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An antiserum prepared against a glycoprotein (GP37) extracted from the upper epidermal 
layers. was used to stain frozen sections of human oral mucosa, normal and abnorma! skin 
by an indirect immunofluorescencc technique. On normal human epidermis, this antiserum 
mainly reacted with the cytoplasm of granular cells. whereas on buccal mucosa the 
recognized antigen was observed as scattered dots limited to the upper epithelial layers. In 
epidermal diseases, alterations in the staining pattem were observed. In psoriasis. the 
labelling was markedly diminished: in contrast, in lichen planus it was intense and present 
on the 3-6 uppermost cellular layers. Basal cell epitheliomas were almost negative, except 
around horn cysts. In Bowen's disease dyskeratotic cells were strongly labelled. In 
squamous cell carcinomas a clear-cut staining was observed in squamous nests. On 
cultures, GP37 expression could be induced by grnwing epidermnl cells in vitamin /\· 
depleted medium. The biological significance of the observed staining patterns remains to 
be precised. Nevertheless, GP37 rcpresents a sensitive marker of epidermal differentiation 
and may be useful in skin pathology and in in vitro studies. Key UXJrds: Epidermal 
disorders; G/ycoprotein; Differentiation; Epidermal cell culture; Vitamin A. (Received 
October 21, 1985.) 

J. Thivolet, Laboratoire de Recherche Dermatologique et lmmunologie, Pav. R. Höpital E.
Herriot, 69374 Lyon Cx 08. France.

Glycoconjugates are believed lo play a key role in many cellular functions (I). In the skin 

these molecules are widely involved in epidermal cell bchaviour and interactions as well as 

in epidermal integrity and homeostasis (2). Moreover glycoconjugate distribution in nor

mal and diseased skin has been investigated and correlated with epidermal differentiation 

(3, 4). Lectins, by their binding to specific carbohydrate configurations, have proved to be 

useful tools to pinpoint in situ differences in glycoconjugate cxpression (5-8). Recently, 

attempts have been made to characterize at the biochemical level the macromolecules 

labelled by Iectins in situ (9-12). 

In a previous study, we investigated Con-A binding glycoproteins in NP-40 extracts of 

normal human epidermis and various epidermal cell preparations (13). Some of thcse 

molecules appeared to be restricted to the upper epidermal layers and thus could represent 

glycoprotein markers of the differentiation process. A polyclonal antiserum was prepared 

against one major glycoprotein of apparent molecular weight 37 Kd (GP37). Immunohisto

chemistry using GP37 antiserum gave a cytoplasmic staining of the upper layers of che 

living epidermis: granular cells showed a strong reactivity whereas spinous cells were 

weakly labelled (14). According to these observations the GP37 antiserum was considered 

to define a cytoplasmic marker of normal human granular layer. 

1 This work was presented in part at the JVth lnternational Conference on Differentiation of Normal 
and Neoplastic cells, Heidelberg, May 1985, and at the ·•congr�s Annuel de Recherche Oermatologi
que", Bruxelles, September 1985. 
2 Fellowship of the Deutsche Forschungsgemeinschaft. 
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In the present report we detailed the reactivity of GP37 antiserum on normal human and 

animaJ epidermis and oral mucosa. We also investigated GP37 expression in some epider
mal proliferative and tumoral lesions. The known efTect of vitamin A on the expression of 

epidermal antigens (15), glycoconjugate metabolism (lfrl7) and cellular differentiation 

(18), prompted us to investigate the expres!'.ion of GP37 by cultured human keratinocytes, 

grown both in normal and in vitamin A-depleted (delipidized) medium. 

MATERIALS AND METHODS 

Tissue specimens 

(a) Normal tissues. Human skin and buccal mucosa werc obtained from healthy volunteers. Lips were 
oblained from monkeys (Macaca cy11om11/g11s). rabbils and mice in order 10 have on a single 
specimen. areas of mucosa, parakeratotic and orthokcratotic epithclium. 

(b) Ski,r lesions. Several biopsies from various proliferative and tumoral skin lesions were studied 
(see Table I). Tissue specimens were immediately divided in10 two parts, one snap frozen in liquid 
nitrogen for immunofluorescence (IF) examination, anolher fixed in Bouin's medium for routine 
histology. In addition, frozen tumor sections, oblaincd in sequencc with sections used for IF, were 
stained with hematoxylin-eosin. 

