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The tight skin 1 (B6.CgFbn1Tskþ /þPldnpa/J, henceforth referred to as Tsk1/þ ) mouse was first described as a
spontaneously occurring mutant that resulted in hyperplasia of the subcutaneous loose connective tissue, and
has subsequently been proposed to be a model of the human fibrotic disorder scleroderma. We have
investigated the Tsk1/þ mouse as a model system for testing the efficacy of antifibrotic agents against skin
fibrosis. We find that the tightness of the skin at the scruff of the neck leads to a measurably thicker skin pinch,
but we suggest that this is due to hyperplasia of the subdermal loose connective tissue, which results in
increased tethering of the skin to the underlying muscle layers. In contrast to previously published data, we do
not find a significant difference in the dermal thickness or collagen content of the Tsk1/þ mouse skin
compared with wild-type controls. In addition, expression profiling of Tsk1/þ mouse skin indicated that there
are very few changes in gene expression, and that there is no evidence for upregulation of the transforming
growth factor b signaling axis. Therefore, we conclude that this model is not suitable for testing the effect of
antifibrotic agents on the dermis, and that changes potentially related to scleroderma may be confined to
subdermal connective tissue.
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Fibrillin-1, a major component of microfibrils,1,2 has
been implicated in the development of scleroderma.
The chromosomal region containing Fbn1 is
strongly associated with the development of scler-
oderma in the Choctaw Native Americans, who have
a much higher incidence of scleroderma than the
general population,3–5 and increased fibrillin-1 has
been observed in scleroderma skin lesions.6 Anti-
fibrillin-1 antibodies have been found in patients
with scleroderma,7,8 and microfibrils produced by
fibroblasts derived from scleroderma patients ap-
pear to be unstable.9

Fibrillin-1 has a structural role in connective
tissue as a component of elastic fibers. It is also
hypothesized to have a role in controlling the
biologically available levels of the profibrotic
cytokine, transforming growth factor b (TGFb),10,11

through binding to the latent TGFb binding proteins

(LTBP) 1 and 4.10,12,13 TGFb has long been implicated
in the pathogenesis of scleroderma14,15 and other
fibrotic disorders reviewed in Leask and Abraham.16

We are interested in developing pharmacologic
inhibitors of fibrosis that may be efficacious in
diseases such as scleroderma. The tight skin 1
(Tsk1/þ ) mouse occurred as a spontaneous muta-
tion as the result of a partial in-frame duplication
in fibrillin-1,17 and the initial description of the
phenotype was one of hyperplasia of the sub-
cutaneous loose connective tissue.18 Subsequently,
investigators showed that the Tsk1/þ mouse devel-
oped thickened dermis,19 and that the structure of
the dermis is abnormal.20 The Tsk1/þ mouse was
proposed to be a model of scleroderma,21 and it has
been demonstrated that there is a correlation
between skin thickness, hydroxy-proline content of
the dermis, soluble collagen content and presence of
autoantibodies in the Tsk1/þ mouse.22 The Tsk1/þ
mouse has now become a widely used model for
scleroderma and skin fibrosis.23–25 In addition to
many papers showing hyperplasia and increased
collagen content of the dermis,25–30 it has been
suggested that activation of the TGFb signaling axis
is involved in the development of the Tsk1/þ
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phenotype.28,31 Owing to the many publications
showing effects of various gene deletions and
pharmacologic agents on the thickness of the dermis
in the Tsk1/þ mouse,27–29,32,33 we decided to use
this model to test the effects of potential antifibrotic
agents in skin fibrosis.

Here, we report that we found consistent changes
in skin parameter measurements in vivo, as well as
emphysematous changes in the lungs. However, we
did not find thickened dermis or increased dermal
collagen content in the Tsk1/þ mouse compared
with age- and sex-matched wild-type controls.
Consistent with our expectations, we did find site-
to-site variations in dermal thickness as well as
marked differences between the sexes. We conclude
that the histologic assessment of dermal thickness
cannot be used to assay the efficacy of antifibrotics
in Tsk1/þ mice.

