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Abstract

Mutations in the microfibrillar protein fibrillin-1 or the absence of its binding partner microfibril-
associated glycoprotein (MAGP1) lead to increased TGFp signaling due to an inability to
sequester latent or active forms of TGFp, respectively. Mouse models of excess TGFf signaling
display increased adiposity and predisposition to type-2 diabetes. It is therefore interesting that
individuals with Marfan syndrome, a disease in which fibrillin-1 mutation leads to aberrant TGFp
signaling, typically present with extreme fat hypoplasia. The goal of this project was to
characterize multiple fibrillin-1 mutant mouse strains to understand how fibrillin-1 contributes to
metabolic health. The results of this study demonstrate that fibrillin-1 contributes little to lipid
storage and metabolic homeostasis, which is in contrast to the obesity and metabolic changes
associated with MAGP1 deficiency. MAGP1 but not fibrillin-1 mutant mice had elevated TGFp
signaling in their adipose tissue, which is consistent with the difference in obesity phenotypes.
However, fibrillin-1 mutant strains and MAGP1-deficient mice all exhibit increased bone length
and reduced bone mineralization which are characteristic of Marfan syndrome. Our findings
suggest Marfan-associated adipocyte hypoplasia is likely not due to microfibril-associated changes
in adipose tissue, and provide evidence that MAGP1 may function independently of fibrillin in
some tissues.
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Introduction

Microfibrils are extracellular matrix (ECM) structures that contribute to tissue strength and
provide instructional signals that affect cellular differentiation and function [4, 23, 31, 32].
These multi-protein filaments appear in early development and are found in almost all
tissues [22, 25]. The core proteins are the fibrillins, which are encoded by three genes in
humans (FBN-1, -2, and -3) but only two functional genes in mice (Fbr+1, -2) [4, 23, 32].
Mutations in fibrillin-1 give rise to the autosomal dominant disease Marfan syndrome
(MFS), which is associated with musculoskeletal, ocular, pulmonary and cardiovascular
anomalies [14, 21]. Relevant to this project, individuals with MFS also tend to have reduced
fat and muscle mass.

Significant progress towards understanding the molecular pathogenesis of MFS was made
with the discovery that the transforming growth factor-beta (TGFg) signaling pathway was
dysregulated in fibrillin-1 mutant mice and that antagonizing this pathway could prevent or
reverse pulmonary and cardiovascular phenotypes [10, 18, 19]. These finding were
translated clinically when elevated circulating TGFp was demonstrated in individuals with
MFS [9, 17]. Fibrillin-1 mediates TGFp signaling by stabilizing the latent TGFf complex in
the ECM through direct interactions with the latent TGFp binding proteins (LTBPSs) [12, 16,
20]. Fibrillin-1 can also regulate TGFp signaling indirectly through its binding partner
MAGP1, which tethers the active form of TGFp to the microfibril [28]. Consequently, loss
of MAGP1 also causes activation of the TGFp signaling pathway [5-7].

TGFp has been demonstrated to influence energy expenditure and adipogenesis, and thereby
whole body adiposity [15, 26, 27, 29, 30]. Serum TGFp positively correlates with BMI,
reducing TGFp signaling results in leaner mice, and TGFB blockade can protect mice
against diet-induced obesity/diabetes. Increased circulating TGFB in MFS would therefore
be predicted to cause excess adiposity and predisposition to metabolic disease, not reduced
adiposity. Thus, extreme leanness associated with MFS confounds our understanding of
fibrillin-1's mechanism of action.

