
Autoantibody profile in the experimental model of scleroderma
induced by type V human collagen

Introduction

Experimental models for diseases affecting human beings

are of utmost importance, because they allow studies on

their pathogenesis and therapeutic approaches. In this

group we can include this new animal model for an auto-

immune disease, induced in rabbits by their immunization

with human type Collagen V (huCol V), recently des-

cribed by Teodoro et al.1 in which the histological altera-

tions are very similar to those of human scleroderma.1–5

Scleroderma is a disease with an unknown etiology,

characterized by vascular lesions and fibrosis in the skin

and other organs because of the accumulation of proteins

of the extracellular matrix.6–8 Immunological abnormalit-

ies in SSc include activation of B and T lymphocytes,

imbalance in cytokine profile and the production of a

myriad of circulating autoantibodies.8 Ninety to 95% of

scleroderma patients present some autoantibody against

intracellular antigens or extracellular matrix components

like collagen.9

Antinuclear antibodies (ANA) found in scleroderma

patients are varied, always involving a nuclear reactivity,

with positive nucleoli in up to 41% of the cases.10 Some

autoantibodies are specific to the scleroderma spectrum of

diseases (SSD), such as the anti-RNA polymerase I, II and

III, antitopoisomerase I (anti-Scl70) nucleoli antibodies

and anticentriole antibodies, that appear in the diffuse

form of the disease, and anticentromeric antibodies
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Summary

The aim of this study is to evaluate the humoral autoimmune response in

the experimental model of systemic sclerosis (SSc) induced by human

type V collagen (huCol V). New Zealand rabbits were immunized with

huCol V in Freund’s complete adjuvant (FCA) and boosted twice with

15 days intervals with huCol V in Freund’s incomplete adjuvant. Control

groups included animals injected only with FCA or bovine serum albu-

min. Bleeding was done at days 0, 30, 75 and 120. Tissue specimens were

obtained for histopathological investigation. Serological analysis included

detection of antibodies against huCol V and anti-topoisomerase I (Anti-

Scl70) by enzyme-linked immunosorbent assay, antinuclear antibodies

(ANA) by indirect immunofluorescence, and rheumatoid factor (RF) by a

latex agglutination test. Target antigens were characterized by immuno-

blot. Histological analysis revealed extracellular matrix remodeling with

fibrosis and vasculitis. Anti-Scl70 and ANA were detected as early as

30 days in all huCol V animals. The universal ANA staining pattern was

Golgi-like. This serum reactivity was not abolished by previous absorption

with huCol V. Characterization of the target antigen by immunoblot

revealed two major protein fractions of 175 000 and 220 000 MW. Simi-

larly to ANA, there was a gradual increase of reactivity throughout the

immunization and also it was not abolished by preincubation of serum

samples with huCol V. RF testing was negative in hyperimmune sera.

Conclusion: The production of autoantibodies, including anti-Scl70, a

serological marker for SSc associated with histopathological alterations,

validates huCol V induced-experimental model and brings out its poten-

tial for understanding the pathophysiology of SSc.

Keywords: scleroderma; systemic sclerosis; experimental model; Type V

collagen; autoantibodies
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appearing in the chondrocalcinosis syndrome, Raynaud

phenomenon, oesophageal dysmotility, sclerodactyly and

telangiectasia (CREST).10–12 Unlike in systemic lupus

erythematosus patients, scleroderma patients rarely present

more than one autoantibody detectable in serum. This has

been well documented regarding antibodies against Scl70

and centromere antigens, where the presence of one auto-

antibody appears to exclude the presence of others.9

On the other hand, the scleroderma cytoplasmic pattern is

uncommon, appearing in just 3% of 735 patients classified

according to the ANA pattern in HEp-2 cells.12

The aim of the present study is to extend knowledge

on the experimental model of scleroderma by characteriz-

ing the autoantibody profile of the rabbits immunized

with huCol V.

Materials and methods

New Zealand rabbits

All 26 animals used in the experiment were female adults

with similar weights.

