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SUMMARY

The formation of cartilage in aortic valves of Syrian hamsters was studied using histological,
histochemical and immunohistochemical techniques. The sample consisted of 281 specimens
aged 0-363 days, all of which had a normal (tricuspid) aortic valve. The first sign of valvular
chondrogenesis is the presence of small groups of cells embedded in a type Il collagen-positive
matrix. These groups of cells, which can appear as early as one day after birth, increase in size
and differentiate into hyaline cartilage or fibrocartilage. From the fourth day of life, all
hamsters examined displayed cartilaginous foci in the aortic valve. They were located along
the fibrous attachments of the valve leaflets to their respective sinuses, including the valve
commissures. A considerable proportion (76%) of cartilages formed within the first 40 days of
life, that is during the period of time in which the histogenesis of the valve takes place. The
present observations are consistent with the assumption that in mammals, the precursors of
the aortic valve chondrocytes are neural crest-derived cells. Results of a statistical analysis
substantiate that the incidence is significantly higher in (1) the territory that comprises the
collagenous condensation of the ventral commissure and the ventro-lateral and proximal
fibrous attachments of the right leaflet to its sinus, and (2) the proximal fibrous attachment
of dorsal leaflet to its sinus. These findings together with data in the literature concerning the
distribution of stress in each leaflet-sinus assembly of the valve during the cardiac cycle,
suggest that mechanical action might play an inductive role in the formation of the
cartilaginous tissue in the aortic valve of mammals. In addition, they point to the possibility
that locally intense mechanical stimulation is responsible for the differentiation of the
anticipated cartilaginous tissue into hyaline cartilage.
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INTRODUCTION

The presence of cardiac cartilage has been reported in several reptilian, avian and
mammalian species (see Matumoto (1938), Kashyap (1959), White (1956, 1959),
Kelsall and Visci (1970), Webb (1979), Young (1994) and Sans-Coma et al. (1994) for
reviews of the literature). Much of this work is concerned with the incidence, location,
size, shape, histological features, and function of the cartilaginous loci occurring in
adult animals. However, information about the morphogenesis of the loci is still scarce.
Up to now, this process has been studied in the aorticopulmonary septum of the
Spanish terrapin (Lépez et al. 2003), in aortic and pulmonary valves of chick and quail
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(Stiefel 1926; Matumoto 1938; Tsusaki et al. 1956; Sumida et al. 1989; Lopez et al.
2000), and in pulmonary valves of Syrian hamsters (L6pez et al. 2001).

In the Syrian hamster, the presence of cartilage in the aortic valve is a regular event
(Kelsall and Visci 1970; Sans-Coma et al. 1994), whereas occurrence of cartilaginous
deposits in the pulmonary valve is less frequent (Lopez et al. 2001). In the pulmonary
valve, the formation of cartilaginous foci can start as early as one day after birth (L6pez
et al. 2001). In contrast, Sans-Coma et al. (1994) detected no cartilaginous deposit in
aortic valves from Syrian hamsters aged less than 40 days using histological
techniques. They claimed, however, that further investigations should be done to
decide when chondrogenesis starts in the aortic valve of this rodent species.

On this basis, we conducted a study to illustrate the ontogeny of the cartilaginous
tissue that develops in aortic valves of Syrian hamsters. Our ultimate goals were: 1) to
gather new data on the appearance, differentiation, and structural features of the
cartilaginous foci with regard to their location in the valve, and 2) to gain insight into
the factor or factors implicated in the formation of cardiac cartilage. The study was
carried out in young and adult hamsters, which were examined using histological,
histochemical and immunohistochemical techniques.

MATERIAL AND METHODS
Animals

The Syrian hamsters examined belonged to a family subjected to systematic
inbreeding by crossing siblings. As described elsewhere (Sans-Coma et al. 1994;
Fernandez et al. 2000), the incidence of anomalous aortic valves is relatively high in
this inbred family. However, the present study concerned 281 specimens (132 male;
149 female), aged 0-363 days, possessing normal (tricuspid) aortic valves. They were
taken at random from a single substrain in which the incidence of cartilaginous tissue
in aortic valves of adult specimens was 100%.

