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Abstract  

Shar peis are affected by hereditary cutaneous hyaluronosis (HCH), a condition caused by an 

increased synthesis of hyaluronic acid (HA) by dermal fibroblasts secondary to high HA synthase 2 

enzymatic activity. In this study, different microscopic techniques were used to better characterize 

at cellular level the process of HA synthesis in cultured dermal fibroblasts from shar peis with HCH 

and from control dogs. By optical microscopy, the actively synthesizing fibroblasts from shar peis 

adopted a rounded form different from elongated fibroblasts from control animals. By fluorescence 

microscopy, HA accumulated in diseased fibroblasts, not only extracellularly in a tangled network, 

but also intracellularly in dense particles at the edge of the cells and in a diffuse pattern. In 

fibroblasts from control dogs, HA fluorescence was less intense both extracellularly and 

intracellularly. This fluorescence disappeared after 70 min of digestion of living cells with 

hyaluronidase, as demonstrated by time-lapse microscopy. By transmission electron microscopy, 

fibroblasts from shar peis revealed a high number of intracellular dense vesicles corresponding to 

lysosomes, whereas in control dogs few lysosomes were detected. By scanning electron 

microscopy, numerous slender cell membrane protrusions, resulting from ongoing HA synthesis, 

were demonstrated in shar peis, whereas in control dogs these microvilli were less diffusely 

distributed. In shar peis, these observations were indicative of cells with a highly active HA 

metabolism. Altogether, these findings further confirmed the key role of dermal fibroblasts and HA 

in the pathogenesis of HCH, and they demonstrated that shar pei dermal fibroblasts constitute a 

useful model to investigate HA synthesis and metabolism. 

 

Introduction 

Shar pei dogs are unique among dog breeds. They are known to be affected by hereditary 

cutaneous mucinosis, a disease manifested as wrinkled and thickened skin, puffy muzzle and/or 

multiloculated vesicles.1 These clinical findings are due to an excessive dermal deposition of 

hylauronic acid (HA), a large unsulfated glycosaminoglycan produced in the skin by dermal 

fibroblasts.2,3 As consequence, the term hereditary cutaneous hyaluronosis (HCH) should be used 

to better describe this entity.  

HA is synthesized by three different related hyaluronan synthases (HAS1-HAS2-HAS3) on the 

inner surface of the plasma membrane to be then extruded out of the cell into the extracellular 



space.4-8 When retained at the cell surface, it can form a pericellular matrix or coat, a micrometer-

thick space between the plasma membrane and the extracellular matrix that can be visualized 

using a suspension of fixed erythrocytes. Intermingled in this transition zone, there are also 

ectodomains of integral membrane glycoproteins and proteoglycans.9,10 Many cell types normally 

without a visible pericellular space, can exhibit one by transfection of HAS11,12 or  after stimulation 

by epidermal growth factors that activate HAS2.13  It means that its diameter correlates with the 

levels of HA synthesis and that its structural integrity is sensitive to inhibitors of HA synthases.14-16 

This coat acts as a highly hydrated environment that protects cells, regulates their spacing during 

developmental processes, facilitates their migration, and when its production is rapid, cell mitotic 

detachment and rounding of cells may be promoted.9 Recent studies using live cell staining have 

demonstrated that inherent features of HA coats are slender membrane protrusions that largely 

result from ongoing HA synthesis and that act as a scaffold for the same coat.17 Scanning electron 

microscopy of smooth muscle cells revealed these strands as extremely thin structures periodically 

decorated by large granules corresponding to proteoglycans.18  

In addition to its role in the extracellular matrix, HA is also present intracellularly as a tangled 

flocculent network.19-21 This increased cytoplasmic distribution may result from the uptake of the 

extracellular HA in cells that have been stimulated to proliferate or it is possible that a synthase 

localized on an intracellular membrane could be oriented to secrete HA in the cytoplasm.19  

Despite this background, there are no reports regarding shar peis that describe how the increased 

HA synthesis that has been shown to occur in consequence of the increased HA synthase-2 

mRNA transcription by dermal fibroblasts,22 could regulate cellular morphology.  