Immunization protocol

Ten animals received two subcutaneous injections (on

days 0 and 30) of 1 mg of human type V collagen (huCol

V) (Sigma Chemical Co, St Louis, MO) in Freund’s com-

plete adjuvant (FCA), and then two intramuscular boost-

ers of 1 mg in Freund’s incomplete adjuvant (FIA) 5 days

apart. As control groups, animals were injected with FCA

(n ¼ 10) or bovine serum albumin (BSA) (n ¼ 6), fol-

lowing the same immunization protocol. Blood samples

were taken from all animals at day 0 and 30, 75, 120 days

after primary immunization. Half the animals of each

group (n ¼ 13) were killed at 75 and 120 days to obtain

tissue specimens of skin, kidney and lung for histopatho-

logical analysis.

Immunological assessments

A total of 91 sera were stored in aliquots at )70� until

analysis. They were searched for detection of anti-huCol

V and anti-Scl70 antibodies by enzyme-linked immuno-

sorbent assay (ELISA); Antinuclear antibodies (ANA)

were tested by indirect immunofluorescence (IIF) in

human epithelial-2 (HEp-2) cells, and rheumatoid factor

(RF) by latex agglutination. The target antigens were

characterized by immunoblot (IB).

Detection of antibody to type V human collagen
by ELISA

Briefly, wells of polystyrene microplates (Costar, San

Diego, CA) were sensitized overnight with 50 ll of puri-

fied human collagen V (Sigma) (5 lg/ml) and then

blocked with 100 ll of BSA 1% (Sigma) for 2 hr at room

temperature. Serum samples 1 : 100 diluted were added to

the wells and tested in duplicate. Plates were further

incubated with alkaline phosphatase-conjugated goat anti-

rabbit IgG (Sigma) and the reaction was developed with

p-nitrophenyl phosphate (p-NPP; Sigma). The optical

density (OD) was read at 405 gm (ELISA Multiskan MS,

Labsystems, Helsinki, Finland). To ensure consistency

between assays, a hyperimmune rabbit serum for huCol V

was systematically included in each assay and the reaction

was stopped when its OD reached the value of 1�0. Posit-

ive results were defined as OD ¼ 3 SD above the mean

OD of 26 control serum samples obtained from rabbits

before immunization (at day zero) and included in each

assay.

Rheumatoid factor

Rabbit serum samples, at a 1 : 20 dilution, were tested for

the presence of rheumatoid factor (RF) by a well-estab-

lished latex agglutination test.13 RF titre was determined

by testing serial dilutions of the positive samples. The

results were expressed in International Units (IU), accord-

ing to the manufacturer’s guidelines (Laborclin, Parana,

Brazil), which standardizes the initial dilution as 25 IU/ml.

Antinuclear antibodies

All sera were screened for the presence of ANA by indi-

rect immunofluorescence on acetone-fixed preparations of

HEp-2 onto microscope slides. Slides were incubated with

1 : 80 diluted serum samples followed by fluorescein

isothiocyanate (FITC)-conjugated goat immunoglobulin

G (IgG) fraction anti-rabbit IgG (Sigma). Cellular staining

was examined under a fluorescence microscope (Olympus

BX 550) and immunostaining pattern were categorized

according to the II National Consensus on the Anti-

nuclear Antibodies using HEp-2 as substrate.14

The specificity of ANA results was confirmed by pre-

incubating three randomly selected high-titre anti-Golgi-

like immunostaining-positive rabbit sera with huCol V

(75 days after immunization) before the binding assess-

ment. The sera were submitted to three successive over-

night incubations at 4� with huCol V, immobilized in

12-well polystyrene plates (Costar) at a 50 lg/ml concen-

tration. Similarly, a randomly selected FCA-injected rabbit

serum was submitted to the same protocol. The absorp-

tion efficiency was checked by comparing anti-huCol V

binding of preabsorbed serum samples with the original

untreated paired samples in the same ELISA assay. The

adsorbed sera were then re-tested for ANA on IIF and

effective interference of absorption procedure was estab-

lished if a twofold titre reduction in ANA titre was

observed.
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Immunoblot analysis