Materials and methods

Mice

B6.Cg-Fbn1Tskþ /þPldnpa/J (Tsk1/þ ) mice were
obtained from The Jackson Laboratory, and main-
tained on the C57BL/6 background harboring
the pallid mutation. Age-matched male Tsk1/þ
and pa/pa (wild-type) controls were used in all
experiments. All animal experiments were
approved by the institutional animal care and use
committee.

Histological Analysis

For comparisons of dermal thickness, skin was
excised from directly over the shoulder blades and
spread onto a piece of filter paper prior to fixation.
Lungs were inflated with 1ml of 10% neutral-
buffered formalin (NBF) before removal. All tissue
samples were fixed in 10% NBF and processed in
paraffin. Paraffin sections (5 mm) were prepared,
heated for 20min at 651C, deparaffinized in xylene
and hydrated through graded alcohols to distilled
water. For H&E staining, sections were stained with
Mayer’s hematoxylin (Sigma) for 8min, rinsed in
water, counterstained with Eosin–Phloxine solution
(0.1% Eosin Y, 0.01% Phloxine B in 95% ETOH) for
1min, dehydrated through graded alcohols and
cleared in xylene. For detection of collagen, sections
were stained with Picrosirius Red solution (Sirius
Red F3BA, 0.1% in saturated picric acid, prepared
in the laboratory) for 30min, rinsed in 0.01N HCl
for 2min, dehydrated through graded alcohols and
cleared in xylene. Coverslips were applied using
Permount. Image analysis to quantify Picrosirius
red-positive areas was carried out using Color-
counter software. Statistical significance of differ-
ences between Tsk1/þ and wild-type mice for in-
life and histological measurements was assessed
using Student’s t-test.

Adult Mouse Primary Dermal Fibroblasts

The area of skin to be used was shaved and treated
with hair-removing lotion to remove the hair
completely. Excised skin was spread dermis side
down in a sterile tissue culture dish and incubated
overnight with 0.25% trypsin at 41C. Following
removal of the epidermis, the dermis was chopped
into small pieces and incubated with 0.25% Col-
lagenase Type I (Worthington) in DMEM at 371C for
4h, then dissociated into a cellular suspension.
Cells were washed twice to remove collagenase then
cultured in DMEM plus 10% FBS until confluent.
For treatment with TGFb, confluent cultures were
incubated in DMEM plus 5% FBS supplemented
with 1ng/ml TGFb (R&D Systems).

Detection of Fibrillin

Confluent cultures of primary fibroblasts in 60mm
dishes were incubated with serum-free DMEM for
72h prior to collection of medium. Proteins were
precipitated from 100 ml of conditioned medium
by the addition of 10% (final concentration) TCA,
separated on a 3–8% protein gel (Novex) and
transferred to PVDF membranes. Blots were probed
with a polyclonal antifibrillin antibody pAb9543
raised against the NH2-terminus of the protein
(kindly provided by Professor Lynn Sakai), fol-
lowed by detection with anti-rabbit-HRP-conjugated
secondary antibody (Pharmacia) and ECL reagent
(Pharmacia).

Caliper Measurements

A digital spring-loaded micrometer was purchased
from Mitutoyo. To measure the thickness of the
skin pinch at the scruff of the neck, the skin of
unshaved mice was pinched manually and the
micrometer applied to the skin pinch. For ear
thickness measurements, the micrometer was
applied to the tip of the ear pinna so that the
entire area of the caliper head was in contact with
the skin.