Therefore, the first aim of this study was to detect the pericellular matrix in cultured dermal 

fibroblasts from both shar pei and control dogs using a particle exclusion assay. Secondly, we 

sought to localize HA extracellularly and intracellularly using confocal scanning laser microscopy 

technique and, in order to provide a visual evidence of HA digestion after hyaluronidase treatment, 

we analyzed live cells by time lapse microscopy. Finally, transmission electron microscopy and 

scanning electron microscopy were used in order to better interpret the interactions that fibroblasts 

could establish with the surrounding extracellular environment.  

 

Materials and methods 

Study population 

Fourteen shar pei dogs from three Spanish shar pei breeders, ranging in age from 2 to 3.5 years, 8 

of them females and 6 males, and 5 healthy dogs from other breeds (3 Labradors, one German 

Shepherd and one mixed breed), all of them females, ranging in age from 2 to 3 years and used as 

controls, were involved in this study. All shar peis were evaluated at the Veterinary Teaching 

Hospital of the Universitat Autònoma of Barcelona and considered to be affected by hereditary 

cutaneous hyaluronosis manifested as thickening, non-pitting puffy skin and wrinkling on the 

forehead, withers and extremities. All dogs were considered clinically healthy on the basis of 

normal results of clinical examination, blood and urine analysis. In the shar peis, skin biopsies were 

taken from the dorsal line using 6 to 8-mm punch biopsy under local anaesthesia. Skin samples 

from control dogs were instead obtained from the ventral region while animals underwent 

ovariohysterectomies. Prior to the initiation of the present study, procedures were approved by the 



breeders of shar pei dogs, owners of the control dogs and by the Ethical Committee of the 

Universitat Autònoma of Barcelona. 

 

Fibroblast cultures 

Skin samples were washed with phosphate-buffered saline (PBS) solution, chopped into 1 mm3 

fragments, and incubated for 140 min in 15 ml of medium per gram of tissue consisting of 

Dulbecco’s modified Eagle’s medium (DMEM), containing 300 mg/ml bovine albumin (Sigma, St. 

Louis, MO, USA), 8 mg/ml protease, 12 mg/ml hyaluronidase, 1 mg/ml DNAse  (Sigma), 20 mg/ml 

bacterial collagenase (Gibco, BRL/Life Technologies, Rockville, MD, USA) and supplemented with 

100 IU/ml penicillin and 100 μg/ml streptomycin.  

 

After digestion, cells were washed with PBS, resuspended in DMEM supplemented with 10% fetal 

calf serum, 100 IU/ml penicillin and 100 µg/ml streptomycin, and grown in a humidified atmosphere 

at 37ºC with 5% CO2. Growth medium was changed twice weekly until cultures reached 

subconfluent cell density (70-80%). Cells were observed daily under a Nikon Eclipse TS100 

inverted microscope and images acquired by a digital camera Nikon D200 at magnification of 40. 

Finally, cells (2 x 105/dish) were seeded on glass coverslip cultures dishes in 10% foetal bovine 

serum (FBS) DMEM and coverslip cultures were used for immunofluorescence staining.  

 

Demonstration of pericellular matrix in fibroblast cultures 

This technique was accomplished by means of a particle-exclusion assay as previously 

described.23 Canine red blood cells were fixed in 10% formalin, washed, suspended in PBS (108 

cells/ml), introduced into sparse (50% confluence) fibroblast culture of both shar pei and of 

controls, and allowed to settle for 15 minutes at 37°C with the plate on the microscope stage. 

Images were viewed under inverted microscope with 20 and 40 objectives and recorded by 

photomicrographs.  

