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Summary. It is known that the extracellular matrix (ECM) is able to

signal to cells and thereby direct or modulate the transcription of certain

mRNAs. This signaling plays an important role in tumor invasion and

metastasis, wound healing, remodeling of the ECM and cell differentiation.

There are several mechanisms whereby the ECM signals cells to change

their metabolism: (1) receptor molecules binding to specific domains in

the ECM, (2) direct phagocytosis of the ECM molecules or domains into

the cell, (3) structural changes of the ECM domains. We report the effect

of an ECM containing either mutant or normal Fbn1 on the transcription

levels of several collagen mRNAs. Tsk=Tsk, Tsk=þ and þ=þ mouse

embryonic fibroblast cell lines were used. Tsk=Tsk cells produce only

mutated fibrillin-1 which arises from mRNA containing an in-frame dupli-

cation of exons 17–40. To test the effect of the ECM containing mutant

Fbn1, cells of the Tsk=Tsk, Tsk=þ and the wild-type ðþ=þÞ genotype

were each grown on an ECM produced by either Tsk=Tsk, Tsk=þ cells or

by wild-type cells ðþ=þÞ. The embryonic cells were genotyped by North-

ern analyses for Fbn1 and grown to confluence. The cultures were then

harvested and the cells removed, leaving the matrix in the flasks. Matrices

produced from Tsk=Tsk, Tsk=þ and from þ=þ cells were reseeded with

Tsk=Tsk cells, Tsk=þ cells or þ=þ cells. The cells were plated at a con-

fluent concentration and incubated on the matrices for 48 h, after which

total RNA was harvested and cDNA generated. Real-time PCR using

cDNA or Northern analyses using RNA were performed for Fbn1 and

Types I, III and V collagens. The PCR and Northern results were normal-

ized using b-actin and GAPDH, respectively. The Northern analyses

showed that the steady state levels of mRNA for Col1a1 were depressed

in both Tsk=Tsk and þ=þ cells when grown on the matrix produced by

Tsk=Tsk cells. Real-time PCR was then performed with primers specific

for Col1a2, Col3a1, Col5a1 and Col5a2. The results showed that cells with

the Tsk=Tsk, Tsk=þ, and þ=þ genotype all had lower steady-state levels

of the above 4 collagen mRNAs when grown on the matrix produced by

homozygous Tsk=Tsk cells or the matrix produced by heterozygous Tsk=þ
cells compared with those grown on a matrix produced by þ=þ cells. We

hypothesize that the mutated Fbn1 molecules with many additional EGF-

calcium binding regions and TGF-b binding domains may (1) change the

homeostasis of the ECM by binding additional growth factors and=or (2)

present a radically different ECM 3-dimensional architecture. Either or

both of these changes could signal the cell to produce less collagen.
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Introduction

The idea that the matrix on which mammalian cells adhere

is able to signal to the cell and thereby direct or modulate

the transcription of certain mRNA species is not new. Such

a mechanism has been reported to be a part of the method

whereby malignant cells invade into normal tissue (Brader

and Eccles, 2004; Mook et al., 2004) as well as part of wound

healing, remodeling of the extracellular matrix (ECM)

and cell differentiation (Rosenkranz, 2004; Klenkler and

Sheardown, 2004; Eckes et al., 1999; Lambert et al., 2004).

One can imagine several mechanisms whereby the matrix

signals the cell to change its metabolism. First the ECM

components must be recognized in some way by the cell.