Preparation of Total RNA from Skin

The area of skin to be taken was first shaved and
swabbed with 70% ethanol. Skin samples were
immediately frozen in liquid nitrogen then ground
to a fine powder before being homogenized in 1ml
of TRI reagent (Sigma). A 20% volume of CHCl3 was
added to the homogenate and samples vigorously
mixed. Following centrifugation, the aqueous
upper layer was transferred to a clean tube and
an equal volume of 70% ethanol added. Total
RNA was purified using Nucleospin columns
(BD Biosciences), according to the manufacturer’s
directions.
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Real-Time PCR

cDNA was prepared from 0.5 mg total RNA using
PrePrimed SingleShots with random hexamer pri-
mers (BD Biosciences). Levels of Col1a2 were
analyzed by real-time PCR using Tsg DNA poly-
merase and sybr green dye (Lamda Biotech) fluor-
escence to detect product. Primer sequences for
Col1a2 are as follows: forward, 50 GGCAAGACA
ATCATTGAA; and reverse, 50 GGTTGAGTTCACT
TATTTGAA. Each reaction was carried out in
duplicate, using 5ml of a 1:1000 dilution of
the cDNA generated in the reverse transcriptase
reaction.

Probe Labeling, Hybridization and Scanning

Sample labeling, hybridization and staining were
carried out according to the Eukaryotic Target
Preparation protocol in the Affymetrix Technical
Manual (701021 rev. 4) for Genechips Expression
Analysis (Affymetrix). In summary, 5 mg of purified
total RNA was used in a 20 ml first-strand reaction
with 200U SuperScript II (Invitrogen) and 0.5 mg
(dT)-T7 primer (50-GGCCAGTGAATTGTAATAC
GACTCACTATAGGGAGGCGG (T)24] in 1� first-
strand buffer (Invitrogen) with a 421C incubation
for 1h. Second-strand synthesis was carried out by
the addition of 40U Escherichia coli DNA polymer-
ase, 2U E. coli RNase H and 10U E. coli DNA ligase
in 1� second-strand buffer (Invitrogen) followed
by incubation at 161C for 2h. The second-strand
synthesis reaction was purified using the Genechips

Sample Cleanup Module according to the manufac-
turer’s protocol (Affymetrix). The purified cDNA
was amplified using BioArray HighYield RNA
transcript labeling kit (T7) (Enzo Life Sciences)
according to the manufacturer’s protocol to produce
biotin labeled cRNA. Mouse Genome MOE430A
GeneChips probe arrays were prehybridized in a
GeneChips Hybridization Oven 640 (Affymetrix)
according to the manufacturer’s protocol. Labeled
cRNA (15 mg) was fragmented in 30 ml 1� fragmen-
tation buffer at 941C for 35min. The fragmented
labeled cRNA was resuspended in 300 ml 1�
hybridization buffer containing 100mM MES, 1M
[Naþ ], 20mM EDTA, 0.01% Tween-20, 0.5mg/ml
aceylated BSA, 0.1mg/ml herring sperm DNA,
control oligo-B2 and control transcripts bioB
1.5 pM, bioC 5pM, bioD 25pM and cre 100pM,
and hybridized to Genechips probe arrays according
to the manufacturer’s protocol (Affymetrix). The
hybridized GeneChips probe arrays were washed
and stained according to the Affymetrix protocol
for antibody amplification stain for eukaryotic
targets using R-Phycoerythrin Streptavidin (Mole-
cular Probes), goat IgG (Sigma) and biotiny-
lated anti-streptavidin (Vector Laboratories) on the
GeneChips Fluidics Station 450 (Affymetrix). The
GeneChips probe arrays were scanned using
GeneChips Scanner 3000.

Gene Profiling Data Analysis

Analyses were performed using BRB ArrayTools
developed by Dr Richard Simon and Amy Peng
Lam.

Immunohistochemistry

Paraffin sections (5 mm) were prepared, heated for
20min at 651C, deparaffinized in xylene and
hydrated through graded alcohols to distilled water.
Antigens were unmasked by boiling in 10mM
citrate buffer, and samples incubated with antipho-
sphor-Smad 2 antibodies (Cell Signaling Techno-
logy). Staining was detected using biotinylated
anti-rabbit secondary antibodies followed by ABC
reagent (Vector laboratories) according to the manu-
facturer’s directions.