 

Immunofluorescence analysis 

Coverslip cultures were fixed with 3% paraformaldhehyde (Sigma), 60 mM saccharose in 0.1 M 

phosphate buffer (PB) for 30 minutes. Samples were permeabilized with 0.25% triton X-100 

(Sigma) in PBS for 15 minutes and blocked with 1% bovine albumin. To localize HA, cells were 

stained with 50 µl/ml of biotinylated HA binding protein (bHABP) (Seikagaku, Tokyo, Japan) at a 

concentration of 1:100 at 37°C for 1 hour. After 3 washes with PBS, 50 µl of Streptavidin Alexa 

Fluor® 488-conjugate (Molecular Probes, Invitrogen, Eugene, OR, USA) were used as secondary 

label. Cell nuclei were counterstained with Hoechst 33342 (Molecular Probes, Eugene, OR, USA) 

and cell membranes labelled with CellMask™ (Invitrogen, Eugene, OR, USA). The coverslips were 

then mounted with Fluoroprep mounting medium (bioMérieux, Marcy l’Etoile, France) and stored at 

4°C in the dark until analysis. Controls for specificity of HA staining included digestion of cells with 

2 U/ml of hyaluronidase from Streptomyces hyalurolyticus (Sigma) in 50 mM NaAc 150 mM NaCl 

pH 6 buffer for 1 hour at 37ºC prior permeabilization.  

 



Confocal scanning laser microscopy 

The micrographs of fibroblast cells were obtained using a spectral confocal Leica TCS SP5 AOBS 

(Leica Microsystems, Mannheim, Germany) with an objective Plan-Apochromatic 63 (NA 1.4, oil). 

Alexa 488 was excited at 488 nm (argon laser) and detected between 500 and 535 nm, 

CellMaskTM stain was excited at 633 nm (helium-neon laser) and detected between 656 and 789 

nm, and Hoechst 33342 was excited at 405 nm (blue diode) and detected between 410 and 450 

nm. Bi-channel images were acquired in an x-y plane at different intervals along the z-axis. 

 

Time lapse microscopy and live cell imaging 

Cells seeded in 35-mm glass-bottom MatTek dishes (MatTek Corporation, Ashland, USA) were 

directly coupled to the fluorescent hyaluronan binding complex, obtained after dissolving the 

biotinylated HA binding protein in 0.5 ml of 0.1 mM NaAc and incubating it for 2 hr with stirring in 

Alexa Fluor® 488-conjugate. The probe was dissolved in PBS and diluted to 5 µg/ml final for use. 

Cell nuclei were counterstained with Hoechst 33342 (Molecular Probes) at 10 µg/ml and cell 

membranes with CellMaskTM at 5 µg/ml. The specificity of the staining for HA was controlled by 

removing HA with 2 U/ml from hyaluronidase. The images (size of 1024 x 512 pixels, with a 2 line 

average and a pinhole of 300 µm) were kept at 36ºC temperature and 5% CO2 atmosphere, with a 

TCS-SP2 AOBS spectral confocal microscope (Leica Microsystems Heidelberg GmbH; Mannheim, 

Germany) using a Plan-Apochromatic 63 objective (NA 1.4, oil).The time-lapse was performed for 

10 hours taking 3 horizontal optical sections every 10 minutes.  

 

Transmission electron microscopy  

Cells were trypsinized, centrifuged and the resulting pellet fixed in 2.5% glutaraldehyde and 2% 

paraformaldehyde in PB. They were kept in the fixative for 24 h at 4°C, washed with PB and 

postfixed with 1.0% osmium tetroxide in PB containing 0.8% potassium ferricyanide at 4ºC. Once 

dehydrated in acetone, cells were infiltrated with Epon resin over 2 days. Blocks were then 

embebbed with the same resin and polymerised in an oven for 48 h at 60°C. Ultrathin sections 

were obtained using a Reichert-Jung Ultracut E ultramicrotome (C. Reichert, Vienna, Austria) and 

mounted on Formvar-coated cooper grids. Finally sections were stained with 2% uranyl acetate in 

water and lead citrate, and analyzed using a JEM-2011 transmission electron microscope (Jeol 

LTD, Tokyo, Japan) with an integrated CCD camera system. 