This project utilized three mouse models of fibrillin-1 disruption to address fibrillin-1's
contribution to adipose tissue homeostasis. The first, fibrillin-1 gene inactivation (Fbn17),
provided a model of fibrillinl -loss of function. Because mice homozygous for the mutation
die shortly after birth, we used Fbn1*- animals as a model of fibrillin-1 haploinsufficiency.
In the second model, a missense mutation of fibrillin-1 (C1039G) disrupts microfibril
assembly and homozygosity of this mutation is also associated with early postnatal death
[13]. Therefore, heterozygous mice (Fbn1¢1039G/*) were used as a model of dominant
negative effect on microfibril organization and loss of function. The third model utilized
mice homozygous for fibrillin-1 with exon 7 deleted (Fbn1/"24H14) Exon 7 encodes the
putative site that mediates interaction of fibrillin-1 with LTBPs [20]; these mice assemble
microfibrils normally but should not be able to properly sequester the large latent TGF@
complex [3]. The metabolic health of mice associated with these three fibrillin-1 models was
compared to mice deficient in MAGP1 (Mfap27). Loss of this microfibril-associated protein
has no consequence on microfibril structure but does result in increased TGFp signaling in
adipose tissue, excess adiposity and metabolic disease [6, 28]. Therefore, MAGP1-deficient
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mice (Mfap2”") represent a reference phenotype for reduced metabolic health that is
associated with dysregulated TGFp signaling in the absence of microfibril structural changes
(similar to the Fon1HIAHIA mouse).

Contrary to expectations based on the human Marfan phenotype, we found that none of the
fibrillin-1 mutant mice displayed a lean phenotype; instead, by adulthood these mice tended
to be slightly heavier and more insulin resistant than their wild-type littermates. However,
these phenotypes are minor relative to the weight gain and metabolic dysfunction observed
in the Mfap2” mice. Furthermore, we were able to detect elevated TGF signaling in
Mifap2”- adipose tissue but not in any of the fibrillin-1 mutant mice. MFS-associated skeletal
anomalies have been documented in mouse models of fibrillin-1 disruption [24]. Despite
lacking a metabolic phenotype, all three fibrillin-1 mutant lines recapitulated the Marfanoid
features of long bone overgrowth and reduced bone mass. These anomalies were consistent
with both elevated TGFp signaling and the skeletal phenotypes of MAGP1-deficient mice.
Together, our data suggest that fibrillin-1 and MAGP1 have similar TGFp regulatory roles in
the skeleton but diverge in terms of energy metabolism or lipid storage.

Fibrillin-1 disruption has little effect on fat and lean mass in mice

Using echoMRI, we showed that alterations in microfibril assembly (Fbn1C¢10396/%),
fibrillin-1 haploinsufficiency (Fbn2*) or the absence of fibrillin-1's LTBP-binding domain
(Fbn1HIAVHIA) gre associated with a modest increase (5-19%) in whole body fat mass by 6
months. Statistical significance was reached only in Fbn1¢1039G/* mice (Figure 1a). Lean-
muscle mass was slightly reduced in 6- and 8-week old F6n2162039G/* mice but this
difference failed to reach statistical significance (Figure 1b). In contrast, Fbn1714H14 mice
had increased muscle mass at the same age (6-8 weeks) but this phenotype was lost by 24
weeks. Body weight changes correlated with alterations in fat and lean mass, with
Fbn1C1039G/* mice weighing more than their littermate controls at 24 weeks due to
increased fat mass while the Fbn1/24/H1A mice were significantly heavier at 6 and 8 weeks
due to the increase in lean mass (Figure 1c). As shown previously [6], loss of MAGP1
(Mfap2”) resulted in significant fat and weight gain (220%), and an appreciable decrease in
lean muscle mass (-8%); likely due to ectopic lipid accumulation.

