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Observations on FGF immunoreactivity in the regenerating 
tail blastema, and in the limb and tail scars of lizard

suggest that FGFs are required for regeneration
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ABSTRACT. Tail regeneration in lizards depends on the stimulation of growth factors, including Fibroblast 
Growth Factors (FGFs). Light and ultrastructural immunolocalization of FGFs was compared between the rege-
nerating tail blastema and the limb where no regeneration occurs. A likely epithelial-mesenchymal transition 
occurs following amputation in both tail and limb and FGFs are present in the wound epidermis of both organs 
at 7-14 days post-amputation, and at lower intensity in mesenchymal cells of the blastema. Immunoreactivity for 
FGFs disappears in the limb wound epidermis after 14 days post-amputation and in the epithelium covering tails 
induced to form scars, whereas it remains in the apical tail epithelium. These observations suggest that scarring 
in the limb or the induced scarring in the tail correlate with the disappearance of FGFs. Basic FGF is concen-
trated in the incomplete basement membrane between the epidermis and the tail blastema where the essential 
signaling process that allows the continuous growth of the regenerative blastema may occur. The study suggests 
that the successful regeneration of lizard tail is dependent on the presence of FGFs in the wound epidermis, 
which are probably released into the blastema. 
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INTRODUCTION

Lizards can regenerate an amputated tail while 
they cannot regenerate an amputated limb (Mar-
cucci, 1925, 1930; BarBer, 1944; Bellairs & 
Bryant, 1985; aliBardi & toni, 2005). Lizards 
represent a non-mammalian, amniote model for 
the analysis of tissue regeneration (aliBardi, 
2010a, b) closer to mammalian models than the 
amphibian model (Mesher, 1996; Geraudie 
& Ferretti, 1998; stocuM, 2006; carlson, 
2007; harty et al., 2003). These reptiles allow 
analysis of the factors that limit tissue regenera-
tion, and the results can be compared with the 
formation of scar tissue in warm-blooded am-
niotes such as mammals (aliBardi, 2010a,b).

Microscopical studies on tail regeneration have 
shown that a regenerative blastema and a large 
mass consisting of cartilaginous, fat, muscle and 
nervous tissues are formed (huGhes & new, 
1959; siMpson, 1965; cox, 1969; Bellairs & 

Bryant, 1985; aliBardi & sala, 1988). The 
blastema is the loose connective tissues formed 
above the stump from the accumulation of a mass 
of proliferating mesenchymal-like cells, which 
are covered by a regenerating or wound epider-
mis. The growth and progressive differentiation 
of cells within the blastema gives rise to the new 
tail. Conversely, in the limb, after an intense and 
lasting inflammatory response, no blastema is 
formed and the connective tissue forms scar tis-
sue as it does in mammalian wounds (BarBer, 
1944; Zicka, 1969; aliBardi, 2010a,b). 

 In the tail the nervous tissues, especially the 
spinal cord and the central ependyma, are essential 
components of the regeneration process and 
directly or indirectly stimulate the regeneration 
of the other tissues (siMpson, 1970; whiMster, 
1978; aliBardi, 2010b). Also, the presence of 
an apical wound epidermis with an incomplete 
basement membrane, separating epidermal 
cells from the underlying mesenchymal cells 
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of the blastema, is essential for the continuous 
regeneration of the tail (aliBardi, 1994a, b, 
2010a, b). It is, however, unknown whether 
in this region an exchange of trophic material 
between epidermis and dermis takes place.

It has been speculated that, as in the case 
of amphibian limb and tail regeneration, a 
neurotrophic factor may be produced from the 
nervous tissue or the ependyma, or a signaling 
molecule/s from the wound epithelium may 
stimulate the regeneration and growth of the 
surrounding tissues (siMpson, 1970; aliBardi 
& Miolo, 1990). In amphibians, among possible 
neurotrophic molecules, Fibroblast Growth 
Factors (FGFs, acidic or FGF1, and basic or 
FGF2) are the proteins that better mimic the 
action of trophic factor for regeneration of the 
limb (reviewed in Geraudie & Ferretti, 
1998). FGFs and their receptors are particularly 
localized in the wound epithelium (especially 
in the apical epidermal cup, AEC) and in the 
mesenchymal cells of the blastema in the newt 
or in the axolotl limbs (poulin & chiu, 1995; 
han et al., 2001; Gianpaoli et al., 2003).