 

Scanning electron microscopy 

Cells grown on 13-mm coverslips were fixed with 2.5% glutaraldehyde and 2% paraformaldehyde 

in PB for 2 h at 4ºC. Then they were washed with PB and postfixed with 1% osmium tetroxide in 

PB buffer containing 0.8% potassium ferricyanide at 4ºC. Finally, samples were further washed 

with PB and dehydrated through a graded series of ethanol. After critical point drying, cells were 

photographed on a JSM-3600 scanning electron microscope (Jeol LTD, Tokyo, Japan). 

 



Results 

Fibroblast cultures and pericellular matrix 

By using the inverted microscope Nikon Eclipse TS100 at 40/0.55, subconfluent fibroblast cells 

from shar peis tended to have a rounded shape (Figure 1A) in contrast with the elongated, 

flattened morphology observed in control dogs (Figure 1B). By using the particle exclusion assay, 

fibroblast cells from shar pei showed to exclude fixed erythrocytes from their surface. Indeed, a 

clear zone was demonstrated between erythrocytes and fibroblast cell membrane (Figure 2A). 

Fibroblast cells from control dogs did not show this feature. In this latter case the red blood cells 

settled immediately adjacent to the fibroblast cell surface (Figure 2B). 

 

Confocal scanning laser microscopy 

Transmitted light images (also taken with the CSLM, using the 488 nm laser line from the Argon 

Laser) showed that rounded fibroblasts from shar pei were expanded on their surface by long 

protrusions (Figure 3A) that disappeared after digestion of the cells with Streptomyces 

hyalurolyticus hyaluronidase (Figure 3B). Elongated cells from controls showed short protrusions 

projecting out from the cell surface (Figure 3C) that also disappeared after hyaluronidase treatment 

(Figure 3D). Fluorescein-labelled HA was detected in rounded fibroblasts of shar peis as a tangled 

flocculent green network diffusely distributed around the cells and also intracellularly (Figure 4A). 

Fibroblasts labelled with CellMaskTM dye, showed broad expanded protrusions extending from the 

cell membrane (Figure 4B) such as also evidenced in micrographs obtained after merging of 

images (Figure 4C). The extracellular green fluorescence disappeared after digestion of cells with 

hyaluronidase (Figure 4D), and a retraction of cell membrane protrusions was observed especially 

in fibroblasts labelled with CellMaskTM cell membrane dye (Figure 4E) such as in micrographs 

obtained after merging of images (Figure 4F).  

In control dogs, elongated fibroblasts appeared weakly stained extracellularly by a green 

fluorescence. This fluorescence was also weakly intense intracellularly and without formation of 

dense particles (Figure 5A). Short membrane protrusions were also detected and better evidenced 

after labelling cells with CellMaskTM dye (Figure 5B) and after merging of images (Figure 5C). 

Green staining disappeared after digestion of cells with hyaluronidase (Figure 5D), and a retraction 

of the short membrane protrusions was better observed after labelling cells with CellMaskTM cell 

membrane dye (Figure 5E) and after merging of images (Figure 5F).  

In the permeabilized cells of shar peis, there was a prominent cytoplasmic fluorescence that 

appeared both in dense green particles at the borders and in a diffuse pattern throughout the 

cytoplasm of cells (Figure 6A). Cells were also labelled with CellMaskTM cell membrane dye (Figure 

6B) and green fluorescence was also observed in micrographs obtained after merging of images 

(Figure 6C). In fibroblasts from controls, green fluorescence was always diffuse but appeared less 

intense and without formation of dense peripheral particles (data not shown). 

 

Time lapse confocal microscopy 

Hyaluronidase applied on living cells, labelled with biotinylated HA binding protein, with CellMaskTM 

membrane dye and Hoechst 33342 nuclei dye, gradually removed hyaluronan green fluorescence 



from fibroblasts from shar peis, until to obtain the total disappearance of fluorescence after 70 

minutes from digestion together with a retraction of cell membrane protrusions (Figure 7).  