Total saline extracts and cytoplasmic enriched fraction

of HEp-2 cells were prepared as described elsewhere.15

Samples of the cellular extracts were submitted to poly-

acrylamide gel electrophoresis (PAGE) on 7�5% gel

under denaturing and reducing conditions.16 Fractionated

proteins were further electrotransferred to nitrocellu-

lose membrane, which was further cut in individual

strips and probed with serum samples at a 1 : 100 dilu-

tion. Reactivity was revealed by incubating the strips

with alkaline phosphatase-conjugated goat anti-rabbit

IgG and then with developing salts. Human serum sam-

ples from patients with rheumatological diseases and

presenting autoantibodies anti-Scl70 (100 000 MW native

protein and 70 000 MW degradation product), anti-

Golgi complex (97 000–376 000 MW) and anti-RNA poly-

merase I (12 500–210 000 MW) were systematically

included in each assay as reference. Similar to the ANA

findings, the specificity of immunoblot results was

checked by analysing the reactivity pattern of three

serum samples preabsorbed with huCol V as described

above.

Purification of anti-175 000 MW antibodies

In order to delineate intracellular localization of antigens

targeted by rabbit antibodies on immunoblot, an acid

elution (100 mM glycine, pH 2�8) of antibodies bound

to electrofractionated HEp-2 proteins was performed.17

We have arbitrarily selected antibodies bound to a

175 000 MW target antigen of the HEp-2 cells because

was the common reactivity pattern of all serum samples

obtained after immunization on immunoblot. Purified

eluates were neutralized (1 M Tris buffer, pH 8�0) and tes-

ted on HEp-2 cells by immunofluorescence.

Detection of Anti-Scl70 by ELISA

Serum samples at 1 : 100 dilution were added to the

wells of commercial available plates containing immobi-

lized Scl70 antigen (ELISA Hemagen Diagnostics Inc.,

Columbia, NY) and tested in duplicate. Plates were fur-

ther incubated with the immunoconjugate (alkaline

phosphatase-conjugated goat anti-rabbit IgG (Sigma),

and the reaction was developed with p-nitrophenyl phos-

phate (p-NPP) (Sigma). The optical density (OD) was

read at 405 gm (ELISA Multiskan MS, Labsystems). A

human serum positive for anti-Scl70 were systematically

included in each assay as control, and the reaction was

stopped when its OD reached a 1�0-value. Positive

results were defined as OD ¼ 5 SD above the mean OD

of 26 control serum samples obtained from rabbits

before immunization (at day zero) and included in each

assay.

Results

Humoral response testing of huCol V-immunized rabbits

and of both control groups was always carried out along

with the sera sampled at day 0 from each animal, because

of reports on the occurrence of autoantibodies in healthy

rabbits.18,19 The histological alterations compatible with

scleroderma were restricted to the huCol V group

(Fig. 1), and were in agreement with previously published

histological results.1–5 The FCA (n ¼ 10) and BSA (n ¼
6) control animals did not develop anticollagen, RF, ANA

or anti-Scl70 antibodies.

Anti-huCol V antibody

Reactivity to huCol V was found in 100% of the

immunized animals from day 30, as shown in Fig. 2.

The mean levels of anti-huCol V antibody throughout

the immunization were above 20 times the standard

deviation (SD) of basal levels (mean absorbance ¼
0�034; SD ¼ 0�016), showing a satisfactory immune

response. The intensity of this reactivity decreased in

6/10 (60%) animals on day 75, with a recovery of anti-

body level in two out of the five animals that were

killed on day 120.

Rheumatoid factor

RF testing was negative in all huCol V hyperimmune sera

from 30 to 120 days after immunization. Only one animal

had a low titre of RF (50 IU/ml) at day 75. Animals from

control groups were systematically negative for RF.

Antinuclear antibodies

ANA revealed a cytoplasmic pattern with isolated, inten-

sely coloured spots around the nuclear membrane, often

in a polarized fashion, reminding the Golgi complex.

These spots remained in the cytoplasm of the dividing

cells with a negative metaphase, shown in Fig. 3. ANA

reactivity was detected because 30 days after immuniza-

tion, and antibody titre >1/320 was found in 100% of the

animals after day 75.

