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Abstract

Mice genetically modified to produce low levels (~1% of wild-type) of coagulation FVII
presented with echocardiographic evidence of heart abnormalities. Decreases in ventricular size
and reductions in systolic and diastolic functions were found, suggestive of a restrictive
cardiomyopathy, and consistent with an infiltrative myopathic process. Microscopic analysis of
mouse hearts showed severe patchy fibrosis in the low-FVII mice. Haemosiderin deposition was
discovered in hearts of these mice, along with increases in inflammatory cell number, ultimately
resulting in widespread collagen deposition. Significant increases in mRNA levels of TGF-f,
TNF-a and several matrix metalloproteinases in low-FVII mice, beginning at early ages,
supported a state of cardiac remodelling associated with the fibrotic pathology. Mechanistic time
course studies suggested that cardiac fibrosis in low-FVII mice originated from bleeding in heart
tissue, resulting in the recruitment of leukocytes, which released inflammatory mediators and
induced collagen synthesis and secretion. These events led to necrosis of cardiomyocytes and
collagen deposition, characteristics of cardiac fibrosis. The results of this study demonstrated that
hemorrhagic and inflammatory responses to a severe FVII deficiency resulted in the development
of cardiac fibrosis, observed echocardiographically as a restrictive cardiomyopathy, with
compromised ventricular diastolic and systolic functions.
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Introduction

The extrinsic blood coagulation system is triggered by exposure of Tissue Factor (TF) to
plasma through activation of blood cells and/or disruption of vascular integrity. The plasma
protein, activated Factor VII (FVI1la), interacts with the exposed TF, initiating a cascade of
reactions terminating in fibrin formation. Mice homozygous for targeted inactivation of the
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Tissue Factor (coagulation factor I11; F3) [1-3] or FVII (coagulation factor VII; F7) [4]
genes do not survive the perinatal period. Because of these lethal phenotypes, mice
expressing very low levels (~1% of levels in wild type (WT) mice) of these proteins have
been generated [5, 6], and these mice survive to adulthood. In the case of low-expressing TF
mice (TF~~ (hTg)), spontaneous bleeding and fibrosis was observed in heart tissue, with
accompanying left ventricular (LV) dysfunction [5]. Haemosiderin deposition and fibrosis
were also found in low-FVII mice (FVIITTATTA) [5], but a characterization of FVIITTATA
mice in this regard has not been accomplished beyond this initial observation. No reports of
cardiac fibrosis in mice accompanying total deficiencies of other haemostasis factors, e.g.,
FIX~/~ [5], have appeared, except for plasminogen activator inhibitor-1 (PAI-1)-deficient or
urokinase-type plasminogen activator (UPA) overexpressing mice [7]. Whether this
occurrence is related to a more exuberant fibrinolytic state is unknown.

To demonstrate relationships between fibrosis and the FVIIa/TF pathway, it is important to
determine whether cardiac dysfunction occurred with deficiencies of the soluble ligand for
TF, FVlla, and to more completely characterize FV1I-deficient mice with regard to this
phenotype. Thus, we undertook a thorough study of FVIITTATA mice over the course of a
long portion of their lifespan, correlating mechanistic features of spontaneous bleeding,
cardiac fibrosis, and heart dysfunction.

C57BI/6 male mice producing ~1% of WT FVII were used [6]. All protocols were approved
by the Institutional Animal Use and Care Committee.

Echocardiography

Mice were lightly sedated with 1.5% isoflurane inhalation to maintain their heart rates
around 500 bpm. Echocardiography images were acquired using a Vevo 770 system
(VisualSonics, Toronto, ON, Canada), with either a 30-MHz or 40-MHz transducer at a
focal depth range of 12.7-6.0 mm, a temporal resolution of >150 frames/sec, and a spatial
resolution <40 um. Left ventricular (LV) diameters were measured using a parasternal short-
axis view at the papillary muscle level. Pulsed-wave Doppler measurements were employed
to analyze blood inflow at the mitral valve (MV), and outflow at the main pulmonary artery
(PA), using a modified parasternal long-axis view. Calculations were made within the
guidelines of the American Society of Echocardiography leading-edge convention [8]. A
Doppler-derived determination of global cardiac function, combining systolic and diastolic
parameters, viz., the Total Ejection Isovolume Index (TEI-Index), was calculated using
Doppler images at the levels of the mitral valve and ascending aorta [9].