All hamsters were handled in compliance with the international policies for animal
care and welfare. They were housed in polypropylene cages in a room in which both
the temperature and photoperiod were controlled. Commercial mouse food
(UAR/Panlab s. 1. A.04) and water were given as required, starting at weaning. There
was no known exposure of the animals to teratogenic agents.

The hamsters were sacrificed by overdosing with chloroform or with carbon dioxide
at a concentration of 75%, delivered into a chamber. One hundred forty-six hearts were
examined using histological, histochemical and immunohistochemical techniques for
light microscopy. In the remaining 135 specimens, a wholemount immunostaining
technique was used for the detection of type Il collagen.

Histological and histochemical techniques or light microscopy

Hearts were removed after perfusion with 0.02 M phosphate buffered saline (pH
7.3), fixed by immersion in Bouin's solution (ratio of fixative to tissue volume = 80:1),
and embedded in Paraplast (Sigma Chemical Co., England). Serial sections,



transversely, longitudinally, or sagitally cut at 10 gin, were stained with haematoxylin-
eosin and Mallory's trichrome stains for a general assessment of the histological
features of the valve components, with Weigert-van Gieson stain for the detection of
elastin, and with 0.05% alcian blue 8GX in 0.05 M acetate buffer (pHS.8) plus 0.65 M
magnesium to identify sulphated glycosaminoglycans (see: Scott and Dorling 1965).
Another procedure applied was picrosirius for the detection of collagen (Junqueira et
al. 1979).

Immunohistochemical technique for the detection of type H collagen

This technique was used considering that synthesis of type Il collagen is a cartilage-
characteristic event (Miller and Matukas 1969; Miller 1976; Kosher 1983; Hall and
Miyake 1992, 1995), even though type Il collagen is also produced by several
nonchondrogenic cell types (see Kosher (1983) and Swiderski et al. (1994) for
extensive reviews of the literature).

The removed hearts were washed in phosphate buffered saline and fixed by
immersion in Bouin (ratio of fixative to tissue volume = 80:1). Then, the specimens
were embedded in Paraplast, and transversely cut at 10 gm. Sections were dewaxed
in xylene, hydrated in an ethanolic series, and washed in Tris-phosphate buffered
saline (TPBS, pH 7.8). Thereafter, the tissues were digested for 30 min-1 h at 37°C
with 0.5% papain in phosphate buffer (pH 4.7). Endogenous peroxidase activity was
guenched by incubation with 3% hydrogen peroxide in TPBS for 30 min. After washing
in TPBS, nonspecific binding sites were saturated for 30 rain with 10% sheep serum
and 1% bovine serum albumin in TPBS (SB). Sections were then incubated overnight
at 4°C in the monoclonal antibody CIIC1 (Developmental Studies Hybridoma Bank,
University of lowa), which is specific for type Il collagen, diluted in SB. Control slides
were incubated in SB or in nonimmune rabbit serum diluted 1:200.

After incubation, the sections were washed in TPBS (3 x 5 min), incubated for 1 h
at room temperature in biotin-conjugated anti-mouse IgG (Sigma) diluted 1:100 in
TPBS, washed again, and incubated for 1 h in ExtrAvidin®-peroxidase conjugate
(Sigma) diluted 1:150 in TPBS. Peroxidase activity was developed with Sigma Fast®
3,3'-diaminobenzidine tablets, according to the instructions of the supplier. In several
cases, the sections were counterstained with haematoxylin.

Type H collagen whole mount immunostaining technique

Removed aortic valves were transferred to Cornwell™ centrifuge tubes, fixed by
immersion in Bouin’s solution, washed with TPBS, and permeated in acetone. The
tissues were then digested in proteinase K and papain. Finally, the specimens were
processed following the protocol used for the detection of type Il collagen in tissue
sections, starting from the incubation with the primary antibody. A more detailed
description of this procedure is given in Lopez et al. (2001).

Statistical method

The Student t-test and the y2-test were used. In both cases, a probability of 0.05 or

less was required as evidence of a significant difference.