Metabolic tissues including liver, brown adipose tissue (BAT), subcutaneous white adipose
tissue (SCWAT) and epididymal white adipose tissue (epWAT) were collected from 8 and 24
week old mice. Tissue wet weights are shown in Figure 2a-b. At 8 weeks, both Fpn161039G/+
and Fbn1HMH14 mice had slightly enlarged livers and BAT. At 24 weeks, Fbn1¢1059G/+
mice showed a slight increase in SCWAT, but lost the BAT and liver mass increase. Fbnl*-
mice, interestingly, show a statistically significant increase in white adipose tissue mass
(SCWAT and epWAT). Fbn1HAHIA mice retained the increase in liver mass, but also
showed a trend in increased epWAT mass. H&E stained sections of epWAT tissue from these
mice suggested that the increase in fat pad mass is from adipocyte hypertrophy (Figure 2c).
However, the change in tissue sizes observed in fibrillin-1 mutant mice is relatively
insignificant compared to the accumulation of fat observed in tissues from MAGP1-deficient
mice.
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These findings imply that neither reduced microfibril assembly by fibrillin-1 (Fbn1610396/%,
FbnI*) nor homozygous loss of fibrillin-1-LTBP binding (Fbn1H14H14) disrupts lipid
accumulation in adipose depots. The extreme weight gain in Mfap2”- mice introduces the
possibility that MAGP1 could function independent of fibrillin-1.

Insulin sensitivity is slightly reduced in adult fibrillin-1 mutant mice

Insulin and glucose tolerance testing (ITT, GTT) were used to assess insulin sensitivity and
glucose clearance. Both tests were performed in young and adult (6-,8-,24-weeks) fibrillin-1
mutant mice. Insulin sensitivity was normal at 6 and 8 weeks for F6n162039G/* and Fbni*’-
mice. Fbn1H14H14 mice, however, had reduced insulin sensitivity at 6 weeks that resolved
by 8 weeks (Figure 3a-b). By 24 weeks, insulin sensitivity was slightly, but significantly,
reduced in all fibrillin-1 mutant mice (Figure 3c). In keeping with the appreciable
differences between fibrillin-1 and MAGP1 mutant mice, Figure 3c demonstrates that by 24
weeks, Mfap2”- mice are both hyperglycemic and insulin resistant. Glucose tolerance
(clearance) is normal in all ages (6-,8-, 24-weeks) of fibrillin-1 mutant mice, which is in
stark contrast to Mfap2”" mice that have severely reduced glucose tolerance/clearance at 24
weeks (Figure 4).

Skeletal anomalies are common in fibrillin-1 and MAGP1 mutant mice

Despite differences in metabolic phenotypes, all fibrillin-1 and MAGP1 mutant mice have
skeletal anomalies similar to those seen in individuals with Marfan syndrome (Figure 5).
Classical features of Marfan syndrome include increased height, long bone overgrowth and
reduced bone mass. In the mice, body length, measured from nose tip to tail base, was
slightly increased in the fibrillin-1 mutant animals at 8 weeks (Figure 5a). By 24 weeks,
increased body length was evident in all mutant mice relative to WT controls except for
Fbn1* mice that did not reach statistical significance. It is important to note that 24-week
body length measurements in fibrillin-1 mutant mice are undervalued due to spine curvature.
Bone length was assessed by digital caliper measurement of tibias. All fibrillin-1 mutant
mice had significant long bone overgrowth, detectable by 8-weeks and persistent through
24-weeks (Figure 5b).

Microcomputed tomography (UCT) demonstrated that all four mutant lines (fibrillin-1 and
MAGP1) also display a statistically significant reduction in trabecular bone volume and
mineralization by 24 weeks (Figure 6a). Three-dimensional reconstruction of the fibrillin-1
and MAGP1 mutant bones highlight the reduction in bone mass. Fibrillin-1 and MAGP1
mutant mice had little-to-no change in cortical bone volume and mineralization, which is not
unexpected given the slow rate of cortical bone turnover (Figure 6b). Additional bone
parameters gained by UCT are detailed in supplemental tables 1 and 2.