Vascular permeability in the heart

Evans Blue (EB) dye was used to study vascular permeability in the heart. Retro-orbital
injections of EB (5 ug/g of body weight) were administered at 4 and 2 days before sacrifice.
Hearts were then removed for study.
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Q-RT-PCR was performed using TagMan chemistry with the primers and probes indicated
in Table 1. Levels of mMRNA were calculated using individual standard curves normalized to
RPL19 [10].

Sections (4 um) were prepared from fixed paraffin-embedded tissues, and stained with
Gomori’s (Prussian Blue) stain for iron, and Masson’s trichrome or picro-Sirius red for
collagen. Primary antibodies for immunohistochemical stains were rat-anti-mouse CDA45 for
leukocytes (PharMingen, San Jose, CA, USA), rat-anti-mouse Mac-3/F480 for macrophages
(Serotec, Raleigh, NC, USA), and rat-anti-mouse P-Selectin for platelets (PharMingen).
Double-labelling of endothelial cells (EC) and smooth muscle cells (SMC) was employed
for vessel counting, using horseradish peroxidase conjugated rabbit-anti-human vVWF (Dako)
for EC, and mouse-anti-human a-smooth muscle actin (SMA; Sigma, St. Louis, MO)/NM-
MHC SMemb (ABCAM, Cambridge, MA, USA) for SMC, as primary antibodies. For
MMP-9 immunostaining, the primary antibody was rabbit-anti-mouse MMP-9 (ABCAM).
{{Ed Query — please check last two sentences carefully for meaning}}.

Full details of our immunohistological procedures have been published [11, 12].

Brightfield image acquisition and morphometry

Brightfield images, compiling whole heart images, were acquired at a magnification of 200x
using a Nikon Eclipse TE2000U microscope (Melville, NY, USA), with MicroPublisher
5.0RTV colour camera (QImaging, Burnaby, BC, Canada). Anti-CD45 and anti-macrophage
images were analyzed for the number of cells per heart area using MetaMorph 7.0r3
software (Molecular Devices, Sunnyvale, CA, USA). Slides stained to detect haemosiderin
were analyzed similarly for percent stain positive/heart area.

Vessel counts were obtained from a region of the anti-vWF/anti-SMC-stained LV of each
heart. An area of the pericardium extending to the myocardium directly across from the
midpoint of the right ventricle was photographed. For each heart, two sections from 4 mo
WT mice, and 4 sections from 4 mo FVIITTATA 12 mo WT, and 12 mo FVIITTATA
(approximately 80 um apart in depth), were photographed with a SPOT-RT-SE camera
(Molecular Diagnostics) for manual assessment of the number of positive vessels/heart area.

Epifluorescent image acquisition for collagen quantitation

A Photometrics Cascade 512B CCD camera (Roper, Tucson, AZ, USA) with a Texas Red
(TR) fluorescent filter (Chroma, Rockingham, VT, USA) was employed for epifluorescent
image acquisition. Thresholding for TR fluorescent-labelled images involved selecting the
appropriate gray scale range of the pixels of interest in the positively stained region
(collagen).
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Transmission Electron Microscopy (TEM)

Statistics

Results

The LVs from WT and FVIITATA mice were fixed in Karnovsky’s solution, post-fixed in
Os0y, and dehydrated in ethanol before embedding in plastic resins and sectioning, as we
have described [13].

Data are reported as mean = SEM. Student’s t-tests were performed using a value of P <
0.05 to reject the null hypothesis in two-tailed comparisons.

Echocardiography

For echocardiographic measurements on lightly-anaesthesized mice, heart rates (HR) were
not significantly different between age groups at the time of measurements, at 470-477
beats per minute (bpm) for the 4 mo mice and 494-506 bpm for the 12 mo mice. These HR
are comparable to previous studies on echocardiography using C57BI/6 mice, which show
lower HR than other mouse strains [14]. Inhaled isoflurane was employed as the anaesthetic,
since, in C57BI/6 mice, this agent leads to minimal cardiac depression, as well as the most
stable fractional shortening (FS) and end-diastole dimensions [14].

