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Summary. It is well know n th at ce ll s ur fa ce g lyco
conjuga tes play an important role in ce ll proli fe ration, 
ad hes io n a nd di ffe re nti a ti o n . Th e a im of thi s 
inves tiga tion was to defin e the changes of the g lyco
conju ga te sacc ha rid ic mo ie ti es in the epide rmis and 
derma of patients affected by seve ral skin pathologies 
such as sebo rrhe ic kera tos is, lic hen planus, g ranulo ma 
annulare and palmoplantaris keratoderma. 

Bi o ptica l specim e ns fro m s kin les io ns as well as 
fr o m no rm a l s kin we re fixed in Ca rn oy's fluid a nd 
ro utin e ly processed . The sec ti o ns we re trea ted w ith 
HRP-Iectins (PNA, DBA, S BA, WGA, ConA, LTA and 
UEA I) . Cy toche mi ca l co ntro ls we re pe rfo rm ed fo r 
specific ity of lectin-suga r reaction. Some sectio ns were 
pre-t rea ted w ith neuraminidase pri or to s ta ining w ith 
HRP lec tins. [n compari son w ith norma l human skin , 
e pid e rm a l lectin bindin g pa tt e rn in th e co ns id e red 
diseases showed cons ide rable qu a lita ti ve and qu anti
ta ti ve va ri a ti o ns. In ge ne ra l, in a ll th e co ns id e red 
pathologies, a lack and/or a decrease in lectin binding at 
the epiderma l laye rs was observed; among the va rio us 
di seases, di ffe rences in cellular loca lisatio n of the sugar 
residues were also noted . In such respect, an exception 
was represented by seborrheic keratosis, where the ce ll s 
o f the basa l layer showed PNA reacti v ity, w hi ch was 
absent in the basa l laye r o f the no rmal skin . A ltho ug h 
seborrheic keratosis and li chen planus have been stud ied 
by o th e rs a uth o rs, o ur f indin gs a re no t in to t a l 
accordance concerning lectin binding; thi s is probabl y 
due to the diffe rent fi xati ves employed. Our findings 
see m to revea l s ig ni ficant changes in keratinocy te g lyco
conjuga te oligosaccharides in the previo us ly mentio ned 
diseases, prov iding clues to their pathogenesis. 
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Introduction 

Th e o li gosacc ha ridi c co mpo ne nt o f th e g lyco
conj ugates in lichen planus and sebo rrheic keratosis has 
been the subject of s tud y by va rious authors (Prime et 
a l. , 1985; Toto and Nadimi , .1 987; Gao et a l. , 1992). T he 
results reported in the literature, however, are not a lways 
in agreement. 

Othe r de rm a to logica l patho log ies s uch as palm o
pl a ntar kera tode rm a and g ra nulo ma a nnul a re, to o ur 
kn ow le dge, have neve r bee n s tudi ed rega rdin g th e 
di str ibu t io n o f th e s uga r res idu es, es pec ia ll y those 
present at the ce ll surface, which play an important role 
in ce ll recog niti o n a nd in ce ll - to -ce ll adhes ion for 
de terminati o n a nd maintenance of no rmal epithelium 
(Ghe ri e t a I. , L 993 , 1994) . Vari a ti o ns in th ese suga r 
res idues are accompanied by patho logica l a lte ratio ns in 
the epidermis and derma. 

The aim of the present resea rch was to examine the 
di s tributio n o f the o ligosaccharidic compo nent o f th e 
g lycoconjuga tes in li chen planus, g ra nulo ma annulare, 
seborrheic keratos is and palmoplantar keratoderma. 

Materials and methods 

Tissue collection and preparation 

Bioptica l specimens of skin patho logies in numbers 
of 5 fo r li chen planus, 4 fo r g ranuloma annulare, 6 fo r 
seborrheic keratosis and 4 for palmoplantar keratoderma 
were obtained; punch biopsies of normal skin were also 
o bta in ed fro m 4 no rmal hea lth y voluntee rs . A ll the 
patients gave a written declaration of informed consent 
to the stud y according to the human subject institutional 
rev iew committee guide lines. The specimens were fixed 
in several mixtures such as: 4% fo rmaldehyde so lution; 
bu ffe red fo rm a ld e hy d e so luti o n ; He ll y fluid ; 6 % 
me rc ur y di c hl o ride in a 1 % sodium ace tate solutio n 
containing 0. 1 % g lutaraldehyde and Carnoy's fluid. The 
sa mpl es we re processed ro utin e ly a nd 5 .u m-thi c k 
para ffin secti o ns were obta ined . Sectio ns from ti ssue 
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fixed in buffered glutaraldehyde-mercuric chloride were 
treated with Lugol's solution prior to staining. Some 
specimens were stained with haematoxylin-eosin for 
general observations. 