All cells are, of course, equipped with multiple cell sur-

face receptors specifically designed to recognize ECM

components both soluble and insoluble (Ffrench-Constant

and Colognato, 2004). These receptor molecules bind to

specific domains in the ECM and transmit a signal through

the cell plasma membrane indicating that the receptor has

found its ligand. The internal portion of the receptor then

undergoes a change which allows the information to be

transmitted to a soluble factor which can enter the nucleus

and cause a change in the transcription of specific

mRNAs. Alternatively, certain cells can directly phagocy-

tize ECM molecules or domains into the cell after which

the cell again transmits this discovery of a certain domain

to the nucleus thus changing transcription (Jacob et al.,

2002). A third mechanism by which transcription can be

altered is through the actual structural design of the ECM

domains (Lonai, 2003; Eckes et al., 2004). If, for example,

the cell finds certain binding sites in the ECM to be in a



different position, its three-dimensional architecture (shape)

would be altered. Such a mechanism would not require a

receptor to directly transmit information by transduction

or internalization but through a more indirect method

whereby changing the overall cell shape would cause

information to be transmitted to the nucleus. This pathway

would still involve cell surface receptors.

In the present study we investigated what effect an ECM

containing mutant or normal fibrillin-1 would have on the

transcription of several collagen mRNAs. Embryonic cell

lines from the tight skin mouse ðTsk=þÞ were used. The

Tsk=þ mouse resulted from a spontaneous dominant mu-

tation that occurred in the inbred B10.D2 (58N)=Sn strain.

This mutation was identified at the Jackson Laboratories

by Helen Bunker and reported in detail by Green et al.

(1976). The most striking feature of heterozygous animals

ðTsk=þÞ of this strain is the presence of thickened and

tight skin which is firmly bound to the subcutaneous and

deep muscular tissues. Tsk=Tsk homozygous embryos are

not viable and degenerate in utero at 8–10 days of

gestation. The heterozygous mice display cutaneous and

visceral changes that closely resemble those present in

patients with SSc. Furthermore, the biochemical and

molecular abnormalities that have been demonstrated in

these animals (Jimenez et al., 1984, 1988) mimic the con-

nective tissue alterations characteristic of SSc, particu-

larly those related to the fibrotic stage of the disease.

The Tsk=þ mouse has one copy of normal fibrillin and

one mutant copy in which an approximate 3 kb in-frame

insertion has been incorporated into the mRNA. Exons

17–40 are repeated (Siracusa et al., 1996). The resulting

mutated protein contains approximately 1000 additional

amino acids which consist of multiple additional EGF-

calcium binding and TGF-b receptor repeats and one

additional Fib motif and one RGD domain (integrin). It

has been hypothesized that these additional domains

would affect the homeostasis of the ECM because this

mutated molecule would be able to bind additional growth

factors. In vivo, it has been suggested that these additional

domains could cause a higher influx of TGF-b and EFG-

like molecules into the ECM. The additional availability

of these growth factors would cause an increase in ECM

synthesis. In fibroblast cultures where there are no other

cell types or a large excess of extracellular growth factors,

it was unclear what effect the additional mutant fibrillin

domains might have on the synthesis of collagens which

are secreted into the ECM. To test the effect of the mutant

fibrillin, cells of the Tsk=Tsk and Tsk=þ genotype and of

the wild type ðþ=þÞ were each grown on an ECM pro-

duced by Tsk=Tsk, Tsk=þ and wild-type cells ðþ=þÞ.

Materials and methods

Tissue culture cells

Homozygous, Tsk=Tsk, heterozygous, Tsk=þ, and normal, þ=þ, embryo-

nic cell lines were prepared from crossing Tsk=þ�Tsk=þ mice. Timed

pregnancies were performed allowing for sacrifice of the pregnant female

at 7.5 days in gestation, before the homozygous Tsk=Tsk mice degenerate

and die at 8–10 days in utero. Embryos were dissected, freed of the

surrounding tissue, minced and plated in 6 well plates in DMEM with

20% FBS. Cells from 30 different embryos were grown until multiple T75

flasks were obtained from each dissected embryo. Northern blot analysis

was performed on two flasks (see Fig. 2) for each embryo with a probe for

Fbn1 in order to genotype the cell line. The remaining flasks were used to

supply matrix and cells.

