
 

Endothelial Cell Apoptosis in Scleroderma

 

785

 

J. Clin. Invest.
© The American Society for Clinical Investigation, Inc.
0021-9738/

 

96

 

/08/0785/08 $2.00
Volume 98, Number 3, August 1996, 785–792

 

Endothelial Cell Apoptosis Is a Primary Pathogenetic Event Underlying Skin 
Lesions in Avian and Human Scleroderma

 

Roswitha Sgonc,* Matthias S. Gruschwitz,

 

‡

 

 Hermann Dietrich,* Heidrun

 

 

 

Recheis,* M. Eric Gershwin,

 

§

 

 and Georg Wick*

 

*

 

Institute for General and Experimental Pathology, University of Innsbruck, Medical School, 6020 Innsbruck, Austria; 

 

‡

 

Department of 
Dermatology, University of Erlangen-Nuremberg, 91052, Erlangen, Germany; and 

 

§

 

Department of Internal Medicine, Division of
Rheumatology-Clinical Immunology, and the Department of Avian Sciences, University of California, School of Medicine, Davis, California 95616

 

Abstract

 

The mechanism that may cause degenerative fibrotic skin

lesions was studied in situ using skin biopsies from patients

with systemic sclerosis (SSc), localized scleroderma, or ke-

loids, and at the initial disease stage in the University of

California at Davis (UCD) lines 200/206 chickens, which

develop a hereditary systemic connective tissue disease re-

sembling human SSc and permit study of disease stages not

accessible in humans. Frozen skin sections were analyzed si-

multaneously for apoptosis by terminal deoxynucleotidyl

transferase–mediated FITC-dUTP nick end labeling and

indirect immunofluorescence staining of cell markers with

tetramethylrhodamine isothiocyanate conjugates. The re-

sults showed that endothelial cells are clearly the first cells to

undergo apoptosis in the skin of UCD-200/206 chickens, a

process that seems to be induced by anti–endothelial cell an-

tibodies. In human fibrotic skin diseases, apoptotic endothe-

lial cells could only be detected in early inflammatory dis-

ease stages of SSc and localized scleroderma. (
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Introduction

 

Systemic sclerosis (SSc)

 

1

 

 is a multistage autoimmune disorder
characterized by three morphological hallmarks in early skin
lesions: structural and functional vascular and microvascular
abnormalities, perivascular and tissue infiltration of mononu-
clear inflammatory cells, and increased collagenous and non-
collagenous extracellular matrix molecules. During disease

progression, fibrotic destruction of internal organs such as
lung, heart, kidney, and the gastrointestinal tract takes place
(1–3). Fibrotic stages of SSc with the full-blown clinical symp-
toms often fail to exhibit prominent perivascular skin infiltra-
tion, which can always be found in the early inflammatory
stage of both SSc and localized scleroderma (loSc) (4). Al-
though great effort has been made to elucidate the pathogene-
sis of scleroderma, the etiology and primary pathogenetic
events of this disease remain unclear. The search for the ulti-
mate etiology of autoaggression requires animal models in
which the disease is either induced experimentally or develops
spontaneously. Few spontaneous animal models of hereditary
scleroderma are available, e.g., the tight skin (TSK) mouse, a
dominant mutant of the inbred B10.D2(58N)/Sn mouse strain
(5, 6) and the University of California at Davis (UCD) chicken
lines 200 and 206 (7–9). The homozygous TSK/TSK is a lethal
mutation. Heterozygous TSK mice (TSK/

 

1

 

) show marked
thickening, induration, and tightness of the skin as the most
prominent clinical symptom. Whereas TSK/

 

1

 

 mice lack im-
portant symptoms of human scleroderma (5), such as the in-
flammatory and immunological features as well as vascular
and gastrointestinal involvement, UCD-200 and 206 chickens
develop the entire spectrum of SSc, i.e., vascular occlusion, se-
vere perivascular lymphocytic infiltration of skin and viscera,
fibrosis of skin and internal organs, antinuclear antibodies, an-
ticardiolipin antibodies, rheumatoid factors, and distal poly-
arthritis (10–12). These chickens spontaneously develop an in-
herited scleroderma-like disease with an initial inflammatory
stage 1–3 wk after hatching, most prominently in the comb
(Fig. 1), finally leading to fibrosis with excessive accumulation
of collagen types I, III, and VI in the afflicted tissues (13). The
immune system seems to play an important role in the devel-
opment and/or perpetuation of these lesions. UCD-200/206
chickens exhibit a severe perivascular infiltration of the skin
with mainly T cell receptor (TCR) 
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T lymphocytes, of which 