There was no significant correlation between titres of

anti-Golgi-like antibody on IIF and antihuCol V as depic-

ted in Fig. 4 (R2 ¼ 0�06). Moreover, preadsorption of

three huCol V hyperimmune sera with purified huCol V

although effective in causing a marked reduction with the

cognate antigen on ELISA (Fig. 5) did not interfere with

ANA reactivity on IIF and immunoblot.

Moreover, the acid eluates containing the specific

antibodies against the 175 000 MW antigenic fraction,

when tested on HEp-2 cell by IFI, reproduced the

anti-Golgi-like staining pattern of the original paired

sera.
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Immunoblot results

In the immunoblot tests, performed on HEp-2 extracts,

it was quite evident a common reactivity to all anti-

huCol V hyperimmune rabbit sera obtained from day

30 after immunization and on. Such reactivity was

specific for high molecular weight protein fraction

groups, being the 175 000 and 220 000 MW the most

evident ones. Reactivity to these fractions gradually

increased with time of immunization (Fig. 6a). In these

tests, sera with specific human anti-Scl70 (100 000

and 200 000 MW), anti-RNA polymerase I (12 500–

210 000 MW), and anti-Golgi (97 000–376 000 MW)

antibodies were included (Fig. 6a, b). Figure 7 shows

that the reactivity of the huCol V-immunized rabbits’

sera was similar to that of the high molecular weight

(a) 200 µm 200 µm 200 µm

200 µm 200 µm 200 µm

200 µm 200 µm 200 µm

FCA CONTROL ALBUMIN CONTROL huCol V IMMUNIZED

(b) (c)

(d) (e) (f)

(g) (h) (i)

Figure 1. Skin, oesophagus and lung vessel sections of controls (a, d, g), albumin control (b, e, h) and immunized rabbits (c, f, i) at 120 days

after immunization with Masson’s trichromic that stained collagen blue (original magnification ·100).
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Figure 2. Levels of anti-huCol V antibody in rabbit sera on days 30,

75 and 120 after immunization (n ¼ 10). Each line indicates anti-

body levels in individual rabbit sera. The continuous line indicates

the mean level.
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protein fractions found in two different human anti-

Golgi sera.

Anti-Scl70

The ELISA tests for anti-Scl70, shown in Fig. 8, with the

cut-off line at OD values 0,22 (mean absorbance ¼ 0�094

and SD ¼ 0�025), reveal a strong association between the

huCol V hyperimmune rabbits’ sera and the human antigen

bound to the Hemagen plates, when compared to the BSA

(v2 after Yates’ correction: 7�43; P < 0�01; N ¼ 19/6/4/11)

and FCA (v2 after Yates’ correction: 21�0; P < 0�01; N ¼
19/6/2/23) control groups. This reactivity appeared already

in the first tests at day 30 after immunization, when

(a) (b)

(c) (d)

Figure 3. Representative immunostaining reactivity pattern of an anti-huCol V hyperimmune rabbit serum (day 75) on HEp-2 cells as detected

by IIF showing a speckled Golgi-like cytoplasmic staining with negative metaphase plate on dividing cells (400·).

R2 = 0·0624
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Figure 4. Variation of titres of anti-Golgi-like antibody as a func-

tion of anti-huCol V serum levels. Each point represents one serum:

(r) ¼ 30 days; (j) ¼ 75 days; (m) ¼ 120 days. (R2 ¼ 0�0624).
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Figure 5. Efficiency of the preabsorption of 3 hyperimmune rabbit

sera (75 days after primary immunization) with huCol V on anti-

body binding to cognate antigen as evaluated by ELISA. FCA control

serum from Freund’s complete adjuvant injected rabbit (75 days).

OD: optical density.
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compared to the FCA control (v2 after Yates’ correction:

4�27; P < 0�03; N ¼ 5/5/0/10). When compared to the BSA

group, the initial tests showed the same trend of positive

association, but because of the reduced N it was not poss-

ible to obtain totally conclusive statistical data (v2 after

Yates’ correction: 2�35; uncorrected v2: 4�36; Fisher’s exact

P ¼ 0�05; N ¼ 5/5/0/6).

