘ég:'-t’
= o % -1 ur'a_."
3 i
= . pfien s
5 D S 2
&) ’,’f- (2RI
g e, A
] Thi . . t
c] - .
L e
-
0.1 =
01 1.0

Figure |

10.0 100.0

Intensity I (Normal Fibroblast)

Images depicting radioactive signals from GF21 | filters hybridized with radiolabeled cDNA. Gene filters were
hybridized with 33P labeled cDNA from normal peritoneal fibroblasts or fibroblasts from adhesion tissue. Unbound signals
were washed and relative radioactive signal intensities were detected using a Phosphoroimager as described in the Methods.
A. Tiff images of radioactive signals from individual gene spots of filters hybridized with normal (above) and adhesion fibrob-
lasts, both isolated from Patient |. B. Scatter plot showing signal intensities from normal peritoneal (Intensity |) and adhesion
(Intensity Il) fibroblasts. Dotted lines indicate a two fold changes in hybridization intensities from the median (solid line).
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Table I: Ratios of signal intensities from adhesion and normal peritoneal fibroblasts detected from gene filters representing relative

expression level of genes in patient | (Pl) and 2 (P2).

Gene Accession Number Pl (A/N) P2 (A/N) Reference*
Collagen Type | (alpha 2) gi:48762933 1.4 1.5 [4,15,53]
Collagen Type lll (alpha 1)  gi:15149480 2.0 1.7 [15]
Fibronectin | gi:53791222 1.5 1.2 [4,15]
MMP-| gi:13027798 1.6 1.4 [4]

TGF-B1 gi:10863872 1.4 1.7 [4,15]
TGF-p2 gi:339549 1.5 1.3 [4]

tPA gil2161467 -1.5 -2.0 [8]

Minus (-) sign represents lower signal intensity in adhesion (A) compared to normal (N) fibroblasts (gene filter data)
* Citations reporting expression levels of respective genes in fibroblasts from normal human peritoneum and adhesion using multiplex PCR

technique

mal and adhesion fibroblasts. A list of additional genes
that are differentially expressed between normal and
adhesion fibroblasts and known to be involved in apop-
tosis as well as cell adhesion, proliferation and migration
are listed in Table 2.

Semiquantitative RT-PCR experiments (Figure 2) con-
ducted to verify expression pattern of specific genes from
the gene filter experiments that were not studied earlier in
the peritoneal fibroblasts confirmed higher expression (p
< 0.05) of Collagen type IV (alpha 2) chain (COL4A2),
$100 Calcium binding protein A10 (S100A10), Nidogen
2 (NID2), Transmembrane 4 superfamily member 1
(TMA4SF1), Chondroitin sulfate proteoglycan 2 (CSPG2)
and Metallothioneine (hMT-Ie) in adhesion compared to
normal fibroblasts. The semiquantitative RT-PCR experi-
ments also confirmed lower expression levels of Insulin-
like growth factor binding protein 3 precursor (IGFBP3)
mRNA in the adhesion compared to normal peritoneal
fibroblasts. Transcript levels of 18S ribosomal subunit
estimated by RT-PCR method was not significantly differ-
ent between fibroblasts isolated from normal and adhe-
sion peritoneum (Figure 2 and Table 3).

Effects of TGF-fl or hypoxia on the expression levels of
specific genes in the normal peritoneal fibroblasts
Exposure to TGF-$, or hypoxic conditions for 24 h altered
expression levels of specific genes in the normal perito-
neal fibroblasts as evidenced by semiquantitative RT-PCR.
Transcript levels of COL4A2, S100A10, CSPG2 and hMT-
Ie were up regulated by TGF-f1 in the normal peritoneal
fibroblasts (Figure 3), whereas transcript levels of NID2,
TMA4SF1, and IGFBP3 were not altered by TGF-B1 treat-
ment. Hypoxic conditions elevated expression levels of
COL4A2, S100A10 and hMT-Ie transcripts in the normal
peritoneal fibroblasts (Figure 4). Transcript levels of
CSPG2 were not significantly altered by hypoxia.