Recent immunocytochemical studies have 
shown that the regenerating spinal cord and 
nerves of lizards also contain relatively high 
levels of FGF1 and FGF2 (aliBardi & loviku, 
2009). This observation has extended the 
importance of FGFs as stimulator molecules 
for regeneration in reptiles, whose ancestors 
included the first amniotes that evolved during 
land adaptation. Therefore the process of 
regeneration in lizards represents an interesting 
model, closer to mammals than the amphibian 
model of regeneration, to analyze the factors 
limiting tissue regeneration in amniotes, 
including mammals (aliBardi, 2010b). Since 
regeneration in lizards is inhibited by wounding 
or cauterizing the regenerating tail, which then 
turns into a cicatrizing outgrowth, the study of 
the scarring process can reveal some differences 
in the expression of specific molecules, including 
growth factors. The cicatrization of the tail 
leads to the formation of a dense and irregular 
connective tissue, which replaces the normal 

mesenchymal connective tissue of the blastema. 
It is not known whether a detectable amount 
of FGFs is also present in the limb of lizards, 
and in which tissue/s the factor is expressed in 
higher levels. In particular, the details of FGF 
immunolocalization in the wound epidermis and 
in the mesenchyme of the blastema are not known 
in lizards, and in reptilian tissues in general.

Using immunofluorescence and ultrastructural 
immuno-gold cytochemistry, the present study 
compares the localization of FGFs, in the tail 
wound epidermis and blastema mesenchyme 
with FGF localization in the limb wound in order 
to detect a possible difference in the presence of 
these growth factors that can be correlated with 
regeneration (tail) and scarring  (limb).

MATERIALS AND METHODS

The present study was conducted on a total of 
61 adult lizards (Podarcis sicula) of both sexes, 
as detailed below. The animals were kept in a 
terrarium at 25-33°C with a photoperiod of 12-
14 hours of light. The experimental procedures 
were in accordance with approved ethical 
protocols from the University of Bologna. The 
animals were kept a 4°C for 4-5 hours before 
amputation, following anesthesia using ethylic 
ether. Amputation was performed with a sharp 
razor blade at the 1/3 proximal of the rear limb, 
basically amputating most of the thigh or arm 
(about 1 mm or less was left as stump). At the 
same time also the tail was amputated at about 
1/3 proximal, by twisting the tail to exploit 
the natural fracture planes present in the tail 
(autonomous planes). The animals were left 
at room temperature (22-27 °C) in cages over 
blotting paper for at least two days, with water 
available, to allow the stump surface to form a 
dry clot.

After two days the animals were returned to 
their previous cages at 25-33°C. The stump of 
the amputated tail or limb was collected at 2 
days (n=4), 4 days (n=3), 6-7 days (n=4), 8-10 
days (n=4), 12-14 days (n=3), 16-18 days (n=3), 
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22 days (n=3), and around 30 days (n=3). Other 
cicatrix outgrowths or short cones from the 
limbs (0.5-1 mm in length) were collected at 
16 days (n=3), 22 days (n=4) and 35 days (n=5) 
after amputation. While the tail was regenerating 
by 8-18 days (2-10 mm), the limb appeared as a 
pale cicatrix at 22 and 35 days post-trauma.

Other lizards (n=12), after tail amputation and 
formation of the blastema, underwent the removal 
of 2-3 mm of the apical part of the blastema, 
which lead in some cases to the inhibition of 
regeneration. This occurred by the formation 
of a short cicatrix stump that rapidly formed 
a scaled outgrowth in the 3 weeks following 
post-removal. From some lizards (n=10), the 
fibrous scar outgrowths (at about 16 days in two 
individuals, at 3 weeks in five individuals, and 
5 weeks post-trauma in three individuals) were 
then collected and immediately fixed.