 

Transmission electron microscopy (TEM) 

Rounded fibroblasts from shar peis showed multiple long tortuous and convoluted lamellipodia-like 

protrusions polarized on a side of the cell and showed to establish connections with neighboring 

cells. Intracellularly, multiple spherical dense particles, lying just below lamellipodia were observed 

and considered to be lysosomes (Figure 8A). All these findings were better appreciated at higher 

magnification (Figure 8B). In fibroblasts from controls, protrusions appeared as few, thin, short 

structures diffusely distributed at cell surface and also forming connections with other cells. 

Intracellularly, dense and diffuse particles corresponding to lysosomes were observed in scattered 

fibroblasts (Figure 8C). All these findings were better appreciated at higher magnification (Figure 

8D).  

 

Scanning electron microscopy (SEM) 

In shar peis, rounded cells were observed to be covered by individual and multiple slender 

microvillus-type protrusions (Figure 9A). Dense and globular corpuscles were also observed on the 

edge of the cell from which the thread-like structures often decorated by dense particles appeared 

to emerge (Figure 9B). In controls, elongated fibroblasts showed less diffuse filamentous-like 

structures (Figure 9C), mostly extending from the flattened flanks of the cells and decorated by 

scattered granules (Figure 9D).  

 

Discussion 

The goal of the present study was to investigate how an increased synthesis of HA by dermal 

fibroblasts could influence cellular morphology and therefore the adaptive interactions that 

fibroblasts establish with the surrounding extracellular environment.  

The first finding was to observe that fibroblasts from shar peis tended to have a rounded shape 

and to produce a voluminous pericellular matrix in comparison with the elongated shape and the 

lack of coat observed in control dogs.  

In humans, visual evidence for a dynamic causal relationship between the formation of the cell coat 

and a subsequent cell detachment and mitotic cell rounding, has been demonstrated and 

hypothesized to be due to the steric exclusion properties of the same cell coat.24 To further 

corroborate this hypothesis, there is a study in time lapse microscopy in conjunction with a particle 

exclusion assay that provided a visual evidence of how a rapid pericellular matrix formation 

accompanied the detachment and rounding of cells.19 Indeed, it was concluded that when the 

formation of a concentrated HA- dependent pericellular coat on the undersurface of cultured cells 

is rapid, cells are induced to come off from the substrate to which they adhere because it is like if 

the same coat provides them a countervailing force.  

This conclusion could also relate to the same properties of the coat that, as a highly hydrated 



structure with a low content of organic material,25 functions as a lubricative anti-adhesive means 

that creates a guidance for cell migration and proliferation.19 On the contrary, when the coat is 

produced in small or no amounts, cells appear flattened and highly spread as if they need to create 

a stable structure on the substrate to which they tightly adhere.10  

In our study, for want of a treatment with hyaluronidase, we could only hypothesize that the thick 

exclusion space detected in shar peis could be the direct consequence of the increased, 

accelerated HA synthesis to which to correlate the rounding of cells. On the contrary, the elongated 

fibroblast shape, with long, trailing processes and relatively little HA-dependent pericellular matrix 

detected in controls, was hypothesized to depend on a low HA synthesis. 

Transmitted light images showed fibroblasts from shar peis with long expanded protrusions 

extending at the leading edge of the cells and disappearing after digestion with hyaluronidase. The 

same protrusions were also detected by confocal scanning laser microscopy as extending filipodia 

surrounded by a diffuse flocculent green fluorescence corresponding to HA staining. By staining 

cells with a dye specific for membranes, these protrusions proved to be extensions of the same 

cellular membrane. In controls, these extensions that also disappeared after hyaluronidase 

treatment and that were also demonstrated to be membrane-dependent, showed to be shorter and 

surrounded by a faint green fluorescence.  