Nomenclature

The nomenclature used for aortic valve components is that of Angelini et al. (1989),
McKay et al. (1992), Sans-Coma et al. (1996), and Hokken et al. (1997). The terms
proximal and distal are used to describe the location of these components with regard
to the ventricles.

RESULTS

Anatomical findings. All hamsters examined possessed a normal aortic valve. It had
three aortic sinuses, right, left and dorsal, three leaflets, and a fibrous interleaflet
triangle between each adjacent leaflet, so that overall three interleaflet triangles were
present in the subaortic outflow tract. In 81 (29%) of the 281 specimens, the ventral
commissure, between the right and left leaflets, was slightly fused. Yet, in the Syrian
hamster, this valvular arrangement is considered to be within the spectrum of
anatomical normality (Sans-Coma et al. 1996).

Cartilaginous deposits occurred at different sites of the fibrous attachments of the

valve leaflets to their respective aortic sinuses. For a clear presentation of these
findings, we made a diagram in which 12 topographic regions of the aortic valve are
considered (Fig. 1). The following description of these topographic regions refers to
the adult condition of the aortic valve.
Regions VC, RDC and LDC are the three collagenous condensations of the aortic wall
which constitute the most distal extensions of the valvular commissures and which,
more proximally, where the leaflets emerge from the arterial wall, bulge into the arterial
lumen. VC corresponds to the collagenous condensation of the ventral commissure,
RDC to that of the right-dorsal commissure, and LDC to that of the left-dorsal
commissure.

Regions R1, R2, L1, L2, D1 and D2 are the lateral fibrous attachments of the leaflets
to the aortic sinuses. R1 and R2 correspond, respectively, to the ventral and dorsal
lateral attachments of the right leaflet, L1 and L2 to the dorsal and ventral lateral
attachments of the left leaflet, and D1 and D2 to the right and left lateral attachments
of the dorsal leaflet.

Regions R3, L3 and D3 are the proximal attachments of the leaflets to their
respective sinuses. R3 corresponds to the proximal attachment of the right leaflet; it
consists of fibrous tissue inserted into the myocardium of the ventricular septum. L3
corresponds to the proximal attachment of the left leaflet; it is composed of fibrous
tissue that merges with that of the left fibrous trigone and the myocardium of the left
ventricle free wall. D3 corresponds to the proximal attachment of the dorsal leaflet; it
is made of fibrous tissue which is continuous with that of the right fibrous trigone.

In the present hamsters, no differences related to sex were observed with regard to
the occurrence of cartilage in the aortic valve. Therefore, male and female data have
been pooled.

The first event which could be related to cartilage formation was the appearance of
small groups of cells embedded in a type Il collagen-positive extracellular matrix (Fig.



2A). This occurred in 6 (21.4%) of the 28hamsters aged 1 day (Table 1). In each
specimen there was a single type 1l collagen-positive cellular group. It was situated in
the ventral commissure (region VC) in 3 cases. In another case, it was located in the
ventro-lateral attachment of the right leaflet to its supporting sinus (region R1). In the
remaining 2 cases, the group occupied two regions, VC and R1, and was computed in
each of them (Table 1).

Type Il collagen-positive cellular groups of similar or slightly larger size (Fig. 2B) were
present in 13 (50.0%) of the 26 animals aged 2 days and in 14 (56.0%) of the 25
animals aged 3 days (Table 1). In 21 (77.8%) of these 27 hamsters having cardiac
cartilages there was a single type Il collagen-positive cellular group. In the remaining
6 (22.2%) cases there were two groups.

The 25 hamsters aged 4 to 40 days possessed cartilaginous deposits in the aortic
valve (Table 1). The cartilaginous tissue appeared in all topographic regions, except
for the dorso-lateral attachment of the left leaflet to its supporting sinus (region L1). In
the animals aged 4 to 9 days, most cartilaginous deposits were larger than in the
preceding stages. However, the deposits could only be assessed using
immunohistochemical techniques (Figs. 2C, D). Several type Il collagen-positive
cellular groups were embedded in a remarkably developed fibrous cellular matrix, a
fact which hindered their detection when using conventional histological procedures.
In the animals aged 10 to 40 days, the cartilaginous loci varied in size and histological
condition. Some of them consisted of a small group of cells surrounded by a type II
collagen-positive matrix. Other deposits were composed of a high amount of
chondrocytes embedded in an extracellular matrix that contained a considerable
amount of glycosaminoglycans (Fig. 2E). The remaining deposits were made up of
small rows of cells surrounded by a type Il collagen-positive matrix and were contained
within a meshwork of collagen fibres (Fig. 2 F).

