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Abstract

Background—The sensory nerve neuropeptide substance P (SP) regulates cardiac fibrosis in
rodents under pressure overload conditions. Interestingly, SP induces transient increase expression
of specific genes in isolated rat cardiac fibroblasts, without resultant changes in cell function. This
suggests that SP “‘primes’ fibroblasts, but does not directly activate them. We investigated whether
these unusual findings are specific to rodent fibroblasts or are translatable to a larger animal model
more closely related to humans.

Methods—We compared the effects of SP on genes associated with extracellular matrix (ECM)
regulation, cell-cell adhesion, cell-matrix adhesion and ECM in cardiac fibroblasts isolated from a
non-human primate and Sprague-Dawley rats.

Results—We found that rodent and non-human primate cardiac fibroblasts showed similar ECM
regulation and cell adhesion gene expression responses to SP. There were, however, large
discrepancies in ECM genes which did not result in collagen or laminin synthesis in rat or non-
human primate fibroblasts in response to SP.

Conclusions—This study further supports the notion that SP serves as a ‘primer’ for fibroblasts
rather than initiating direct effects and suggests that rodent fibroblasts are a suitable model for
studying gene and functional responses to SP in the absence of human or non-human primate
fibroblasts.
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Introduction

Methods

Recently, we demonstrated that the sensory nerve neuropeptide substance P (SP) plays an
important role in cardiac fibrosis in response to hypertension [6]. Interestingly, our studies in
isolated rat cardiac fibroblasts suggested that SP did not directly induce a pro-fibrotic
phenotype in these cells since there was no detectable increase in collagen synthesis, no
change to a myofibroblast phenotype, and no increase in cell migratory properties [6]. This
was in keeping with Kumaran et al. [17] who previously reported that rat cardiac fibroblasts
proliferated, but did not increase collagen synthesis in response to SP. However, despite this
lack of functional change in our isolated cardiac fibroblast cultures, we did observe a
transient increase in specific genes related to cell adhesion, extracellular matrix (ECM)
regulation and ECM proteins in response to SP. Together, these findings suggest that SP
does not induce abnormal ECM synthesis alone, but instead ‘primes’ cardiac fibroblasts by
initiating proliferation and up-regulating pivotal genes in anticipation of subsequent pro-
fibrotic stimuli. In support of this hypothesis, endothelin-1 (ET-1), a known pro-fibrotic
stimuli [2,16], is regulated by SP in hypertensive rat hearts [6]. Since the aforementioned
reports used rat cardiac fibroblasts, we wondered if this priming response without
subsequent phenotype or functional changes was specific to the rodent or whether it was a
conserved response of fibroblasts to SP that was also applicable to species more closely
related to humans. We addressed this issue by exposing cardiac fibroblasts from an adult
non-human primate cynomolgus monkey (Macaca fascicularis) to increasing concentrations
of SP and comparing the mRNA response to the rat counterpart. We examined genes related
to ECM regulation, cell-cell adhesion, cell-matrix adhesion and ECM. Additionally, we
evaluated fibroblast functionality by determining synthesis of specific ECM proteins. We
found non-human primate gene responses to SP to be similar to those of the rat, with the
exception that these responses often occurred at lower SP concentrations in non-human
primate cells. The results of this study demonstrate for the first time that rodent fibroblasts
respond similarly to non-human primate fibroblasts justifying their use as a model system
for studying gene and functional responses to SP.

Studies were performed using adult male Sprague-Dawley rats 8-10 weeks of age and one
16.6 year-old healthy, pathogen-free, female cynomolgus monkey (Macaca fascicularis).
Rats (n=4) were housed under standard environmental conditions and maintained on
commercial rat chow and tap water ad libitum. Rat studies conformed to the principles of the
National Institutes of Health Guide for the Care and Use of Laboratory Animals and were
conducted according to a protocol approved by Institutional Animal Care and Use
Committee at the Medical College of Wisconsin. The non-human primate underwent
experimental necropsy to serve as a healthy control for another study. Physical exam prior to
necropsy, including blood pressure and complete blood count and chemistries were normal.
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Procedures involving the non-human primate were approved by the Institutional Animal
Care and Use Committee of Wake Forest University and conducted in accordance with
federal, state, and institutional guidelines. The facilities and animal resources programs of
Wake Forest University and Medical College of Wisconsin are fully accredited by the
Association for Assessment and Accreditation of laboratory Animal Care. Following
euthanasia achieved by overdose of pentobarbital, the hearts were removed and the left
ventricle (LV) separated from the atria, right ventricle and great vessels for cardiac
fibroblast isolations.