Discussion

The animals immunized with huCol V and killed at

days 75 and 120 from immunization reproduced the pre-

viously described histological alterations1–5 confirming the

involvement of multiple organs: namely the skin, lungs,

oesophagus, heart, synovia and kidneys, as in sclero-

derma. Animals injected with FCA or immunized with

BSA did not show any histological complications. The

microscopical analysis was not the main scope of this

study, yet we needed to demonstrate that the experimen-

tal model can be reproduced. The study of humoral

immunity, through the testing for autoantibodies in the

hyperimmune sera, was important in order to give this

original experimental model its credibility.

The presence of RF in this scleroderma experimental

model was not significant. It was found in low titres,

with just 5% of positive animals. In human scleroderma,

this autoantibody has an incidence of 10 to 30%, regard-

less of the stage of illness and the graveness of the

condition.20,21

The ANA testing in HEp-2 cells was characterized by a

uniform, persistent response, restricted to the human Col

V-immunized rabbits, with a Golgi-like cytoplasmic reac-

tivity pattern that showed a reactivity dynamics different

to that of the induced anti-huCol V, suggesting an auto-

immune reaction against cytoplasmic antigens, apparently

located at the Golgi complex. The anti-Golgi antibody

(AGA) was first described in 1982 in a patient suffering

from Sjögren syndrome (SS) and lymphoma.22 In the

literature, it is regarded as a rare antibody, found after

viral infections and other chronic rheumatic diseases, yet

Rabbit Anti-huCol V (75 days)FCA huColV BSA
’000 MW

175 000 MW

220
200
175

100

75 0 30 75 75

a b c a b cd e f g

huAnti-Scl-70 Serum huAnti-RNA-pol I Sera

120

Figure 6. (a) Representative reactivity pattern of an anti-huCol V

hyperimmune rabbit in HEp-2 cells, by immunoblot. Lane a: serum

from a rabbit injected with Freund’s complete adjuvant (FCA), at

day 75; lanes b, c, d, e: sera from a hyperimmune rabbit obtained on

days 0, 30, 75, and 120 after immunization; lane f: anti-Scl70 human

serum; lane g: serum from a BSA-immunized rabbit (75 days).

(b) Lanes a and b: Anti-RNA polymerase I human sera; lane c:

anti-huCol V rabbit serum (75 days after immunization).

N Col V N FCA

’000 MW

175

100

a b c d e f g

Col V

Human anti-Golgi sera

Figure 7. Reactivity pattern of an anti-huCol V hyperimmune rabbit

serum against cytoplasmic-enriched fraction of HEp-2 cells by

immunoblot. Lanes a and f: normal rabbits; lanes b and d: huCol

V rabbits’ sera, obtained on day 75 after primary immunization;

lanes c and e: two representative anti-Golgi human sera; lane g:

control serum from rabbit injected with FCA (75 days).

0

0·2

0·4

0·6

0·8

1·0

1·2

cut-off = 0·22

OD

BSA FCA huCol V

Figure 8. Distribution of the reactivity of rabbit sera at days 30, 75

and 120 after immunization, by ELISA, for human Scl70. BSA ¼ 6

bovine albumin control rabbits; FCA ¼ 10 Freund’s complete adju-

vant control rabbits; huCol V ¼ 10 rabbits immunized with huCol V.

Each point represents one serum: (e) ¼ 30 days; (h) ¼ 75 days;

(n) ¼ 120 days. The cut-off line indicates optical density (OD)

values ¼ 3 SD above the mean OD of 26 control serum samples

obtained from rabbits before immunization (at day zero).
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uncommon in lupus.22,23 Seelig et al.24 reported AGA in

two patients, one with SS and the other with scleroderma.