 

z

 

 50–75% coexpress CD8, in the
papillary dermis, and TCR 
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in perivascular areas of the deeper dermis and subcutaneous
tissue (14). The relationship between these inflammatory cells,
endothelial cells, and fibroblasts may be critical in the early
stages of scleroderma. It has been suggested previously that
there is a primary microvascular abnormality in SSc patients,
but it is still unclear whether immune alterations follow or pre-
cede endothelial changes (15–17).

The aim of this study was to identify in situ the mechanisms
that cause the degenerative skin lesions at the initial disease
stage and to characterize the targets and possible effectors of
this process. Since human patients obviously are not under
medical control until clinical manifestations are fully estab-
lished, the majority of these investigations were performed in
the UCD-200/206 chicken, a well-established model for SSc in
which these early events can be studied. In parallel, we also an-
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alyzed skin biopsies of human patients with SSc, loSc, and ke-
loids. Herein, we document that a primary event in the patho-
genesis of the scleroderma-like disease in the UCD-200/206
chicken is endothelial cell apoptosis, probably caused by anti–
endothelial cell antibodies (AECA), a finding supported by re-
sults from human skin biopsies. Understanding the pathoge-
netic mechanisms of scleroderma at a molecular level and
identifying their targets opens new possibilities for develop-
ment of more specific diagnosis and treatment.

 

Methods

 

Animals.

 

The following strains of chickens were used: UCD lines 200
and 206, which spontaneously develop an inherited scleroderma-like
disease (7, 18), healthy UCD line 058, which have the same MHC
haplotype (

 

B

 

15

 

) as line 206, normal White Leghorn (NWL) chickens
as healthy outbred controls, and the obese strain (OS), a chicken
model of spontaneous autoimmune thyroiditis (19, 20), as a control
with an unrelated organ-specific autoimmune disease. NWL chickens
were purchased from a local breeder (F. Moser, Polling, Austria).
The other strains were maintained in the Central Laboratory Animal
Facilities of the Medical School of the University of Innsbruck, Austria.

 

Patients.

 

After appropriate consent was obtained, lesional skin
biopsies were taken by oval excision under local anesthesia from 15
SSc patients at different disease stages (chronic-sclerotic stage: 

 

n

 

 

 

5

 

 8;
early-edematous, acute stage: 

 

n

 

 

 

5

 

 7), 9 patients with loSc (acute-
inflammatory phase), and 3 patients with keloids. For clinical diagno-
sis, the classification of the “Arbeitsgemeinschaft Dermatologische
Forschung” (21) combined with the American College of Rheumatol-
ogy (formerly, the American Rheumatism Association) criteria (22)
was used (SSc I: acrosclerosis, limited disease; SSc II: ascendant in-
volvement of lower arms and legs, limited disease; SSc III: centroscle-
rotic/diffuse scleroderma). Clinical diagnosis was completed and the
extent of inflammatory infiltration was determined by routine histo-
logical examination. Evaluation of visceral involvement, blood and
serological parameters (white cell count, blood sedimentation rate,
immunoglobulins, quantification of Rose-Waaler test, titers and sub-
sets of antinuclear antibodies, soluble ICAM-1 and VCAM-1 serum

levels) were determined. The single parameters were evaluated as
positive in the case that blood sedimentation rate 

 

.

 

 40 mm/h, Rose-
Waaler test 

 

.

 

 1:20, immunoglobulins 

 

.

 

 16 grams/liter, antinuclear
antibodies 

 

.

 

 1:160, or leukocyte count 

 

.