Discussion

We present evidence that the expression pattern of large
number of genes differ between the fibroblasts isolated
from adhesion tissues and normal human peritoneal sup-
porting the notion that adhesion fibroblasts may attain a
different phenotype following peritoneal injury. Genes
that displayed altered expression levels in this transition
included those involved in cell proliferation, differentia-
tion, signaling molecules, transcription and translation
factors, proteolysis and cytokines. Results indicate that
fibroblasts from adhesion tissue may perceive and
respond to external and internal cues differently than
those residing in normal human peritoneum. We
attempted to decipher the functional consequences of
altered gene expression pattern in the adhesion fibroblast
to further elucidate the mechanism of adhesion formation
and point to additional ways adhesion development may
be restrained.

Expression pattern of genes in the fibroblasts from normal
and pathological sites are shown to be different also in
earlier studies [17]. More relevant to the present study are
the reports [4,8] on the mRNA levels of human type I col-
lagen (alpha 2), fibronectin 1, MMP-1, TIMP-1, TGF-1,
TGF-B2, IL-10, PAI-1, tPA and COX-2 in adhesion and
normal peritoneal fibroblasts from humans estimated by
multiplex PCR technique. Gene filter data from two
patients also showed similar pattern of collagen, type 1
(alpha 2), fibronectin 1, MMP-1, TGF-1, TGF-B2 and tPA
mRNA levels in the normal and adhesion fibroblasts
(Table 1). Expression pattern of TIMP-1, IL-10, PAI-1,
COX-2 in the adhesion and normal peritoneal fibroblasts
as reported earlier [4,8,9] could not be verified by gene fil-
ter experiments because GF211 filters do not have spots
representing these genes. Even so, similarities in the
expression pattern of many genes between two patients
(Tables 1-3) and those reported earlier using multiplex
PCR technique [4,8] validate our findings. The semiquan-
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Figure 2

Relative abundance of specific mMRNA species in the normal and adhesion fibroblasts. Genes differentially
expressed between the normal and adhesion fibroblasts, as identified by gene filter experiments, were amplified by the RT-PCR
technique at 26 PCR cycle. PCR products (20 pl) were subjected to electrophoresis, stained with fluorescent dye, photo-
graphed and optical density determined as described in Methods. A: Representative gel showing amplicons from normal (odd
lane numbers) and adhesion (even lane numbers) fibroblasts. Lanes | &2, 3 &4; 5 &6; 7 &8; 9 &10 and 11 &12 show RT-PCR
products from COL4A2; NID2; CSPG2; SI00A10; 18S ribosomal subunit and TM4SFI mRNA respectively. Lanes 13 &14; 15
&16 and 17 &18 show RT-PCR products from |8S ribosomal subunit, IGFBP3 precursor and MET-1e mRNA respectively. L:
Lanes loaded each with 7 pul of 100 bp DNA ladder. The 600 bp band of the ladder is shown by arrow head. B. Histogram
showing mean and standard error of mean values of optical densities derived from amplicons of specific genes (x axis) from
normal (empty bars) and adhesion (filled bars) fibroblasts isolated from 4 patients as described in Methods. *Significantly differ-

ent (p < 0.05) between normal and adhesion fibroblasts.

titative RT-PCR experiments conducted to verify expres-
sion pattern of specific genes recorded from gene filter
experiments show that mRNA levels of COL4A2,
S100A10, nidogen-2, TMA4SF1, CSPG2, MT-le and
IGFBP3 precursor indeed differ between normal and
adhesion fibroblasts.

Even though expression levels of these transcripts were
significantly different between normal and adhesion

fibroblasts, only minor variations in the optical densities
of amplicons were recorded within normal or adhesion
tissues of patients of different age groups. This indicate
that age dependent differences in the expression levels of
genes in the fibroblasts from normal or adhesion tissues
may tend to attain a relatively similar expression levels
when in culture. Despite the fact that our study focused on
the steady state levels of mRNA species and not on trans-
lation or posttranslational events, analysis of the func-
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Figure 3