Lectin histochemistry 

After hydration, sections were treated with 0.3% 
hydrogen peroxide for 10 min (to inhibit the endogenous 
peroxidase), rinsed in distilled water and washed with 
1% bovine serum albumin (BSA) (Murata et al., 1983) 
in 0.1M phosphate-buffered saline (PBS) pH 7.2. The 
sections were then incubated for 30  min at room 
temperature in horseradish peroxidase-conjugated lectins 
(HRP-conjugated lectin) dissolved in phosphate- 
buffered saline (0.1M PBS pH 7.2, 0.1M NaCl, O.lmM 
CaC12, MgC12 and MnC12) and then rinsed three times in 
PBS. The optimal concentration for each lectin (Sigma 
Chemical Co., St. Louis, MO) which allowed maximum 
staining with minimum background was as follows: 
DBA (Doliclzos biflorus, binding specificity a - D -  
GalNAc) 25 pglml; PNA (Arachis Izypogea, binding 
specificity D-Gal (B143)-D-GalNAc) 25 pglml; SBA 
(Glycine max binding specificity a/l3-D-GalNAoD-Gal) 
20 pglml; WGA (Triticum vulgare binding specificity 
(a-D-GlcNAc) and sialic acid) 20 pglml ;  ConA 
(Canavalia ensijormis binding specificity a-D-Man> 
a-D-Glc)  5 0  pg lml ;  LTA (Lotus tetragonolobus 
binding specificity a-L-Fuc) 25 pglml; and UEA I 
(Ulex europaeus binding specificity a -L-Fuc)  
25 pglml. Staining of the sites containing bound lectin- 
HRP was obtained by incubating the slides with 
PBS (pH 7.0),  containing 3,3'-diaminobenzidine 
(DAB) (25 mgl100 ml) and 0.003% hydrogen peroxide, 
for  10 rnin at room temperature. Specimens were 
rinsed in distilled water; dehydrated using graded 
ethanol solutions, cleared in xylene and mounted in 
Permount. Controls for lectin staining including: 1) 
substitution of unconjugated lectins for lectin-HRP 
conjugates; 2) exposure to HRP and substrate medium 
without lectin; 3) oxidation with 1% periodic acid 
for 10 rnin prior to lectin staining; and 4) exposure 
of sections to 10-20 pglrnl of each lectin-HRP 
conjugate containing 0.1M D-galactose, D-glucose, 
D-mannose, L-fucose, N-acetyl-D-galactosamine, 
N-acetyl-D-glucosamine and methyl-D-manno- 
pyranoside. 

Sialidase digestion 

In some experiments, sialic acid was removed by 
pre-treating the sections for 18 hr at 37 "C in a solution 
of sodium acetate buffer 0.25M, pH 5.5, containing 0.1 
unitlml Sialidase (neuraminidase Type X from 
Closfridium perfrigens (Sigma Chemical. Co., St. Louis, 
MO)), 5.0mM CaC12 and 154mM NaCl, prior to staining 
with lectin-HRP conjugates. Controls containing 
the sialidase buffer without the enzyme were also 
prepared. 

Results 

With the goal of finding the most suitable fixative, 
we performed preliminary tests with fixatives commonly 
used in lectin histochemistry (formaldehyde solution, 
buffered formaldehyde solution, Helly fluid, 6% 
mercury dichloride in a 1% sodium acetate solution 
containing 0.1% glutaraldehyde, Carnoy's fluid). In our 
experience the best fixative, concerning both the best 
preservation of sugars together with optimum 
preservation of the morphological aspects of the 
structure, was Carnoy's fluid and therefore the following 
results refer to samples fixed with Carnoy's fluid. 