 

 10,000/ml. Patients were
classified as acute inflammatory stage if more than three parameters
of unspecific inflammatory signs were positive in addition to elevated
sICAM-1 and sVCAM-1 serum levels (23) and prominent lympho-
cytic infiltration of the involved skin. Clinical examinations were per-
formed by the same investigator (M.G.). Assessment of the skin was
evaluated by a modified skin score of Kahaleh (24) using a scale from
0 to 3 (0 

 

5

 

 normal, 1 

 

5

 

 slight, 2 

 

5

 

 severe, 3 

 

5

 

 extreme degree of
thickening) at 15 anatomical sites (maximum score 45). Normal skin
from healthy controls (

 

n

 

 

 

5

 

 8) served as controls. Skin biopsies were
snap frozen in liquid nitrogen and kept at 

 

2

 

80

 

8

 

C until use. Clinical
data and disease stages of the patients are presented in Table I.

 

Antibodies and conjugates.

 

Mouse anti–chicken CD4 and mouse
anti–chicken CD8 antibodies were kindly provided by O. Vainio
(Turku, Finland), and rabbit anti–chicken procollagen I was provided
by R. Timpl (Munich, Germany). FITC-conjugated goat anti–chicken
Ig was prepared in our laboratory. Monoclonal mouse anti–chicken
TCR1 (TCR 

 

g

 

/

 

d

 

) was purchased from Southern Biotechnology (Bir-
mingham, AL), rabbit anti-vWf was from Behring (Marburg, Ger-
many), tetramethylrhodamine isothiocyanate (TRITC)-rabbit Ig to
mouse Ig and TRITC-swine Ig to rabbit Ig were from Dakopatts
(Glostrup, Denmark). All antibodies and conjugates were diluted to
predetermined optimal concentrations in PBS (pH 7.2)/1% BSA.

 

Detection and characterization of apoptotic cells.

 

Animals were killed
by cardiac desanguinization under Nembutal anesthesia. Combs were
removed and immediately frozen in liquid nitrogen. 4-

 

m

 

m frozen tis-
sue sections were incubated for 30 min with the primary antibody,
washed 30 min in PBS, incubated for 30 min with TRITC-conjugated
second antibody, and washed in PBS for 30 min. After this standard
indirect immunofluorescence test, detection of apoptotic cells was
performed by the terminal deoxynucleotidyl transferase–mediated
FITC-dUTP nick end labeling (TUNEL) technique (25). For this pur-
pose, tissue sections were fixed for 20 min in 4% paraformaldehyde,
washed for 30 min in PBS, permeabilized with 0.1% Triton X-100/
0.1% sodium citrate for 2 min on ice, washed in Tris-buffered saline
(TBS, pH 7.4) for 5 min, dehydrated by 50%, 75%, 100% ethanol,
and rinsed in chloroform. After a 60-min incubation in a moist cham-

Figure 1. 1-wk-old UCD-200 chick-
ens with combs showing edema 
(left) and onset of necrosis (right).
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Table I. Clinical Data of Patients and Detection of Apoptotic Endothelial Cells in the Skin

 

Patient Sex/age (yr) Therapy* Localization of biopsy Diagnosis/SSc type

 

‡

 

Stage of the disease

 

§

 

Involvement Symptoms Clinical disease progression

 

i

 

Duration Presence of skin infiltrates

 

¶

 

Apoptotic endothelial cells**

 

mo

 

1 F/56 No Lower arm inside SSc I Sclerotic S, G Scl, R

 

1

 

16

 

11 2

 

2 F/56 No Lower arm foreside SSc II Sclerotic S, G, K Scl, R ø 22

 

1 2

 

3 M/47 No Finger SSc I Sclerotic S Scl, R ø 36

 

1 2

 

4 F/33 No Back SSc III Sclerotic S, G, K, L Scl, R ø 96 (

 

1

 

)

 

2

 

5 F/40 No Forearm SSc I Sclerotic S, G Scl, R ø 50

 

1 2

 

6 F/53 No Forearm SSc II Sclerotic S, G, L Scl

 

1

 

62

 

1 2

 

7 M/40 No Backside hand SSC II Sclerotic S, G Scl, R ø 58 (

 

1

 

)

 

2

 

8 M/42 No Forearm SSC I Sclerotic S Scl, R ø 28 (

 

1

 

)

 

2

 

9 F/48 No Lower arm foreside SSc I Early edematous S Scl, R, E

 

1

 

5

 

111 1

 

10 F/65 No Forearm SSc II Early edematous S R, E

 

1

 

3

 

11 11

 

11 F/65 No Lower leg SSc II Early edematous S R, E

 