The normal blastema or regenerating cones 
and scarring outgrowths were halved with sharp 
scissors, and half of the organ was fixed with 
glutaraldehyde for morphological study, and 
the other half was fixed with Carnoy’s fluid or 
paraformaldehyde for immunocytochemical 
study. Tissues were immediately fixed at 0-4°C 
in 2.5% glutaraldehyde in 0.12 M Phosphate 
buffer at pH 7.2 for 6-8 hours. These tissues 
were rinsed in the buffer, osmicated for two 
hours (2% OsO4), dehydrated and embedded in 
the hydrophobic Durcupan Resin according to 
standard protocols. The other tissues were fixed 
at 0-4°C in freshly-made 4% paraformaldehyde 
in 0.1 M Phosphate buffer at pH 7.4 for 7-8 
hours, rinsed in buffer, dehydrated in ethanol 
and embedded in the hydrophilic Bioacryl resin 
(scala et al., 1992). Finally, other tissues were 
fixed in Carnoy’s fluid for 4-5 hours at 0-4°C, 
dehydrated in ethanol, and embedded in Bioacryl 
resin.

The embedded tissues were sectioned 
longitudinally using an ultramicrotome, and 
semithin sections (2-3 mm thick) and thin 
sections (70-90 nm thick) were collected. 
Semithin sections were stained in 1% toluidine 

blue for histological or immunohistochemical 
study (see details in Alibardi & Toni, 2005). 
Briefly, light microscopic immunocytochemistry 
was performed incubating the sections overnight 
at 0-4°C in the Fibroblast Growth Factor (FGF) 
antibodies diluted 1:200 in buffer (Tris 0.05 M at 
pH 7.6 containing 1% BSA). The FGF2 antibody 
(Sigma, F3393) was raised in rabbit against the 
1-24 N-amino acid sequence of bovine bFGF. 
The anti FGF1 antibody was produced in rabbit 
injecting the entire sequence of the recombinant 
FGF1 (Sigma) (schultZ et al., 1993). In control 
sections, the primary antibody was omitted. 
After being rinsed in buffer, the sections were 
incubated for 60 min at room temperature in 
a fluorescein-conjugated anti-rabbit antibody 
(Alexa 1:1000, or Sigma 1:100), rinsed in buffer, 
mounted in 10% glycerol, and observed under 
a fluorescence microscope equipped with a 
fluoroscein filter. Photographs were taken with 
a digital camera and computerised using Adobe 
Photoshop 5.0.

Thin sections of 30-80 nm thickness were 
collected on copper grids (those fixed in 
glutaraldehyde) or on nickel grids (those fixed in 
4% paraformaldehyde). The sections on copper 
grids were routinely stained with uranyl acetate 
and lead citrate, rinsed, dried, and observed under 
CM-100 Philips and Hitachi-600 transmission 
electron microscopes.

The sections on nickel grids underwent 
immunogold labeling for FGF1 and FGF2 (as 
indicated above). Briefly, sections were incubated 
for 10 min in the Tris buffer containing 1% cold 
water fish gelatin to block non-specific binding 
sites, then the grids were incubated overnight 
at 0-4°C in the primary antibodies (FGF1 and 
FGF2 as above). Grids were again rinsed in 
the buffer, a 10 nm gold conjugated anti-rabbit 
secondary antibody was applied for one hour at 
room temperature, grids were rinsed in buffer 
and then in distilled water. Grids were stained 
for 6 min in 2% aqueous uranyl acetate, rinsed 
and observed with a CM-Philips 100 electron 
microscope operating at 80 kV.

FGF in regenerating lizard tissues
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RESULTS

Light microscopy and ultrastructure

The regenerating blastema of the conical new 
tail at 8-18 days of regeneration was surrounded 
by a multi-stratified (wound) epithelium, which 
produced a thin corneous layer (Fig. 1A, B). 
Close to the apical wound epithelium at the 
apex of the tail was located the ependymal 
ampulla, the foremost part of the central canal 
of the regenerating spinal cord, surrounded by 
a few growing axons and, more externally, by 
pigmented cells or melanophores (Fig. 1B).