Cardiac Fibroblast Cell Cultures and Substance P Treatment

Cardiac fibroblasts from rats (n=4) and non-human primate (n=1) were isolated from LV
tissue as previously described [19,21,22]. Briefly, the LV tissue was homogenised with 100
ng/ul of liberase TM (Roche) at 37°C for 15 minutes by a series of five digestions. The cells
were pelleted by centrifugation at 800 rcf for 10 minutes and plated in Dulbecco’s Modified
Eagle’s Medium (DMEM) containing 10% FBS. Fibroblasts were purified by selective
attachment to plastic culture ware. All fibroblasts were used after only one passage to
minimise changes in phenotype associated with culture. Before treatment, the fibroblasts
were plated at 1x10 cells/plate (n=4) and serum-starved in DMEM-F12 media for 24 hours.
The cells were then treated in DMEM with 1.5% FBS with SP (Sigma Aldrich) at 0,100, 300
and 1000 nM concentrations for 24 hours.

Quantitative RT-PCR

Collected cells were lysed in PurZOL™. RNA was isolated according to the Aurum RNA
isolation kit instructions (Bio-Rad). One ug/ul of total RNA was used for each cDNA
reaction (iScript cDNA synthesis kit, Bio-Rad) and 1 pl of cDNA was used in each 20 pl
RT-gPCR reaction (SsoAdvanced SYBR Green, Bio-Rad and Bio-Rad cycler). Each
reaction was initiated with a 30 second denaturation step at 95°C followed by 39 cycles of a
10 second denature step at 95°C and a 30 second anneal/extension step at 60°C. The
annealing temperature for each primer pair was calculated from the mean melting
temperature of the forward and reverse primer. The rat and non-human primate primer
sequences are presented in Table 1.

Hydroxyproline Assay

Hydroxyproline levels in the media were determined as a surrogate marker of collagen
synthesis as we have published previously [19,21,22]. Briefly, 100 pl of cell culture media
was incubated with 100 pl of 6 N HCL and hydrolysed at 107°C for 18 hours. The samples
were dried by vacuum centrifuge and reconstituted with 500 ul of dH,0. The samples were
then oxidised with 250 ul of chloramine T reagent and colour developed with 250 ul of
Ehrlich’s reagent. Absorbance was read at 550 nm and hydroxyproline values determined
from a hydroxyproline standard curve [7]. All the samples were run in duplicate with the
average of the two replicates reported.
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Laminin
Laminin protein levels were measured from the culture media using a commercially
available ELISA kit (Abcam). This assay recognises the a, 8, and y sub-units of laminin. A
human specific kit was used for non-human primate samples, whilst a rat specific kit was
used for rat samples. All the samples were run in duplicate with the average of the two
replicates reported.

Statistical Analysis

Statistical analysis of gene expression and secretion products of cardiac fibroblasts
incubated with increasing concentrations of SP were performed using one-way ANOVA
with Fisher’s least significant difference (LSD) posthoc test. Results are presented as mean
+ SEM. Statistical significance was taken to be P<0.05. Analyses were performed using
SPSS 11.5 software (Chicago, IL).