1

 

4

 

11 1

 

12 F/56 No Finger SSc I Early edematous S R, E

 

11

 

5

 

11 11

 

13 F/52 No Lower arm inside SSc II Early edematous S R

 

1

 

3

 

111 11

 

14 M/48 No Backside hand SSc I Early edematous S R

 

1

 

6

 

11 1

 

15 F/60 No Forearm SSc II Late edematous S, K, L Scl, R, E

 

11

 

20

 

11 1

 

16 M/61 No Lower leg loSc Inflammatory S

 

2 2

 

18

 

11 11

 

17 M/18 No Neck loSc Inflammatory S

 

2 2

 

9

 

111 1

 

18 F/54 No Buttocks loSc Inflammatory S

 

2 2

 

14

 

11 11

 

19 F/38 No Abdomen loSc Inflammatory S

 

2 2

 

7

 

11 1

 

20 M/30 No Shoulder loSc Inflammatory S

 

2 2

 

13

 

111 11

 

21 F/33 No Abdomen loSc Inflammatory S

 

2 2

 

6

 

111 1

 

22 F/29 No Abdomen loSc Inflammatory S

 

2 2

 

11

 

111 11

 

23 F/52 No Shoulder loSc Inflammatory S

 

2 11

 

9

 

11 1

 

24 M/16 No Lower leg loSc Inflammatory S

 

11

 

4

 

11 11

 

25 F/32 No Breast keloid S ø ø ø ø

 

2

 

26 M/42 No Breast keloid S ø ø ø ø

 

2

 

27 F/39 No Breast keloid S ø ø ø ø

 

2

 

28–35 3 F/5 M No Upper arm inside Healthy control ø ø ø ø ø ø

 

2

 

median
42 yr

*Over a period of 6 mo, patients were not treated with immunomodulatory drugs like corticosteroids, cytostatics, or penicillamine except rheologic agents. 

 

‡

 

For clinical diagnosis the classification of the “Arbeitsgemein-
schaft Dermatologische Forschung” (21) combined with the American College of Rheumatology (formerly, the American Rheumatism Association) criteria (22) was used (SSc I: acrosclerosis, limited disease; SSc II: as-
cendant involvement of lower arms and legs, limited disease; SSc III: centrosclerotic/diffuse scleroderma). 

 

§  Determined by clinical symptoms, laboratory parameters, and histological examination.  i  ø, No increase of skin
score (24) or alterations of chest x-ray, pulmonary function test (p), esophagus motility (e); 

 

1

 

, increase of skin score 

 

.   5 and/or x or p or e;  11  , increase of skin score  .

 

 10 and/or x or p or e, increase of skin score 

 

.

 

 5
and/or two systemic parameters;  111  , increase of skin score 

 

.

 

 5 and/or three systemic parameters, increase of skin score 

 

.

 

 10 and/or two systemic parameters, increase of skin score 

 

.

 

 15 and/or x or p or e. 

 

¶

 

Cells were
counted in sections at three planes of each skin biopsy specimen by two independent observers in a blinded fashion. Percentage of positive cells was calculated semiquantitatively as perivascularly located mononuclear
cells in proportion to a maximum infiltrate found in SSc lesions. (  1  ), some scattered cells (

 

,

 

 5% of the maximum perivascular infiltration in SSc lesions); 

 

1

 

, 6–30%; 

 

11

 

, 31–60%; 

 

111

 

, 61–100%. **Apoptotic endo-
thelial cells are localized in the deeper dermis: 

 

1

 

, 10–30% of the vessels are involved showing 8–12% apoptotic endothelial cells; 

 

11

 

, 40–60% of the vessels are involved showing 15–48% apoptotic endothelial cells.
Quantitative analysis was performed using the ATH Elscript 440 2-D picture analysis system (Munich, Germany). 

 

F

 

, female; 

 

S

 

, skin; 

 

L

 

, lung; 

 

G

 

, gastrointestinal tract; 

 

K

 

, kidney; 

 

R

 

, Raynaud’s syndrome; 

 

Scl

 

, sclerosis; 

 

E,
edema.



