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The nature of elastotic material in sun-damaged human 
skin was investigated by indirect immunofluorescence. An
tibodies were used against the following components of 
the dermis : type I and type VI collagens, aminopropeptide 
of type I and type III procollagens, fibronectin, elastin, 
microfibrillar proteins, and basement membrane repre
sented by the 7S domain of type IV collagen, laminin, and 
nidogen. The elastotic material exhibited marked flu ores-

C
umulative, repeated exposures to natural sunlight or 
artificial ultraviolet radiation (UV A-UVB) contrib
ute to the development of degenerative alterations 
of the skin, clinically characterized by wrinkling, 
atrophy, dryness , telangiectases, and pigmentary 

changes. The posterior neck is commonly affected and can be
come furrowed, thickened, and yellowish. This condition is known 
as cutis rhomboidalis nuchae, "farmer's skin," or "sailor's skin." 
The maj or histologic finding of actinically damaged skin is the 
presence of basophilic fibers in the upper dermis , referred to as 
elastotic material , or solar elastosis [1,2]. In experimental animals, 
exposure to UV radiation results in an increase of elastic tissue 
in a fibrillar pattern [3,4]. 

Despite numerous clinical, pathologic, and biochemical studies, 
very little is understood about the biochemical composition of 
solar elastosis . Some investigators have suggested altered elastin 
to be the primary component of elastotic material, because it has 
similar histochemical staining reactions to elastic tissue. Bio
chemical analysis has shown the amino acid composition of elas
totic material to be similar to normal human elastin, with lower 
hydroxyproline and proline contents than collagen [5] . In addi
tion, elastotic material is susceptible to degradation by elastase 
but not collagenase [1]. Other investigators, however, believe 
that elastotic material represents altered collagen which merely 
acquires the tinctorial properties of elastin [6]. This study was 
conducted to identify the constituents of the elastotic material in 
actinically damaged human skin by indirect immunofluorescence 
microscopy using antibodies directed against various collagens, 
elastic tissue components, fibronectin, and components of the 
basement membrane. 
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cence for elastin and microfibrillar proteins which codis
tributed with fibronectin. The presence of type I and VI 
collagens and procollagen type III were demonstrated to a 
lesser extent within the elastotic material. These results 
suggest that solar elastosis is primarily derived from elastic 
fibers and not from preexisting or newly synthesized col
lagens. ] Invest Dermatol 87:334-337, 1986 

MATERIALS AND METHODS 

Tissue Biopsies of severely actinically damaged skin were ob
tained under local anesthesia from the posterior neck (cutis rhom
boidalis) of 3 patients . 

Histology Tissues were fixed in buffered formalin and stained 
with hematoxylin and eosin, Van Gieson's and Verhoeffs elastic 
tissue. 

Preparation of Antibodies Affinity-purified antibodies against 
type I collagen and the aminopropeptide of procollagens I and 111 
of bovine origin were prepared as previously described [7] . An
tibodies against type VI collagen were raised against a pepsin 
fragment from human placenta [8] and those against fibronectin 
were prepared with material obtained from human plasma [9]. 
Antibodies against laminin [10], nidogen [11] , and the 7S-domain 
of collagen IV [12] were prepared from basement membranes 
derived from the mouse Engelbreth-Holm-Swarm (EHS) tumor. 
Antibodies against human aortic alpha-elastin were obtained from 
Elastin Products Co. (Pacific, Missouri) while antibodies against 
microfibrillar proteins were prepared as previously described [13] . 
Those antibodies raised with antigens of nonhuman origin showed 
enough cross-reactivity with human tissue as previously shown 
[14] . 