Results

Isolated Cardiac Fibroblast mMRNA Responses to Substance P

1. Genesrelated to ECM regulation: Membrane type 1-matrix metalloproteinase
(MT1-MMP) mRNA expression levels showed a significant concentration
dependent up-regulation in rat fibroblasts at SP concentrations of 300 and 1000 nM
(Figure 1A). In non-human primate fibroblasts, up-regulation of MT1-MMP
occurred at 100 nM of SP. Non-human primate cells also showed greater basal
expression of MT1-MMP. Matrix metalloproteinase (MMP)-2 mRNA was up-
regulated in rat fibroblasts at 1000 nM of SP, but did not reach significance (Figure
1B). Levels of MMP-2 gene expression were undetectable in rat fibroblasts at 300
nM of SP. In nonhuman primate fibroblasts MMP-2 peak expression occurred at
300 nM. Non-human primate cardiac fibroblasts had higher basal expression of
MMP-2. No significant changes in tissue inhibitor of metalloproteinases 2
(TIMP-2) mRNA were induced by SP in either rat or nonhuman primate
fibroblasts, with similar levels of basal expression between the two species (Figure
1C).

2. Cdll-cel adhesion genes: There was a significant concentration dependent increase
intracellular adhesion molecule 1 (ICAM-1) mRNA in rat fibroblasts at 1000 nM of
SP, while non-human primate fibroblast peak gene expression occurred at a lower
concentration (300 nM) (Figure 2A). Cadherin 2 gene expression was up-regulated
both in rat and non-human primate fibroblasts at 300 nM of SP (Figure 2B).

3. Cdl-matrix adhesion genes: Among this category of genes, we examined integrin-
a5 mRNA expression and found a non-significant up-regulation for this gene with
increasing concentrations of SP in rat fibroblasts (300 and 1000 nM); in non-human
primate fibroblasts, integrin-a5 mRNA expression was significantly elevated at 100
nM of SP (Figure 3A). We also examined integrin-f 1 mRNA expression, which
was not significantly up-regulated in either rat or non-human primate fibroblasts
(Figure 3B).
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4. Extracellular matrix genes. Increasing concentrations of SP did not induce
significant changes of collagen I a1 mRNA in rat fibroblasts compared to control;
in nonhuman primate fibroblasts, SP induced a significant decrease in collagen |
mRNA at 300 and 1000 nM (Figure 4A). Conversely, collagen 111 a1 mRNA,
showed a significant increase at 1000 nM of SP in rat fibroblasts (Figure 4B), while
non-human primate fibroblasts had a non-statistically significant decrease in
collagen 11l mMRNA at the low concentrations of SP. We also identified a non-
significant increase in laminin 2 mRNA when rat fibroblasts were incubated with
300 and 1000 nM of SP (Figure 4C). Non-human primate fibroblasts showed a
decrease of laminin 2 when incubated with 100 nM of SP. Similarly, laminin 4
MRNA expression was significantly up-regulated in rat fibroblasts at 1000 nM of
SP and down-regulated in non-human primate fibroblasts at 300 and 1000 nM
concentrations of SP (Figure 4D).

Isolated Cardiac Fibroblast Functional Responses to Substance P

We evaluated the functional response of both rat and non-human primate cardiac fibroblasts
by determining levels of the ECM components hydroxyproline and laminin. After 24 hours
of incubation with increasing concentrations of SP, there was no increase in hydroxyproline
synthesis by either rat or non-human primate cardiac fibroblasts, indicative of no change in
collagen production (Figure 5A). Rat fibroblasts synthesised greater basal amounts of
hydroxyproline compared to non-human primate cells. Conversely, laminin production was
decreased by the highest concentration of SP in rat fibroblasts (1000 nM) and with 100 and
1000 nM of SP in non-human primate fibroblasts (Figure 5B). Rat fibroblasts produced
greater basal amounts of laminin.