All of the 151 hamsters aged 41 days and older had cartilaginous loci in the aortic
valve. The distribution of such foci, according to the topographic regions, is given in
Table 1. The cartilaginous tissue was detected by means of the type 1l collagen whole
mount immunostaining technique in 135 specimens. In the remaining 16, it was
observed in tissue sections.

Histologically, two types of deposits could be recognized, namely, hyaline cartilages
and fibrocartilages. The hyaline cartilages were composed of chondrocytes embedded
in a type Il collagen positive-matrix that stained metachromatically with haematoxylin.
They displayed a thin perichondrium composed of collagen fibres that ran in a
circumferential direction and contained one or two layers of flattened cells. The hyaline
cartilages were mainly located in the valve commissures and in the proximal
attachments of the leaflets to their respective sinuses (regions R3, L3 and D3. Fig. 2
G). They also occurred in the right and left lateral attachments of the dorsal leaflet to
its sinus (regions D1 and D2), although in a very limited number of specimens.
Presence of hyaline cartilage in any other topographic region must be regarded as an
uncommon event. Most hyaline deposits displayed a nodular shape, varying in size.



Those located in the proximal part of the dorsal sinus wall (region D3) often appeared
as C-shaped bars.

The fibrocartilages consisted of a few rows of cells embedded in a type Il collagen-
positive matrix (Fig. 2H) and were contained within a meshwork of collagen fibres and
a few elastic fibres. The arrangement of these deposits widely varied, ranging from an
isolated, small deposit to a series of concatenated loci which extended along a variable
number of adjacent topographic regions. In the latter cases, the loci were computed
as a single focus for statistical purposes. The fibrocartilages were prevalent in the
lateral attachments of the leaflets to their respective sinuses (regions R1, R2, L1, L2,
D1 and D2); they rarely occurred in other valvular regions.

Statistical analysis. In the specimens aged 4 to 40 days, the number of
cartilaginous foci occurring in the aortic valve ranged between 1 and 4, while in those
aged 41 days or older, itranged from 1 to 5. The mean values and standard deviations
were 2.16+0.80 for the first group of specimens and 2.84 + 1.13 for the second group.
This difference between means is statistically significant at p < 0.001 (Student-t test).
From these computed mean values (2.16 versus 2.84) it can be inferred that about
76% of the valvular cartilaginous foci formed within the first 40 days of life.

To test for any association between the incidence of cartilaginous foci and their
location in the aortic valve y? contingency test was performed under the null hypothesis
that they are independent events. The test was carried out for the specimens aged 41
days and older (Table 2). The computed value of the g 2 statistics is 183.15, with 11
degrees of freedom. Therefore, the null hypothesis is rejected at p < 0.001. As is also
given in Table 2, the major departures from homogeneity are: (1) the relatively large
fraction of specimens with cartilaginous foci in the ventral commissure (VC), in the
ventro-lateral (R1) and proximal (R3) attachments of the right leaflet to its sinus, and
in the proximal attachment of the dorsal leaflet to its sinus (D3); (2) the relatively small
proportion of foci in the right-dorsal commissure (RDC), in the right lateral attachment
of the dorsal leaflet to its sinus (D1) and in the dorso-lateral (L1) and proximal (L3)
attachments of the left leaflet to its sinus. These results are shown diagramatically in
Figures 3 A and 3 B.

DISCUSSION

Matumoto (1938) stated that the cartilages occurring in aortic valves of mammals
develop after birth. This assumption relies on the fact that he detected no cartilage in
embryonic hearts from laboratory rats. Hollander (1968) reported that in R-Amsterdam
rats, cartilaginous foci appear in the proximal wall of the dorsal aortic sinus from the
second week of life.