788 Sgonc et al.

Figure 2. Simultaneous determination of endothelial cells and apoptosis on 4-mm frozen skin sections. The apoptotic cells reveal a green-stained 
nucleus after 39OH labeling by the TUNEL technique. The sections were double stained by indirect immunofluorescence using a rabbit anti-
vWf  antibody and an anti–rabbit TRITC-conjugate to detect endothelial cells. Note that only healthy, nonapoptotic endothelial cells (red) are 
found in the controls: (A) keloid, (D) UCD-058. (E) Staining of UCD-200 comb section in the early stage with no macroscopic alterations 
showing endothelial cells to be the first to undergo apoptosis: apoptotic endothelial cells in red with a green nucleus (arrows), healthy endothe-
lial cell in red (arrowhead). (B) loSc, (C) SSc, and (F) UCD-200 at a disease stage comparable with early-edematous, acute human SSc shown in 
C, also show apoptotic endothelial cells (arrows) (original magnification 363 oil; 340 zoom).
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Table II. Characterization of Apoptotic Cells in the Comb of UCD-200/206 Chickens

Strain Clinical stage* ap/vWf‡ CD4 ap/CD4‡ CD8 ap/CD8‡ TCR1 ap/TRC1‡ ap/Coll. I‡§ ap/xi

NWL Healthy 0¶10** 6/10 0/10 0/10 0/10 0/10‡‡ 0/10 ND 0/10
UCD-058 Healthy 0/13 8/13 7/13 0/13 0/13 13/13‡‡ 0/13 0/2 0/13

UCD-200 2 8/9 4/6 0/6 0/6 0/6 6/6‡‡ 0/6 0/2 0/9
1 13/13 10/10 0/10 2/10 0/10 10/10§§ 0/10 0/4 13/13

11 13/13 9/9 1/9 5/9 0/9 9/9§§ 0/9 1/5 13/13
111 18/18 7/7 0/7 6/7 0/7 7/7§§ 0/7 2/2 18/18

UCD-206 2 4/4 4/4 0/4 0/4 0/4 4/4‡‡ 0/4 0/2 0/4
1 3/3 3/3 0/3 0/3 0/3 3/3§§ 0/3 0/2 3/3

11 3/3 3/3 0/3 0/3 0/3 3/3§§ 0/3 0/2 3/3
111 3/3 3/3 0/3 2/3 0/3 3/3§§ 0/3 3/3 3/3

*Clinical stage was classified as follows: 2, no macroscopic alterations; 1, erythema; 11, erythema and edema; 111, degenerative lesions; ‡Double staining 
with FITC-TUNEL for apoptosis and visualization of respective cell marker with TRITC-labeled antibodies. §Collagen type I as a marker for fibroblasts. iApop-
totic cells determined by TUNEL which are not double stained with one of the used cell markers. ¶Number of animals with positively stained cells/**number of 
animals analyzed. ‡‡TCR1 positive cells are localized only in the papillary dermis. §§TCR1 positive cells found in all dermal layers. ND, not determined.

Figure 3. Ig-staining of endothelial cells on frozen comb sections with anti–chicken Ig-FITC (green) and anti–vWf-TRITC (red): (A) UCD-200 
in the early stage of disease: Ig1 staining (green) of endothelium (red), (B) endothelium of healthy UCD-058 is Ig negative. Detection of 
serum AECA by indirect immunofluorescence tests on NWL comb sections: (C) UCD-200 shows strong staining of endothelium, (D) UCD-058 
serum is negative for AECA (original magnification 363 oil; 320 zoom). Lumen of vessels is indicated by stars.
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ber at 558C, the TUNEL reaction was carried out by incubating the
sections with 15 ml 0.6 mM FITC-12-dUTP (Boehringer Mannheim,
Mannheim, Germany), 60 mM dATP, 1 mM CoCl2, 30 mM Tris, pH
7.2, 140 mM sodium cacodylate, and 25 U terminal deoxynucleotidyl
transferase (Boehringer Mannheim) covered with a plastic cover slip
(1 h at 378C). The reaction was stopped with Tris/EDTA, pH 8 (5
min). The sections were washed twice in TBS and mounted with
Mowiol (Hoechst, Frankfurt, Germany).