Microvillus-type cell protrusions represent a distinct cellular compartment that harbours important 

regulatory functions such as contact to extracellular matrix and other cells, attachment and cell 

migration. Their induction and maintenance are completely dependent on an ongoing synthesis of 

HA by HAS, and their retraction occurs immediately after digestion with hyaluronidase, indicating 

that they are HA-dependent.26 Nevertheless, using live cell microscopy, it has been demonstrated 

that these slender extensions in different orientations could be plasma membrane protrusions 

rather than just long extended HA chains arising from a flat cell surface. In other words, it is as if 

HA attached on plasma membrane is a prerequisite for membrane protrusions, and membrane 

protrusions are required to form a scaffold for the classical HA-coat.17 

Consequently, we concluded that the broad protrusions extending from the cellular membrane of 

shar peis should serve as a support to the wide and concentrated HA extracellular distribution, 

while in controls, they were less expanded because of the lack of an active synthesis and release 

of HA in the extracellular compartment. 

A clear and tangled network-like pattern of green fluorescence was also detected in the cytoplasm 

of fibroblast cells of both shar peis and controls (although in the latter group it was less intense), in 

accordance with previous studies.22 The same fluorescence was shown to distribute as either 

diffuse network pattern or dense green particles at the edge of the cells especially in shar peis, and 

by time lapse microscopy on live cells it was demonstrated to disappear totally together with a 

retraction of cell membrane protrusions after 70 minutes from treatment of fibroblasts with 

hyaluronidase.  

A complex interplay exists between HA synthesis, internalization and degradation, and a number of 

morphological observations suggest that there may be a relationship between intracellular HA and 

mitotic processes.19-21  Indeed, HA has been associated with heterochromatin and nucleoli at which 

level signals mediating mitosis and increased motility are induced.19,27-29 Moreover, HA has been 

also demonstrated to colocalize with a lysosomal marker, indicating that it may be destined in this 

compartment for degradation.20  

In our study and as before mentioned, the fluorescein-labelled HA wasn’t restricted to nuclear zone 



but it was demonstrated diffusely distributed in the cytoplasm and also at the periphery of cells as 

dense green vesicles that were hypothesized to correspond with focal points of active HA 

synthesis. Moreover, by TEM was possible to detect a high number of intracellular dense vesicles 

that were considered to correspond to lysosomes. Vesicles were mostly distributed under profuse 

lamellipodia and were clearly more abundant in shar peis than in controls. These findings were 

considered to be compatible with a cell with a highly active HA metabolism and suggested that a 

close relationship should occur between HA synthesis, uptake and degradation.  

Scanning electron microscopy revealed that the surface of rounded fibroblasts was covered by 

individual fine strands periodically studded with bead-like corpuscles. Strands were more diffused 

on the surface of the rounded fibroblasts of shar peis than of the elongated fibroblasts of controls 

and appeared to extend from nodular and dense aggregates variously distributed on the edge of 

the cell.  

According with previous studies,19 these perpendicular strands were hypothesized to be individual 

HA chains, and the corpuscular aggregates that periodically decorate them, to be putative 

proteoglycans. Indeed, the numerous chondroitin sulfate chains of the proteoglycans have been 

considered to confer a high fixed negative charge density to the pericellular matrix and to have 

important effects on the permeability, viscosity and expansion of the coat volume.18  

Consequently, we concluded that the binding and/or crosslinking of these corpuscles along these 

fine strands would dictate the viscosity of the extracellular environment.  On the contrary, the 

nodule like structures from which the strands emanated were supposed to be one or more of the 

HA synthases or HA receptors such as reported in a recent study.30 From a certain point of view, 

these findings were also in agreement with what supposed by confocal technique.  

Taken together, the results of this work contributed to a better understanding of the mechanisms 

underlying the defect in the regulation of synthesis by HA dermal fibroblasts and to acquire new 

information on the impact that HA has on cellular behaviour in shar pei dogs.  
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FIGURES 

 

Figure 1. Subconfluent fibroblasts cell cultures examined under Inverted Nikon microscope. 

Fibroblasts from shar pei, show a rounded shape (A). Fibroblasts from control, show an elongated shape (B). 

Scale bar=40µm. 

 

 

Figure 2. Pericellular coat visualized by a particle-exclusion assay. Fibroblast from shar pei, shows to 

exclude fixed erythrocytes from the surface as indicated by the dotted line (A). Fibroblast from control, shows 

red blood cells settled immediately adjacent to the cell surface (B). Scale bar=50µm. 