Distribution of the oligosaccharidic component of the 
glycoconjugates in normal human skin (Table 1) 

Cytoplasm and cell surface of the cells of the 
lucidum layer and most superficial cells of the granular 
layer were strongly reactive with this lectin, while the 
cytoplasm of the cells of the spinous and basal layers 
showed weaker reactivity. The cell surface of the cells of 
the most internal portions of the granular, spinous and 
basal layers were strongly reactive, except along the 
dermal side of the basal layer (Fig.1). 

SBA 

Moderate reactivity of the horny layer and a strong 
reactivity of the cell surface and cytoplasm of the 
lucidum and granular layers were present at the 
epidermal level with this lectin. The surface of the cells 
of the spinous and of the basal layers was strongly 
reactive (Fig. 2). 

DBA 

The surface and the cytoplasm of some cells of the 
basal layer showed strong reactivity. 

Table 1. Lectin reactivity in normal skin. 

LECTINS 

PNA SBA DBA WGA ConA LTA UEAl 

Epidermis 
Horny layer ++ ++ ++ ++ +++ 
Lucidum layer +++ +++ +++ +++ ++ +++ 
Granular layer +++ +++ +++ +++ ++ + 
Spinous layer +++ +++ +++ +++ ++ + 
Basal layer +++ +++ +++ +++ +++ ++ + 

Dermis 
Collagenous fibers + +++ ++ + 
Vessels +++ ++ +++ +++ +++ 

+: weak recitivity; ++: moderate reactivity; +++ strong reactivity. 
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Moderate reactivity was present at the horny layer 
whereas all other epidermal layers showed strong 
cytoplasmic reactivity. At the most superficial portion of 
the granular layer reactivity was also observed at the cell 
surface. 

Con A 

Moderate reactivity in the horny layer and strong 
reaction of the cytoplasm of the cells of all the other 
epidermal layers occurred with this lectin (Fig. 3). 

LTA 

With this lectin moderate cytoplasmic reaction was 

Table 2. Changes in lectin reactivity in patients affected by lichen planus 
with respect to the normal subject (compared with Table 1). 

Epidermis 
Horny layer 
Lucidum layer 
Granular layer 
Spinous layer 
Basal layer 

Dermis 
Collagenous fibers 
Vessels 
Infiltrate 

LECTINS 

PNA SBA DBA WGA ConA LTA UEAl 

-: loss of reactivity; S. : marked decreased in reactivity 

Fig. 1. HRP-PNA. Normal skin. The cytoplasm and the surface of the Fig. 2. HRP-SBA. Normal skin. Strong reactivity is observable at the 
cells of the lucidum and granular layers strongly react. Intense reactivity cells of the lucidum, granular spinous and basal layers. Within the 
of the surface of the cells of the spinous and basal layers is observable. derma the endothelium of the capillaries is strongly reactive. X 560 
X 560 

Flg. 4. HRP-UEAI. Normal skin. Strong reactivity is observable at the 
Fig. 3. HRP. Con A. Normal skin. The cells of all the epidermal layers horny, lucidurn and most superficial part of the spinous layers. The cells 
are strongly reactive. Within the derma, the endotheliurn of the of the other layers show weack reactivity. Within the derma the 
capillaries shows intense reactivity. X 560 endothelium of the capillaries is reactive. X 560 
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present in all epidermal layers. Intense reactive cells, 
probably macrophages were seen in the derma. 

UEA l 

The cell surface and the cytoplasm of the cells of the 
horny and lucidum layers were strongly reactive whereas 
the surface and the cytoplasm of the cells of the granular, 
spinous and basal layers were weakly reactive (Fig. 4). 

Variation in the oligosaccharidic component of the 
glycoconjugates in the skin of patients affected by lichen 
planus with respect to the normal skin (Table 2) 

PNA 

Loss of reactivity of the cell cytoplasm in the 

Fig. 5. HRP-PNA. Lichen Planus. In comparison with the normal skin, a 
loss of reactivity of the cytoplasm of the cells of the lucidum and 
granular layers is observable. X 560 

Fig. 7. HRP-ConA. Lichen Planus. Compared with the normal skin, a 
strong decrease in reactivity is observable in all the epithelia1 layers. 
X 560 

lucidum and granular layers was observed compared to 
the normal skin (Fig. 5). 