Results

Expression of Mutant Fibrillin

The Tsk1/þ phenotype is the result of a partial in-
frame duplication of the Fbn1 gene, which results in
the production of a fibrillin protein that is larger
than the wild-type protein.17 To ensure that the mice
we were using were producing the mutant protein,
Western blots were performed on conditioned
medium from primary fibroblasts derived from
wild-type and Tsk1/þ mice, using a polyclonal
antifibrillin antibody that recognizes both wild-
type and mutant fibrillin.34 Figure 1 shows that,
as expected, fibroblasts derived from Tsk1/þ mice
(designated by skin color and increased skin tight-
ness at the scruff of the neck) showed equal
expression of a higher molecular weight band of
fibrillin-1 in addition to a faster migrating form,
while fibroblasts derived from wild-type mice
showed only the faster migrating form.

In-Life Measurements of Skin Thickness

We used a spring-loaded digital micrometer to
ensure that measurements were not compromised
by variations in operator pressure using a manual
caliper. We measured the thickness of the skin fold
at the scruff of the neck of mice at different ages and
found that Tsk1/þ mice had measurably greater
skin-fold thickness than the wild-type counterparts,
but a much higher variance than the measurement of
the wild-type mice (Figure 2a). We also tested the
thickness of the ear pinna, and again found that we
could see an appreciable difference between wild-
type and Tsk1/þ , although in this case the Tsk1/þ
was thinner than the wild type (Figure 2b). While
the latter measurement is easy to perform and
showed remarkable consistency with genotype, its
dynamic range would be too small to discern drug
effects.
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Measurement of Dermal Thickness and Collagen
Content

Many reports have indicated that the dermis of the
Tsk1/þ mouse is significantly thicker than that of
wild-type mice, and that it contains more collagen.
We examined the histology of dorsal skin taken from
directly over the scapular region of male Tsk1/þ
and age-matched wild-type controls. From examina-
tion of H&E staining, we did not observe increased
dermal thickness in Tsk1/þ compared to controls at
any of the time points taken (Figure 3a shows
representative sections of mice aged 12 and 16
weeks). However, consistent with previous findings,
we did find increased subcutaneous tissue in the
Tsk1/þ samples.18,35 To quantify the thickness of
the dermis, the distance from the dermal/epidermal
junction to the subcutaneous fat layer was measured
at five positions along the length of each section (the
lower limit of the dermis is indicated by dotted lines
in Figure 3a). This analysis clearly shows that while
there was considerable variance in dermal thickness
between samples, there was no significant differ-
ence between wild-type and Tsk1/þ mouse skin
(Figure 3b).

The amount of collagen in the dermis was
assessed by quantification of Picrosirius red staining
of skin. Figure 4a shows representative pictures of
skin sections from male mice aged 12 and 16 weeks,
and Figure 4b shows total Sirius-positive pixels per

section for six wild-type and six Tsk1/þ mice,
showing no increase in the amount of collagen in the
Tsk1/þ skin. We also examined the expression of
collagen at the level of transcription by real-time
PCR using primers designed against mouse Col1a2.
We did not find any difference in the amount of
collagen mRNA expression between wild-type and
Tsk1/þ skin at 6 weeks of age, nor in older mice
aged 12–16 weeks (Figure 4c). To verify that we
could see changes in Col1a2 expression using
this assay, we measured the amount of Col1a2 in
RNA derived from mouse dermal fibroblasts treated
with TGFb or left untreated. Figure 4d shows that
in this system, we detected a two-fold increase
of Col1a2 upon TGFb treatment of dermal fibro-
blasts.

Lung Phenotype

In addition to the skin changes, Tsk1/þ mice
have also been reported to develop an emphysema-
like condition. Examination of H&E-stained
sections of wild-type and Tsk1/þ lungs shows

Figure 1 Western blot analysis of fibrillin from primary cultures
of adult dermal fibroblasts derived from male Tsk1/þ and wild-
type controls. Fibrillin was detected using a polyclonal antibody
(pAb9543) that recognizes the NH2-terminus of both wild-type
and Tsk1/þ fibrillin. Lane 1, Tsk1/þ ; lane, 2 wild type; and lane
3, molecular weight marker.