Close analysis of the wound epidermis in the 
apical regions of the regenerative blastema at 7-16 
days post-amputation showed that the boundary 
between epidermis and mesenchyme was often 
ill-defined (Fig. 1C, D). This histological aspect 
of the regenerating skin appeared clearly not just 
in tangentially-cut sections of the epidermal-
dermal boundary but also in more central 
sections (perpendicularly-sectioned). It appeared 
that some keratinocytes were in continuity with 
mesenchymal cells without the presence of a 
basement membrane separating the epithelium 
from the mesenchyme.

 Ultrastructural observations in these areas 
at 7-14 days post-injury showed the presence 
of numerous pale spaces or vesicles within the 
wound epithelium and between the epithelium 

and the mesenchyme, while sparse cytoplasmic 
bridges disrupted the continuity of the epithelium 
(Fig. 1E). Detailed analysis of the pale spaces 
located among the basal keratinocyte elongation 
and mesenchymal cells of the blastema suggested 
that these structures were not extracellular or 
degenerating spaces among cells (Fig. 1F). 
Instead, at least in some cases, the pale spaces 
represented true sections of cytoplasmic blebs 
(stout elongations of the cytoplasm) from either 
epithelial or mesenchymal cells, and contained 
mainly free ribosomes and some flocculent, 
amorphous material (Fig. 1G). The cytoplasmic  
blebs were surrounded by a membrane or were 
enveloped by the cytoplasm of keratinocytes or 
mesenchymal cells present in these ill-defined, 
transitional zones (Fig. 1G).

Light immunocytochemistry

The immunofluorescence for FGF2 (bFGF) 
showed that the reactive epidermis of the 
wounded scales close to the blastema was evenly 
stained at 6-14 days post-amputation (Fig. 2A). 
In comparison, FGF2 immunofluorescence 
was absent or limited to the basal layer in the 
epidermis of normal, unwounded scales, where 
the (reactive) dermis was also immunofluorescent 
(Fig. 2B). 

The stratified wound epidermis of the tail at 
7-18 days post-amputation also showed a diffuse 
immunofluorescence in keratinocytes, a positive 

Fig. 1. − Light microscopic (A-D) and electron microscopic (E-G) aspects of the regenerating tail blastema. 
A. coniform regenerating tail at 12-14 days outlined by the thick wound epithelium and containing an apical 
ependyma ampulla surrounded by the blastematic mesechyme. Bar: 50 mm. B. detail of the apical part of 
the regenerating tail showing numerous melanocytes (arrows) surrounding the ependymal ampulla and among 
blastema cells. Bar: 50 mm. C. detail of the apical wound epithelium at 7-8 days post-amputation. Some cells 
in the mesenchyme (arrows) seem in continuity with the epidermis. Bar: 10 mm. D. further detail of the wound 
epithelium at 7-8 days post-amputation showing two elongations (arrows) from epithelial cells into the underlying 
mesenchyme. Bar: 10 mm. E. Electron micrograph showing the interface between the wound epidermis and 
blastemal cells at 7-8 days post-amputation. An epithelial elongation contacting the mesenchyme is seen 
(arrow). The asterisks indicate numerous pale spaces in the mesenchyme beneath the epithelium, representing 
sections of cytoplasmic blebs derived from the epithelium. Bar: 2 mm. F. detail of the most basal cells of 
the wound epithelium, which are not separated by a basement membrane from the underlying mesenchyme 
(arrows indicate pale or degenerating spaces between keratinocyets and mesenchymal cells). Bar: 2.5 mm. 
G. further detail of cytoplasmic blebs (asterisks) surrounded by keratinocytes bridges (double arrows). 
Bar 1µm. Abbreviations: bl, blastema; c, regenerating cartilaginous axis (tubule); e, wound/regenerating 
epidermis; ep, ependymal ampulla; mu, regenerating muscles bundles.