Initial indications of possible cardiac dysfunction in FVIITTAYTA mice were noted by
significantly increased heart weight (HW)/body weight (BW) ratios at necropsy of the
FVIITTATA mice compared to WT mice (Table 2). The generally reduced BWSs of the
FVIITTATA mice are likely due to altered body development because of internal bleeding
[6]. The greater HW in the FVIITTATTA mice, in view of their decreased BW, encouraged
further study to assess whether increased heart volumes and/or increased wall densities
account for the increased HW in the low-FVII mice.

Echocardiographic M-mode LV data using 4 and 12 mo WT and FVIITTATA mice showed
significant reductions in LV volume at diastole (LVV-d) between the FVIITTATTA and WT
groups at both ages (Table 2). Additionally, substantial LV wall motion irregularities were
found in the majority (6/8) of the FVIITTATA mice examined. One of the more extreme
examples of this is revealed by the M-mode echocardiogram of Figure 1, which shows
severe reductions in systolic motion in both the posterior (PW) and anterior (AW) walls of
the LV. This is reflected in the significant reductions in the Ejection Fractions (EF),
Fractional Shortenings (FS), and Cardiac Outputs (CO), in both 4 mo and 12 mo FVIITTATA
mice (Table 2). Analyses of the transmitral flow by pulsed Doppler echocardiography were
also indicative of a diastolic dysfunction in FVIITTATA mice (Figure 1C,D; Table 2). The
average early diastole/late atrial contraction (E/A) ratio that characterizes LV filling was
significantly altered, also consistent with diastolic dysfunction. Tissue Doppler
measurements around the mitral valve showed similar E/A values. Right-sided heart
abnormalities were also present in 12 mo FVIITTATA mice. Flow characteristics across the
pulmonary valve (PV) of mice at 12 mo of age were estimated from pulsed Doppler
examination of flow at the main pulmonary artery (PA) (Figure 1E,F). All velocities across
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the PV were significantly reduced in FVIITTAtTA mice, as was the PV-peak gradient (Table
2), reflective of the observed reduced CO.

A measure of mycardial performance that combines systolic and diastolic functions, viz., the
TEI-Index, has been used for assessment of global cardiac dysfunction [9]. The TEI-Index
of the WT group was significantly increased in the FVIITTATTA mouse cohort (Table 2), thus
confirming the severe LV systolic dysfunction in FVIITTATA mice as early as 4 mo of age
{{Ed Query please check meaning of this sentence}}.

Histological analysis of murine hearts

Histological analysis of 4 mo and 12 mo WT and FVIITTATA mice showed spontaneous
bleeding in hearts of low-FVII mice (Figure 2A-G). WT mouse hearts were devoid of
haemosiderin (Figure 2A,D), whereas abundant haemosiderin deposition was seen
throughout the myocardium in 4 mo FVIITTATTA mice, indicating previous bleeding (Figure
2B,E). Evidence that the haemosiderin resulted from phagocytosed red blood cells (RBC) is
seen from an electron micrograph showing an extravascular RBC with electron dense iron
engulfed by a macrophage (Figure 2C). Interstitial haemorrhages were further demonstrated
by the presence of abundant widespread extravascular erythrocytes (Figure 2F,G) and
platelets (Figure 2H,1) in the myocardia of low-FVII mice, many of which surrounded
vessels. Blood leakage and cellular damage in heart tissue of 4 mo FVIITTATA mice is
dramatically illustrated by the gross photographic comparisons (Figure 2J,K) of EB leakage
from blood into heart tissue of FVIITTATA mice (Figure 2K), an effect absent in similarly-
treated WT mice (Figure 2J).

CD45+ cells were scarce and scattered within the myocardia of 4 mo and 12 mo heart
sections of WT mice (Figure 3A,C). In contrast, in FVIITTATTA mice of both ages, the
majority of infiltrated CD45+ cells were localized on, and adjacent to, the pericardium
(Figure 3B,D). In 4 mo WT mice, collagen was distributed only around heart vasculature
(Figure 3E-G), as expected. However, in low FVII-mice (Figure 3H-J), collagen deposition
extended from the pericardium into the myocardium, with some distribution near the
endocardium, in both the LV and RV. Collagen deposition in hearts was significantly greater
in 12 mo low-FVII mice than in WT mice (Figure 4A-E), and greater than that in 4 mo
FVITATA mice (Figure 3H-J). The collagen is clustered in areas of inflammatory cells.