Preparation of cell matrix free of original producing cells

Confluent T75 flasks were plated into 100 mm dishes, cultured until

confluent and treated with 1� lysis buffer (product nr. 1897675 Roche,

Indianopolis, IN). The cells were incubated at 37 �C in a 5% CO2 humi-

dified atmosphere for 4 h. Dishes were viewed under a microscope to

assure that cells were destroyed and the matrix was still intact. Following

treatment, 4 ml of media was added to the dishes and incubated for 1 h at

the previous conditions. The media was changed with fresh media and the

matrices were incubated overnight, after which the flasks were again

examined microscopically to insure that the matrix was intact and that

no cells were alive. To insure that the cells had been completely lysed by

the above treatment, 4 flasks of Tsk=Tsk, Tsk=þ, and þ=þ cells (12 flasks

in total) were treated with the above lysis buffer, stained with Trypan blue

exclusion dye and viewed under a phase inverted microscope. The results

(Fig. 1) show that no live cells were observed in any of the flasks. In

addition, the number of dead cells per microscopic field did not vary by

more than 10% between any of the three cell types.

Culturing of Tsk=Tsk, Tsk=þ, and þ=þ cells

on Tsk=Tsk and þ=þ matrices

Confluent Tsk=Tsk, Tsk=þ, and þ=þ cells were washed 2 times with

1�Dulbecco’s phosphate-buffered saline. They were treated with 0.25%

Trypsin-EDTA to break cellular adhesion molecules so cells can be freed

from their growing surface. The cells were removed from the flasks and

evenly distributed onto the appropriate matrices at a confluent concentra-

tion and incubated for 24 h. The cells were then treated with ascorbic acid

(50mg=ml) and harvested after another 24 h.

Northern blot analyses

RNeasy Mini Kit (Qiagen) was used to isolate total RNA. The purity of

these extractions was checked with the Gene Quant II RNA=DNA cal-

culator (Pharmacia Biotech) at 260 nm. Aliquots (15mg=per well) were

precipitated using the speed vacuum and brought up to volume with

double distilled water. The samples were electrophoresed on 1% agarose

containing formaldehyde and MOPS. The RNA was transferred to Hybond

Nþ filters (Amersham Biosciences) and hybridized to 32P radiolabelled

fibrillin-1, Col1a1, and GAPDH.

Quantification of Northern blots by phosphoimaging

and image-quant software

The filters were analyzed using densitometry equipment and software

(Image Quant version 5.1; Amersham Biosciences). Equivalent loading

and transfer of the RNA was verified by quantitative image analysis of

ethidium bromide stained ribosomal RNA bands (data not shown). The

signals of GAPDH were used to normalize all data because it has been

shown by us (Christner et al., 1995, 1998) and others (Philips et al., 1995;
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Rosenbloom et al., 2000) that GAPDH is a reliable house keeping gene for

measuring collagen mRNA levels by Northern blots as long as equivalent

loading and transfer of RNA were verified by quantitative image analysis

of ethidium bromide stained ribosomal RNA bands.

Real-time PCR

RNA was prepared as above and then used as template to produce cDNA

with SuperScript III First Strand kit (Invitrogen). Probes were designed

using Primer Express 2.0 v software (Applied Bioscience). Specificity was

checked using the NCBI BLAST website. The PCR was carried out in a

MyiQ real-time PCR machine (Bio-Rad Laboratories) with cyber green

(Cyber Green PCR Master Mix, Applied Biosystems) as the reporter.

MyiQ Optical System software 1.0 v was used (Bio-Rad Laboratories)

to analyze the data. All results were normalized to the amount of b-actin

in the sample such that b-actin was equal to 100. b-Actin was used as the

housekeeping gene of choice to normalize this data for the following

reasons: (1) it has been validated in RT-PCR for RNA extracted from

two different populations of human fibroblasts (Redlich, 2004); (2) in

Northern blot analyses, b-actin has been shown to be an adequate house-

keeping gene for measuring changes in collagen mRNAs isolated from

human (Diamond et al., 2003), chicken (Quinones et al., 1986), and Tsk

mouse fibroblasts (Jimenez et al., 1986); and (3) microarray experiments

which we performed comparing the expression of b-actin mRNA iso-

lated from þ=þ and Tsk=Tsk fibroblast lines showed that the b-actin

mRNA expression in Tsk=Tsk fibroblasts was 15% lower than in controls

(P. J. Christner, unpubl. obs., 2004).