The present findings prove that in the aortic valve of the Syrian hamster, the
formation of cartilaginous tissue can start from the first day of life, as is also the case
in the pulmonary valve of this species (Lopez et al. 2001). The earliest sign of
chondrogenesis in the aortic valve is the appearance of small groups of cells



embedded in a type Il collagen-positive extracellular matrix. Thereafter, these groups
of cells increase in size and differentiate into hyaline cartilage or into fibrocartilage.

Sans-Coma et al. (1994) detected no cartilaginous loci in Syrian hamsters aged less
than 41 days. In contrast, the present findings indicate that a considerable percentage
(76%) of loci appear within the first 40 days of life, that is during the period in which
the histogenesis of the valve takes place (Sans-Coma et al. 1994). Nonetheless, the
number of cartilaginous loci was significantly higher in the hamsters aged 41 days or
older than in those aged 4 to 40 days, denoting that formation of new cartilages in the
aortic valve continues after the sixth week of life.

The cartilaginous loci occurring in the cardiac semilunar valves of birds originate
from neural crest-derived cells (Sumida et al. 1989; Bachnou et al. 1996) of
nonmuscular nature (Lopez et al. 2000) which invade the cardiac outflow tract during
its septation (Hiruma and Hirakow 1992; Yablonka-Reuveni et al. 1995, 1998;
Bergwerff et al. 1996, 1998; Waldo et al. 1998, 1999). Cells from the neural crest have
been adduced as possible precursors of the chondrocytes occurring in the aortic and
pulmonary valves of the Syrian hamster (L6pez et al. 2001). The present findings are
consistent with this hypothesis in showing that in the aortic valve, the cartilages
develop along the attachments of the leaflets to their respective sinuses, where, in
mammals, neural crest cells are present during both the embryonic (Waldo et al. 1999;
Jiang et al. 2000) and postnatal life (Jiang et al. 2000).

In the cardiac semilunar valves of birds (L6pez et al. 2000), chondrogenesis starts
during embryonic life with the formation of the so-called prechondrogenic
condensations. They consist of a considerable number of loosely packed
mesenchymal cells, embedded in a type Il collagen- positive extracellular matrix, and
can be well recognized in tissue sections using histological techniques. The cellular
condensations become converted into hyaline cartilage or fibrocartilage (Lopez et al.
2000). We were unable to detect any conspicuous prechondrogenic condensation in
the aortic valves of the present Syrian hamsters. This is also the case for the pulmonary
valve of this species, where cartilage formation does not involve the aggregation of
large numbers of cells prior to their differentiation into chondrocytes (Lopez et al.
2001).

The present findings show that in the aortic valve of the Syrian hamster, the
cartilaginous foci are not confined to the ventral wall of the valve and the dorsal aortic
sinus, as reported in previous papers (Kelsall and Visci 1970; Sans-Coma et al. 1994).
The cartilaginous tissue can develop in any part of the sinus boundaries. These are
the valvular portions to which are transmitted the large stresses generated by the valve
leaflets along the cardiac cycle (Broom 1988). The stress is distributed in each leaflet-
sinus assembly as if a circumferential continuity exists between the leaflet and the
sinus (Thubrikar 1990). Hence, mechanical action appears to be a factor that might
induce the formation of cartilage in the aortic valve. This agrees with the viewpoints of
Hueper (1939), Hollander (1968) and Sans-Coma et al. (1994), and contradicts our
former speculation (Lopez et al. 2001), based on the study of a limited number of



cases, that the cartilages occurring in cardiac semilunar valves of Syrian hamsters, i.e.
pulmonary valves, are not primarily due to mechanical tensions, since these tensions
would have operated over a too short period of time when the cartilage begins to
develop.