FGF in regenerating lizard tissues
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Fig. 2. − Immunofluorescence for FGF2 (A-E), control (F), and for FGF1 (G-I) in regenerating tail blastemas 
(12-14 days post-amputation). A. reactive scale proximal to the regenerating tail. Bar: 25 mm. B. normal 
scale lacking FGF2-immunoreactivity in the epidermis and immunolabeling in the dermis. Bar: 10 mm. 
C. apical blastema showing immunolabeling in the wound epidermis and little in the mesenchyme. Bar: 20 mm. 
D. immunolabeled wound epithelium and cells of the blastema. Bar: 20 mm. E. detail on epidermal bleb with 
immunofluorescent keratinocyets. Bar: 20 mm. F. immunonegative control where red blood cells inside blood 
vessels show a non-specific fluorescence. Bar: 20 mm. G. general view of blastema immunolabeled for FGF1. 
Bar: 20 mm. H. detail showing immunofluorescence in the wound epithelium and diffuse in the mesenchymal 
cells of the blastema. Bar: 20 mm. I. other detail of FGF1-labeling that also shows labeling in numerous nuclei 
of mesenchymal cells beneath the wound epidermis (dashes). Bar: 20 mm. Abbreviations: bl, mesenchymal 
blastema; d, dermis; e, epidermis; SC, serum control; v, blood vessel.

fluorescence in the regenerating ependymal 
ampulla, but a lower immunoreactivity was 
instead present in mesenchymal cells of the 
blastema (Fig. 2C, D). FGF2-immunofluorescent 
keratinocytes were also seen in the forming 
epidermal pegs of regenerating scales (Fig. 2E). 
The controls showed no labeling in keratinocytes 
and a non-specific fluorescence was often 
observed in blood cells located within the vessels 
of the regenerating blastema (Fig. 2F).

The immunofluorescence for FGF1 (aFGF) 
showed a similar general localization to that 
of FGF2, but slightly more intense with the 
employed concentration of the antibodies in the 
wound epidermis, and it also showed similar 
localization in the mesenchymal cells and their 
nuclei in the regenerative blastema (Fig. 2G-I).

Detailed examination of different sections 
containing the apical wound epidermis stained 
for FGF2, of the regenerating tail at 7-14 days 
of regeneration (Fig. 3A, B), and of the limb at 
7-8 and 12-14 days of regeneration (Fig. 3C-F), 
showed that the basal layers were not clearly 
distinct from the underlying mesenchyme. 
Therefore while some FGF -positive cells 
appeared confined within the epithelium 
(keratinocytes), other FGF2-positive cells were 
also present in the “frying” boundary between 
the epithelium and the mesenchyme. While the 
wound epidermis of the tail in the apical region 
maintained immunofluorescence for FGF2 at 18 
days (elongating tail, see Fig. 3C) and longer, the 
immunofluorescence disappeared in the wound 
epithelium and connective tissue of the limb at 
16, 22, and 35 days post-amputation (Fig. 3G, H).

A similar lowering or a complete disappearance 
of the immunofluorescence, for FGF2 was noted 
in the epidermis of scarring tails at 16, 21, and 
35 days post-injury (Fig. 3I, J). Controls sections 
were immunonegative (data not shown).

Detailed examination of sections that were 
immunoreacted for FGF1 (aFGF) showed a low to 
absent immunoreactivity in the normal epidermis 
and dermis (tail or limb) (data not shown). 
Immunofluorescence was instead observed in the 
wound epithelium of the tail and of the limb at 6-7 
days post-amputation (Fig. 4A). At 12-14 and 25 
days post-amputation the immunoreactivity for 
FGF1 disappeared in the limb while the epidermis 
became thinner and formed a thicker stratum 
corneum (Fig. 4B, C). A similar disappearance 
of FGF1 immunoreactivity was also noted in 
the epidermis and dermis of the scarring tail at 3 
weeks post-amputation (fig. 4D). In mature scars 
of both limbs (35 days post-amputation) and tail 
(35 days post-amputation), the immunoreactivity 
for FGF1 in the epidermis was completely 
absent while the dense scar connective tissue 
appeared variably immunopositive for FGF1 
(Fig. 4E, F). The controls from sections of 
tail and limb showed no immunoreactivity 
(Fig. 4G, H).