Statistical analysis

P-values for a confidence level of 95% were obtained using the Chi-square

method with the Yates correction (Software program Instat, version 3.05

by Graph Pad, San Diego, CA).

Results

Timed pregnancies were performed to obtain 30 embryos

at 7.5 days of gestation. Seven and a half days of gestation

was chosen because the Tsk=Tsk homozygous embryos

degenerate and die at 8 days of gestation. Embryos were

then minced and plated to obtain embryonic fibroblasts

of the Tsk=Tsk, Tsk=þ, and þ=þ genotypes. The fibro-

blasts from each embryo were genotyped by extracting the

total RNA and performing a Northern blot analysis for

fibrillin-1. The results for 11 embryonic fibroblast cultures

are shown in Fig. 2. It can be seen that lanes 5 and 8 show

a mutant fibrillin transcript of 14,000, that lanes 1, 4, 7

and 10 show two transcripts of 14,000 and 11,000, and

lanes 2, 3, 6, 9, and 11 show only the normal transcript of

11,000. It should be noted that harvesting embryos at 7.5

days did not yield the expected 25% homozygous, 50%

heterozygous, and 25% normal for a Tsk=þ�Tsk=þ
cross. Of the 30 embryos obtained, only 3 were Tsk=Tsk.

After the embryonic cells had been genotyped, they

were grown to confluence and further incubated for 24 to

48 h. The cultures were then harvested and the cells killed

Fig. 1. Photomicrograph (�100) of a cell culture flask containing normal cells, þ=þ (A),

heterozygous cells, Tsk=þ (B), and homozygous cells, Tsk=Tsk (C), after treatment with

lysis buffer. D Cells not treated with lysis buffer

Fig. 2. Northern blot of RNA derived from 11 different embryonic cell

lines. Each cell line was derived from a pregnant Tsk=þ female (crossed

to a Tsk=þ male) at 7.5 days of gestation. The blot was probed with 32P-

labeled murine Fbn1. Lanes 1, 4, 7, and 10 show two transcripts with

molecular weights of 14,000 and 11,000; lanes 2, 3, 6, 9, and 11 show

only the normal transcript of 11,000; lanes 5 and 8 show a mutant

fibrillin transcript of 14,000
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as described in the Materials and methods section, leaving

the matrix still in the flasks. Matrices produced from

Tsk=Tsk, Tsk=þ, and þ=þ cells were obtained. Three cell

lines of each genotype were used. Each of these matrices

was then reseeded with confluent Tsk=Tsk cells, Tsk=þ
cells, or þ=þ cells. Control matrices were also incubated