Discussion

The results of our study address a critical question: are our previous findings in rodent
cardiac fibroblasts, reflective of how human fibroblasts respond to SP? Previously, we
reported that SP, a sensory nerve neuropeptide, regulates cardiac fibrosis in a rat model of
hypertension [6]. Interestingly, SP did not have direct effects on cardiac fibroblasts to cause
their conversion to a myofibroblast phenotype, or cause excess collagen synthesis. Rather,
SP stimulated cardiac fibroblasts to transiently up-regulate genes related to ECM regulation,
ECM proteins, and adhesion molecules, but without any functional changes. This led us to
postulate that SP primes cardiac fibroblasts to be responsive to subsequent pro-fibrotic
stimuli. This was supported by the additional finding that blockade of the neurokinin-1
receptor (NK-1R), the receptor for SP, prevented increased ET-1 production in the
hypertensive heart; ET-1 is a known pro-fibrotic stimuli [2,16]. With NK-1R antagonists
commercially available to treat nausea and vomiting in humans, it is important to determine
whether our complicated findings in rat cardiac fibroblasts potentially translate to humans.
We utilised cardiac fibroblasts from a non-human primate as an animal model more closely
related to the human primate, to compare the effects of SP on cardiac fibroblast gene
function, as well as ECM proteins. The major conclusion is that while there were some
minor differences at the gene level, the overall effects of SP on rat and non-human primate
cardiac fibroblasts at the gene and functional level were similar.
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MMPs regulate ECM synthesis and degradation. MT1-MMP was up-regulated in cardiac
fibroblasts from both species in our current study; however, this occurred at lower
concentrations of SP in non-human primate fibroblasts, indicating a greater potency of SP
on these cells. Conversely, the absolute response in rat cardiac fibroblasts was greater due to
a lower baseline expression of MT1-MMP. While there was a trend for increased MMP-2
MRNA, no significant changes in expression were detected in rat fibroblasts; however, the
intermediate concentration of SP (300 nM) did up-regulate MMP-2 gene expression in non-
human primate fibroblasts. Both of these MMPs are important regulators of the ECM. MT1-
MMP is increased in the LV of hypertensive patients [26], as well as pressure overloaded
animals [35,36] and is important in the development of fibrosis due to its role in processing
latent TGF binding protein-1, resulting in the release of active TGFp[3,5,8,10,15,24,28].
MMP-2 is also important in fibrosis development; its extracellular activation by MT1-MMP
stimulates collagen | synthesis in cardiac fibroblasts [11,13,31]. Alternatively, both these
MMPs can also degrade the ECM, thus their imbalance causes ECM dysregulation. MMPs
are inhibited by TIMPs, representing another layer of regulation of ECM homeostasis. SP
did not alter TIMP-2 mRNA in either rat or non-human primate fibroblasts. Overall, there
were distinct similarities in the way that these genes related to ECM regulation responded to
SP in rat and non-human primate fibroblasts.

Since MMPs can initiate both ECM synthesis and degradation, we examined collagen | and
11 mRNA levels in fibroblasts treated with SP. SP had no effect on collagen | mMRNA in rat
fibroblasts, but did induce a small though significant down-regulation in non-human primate
cells. Conversely, collagen 111 was up-regulated by SP in rat cells with no effect on non-
human primate cells. These findings are consistent with our previously published findings
for rat fibroblasts [6], and are similar to a previous report using rat tenocytes where collagen
I11 and MMP-3 were up-regulated by SP [9]. Thus, we believe that the responses reported
herein are likely reflective of general fibroblast responses to SP. Despite the divergent
responses across species, the functional outcome was the same with neither rat nor non-
human primate fibroblasts synthesising excess collagen (hydroxyproline) in response to SP.
Similar to the collagen genes, there were divergent effects of SP on rat and non-human
primate mRNA for the Lama2 and Lama4 isoforms of laminin. Lama2 was unchanged in rat
fibroblasts, but decreased in non-human primate cells; Lama4 was increased in rat
fibroblasts and decreased in non-human primate cells. Despite these species differences at
the gene level, laminin synthesis was significantly decreased at the protein level in both rat
and non-human primate fibroblasts. While this result fits with the gene expression pattern in
the non-human primate fibroblasts, it does not follow gene expression in rat cells. Since the
ELISA detected multiple laminin isoforms it is possible that other isoforms were down-
regulated in the rat accounting for the overall decrease in laminin protein. These ECM genes
represented the only group of genes that we examined that had large discrepancies between
the rat and non-human primate, however, responses were the same at the protein level.
Although there was no difference in hydroxyproline or laminin production between rat and
non-human primate cardiac fibroblasts in culture despite differential gene expression
patterns, it is still possible that the differences in ECM gene expression could be important
under in vivo conditions.
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Cell adhesion proteins are important modulators of numerous biological processes including
tissue remodelling and inflammation [1]. We examined genes that encode the cell-cell
adhesion proteins ICAM-1 and cadherin 2. ICAM-1 is a pro-inflammatory molecule found
on the surface of a variety of cardiac cells types including cardiac fibroblasts [25], mediating
their role in the recruitment of inflammatory cells [12,34]. In our study, SP induced up-
regulation of ICAM-1 gene expression in both rat (1000 nM) and non-human primate
fibroblasts (300 nM); non-human primate cells again were more sensitive to SP than rat
cells. SP has been reported to induce an increase in ICAM-1 mRNA expression in human
umbilical vein [23] and dermal microvascular endothelial cells [27]. Furthermore, the results
of a study by Sapna et al. [29] demonstrated that rat cardiac fibroblasts also release soluble
ICAM-1 after treatment with 1000 nM of SP for 24 h, the same concentration and
incubation time at which we observed up-regulation of ICAM-1 mRNA. In that study
however, SP had no effect on ICAM-1 mRNA. This discrepancy with our findings may be
due to culture conditions; cardiac fibroblasts in that study were used for experimentation
after two to three passages, whereas cells in our experiments were only passaged once.
Cadherins are calcium dependent adhesion molecules that bind a cadherin of the same type
on an adjacent cell [1]. We found that cadherin-2 mRNA was up-regulated by SP.