Skeletal anomalies in both Fbn1/"24H14 and Mfap2”- mice provides evidence that loss of
microfibril-mediated regulation of TGFp is sufficient to cause Marfanoid skeletal features as
these mutant mice assemble normal fibrillin microfibrils but have reduced interaction with
TGFp. However, the bone phenotypes were most striking in the Fbn1¢1059G/* mice
suggesting improper microfibril assembly is also an additive factor.
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Tissue specific regulation of TGFB by fibrillin-1

Through interactions with the latent TGF binding protein (LTBP), the fibrillins are able to
regulate the bioavailability of TGFp by sequestering the TGFp large latent complex into the
ECM. MAGP1 also regulates the TGFp signaling pathway but through direct binding to the
“active” form of TGFp. Our previously published studies show that MAGP1-deficient
adipose tissue and bone have elevated TGFp signaling [6]. To discern whether differences in
TGFp signaling accounted for the contrasting metabolic and bone phenotypes in the
fibrillin-1 and MAGP1 mutant mice, we assessed TGFp signaling in adipose tissue and bone
through visualization of smad-2/3 activation (smad-2/3 phosphorylation). Epididymal fat
and marrow-flushed tibia lysates were generated from fibrillin-1 mutant, MAGP1-deficient,
and WT control animals. Immunoblots were performed using an antibody detecting
receptor-activated smad-2/3 protein (Figure 7). We found fibrillin-1 perturbation had little
consequence on smad-2/3 phosphorylation in mutant epWAT lysates, relative to WT
controls. In contrast, smad phosphorylation was higher in MAGP1-deficient WAT lysate
relative to both fibrillin-1 mutants and WT controls. Bone lysates revealed a modest increase
in smad activation in both fibrillin-1 mutant and MAGP1-deficient mice. These findings
indicate that fibrillin-1 perturbation alone is insufficient to elevate TGFp bioavailability in
adipose depots, and provides a biological explanation for the divergent metabolic
phenotypes between MAGP1 and fibrillin-1 mutant mice.

Discussion

Microfibrils are complex multi-protein structures in which polymers of fibrillin proteins
create a scaffold for auxiliary proteins to assemble upon. The deletion or mutation of
microfibril proteins in mice has produced both overlapping and divergent cardiovascular,
pulmonary and musculoskeletal phenotypes. Table 1 summarizes published phenotypes from
several microfibril mutant mice. This manuscript adds the following information to the table:
The fibrillin-1 mutations used in our study (Fbn1*, Fon1#24HIA or Fpp11039G/%) do not
cause lipodystrophy. Instead, these mice have slightly increased adiposity and reduced
insulin sensitivity by 6 months of age. These phenotypes, however, are insignificant relative
to the worsened metabolic health of MAGP1-deficient (M7fap27") mice observed previously
as well as in the current study using a new Mfap2”~ strain [6]. With respect to skeletal
development, all mutant mice (fibrillin-1 and MAGP1) display increased body and tibia
length as early as 8 weeks of age. Trabecular bone mass and mineral density were slightly
reduced in fibrillin-1 mutant mice by 8 weeks of age, gaining statistical significance by 24
weeks. Cortical bone mass and mineral density were not significantly changed. Our findings
are indicated in Table 1 by bolded/italicized text.

The original goal of this project was to assess whether disruption of fibrillin-1 microfibril
assembly or fibrillin-1-LTBP binding (TGFp sequestration) in mice would cause changes in
lean and fat mass observed clinically in individuals with Marfan syndrome. An extension of
this question was whether a change in body composition would result in impaired glucose
metabolism that is often associated with lipodystrophy. None of the three fibrillin-1 mutant
strains exhibited reduced fat or muscle mass relative to their littermate WT controls. Instead
the fibrillin-1 mutant mice showed a slight increase in fat mass. Marfan syndrome is
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associated with elevated TGFp signaling [14, 21], and can help explain the trend toward
weight gain and slight insulin resistance in the fibrillin-mutant mice as TGFp supports
adipogenesis and adipocyte hypertrophy by impairing energy expenditure [1, 11, 29].
However, the adiposity and glucose metabolism phenotypes in the fibrillin-1 mutant mice
are minor compared to other models of enhanced TGFp signaling, including MAGP1-
deficient mice. Together, these findings suggest that fibrillin-1 mutation or loss is not
sufficient to perturb TGFp signaling in metabolic (adipose) tissues. This concept is
supported by our finding that TGF signaling (measured by smad phosphorylation) is
significantly elevated in adipose tissue from MAGP1-deficient mice but not fibrillin-1
mutant animals. We cannot rule out the possibility that fibrillin-2 is compensating for the
loss of fibrillin-1, but we have previously shown that fibrillin-2 (Fbn2) expression in white
adipose tissue is below the detection limits of RT-qPCR [6].