Ultrastructural immunocytochemistry 
in the tail blastema

The fine distribution of FGF2 in the apical 
wound epithelium showed that gold particles 
were diffusely distributed in the cytoplasm of 
all layers of the epidermis and among keratin 
bundles (Fig. 5A). We observed that nuclei 
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Fig. 3. − Immunofluorescence for FGF2 in the epidermis and mesenchyme of tail (A-B), limb (C-H), and 
scarring tail (I-J). A. at seven days the immunopositive regenerating epidermis shows an uneven boundary with 
the mesenchyme. Bar: 230 mm. B. detail of the epithelium-mesenchyme boundary at 12 days post-injury where 
epithelial cells appear in continuity with the mesenchyme (arrows). Bar: 20 mm. C. the apical wound epithelium 
of a tail at 16-18 days also appears in continuity with mesenchymal cells. Bar: 20 mm. D. the thick epithelium 
of a limb at 7 days post-injury appears in continuity with the mesenchyme. Bar: 20 mm. E. at 12-14 days 
the immunopositive limb epithelium appears more regular and separated from the mesenchyme. Bar: 20 mm. 
F. other limb epithelium at 12-14 days where immunolabeling is reduced. Bar: 20 mm. G. almost immunonegative 
limb epidermis at 16-18 days post-amputation. Bar: 20 mm. H. immunonegative epidermis and mesenchyme 
at 22 days post-injury. Bar: 20 mm. I. almost immunonegative epidermis in injured regenerating tail at 16 days 
post-amputation. Bar: 20 mm. J. apical epidermis of cicaticial tail with reduced or absent immunoreactivity. 
Bar: 20 mm. Abbreviations: bl, blastema (mesenchyme); d, mesenchymal cells of the dermis; e, wound/
regenerating epithelium. Dashes underline the epidermis.

appeared less labeled, but quantification was not 
done. A higher concentration of gold particles 
was frequently observed along the wounding 
and incomplete plasma membrane contacting the 
mesenchyme (Fig. 5B). The labeling was mainly 
associated with the lamina lucida or with the 
lamina reticularis (non compacted parts of the 
basal lamina present beneath the lamina densa 
contacting the mesenchyme) but not specifically 
with the lamina densa (the dense component 
of the basement membrane). The latter was, 
however, discontinuous in the apical wound 
epidermis. 

In control sections, both the cytoplasmic 
and basement membrane labeling was absent 
(Fig. 5C). FGF2 immunolabeling was also present 
in non-apical wound epithelium, although the 
labeling was even more diffuse in the cytoplasm 
and generally among keratin bundles of upper 
spinosus and pre-corneous keratinocyets (data 
not shown).

A lower, diffuse FGF2 immunolabeling was 
seen in the cytoplasm of mesenchymal cells of the 
blastema, including those apparently detaching 
from the epithelium (data not shown). A little 
labeling was often noted in the extracellular 
material associated with the plasma membrane 
(glycocalix) but little to no labeling was instead 
seen in the extracellular matrix of the blastema. 
Many endothelial cells of regenerating blood 
vessels in the blastema also contained a diffuse, 
cytoplasmic labeling (data not shown).

The immunogold labeling using the FGF1 
antibody showed similar aspects to those observed 
with the FGF2 in the wound epithelium, but the 
nuclear labeling was often higher or similar to 
that present in the cytoplasm, in both epithelial 
and mesenchymal cells (data not shown). Also 
in mesenchymal cells the nuclear labeling 
often appeared prevalent over the cytoplasmic 
labeling, the latter was diffuse or more localized 
in the external cytoplasm of mesenchymal cells 
(Fig. 6A). The extracellular matrix of the cell 
surface (glycocalix) of blastema cells contained 
some gold particles that were virtually absent in 
the remaining extracellular matrix. The cytoplasm 
of endothelial cells of blood capillaries was also 
labeled for FGF1 (Fig. 6B). Control sections 
were immunonegative, as previously seen for 
keratinocyets of the wound epithelium.