Indirect Immunofluorescence Microscopy Indirect immu
nofluorescence microscopy was carried out as previously reported 
[15) . Briefly, frozen sections about 6-8 J-Lm thick were placed in 
acetone for 5 min, washed in phosphate-buffered saline (PBS), 
pH 7.2, and digested for 30 min with hyaluronidase (2 mg/ml) 
in PBS, pH 5. Sections were treated for 30 min with the specific 
rabbit antibody, washed in PBS, and then stained for 45 min with 
goat antirabbit y globulin antibodies conjugated with fluorescein 
isothiocyanate. The specimens were examined in a Nikon mi
croscope equipped for epifluorescence overhead immunofluores
cence. Photographs were taken with Kodak Ektachrome ASA 
400 daylight film. 

RESULTS 

Biopsies of severely sun-damaged skin from the posterior neck 
of 3 patients revealed similar findings by light microscopy and 
indirect immunofluorescence. Verhoeff-van Gieson stained sec-
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Figure 1. Indirect immunofluorescence of 
human actinica lly damaged skin . a, Ver
hoeffs-van Gieson stain (x 160) . h, Antibody 
directed against type I collagen showing 
amorphous elastotic material (EL) in the up
per dermis (0) separated fro m the epidermis 
(E) by co llagen (X 160) . c, As in (b) except 
at higher magnifica tion (x 560). Note that 
remnants of collagen (arrowhead) bundles are 
visuali zed w ithin the elasto ti c material (arrow) 
but that the elas totic material itsel f does not 
s ta in . 

tions (Fig la) revealed thickened, spaghetti-like black fibers oc
cupying the papillary dermis and upper reticular dermis w ith 
sparing of the superficial papillary dermis . T hese fibers stained 
positively for elas tic tissue. Indi rect immunofluorescence using 
antibody directed against type I collagen left large unstained areas 
corresponding to elasto tic m aterial, w hi ch were surrounded by 
thick collagen bundles (Fig 1 b). However, at hi gher magnifica
tion, remnants of type I collagen in the form of thin fi brils or 
large clumps were seen w ithin the area of elastotic material (Fig 
Ie). Staining for the am inopropeptide of type I coll agen was lim
ited to the dermal-epidermal junction, a findin g similar to that 
seen in normal human skin as previously shown [7,15]. w ith no 
detectable fluorescence in the elastot ic material. Staining for the 
aITlinopro peptide of type III collagen (Fig 2a) revealed a network 
of fibers throughout the area of elastotic material (Fig 2b). Type 
VI collagen was observed w ith fai nt flu orescence in the form of 
a fine network within the affected area (Fig 3). T he elastotic 
materi al was fo und to stain intensely in a fibrill ar pattern w hen 
an tibody directed against elastin was used (Fig 4a). This pattern 
contrasts w ith the faint reticular pattern observed in unin volved 
dermis (no t shown). Simil arl y, increased staining of microfibrill ar 
proteins was detected in the elastotic material relative to the lower 
unaffected dermis (Fig 4b). Staining for fibronectin revealed marked 
fluorescence throughout the elastotic m aterial (Fig 5). Basemen t 
membrane proteins (type IV coll agen, laminin , and nidogen) were 

Figure 2. Immunoflu orescence staining of elastotic material fo r the ami
nopropeptide of type III collagen (a, x 160; b, X 560). Staining for the 
aminopropeptide of type III collagen (arrowhead) is seen within the elas toti c 
area. E = Epidermis, 0 = uninvolved portion of the derm is, EL = 
elastotic area, arroUJ = clastotic material. 
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fo un d in a patte rn similar to that of no rma l skin and were localized 
around blood vessels, appendages, and along the derm al-epider
mal junction. A network of patent ca pillaries was present w ithin 
th e elas toti c material (Fig 6). N o signifi ca nt background staining 
was observed with IgG from nonimmunized rabbits (Fig 4e). 

DISC USSION 

In this study, we have demonstrated b y indi rect immunofluo
rescence the distribution of vario us dermal co mponents in elas
to tic material. T his material was found to consist predominantly 
of elastin , microfi brill ar proteins, and fibronectin, w ith the in
terstitial collagens present to a lesser extent. T hese fi ndings con
firm previous o bservations suggestin g that e1astotic m ater ial is 
primaril y derived fro m elas tic fibers. 

