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An analysis of the dermis and a study of collagen and lipid 
biosynthesis by fibroblast cultures were carried out in one 
case of epitheliogenesis imperfecta in a new born calf. This 
was found to be not only an epidermal disease with fissures 
and blisters within basal cells on the basement membrane but 
also a metabolic disease affecting the dermal fibroblasts. 

E 
pitheliogenesis imperfecta (EI) is a hereditary disorder of 
the skin found in cattle. It is a relatively rare disease 
which has been described in a great variety of animal 
species including pig, sheep, horse, cat, dog, and cougar; 
however, few papers have been published on the bovine 

disorder since it was first described by F. B. Hadley in 1927 [1]. It is a 
recessive autosomal disease characterized by agenesis of the skin and 
mucosa, particularly in the limbs and the mouth. Furthermore, 
hooves are very often absent. 

Histologic examination shows that the skin at the edge of the 
lesions presents a cystic dilatation of the sweat glands and fissures 
parallel to epidermis located at the base of the stratum germinati
vum. This histologic pattern of the lesions is similar to that seen in 
epidermolysis bullosa, described by B. J. Bart [2J, in which aplasia of 
the skin and blisters affecting the mucous membranes also occur. 

Having observed a case of EI in a newborn calf, we used this 
opportunity to study collagen biosynthesis in fibroblasts to see if the 
cells of the dermis are also involved, as shown previously in epider
molysis bullosa dystrophica recessiva (EBDR) [3]. Moreover, as nu
merous vacuoles were observed in the basal cells, we studied lipid 
biosynthesis. 

CASE REPORT 

This was a typical case of EI in a new-born calf with aplasia and 
ulcers of the skin (especially on the legs), agenesis of the oral mu
cosa, and absence of the hooves (4]. Histologic examination (Fig 
lA) showed fissures parallel to the epidermis. These lesions were 
clearly delimited. When the epidermis was absent, an inflammatory 
reaction was present in the dermis and the sweat glands were dilated 
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These fibroblasts showed a significant decrease in collagen 
biosynthesis with an increase in the percentage of type III 
collagen and also a decrease in the biosynthesis of lipids, 
especially glycerides and cholesterol. J Invest Dermatol 
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(Fig IB). Figure 2 shows the histology of a normal calf skin of the 
~ame age as a ~ontrol. Electron microscopy (Fig 3) showed balloon
Ing degeneration with confluent vacuoles located in the basal cells 
on the basement membrane on which some cytoplasm and hemi
desmosomes remain. 

MATERIALS AND METHODS 

Analysis of the Skin After removal of the epidermis, which al
most completely disappears in EI, a sample of skin was freeze-dried 
and treated with ether. It was weighed before and after freeze drying 
to measure the water content, and the ether extract was weighed to 
determine the total lipids. 

The dry lipid depleted sample was extracted with 0.15 moljl 
NaCI-O.OS mol/l Tris buffer, pH 7.5, for 24 h at +4·C and then 
with 0.5 moljl acetic acid for the same length of time. The amount 
of hydroxyproline was measured in the two extracts and in the 
insoluble fraction after hydrolysis with 6 moljl HC\ for 24 h at 
1.05 ~ C. The estimation of hydroxyproline was carried out by gas 
II<;jUld chro~natography according to a previously described method 
[51, which IS useful to analyze small samples of skin biopsies. The 
amounts of neutro-soluble, acid-soluble, and insoluble collagen 
were calculated in each fraction from the hydroxyproline content. A 
sample of dermis from a healthy calf was used as control. 

Cell Culture Fibroblasts were rropagated through serial subcul
tures from skin explants. Contro cultures were obtained from the 
skin of a healthy calf of the same age. The fibroblasts were subculti
~ated by try~sinizati?n (o~e to two splits). The cultures were plated 
In T75 plastiC Corrung tissue culture flasks in Eagle's Minimum 
Essential Medium (MEM) buffered with bicarbonate (2 gil) at pH 
7.4 and supplemented with 10% calf serum (Flow), penicillin (50 
U Iml), and streptomycin (50 J.Lg/ml). The cultures were grown in a 
5% CO2-95% air atmosphere. The culture medium (15 ml/flask) 
was changed every 3 d. The cells were studied at the tenth passage. 

Collagen Biosynthesis Collagen and protein biosynthesis was 
stud.ied according to a previously reported method [3]. Labeling was 
carned out when the cell number was doubled, the ninth day after 
the last trypsinization. The culture was incubated for 24 h with 
L-,fU- 149 proline and [4.5-3H] lysine (Amersham) . The incubation 
mixture mcluded 5 ).lei of 14C-proline (specific activity : 280 mCi/ 
mmol), 200 J.LCi of 3H-Iysine (specific activity: 85 Cijmmol) , 50 
J.Lg/ml of fJ-aminopropionitrile, and 50 J.Lg/ml of ascorbic acid in a 
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Figure 1. Light micrographs of the skin in EI with hematoxylin-eosin 
stain. A: fissures parallel (F) to the epidermis (B) (X40); B: epidermal 
disruption and necrotic fragments above a dermis (D) within dilated sweat 
glands (S) and inflammatory reactions (X160). 

final volume of 10 ml culture medium. The experiments were car
ried out in triplicate. 