Figure 2 In vivo skin measurements. (a) Digital micrometer
measurements of the skin-fold thickness of male Tsk1/þ and
wild-type mice as a function of age. (b) Measurement of the
thickness of the ear pinna as a function of age. Solid triangles
represent Tsk1/þ and open squares represent wild type.
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that the animals from our Tsk1/þ colony have
greatly increased alveolar spaces compared with
wild-type controls (Figure 5), consistent with pub-
lished observations.

Gene Expression Analysis

To better understand the changes in Tsk1/þ skin,
we performed transcript analysis on RNA derived

from the skin of male wild-type and Tsk1/þ mice
aged 6 weeks, using Affymetrix genechip arrays. A
simple scatter analysis (Figure 6b) shows that the
gene expression profiles of wild-type and Tsk1/þ
mouse skin are remarkably similar. We took a closer
look at the expression profiles of a number of genes
known to be associated with fibrosis and the
activation of the TGFb pathway, such as TGFb itself,
TGFb-regulated genes such as CTGF, decorin and
biglycan, and a number of collagen genes, and found

Figure 3 Histological analysis of Tsk1/þ and wild-type skin. (a) H&E-stained skin sections from male Tsk1/þ (panels A and B) and wild
type (panels C and D) age 12 weeks (panels A and C) and 16 weeks (panels B and D), pictures taken at � 10 magnification. (b) Mean
dermal thickness. The thickness of the dermis was determined by measuring the distance from the dermal/epidermal junction to the base
of the dermis (indicated by dotted lines) at five positions along the length of each section. The plots show the median value, the 25th to
75th- percentile range and the maximum and minimum values for each group; 4–8 weeks wild type n¼ 4, Tsk1/þ n¼7; 8–12 weeks wild
type n¼8, Tsk1/þ n¼9; and 12–16 weeks wild type n¼10, Tsk1/þ n¼ 11.
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that none of them were upregulated in the Tsk1/þ
skin compared with controls. Pathways involved in
the activation of TGFb, such as thrombospondin 1,
and were also unchanged. Figure 6a shows a brief
list of genes with expression levels indicated by a

heat map in which green indicates lower expression
and red higher expression. While there is variance
in the expression levels of individual genes, there is
no overall difference in expression between wild-
type and Tsk1/þ samples.

Figure 4 Analysis of collagen content of the dermis. (a) Picrosirius Red-stained skin sections from male Tsk1/þ (panels A and B) and
wild-type (panels C and D) skin section at 12 weeks (panels A and C) and 16 weeks (panels B and D) pictures taken at � 10 magnification.
(b) Total Picrosirius Red-positive area in skin sections of wild type (n¼ 6) and Tsk1/þ (n¼6). (c) Real-time PCR analysis of Col1a2
mRNA levels in 6-week-old wild type (n¼3) and Tsk1/þ (n¼3), and 12- to 16-week-old wild type (n¼3) and Tsk1/þ (n¼3). (d)
Analysis of Col1a2 levels by real-time PCR in mouse dermal fibroblasts treated with TGFb (1 ng/ml).
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The receptor Smads, Smad 2 and Smad 3, are
phosphorylated in response to TGFb and translocate
to the nucleus.36 To confirm that the TGFb pathway
is not upregulated in the Tsk1/þ skin, we per-
formed immunohistochemical analysis of Smad 2
phosphorylation levels in wild-type and Tsk1/þ
skin sections taken from 6-week-old male mice.
Figure 6c shows representative pictures of the
staining levels. All epidermal and adnexal nuclei
were phospho-Smad 2 positive in both wild-type
and Tsk1/þ , and a similar proportion of dermal
nuclei were negative in both wild type and Tsk1/þ .
Thus, there is no evidence that the TGFb pathway is
increased in the Tsk1/þ animals.

