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Humoral immune response against minor
collagens type IX and XI in patients with cartilage
graft resorption after reconstructive surgery

J Bujia, S Alsalameh, A Naumann, E Wilmes, M Sittinger, G R Burmester

Abstract
Objectives-The humoral immune re-
sponse against a broad spectrum of
cartilage antigens (cellular and matrix
antigens) was studied in a group of
patients who showed resorption and/or
rejection oftransplanted cartilage in nasal
surgery.
Methods-Sera were obtained from
patients with successful and unsuccessful
cartilage grafting in the nose, from age
and sex-matched healthy donors and from
patients with rheumatoid arthritis.
Antibodies to cartilage components were
analysed by the following methods: (1)
indirect immunofluorescence on cartilage
sections, (2) ELISA using cultured human
chondrocytes, isolated chondrocyte
membranes and purified collagens type I,
II, III, VI, IX and XI, and (3) immuno-
blotting with purified collagens and
chondrocyte cell membranes.
Results-In the cartilage grafting group
showing resorption problems, levels of
anti-collagen antibodies were significantly
higher against native collagen types IX
(p < 0.002) and XI (p <0.002) compared
with the non-resorption group and the
normal donors. Both transplantation
groups revealed elevated reactivities
against isolated chondrocytes in the
ELISA. In contrast, no reactivity was
detectable against collagens type II, III,
and VI and chondrocyte cell membranes
by both ELISA and immunoblotting.
Conclusions-These data demonstrate for
the-first time the existence of a humoral
immune response, primarily directed
against the so called 'minor cartilage
collagens', in patients showing cartilage
resorption. Autoreactivities to collagen
which are typical of inflammatory
rheumatic diseases may also play an
important role in the repeated failure of
cartilage grafting.

(Ann Rheum Dis 1994; 53: 229-234)

Cartilage is a source of graft material for a wide
variety of surgical reconstructive procedures in
different regions, that is, in maxillofacial' and
nasal surgery.2 The use of cartilage in other
regions, such as, joint surgery, has been studied
experimentally by several authors with very
promising results.'

In inflammatory joint diseases, especially
rheumatoid arthritis, cartilage is the major
target of the autoimmune process.4 This tissue
is usually well accepted as both allogeneic and
autologous graft and is therefore generally
considered to be immunologically privileged.
Nevertheless, both chronic resorption and
acute rejections5 have been described. When
surgical complications, such as infections and
stress are excluded, some of the unsuccessful
results may be immunologically mediated.
This notion is supported by our recent findings
of an aberrant expression of HIA class II
antigen expression of chondrocytes derived
from a rejected cartilage allograft.6 The
mechanisms of cartilage graft rejection,
however, remain unknown.
Some patients with nose deformities present

with very unsuccessful results at operation and
receive cartilage auto- and allografts. The
cartilage grafts are rejected and/or absorbed
each time the patients are reoperated. To
investigate this problem our initial approach
was to study the existence of a humoral
immune reaction towards cartilage com-
ponents in patients who have received human
cartilage transplants in repeated reconstructive
operations of the nose.

Patients and methods
PATIENT POPULATION
In group A, sera from six patients who had
undergone various unsuccessful nasal surgical
corrections using autologous cartilage were
investigated. The overall failure rate due to this
problem is about 3-8%. The clinical
characteristics of these patients with
resorption/rejection of the grafted cartilage
are shown in the table. The sera were obtained
three to six weeks after the first clinical signs
of graft failure appeared. None of the patients
showed clinical or laboratory signs of
syphilis, Wegner's disease or polychondritis.
Concomitantly, eight patients with successful
cartilage grafting (Group B: five women and

Patients with resorptions after cartilage grafting (group A)

Patient Age Sex Number of
resorptions

1 57 M 4X
2 40 F 3x
3 50 F 5x
4 55 F 3x
5 58 F 3x
6 60 M 7X
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three men; mean age 45, range 38-60) were
analysed. Eight age and sex-matched
healthy blood donors free of any symptoms
of joint or cartilage disease (Group C), and
eight patients with rheumatoid arthritis as
defined by the ACR criteria (Group D; five
women and three men; mean age 50; range
40-62) with an erosive disease and a disease
duration between one and five years served as
controls. Serum samples were stored at -70°C
until used.

ANTIGENS

The following antigenic sources were used:

Collagens Collagens type I, II, III, VI, IX and
XI were prepared from various tissues by
pepsin extraction as described previously8:
native collagen type I from lathyritic rat skin,
collagen type III from fetal bovine skin and
collagen type VI from chicken, cartilage
collagens type II, IX and XI from normal
human articular cartilage.