Elas tic fibe rs consist of an amo rphous co mponent known as 
elastin and microfibrils w hich m ay be fou nd w ithin and at the 
periphery of elas tin. During development, m icrofibrils are ar
ranged togeth er to ac t as a scaffoldin g upon which elastin is de
posited [1 6]. N ormal hum an skin stained for ei ther mi crofib rils 
or elastin dem onstrated a fibr ill ar or ret icular pattern throughout 

Figure 3. Immunofluorescence staining of elastotic area for type VI col
lagen (x 160). N ote staining of elastotic area (EL) while papilla ry layer 
of the dermis (0) is negative. E = Epidermis . 
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the dermis. In contrast, elastotic material showed intense staining 
in the form of large amorphous masses or thick fibers. These 
observations correlate with previous electron microscopic studies 
of sun-exposed skin showin g an increase in elastic fibers and 
microfibrils [17]. Similar changes have also been demonstrated 
in hairless mice exposed to UV radiation [3]. Staining for the 
interstitial collagens (types I and VI collagen and the aminopro
peptide of type III collagen) suggest their presence within the 
elastotic material. Fine collagen fibrils w ithin the elastotic material 
(3) may represent immature type I collagen or mature type 1Il 
collagen, since the latter collagen grows o nly to about 30-40 nm. 
The finding of type VI collagen arranged in a fine network may 
suggest a possible interaction with microfibrils. 

T he association of fi bronectin with the elastotic .material sug
ges ts that either it interacts with altered elastic tissue o r that it is 
a major constituent of solar elastosis. Im munoelectron micros
copy [18] and biochemical studies [1 3] support the interaction of 
fibro nectin with normal elas tic fibers, particularly microfibrils. 
Similar interactions of fibronectin and elastic tissue were noted 
in pseudoxanthoma elasticum [19] . 

Figure 5. Immunofluorescence staining of elas totic area fo r fibronectin 
( x 160). Note that the papillary layer consisting mostly of collagen stains 
faintly. E = Epidermis, D = uninvolved portion of the dermis, EL = 
elastotic area. 
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Figure 4. Indirect immunofluorescence of 
elastotic area. n, Incubated wi th antibodies 
to elastin (x 160). b, Incubated with anti
bodies to microfibrillar proteins (x 560). N ote 
the sharp line of demarcation (arrow) between 
the lower edge of the elastotic material and 
the lower reticular dermis. c, Control section 
incubated with preimmune sera (x 160). E 
= Epidermis, D = uninvolved portion of 
the dermis. EL = elastotic area. 

Figure 6. Immunofluorescence staining of elastotic area for type IV col
lagen (x 560). Note capillaries with patent lumens and normal walls. D 
= Uninvolved portion of the dermis, EL = elastotic area. 

N o changes in the basement membrane components (type IV 
collagen, laminin, and nidogen) were detected around blood ves
sels, appendages, or along the dermal-epidermal junction of ac
tinically damaged skin. Nidogen is a recently discovered glyco
protein of basement membranes which codistributes with laminin 
and type IV collagen [11]. Thickened capillary basement mem
branes have been observed by periodic acid-Schiff staining as well 
as electron microscopy in previous studies of sun-damaged skin 
[3,17] . In this study, the vessels within the elastotic m aterial ap
pear to have patent lumens and walls of normal thickness. How
ever, it is very difficult to assess wall thickness of small blood 
vessels by immunofluorescence microscopy . 

In summary, this study demonstrates that the e1astotic material 
of sun-damaged human skin is composed primarily of elastic 
fibers intermingled with type VI collagen and remnants of type 
I and type 1Il collagen fibrils . Fibronectin appears to interact w ith 
the e1astotic material. Biochemical analysis of this elastotic ma
terial is currently in progress to further characterize its compo
sition . 