Discussion

The Tsk1/þ mouse has come to be used as model
for human skin fibrosis and scleroderma. We have
analyzed the Tsk1/þ mouse as a model system for

testing the efficacy of potential antifibrotic agents in
skin fibrosis. In order to measure changes in skin
physiology over the course of a pharmacologic
treatment, we measured the apparent thickness of
the skin pinch at the scruff of the neck, and also the
thickness of the ear pinna, because both of these
have been shown to be increased in the Tsk1/þ
mouse.19,37 Both of these measurements are easy to
carry out, and demonstrated good correlation with
phenotype. However, comparison of the skin pinch
measurements with the histology of the dermis
suggests that the augmented thickness of the skin
pinch of the Tsk1/þ mouse is not due to increased
thickness of the skin itself, but is caused by
tethering of the dermis to the underlying fascia, as
detailed in the original publication of this pheno-
type,18 and further characterized by Lemaire and
colleagues.35 The increased variance in the measure-
ment of the Tsk1/þ skin pinch compared to the
wild-type mice is due to the fact that the tethering
makes it hard to get a good pinch of skin to measure.

Figure 5 Histological analysis of Tsk1/þ and wild-type lungs. H&E-stained sections of male Tsk1/þ (a and b) and wild-type (c and d)
lungs at 12 weeks (a and c) and 16 weeks (b and d), pictures taken at � 10 magnification.
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With a large sample size, it may be possible to use
this measurement to assess the effects of gene
deletions on the tethering phenotype, although
it is unlikely to be useful in measuring effects
of a pharmacologic agent. The ear pinna measure-
ments showed that the Tsk1/þ ears were
thinner than their wild-type counterparts, which is
in direct contrast to previously published find-
ings.37 This could be due to differences in the
site of measurement; however, our finding that
the tip of the ear pinna is thinner in the Tsk1/þ
than in the wild-type mice supports the original
diagnosis of this phenotype as one of tethering,
rather than dermal hyperplasia, which would be
expected to make the ear pinna thicker, not thinner
as we see.

Next, we turned to measurements of dermal
thickness and collagen content. We were surprised
that in contrast to published work, we did not find
dermal hyperplasia in this model, nor did we

observe increased collagen content in the skin of
Tsk1/þ mice either by histological staining or by
quantitative real-time PCR for Col1a2 expression. In
measuring the depth of the dermis in histological
sections, we found considerable variation within
and between sections, making it necessary to take
multiple measurements of each section. When we
had carried out these measurements on a large
number of wild-type and Tsk1/þ samples, statis-
tical analysis indicated that there was no difference
between the two groups. In early experiments, we
had observed significant differences in skin thick-
ness between male and female mice (data not
shown), and in all subsequent experiments we used
only male mice. A recent publication showed
increased collagen content in the skin of wild-type
male mice compared to female,38 and this may
suggest that some of the phenotypes previously
ascribed to the Tsk1/þ mutation were due to sex or
housing differences.

Figure 6 Transcript profiling of Tsk1/þ and wild-type skin. RNA was isolated from the skin taken from the scapular area of male
Tsk1/þ (n¼ 4) and wild-type controls (n¼5) aged 6 weeks. (a) Comparison of expression levels of individual genes. For the heat map,
red indicates higher expression and green lower expression, with the algorithm designed to compare each data point of a gene to the
mean expression level of that gene. (b) Dot-blot comparing gene expression in wild-type and Tsk1/þ skin. (c) Immunohistochemical
analysis of Smad 2 phosphorylation in wild-type and Tsk1/þ skin from 6-week-old mice, panel A Tsk1/þ , panel B wild type.
Arrowheads indicate examples of unstained nuclei. Total fibroblast nuclei were counted in two high magnification fields, and stained
nuclei calculated as a percent of total, wild type 85.371.5%, Tsk1/þ 83.075.7%.
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Analysis of collagen gene expression by quantifi-
cation of Picrosirius Red stain of skin sections, by
real-time PCR analysis of Col1a2, and transcript
profiling also did not reveal differences between
wild-type and Tsk1/þ skin. While it is entirely
possible that undetectable changes in expression
can still result in increased collagen levels in the
matrix as demonstrated in vitro by Lemaire and
colleagues,39 we did not observe increased collagen
by histological analysis of the dermis. Our results
are in contrast with those of Denton et al, who
reported increased activity of a col1a2-lacZ reporter
in the Tsk1/þ mouse, and also demonstrated
increased expression of Co1a1 and Col1a2 by
Northern blot analysis.40 A potential explanation
for the discrepancy might be that Tsk1/þ skin
samples contain a larger amount of the attached
subcutaneous tissue, leading to a larger percentage
of fibroblasts in the sample. Although it has been
shown that the levels of collagen transcription
decrease with age,41 this occurs mainly in the first
2 weeks postnatally, with much smaller decreases
thereafter and thus does not explain our results. We
had planned to use the Tsk1/þ model to test the
effects of antifibrotic therapies against skin fibrosis.
In order to draw conclusions about effects of a
pharmacologic agent, the difference between the
wild-type and the Tsk1/þ mouse have to be
significant and consistent to detect the effects of
treatment. Based on the data that we have generated,
any changes in dermal thickness and collagen
content in the Tsk1/þ mouse are too subtle and
variable to be used as a reliable end point. The
tethering phenotype in the Tsk1/þ mouse may
represent many aspects of scleroderma. Tethering is
poorly represented in tissue sections due to the
cleavage plane between the skin and subcutaneous
tissues, but it is conceivable that antifibrotics could
be assayed by their effects on tethering, either by a
very reliable readout of the skin-fold thickness or by
using sophisticated RNA retrieval from the subcu-
taneous fascia using laser capture.