Effects of TGF-$1 on the steady state levels of specific mMRNA species in normal peritoneal fibroblasts. Normal
peritoneal fibroblasts were cultured for 24 h in absence or presence of TGF-f 1 and total RNA from cells were examined for
the steady-state levels of different mRNA species by semiquantitative RT-PCR technique as described in Methods. A. Repre-
sentative gels showing amplicons generated by RT-PCR from specific gene transcripts (denoted on the left of the panel) from
control (lanes I, 2 and 3) and TGF-B1 (lanes 4, 5 and 6) treated cells. Complementary DNA for all genes except IGFBP3 pre-
cursor was amplified at 26 PCR cycles. IGFBP3 precursor transcripts were amplified at 25 cycles. L Lane loaded with 100 bp
DNA ladder. B Histogram showing mean and standard errors of mean of optical densities from amplicons representing specific
mRNA species (x axis). The RT-PCR experiments were conducted twice from normal and peritoneal isolated from 3 patients
to obtain OD values of six amplicons from control (empty bars) or treated (shaded bars) fibroblasts statistical analysis. * Signif-
icantly different from control conditions at p < 0.05.
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Figure 4

Effects of hypoxia on the steady state levels of specific genes in normal peritoneal fibroblasts. Normal peritoneal
fibroblasts were cultured for 24 h in normoxic and hypoxic conditions and total RNA from cells were examined to determine
the steady state levels of specific transcripts as described in Methods. Complementary DNA for all genes was amplified at 26
PCR cycles. Histogram showing mean and standard errors of mean of optical densities of amplicons representing specific
mRNA species (x axis) from control (empty bars) or hypoxia exposed cells (shaded bars) from 3 patients. The RT-PCR exper-
iments were conducted twice to obtain OD values of six amplicons from normoxic or hypoxic fibroblasts for statistical analy-
sis. Images of gels with amplicons from cells treated with hypoxia are not shown. * Significantly different from control

conditions at p < 0.05.

tional consequences of altered expression of encoded
proteins from the literature as referred below indicated
that changes in the pool of these mRNA species may lead
to the transformation of normal peritoneal fibroblasts
into a specialized phenotype during the healing process.

COL4A2 is a major structure-defining component in all
basement membranes [18] and forms a framework for the
ordered aggregation of additional molecules like laminin,
heparin sulphate proteoglycans, and nidogen [19]. Rela-
tively higher levels of COL4A2 observed in the adhesion
fibroblasts may enhance synthesis of basement mem-
brane in the tissues of adhesions. As COL4A2 gene is up
regulated during malignant transformation and tumor
vessel proliferation [20], it is anticipated that up regulated
levels of COL4A2 in the adhesion fibroblasts may aid to
the formation of adhesion tissue by increasing prolifera-

tion of adhesion fibroblasts and supporting new vessel
formation for the nourishments of growing tissue.

S100A10 proteins interact with Annexin A2 forming a het-
erotetrameric structure Allt; that dock into the cell mem-
brane promoting F-actin reorganization and cell
migration [21]. Allt also colocalizes with uPAR and plas-
minogen in the cells [22]. Heightened levels of ST00A10
may enhance migration of adhesion fibroblasts by chang-
ing F-actin dynamics and influencing Cathepsin B and
plasminogen machinery [23]. ST00A10 also interacts with
cytosolic phospholipase A2, inhibits its activity and
decreases synthesis of archidonic acid [24]. Therefore,
increase in S100A10 levels in the adhesion fibroblasts
may deplete intracellular levels of archidonic acid and
Prostaglandin E2 (PGE2) that are known to inhibit cell
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proliferation, collagen I synthesis, contraction of ECM
and fibroblast migration [25].

Nidogen-2 (entactin-2) interacts with laminin1 P1, colla-
gen I, collagen 1V, perlecan and fibulin-2 in the extracellu-
lar space and stabilizes the basement membrane. It also
interacts with a6B1 and a3p1 integrin receptors on cells
[26]. Relatively higher levels of nidogen-2 secreted by
adhesion fibroblasts in the extracellular space may
strengthen the basement membrane and enhance integrin
mediated adhesion and migration of fibroblasts into the
growing tissue of adhesion.

TMA4SF molecules (tetraspanins) play important roles in
cell migration and in the generation of complexes with
integrins functionally relevant for cell motility, tumor
progression and wound healing [27]. It is proposed that
tetraspanins can influence cell migration by (i)
modulating integrin signaling and integrin-mediated
reorganization of the cortical actin cytoskeleton; (ii) regu-
lating compartmentalization of integrins on the cell sur-
face or (iii) directing intracellular trafficking and recycling
of integrins [27]. Therefore, heightened intercalation of
TMA4SF1 in the cell surface of adhesion fibroblasts may
facilitate their integrin-mediated migration into the devel-
oping tissues of adhesion.