Quantitative differences in CD45+ cells, hemosiderin, and collagen between hearts of 4 mo
WT and FVIITTAMTA mice are noted from the data of Figure 5A—C, and are significantly
higher in the FVIITTATA mice. That hemosiderin is the likely result of phagocytosis of RBC
by macrophages is confirmed by the greatly increased macrophage counts in 4 mo
FVIITATA heart tissue (Figure 5D), as compared to WT hearts, where no bleeding was
observed.

VWF/SMC+ vessels were counted to compare the contributions of vessels to collagen levels
(Figure 5E,F). Average vessel numbers in both 4 mo and 12 mo FVIITTATA mice were
greater than in WT mice, although these low numbers of vessels are not sufficient to
significantly contribute to overall collagen levels in the severely fibrotic FVIITTATTA 12 mo
mice.
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Markers of fibrosis and ECM remodelling

Q-RT-PCR analyses of mRNA levels encoding some key proteins relevant to cardiac
fibrosis revealed higher TNF-a mRNA levels in the hearts of 12 mo FVIITTATA mice
compared to WT mice (Figure 6A). Further, the abundance of MMP-2, MMP-3, MMP-9,
and MMP-12 mRNA transcripts (Figure 6B—E) in the hearts of FVIITTATTA mice was higher
than in WT mice hearts at both ages. TIMP-1 mRNA was also elevated in the hearts of
FVIITTATA mice compared to WT mice (Figure 6F), indicating this inhibitor of MMPs may
be affecting dynamic matrix remodelling. To determine whether the higher mRNA levels of
MMPs led to increased protein levels, immunohistochemical staining was employed for a
key fibrotic response protease, MMP-9, in heart tissue of 4 mo mice. WT mice showed no
detectable MMP-9 immunostaining (Figure 6G), whereas tissue from FVIITTATA mice
stained intensely for MMP-9 (Figure 6H). This increased MMP-9 level suggests that
increased degradation of myocardial collagen and other components of the ECM was
occurring. The significantly early enhanced level of TGF-f mRNA in FVIITTATTA mice
(Figure 61) further supported the finding of early development of cardiac fibrosis in low-
FVII mice.

Temporal development of cardiac fibrosis in FVIITTATA mice

To further determine the mechanistic events in the formation of fibrosis, we examined
temporal relationships between bleeding, inflammation, and the development of heart
fibrosis in the low-FVII mice. At 5 wk of age, FVIITTATA mice showed normal histology of
heart tissues. However, 1/7 of these FVIITTAYTA mice showed intensive bleeding, as
demonstrated by the accumulation of RBC and platelets outside the vessels and within the
myocardium (Figure 7A,B). This area of bleeding was associated with abundant CD45+-
leukocyte infiltration (Figure 7C). In contrast, this mouse presented neither haemosiderin
nor collagen deposition (Figure 7D,E). Further investigations of mice at 6 wk of age showed
3 out of 4 mice had extensive bleeding (Figure 7F). Considerably increased CD45+-
leukocyte infiltration was seen compared to the 5 wk mouse (Figure 7G). At 6 wk,
cardiomyocytes showed massive necrosis, with many anuclear cells and loss of transverse
striations (Figure 7F), but only faint indications of collagen staining (Figure 7H) and
haemosiderin deposition (Figure 71), suggestive of limited fibrosis at this age. Hearts of
another three FVIITTATTA mice were examined at 8 wk of age. All of these had extensive
haemosiderin deposition (Figure 7J), mostly distributed throughout the epicardium, and all
hearts stained intensely for collagen (Figure 7K). These mice showed mature collagen
deposition and fibrosis, but fewer RBC and diminished leukocyte infiltration (Figure 7L).