After labeling, secreted collagen and proteins were measured in 
the culture medium, because the cell pellet contained less than 10% 
of the total newly synthesized collagen labeled with hydroxypro
line. The cell layer was only used for DNA assay using Burton's 
method [6]. 

The labeled proteins (both collagen and non-collagen) were as
sayed in an aliquot of the culture medium (500 Jil) following precip
itation with 95% ethanol (1: 4 v Jv). In another aliquot (10 ml) 
collagen was purified after digestion with pepsin (Sigma P 7012: 1 
mgJml, 16 hat +4°C) by precipitations with 4.2 molJI NaCI fol
lowed by 20 mmol/I disodium phosphate. The radioactivity of the 
samples was determined in the presence of ready solv EP scintilla
tion cocktail (Beckman). A double labeling program was used in a 
LS 1801 Beckman scintillation counter. The results were expressed 
in DPM HC per Jig of DNA. 

Labeled hydroxyproline was determined both in the total culture 
medium and in the purified collagen fraction. Hydroxylysine, ly
sine, and proline were also determined in the purified collagen 
fraction. After acid hydrolysis (6 molJl HCl), the amino acids were 
separated by ion exchange chromatography (Dow ex 50 W X 8 
eluted successively with 0.1 mol/I pyridine-acetic acid buffer, pH 
2.65 then 0.2 molJl pyridine-acetic a.cid buffer, pH 4.5) according 
to a previously described method [3,7J. This second method was 
chosen because it was more appropriate to measure the radioactivity 
oflabeled amino acids in the eluate than gas liquid chromatography, 
which was mainly useful in the case of skin biopsy analysis. 
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Figure 2. Light micrographs of a normal cow skin with hematoxylin-eosin 
stain. A : X40; B: X160. 

Figure 3. Electron micrograph of a hair follicle showing lesions ofbaJloon
ing degeneration affecting chiefly basal cells at the beginning of the epider
mic cleft. D: dermis; B: basal cell; V: vacuoles in basal cel ls; b: basement 
membrane (X16.000). 
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To measure the relative amounts of collagen type I and III in the 
purified collagen fraction, SDS-polyacrylamide gel electrophoresis 
was performed using a 4.5% stacking/7.5% separating slab gel [8) 
with and without dithiothreitol to identify type III collagen. After 
drying the gel, the labeled fractions were characterized by autoradi
ography with X Omat-AR film (Kodak) then densitometry of the 
fractions (cellosystem Sebia). 

Lipid Biosynthesis Labeling was carried out on the thirteenth 
day after the last trypsinization. Thirty ).tCi of [U-14C) acetate (spe
cific activity: 58 mCi/mmol) was added to 10 ml of culture medium 
and the incubation was continued for 2 h. The cells were washed 
with 0.15 mol/I NaCI and mechanically detached with a rubber 
policeman. After sonication (B 12 Sonifer: 40 watts; 2 X 30 s), the 
lipids were extracted from the cell pellet with 6 ml of methyl al/ 
methanol (4: 1 v/v). The extraction was continued during 24 h at 
+4 0 C with shaking. This extraction was repeated once. After cen
trifugation, the lipid extracts were pooled and the cell pellet was 
solubilized in 5 ml of 1 moljl NaOH in which cell proteins were 
measured by Lowry's method [9). 

The lipid solution was dried under N2 at room temperature and 
redissolved in chloroform (1 ml). The incorporation of labeled ace
tate into lipids was determined by liquid scintillation counting in a 
100).t1 aliquot. 

Another aliquot (500 ).tl) was dried and redissolved in chloroform 
(3 X 20 ).tl) to separate the lipids by thin-layer chromatography on 
silica 60 plates (Merck) which were developed in petroleum ether/ 
diethylether/acetic acid (90: 10 : 1 v Iv). The labeling of each frac
tion was determined by autoradiography and computed taking into 
account the radioactivity of the total lipid extract. The results were 
expressed in DPM 14C per mg of cell proteins. 

On the other hand, total cholesterol was measured on the same 
extract by Zak's method [10). 

Statistical Analysis of the Data The data were analyzed by a 
one-way analysis of mean by the t-test (Stat-ITCF software). 

RESULTS 

The results of direct analysis of the dermis are reported in Table I. 
There was a drastic decrease in the lipids and all categories of colla
gen, especially soluble collagen, which was replaced by an inflam
matory tissue as it was shown by histology (Fig IB). 