without cells. The cells were allowed to incubate on the

matrices for 48 h after which the RNA was harvested. No

measurable RNA was recovered from the control flasks

containing only matrix. Northern blot analyses were per-

formed for type 1 collagen (Col1a1), and GAPDH using

only Tsk=Tsk cells, or þ=þ cells. The results of these

Northern blots are shown in Fig. 3. Inspection of Fig. 3

shows that the steady-state levels of mRNA for Col1a1

are reduced when the homozygous embryonic cells were

plated on the matrix derived from the homozygous cell

lines (lanes 10–12) compared to when they were plated on

normal cells (lanes 1–3). Similarly, the steady-state levels

of mRNA for Col1a1 are also reduced when the normal

embryonic cells were plated on the matrix derived from

the homozygous cell lines (Fig. 3, lanes 7–9) compared to

when they were plated on a matrix derived from normal

cells (Fig. 3, lanes 4–6). The results in Fig. 4 show the

quantitative difference in the Col1a1 values after they were

normalized to the GAPDH values for each lane. The

results in Fig. 4 were obtained by scanning the Northern

blot with a densitometer. It can be seen that when Tsk=Tsk

mutant cells were grown on the matrix containing only

mutated fibrillin-1, the steady-state level of Col1a1

mRNA was approximately 40% of the level measured

when these cells were grown on a matrix containing nor-

mal fibrillin-1. Similarly when normal ðþ=þÞ cells were

grown on the matrix containing only mutated fibrillin-1,

the steady-state level of Col1a1 mRNA was approxi-

mately 80% of the level measured when these cells were

grown on a matrix containing normal fibrillin-1.

By further experiments using real-time PCR, the mes-

sage levels for Col1a2, Col3a1, Col5a1, and Col5a2 were

quantified and relative expression of each message was de-

termined after normalization to the expression of b-actin.

The results in Fig. 5 show that when the cells which were

Fig. 3. Northern Blot of RNA obtained from Tsk embryonic fibroblasts

grown on a matrix containing mutant or normal Fbn1. The blot was

hybridized with a rat probe for Col1a1 and a human probe for GAPDH.

Lanes 1–3 show the results of RNA extracted from Tsk=Tsk cells homo-

zygous for mutant Fbn1 grown on a matrix produced by normal ðþ=þÞ
embryonic fibroblasts; lanes 4–6 show the results of RNA from normal

ðþ=þÞ cells grown on a matrix produced by normal ðþ=þÞ embryonic

fibroblasts; lanes 7–9 show the results of RNA from normal ðþ=þÞ cells

grown on a matrix produced by Tsk=Tsk embryonic fibroblasts homo-

zygous for mutant Fbn1; lanes 10–12 show the results of RNA from

Tsk=Tsk cells homozygous for mutant Fbn1 grown on a matrix produced

by Tsk=Tsk embryonic fibroblasts

Fig. 4. Quantification of a Northern blot probed with Col1a1, scanned

with a densitometer and normalized to GAPDH. The steady-state levels

of Col1a1 mRNA are shown for Tsk=Tsk cells (homozygous for mutated

Fbn1) and þ=þ cells (normal) grown on either a matrix produced by

Tsk=Tsk (black bars) cells (homozygous for mutated Fbn1) or by þ=þ
cells (striped bars) (normal)

Fig. 5. Results of a real-time PCR which amplified Col1a2 cDNA pro-

duced from mRNA extracted from homozygous (Tsk=Tsk) cells, hetero-

zygous ðTsk=þÞ cells, and normal ðþ=þÞ cells. The cells were grown on a

matrix produced by normal ðþ=þÞ (striped bars), heterozygous ðTsk=þÞ
(white bars), or homozygous (Tsk=Tsk) cells (black bars). Relative expres-

sion was normalized to b-actin and is expressed as percentage of the

expression of Col1a2 when grown on normal ðþ=þÞ matrix
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homozygous (Tsk=Tsk), heterozygous ðTsk=þÞ, or normal

ðþ=þÞ for Fbn1 were cultured on a matrix containing

mutated fibrillin-1, the relative expression for Col1a2

was dramatically reduced compared to the relative expres-

sion of Col1a2 when these cells were cultured on normal

matrix. These differences were significant to a p<0.01. In

addition, smaller differences in the expression of Col1a2

were observed when the cells were grown on heterozy-

gous matrices or homozygous matrices. However, these

differences were not significant. In Fig. 6, the results for

the expression of Col3a1 message levels show that when

cells derived from Tsk=Tsk, Tsk=þ, or þ=þ embryos were

cultured on a matrix containing mutated fibrillin-1,

Col3a1 mRNA levels were also markedly reduced com-

pared to when they were cultured on a normal matrix

(p<0.01). The difference in expression of the Col3a1

message between cells grown on heterozygous and homo-

zygous matrix was not significant. The results for the

expression of the Col5a1 message levels are shown in

Fig. 7. Similarly, the expression of this mRNA species

was significantly lower when any of the three types of

fibroblasts were cultured on matrices derived from hetero-

zygous or homozygous embryos compared to when they

were cultured on matrices derived from normal embryos.