Most of the cartilaginous foci that form in the lateral attachments of the leaflets to
their respective sinuses differentiate into fibrocartilages, whereas the hyaline cartilages
usually occur in the valvular commissures and proximal attachments of the leaflets. In
this regard, it should be noted that during ventricular systole, each aortic sinus is under
the combined influence of two mechanical factors that produce opposite effects.
Increased aortic pressure increases the diameter of the sinus at the level of the
commissures, while contraction of the left ventricle reduces the diameter at the level
of the sinus bottom (Thubrikar 1990). In contrast, during ventricular diastole, the shape
of the sinuses adapts so that the sinus and the leaflet together become a self-sustained
unit to contain the pressure within, thereby preventing the concentration at any given
point (Thubrikar 1990). These facts suggest that the relationship between the condition
of the cartilaginous tissue and the aortic valve topography relies on the large stresses
generated by the ventricular systole in the commissures and sinus bottoms. These
stresses might induce the differentiation of the developing cartilaginous tissue into
hyaline cartilage.

The number of hamsters aged 1 to 40 days reported herein was too small to apply
any statistical analysis in order to seek any association between the occurrence of
cartilaginous tissue and its location in the aortic valve. Nonetheless, the data given in
Table i already indicate that chondrogenesis takes place earlier in the ventral wall of
the valve, and especially in the ventral commissure, than in other valvular topographic
regions. In addition, they prove that the ventral commissure and the proximal portion
of the dorsal aortic sinus are the valvular regions which show greater predisposition to
develop cartilaginous tissue during the first six weeks of life.

The results of the ¥? contingency test substantiate that in the aortic valves of the
hamsters aged 41 days and older, the incidence of cartilaginous deposits is not at
random. It is significantly higher in the two valvular regions in which cartilage had been
recorded in previous studies (Kelsall and Visci 1970; Sans-Coma et al. 1994), namely,
(1) in the territory that comprises the collagenous condensation of the ventral
commissure and the ventro-lateral and proximal fibrous attachments of the right leaflet
to its sinus, and (2) in the proximal fibrous attachment of dorsal leaflet to its sinus (Fig.
3 A). The high incidence of cartilaginous foci in these two regions might be the product
of intense mechanical tensions generated during the cardiac cycle following the dorso-
ventral plane of the heart (Fig. 3 B).

In summary, the present findings suggest that mechanical action might play an
inductive role in the formation of the cartilaginous tissue in the aortic valve of mammals.
In addition, they suggest that locally intense mechanical stimulation is responsible for
the differentiation of the anticipated cartilaginous tissue into hyaline cartilage.
Nonetheless, it is well known that the incidence of valvular cartilage varies widely



between species and between individuals of the same species (Matumoto 1938;
Hueper 1939; Hollander 1968; Wexler 1964; Sans-Coma et al. 1994; Lopez et al.
2001). This denotes that, as in reptiles (Matumoto 1938; Kashyap 1959; Young 1994)
and birds (Matumoto 1938; Tsusaki et al. 1956; Lopez et al. 2000), the presence of
cartilage is not a prerequisite for normal performance of the valve. Thus, the true
functional significance of the valvular cartilage is still an open question. Moreover, it
remains uncertain why some neural crest cells occuring in the sinus boundaries of the
cardiac semilunar valves differentiate into chondrocytes, while others do not.

The possible role of the genotype in the development of the aortic valve cartilages
is unknown, and the present findings allow no speculation on this topic. All the
specimens reported herein belonged to a substrain in which the incidence of
cartilaginous tissue in aortic valves of adult specimens amounts to 100%. It is known,
however, that not all Syrian hamsters form cartilage in the aortic valve. Sans-Coma et
al. (1994) detected cartilaginous foci in only 51% of 169 hamsters aged 40 to 771 days.
This suggests an area for further study, namely, the elucidation of whether the
presence or absence of valvular cartilage is a characteristic influenced by genes. At
this point in time, however, a significant limitation in this study is that no breeding
experiments based on pre-known phenotypes can be performed, because the
occurrence of valvular cartilage can only be assessed after the death of the animals.
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Table 1. Cartilage in aortic valves of Syrian hamster