SBA 

The cytoplasm and the surface of the cells of the 
lucidum, granular and basal layers showed a strong 
reduction in reactivity with this lectin. The basement 
membrane inconstantly reacted (Fig. 6). 

WGA and ConA 

A strong reduction in cytoplasmic and surface cell 
reactivity was seen in all the epidermal layers (Fig. 7). 

Fig. 6. HRP-SEA. Lichen Planus. In comparison with the normal skin 
the cytoplasm and the surface of the cells of the lucidum, granular and 
basal layers show a strong decrease in reactivity. Within the derma the 
reactivity of the endothelium of the capillaries is very weak. X 560 

Fig. 8. HRP-SEA. Granuloma Annulare. In comparison to the normal 
skin, loss of reactivity is observable at the cytoplasm of the cells of the 
spinous and basal layers. Decrease in reactivity is also observable at 
the endothelium of the capillaries, X 560 
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Variation of the oligosaccharidic component of the 
glycoconjugates in the skin of patients affected by 
granuloma annulare with respect to the normal skin 
(Table 3) 

evident in the cell cytoplasm of all epidermal layers. The 
cy top lasm of m a c r o p h a g e s  a n d  lymphocy tes  w a s  
particularly reactive. 

UEA I 
SBA 

Loss  of reactivity of the  ce l l  cytoplasm in the  
spinous and basal layers was observed. In the basal layer 
reactivity was  absent at the basal portion of the cell 
surface (Fig. 8). 

WGA 

A slight reduction in reactivity to this lectin was  
observed in all the epidermal layers. 

T h e  lucidum and granular  layers  and the most 
superficial portion of the spinous layer showed a strong 
reduction in reactivity of cell surface and cytoplasm. 

Variation of the oligosaccharidic component of the 
glycoconjugates in the skin of patients affected by 
seborrheic keratosis with respect to the normal skin 
(Table 4) 

PNA 

Con A The cytoplasm and the cell surface of the cells of the 
spinous layer showed a decreased reactivity. Further- 

A strong reduction in reactivity to this lectin was  more, there was  an inconstant reactivity of the basal 

Table 3. Changes in lectin reactivity in patients affected by granuloma 
annulare with respect to the normal subject (compared with Table 1). 

Table 4. Changes in lectin reactivity in patients affected by seborrheic 
keratosis with respect to the normal subject (compared with Table 1). 

LECTINS 

PNA SBA DBA WGA ConA LTA UEA l 

LECTINS 

PNA SBA DBA WGA ConA LTA UEA l 

Epidermis 
Horny layer 1 11 
Lucidum layer 1 11 11 
Granular layer 1 11 11 
Spinous layer 1 L1 11 
Basal layer 1 11 

Epidermis 
Horny layer 11 11 
Lucidum layer 31 - 11 11 
Granular layer J J  - 11 1 L  
Spinous layer 11 - 1J 11 
Basal layer + 11 

Dermis Derrnis 
Collagenous fibers 11 Collagenous fibers 
Vessels 1 1 1 Vessels 
Infiltrate + Pericyst cells t + 

+: appearance of reactivity; -: loss of reactivity; 1: moderate decrease in +: appearance of reactivity; -: loss of reactivity; 11: marked decreased in 
reactivity; 11: marked decreased in reactivity reactivity 

Fig. 9. HRP-SBA. Seborrheic Keratosis. In comparison with the normal Fig. 10. HRP-UEAI. Seborrheic Keratosis. All the epidermal layers, 
skin, loss of reactivity of all the epidermal layers is evident. The compared to the normal skin, show a strong decrease in reactivity. 
pericystic cells show prevalently cytoplasmic reactivity. X 560 Numerous melanocytes are seen. X 560 
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surface of the cells of the basal layer, which was 
completely absent in the skin of the healthy subjects. 
Cells surrounding cystic formations were reactive. 

SBA 

A loss of reactivity in all epidermal layers was 
observed. The cells surrounding the cystic formations 
showed cytoplasmic reactivity (Fig. 9). 

WGA, ConA and UEAI 

All the epidermal layers showed reduced reactivity 
to these lectins. The cytoplasm of the cells of the basal 
layer reacted with ConA (Fig. 10). 