DISCUSSION

Localization of FGF in regenerating
versus non-regenerating organs

The present, qualitative observations on the 
regenerative blastema of the tail and early 
limb (12-14 days post-trauma) of the lizard 
P. sicula confirm previous immunocytochemical 
studies on the lizard Lampropholis guichenoti 
(aliBardi & loviku, 2009). The study has 
further indicated that FGF immunoreactivity is 
only present in the basal layers of the normal 
epidermis (where cell proliferation occurs), 
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and in the wound epidermis of the tail and, 
initially, also in the stump of the limb, where cell 
proliferation and migration are active (siMpson, 
1961; cox, 1968; aliBardi, 1994a, b; aliBardi 
& toni, 2005). The immunolocalization of FGFs 
in proliferating endothelial cells of the capillaries 
also suggests these growth factors are implicated 
in cell division (aliBardi, 1993). Normal 
differentiated tissues (dermis, muscles, bone or 
cartilage, normal nerves, fat tissue etc) do not 
show immunoreactivity for FGFs, indicating that 
the factors are absent and not active in mature 
tissues where little cell proliferation occurs.

These new data on a reptilian species are in line 
with previous information on the localization and 
mitogenic effect of FGFs on tissue regeneration 
in amphibians (Boilly et al., 2000; poulin et al., 
1995; han et al., 2001; GiaMpaoli et al., 2003). 
The present observations further suggest that the 
wound epidermis of the regenerating tail in the 
lizard also produces FGFs. Conversely, the lack 
of FGF immunolocalization after 2 and more 
weeks from the amputation seems somehow to 
be connected with scarring in the limb and in the 
wounded tail. It is not known whether the rapid 
formation of a basement lamina in the limb or in 
the scarring tail may be consequent to the loss of 
FGF in the epidermis. Such a loss may prevent 
epidermal-dermal communication or exchange 
of trophic or signaling factors, and regeneration 
and growth would be halted.

While FGF2 remains at least in the apical 
proliferating epidermis of the tail, both in the 
naturally scarring limb wound epithelium and 
in that of scarring tails, it finally disappears, 
an indication that cell proliferation rapidly 
terminates in these tissues. Moreover, the 

Fig. 4. − Immunofluorescence for FGF1 in the limb (A-D), scarring tail (E-F), and in controls (G-H). 
A. regenerating skin with thick epidermis of a limb at 12 days post-amputation. Bar 20 mm. B. limb skin at 16-18 
days with no immunofluoerence in either epidermis or dermis. Bar: 20 mm. C. immunonegative limb skin at 22 
days post-amputation. Bar: 20 mm. D. limb scarred skin at 35 days post-amputation with reactive dense dermis. 
Bar: 20 mm. E. immunonegative tail scar skin in both epidermis and dermis (21 days post-amputation).
Bar: 20 mm. F. other tail scar at 35 days post-amputation with immunofluorescent dermis. Bar 20 mm. G. serum 
control for the tail. Bar: 20 mm. H. serum control for the limb. Bar: 20 mm. Abbreviations: d, mesenchymal 
cells of the dermis; e, wound/regenerating epithelium; lc, serum control for the limb; tc, serum control for the tail.

epithelium forms a differentiated basement 
membrane and also a hard corneous layer like 
the corneous layer present in normal, mature 
scales. The potential to form an AEC containing 
FGF, which appears possible in the tail blastema, 
is therefore impeded in both the limb and in the 
scarring tail. In conclusion, the present study has 
shown that also in the lizard, an amniote with 
high regeneration ability in the tail, the higher 
levels of FGFs are present in regenerating 
tissues. Future studies should evaluate whether 
specific FGFs such as FGF8, FGF10, or FGF7, 
are present in regenerating vs non-regenerating 
lizard tissues.

Ultrastructural localization and epithelium-
mesenchymal communication

The present ultrastructural study has also 
indicated that diffuse cytoplasmic and nuclear 
distributions of FGF1 and FGF2 are present in 
regenerating tissue, especially in keratinocytes of 
the wound epithelium more so than in blastema 
cells. FGF is also localized in endothelial cells 
of forming blood vessels. The study brings 
further evidence that an epithelial-mesenchymal 
transformation/transition (EMT) also occurs 
during tail and limb regeneration in lizards 
(aliBardi, 2010a,b). The EMT is a process that 
occurs during embryogenesis (epithelium into 
mesenchyme, see hay, 1995), inflammatory 
reactions in various adult organs (kalluri 
& neilson, 2003; iwano et al., 2002), and 
in cancer (radisky, 2005; lee et al., 2006; 
klyMkowsky & savaGner, 2009). 