This autoantibody was initially called macrogolgin and

then giantin. It is a resident protein of the Golgi complex,

with the characteristics of a secretory protein, and it is

incorporated into the endoplasmic reticulum membrane

and transported to vesicles of the Golgi complex.25–27

Nozawa et al.28 analysed 80 AGA-containing human

sera, defined by indirect immunofluorescence in HEp-2

cells and ELISA using recombinant autoantibodies and

immunoprecipitation, in which 50% of the sera reacted

with giantin. In the description of this reactivity pattern,

the possible correlation of the found antibodies with the

patients’ pathology or clinical manifestations was not

addressed.28 Other cytoplasmic antibodies were also

described in scleroderma patients. Senécal et al.29 discov-

ered a cytoplasmic antibody in two patients recently diag-

nosed with scleroderma, which reacted against microfibre

proteins at anchorage sites (anti-MFAS) of the cell mem-

brane, other than actin and vinculin, which are the two

major proteins of the cytoskeleton. Tarsounas et al.30

demonstrated that sera from patients with the CREST

syndrome contained an autoantibody that reacted with

protein components of the Golgi complex and nuclear

proteins of spermatocytes in mice. The autoantigens had

a bovine and human homology, and were coded in the

mouse chromosome 9.

The huCol V preadsorption study with the hyper-

immune sera, performed in order to check for a cross-

reaction between cytoplasmic organelles of the HEp-2 cell

and this collagen, showed that the Golgi-like autoanti-

body found in the rabbits reacts independently from the

anti-huCol V antibodies produced after the immuniza-

tion. It is important to remember that the HEp-2 is of

epithelial origin and does not produce collagens.

The immunoblotting tests identified two protein frac-

tions of high molecular weight (220 000 and 175 000 MW),

which intensity increased with immunization time and

were close to those recognized by human AGA sera. The

IFI reproduction of the Golgi-like pattern by the anti-

175 000 MW eluate in HEp-2 cells also strengthens the

hypothesis of an anti-Golgi autoantibody in this scleroder-

ma animal model. The absence of an anti-Scl70 antibody in

the immunoblotting assays and its presence in 100% of the

huCol V animals (detected by ELISA in plates with purified

human antigens) will be further studied, because we know

that epitopes that generate autoimmunity may be conform-

ational. In other words, these epitopes will be present only

in the native molecules, which makes protein identifica-

tion by immunoblotting harder once it is performed on

denatured antigens.31

New experiments are being developed, aimed to con-

solidate this systemic sclerosis animal model. We should

soon be able to answer some of the many questions

raised by this line of research: What is the IgG subclass

responsible for the ANA? What is its capacity to fix com-

plement? Is the IgM anti-Golgi-like response significant?

Does it fit into the behaviour of most IgM autoantibod-

ies described in individuals with autoimmune diseases or

healthy ones?32 Does the IgG response remain with the

development of the disease in these animals? Will other

antibodies appear? Is the huCol V antigenic stimulus

excessive? Is it consuming the anti-huCol V antibodies,

thus explaining the reduction of their plasmatic concen-

tration by about 50% in the studied animals? Is the indi-

vidual biological variation of each rabbit, regarding the

formation of granulomas at the immunization sites, sig-

nificant? Does it cause inflammatory reactions at differ-

ent times that may explain the reduction or recovery of

the anti-huCol V levels? Is the serum level of circulating

immunocomplexes significant? Finally, the histological

and immunological chemistry, electronic microscopy

and anti-Golgi complex recombinant antibodies tests will

point to the exact location of the proteins responsible

for this autoantibody. However, their physiopathological

role may remain just an epiphenomenon, like that

of most autoantibodies found in human autoimmune

(a)

(b)

Figure 9. (a) A huCol V immune animal at day 210, with abnor-

malities within its fur distribution. (b) Closer view of animal skin,

showing a clinical alopecia region.
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diseases.32 Studies aimed to classify the population of

mononuclear cells found in injured tissues will provide

important information for the physiopathological under-

standing of this new systemic sclerosis animal model. In

new tests with animals immunized at day 210 (Fig. 9),

clinical alopecia was already diagnosed. At this initial

stage, our data suggest that it is possible to reproduce

the humoral immune response, with a production of

antibodies similar to that seen in scleroderma, in normal

rabbits immunized with huCol V. This animal model,

proposed for the study of systemic scleroderma, is negat-

ive for the rheumatoid factor, positive for anti-Scl70,

reactive for ANA with specificity for the Golgi com-

plex, with its strongest expression against a 175 000 MW

protein.
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