Epidermal cell culture 

Human epiderrnal cell cultures were prepared from brcast skin removed during plastic surgery. After 
storage ovemight in Hank's solution lacking ca•• and Mg++ (HBSS) and con1aining antibiotics. 
skin slices were prepared with a keratolome and epidermis was separaled from dermis by incubation 
in trypsin (GIBCO 0.25 % in HBSS) for I h 30 mn al 37°C. A cell suspension was prcpared by agitation 
of lhe epidermal sheets. Cells were counted and 5ccdcd in culturc dishcs (Coming) previously coated 
with Type I rabbit skin collagen following established methods (19). The culture medium was 
Dulbecco's modified Eagle medium (GIBCO) conlaining 10% FCS. 1()0 U/ml penicillin, 100 U/ml 
streptomycin, 0.25 µg/ml fungizone, non-essential aminoacids (GIBCO) and 10 mM Hcpes, pH 7.0. 

In order 10 grow cells in the absence of vuamin A. some cultures were switched in medium 
containing FCS that had been delipidized using polar solvenls according to lhe melhod of Rothblat et 
al. (20). 

As control some cullures wcre grown in "delipidized medium" added with retinyl acetate 10-1M
(Sigma). Cultures were maintained at 37°C in IO<;f CO2 and the medium was changed every two days. 
Conditions of vitamin A depletion or retinyl acetate supplementation were mainlained at least 2 weeks 
beforc labelling experiments. In order to assurc reliability of results. four different culture experi
ments were carried out. 

Experimental antiserum 

The preparation of GP37 antiserum has already been reported (14). Briefly. this was obtained by 
immunizing female Hartley guinea pigs with a ConA-reactive glycoprotein of apparent MW 37Kd 
obtained after SDS-PAGE separation. For immuni.i:ation, gel sections were used following established 
methods (21 ). 

lmmunohistochemica/ procedures 

(a) lndirecr immu11oj711orescence ([IF) (performed on tissue sections and occasionally on cell cul
tures): four micron-thick frozen sections were cut on a cryotome, air-dried and fixed in acetone ( 10 
min. -20°C). For IIF studies, the slides were flooded with GP37 antiserum Il :30). washed in PBS. 
pH 7 .2, thcn incubated with fluorescein-conjugated goat anti-guinea pig lgG (Nordic I : 30). After 
washing, the slides were mounted in a polyvinylalcohol medium and examined with a Zeiss fluores
cence microscope (epi-illumination, Orthoplan). Control slides were obtained by omitting the firsl 
layer antiserum and using instead normal guinea-pig serum. 

(b) /ndirecr immunoperoxidase (performed on cell cultures): cultures were rinsed in PBS and fixed 
in 2 % paraformaldehyde (I h, 4°C). The reaction was lhen carried out as follows: after washing in 
PBS and incubation with GP37 antiserum, cultures were incubated with peroxidase-conjugated rabbit 
anti-guinea pig (Zymed I : 30). The reaction was revealed by 3-3' diaminobenzidine (Sigma) added 
with H2O2 (22). The cultures were mounted under coverslips in a gelatin containing medium and 
viewed under a Leitz microscope. Controls were performed as abovc mentioned. 
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RESULTS 

Normal tissues 
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On normal human epidermis, GP37 gave a strong and homogeneous labelling of the 

cytoplasm of the granular layer cells. A mild homogeneous fluorescence of the spinous 

layer was also observed. The basal cells were negative. No staining was seen in the 

stratum corneum (Fig. I A). 

The acrosyringium showed a cytoplasmic staining with distinct tluorescent minute 

granules (Fig. I B). The outer root shcath, thc sebaceous and eccrine duct epithelium were 

faintly stained, while the secretory portion of eccrine and sebaceous glands remained 

negative. 

No specific staining of dermis or subcutaneous tissue was noted. 

On human buccal mucosa, the staining was visualized as scattered dots limited to the 

upper epithelial layers (Fig. I C). On animal lip sections studied, all but the basal cell layer 

of the epidermal zone were labelled. The parakeratotic intermediate zone showed in rabbit 

and monkey a weak diffuse staining of some isolated keratinocytes. The reactivity of 

monkey mucosa was similar to that observed on the corresponding human tissue. No 

staining was observed on rodent mucosa. 

Epidermal cell cultures 

No staining was observed on cells cultured in normal medium or in delipidized medium 
added with retinyl acetate. On the contrary. when the delipidized medium was not retinyl 

acetate-supplemented, a specific immunolabelling was seen in most large superficial cells 

(more than 70%) (this was confirmed by IIF performed on frozen perpendicular sections 

of cell culture sheets). In these cells, well defined perinuclear vacuole-like structures of 

irregular size were reactive (Fig. I D). 