In contrast to metabolic changes, both fibrillin-1 and MAGP1 mutant mice display reduced
trabecular bone mass and long bone overgrowth. These findings are important as they
indicate that loss of either fibrillin-1 or MAGP1 is sufficient to perturb TGFp signaling in
bone and suggest fibrillin-1 and MAGP1 contribute equally or similarly to the regulation of
bone turnover. The exaggerated skeletal phenotype in Fbn1¢1039G/* mice likely highlights
fibrillin-1's dual functions: TGFp regulation and tissue organization. TGFp activity is
increased in all four mutant mouse models, but only F6n162039G/* mice have perturbed
microfibril assembly. We speculate that altered microfibril assembly has consequences for
bone mechanoproperties and these changes are an additive factor to bone overgrowth and
reduced bone mass.

The observation that MAGP1 loss elevates adipose tissue TGFp signaling and causes
metabolic disease, but not fibrillin-1 loss, also indicates that MAGP1 may function in a
microfibril-independent manner. Adipose tissue extracellular matrix must remodel to
accommodate excess lipid accumulation associated with diet-induced obesity. We previously
reported that MAGP1 expression is differentially regulated in obese humans and mice fed a
high-fat diet [6]. Unlike MAGP1, fibrillin-1 expression in adipose tissue is unchanged by
metabolic challenge (diet-induced obesity). Further, MAGP1 has been shown to interact with
collagen-VI, but not collagens-I, -111, -V [8]. Collagen-V1 is differentially expressed in the
adipose tissue of obese animals similar to MAGP1, and the absence of MAGP1 impairs
obesity-induced expression of Col-VI (data not shown). The capacity of MAGP1 to function
on alternative ECM structures is a topic of future studies.

In summary, our findings provide a thorough characterization of metabolism and bone
remodeling in mouse models of Marfan syndrome. These studies clearly demonstrate that
neither fibrillin-1 loss of function nor its ability to sequester TGFp, in mice, is sufficient to
mimic fat and muscle hypoplasia observed clinically. Further, our data support MAGP1 as a
critical regulator of energy metabolism and provides evidence that MAGP1 might function
in a fibrillin-1 independent manner.
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Experimental Procedures

Animals and diets

All animals used in the study were males on the C57BL/6 background, housed in a
pathogen-free animal facility, and were fed standard chow ad libitum. The fibrillin-1
C1096G mouse was purchased from Jackson Laboratories, the fibrillin-1 H1A mouse was a
gift from Dr. Lynn Sakai [3] (Oregon Health Science University), and the fibrillin-1 Fbn1*-
(MgN) mouse was a gift from Dr. Francesco Ramirez [2] (Mount Sinai School of Medicine).
The MAGP1-deficient (Mfap2”") mouse line was newly generated using ES cells purchased
from KOMP Repository (Davis, CA). The KOMP targeted, C57BL/6-derived ES cells
(Mfap2tm1a(KOMP)Wisiy \were injected into blastocysts from C57BL/6 donors and transferred
into pseudopregnant C57BL/6 females. Offspring were maintained on the C57 background
and are a different line than those used in previous studies [5, 7, 28].