Chondrocytes Chondrocytes were isolated from
human nasal septum and articular samples
using an enzymatic solution as described
previously.9 Briefly, the extracellular matrix of
cartilage slices was digested for 12-18 hours at
37°C in the presence of 2 mg/ml of type II
collagenase (Seromed, Berlin, Germany), 0-1
mg/ml of hyaluronidase (Serva, Berlin,
Germany) and 0<15 mg/ml of DNase II
(Paesel, Frankfurt, Germany) in RPMI 1640
medium. The resulting cell suspension was
filtered through a nylon sieve with a pore size
of 88 ,um.

Cartilage cell membranes Plasma membranes
were prepared from chicken sternal cartilage by
a discontinuous sucrose gradient centrifu-
gation as described by Mollenhauer et al9 and
Alsalameh et al.'0 Briefly, 1 X 109 isolated
native chondrocytes were mechanically
homogenised in lysis buffer (8-5% sucrose,
0-01 M Tris HCI, pH 7 4) and supplemented
with a panel of proteinase inhibitors. This
material was centrifuged at 1700 X g for 10
minutes at 4°C. The extraction procedure was
performed three times. The supernatants were
combined and the microsomal fraction was
collected by a second centrifugation at 33 000
g for 1-5 hours. The pellet was resuspended in
lysis buffer and fractionated on a density
gradient. Plasma membranes were obtained
from the interfaces, centrifuged and
resuspended in Tris buffer supplemented with
proteinase inhibitors.

Cartilage sections Normal nasal cartilage tissue
was obtained from patients during
reconstructive surgery. The samples were
immediately snap frozen in liquid nitrogen and
kept at -70°C until used. The frozen tissues
were cut with a cryostat at -200C to a thickness
of 4-5 jxm. After being air dried at room
temperature for one hour, sections were fixed
in cold acetone for five minutes, washed in PBS
and mounted on a slide.

ENZYME-LINKED IMMUNOSORBENT ASSAY

(ELISA)
Patient sera were titrated into the wells in 1:2
steps, starting with a 1:12-5 primary dilution.
The samples were read with an Easy-Reader
EAR 400 AT (SLT-Labinstruments, Overath,
Germany) using the optical densities at
405 plm. For quantitative evaluation,
cumulative values of the optical density were
calculated throughout the subsequent
experiments, as described by Mollenhauer et
al.9 In brief, titres were quantified by linear
extrapolation of the slope of the titration curves
to the y-axis (extrapolation to zero dilution of
the serum), and expressed as OD units from
ELISA photometry.

Collagen-ELISA The method was performed
according to Rennard et al." Briefly, 5 pug/ml
of collagen were dissolved in coating buffer
(7 nM KH2PO4, 0 17 M NaCl, NaN3 0-02%,
pH 7-5), and 100 pLI were added to each well
of a microtitre plate. After an overnight
absorbance of the antigen and a two hour
saturation step with 1% BSA, the wells were
washed with PBS 0'1% tween 20. Sera were
incubated for two hours at room temperature,
followed by an additional two hour incubation
with peroxidase conjugated goat-anti-human
IgG (1:5000, Pierce, BA Qud Beijerland, The
Netherlands). After excessive washing, the
colour reaction was performed with the
substrate 2,2'-azino-bis (3-Ethylbenzthiazo-
line)-6-sulfonic acid (Boehringer, Mannheim,
Germany).

Cell-ELISA This method was performed
following the procedure described by Heusser
et al,12 with some modifications. Human
chondrocytes were grown in RPMI 1640 until
confluence in 96 well microtitre plates,
subsequently centrifuged at 400 rpm for five
minutes and fixed by the addition of 0-01%
glutaraldehyde for five minutes at 4°C. A goat
anti-human IgG antibody conjugated to
alkaline phosphatase (Sigma, Deisenhofen,
Germany) was used at a dilution of 1:100 as
second antibody. The specificity of the
antibody detection was established by an
inhibition test. For this purpose, the sera were
pre-incubated for one hour at 4°C with
chondrocytes and tumour cells (adeno-
carcinoma, glioma, astrocytoma) in PBS
before the usual ELISA procedure. Controls
were incubated in PBS without chondrocytes.
Incubation was stopped by centrifugation of
the samples for 10 minutes at 10 000 rpm and
4°C. Supernatants containing the unabsorbed
serum components were then subjected to the
ELISA procedure.

