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ABSTRACT

Background: Ehlers-Danlos-Like Syndrome (EDS) is a rare disease in small animals, whose diagnosis is based on the
clinical findings and histopathological examination. The definitive diagnosis may require transmission electron microscopy.
Despite this, the ultrastructural changes are poorly described in the literature. The aim of the present study is to describe the
ultrastructural findings of collagen fibers and fibroblasts present in the dermis of two animals with EDS, and to evaluate
the digital measurement of the diameter of the collagen fibers by transmission electron microscopic images.

Cases: Two animals were evaluated with EDS by transmission electron microscopy. The first animal was an 1-year-old
mixed breed female cat, due to spontaneous skin laceration, increased skin elasticity and an extensibility index correspond-
ing to 25%. The second animal evaluated was a 5-month-old Golden Retriever female dog due to articular hypermobility,
increased skin elasticity and an extensibility index corresponding to 16.6%. After a skin biopsy of the interscapular and
lumbar regions, the samples were fixed in formalin 10% and glutaraldehyde for, respectively, histopathological examina-
tion by HE staining, and transmission electron microscopy. The histopathology of the affected cat revealed collagen fibers
shortened and sometimes fragmented. The histopathology of the affected dog revealed disarranged and more eosinophilic
staining collagen fibers. The collagen fibers were also of unequal sizes, shortened and slightly undulate. At the transmis-
sion electron microscopy of the affected cat was evidenced a greater spacing of the collagen fibers of variable diameters.
Further this, the fibroblasts showed elongated nuclei with heterochromatic regions, which was surrounded externally by
scant cytoplasm. The cytoplasm showed elongated and discrete organelles. At the transmission electron microscopy of the
affected dog was evidenced a greater spacing of the collagen fibers of variable diameters. Further this, fibroblasts exhibited
intense cytoplasmic vacuolization with similar appearance to that found in the dying process by autophagy. In addition, the
images obtained by transmission electron microscopy were submitted to digital analysis to measure the diameter of the col-
lagen fibers using the software Image J. For this purpose, it was obtained the average of the diameter of 10 collagen fibers
in cross-section into four quadrants of 1um each. The digital analysis of collagen fibers revealed significant alterations in
the ultrastructure of collagen. In addition, it was verified cellular changes, such as the large amount of intracytoplasmic
vesicles and the small amount of collagen fibers dispersed around the cells.

Discussion: Microscopic abnormalities visualized by HE staining in this present study were compatible with the litera-
ture Transmission electron microscopy is fundamental to confirm the suspicion, since it revealed dermal alterations in the
ultrastructure of collagen and fibroblasts. These findings indicate possible failure mechanisms of secretion and release of
cellular products, as well as collagen. The digital measurement of the diameter of the collagen fibers contributed to the
confirmation of the disease, since it was made randomly and reduced the subjectivity inherent of the evaluator. However,
there are no studies using this method to allocate a range of significance for the diameter of collagen fibers that may be
considered suggestive for the syndrome in small animals.
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INTRODUCTION

The Ehlers-Danlos-Like Syndrome (EDS)
consists of a hereditary and congenital disease that
affects connective tissue and the metabolism of colla-
gen and elastic fibers [4,6,7,9,10,13]. It is described
in dogs and cats and its occurrence is considered rare
[3,7,11,15,16]. In dogs, the disease may be related to
a heterozygous mutation of the COL5A1 gene [3]. In
cats, however, the disease may be related to a recessive
inheritance associated to breeds [7].

The diagnosis is fundamentally based on his-
tory, clinical findings, as increased skin elasticity and
suggestive extensibility index (greater than 14.5% and
19%, respectively in dogs and cats), and on histopatho-
logical examination of the skin by Hematoxylin and
Eosin (HE) staining [1,6,17]. However, the definitive
diagnosis may require transmission electron microsco-
py, since it can reveal alterations in the ultrastructure
of collagen fibers [3,5-7,9,13,15,17].

Despite this, the ultrastructural abnormalities
in affected animals are poorly described by the literatu-
re that does not provides objective comparative bases,
in whom the diagnosis could be grounded. Hence, the
aim of the present study is to describe the ultrastructu-
ral findings of collagen fibers and fibroblasts present
in the dermis of 2 animals with EDS. In addition, it
was intended to evaluate the digital measurement of
the diameter of the collagen fibers as a possible com-
plementary diagnostic method of Ehlers-Danlos-Like
Syndrome in small animals.

CASES

Case 1. An 1-year-old mixed breed female
cat was evaluated due to spontaneous skin laceration,
increased skin elasticity and an extensibility index
corresponding to 25%.

After a skin biopsy of the interscapular and
lumbar regions, the samples were fixed in formalin
10% and glutaraldehyde for, respectively, histopatho-
logical examination by HE staining1, and transmission
electron microscopy.

The histopathology of the affected cat revealed
collagen fibers shortened and sometimes fragmented,
located in the superficial and middle dermis. No ab-
normalities were found in the epidermis.

At the transmission electron microscopy of
the affected cat was evidenced a greater spacing of
the collagen fibers at the longitudinal section of the

superficial dermis. The collagen fibers were also
fragmented and disposed on a disorganized way. In
addition, at the transverse section it was verified disor-
ganized collagen fibers of variable diameters, characte-
rized by some fibers with a very reduced or increased
diameter, intercalated to regular ones (Figure 1).