Skin lesions 

Psoriasis vulgaris: The lowermost 2 or 3 epidermal cell layers were negative. The keratino

cytes of the stratum malpighii showed a staining similar to that observed on normal 

epidermis. A few scattered cells of the upper malpighian layers showed a strong cytoplas

mic staining. Areas of parakeratosis revealed a punctate labelling in the horny layer (Fig. 

2A). 

Lichen planus: The basal and spinous layers showed a negative or a weak irregular 

Table I. Lesions st11died 

Type of lesion 

Psoriasis vulgaris 
Lichen planus 

Common warts 
Actinic keratosis 
Bowen's diseasc 
Basal cell epitheliomas 

Superficial 

Solid 

Adenoid 

Keratinizing 
Squamous cell carcinomas 

(well-differentiated) 

Number 
of cases 

8 

3 

4 

2 

2 

I 

7 

2 

3 

5 
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Fig. I A. Immunofluorescence ofnormal human epidermis reacting with GP37 antiserum. Note the intense cytoplas
mic staining of the granular layer cells. The basal membrane is marked with a dotted line (X360). 

Fig. I B. Labelling of the acrosyringium: minute cytoplasmic granules can be observed (x360). 

Fig. I C. Human buccal mucosa: note the dot-like staining restricted to the upper epithelial layers (x300). 

Fig. ID. lmmunoperoxidase staining of cell cultures grown in delipidized medium. Note the positive staining of 
perinuclear vacuolar structures ( X 300). 

staining. The upper epidermal layers (corresponding to the granular layer) showed a 
cytoplasmic staining appearing as small granules. The stratum corneum was also labelled 

(Fig. 2 B). 

Common warts: The staining was weaker and more irregular than that of normal 

epidermis. Areas of parakeratosis were positive. 

Actinic keratosis: A faint staining of suprabasal layers was observed. The parakeratotic 

horny layer was positive. 

Bowen's disease: The labelling was as a rule diminished when compared to normal 

epidermis. However, single dyskeratotic cells were strongly stained (Fig. 2C). 

Basal cell epitheliomas: the leading feature was a greatly diminished or even absent 

labelling. In four cases (three of them were of the keratinizing type) circumscribed areas of 
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Fig. 2 A. Psoriasis: note the greatly diminished labelling of the epidermis. ln\et: a punctate staining of parakeratotic
areas is observed (X75).
Fig. 2 8. Lichen planus: an intense. granular staining of the upper epidermal layers is seen (X100l.
Fig. 2 C. Bowen·s disease: an intense, homogeneous labelling of dyskeratotic cells i� observed ( x 185).
Fig. 2 D. Squamous cell carcinoma: an inten�c. granular �taining of keratinocytes forming a horn pearl is seen
(Xl85).

homogeneous cytoplasmic staining were observed, apparently around areas of horn cyst
differentiation. 

Squamous cell carcinomas: in tumour islands an irregular pattern of labelling was
noticed. In one case, some scattered cells showed an homogeneous cytoplasmic staining
while, in the four remaining cases, keratinocytes around numerous horn pearls exhibited a
charactcristic bright cytoplasmic granular staining (Fig. 2 0).

DISCUSSION
The results of the present study confirm that GP37 is a marker of the granular layer of
normal epidemis, as previously suggested ( 14).

The distinct labelling pattern obtained with GP37 antiserum on the different epidermal
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layers corresponds to the compartments of the normal differentiation program and sug
gests that GP37 may be considercd as a marker for epidermal differemiation. 

This antigen may be synthesized as a precursor in the lower epidermal layers, in the 
granular layer. it may undergo its terminal transformation, i .e. glycosylation. giving rise to 
the highly reactive form. Previous data. demonstrating thc expression of this glycoprotein 

by thymic Hassall's corpuscles, whose morphologic and antigenie similarities with epider
mal granular cells are well documented (23-24). underline the specificny and intcre�t of 
such a marker (14). 

ln the present study we observcd a striking differencc between thc staining pattern of 
normal human epidermis and buccal non-keratinizing mucosa. the same findings being 
visualized on monkey lip. The overall decreascd staining ob-,erved on buccal mucosa. as 
compared to normal epidermis, may be interpreted as a residual presence of GP37. whose 
significance is as yet unknown. 

In a simple culture system. epidermal cells do not achieve thcir complete maturation. In 
such a system GP37 expression could not be detected. It has been demonstrated that the 
F.C.S. supplement of cell culture medium contains enough vitamin A to affect the
differentiation of cultured epidermal cells (18). By using vitamin A-depleted F.C.S., it is
possible to induce a high maturation level, as evidenced by the presence of structural
components (desmosomes. keratohyalin granules. cell envelopes) and by the synthesis of
the 67 Kd keratin polypeptide specific for terminal keratinocyte differentiation ( 15, 18).
Cultures grown in delipidized medium exhibited a strong labelling of some superficial cells,
whereas GP37 expression was prevented by addition of retinyl acetatc.