Chondrocyte membrane ELISA The assay was
performed according to the method described
by Mollenhauer et al.9 Briefly, 2 ,ug of native
cell membrane proteins per well were
suspended in 0-1 ml, demineralised water and
absorbed onto the plastic by lyophilisation.
Plates were blocked with PBS/milk for two
hours at room temperature and washed with
PBS without Tween. Patient sera were diluted
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in 1:2 steps in 3% skim milk solution, starting
from a 1:12-5 primary dilution. Duration of
incubation was 2 hours. A goat anti-human
IgG conjugated to peroxidase (Sigma,
Deisenhofen, Germany) was used at a dilution
of 1:100 as second antibody. ABTS
(Boehringer, Mannheim, Germany) was used
as a substrate for the colour reaction.

IMMUNO-BLOTTRING

Antigens (1 pug/lane collagens or 50 pug/lane
membranes) were separated in SDS gels
according to Laemmli.'3 The collagens were

subsequently transferred to nitrocellulose in a

semi-dry system (Pharmacia, Uppsala,
Sweden). Blotted sheets were saturated with
PBS/3% skim milk for two hours. The patient
serum was applied in a 1:300 dilution in PBS/
skim milk, the peroxidase-conjugated
detection antibodies of IgG isotype (Pierce,
BA Qud Beijerland, The Netherlands) in a

1:500 dilution. After the incubation with the
patient serum for 16 hours at 4°C, the second
antibody was added for four hours at room

temperature. The colour reaction was

performed with 4-chloro-1-naphtol (4CIN)
(Sigma, Deisenhofen, Germany).

IMMUNOFLUORESCENCE STAINING ON TISSUE

SECTIONS

The slides containing sections of human nasal
cartilage were fixed with acetone. After pre-
incubation with 10% normal goat serum for 20
minutes, the slides were treated with 2%
hyaluronidase (Serva) at 37°C for 60 minutes
and incubated with patients' sera, washed and
subsequently stained with FITC-conjugated
anti-human-IgG and anti-human-IgM anti-
bodies. All sera were tested undiluted and
positive reactions were titrated in double
dilution steps to obtain an end-point titre.

STATISTICAL ANALYSIS

Results are presented as antibody levels in
optical density, mean (SEM). Student's t test
was used to determine statistically significant
differences of the ELISA results. For the titre
based immunofluorescence study the Mann-
Whitney ranking test was applied.
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Figure 1 (I) Cumulative values of antibody titres (see Materials and methods) to native collagens, expressed as optical
density by ELISA. The mean binding (horizontal lines) was significandy higher (p < 0-002) for collagens IX and XI in
patients with unsuccessful cartilage grafting than in the other three control groups. A = Patients with resorption/rejection.
B = Patients with successful cartilage grafting. C = healthy donors. D = Patients with rheumatoid arthritis. (II) Reactivity
ofserum with isolated cartilage cells determined by ELISA. Each circle represents one patient. Horizontal lines indicate
group means. A = Patients with resorption/rejection. B = Patients with successful cartilage grafting. C = healthy donors.
D = Patients with rheumatoid arthritis. (III) Reactivity ofserum with chondrocyte membranes as determined by ELISA.
Each circle represents one patient. Horizontal lines indicate group means. A = Patients with resorption/rejection.
B = Patients with successful cartilage grafting. C = healthy donors. D = Patients with rheumatoid arthritis.
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Figure 2 SDS-PAGE (6% gel) gel electrophoresis
analysis of reduced collagen type II (left) and collagen type
XI (right) with a subsequent immunobloting procedure.
HM = Patient with successful cartilage grafting,
BR = Patient with cartilage resorption after grafting,
SA = healthy donor, VS = Patient with Rheumatoid
Arthritis.
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Figure 3 Immunofluorescence staining on nasal cartilage
tissue sections. Each circle represents the end-point dilution
titre ofa specific serum to yield notable staining.

Results
Antibodies to collagens
Figure 1 demonstrates the humoral immune
reactivity against various collagen preparations
as determined by ELISA. In patients with
unsuccessful cartilage grafting, anticollagen-
antibodies [mean (SD)] were primarily
directed against collagens type IX [2-54 (022)
cumulative values] and type XI [1-74 (0 44)].
These values were significantly higher
compared with the other three control groups
(in all instances p < 0-002 for both collagen
types). No significantly elevated reactivity was
detectable against collagen types I [1-83
(0 30)], II [1P15 (0-316)], III [IP26 (05 1)] and
VI [0-46 (0 27)]. Patients with rheumatoid
arthritis showed very high levels of antibodies
against type II collagen [1P95 (0 24)]. The
mean antibody level in these patients was