Further this, the fibroblasts in both the epi-
dermis and dermis showed elongated nuclei with
heterochromatic regions in small quantity, adhered
to its envelope, which was surrounded externally by
scant cytoplasm. The cytoplasm showed elongated and
discrete organelles, predominantly represented by en-
doplasmic reticulum, mitochondria and some vesicles.
The extracellular matrix near the cells had a moderate
amount of collagen fibers arranged irregularly and with
twisted appearance (Figure 2).

The digital analysis to measure the diameter of
the collagen fibers was performed using the software
Image J?. For this purpose, it was obtained the average
of the diameter of 10 collagen fibers in cross-section
into 4 quadrants of 1 pm each. The average diameter
of the collagen fibers of the affected cat corresponded
to 0.05 ym + 0.02 um.

Case 2. A 5-month-old Golden Retriever fe-
male dog was evaluated due to articular hypermobility,
and with historic of several past orthopaedic disorders,
including atraumatic rupture of the cranial crucial liga-
ment and craniodorsal hip joint luxation. In addition,
the animal presented increased skin elasticity, and the
extensibility index value was corresponding to 16.6%.

After a skin biopsy of the interscapular and
lumbar regions, the samples were fixed in formalin
10% and glutaraldehyde for, respectively, histopatho-
logical examination by HE staining', and transmission
electron microscopy.

The histopathology of the affected dog revealed
atrophic epidermis with areas composed of one or two
layers of keratinocytes. In the dermis were observed di-
sarranged and more eosinophilic staining collagen fibers
of unequal sizes, shortened and slightly undulate. The
spaces between the collagen fibers were also increased.

At the transmission electron microscopy of the
affected dog was evidenced a greater spacing of the
collagen fibers at the longitudinal section of some areas
of the superficial dermis. In addition, at the transverse
section it was verified a homogeneous pattern of frag-
mented and disorganized collagen fibers of variable
diameters (Figure 1).
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Figure 1. Transmission electron microscopy of the clinically affected animals. A- Longitudinal cut of the clinically affected cat. Note the disorganized
and fragmented collagen fibers. B- Transversal cut of the clinically affected cat. Note the important difference in the diameter of the collagen fibers.
C- Longitudinal cut of the clinically affected dog. Note the disorganized and fragmented collagen fibers. D- Transversal cut of the clinical affected dog.

Note the mild difference in the diameter of the collagen fibers.

Besides that, fibroblasts exhibited intense cyto-
plasmic vacuolization with similar appearance to that
found in the dying process by autophagy, characterized
by the presence of numerous vacuoles and vesicles of
different sizes and heterogeneous content, and dilated
endoplasmic reticulum endosomes. The nuclei showed
irregular contours and heterochromatic regions betwe-
en the euchromatin. The extracellular matrix showed
few irregularly arranged collagen fibers of variable
sizes and diameters (Figure 2).

The digital analysis to measure the diameter of
the collagen fibers was performed using the software
Image J*. For this purpose, it was obtained the average
of the diameter of 10 collagen fibers in cross-section
into four quadrants of 1 pm each. The average diameter
of the collagen fibers of the affected dog corresponded
to 0.08 um = 0.02 pm.

DISCUSSION

The general increase in skin elasticity and the
index of skin extensibility above the acceptable value,
presented in the reported cases, are highly suggesti-
ve of EDS and contributed to the disease diagnosis
[2,3,5,7,10,11,17].

Additionally to clinical findings, histopatho-
logical examination by HE staining contributes to the
disease diagnosis [5,6,13,17]. Microscopic abnorma-
lities visualized in this study were compatible with the
literature [5,6,8,13,15,17].

Transmission electron microscopy was also
fundamental to confirm the suspicion, since it revealed
dermal alterations in the ultrastructure of collagen and
fibroblasts [3,5-7, 9,13,15,17]. Both affected cat and
the dog had significant cellular changes, such as the
large amount of intracytoplasmic vesicles and the small
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Figure 2. Transmission eletronic microscopy of the clinical affected animals. A- Fibroblast of affected cat. B- Fibroblast of affected dog. Note elongated
nuclei with heterochromatic regions and discrete organelles, predominantly represented by endoplasmic reticulum, mitochondria and some vesicles.

amount of collagen fibers dispersed around the cells.
These findings indicate possible failure mechanisms
of secretion and release of cellular products, as well
as collagen [13] and/or cellular autophagy, a process
common in stress management of most eukaryotic cells
[14]. The poorly defined molecular mechanisms invol-
ved in the autophagy process result in the formation
of vesicles called autophagosomes, which can engulf
entire regions of the cytoplasm, individual organelles,
protein aggregates, and invading pathogens [14]. It
is believed that the nature of the ESD mechanisms
for autophagy in these cases may be involved in the
engulfment of protein aggregates.

The digital analysis images enabled the mea-
surement of the diameter of collagen fibers, that tend
to be decreased or different sizes in animals with EDS.
These findings may be due to deficient synthesis of the
enzymes responsible for the processing of the precursor
molecules of collagen. The direct result of this is a di-
sorganized aggregation of collagen fibrils that originate
collagen bundles of lower or different diameters than
the collagen bundles of healthy animals [3,5,7,12,17].

The digital measurement of the diameter of the
collagen fibers could contribute to the confirmation of
the disease, since it can reduce the subjectivity inherent
of the evaluator. However, there are no studies using
this method to allocate a range of significance for the
diameter of collagen fibers that may be considered
suggestive for the syndrome in small animals. Further
studies with larger sample size are required for valida-
tion of this possible complementary diagnostic method.
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