These lindings suggest that GP37 cxpress,on rcquires a high degree of differentiation and 
depends on vitamin A leve!. 

Among the epidermal lesions studied. several findings have to be discussed. The 
irregular and less discretely compartmentalized staining pattern observed in lichen planus 
and, to a minor degree, in psoriasis. as compared to normal epidermis, may reflecl a lack 
of normal cellular coordination <luring ditferentiation in these epidermal proliferative 
disorders. The greatly diminished labelling in psoriasis is in agreement with the morpho
logical absence of the granular layer in this disorder. In the same way the strong labelling 
of upper epidermal layers in lichen planus may be correlated with the hypergranulosis 
typical of this disease. 

The almost negative staining observed in basal cell epitheliomas is not surprising since 
normal basal cells lack GP37 and does well agree with the generally acccpted histogcnesis 
of this tumour. 

Noteworthy is the intense GP37 reactivity of c;quamous nests in squamous cell carcino
mas as well as that of dyskeratotic cells in Bowen 's disease. The presence of GP37 in these 
areas corrclates with the differentiation of neoplastic keratinocytes and with the presencc 
of other markers of epidermal differentiation. such as involucrin and high-molecular
weight keratins (25--26). These results funher c;upport the idea that in human epidcrmal 
neoplasms inappropriate or premature terminal differentiation occurs. 

lnterestingly, two different staining patterns were observed: an homogeneous and a 
granular one, which may respectively identify a diffuse and an aggregated form of the 
antigen. The particular staining of the acrosyringium prov ides further evidence in favour of 
the biological individuality of acrosyringial keratinocytes when comparcd to the surround
ing epidermis (27-28). The labelling of buccal mucosa has already been discussed. Among 
skin lesions, the minute granules observed in lichen planus and the morc conspicuous ones 
observed in squamous cell carcinomas may rcflect an altered distribution of GP37 corre
sponding to an altered differentiation process. 

The unexpected staining of the horny layer observed in areas of parakeratosis in 
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different diseases (psoriasis, warts, actinic keratosis) merits LO be discussed. A correlation 

may be postulatcd between the persistent expression of GP37 and the pathological 

retention of nuclci in the horny layer. This suggests a participation of GP37 in the 

degradation of the nucleus in lhe granular layer in normal epidermis. 

In a previous study, the immunoelectronmicroscopic distribution of GP37 in granular 

cells, visualized as discrele cytoplasmic granules differing from keratoyalin granules. was 

reported (14). Therefore GP37 could correspond to a lysosomal enzyme present in the 

granular layer. According to this view GP37 could be involved in thc process of nuclear 

degradation occurring in the granular layer. However this hypothesis needs confirmation. 

In conclusion, we feel that GP37, by virtue of ils particular distribution in the epidermis 

and its biochemical nature (glycoprolein). represents an interesting marker of the epider

mal difTerentiation process. As such it may be helpful in the further study of various 

epidermal inflammatory and proliferative disorders and in the better evaluation of drug 

influence on keratinocyte maturation in culture. 

ACKNOWLEDGEMENTS 

The authors thank D. Schmitt for useful discussion and M. Allhabe for typing the manuscripl. 

REFERENCES 

I. Hughes RC. Glycoproleins and cell interactions. Glycoconjugates. In: (Chester MA, Heinegard
D. Lundblad A, Svensson S, Lund, eds.) 7th lntemational Glycoconjugate Symp0sium, 1983:
51-54.

2. Diaz LA. Molecular structure of the epidermal extracellular spaccs. Ini J Dermatol 1979;
18:434-442.

3. Elias PM. Chung JC. OroLCo-Topete R, Nemanic MK. Membrane glycoconjugate visualization
and biosynthesis in normal and retinoid-treated epidermis. J lnvest Dermatol 1983; 81:81s-85s.

4. Roelfzema H, Erp PEJ. Glycoprotein composilion of psoriatic epidermis in relation to growth
c,mtrol. J lnvest Dermatol 1983: 80: 20-23.

5. Reano A. Faure M. Jacques Y. Reichert U. Schaefer H. Thivolet J. Lectins as markers of human
epidermal cell di!Terentiation. Differentiation 1982; 22: 205-210.

6. Nemanic MK, Whitehead JS. Elias PM. Alterations in membrane sugars during epidermal
differentiation: visualization with lectins and role of glyco�idases. J Histochem Cytochem 1983;
31: 887-897.