significantly higher compared with the other
groups tested (in the three cases p < 0 006). In
these studies, no correlation between the
values and the number of reconstructive
operations could be observed.
Subsequent immunoblot analysis carried out

in three patients with resorptions after cartilage
grafting (BR, MS, MA) showed a very strong
reactivity against collagen type XI. A
representative patient (BR) is shown in fig 2.
This patient also presented a high antibody
titre against type XI in the ELISA (2 54).
Under reducing conditions the a 1 and a2
chains were recognised. In contrast, the same

patients did not exhibit positive reactions
against collagen type IX (not illustrated)
despite an elevated titre against collagen type
IX in ELISA analysis (2 68). In contrast to
these individuals, a typical patient with
rheumatoid arthritis only recognised the alpha-
1 chain of collagen type II.

Antibodies to adherent chondrocytes and
chondrocyte membranes
In both transplantation groups [mean (SD)]
levels of antibodies against adherent
chondrocytes were higher [group A: 1P34
(0-25); group B: 1-31 (04113)] compared with
the control groups tested [group C: 0-56
(0-28); group D: 0-57 (0-28)] (fig 1 (II)). The
differences between the transplantation groups

and the other groups were statistically
significant (in both cases p < 0008). No
correlations between the titre and the number
of operations were observed. The humoral
immune response against isolated chondrocyte
membranes in the ELISA system (fig 1 (III))
was similar in the four groups studied [group
A: 1P15 (0 38); group B: 1P23 (0A47); group C:
1P19 (0A43); group D: 1P20 (0534)]. None of
the patients showed reactivities against
chondrocyte membrane antigens upon

immuno-blot analysis (not illustrated).

Immunofluorescence studies on cartilage sections
Tissue sections of nasal cartilage were analysed
for matrix staining by immunofluorescence.
Patients of both transplantation groups and
patients with rheumatoid arthritis reached
elevated end-point titres compared with the
control group C (fig 3). The strongest staining
was observed with sera from patients with
unsuccessful transplantations. These end-
point titres were significantly higher compared
with the values of the groups C (p = 00022)
and D (p = 0 0043).

Discussion
The following major points emerged from the
present study: (1) there was a strong humoral
immune response against native collagens type
IX and XI only in those patients engrafted with
autologous cartilage who subsequently showed
rejection problems; (2) this anti-collagen
response was in striking contrast to patients
with a classical destructive cartilage disease,
rheumatoid arthritis, who demonstrated
responses against native collagen type II and
(3) the humoral immune response in the
rejection group appeared to be directed against
matrix proteins since there was no detectable
reactivity against chondrocyte membranes.
The immunogenicity of whole cartilage

tissue has been debated by many researchers.'4
Some authors described a weak immune
response based on studies of in vivo
transplanted fragments of autologous cartilage
which exhibited a slight or mild inflammation
with activated lymphocytes and macrophages
suggesting rejection.'5 On the other hand, it

Undiluted -
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has been proposed that cartilage grafts are
protected by the extracellular matrix against
the immunological reaction of the host.'6 The
contrary view is that the immunological
privilege of cartilage is due to a lack of
antigenicity of the chondrocytes. 15 '1
The antigenic capacity of chondrocytes has

been studied more extensively. Most of the
analyses on the immunological aspects of
cartilage cells have been in vitro experiments
showing that isolated chondrocytes evoke an
immunological response in an allogeneic
situation.18 19 It is generally thought that the
constituent cells of most specialised tissues
possess 'differentiation' antigens peculiar to
that tissue as also suggested in the case of
chondrocytes.20 These antigens that are
normally sequestered from the immune
system-once exposed-can be recognised as
foreign thereby leading to a lymphocyte
mediated immunological response.7 Based
upon findings in autoimmune diseases such as
thyroiditis and juvenile diabetes, chondrocytes,
representing the cellular elements in cartilage
tissue, have been proposed to be especially
involved in autoimmune processes. Recently,
both humoral9 and cellular'0 immune
responses specific to chondrocyte cell-surface
proteins have been described. These data
indicate that not only extracellular matrix
proteins, but also chondrocyte cell-surface
membrane antigens will have to be considered
as possible targets for antibodies and T
lymphocytes.