These disturbances were also observed through the metabolic 
data. There was a decrease in both collagen and total protein biosyn
thesis (Table II), although the fall in collagen secretion was greater 
than that of the total proteins so the collagen/protein ratio was very 
low. The decrease in collagen secretion of the fibroblasts involved 
not only the pepsin resistant collagen but also the total collagen 
produced, because total labeled hydroxyproline in EI was five times 
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Figure 4. Densitometer profiles of autoradiographies after polyacrylamide 
gel electrophoresis without 1 and with 2 reduction of the labeled collagen 
extracted from the fibroblast culture medium of epitheliogenesis imperfecta 
(a) and control (b), showing the increase of the percenuge of type IJI 
collagen in E.1. An equal amount of bbeled material was loaded. 

lower than in the control. It was possible to estimate the percentages 
of type I and type III collagen from the electrophoresis pattern (Fig 
4) obtained after autoradiography of the labeled purified collagen. 
There was a greater decrease in collagen type I production than in 
type III production because the relative amount of type III was 
higher in EI than in the control (Table III) . On the other hand, the 
hydroxylation rate of proline and lysine were the same as in the 
control. 

Lipid biosynthesis was also disturbed, as shown in Table IV. In 
fibroblast cultures, it was possible to observe after labeling a decrease 
in the biosynthesis of all types of lipids, although the decrease in 
phospholipids was less than that of glycerides. Cholesterol biosyn
thesis also fell. Furthermore, it resulted in a reduction in the total 
cholesterol content of the cells. 

Table I. Direct Analysis of the Dermis 

E.1. 
Control 

E.1. 
Control 
utn test 

g/toO g of Wet Weight g/100 g of Dry Weight 

Water 

70.7 
72.0 

Lipids 

0.4 
0.7 

Neutrosoluble Collagen 

0.22 
0.61 

Acidsoluble Collagen 

6.7 
12.3 

Table II. Collagen and Proteins Secreted by Cultured Fibroblasts 

dpm//lg of DNA 

Pepsin Resistant Total Total 
Collagen Hydroxyproline Proteins 

Mean SO Mean SO Mean SO 

4,580 790 10,130 1,950 68,830 8,576 
22,579 772 51,137 4,851 99.069 9,779 

P < 0.001 P < 0.001 P = 0.008 

Insoluble Collagen 

Mean 

0.066 
0.228 

79.6 
85.3 

Collagen 

Proteins 

P < 0.001 

SO 

0.008 
0,011 
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Table m. Analysis of the Collagen Secreted by Cultured Fibroblasts 

Type III % of Total 
Collagen Hyp/Pro Hyl/Lys 

Mean SO Mean SO Mean SO 

E.1. 32.4 2.6 0.96 0.09 0.26 0.07 
Control 14.3 3.4 1.06 0.03 0.36 0.08 
"t" test 0.001 < P < 0.01 NS NS 

Table IV. Lipids Synthesized by Cultured Fibroblasts 

(dpm/mg of cell proteins) Total Cholesterol 

Labeled Total 
Lipids Phospholipids Diglycerides Triglycerides 

Labeled Free 
Cholesterol 

mg/mg of 
Proteins 

Mean SO Mean SO Mean SO Mean SO Mean SO Mean SO 

E.I. 
Control 
"t" test 

13,813 151 10,018 53 1,583 57 885 158 1,326 63 0.09 0.008 
24,130 949 13,904 1,090 5,179 1,090 2,377 891 2,668 35 0.20 0.015 

P ~ 0.002 P = 0.002 P = 0.003 

DISCUSSION 

The examination of the dermis and the behavior of fibroblast cul
tures in a case ofEI showed that there were several metabolic distur
bances in this hereditary disorder: a large decrease in collagen bio
synthesis, but with an increase in the percentage of type III collagen, 
and a decrease in the biosynthesis oflipids, especially glycerides and 
cholesterol. 

The study of the collagen content of the dermis and the biosyn
thesis of this protein in fibroblast cultures suggests that EI is a con
nective tissue disease, although the disturbance in lipid biosynthesis 
extended this conclusion and showed that it is a more complex 
disorder of fibroblast metabolism. 

These fibroblast defects were probably not independent of the 
disturbance of the epidermis. They could explain the epidermal 
lesions because the basal cells of the epidermis are fed by the dermal 
cells underneath [11] . In this hypothesis, the pathologic fibroblasts 
would be unable to produce the collagen indispensable for the base
ment of the keratinocytes [12] and the lipids essential for the epider
mal integrity, for example, phospholipids which are present in the 
intercellular spaces and stabilize the extracellular sheets of lipids, as 
described by Wertz et al [13]. This hypothesis does not eliminate 
the possibility of a defect present in both epidermal and dermal cells, 
especially in the case of the lipid biosynthesis. 

On the other hand, the loss of type I collagen may mimic osteo
genesis imperfecta [14], but bone fragility was never described in EI. 
In the case report no bone fractures were observed and moreover the 
ratio of the at (I) to a z chains was not decreased as reported in 
osteogenesis imperfecta. 
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