Detection of AECA. 4-mm frozen, unfixed comb sections from UCD-
200/206 or control chickens were incubated for 60 min with FITC-
conjugated goat anti–chicken Ig, washed for 60 min in PBS, incubated
for 30 min with rabbit anti-vWf, washed, incubated with TRITC-con-
jugated swine anti–rabbit Ig, washed, and mounted with Mowiol.

To analyze AECA in chicken serum, frozen skin sections of NWL
chickens were incubated for 90 min with the serum, diluted 1:3 in
PBS/1% BSA, washed for 60 min in PBS, incubated with FITC-con-
jugated goat anti–chicken Ig for 60 min, washed for 60 min in PBS,
and mounted with Mowiol.

Microscopic analysis. Slides were analyzed using a Zeiss LSM 10
laser scanning microscope. Digital images of fluorescence in response
to excitation with the helium neon laser (543 nm), filter setting BP
575-640 for cells stained with TRITC, and the argon laser (488 nm),
filter setting BP 530/30 for FITC-stained cells, were collected at a
scan rate of 2 s per image. Digital images were stored on a hard disk,
transferred to a high-resolution RGB color video photomonitor (Lu-
cius and Baer, Geretsried, Germany), and photographed using Fuji-
color Super HG 200 film. The data were analyzed quantitatively using
the Elscript 440 2-D picture analysis program (ATH, Munich, Ger-
many) which was upgraded for determination of positive cells in the
percentage of the total area.

Results

Skin biopsies from 15 SSc patients at different disease stages (7
early-edematous, acute, 8 chronic-sclerotic), 9 patients with
loSc, 3 patients with keloids, and 8 healthy controls, as well as
73 UCD-200/206 chickens and 23 healthy control chickens,
were used to analyze the mechanism responsible for the de-
generative skin lesions in SSc. Detection of apoptotic cells by
TUNEL (25) on frozen tissue sections indicated the presence
of apoptotic cells in the deeper dermis of all patients with
acute SSc and loSc samples (Table I). The eight chronic, fi-
brotic SSc biopsies, the healthy controls, and keloid sections

showed no apoptotic cells (Fig. 2 A). Double staining with
vWf, a marker for endothelial cells, revealed that most of the
apoptotic cells in the deeper dermis were endothelial cells
(Fig. 2, B and C). As in the comparable stage of avian sclero-
derma, infiltrating lymphocytes are also undergoing apoptosis.
All UCD-200/206 samples, already in an early stage of the dis-
ease, before clinical manifestations are visible, a stage which is
not accessible in patients, also showed apoptotic cells in the
deeper dermis. Simultaneous characterization of these cells by
indirect immunofluorescence staining clearly revealed that en-
dothelial cells are the first to undergo apoptosis in the skin of
UCD-200/206 chickens (Fig. 2, E and F). In this early phase of
the disease, no other alterations are seen microscopically com-
pared with healthy NWL and UCD-058 control chickens.
TCR11 lymphocytes were located only in the papillary dermis,
and a few CD41 cells were found in some specimens of both
diseased animals and controls. With disease progression,
TCR11 cells, CD41, and CD81 lymphocytes infiltrated peri-
vascularly in all dermal layers, and expression of vWf, also a
marker for endothelial cell injury, was elevated (data not
shown), as were the numbers of apoptotic endothelial cells. In
the subsequent stages, lymphocytes, fibroblasts, and cells that
could not be identified with available antibodies in the avian
system died also by apoptosis. In control animals, no cells un-
derwent apoptosis (Fig. 2 D) except CD41 cells, which are
sometimes found in the vicinity of papillary vessels, probably
due to mechanical microinjuries to the comb. These data are
summarized in Table II.

Double staining of the skin sections suggests that neither
TCR11, CD41, nor CD81 lymphocytes induce apoptosis in en-
dothelial cells since they are not in close proximity to the lat-
ter. This apoptotic process seems rather to be induced by
AECA, as shown by anti-Ig staining of endothelial cells on
UCD-200/206 skin sections (Fig. 3 A). Antibodies specific for
endothelial cells were detected in the serum of all UCD-200/

Table III. Ig Staining in the Comb of UCD-200/206 Chickens

Strain Clinical stage* Ig‡ Ig/vWf§

NWL Healthy 0i/2¶ 0/2
UCD-058 Healthy 0/9 0/9
UCD-200 2 6/7 6/7

1 7/8 7/8
11 8/9 8/9

111 7/7 7/7
UCD-206 2 3/4 3/4

1 2/3 2/3
11 3/3 3/3

111 3/3 3/3

Direct immunofluorescence test on frozen, unfixed sections of comb

skin. *Clinical stage classified as in Table II. ‡Ig positive nonendothelial

cells in direct immunofluorescence. §Double staining for Ig (FITC) and

vWf (TRITC). iNumber of animals with positively stained cells. ¶Num-

ber of animals analyzed.