Further attention regarding the origin of
cartilage immunogenicity has focused on cell
surface transplantation (MHC) antigens. Tiku
et al2' showed that rabbit articular
chondrocytes could express MHC class II
antigens constitutively, whereas MHC class II
antigens are absent from normal human
articular and nasal chondrocytes.22 23
The antigenicity of cartilage matrix proteins

has also been thoroughly investigated. The
major antigenic matrix components appear to
be the collagens. Three major antigenic sites
have been determined on the collagen
molecule.24 These include the terminal regions,
the helical regions and the control sites of the
alpha chains. The presence of antibodies to
various types of collagens has previously been
reported in several diseases with strong
autoimmune components. For example, sera
from patients with rheumatoid arthritis,25
scleroderma, psoriatic arthritis, pulmonary
emphysema,26 Meniere's disease, otosclerosis27
relapsing polychondritis,3032 contain auto-
antibodies to connective tissue components,
especially collagen type II. Recttly, a humoral
reactivity against minor collagens has also been
described in patients with otosclerosis28 and
relapsing polychondritis.29 It remains to be
determined which factors drive the immune
response towards these collagens in patients
with cartilage diseases involving the ears and
the nose.
The immune reaction to collagens in trans-

plantation of connective tissue components has
also been studied in humans. For example,
elevated antibody titres against whole material

have been reported in patients who
demonstrated clinical reactions to intradermal
bovine collagen implants.7 33 Furthermore, it
has been suggested that an immune response
to xenogenic bovine collagen might trigger an
autoimmune reaction.34

In our studies, the dominant humoral
immune reaction within the group of patients
with unsuccessful cartilage grafting was
directed against the cartilage collagens type IX
and XI, which are minor constituents of the
cartilage extracellular matrix. This was
documented both by high titres in the ELISA
and strong reactions in the immunoblots in the
case of collagen type XI. In the patients with
graft failure, the reaction against collagen type
IX was significant in the ELISA, but not
detectable upon immuno-blotting indicating
that these antibodies were directed against
native epitopes that had been denatured upon
gel electrophoresis.
The physiological role of collagen type XI is

not yet entirely understood, but it participates
in collagen type II fibre formation and, like
collagen type IX, appears to regulate fibre
diameter and fibre crosslinking.35 36 Type IX
collagen has been demonstrated to be a potent
immunogen in animals37 and type XI collagen,
like type II collagen, appeared to be arthrito-
genic in rodents.38
The increased prevalence of antibodies to

type IX and XI collagens was not accompanied
by antibodies to type II collagen, the major
cartilage collagen. Our data describe for the
first time the occurrence of antibodies against
the minor cartilage collagens in rejection of
cartilage grafts. Although the alpha 1 (II) chain
of type II collagen is similar to the alpha-3
chain of collagen XI,39 the autoantibodies
appeared not to be directed against epitopes
common to these two collagens. These findings
along with the lack of reactivity against
interstitial connective tissue collagens, namely
type I, III and VI, and the remarkable response
against the cartilage collagens type IX and XI,
clearly argue for a very selective tissue directed
immune reaction.

In contrast to the collagen reactivity there
were significant humoral reactivities of both
transplantation groups against whole
chondrocytes. These may be caused by
epitopes on the cell surface rather than by
minor collagens and appear not to lead to
failure of grafting. Chondrocytes in cell-ELISA
were used initially to screen the sera in general
before testing purified collagens as possible
antigens. Despite the assumption that the
epitopes recognised may be closely associated
to the chondrocyte cell membrane, it was not
possible to confirm it with a cell membrane
ELISA. The relevant epitopes responsible for
the reactivity in the cell ELISA were absent in
the membrane ELISA and instead found in the
intercellular matrix possibly including minor
collagens and other unknown matrix proteins.
An alternative explanation may be that only
chicken chondrocyte membranes were
available for analysis in the membrane ELISA.

In certain systemic connective (collagenous)
immunological disorders, such as, Wegener's

233

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.53.4.229 on 1 A
pril 1994. D

ow
nloaded from

 

http://ard.bmj.com/


Bujia, Alsalameh, Naumann, Wilmes, Sittinger, Burmester

granulomatosis and relapsing polychondritis,
rhinological symptoms can appear without any
clear systemic symptoms.40 Although in our

patients we were not able to find clinical or
serological evidence for the presence of any of
these disorders, cartilage grafting should be
used with caution in human beings with
immunological disorders.
Our data suggest that autoreactivities to

collagen may play an important role in the
repeated failure of cartilage grafting in these
patients showing that some of the unsuccessful
results obtained with cartilage grafts may be
influenced by factors independent of the
operative technique, such as immunological
reactions. These findings obtained may serve

as an interesting model for destructive
mechanisms in erosive joint diseases. Future
studies will be necessary to characterise the
mechanisms leading to this humoral response
and to study the presence of an accompanying
or even inciting cellular response.
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