This difference was significant at p<0.01. The smaller

difference in expression of Col5a1 mRNA observed

between cells grown on heterozygous and cells grown on

homozygous matrices was not significant. Message levels

for Col5a2 showed that the expression of this mRNA

species was similarly depressed when the cells were cul-

tured on matrices containing mutated fibrillin-1 compared

to when they were cultured on matrices containing normal

fibrillin-1. These differences were significant at a p<0.01,

except that difference in expression observed for this

mRNA species in heterozygous ðTsk=þÞ derived cells cul-

tured on heterozygous matrices was significant at p<0.05.

Fig. 6. Results of a real-time PCR which amplified Col3a1 cDNA pro-

duced from mRNA extracted from homozygous (Tsk=Tsk) heterozygous

ðTsk=þÞ and normal ðþ=þÞ cells. The cells were grown on a matrix

produced by normal ðþ=þÞ (striped bars), heterozygous ðTsk=þÞ (white

bars), or homozygous (Tsk=Tsk) cells (black bars). Relative expression

was normalized to b-actin and is expressed as percentage of the expres-

sion of Col3a1 when grown on normal ðþ=þÞ matrix

Fig. 7. Results of a real-time PCR which amplified Col5a1 cDNA pro-

duced from mRNA extracted from homozygous (Tsk=Tsk) cells, hetero-

zygous ðTsk=þÞ cells and normal ðþ=þÞ cells. The cells were grown on

a matrix produced by normal ðþ=þÞ (striped bars), heterozygous

ðTsk=þÞ (white bars), or homozygous (Tsk=Tsk) cells (black bars). Re-

lative expression was normalized to b-actin and is expressed as percent-

age of the expression of Col5a1 when grown on normal ðþ=þÞ matrix

Fig. 8. Results of a real-time PCR which amplified Col5a2 cDNA pro-

duced from mRNA extracted from homozygous (Tsk=Tsk) cells, hetero-

zygous ðTsk=þÞ, cells and normal ðþ=þÞ cells. The cells were grown on

a matrix produced by normal ðþ=þÞ (striped bars), heterozygous

ðTsk=þÞ (white bars), or homozygous (Tsk=Tsk) cells (black bars). Re-

lative expression was normalized to b-actin and is expressed as percent-

age of the expression of Col5a2 when grown on normal ðþ=þÞ matrix
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Discussion

Together, the above results show that the mutated fibrillin-1

protein containing an in-frame duplication of exons 17–40

(Siracusa et al., 1996) which is produced by Tsk=Tsk and

Tsk=þ embryonic fibroblasts has the ability to down reg-

ulate the mRNA levels for types I, III, and V collagens in

mouse embryonic fibroblasts, whether or not these cells

themselves are homozygous, heterozygous, or normal for

the presence of the mutant fibrillin-1 gene. The highest

levels of depression for Col1a2, Col3a1, Col5a1, and

Col5a2 were observed in Tsk=Tsk embryonic fibroblasts.

Col1a1 for which only data on Tsk=Tsk and þ=þ cells

were measured also showed that the depression was

higher in Tsk=Tsk embryonic fibroblasts. The intriguing

question is how the mutant fibrillin-1 in the ECM causes

the cell to down regulate these mRNAs. Several investi-

gators have reported that the ECM produced by Tsk=þ
mice is abnormal. Kielty et al. (1998) have reported that