Versicans (CSPG2) are also known to influence a4f1 and
a2pB1 integrin mediated invasion of melanoma cells [28].
Higher CSPG2 in the fibroblasts of adhesion tissues may
assist in the integrin-CSPG2 mediated migration of
peritoneal fibroblasts to the site of injury and increase the
number of fibroblasts by enhancing proliferation and
decreasing apoptosis as evidenced in other cell types
[28,29]. Veriscan interacts with hyaluronan and CD44
and increase the viscoelastic nature of the pericellular
matrix, creating a highly malleable extracellular environ-
ment that supports a cell-shape change necessary for cell
proliferation and migration [30].

Because MT-1e transcripts are detected in cell types that
have undergone myoepithelial differentiation [31],
significant differences in the MT-1e mRNA levels between
adhesion and normal peritoneal fibroblasts indicate that
fibroblasts in the adhesions are at different state of differ-
entiation compared to normal peritoneum. Molecules
including IL-1; IL-6, TNF-a, EGF, bFGF, glucocorticoids,
LPS, and estrogen that promote post surgical adhesion
formation [32-34] directly or indirectly increase MT-1
transcripts and proteins in several tissues and cell types
[35]. Therefore, it is likely that these molecules may
increase adhesion formation by augmenting MT-IE levels
which in turn may increase proliferation, reduce cell death
and confer invasiveness of adhesion fibroblasts [36].

http://www.rbej.com/content/3/1/1

Contrary to increase in the above mentioned mRNA spe-
cies in the adhesion fibroblasts, steady state levels of
IGFBP3 precursor transcript were found to be lower.
Because IGFBP-3 is known to inhibit cell growth by
sequestering IGF, its decreased level may enhance prolif-
eration of adhesion fibroblasts [37]. Reduced levels of
IGFBP3 mRNA are reported in the tumorigenic cells [38].
Therefore, reported lower incidence of pelvic adhesion
formation in the primates on anti-estrogenic therapy [32]
could be due to the antiproliferative effects of anti-estro-
gens mediated in part, by IGFBP-3 [39]. IGFBP-3 also
induces growth inhibition and apoptosis [40]. Decrease in
the levels of IGFBP-3 in the adhesion fibroblasts may pro-
mote adhesion development both by increasing prolifera-
tion and reducing apoptosis at the site of injury.

Our attempts to examine the regulatory roles of TGF-1
and hypoxia, factors known to promote adhesion
development [3], on the expression pattern of specific
genes show that not all changes in the gene expression
pattern between the normal and adhesion fibroblast are
the function of these factors (Figure 3 and 4; Table 4). Our
data show that while mRNA levels of COL4A2, S100A10
and MT-1e are elevated by both TGF-f1 and hypoxia in
the human peritoneal fibroblasts, the mRNA levels of
only CSPG2 is influenced by TGF-B1. Moreover, transcript
levels of nidogen-2, TM4SF1 and IGFBP3 mRNA were not
influenced by TGF-B1. Based on these results we hypothe-
size that genes that are not influenced by TGF-f1 and
hypoxia in the peritoneal fibroblasts may be influenced
by factors such as interleukins and TNF-a that are also
known to play role in adhesion formation. Alternately,
TGF-B1 and/or hypoxia may influence actions of these
genes at the post transcriptional level without altering
transcript levels. TGF-B1 induced up regulation of integrin
a5, av and a6 subunits in the normal human peritoneal
fibroblasts without altering mRNA levels [10] is consistent
with this possibility. It is also possible that TGF-f1 and
hypoxia may alter expression of these genes in mesothe-
lial and other cell types following peritoneal injury. Like-
wise lower levels of VEGF transcripts in adhesion
fibroblasts may be compensated by its higher levels in
other cell type required for angiogenesis during adhesion
formation [3]. Detected lower intensity of VEGF-A
isoform in the adhesion fibroblasts may also be due to the
fact that spots representing this isoform do not distin-
guish different VEGF-A splice variants that are known to
be up or down regulated during adhesion formation [16].