These studies support the hypothesis that vascular dysfunction leads to bleeding, which then
initiates fibrosis. In support of this, TEM studies of 6 wk WT (Figure 7M,N) and
FVIITTATA mouse tissue (Figure 70,P), revealed numerous abnormal blood vessels in
cardiac tissue of the low-FVII mice. EC {{Ed Query define EC}} were branched throughout
the cardiac tissue, migrating through cardiomyocytes (Figure 70), and likely degrading the
ECM, cell membranes, and the myofibrils that they encountered. RBC were found outside
these abnormal vessels, suggesting that leakage from forming blood vessels had occurred
(Figure 70). In comparison, blood vessels in WT mice were found in interstitial spaces
between cardiomyocytes, often surrounded by a conspicuous collagenous matrix (Figure
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7M). Fibrotic areas of the LV in the low-FVII mice contained phagocytic macrophages and
fibroblasts (Figure 7P). No extravascular blood cells were observed in the WT tissue (Figure
7 M,N).

Discussion

In this report, we have focused on heart pathophysiology as a site for expression of
abnormalities involving the FVII system, using mice with a very low level of FVII. The
significantly reduced EF, FS, and CO values in FVIITTATA mice were consistent with
advanced ventricular dysfunction; one explanation of which involves active inflammatory
and fibrotic processes that result in ventricular stiffness, as was observed, which
compromises filling. It has been proposed that in low-TF mice, mechanical disruption of
vessels, and poor ability to achieve haemostasis in the low-FVII mice, compared to WT
mice, led to bleeding and haemosiderin deposition [5]. However, this is mitigated by studies
(data not shown) demonstrating that cardiac fibrosis is not observed in fibrinogen-deficient
mice. Thus, other explanations have been sought.

The FVII/TF complex has been shown to elicit intracellular signalling through protease
activated receptors (PARS) [15], leading to inflammatory responses that, in turn, can cause
an imbalance of cytokines, e.g., TGF-B, and damage to cardiomyocytes. To further
distinguish these possible signalling effects from the bleeding events in causing cardiac
fibrosis in FVIITTATA mice, we performed mRNA analysis at time points sufficiently early
(3 wk) such that cardiac fibrosis was not detectable by histological analysis in 3 wk
FVIITTAMTA mouse heart sections. The results showed similar levels of TGF-p and TNF-a,
as well as MMP levels, in the FVIITTATTA mice as compared to WT mice. These results
suggest that the observed inflammatory responses in the heart tissues, and the imbalance of
protease activity in 4 mo and 12 mo FVIITTATA mice, were secondary to the bleeding
events.

Levels of profibrotic TGF- were significantly higher in low-FVII mice than in WT mice at
4 mo of age, and this may lead to further activation and/or differentation of macrophages
and fibroblasts, initiating collagen secretion that persists beyond 4 mo of age in low-FVII
mice. Evidence of active remodelling of the ECM is provided by the increased mRNA levels
for a variety of MMPs, in particular MMP-2 and MMP-9 proteases that are important
participants in matrix remodelling and fibrillar collagen catabolism [16]. The transcript
levels of MMP-3 and MMP-12 were also substantially increased at both timepoints in
FVITTATA compared to WT mouse hearts, indicating the involvement of other ECM
components in the process of fibrogenesis. Expression of the MMP inhibitor, TIMP-1, was
also enhanced at the mRNA level in 12 mo mice, likely reflecting the dynamic state of ECM
remodelling.

Studies of the time course of cardiac fibrosis suggested that this pathology was sequential.
Bleeding and leukocytes appeared at 5 wk of age, continued at 6 wk, and diminished at 8
wk. Neither haemosiderin nor collagen deposition was found at 5 wk, but began at 6 wk, and
matured at 8 wk. These events indicate that bleeding preceded leukocyte infiltration, and
both bleeding and inflammation occurred prior to haemosiderin formation and collagen
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deposition. Thus, cardiac fibrosis in FVIITTATA mice originates from cardiac bleeding,
which in turn recruits leukocytes into heart tissue. This inflammatory response then induces
collagen synthesis and secretion, resulting in the observed necrosis of cardiomyocytes and
collagen deposition, hallmarks of cardiac fibrosis.

FVIIa/TF, and resulting downstream proteases, can also provide non-haemostatic functions
critical for maintaining the integrity of blood vessels by eliciting cellular signalling and EC
function via PARs [15, 17]. Thus, cardiac fibrosis in FVII-compromised mice might result
from defective vessels that are more likely to leak. The leaky vasculature, plus the impaired
ability of FVIITTATA mice to limit bleeding, can lead to excessive haemorrhage. This
abnormal vasculature was demonstrated by the malformed, angiogenic-like vessels in
FVIITAMTA mice at 6 wk of age, with RBCs found outside of these vessels, suggesting
bleeding, followed by inflammation and collagen deposition.