Body composition, glucose and insulin tolerance testing

Body mass composition (lean and fat mass) was quantified using the EchoMRI 3-in-1 model
instrument (Echo Medical Systems, Houston, TX). For glucose tolerance tests (GTTs), mice
were fasted 6 hours before a 1g/kg dextrose injection. For insulin tolerance tests (ITTs),
mice were fasted 6 hours prior to a 0.75 unit/kg Humulin-R insulin injection (Lilly,
Indianapolis, IN). Dextrose and insulin were delivered by intraperitoneal injection. Tail
blood glucose concentration was measured at the indicated intervals using Contour strips
and meter (Bayer, Whippany, NJ).

Tissue collection

Histology

Tissue was collected at 8 and 24 weeks. Mouse fur was sprayed with 70% EtOH, then
interscapular brown adipose tissue (BAT), subcutaneous inguinal white adipose tissues
(SCWAT), epididymal white adipose tissue (epWAT), and liver lobes were collected. Tissues
were cleaned thoroughly of all contaminates (hair, connective tissue etc) then frozen or
formalin fixed.

Tissues were fixed in 10% buffered formalin, dehydrated by an ethanol gradient, and stored
in 70% ethanol at 4°C before paraffin embedding. Tissue sections were stained with
hematoxylin and eosin. Images were taken using an Olympus Nanozoomer 2.0-HT System
with NDP.scan 2.5 image software.

Western blotting

Adipose tissue and liver was homogenized by TissueLyzer beads in lysis buffer containing
protease and phosphatase inhibitors (Cell Signaling, #9803; Roche, #04693124001 &
04906837001). Lysates were cleared of debris by centrifugation, and protein concentration
was determined. 10% SDS-PAGE gels were used to run lysates and transferred to
nitrocellulose membranes. Membranes were blocked in 5% milk and incubated overnight
with the indicated primary antibodies. Proteins were visualized through use of HRP-
conjugated secondary antibodies.
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Microcomputed Tomography

Microcomputed tomography (LCT) was completed on tibias from 8 and 24-week-old mice.
Buffered formalin (10%) fixed tibias were embedded in 2% agarose gel. The tibia, from the
proximal epiphysis through the tibia-fibula junction, was scanned at 20-pum voxel resolution
using a Scanco UCT 40 (Scanco Medical AG, Zurich, Switzerland). Measurements of both
trabecular and cortical bone were made. For trabecular bone, 50 sections below the growth
plate were contoured to exclude the cortical bone. For these trabecular regions, bone
volume/tissue volume and bone mineral density (BMD) values were obtained. For cortical
bone, the sections analyzed were 2 mm proximal to the tibia-fibula junction. Cortical bone
area and tissue mineral density (TMD) were calculated from the contours of 20 sections per
mouse. A threshold of 175 for trabecular bone and 260 for cortical bone (on a 0-1000 scale)
was maintained.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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uCT microcomputed tomography

Matrix Biol. Author manuscript; available in PMC 2017 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Walji et al.

Page 11

Highlights

. Fibrillin-1 mutation in mice does not reduce fat or muscle mass, as
observed in humans

. Fibrillin-1 mutation increases TGF- activity in bone, but not in
adipose tissue

. Fibrillin-1 and MAGP1 similarly regulate bone remodeling, but only
MAGP1 alters adiposity
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Figure 1.

Fibrillin-1 mutation in mice has little effect on fat and muscle. A-C: Longitudinal study of
whole-body fat and lean content was determined by EchoMRI at 6 weeks (A), 8 weeks (B),
and 24-weeks of age (C). Mean + SEM; Mfn; 6 wk n =13,8; 8 wk n = 10,8; 24 wk n = 10,8.
MgN: 6 wk n =10,8; 8 wk n = 13,11; 24 wk n = 21,20. H1A: 6 wk n = 8,10; 8 wk n =25,18;
24 wk n =10,10. MAGP1: 24 wk n = 6,8. Student ¢test was used for single comparisons (P*
<0.05).
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Figure 2.