The immunolocalization at the ultrastructural 
level of FGFs in different cells of the lizard 
blastema has shown no specific organelle 
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Fig. 5. − FGF2 immunogold-labeling of tail apical wound epithelium. A. detail of basal part of the wound 
epithelium with wavybasement membrane (arrows). The arrowhead indicates likely dermal cell process. The 
double arrowheads indicate the loose keratin network present in these cells. Bar: 200 nm. The inset (Bar: 100 nm) 
shows the diffuse labeling in the cytoplasm of a wound keratinocyte, and around vesicles (arrowheads). B. detail 
of intense labeling along the incomplete basement membrane (arrows) underlying apical wound keratinocytes. 
The arrowhead indicates some likely hemi-desmosomal material. Bar: 100 nm. C. immuno-negative control 
detail of the basal cytoplasm of wound epithelium cells with basement membrane (arrows). Arrowheads indicate 
amorphous extracellular material. The double arrow indicates the amorphous part of  the basement membrane.
Bar: 100 nm. Abbreviations: ex, extracellular space among keratinocytes; k, keratin bundle; w, wound epithelium. 
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distribution as this growth factor is synthesized 
and apparently released through a non 
conventional, ER- and Golgi-independent 
mechanism of cellular extrusion (nickel & 
seedorF, 2008). In the regenerating wound 
epithelium of lizard, keratinocytes probably 
produce an increased quantity of FGFs that may 
possibly relate to the EMT.

The passage of FGF through the basement 
membrane is strongly suggested by the present 
TEM observations. Our study indicates that 
FGF2 accumulates along the immature basement 
membrane of the wound epithelium, and it is most 
likely released by the wound keratinocytes. The 
observed immuno-localization suggests that the 
continuous production of FGFs from regenerating 
keratinocytes can locally stimulate blastema cells 
to proliferate, as has been previously indicated 
for the blastema of amphibians (Boilly et al., 
2000; poulin et al., 1995; han et al., 2001; 
GiaMpaoli et al., 2003). The extrusion of FGF 
through the plasma membrane following a 
diffusion mechanism driven by the extracellular 
capture of FGF2 by heparan sulphate has been 
indicated as a characteristic of the extracellular 
release of FGF2 (nickel & seedorF, 2008).

A free cytoplasmic localization of FGF2 
has been reported for fibroblasts (aktas & 
kaytou, 2000) and developing neurons but not 
in glial cells (Janet et al., 1987). Another study 
however found that FGF2 was present in both 
the cytoplasm and nuclei of astrocytes and in a 
few types of adult neurons (woodward et al., 
1992). Other ultrastructural studies on FGF1 
localization have indicated that this growth 
factor is also present within stimulated adult 
neurons but not extracellularly (elde et al., 
1991). Only in mastocytes is bFGF prevalently 
associated with secretory granules, and therefore 
in these cells FGF2 follows the classic secretory 
pathway (Qu et al., 1998).

In blastema cells of the lizard tail, the diffuse 
immunolocalization of FGFs in the cytoplasm 
and glycocalix suggests that they may act in an 
autocrine manner on cell proliferation, as pos-

tulated for amphibian blastema. The nuclear 
localization of FGF1 has been reported also in 
previous work on fibroblasts (aktas & kay-
ton, 2000), neurons (Janet et al., 1987; elde et 
al., 1991), and astrocytes (woodworth et al., 
1992). These results indicated that immunode-
tection of these molecules may vary in relation 
to the physiological or differentiative state of 
these cells. 

In conclusion, the present morphological stu-
dy indicates that a process of EMT is operating 
during early stages of tail and limb regeneration 
in lizards (an amniote model of regeneration, see 
aliBardi, 2010b), and that FGFs, especially 
FGF2, are involved in maintaining a growing 
front for tail regeneration, a process initially pre-
sent but soon aborted in the scarring limb or tail. 
It is not known whether the observed FGF-im-
munoreactivity may also be due to more speci-
fic forms of FGFs (eg FGF8 or FGF10) or to a 
potential lizard KGF (FGF7), the typical growth 
factor for the epidermis and hairs in mammals 
(Guo et al., 1996; andreadis et al., 2001).
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