Integrins are fundamental components in the interaction between the extracellular matrix
and cells. These membrane-bound matrix receptors consist of a and  chains that form
heterodimers [20,30,32]. We evaluated the a 5 and 31 subunit gene expression which have
been related to adverse remodelling induced by hypertension. We found that integrin-a5
MRNA expression appeared to show a concentration-dependent response to increasing
concentrations of SP of rat cardiac fibroblasts, although this did not reach significance,
while low concentrations of SP (100 nM) induced significant integrin-a5 gene up-regulation
in non-human primate cardiac fibroblasts. SP did not have an effect on integrin— 1
expression in either rats or nonhuman primates, although there was a non-significant up-
regulation of the p1 subunit at the highest concentrations of SP in rat cells (1000 nM). This
is consistent with our previous study [6] where SP induced a significant increase of integrin—
B1 and —a5 mRNA expression at 1000 nM of SP, however, in that study no effects on
fibroblasts migration were found in response to SP, suggesting that despite integrin up-
regulation at the gene level, there was no effect at the functional level. Whole animal studies
have determined that the integrin a5 subunit is decreased and the 1 subunit is increased in
cardiac fibroblasts of hypertensive animals [4]. Thus, it is plausible to speculate that SP is
not capable of inducing functional integrin changes to fibroblasts directly; instead, a
subsequent pro-fibrotic stimulus is necessary.

A limitation of this study is that we only measured mRNA levels of our targets of interest
and did not investigate changes at the protein level with the exception of collagen
(hydroxyproline) and laminin. Since there were no functional changes observed in this and
our previous study [6] (i.e. myofibroblast conversion, migration), we believe that in all
likelihood there are no changes at the protein level in response to SP. Even if there are
changes, the data clearly demonstrates that there is no functional consequence of these
changes. Additionally, SP induced changes in expression of specific genes at a lower
concentration in non-human primate cells compared to rat fibroblasts. At this stage it is not
clear why this occurs. One possibility is that non-human primates may have a greater
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abundance of NK-1R on cardiac fibroblasts. Alternatively, NK-1R from each species may
differ to some extent in the intracellular signalling induced by their activation. A third
possibility is that there may be differences in the level of the two isoforms of the NK-1R on
rat and non-human primate cardiac fibroblasts. The full length NK-1R isoform is activated
by lower concentrations of SP, whereas the truncated isoform requires higher
concentrations. Very little is known about the function of the truncated isoform, or which
isoform(s) are present on cardiac fibroblasts, however, species differences in the densities of
the two isoforms may affect the concentrations of SP that elicits an effect.