In conclusion, this study supports a role for FVII in mouse heart that includes control of
inflammation, microvascular bleeding, vessel integrity, and interstitial collagen deposition
that would otherwise result in stiffness in heart ventricular walls. Thus, the ultimate result of
a severe lack of FVII is massive cardiac fibrosis resulting in diastolic and systolic cardiac
dysfunction.
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Figure 1.
Ultrasound evaluation of cardiac function in FVIITTATA mice. Representative M-mode

images from the short-axis view of the LV of 12 mo (A) WT and (B) FVIITTAMTA mice.
Anterior wall (a), posterior wall (p) wave motions. Doppler waveforms of the blood velocity
obtained at the mitral valve level in (C) WT mice and (D) FVIITTATTA mice. AO refers to
aortic outflow, E and A refer to early and late filling of the LV, respectively. (E, F) Doppler
waveforms of the blood velocity at the main pulmonary artery in (E) WT and (F)
FVIITTATA mice. A white bar is indicated in each as a marker of the peak blood velocities.
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Figure 2.
Histochemistry and immunohistochemistry to detect spontaneous bleeding in hearts of low-

FVII mice. (A,B) Prussian Blue staining (100x) of (A) WT) and (B) FVIITTATTA mice at 4.
The arrows in B point to haemosiderin deposits (blue). (C) Electron micrographic detail
(3500x) of a macrophage (arrow) from the LV in an area of a haemosiderin deposit in a 4
mo mouse heart section. Approximately 6 erythrocytes (an example is labeled €) containing
electron-dense iron deposits are seen phagocytosed by the macrophage. Also crumpled
membranes of an erythrocyte are observed in a nascent siderosome (s). A collagen-rich
matrix (c) is also abundant in the area. The macrophage nucleus is labelled (n). (D, E)
Prussian Blue staining (100x) of (D) WT and (E) FVIITTATA mice at 12 mo. Haemosiderin
deposits are clearly seen in E (blue). (F, G) H & E staining of heart tissue sections in 4 mo
(F) WT and (G) FVIITTALTA mice (200x magnification). The arrows point to RBC
surrounding vessels, showing leakage of blood into heart tissue in the FVIITTATA moyse.
(H, 1) Bleeding is also evidenced by the positive (brown) immunostaining for P-selectin in
heart tissue sections in 4 mo (1) FVITTAMTA mice, as compared to (H) control WT heart
tissue (200x). (J, K) Gross photographs of hearts of (J) WT and (K) FVIITTATTA mice at 4
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mo of age old after Evans blue injection. Photographs were taken at 6x magnification using
a surgical dissecting microscope.
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Figure 3.
Histological identification of cardiac inflammation and fibrosis in hearts of 4 mo

FVIITAMTA mice. (A-D) Immunostaining for infiltrated CD-45+ cells (brown) in cardiac
tissue. Panels A and B show anti-CD45 immunostains of 4 mo (A) WT and (B) FVIITTATA
mice (100x). Panels C and D display anti-CD45 immunostains (brown) of 12 mo (C) WT
and (D) FVITTATTA mice (100x). (E-J) Histological identification of collagen in hearts of 4
mo FVIITTATA mice. Masson’s trichrome staining of collagen (blue; 20x). Brightfield
images of picro-Sirius Red staining (red) from 4 mo (F) WT and (1) FVITTATA (1) mice
(60x). Epifluorescence detection (red) of collagen in hearts of 4 mo WT (G) and FVIITTATA
(J) mice hearts (40x). In E-G, the arrows point to collagen surrounding normal vessels.
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Figure4.
Collagen deposition in hearts of 12 mo FVIITTATA mice. Low-resolution brightfield images

of picro-Sirius Red staining (red) in (A) 12 mo WT and (B) 12 mo FVIITTATA mice. In B,
the arrows indicate locations of some of the collagen deposits in the LV, RV and the
interventricular septal wall (20x). Masson’s trichrome staining of collagen (blue) in heart
sections from (C) 12 mo WT and (F) 12 mo FVIITTAMTA mice (20x). Higher resolution
brightfield images of picro-Sirius Red staining (red) in (D) 12 mo WT and (G) 12 mo
FVIITTATA mice (60x). Epifluorescence detection (red) of collagen in hearts of (E) 12 mo
WT and (H) 12 mo FVIITTAMTA hearts (40x). In C, D, and E, the arrows point to collagen
surrounding normal vessels.
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Figureb5.
Quantitative assessment of markers of cardiac inflammation, bleeding, and fibrosis in