REFERENCES 

1. Fleischmajer R, Lara JV: Actinic elastosis and pseudoxanthoma elas
ticllm. Dermatologica 133:336-378, 1966 

2. Mitchell RE: Chronic solar dermatosis: a light and electron micro
scopic study of the dermis. J Invest Dermatol 48:203-220, 1967 

3. Kligman LH, Akin FJ, Kligman AM: Prevention of llitraviolet dam
age to the dermis of hairless mice by sunscreens . J Invest Dermatol 
78:181-189, 1982 



VOL. 87, NO.3 SEPTEMBER 1986 

4. Kligman LH , Akin FJ, Kligman AM: Sunscreens promote repair of 
ultravio let radiation-induced dcrmal damage. J In vcst Dermatol 
81:98- 102, 1983 

5. SmithJG, Davidson EA, C lark RD: Dermal elastin in actinic elastosis 
and pseudoxanthoma elasticum. N atu re 195:716-717, 1962 

6. Niebauer G, Stockinger L: Uber die senilc Elastosc. Histochcmischc 
und e1cktroncnmikroskopischc Untcrsuchungcn. Arch Klin Exp 
Dcrmatol 221 :1 22-143, 1965 

7. N owack H, Gay S, Wick G, Bccker U , T impl R: Preparation and 
use in immunohistology of antibodies specific for type [ and typc 
III collagen and procollagen. J Immunol Methods 12:117-124, 
1976 

8. Von der Mark H , AumailJey M , Wick G, Fleischm ajcr R , T impl R: 
Immunochcmistry, genuine size and tissuc loca lization of collagen 
VI. E ur J Biochem 142:493-502, 1984 

9 . Dessau W, Sasse J , T impl R, Jilek F, Von del' Mark K: Synthes is 
and extracellular deposition offibronectin in chondrocyte cultures . 
Response to the removal of extracellular cartilage matrix. J Cell 
BioI 79:342-355, 1978 

10. Rohde H, Wick G, T impl R: Immunochcmical characteri za tion of 
the basement mcmbranc glycoprotein laminin. Eur J Biochcm 
102:195-201,1979 

11. Timpl R, Dziadck M, Fujiwara S, N owack H , Wick G: Nidogen: 
a new, self-aggregating bascment membrane protcin . Eur J Biochcm 
137:455-465, 1983 

IM MUNOCHEMISTRY OF SOLAR ELASTOS IS 337 

12. Risteli J , Wick G, Timpl R: Immunological characterization of the 
7S domain of type IV co llagens. Coil Relat Res 1 :419-432, 1981 

13. Schwa rtz E, Gold fischcr S, Coltoff-Schiller B, Blumenfe ld 00: 
Extracellular matrix microfibril s are com posed of co re proteins 
coated with fibronectin. J Histochcm Cytochcm 33:268-274, 1985 

14. Timpl R, Wick G, Gay S: Antibodies to distinct types of collagcn 
and procollagens and their app lication to immunohistology. J Im
munol Methods 18: 165- 182, 1977 

15. Fleischmajer R, Dcssau W, Timpl R, Krieg T , Luderschmidt C , 
Wiestner M: Illllllun oAuorescence ana lysis of co llagen, fibroncc
tin, and basemcnt mcmbranc protein in scleroderma skin . J In vest 
Dermatol 75:270-274, 1980 

16. Kewley MA, Wi lliams G, Stevcn FS : Studies of elastic ti ssue fo r
mation in the dcveloping bovinc ligmentum nuchae. J Pathol 
124:95-101 , 1978 

17. Braverman 1M, Fonferko E: Stud ies in cutancous aging: l. The elast ic 
fiber network. J Inves t Dermatol 78 :434-443, 1982 

18. Fleischm ajer R, Timpl R: Ultrastru ctural loca li zat ion of fibronectin 
to different anatomic structurcs of hum an skin . J Histochem Cy
tochem 32:315-32 1, 1984 

19. Lebwohl M, Fleischmajer R, Loveb ce 0, T impl R: ImlllllnoAu
oresccnt analysis of co llagens, Iaminin, and fibronectin, and im
munoelcctroll microscopy offibronectin in pselldoxanthoma elas
ticum skin. C lin Res 32:597A , 1984 