In summary, we have found that non-human primate cardiac fibroblasts respond in a similar
fashion at the gene level to rat cardiac fibroblasts. This was especially true for genes that
encode proteins that regulate the ECM and cell adhesion. There were large discrepancies in
the response to SP for genes that encode actual ECM proteins (i.e. collagen I, 111, and
laminin). However, this discrepancy did not have functional implications since SP had the
same effect on ECM protein levels regardless of species. These findings in rat and non-
human primate cardiac fibroblasts further support the concept that we previously put forth,
that SP does not directly activate fibroblasts, but instead, primes the cell for response to
subsequent pro-fibrotic stimuli by up-regulating important genes related to ECM production
and cell adhesion. Further studies are necessary to uncover the pro-fibrotic stimuli that work
synergistically with SP to induce the profibrotic phenotype that we observe in vivo. Several
interesting additional observations from our studies are that although non-human primate
cardiac fibroblasts had higher basal expression of several genes, non-human primate cardiac
fibroblasts responded to lower concentrations of SP. If one extrapolates this finding to
humans, it may mean that humans are more sensitive to the adverse effects of SP in disease.
Increased levels of SP have been detected in heart failure patients [33], patients with angina
pectoris [14], and in atherosclerotic lesions of human coronary arteries [18]. Overall, this
study demonstrates that rat fibroblasts respond similarly to non-human primate cells, which
makes rodent fibroblasts a suitable model to study fibroblast responses to SP in the absence
of non-human primate cells.
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Figure 1.

Relative expression of genes related to extracellular matrix regulation in rat (solid bars) and
non-human primate (striped bars) cardiac fibroblasts incubated with increasing
concentrations of substance P for 24 hours and normalised to f-actin (n=4). A) membrane
type 1 matrix metalloproteinase (MT1-MMP); B) matrix metalloproteinase 2 (MMP-2); C)
tissue inhibitor of metalloproteinase-2 (TIMP-2). All values are expressed as mean + SEM.
*p<0.05 vs. control group (0 nM of SP), one-way ANOVA with Fisher’s least significant
difference (LDS) posthoc test.
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Figure2.
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Relative expression of genes related to cell-cell adhesion in rat (solid bars) and non-human
primate (striped bars) cardiac fibroblasts incubated with increasing concentrations of
substance P for 24 hours and normalised to p-actin (n=4). A) Intercellular adhesion molecule
1 (ICAM1); B) Cadherin 2 (Cdh2). All values are expressed as mean = SEM.*p<0.005 vs.
control group (0 nM of SP), one-way ANOVA with Fisher’s least significant difference

(LDS) posthoc test.
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Figure3.
Relative expression of genes related to cell-matrix adhesion in of rat (solid bars) and non-

human primate (striped bars) cardiac fibroblasts incubated with increasing concentrations of
substance P for 24 hours and normalised to B-actin (n=4). A) Integrin-a 5 (Itga5); B)
Integrin-B1 (Itgp1). All values are expressed as mean + SEM. *p<0.005 vs. control group (0
nM of SP), one-way ANOVA with Fisher’s least significant difference (LDS) posthoc test.
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Figure4.
Relative expression of genes related to extracellular matrix proteins in of rat (solid bars) and

non-human primate (striped bars) cardiac fibroblasts incubated with increasing
concentrations of substance P for 24 hours and normalised to p-actin (n=). A) Collagen |
(Col I); B) Collagen 111 (Col 111); C) Laminin 2 (Lama2); D) Laminin 4 (Lamad4). All values
are expressed as mean + SEM. *p<0.005 vs. control group (0 nM of SP), one-way ANOVA
with Fisher’s least significant difference (LDS) posthoc test.
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Figure5.