FVIITTAMTA mice at 4 mo and 12 mo of age. (A) CD45, (B) haemosiderin, (C) collagen, (D)
macrophage, (E) SMC+ vessel counts in the LV, with (F) an example of a 4 mo FVIITTATA
mouse heart section image (400x) used for counting. In this case, the arrowheads point to
some of the vessels present. The quantitative data were obtained from morphometric
analysis of histology sections (n = 6, 5, 4, and 4 hearts). At least 3 sections/mouse were
counted for 4 mo WT, 4 mo FVIITTAMTA 12 mo WT, and 12 mo FVIITTATA counts,
respectively.
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Figure®6.
Q-RT-PCR analysis of transcripts associated with tissue remodelling and fibrosis in

FVIITAMTA mice. Results for mRNA levels of (A) TNF-a (B) MMP-2, (C) MMP-3, (D)
MMP-9, (E) MMP-12, and (F) TIMP-1. (G and H) Immunohistochemical staining of
MMP-9 in 4 mo of age (G) WT and (H) FVIITTATTA mouse hearts (100x). (1) Transcript
levels of TGF-B in heart tissue. The black and grey bars represent values of WT and
FVIITTATA mice, respectively. Data are shown as the mean + S.E.M, n = 5, for WT mice,
and n = 6 for FVIITTATTA mice at 4 mo of age; n = 4 for WT and n = 4 for FVIITTAMTA mice
at 12 mo of age. *P<0.05.
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Figure7.
Time course of development of cardiac fibrosis in FVIITTATA mice. (A-E) Histology of

FVIITTATA hearts at 5 wk of age. (A) H&E staining (100x). (B) Anti-P-Selectin
immunostaining (100x). The arrows point to platelet accumulation (brown). (C) Anti-CD45
staining (100x). Abundant brown-stained cells indicate CD45*-leukocyte infiltration. (D)
Picro-Sirius Red staining (100x). (E) Prussian Blue staining (100x). (F-I) Histology of
FVITATA hearts at 6 wk of age (100x). (F) H&E staining. (G) Anti-CD45 immunostaining
(H) Picro-Sirius Red. (1) Prussian Blue. (J-L) Histology of FVIITTATTA hearts in 8 wk mice
(100x%). (L) Prussian Blue. (K) Picro-Sirius Red. (L) Anti-CD45 immunostaining for
leukocytes. (M—P) TEM images of the LV of 6 wk of age WT (M and N) and FVIITTA/TA
(O and P) mice. (M) Intact blood vessels (bv) containing red blood cells (rbc) are seen in the
ventricular parenchema within the collagenous matrix (*) in the WT specimen (2000x). (N)
Active blood vessels (bv) are located in the interstitial space (1) between cardiomyocytes
(cm) and do not modify the morphology of the cardiac cells (3500%). (O and P) The LV of
FVIITTATA mice. (O) Cardiomyocyte (cm)-containing RBC from a forming vessel.
Extravascular RBC can also be seen in the area. An endothelial cell can be seen in recently
formed vessels as well as endothelial cell processes (arrow) (3000x). (P) A fibrotic area of
the LV. Macrophages (m) with included phagocytic vesicles after cell debris clearance and
abundant fibroblasts (f) embedded in a rich collagenous matrix (*) are present. Cm surround
the fibrotic areas (2500x).
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Table 1

Q-RT-PCR primers and probes for quantification of mMRNA levels

Target MRNA  Primers/Probes  Sequences (5-3) Amplicon Size (bp)