7. Mansbridge JN, Knapp AM. The binding of Helix p0matia and Ulex europeus agglutinins 10
normal and psoriatic skin. J lnvest Dermatol 1984; 82: 170--175.

8. Bell CM, Skerrow CJ. Factors affecting the binding of lectins to normal human skin. Br J
Dermatol 1984: 111: 517-526.

9. Brysk MM. Snider JM. The e!Tect of the state of differentiation on labelling of epidermal cell
surfacc glycoproteins. J Jnvest Dermatol 1982; 78: 366-370.

10. Brysk MM, Miller J. Concanavalin A binding glycoprotein in human stratum corneum. J Jnvest
Dermatol 1984; 82: 280--282.

11. Reano A. Ledger PW, Bonnefoy JY. Thivolet J. ConA and PNA-binding glycoprotein� of human
epidermis. J lnvest Dermatol 1984; 83: 202-205.

12. King IA, Tabiowo A, Pope M. Electrophoretic and immunoelectrophoretic analysis of pig
epidermal plasma membrane glycoproteins. J lnvest Dermatol 1984: 83: 42-47.

13. Bonnefoy JY, Reano A, Ledger PW, Thivolet J. Concanavalin (ConA) reactive human epidermal
glycoproteins. Acta Derm Venereol (Stockh) 1984; 64: 459-465.

14. Bonnefoy JY, Reano A, Schmill D, Thivolet J. Thymic Hassall's corpuscles-epidermis antigenie
relations defined by a common glycoprotein in man (GP37). Thymus 1984; 6: 387-394.

15. Thivolel CH, Hintner HH. Stanley JR. The e!Tect of retinoic acid on the expression of pemphigus
and pemphigoides antigens in cultured human keratinocyte�. J lnvest Derrnatol 1984; 82: 329-334.

16. Luca LM. Studies on mannosyl carrier function of retinol and retinoic acid in epithelial and
mesenchymal tissues. J Am Acad Dermatol 1982; 6:611�18.

17. Nemanic MK. Fritsch PO, Elias PM. Perturbation of membrane glycosylation in retinoid-treated
epidermis. J Am Acad Dermatol 1982: 6: 801-808.



192 G. Zambruno et al. Acta Dcrm Venereol (Stockh) 66 

18. Fuchs E. Green H. Regulation of terminal di!Terentiation of cultured human keratinocytcs by 
vitamin A. Cell 1981; 25:617�25.

19. Hawley-Nelson P, Sullivan JE, Kung M. Hennings H. Juspa SH. Optimiied conditions for the
growth of human epidermal cells in culture. J lnvest Dermatol 1980; 75: 176-182.

20. Rothblat GH, Arborgast LY. Ouellett L, Howard BV. Preparation of delipidized serum protein 

for use in cell culture systems. In Vitro 1976: 12: 554-557.
21. Staquet MJ. Viac J, Thivolet J. Antigenie relationships between polypeptides derived from

plantar and hand wart viruses. J Gen Virol 1979: 43:713-717.
22. Graham RC. Karnov�ky M. The early stages of adsorption of irtjected horserad1sh peroxidase in 

the proximal tubules of mouse kidney. Ultrastructural cytochemistry by a new technique. J
Histochem Cytochem 1966; 14: 291-302.

23. Gaudecker B. Schmale EM. Similarities between Hassalrs corpuscles of the human thymus and
the epidermis. Cell Tiss Res 1984: 151: 347-368.

24. Viac J, Sch mitt D, Reano A. Thivolet J. Expression of common cytoplasmic antigens by cpithelial
cells of thymus and epidermis. Arch Dermatol Res 1982: 274: 113-121. 

25. Said JW, Sassoon AF, Shintaku PI, Banks-Schlcgel S. lnvolucrin in squamous and basal cell 
carcinomas of the skin: an immunohistochemical study. J lnvest Dermatol 1984; 82: 449-452.

26. Thoma� P. Said JW, Mash G. Banks-Schlegel S. Profiles of keratin proteins in basal and

squamous cell carcinomas of the skin: an immunohistochemical study. Lab lnvest 1984:
50: 36-41.

27. Christophers E, Plewig G. Formation of the acrosyringium. Arch Dermatol 1973; 107: 37$-382.
28. Murphy GF. Shepard RS. Harrist TJ, Bronstein BR, Bhan AK. Ultrastructural documentation of 

HLA-DR antigen reactivity in normal human acrosyringial ep1thelium. J lnvest Dermatol 1983: 
81: 181-183.