Evaluation of rat (solid bars) and non-human primate (stripe bars) cardiac fibroblast function
as determined by secretion of A) hydroxyproline, B) laminin after 24 hours of incubation
with increasing concentrations of substance P(n=4). All values are expressed as mean +
SEM. *p<0.005 vs. control group (0 nM of SP), one-way ANOVA with Fisher’s least
significant difference (LDS) posthoc test.
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Primer sequences.
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Gene Rat Non-human primate
MT-MMP1  Forward sequence 5-AAAGGGAACAAATACTGGAA-3 Forward sequence 5'- CCACCTACGGACCCAACATC-3
MMP-14
( ) Reverse sequence 5’-ATGTAGTTAGGGGGATGGAA-3 Reverse sequence 5’- CAGAACCAGCGCTCCTTGAA
MMP-2 Forward sequence 5-CAATACCTGAACCTT-3 Forward sequence 5- ATGTTGTCTTGTGAGCGTGC-3
Reverse sequence 5’-CTGTATTGATCTGGTT-3 Reverse sequence 5'- AGGTATTGGCAACACTGCGG-3’
TIMP-2 Forward sequence 5-ATTTATCTACACGGCCCC-3’ Forward sequence 5’-
GGGCTGCGAGTGTAAGATCA-3
Reverse sequence 5-CAAGAACCATCACTTCTCTTG-3’ Reverse sequence 5'- AAGAAACTCCTGCTTGGGGG-3
ICAM-1 Forward sequence 5-AGCATTTACCCCTCACCCAC-3’ Forward sequence 5- CAAACCTTTGACCTGCCAGC-3’
Reverse sequence 5’-CATTTTCTCCCAGGCATTCTC-3’ Reverse sequence 5’- CGAGAGGGAGTTGTTGCCAT-3’
CDH-2 Forward sequence 5-CACCCGGCTTAAGGGTGATT-3’ Forward Sequence 5'-
GGAAAAGTGGCAAGTGGCAG-3
Reverse sequence 5-CGATCCTGTCTACGTCGGTG-3, Reverse sequence 5'- GTGGCTCCTTCACTGACTCC-3
ITG-a5 Forward sequence 5-GAAGGGACGGAGTCAGTGTG-3’ Forward sequence 5- GGGTACCTGCTACCTCTCCA-3’
Reverse sequence 5-CTGGGTCATTCTGTGGGTCC-3, Reverse sequence 5'-
GCTGAAATCTGAGCGGCAAG-3
ITG-B1 Forward sequence 5-TTCAGACTTCCGCATTGGCT-3 Forward sequence 5’-
GCCAAATGGGACACAGGTGA-3
Reverse sequence 5’-CCAATCAGCGACCCACAAAC-3 Reverse sequence 5’- TGCACAGGCGGTACTCATTT-3
Collagen | Forward sequence 5-GGTTCTCCTGGCAAAGATGGACT-3 Forward sequence 5- GTTTCTCCTTGGGGTCGGAG-3’
Reverse sequence 5’-ACTGGTCATGCTCTCTCCAAACCA-3/,  Reverse sequence 5'-
TGGTGGGATGTCTTCGTCTTG-3
Collagen 111 Forward sequence 5-TCCTAACCAAGGCTGCAAGATGGA-3  Forward sequence 5'-
AATCAGGTAGACCCGGACGA-3’
Reverse sequence 5-AGGCCAGCTGTACATCAAGGACAT-3, Reverse sequence 5- TTCGTCCATCGAAGCCTCTG-3
Lama 2 Forward sequence 5-GCCACACGAGACCTGAAAGA-3 Forward sequence 5’-
CAGATAGCGTCGCCAAAACG-¥
Reverse sequence 5-ACAAAACCAGGCTTGGGGAA-3 Reverse sequence 5’- AATGCAGTCACCTCCCGAAG-3’
Lama4 Forward sequence 5-GCCACACGAGACCTGAAAGA-3 Forward sequence 5’-
ACATTGAAGGGAGCTCAGCG-3
Reverse sequence 5-ACAAAACCAGGCTTGGGGAA-3 Reverse sequence 5'- CATTGCATTTCTCGGCAGCA-3’
B-Actin Forward sequence 5-CGCCACCAGTTCGCCATGGAT-3 Forward sequence 5-AGGAGAAGCTGTGCTACGTC-3’

Reverse sequence 5-TAGGGCGGCCCACGATGGAG-3

Reverse sequence 5-ACTCCATGCCCAGGAAGGAA-3
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