MMP-2 FP TGTTGGGGGAGATTCTCACTTTG 90
RP CCATCAGCGTTCCCATACTTTAC
Probe AGCTGTGGACCCTGGGAGAAGGACA

MMP-3 FP GACGATGATGAACGATGGACAG 104
RP GCCTTGGCTGAGTGGTAGAG
Probe TCCTGGTTGCTGCTCATGAACTTGGCCACT

MMP-9 FP CTCGAGGGCTTCCCTCTG 83
RP GGCCTTGGGTCAGGCTTAG
Probe AGACGGCATCCAGTATCTGTATGGTCGT

MMP-12 FP GAGCAGTGCCCCAGAGG 80
RP ACGCTTCATGTCCGGAGTG
Probe TGGATGAAGCGGTACCTCACTTACAGGATC

TIMP-1 FP CTGTGGGGTGTGCACAG 93
RP CCCACGAGGACCTGATCC
Probe ACTGGAGAGTGACACTCACTGTTTGTGGA

TIMP-4 FP GCAAAGACCCTGCTGACAC 91
RP TGAATATCCTTGGCCTTCTCGAAC
Probe ACTGATCCGGTATGAAATCAAACAGATAAAGATGT

TGF-B FP CAGAAATATAGCAACAATTCCT 257
RP AAGGGCCGGTTCATGTCATGGA
Probe TACAGGGCTTTCGATTCAGCGCTCACT

TNF-a FP CCCCAAAGGGATGAGAAGTTC 100
RP GCTTGTCACTCGAATTTTGAGAA
Probe TCATCAGTTCTATGGCCCAGACCCTCA

PAI-1 FP GACACCCTCAGCATGTTCATC 218
RP AGGGTTGCACTAAACATGTCAG
Probe TCCTGCCTAAGTTCTCTCTGGAGACTGAAG

RPL19 FP ATGTATCACAGCCTGTACCTG 233
RP TTCTTGGTCTCCTCCTCCTTG

Probe

TTTCGTGCTTCCTTGGTCTTAGACCT

FP, Forward primer; RP, reverse primer.
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Table 2

Echocardiographic measurements of cardiac function of WT and FVIITTATA mjgea

Parameter WT FV|TTALTA WT FVII{TARTA
4 months 12 months
HR 470 +103 477 £ 35 494 +73 506 + 25
HW/BW (mg/g) 49+02  5g94+03*  47x03 3407
HW (mg) 149.6+24 1568+32 183127 9035476
BW (g) 304+17 265+12  387%26 335440
M-Mode Measurements
LVDs, mm 297£013 292+012 3.16+015 3044 048"
LvDd, mm 4134009 373+009° 448%015 391+ 040"
LVVs, L 355+3.6 341+£32 39.8+4.4 37.9+13.6
Lvvd, pL 762+36 goo+30° 9L5£72  g794+151F
LVSV, uL 407+23  ,51+11% 5L7%50 3pg9+35F
LVEF, % 545+34  418+29° 564%31 450440
LVFS, % 284£22 01416 295:21  9pg45g*
CO, mL/min 198+12 118406 250+14  q40425"
TEI-Index 0.78+0.09 1 05+0.08"
Doppler Measurements
MV-E/A 147£0.09 113+017"
PA-PV, mm/s 1144 +146 7514 105"
PA-MV, mm/s 666 + 84 429 +57°
PA-VTI, cm 395+0.44 5744033
PV-PG, mm Hg 592+141 5554079

aValues represent mean + SEM, n = 8 for WT mice and n = 10 for FVIItTA/tTA mice at 4 mo of age; n =4 for WT and n = 5 for FVIItTA/rrA

mice at 12 mo of age.

*
P<0.05 for pairwise comparisons between WT and FVI ITTARTA mice,

bTable abbreviations: HR, heart rate; HW, heart weight; BW, body weight; LVD, end-systole LV diameter; LVDd, end-diastole LV diameter;
LVSV, LV stroke volume; LVEF, LV ejection fraction; LVFS, LV fractional shortening; CO, cardiac output; MV-E/A, mitral valve E wave/A
wave ratio; PA-PV; pulmonary artery-peak velocity; PA-MV; pulmonary artery mean velocity; PA-VTI, main pulmonary arterial velocity-time
integral; PV-PG, pulmonary V peak gradient measured as outflow at the main pulmonary artery.
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