Variation of the oligosaccharidic component of the 
glycoconjugates in skin of patients affected by 
palmoplantar keratoderma with respect to the normal 
skin (Table 5) 

PNA and SBA 

A strong reduction in cytoplasmic and cell surface 
reactivity was present in all the layers. (Fig. 11). 

Con A 

A marked reduction in cytoplasmic reactivity in all 
the layers, and especially in the lucidum and granular 
ones, was seen. In the granular layer a marked reactivity 
of the cell surface appeared (Fig. 12). 

Cytochemical controls 

When the sections were stained with lectins in the 
presence of the haptenic sugars pertinent to each lectin, 
the above-described positive reactions completely 

Fig. 11. HRP-PNA. Palmoplantar Keratoderma. In comparison with the 
normal skin, a strong decrease in reactivity at the cytoplasm of the cells 
of all the epidermal layers is shown. X 560 

disappeared or were strongly reduced. No staining was 
evident in the sections which had been exposed to 
substrate medium only or to the unconjugated lectins. 
Pre-treatment of sections with periodic acid abolished 
the affinity of the histological sites to the lectins. 

Discussion 

From an analysis of the scarce literature on the 
pathologies considered in the present investigation i t  was 
not possible to reach a consistent interpretation of the 
variations in lectin reactivity in comparison to that of the 
normal skin. 

If we compare our results with those of Gao et al. 
(1992) regarding seborrheic keratosis, some differences 
in reactivity of some lectins in some epidermal sites 
emerge. In certain cases the authors describe not well 

Table 5. Changes in lectin reactivity in patients affected by keratosis 
palmaris et plantaris with respect to the normal subject (compared with 
Table 1). 

LECTINS 

PNA SEA DBA WGA Con A LTA UEA l 

Epidermis 
Horny layer 11 1 1 
Lucidum layer 11 15 J i .  + 

Granular layer 11 L i  ii.+ 
Spinous layer 11 l 1  11 
Basal layer 11 11 11 

Dermis 
Collagenous fibers 
Vessels 
Infiltrate 

+: appearance of reactivity at the cell surface; 11: marked decreased in 
cytoplasmic reactivity 

Fig. 12. HRP-ConA. Palmoplantar Keratoderma. In comparison with the 
normal skin, the cytoplasm of the cells of all the epidermal layers, and in 
particular that of the cells of the lucidum and granular ones, shows a 
strong decrease in reactivity. At the granular layer, appearance of 
reactivity at the cell surface is observable. X 560 
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identified "regions" showing weak reactivity with Con 
A, PNA, SBA and WGA lectins. 

In the above-mentioned pathology, our  results 
mainly indicate a uniform reactivity, when present, with 
the lectins used. In particular, in our patients, the basal 
layer cells were characterised by the presence of D- 
galactose (131-3)-N-acetyl-D-galactosamine, reactive to 
PNA. 

The different fixative fluid we used could explain 
the differences between our observations and those of 
Gao et al. (1992). As mentioned above, our group tested 
several types of fixative with Carnoy's fluid yielding the 
best morphological preservation of the tissues and of the 
saccharidic component. This is demonstrated by the 
good results obtained on embryonic fragments, including 
skin (Gheri et al., 1997), even taking into account the 
fragility of the samples  and the scarcity of the 
oligosaccharidic components that i t  is possible to 
identify in them (Gheri et al., 1990, 1991, 1992). 

Furthermore, in seborrheic keratosis, in comparison 
with the normal skin, we noted a loss of reactivity with 
UEA I, which reacted with terminal sugar residues of a- 
L-fucose. 

In acanthotic seborrheic keratosis, cystic formations 
were constantly seen and characterised from a histo- 
pathological point of view (Lever and Schaumburg- 
Lever 1990). In this epidermal pathology there is a 
notable difference in the distribution of sugar residues 
compared to normal subjects. One interesting finding is 
that the ol igosaccharidic  material in the cel ls  
surrounding the cystic formations was similar to that 
found in normal epidermis. Since horny material is 
evident inside the cysts, it is possible to hypothesise a 
return to an apparently normal evolution of the epithelia1 
cells which surround these neoformations. 