 

Figure 3. Transmitted light images of fibroblasts from shar pei and control. Fibroblast from shar pei, 

shows long and expanded protrusions extending from the edge of the cell (A). Fibroblasts from shar pei, with 

projections removed after digestion with hyaluronidase (B). Fibroblasts from control, show short protrusions 

projecting out from the cell surface (C). Fibroblasts from control, with projections removed after digestion with 

hyaluronidase (D). Scale bar=40µm 

 

 

 

 

 



 
Figure 4. Hyaluronic acid cellular localization in permeabilized fibroblasts from shar pei. The 

fluorescein-labelled HA was detected as a green tangled flocculent network diffusely distributed around 

fibroblast and also intracellularly. Nuclei were counterstained with Hoechst 33342 (blue) (A). Fibroblast 

labelled with CellMask® cell membrane dye, showed broad expanded protrusions (B). Merging of both 

images (C). In fibroblasts labelled with bHABP, the extracellular green staining was digested after 

hyaluronidase treatment (D). Fibroblasts labelled with CellMask® cell membrane dye showed a retraction of 

protrusions after hyaluronidase digestion (E). Merging of both images (F). Scale bar=40µm. 

  
 



 

Figure 5. Hyaluronic acid cellular localization in permeabilized fibroblasts from control. The 

fluorescein-labelled HA was detected as a faint green extracellular staining. This staining was stronger 

intracellularly. Nuclei were counterstained with Hoechst 33342 (blue) (A). Fibroblasts labelled with 

CellMask® cell membrane dye showed short membrane protrusions (B). Merging of both images (C). 

Digestion of green staining after hyaluronidase treatment of fibroblasts labelled with bHABP (D). Fibroblasts 

labelled with CellMask® cell membrane dye showed a retraction of the short membrane protrusions (E). 

Merging of both images (F). Scale bar=40µm. 

 
Figure 6. Hyaluronic intracellular localization in hyaluronidase digested and permeabilized 

fibroblasts from shar pei. The fluorescein-labelled HA was detected as a prominent cytoplasmic staining 

that appeared both in dense green particles and in diffuse green pattern throughout the cytoplasm of 

fibroblasts. Nuclei were counterstained with Hoechst 33342 (blue) (A). Fibroblasts were labelled with 

CellMask® cell membrane dye (B). Merging of both images (C). Scale bar=40µm. 



 

Figure 7. Time lapse of living cells of shar pei treated with hyaluronidase. The fluorescence-labelled HA 

was detected as a green staining, that completely disappeared after 70 minutes from digestion with 

hyaluronidase together with a retraction of membrane protrusions (arrow). Nuclei were counterstained with 

Hoechst 33342 (blue) and cell membrane with CellMask® (red). Scale bar=40µm 



 

Figure 8. Transmission electron microscopy of fibroblasts of shar pei and control. Rounded fibroblasts 

from shar pei showed multiple convoluted lamellipodia-like protrusions polarized on a side of the cells. 

Intracellularly, presence of spherical dense particles corresponding to lysosomes (A). All these findings are 

better appreciated at higher magnification (B). In fibroblasts from control, protrusions appeared as few, thin, 

short structures diffusely distributed at cell surface. Intracellularly, scattered and less dense particles 

corresponding to lysosomes were detected (C). All these findings are better appreciated at higher 

magnification (D). Scale bar=5µm (A,C). Scale bar=2µm (B,D).  
 



 

Figure 9. Scanning electron microscopy of fibroblasts of shar pei and control. In shar pei, slender 

microvillus-type protrusions were observed to emerge from the edge of cell membrane. Presence of a 

globular, dense corpuscle on the edge of the cell (A). Thin strands that emerged from condensed particles 

were decorated by rounded granules (B). Microvillous were less diffusely distributed on the surface of the 

elongated fibroblasts of control (C) and mostly emerging from the flanks of the cell as thin strands decorated 

by scattered granules (D). Scale bar=10 µm (A,C) and 1µm (B,D). 
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