Table IV. AECA in UCD-200/206 Chicken Serum

Strain Clinical stage* AECA

NWL Healthy 0‡/8§

UCD-058 Healthy 0/9

OS TI1/Ab2 0/3
OS TI1/Ab1 0/3

UCD-200 2 2/2
1 8/8

11 9/9
111 7/7

UCD-206 2 4/4
1 3/3

11 3/3
111 3/3

AECA determined by indirect immunofluorescence test on frozen, un-

fixed sections of NWL comb skin. *Clinical stage classified as in Table

II. OS chickens, a model for Hashimoto thyroiditis, were used as addi-

tional control: TI1/Ab2, severe thyroid infiltration, antithyroglobulin

antibody negative; TI1/Ab1, severe thyroid infiltration, antithyroglob-

ulin antibody positive. ‡Number of animals with positively stained cells.
§Number of animals analyzed.
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206 chickens by indirect immunofluorescence on NWL skin
sections (Fig. 3 C). The healthy NWL and UCD-058 controls
as well as OS chickens, an unrelated model for autoimmune
Hashimoto thyroiditis (19), were AECA negative (Fig. 3, B
and D). Data from 44 UCD-200/206 chickens, 6 OS chickens,
and 17 healthy controls analyzed for AECA are summarized
in Tables III and IV.

Discussion

The investigations described herein were designed to deter-
mine the mechanism underlying the degenerative skin lesions
in SSc. The use of UCD-200/206 chickens, a well-established
model of human scleroderma, made it possible to analyze the
early stage of the disease, before clinical manifestations are es-
tablished. Analysis of skin biopsies from SSc patients showed
no differences from comparable disease stages of UCD-200/
206 chickens, suggesting a similar pathogenesis. As in the com-
parable acute, edematous stage of avian scleroderma, infiltrat-
ing lymphocytes are undergoing apoptosis during disease pro-
gression, thus explaining the lack of perivascular lymphocytes
in the chronic-sclerotic stage of disease. In contrast to general
belief, the first observed event was not infiltration by CD41 or
TCR11 lymphocytes, but induction of apoptosis in endothelial
cells, possibly mediated by AECA. Although AECA have
been demonstrated in the serum of SSc patients (26, 27) only
one, recently published paper, shows a possible pathogenetic
role of AECA in scleroderma (28). These authors showed in
vitro an increased adhesion of U937 monocytic cells to AECA
pretreated human umbilical vein endothelial cells accompa-
nied by increased adhesion molecule expression and IL-1 pro-
duction. The mechanism of cytotoxicity of AECA positive
scleroderma sera was thought to be antibody-dependent cellu-
lar cytotoxicity, since sera alone were not cytotoxic on umbili-
cal vein or microvascular endothelial cells in vitro (29, 30). The
activity resided in IgG fractions, and the responsible effector
cells were Fc receptor positive (31). It is also interesting to
note that anticardiolipin antibodies have been reported to ex-
ert antiendothelial reactivity (32). However, none of these
studies could demonstrate in situ the role of AECA in SSc
pathogenesis. Using the TUNEL technique, modified by us for
this purpose (25), we were able to show in situ that, at the ini-
tial phase of SSc and loSc, endothelial cells undergo apoptosis
contributing to similar pathogenetic events in the fibrosis of
both entities. The role of inflammatory cells in the induction
and/or perpetuation of apoptotic processes remains unclear.
The positive staining of microvessels for Ig and the finding of
neighboring Ig1 nonendothelial cells in some cases support the
hypothesis of AECA-mediated vascular damage through anti-
body-dependent cellular cytotoxicity. Analysis of the potential
effect of UCD-200/206 chicken and human SSc sera in vitro on
microvascular endothelial cells is obviously crucial and will be
performed in the course of a long-term follow-up study.
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