Although Gao et al. (1992) observed no reactivity 
in the basal layer of the lichen planus with DBA, 
we  always noted the presence of a /B-N-acetyl-  
galactosamine, evidenced by this lectin in the basal 
layer, as usually observed in the skin of normal subjects. 

The  same authors stated that SBA and WGA 
reactivity at the cytoplasmic granules of epidermal cells 
was a characteristic feature of lichen planus, whereas we 
noticed reduced reactivity of these lectins both in the 
cytoplasm and on the cell surface in all epidermal layers. 
There was also a loss of D-galactose (81-3)-N-acetyl- 
D-galactosarnine, evidenced with PNA, at the cyto- 
plasmic level of the cells of the lucidum and granular 
layers and marked reduction in a-D-mannose, evidenced 
with Con A, in all epidermal layers. 

Granuloma annulare is characterised by focal 
collagen degeneration with inflammation and reactive 
fibrosis (Lever and Schaumburg-Lever 1990). The 
affected areas are characterised by large zones of 
complete degeneration and by more restricted areas of 
incomplete degeneration comprised of foci in which 
some collagen fibres appear normal while others are in 
various degrees of degeneration. However, both types of 
histopathological alterations are usually present. The 

degenerated zones appear  to  be surrounded by 
inflammatory cells and an infiltrate containing lymphoid 
cells and fibroblasts. In the cases we examined, focal 
degeneration was rarely evident. On the other hand, it is 
commonly accepted that in granuloma annulare the 
epidermis displays, from a histopathological point of 
view, fully normal characteristics, at least with the usual 
staining methods (Lever and Schaurnburg-Lever 1990). 

Regarding the distribution of sugar residues of 
glycoconjugates, we were able to observe in granuloma 
annulare significant differences in comparison with the 
normal epidermis. These differences were evidenced by 
a loss of a/B-N-acetyl-D-galactosamine at the cytoplasm 
of the cells of the spinous and basal layers, and in 
reduced a-D-glucosamine cytoplasmic and cell surface 
reactivity of the cells of all epidermal layers. There was 
also reduced D-mannose detection at the cell cytoplasm 
of all epidermal layers and of a-L-fucose at the surface 
and cytoplasm of cells in the lucidum, granular and most 
superficial part of the spinous layers. 

The loss in reactivity with SBA at the basal portion 
of cells of the basal layer (possibly representing the 
basement membrane) should be emphasised. The  
absence of a/8-N-acetyl-D-galactosamine in this site 
could reflect an alteration in the exchanges of nutritive 
material, diffusing from underlying dermis to the 
epidermis. 

The  decrease in ol igosaccharidic  material in 
granuloma annulare, particularly at the surface of the 
cells, associated with nuclear pyknosis, being the nuclear 
material reactive with WGA and Con A, could indicate 
heavy damage at the epidermis. Our histochemical 
observations indicate significant modifications in the 
epidermis, besides the well-known modifications of the 
derma. 

In palmoplantar keratoderma there is marked 
decrease in a-D-mannose, D-galactose (8-3)-N-acetyl- 
D-galactosamine and of a/B-N-acetyl-D-galactosamine, 
respectively reacting with Con A, PNA and SBA in all 
epidermal layers, and especially in lucidum and the most 
superficial granular layer cells. The appearance of Con 
A reactivity at the surface of the cells of the lucidum and 
granular layers is particularly significant, indicating the 
acquisition or loss of cell-to-cell recognition potential, of 
adhesion or of abnormal alteration in the exchange of 
information among epithelial cells. On the other hand is 
well known that sugar residues on the cell surface, as are 
present in epithelia during embryonic morphogenesis 
(Gheri et al., 1993, 1994), carry out an important 
function in cell-to-cell recognition, in their adhesion and 
building of epithelial structures. 

I t  should be remembered that the appearance of 
reactivity in the above-mentioned sites of palmoplantar 
keratoderma could indicate a significant alteration in the 
epidermis, thus serving as a marker for this pathology. 

Apart from our histochemical observations of 
abnormal alterations in the oligosaccharidic component, 
we noted that for  each pathology, a standard 
experimental protocol should be established to find out 
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the best fixative fluid to be used. In our opinion this is 
the only way that allows a comparison among the results 
of different research groups. 
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