Agein . 0 Topographic regions of the aortic valve

days | " |"™ | ® | vc Roc IDC R1 R2 R3 1 L2 13 DI D2 D3
0 26 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 28 6 1.4 5 0 0 3 0 0 0 0 0 0 0 0
2 26 13 50.0 2 0 0 7 0 2 0 2 1 0 0 1
3 25 14 56,0 1 0 0 7 1 4 0 3 0 0 2 3
4-40 25 25 |100.0 11 1 3 14 4 10 0 9 1 5 9 18
>40 151 | 151 | 100.0 | 128 43 66 95 62 | 90 |12 | 78 |38 |53 | 85 | 128

n = number of specimens examined; nC* = number of specimens with cartilaginous deposits
in the aortic valve. See the text and figurel for the definition of the topographic regions of the
aortic valve.

Table 2. Contingency table of location of the cartilaginous foci in the aortic valve and results of
the %2 contingency test E = expected values; O = observed values: tn = total number of
cartilaginous foci; 1 = p < 0.001; 2 = p < 0.05. See the text and figure 1 for the definition of the
topographic regions of the aortic valve.

VvC RDC LDC R1 R2 R3 L1 L2 L3 D1 | D2 D3 12
128 43 66 95 62 90 12 78 38 53 | 85 | 128 |878
73.2 73.2 732 | 732 | 73.2 | 73.2 73.2 73.2 73.2 73.2|73.2| 73.2 | 878

41.02 | 1246 | 0.71 | 6.492 | 1.71 | 3.862 | 51.17' | 0.31 | 16.93! |5.572|1.90|41.02* 183.15

E = expected values; O = observed values: tn = total number of cartilaginous foci; 1 = p <0.001;
2 =p < 0.05. See the text and figure 1 for the definition of the topographic regions of the aortic

valve.




Fig. 1. Location of the topographic regions of the aortic valve. See the text for the definition of
each region. DS = dorsal aortic sinus; LS = left aortic sinus; RS = right aortic sinus.
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Fig. 2. Transverse (A-F, H) and longitudinal (G) sections of aortic valves from Syrian hamsters. A-D, F,
H: Type Il collagen immunostaining, counterstained with haematoxylin-eosin; E: Alcian blue stain; G:
Weigert-van Gieson stain.

A: Age = 1 day. The arrowheads indicate a small cellular group surrounded by a type Il collagen-positive
extracellular matrix, located in the ventral commissure (region VC). B: Age = 2 days. The arrowheads
point to a group of cells embedded in a type Il collagen- positive extracellular matrix, located in the
ventral commissure (region VC). C: Age = 10 days. Two groups of cells surrounded by a type Il collagen-
positive extracellular matrix are present, one (arrow) in the right lateral attachment of the dorsal leaflet
to its sinus (region D1), near the right dorsal commissure, and the other (arrowhead) in the left lateral
attachment (region D2), near the left dorsal commissure. D: Age = 10 days. An aggregation of cells,
embedded in a type Il collagen-positive matrix, is located in the ventral commissure (region VC). E: Age
= 25 days. A cartilaginous deposit is located in the ventral commissure (region VC), extending to the
adjacent regions (regions R1 and L2). F: Age = 35 days. A small group of chondroblasts surrounded by
a type Il collagen-positive matrix is located in the front of the left-dorsal commissure (star; region LDC).
G: Age = 136 days. A deposit of hyaline cartilage (arrow) is located in the proximal attachment of the
right leaflet to its sinus (region R3). H: Age = 179 days. A fibrocartilage (arrowheads) is located in the
dorso-lateral attachment of the right leaflet (region R2). DS = dorsal aortic sinus; LS = left aortic sinus;
RS =right aortic sinus. Bars: F-H = 25 utm; A-E =50 um; G =100 um.
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Fig. 3. A: Open cut view of the aortic valve, showing the topographic regions with significantly
higher incidence of cartilaginous foci (black areas). B: View of the cardiac valves after
dissecting the atria and great vessels. The topographic regions of the aortic valve with
significantly higher incidence of cartilaginous foci are indicated in black. AV -- aortic valve; DS
= dorsal aortic sinus; LS = left aortic sinus; MV = mitral valve; PV = pulmonary valve; RS =
right aortic sinus; TR = tricuspid valve.
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