It has been suggested that the Tsk1/þ phenotype
is secondary to the activation of the TGFb signaling
axis. Crossing Tsk1/þ with mice lacking the TGFb
receptor,28 or with other knockouts that reduce the
levels of TGFb30 appears to abrogate the phenotype,
and a polymorphism in the TGFb promoter in
Tsk1/þ mice increases expression of the gene.42

However, it has also been shown that TGFb expres-
sion is not elevated in adult Tsk1/þ mouse skin.41

Fibrillin-1 has been proposed to have a role in
controlling the biologically available levels of TGFb
through binding the LTBP, and it has recently been
demonstrated that the emphysema seen in mice
engineered to be deficient in fibrillin is caused by an
increased activity of TGFb.11 The authors postulated
that this is a direct effect of the decreased amount of
fibrillin-1, which usually acts to sequester the latent
complex rendering it biologically inaccessible.
Thus, it would follow that a deficiency of fibrillin-

1 in the skin would have a similar effect, leading to
increased activation of TGFb-responsive pathways.
In support of this idea, it has been demonstrated that
the microfibrils produced by Tsk1/þ fibroblasts are
unstable, and the network is less abundant than
those produced by wild-type cells.34 In addition, the
microfibrils produced by scleroderma lesional fibro-
blasts also appear to be unstable.9 The hypothesis
also requires that TGFb-induced signaling pathways
be constitutively activated in the skin of Tsk1/þ
mice. Again, this hypothesis is supported by the
literature showing that crossing the Tsk1/þ mouse
with lines that are deficient in TGFb signaling
appears to reduce the phenotype. In contrast, our
transcript profiling data does not provide any
evidence of increased activity of TGFb-induced
signaling pathways, nor any increase in the expres-
sion of genes known to be involved in fibrosis.
Interleukin-4 has also been implicated in the
Tsk1/þ phenotype,30,43,44 and interestingly, deletion
of the IL-4 gene is able to rescue homozygous Tsk1/
Tsk1 mice that usually die during embryonic
development.30,44 The authors suggest that the
rescue of the Tsk1/Tsk1 homozygous mice in the
absence of IL-4 signaling is through the secondary
effect of decreased TGFb signaling. However, the
fact that our transcript profiling data shows no
activation of the TGFb pathway in the Tsk1/þ
heterozygous mice suggests that the deletion of
IL-4 has its effect through a TGFb-independent
mechanism.

Based on the data presented here, we conclude
that the skin phenotype of the Tsk1/þ mouse is
primarily one of tethering and not of fibrosis, and
that it is not caused by increased activity of TGFb-
targeted pathways. Therefore, this model is not
suitable for testing pharmacologic agents designed
to target fibrosis, and it may not be as appropriate
a model of scleroderma as has previously been
proposed.
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