Metabolic tissue masses from fibrillin-1 and MAGP1 mutant mice A-B: Tissue were
harvested at 8 weeks (A) and 24 weeks of age (B) (mean + SEM; Mfn: 8 wk n =11,10; 24
wk n=1511; MgN: 8 wk n =10,9; 24 wk n = 11,13; H1A: 8 wk n = 16,15; 24 wk n = 13,8;
MAGP1: 24 wk n = 6,8). C: Representative images of hematoxylin-eosin stained epWAT
from 24 week WT, fibrillin-1 mutant mice, and Mfap2”~ mice (20x, scale bar 100 um).
Student ¢test was used for single comparisons (P* <0.05).
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Figure 3.

Insulin sensitivity is reduced in adult fibrillin-1 mutant mice. A-C: ITT results following a 6-
hour fast and 0.75 units/kg insulin injection in 6-,8-,24- week fibrillin-1 mutant mice. Mean

+ SEM; Mfn: 6 wkn=17,9; 8wk n=23,17; 24 wkn=17,12. MgN: 6 wk n = 11,9; 8 wk n

=31,23; 24 wk n = 24,24. H1A: 6 wk n =7,10; 8 wk n =28,25; 24 wk n =12,13. MAGP1: 24

wk n =5,8. Student #test was used for single comparisons (P* <0.05).
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Figure 4.

Glucose tolerance is normal at all ages in Fibrillin-1 mutant mice. A-C: GTT results
following a 6-hour fast and 1g/kg dextrose injection in 6-,8-,24- week old fibrillin-1 mutant
mice. Mean + SEM; Mfn: 6 wk n = 14,9; 8 wk n = 21,18; 24 wk n = 16,12. MgN: 6 wk n =
8,9; 8wk n=30,26; 24 wk n = 24,27. H1A: 6 wk n =7,10; 8 wk n =28,28; 24 wk n =13,13.
MAGP1: 24 wk n = 5,8. Student #test was used for single comparisons (P* <0.05).
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Fibrillin-1 and MAGP1 mutant mice display long bone overgrowth. A: Body length
measured from nose tip to tail base at 8 and 24 weeks. Mean £ SEM; Mfn: 8 wk n =13,10;
24 wk n=17,12; MgN: 8 wk n =11,9; 24 wk n = 12,13; H1A: 8 wk n = 18,16; 24 wk n =

13,8; MAGP1: 24 wk n = 6,8. B: Tibia length measured by digital calipers after all soft
tissue had been removed at 8 to 24 weeks. Mean + SEM; Mfn: 8 wk n =13,10; 24 wk n =
17,12; MgN: 8 wk n =11,9; 24 wk n = 12,13; H1A: 8 wk n = 18,16; 24 wk n = 13,8;
MAGP1: 24 wk n = 6,8. Student ¢test was used for single comparisons (P* <0.05).
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Figure 6.
Fibrillin-1 and MAGP1 mutant mice have reduced bone mass. A-B: Tibias were harvested

from 8-and 24-week-old mice. Micro-computed tomography was used to determine the ratio
of bone volume to total volume (BV/TV) and bone mineral density (BMD). For trabecular
bone, the first 50 — 20um slices distal to the growth plate were analyzed. For cortical bone,
BV/TV and total mineral density (TMD) was determined by contouring 20 — 20um slices.
Mean + SEM; Mfn: 8 wk n =10,7; 24 wk n = 17,12; MgN: 8 wk n =9,7; 24 wk n = 7,8; H1A:
8wk n=16,14; 24 wk n = 13,13; MAGP1: 24 wk n = 6,8. Student ¢test was used for single
comparisons (P* <0.05).
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Figure 7.
Tissue specific regulation of TGFp by fibrillin-1. A-B: Immunoblot of (A) epWAT and (B)

flushed tibia lysate using antibodies to phosphorylated Smad-2/-3 (p-Smad2/3), total Smad2
(tsmad?2), and B-actin. Bar graph values represent the ratio of phosphorylated protein to
loading control. The ratio was calculated by averaging the band intensity of replicate wells.
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