It is known that a new phenotype of fibroblasts is induced
during wound healing. These fibroblasts, termed- myofi-
broblasts, express higher levels of a-smooth muscle actin
and vinculin-containing fibronexus adhesion complexes
[41]. Fibroblasts isolated from adhesion tissues express
higher levels of a-smooth muscle actin transcripts
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compared to normal peritoneal fibroblast (Table-2) [42]
and TGF-B1 induces formation of adhesion complex in
these cells [10]. These observations in addition to the
known roles of TGF-f in the development of post surgical
adhesions [43] and transformation of fibroblasts into
smooth muscle a-actin expressing myofibroblasts [44]
imply that this cytokine may influence transformation of
normal fibroblasts into a phenotype similar to myofi-
broblasts in the developing tissues of adhesion. Therefore,
hindering this transformation may reduce adhesion for-
mation. For instance, augmenting E prostanoid 2 (EP2)
receptor pathways may be a way to reduce the incidence
of adhesion formation because prostaglandin E, (PGE,) is
shown to inhibit TGF-f1 induced expression of a-SMA,
production of Collagen I and the transformation of
fibroblasts to myofibroblasts via EP2 signaling [45]. Addi-
tionally, adhesion formation may be reduced by P311
(PTZ17) and Interferon y treatments, which inhibits TGF-
B1 induced myofibroblast transformation [46,47].

During the course of normal wound healing, myofibrob-
lasts disappear, possibly by apoptosis [48]. In contrast,
when there is abnormal wound healing, myofibroblasts
persist [49]. Data obtained in our study also indicate that
adhesion fibroblasts may resist apoptosis due to anti
apoptotic effects mediated by increased hMetl-e and
CSPG2 levels and down regulation of IGFBP3. They may
also attain a high proliferating nature due to up regulation
of S100A10 and CSPG2 genes, and down regulation of
IGFBP3 (Table 2). Higher proliferating and reduced apop-
totic nature of adhesion fibroblasts derived from altered
ratio of bcl-2 and bax expression is suggested in an earlier
study [5]. It is apparent now that higher proliferative and
reduced apoptotic nature of adhesion fibroblasts in
human as reported earlier [5] could also derive from
altered expression of hMet1-e, CSPG2, S100A10, CSPG2,
IGFBP3, and the Bfl-1 that inhibits p53-induced apoptosis
and is induced by cytokines TNF-a and IL-1fB [50]. This
altered phenotype of adhesion fibroblasts, acquired dur-
ing the healing process, may lead to the accumulation of
extra number of cells at the site of peritoneal injury result-
ing fibrosis and scar formation. Of note, one of the pivotal
differences between wounds that proceed to normal scar
compared with those that develop hypertrophic scars or
fibrosis may be a lack of or reduced cell death [51]. There-
fore, excess fibroblasts at the site of peritoneal wound
healing may divert the normal process of healing towards
fibrosis and adhesion. The elevated levels of p53 in the
adhesion fibroblasts during this disarray, as evident from
the gene filter data (Table 2), may guard against its transi-
tion towards malignancy [52].

Conclusions
It is evident from our study that steady state levels of sev-
eral genes are different between adhesion and normal

http://www.rbej.com/content/3/1/1

peritoneal fibroblasts in human and that adhesion devel-
opment may be a function of several genes. Changes in
the functional interdependence of these genes at the site
of injury may transform normal peritoneal fibroblast into
cell type/s with altered phenotype. These cells- designated
as adhesion fibroblasts may mimic previously known
myofibroblasts and are highly proliferative. These cells
resist apoptosis and secrete ECM molecules to renovate
basement membrane. With changed expression pattern of
cell surface molecules these cells may respond to intracel-
lular signaling for migration over the fibrin clot. This
altered nature of adhesion fibroblasts therefore may play
a major role in the formation of the fibrous mass of adhe-
sion-tissue that bridges adjacent and injured peritoneum.
Blocking changes in the expression or function of genes
necessary for this transformation of normal peritoneal
fibroblasts may curtail adhesion formation. This could be
achieved by the application of PGE,, EP, blockers, inter-
feron y, P311 and applying measures to induce apoptosis
in the peritoneal fibroblast at the site of injury. The obvi-
ous question - "how to maintain apoptosis at a desired
level for normal peritoneal healing?" however, remains to
be answered.
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