the Fbn1 polymerizes and becomes incorporated into a

discrete population of beaded microfibrils with altered

molecular organization. They found altered microfibril

abundance, changed accessibility for Fbn1 epitopes and

changes in the ECM. Electron microscopic studies found

blurred appearance with no obvious periodicity. Ultra-

structural examination showed that the classic beaded

microfibrils existed as two distinct populations. They pos-

tulated that the aberrant population of microfibrils would

have altered surface interactive properties which resulted

from misalignment, misfolding and=or aberrant cross-

linking and these changes would alter growth factor bind-

ing potential. All these changes could be expected to

affect the message levels for proteins which are secreted

to become part of the ECM. Interestingly, these results are

different from those reported by Jimenez et al. (1986) for

dermal fibroblasts: that the message levels for type I and

III collagen are up-regulated in those cells. Lemaire et al.

(2004a), who also studied mouse dermal fibroblasts,

reported no increase in either Col1a1 message levels or

collagen secretion in the cells producing mutated Fbn1

compared to controls. However, there are critical differ-

ences between these earlier studies and what is reported

here. Our studies are with embryonic fibroblasts derived

very early in gestation and compare the influence of an

artificial matrix, which has been produced by embryonic

cell lines and contains only mutated fibrillin-1, a mix of

50% normal and 50% mutant fibrillin-1, or all normal

fibrillin-1. Our results suggest that 50% mutant fibrillin-1

is enough to have a large effect on the message levels of

collagens I, II, and V.

Both Lemaire et al. (2004a) and Kielty et al. (1998)

concluded that mutated Fbn1 is associated with altered

composition of the ECM. Lemaire et al. (2004a) postu-

lated that the altered fibrillin-1 incorporated into the ECM

would lead to abnormal interaction between the mutated

protein and other ECM molecules, which could lead to

increased collagen deposition. It is possible that changing

the mixture from part normal to part mutated fibrillin-1 or

all mutated fibrillin-1 could cause a different response in

these cells. The down regulation of the collagen mRNAs

was greatest in cells grown on homozygous matrix and

the fact that the homozygous mice (Tsk=Tsk) are not via-

ble would suggest that the effect of having only mutant

fibrillin-1 in the ECM would be extreme. However, be-

cause we did not find a significant difference in the down

regulation of the collagen mRNAs when cells were grown

on heterozygous compared to homozygous matrices, it is

possible the total lack of normal fibrillin-1 may lead to

other alterations in the growth and development of the

mouse embryo which makes them nonviable.

Unfortunately, the two studies of Lemaire et al. (2004a)

and Kielty et al. (1998) do not shed light on how the ECM

containing mutated fibrillin-1 would send back a signal to

the cell to decrease (or increase) collagen message levels.

In more recent work Lemaire et al. (2004b) do report an

altered ECM in Tsk=þ containing increased amounts of

fibrillin-1, fibulin-2, and MAGP-2 and they postulate that

this type of change in the ECM might transmit a signal

to fibroblasts through integrins, because these proteins,

which are increased in the Tsk=þ ECM, bind to integrins

and contain RGD domains. Finally, Eckes and Krieg

(2004) have shown that mechanical tension can be re-

garded as an additional important regulatory parameter

through which the ECM can signal to the cell. Therefore,

cells grown on an aberrant ECM containing mutated

fibrillin-1 which has clearly been shown to have a vastly

different architecture (Kielty et al., 1998) could transmit

a signal through its different architecture. Having only

mutant fibrillin-1 with no normal copies of this protein

in the matrix could be expected to cause greater changes

in the architecture of the matrix than when there is a

mixture of mutant and normal fibrillin-1 present.

Our work clearly shows that in tissue culture the ECM

produced by heterozygous and homozygous Tsk=Tsk em-

bryonic fibroblasts causes a significant decrease in col-

lagen message levels compared to an ECM produced by

normal, þ=þ, embryonic fibroblasts. Whether this phe-

nomenon is through integrin signaling because of an al-

tered ECM architecture of these receptors or some other

mechanism is not yet known. However, this system would
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be ideal to study how the matrix can signal to the cell to

down regulate the collagen mRNAs.
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