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Abstract

Normal and osteoarthritic human articular cartilage was inves-
tigated by in situ hybridization for expression patterns of the
fibrillar collagens type I, II, and III to evaluate phenotypic
changes of articular chondrocytes related to the disease. In 11
out of 20 samples, a defined subset of chondrocytes in the su-
perficial and upper middle zone of osteoarthritic cartilage
showed significant levels of cytoplasmic al(III) mRNA,
whereas strong signals of a1 (II) mRNA were found in the up-
per and lower middle zone, partially overlapping with the zone
of a1 (III) mRNA-expressing cells. The extent of type II and
III collagen expression depended on the integrity of the extra-
cellular matrix surrounding the chondrocytes, and the location
within the articular cartilage. No a1 (I) mRNA was detectable
in osteoarthritic original articular cartilage. The a1(I) probe
did, however, reveal signals in pannuslike tissue, osteophytes,
and bone cells. In normal articular cartilage, no detectable lev-
els of cytoplasmic mRNA for a1(I), a2(I), or al(III) were
seen. Using specific mono- and polyclonal antibodies, we found
deposition of type III collagen but hardly any of type I collagen
in the superficial zone of osteoarthritic cartilage that is consis-
tent with the in situ hybridization results.

These results indicate a phenotypic alteration in a defined
subset of chondrocytes in conditions of diseased cartilage, ex-
pressing and synthesizing collagen type III independently from
type I collagen, but in part simultaneously with type II collagen.
(J. Clin. Invest. 1993. 91:829-837.) Key words: chondrocytes «
in situ hybridization « collagen mRNA -« articular cartilage
immunohistochemistry

Introduction

From studies on cartilage development in vitro and in situ, it
has become evident that at least three distinct chondrocyte phe-
notypes can be distinguished on the basis of the collagen pat-
tern expressed: (a) chondrocyte precursor cells (e.g., limb bud
or somite mesenchyme cells synthesizing type I collagen) (1-
3); (b) differentiated hyaline chondrocytes (e.g., in embryonal
cartilage anlagen, in the resting zone of fetal epiphyseal carti-
lage, or in articular cartilage expressing collagen types II, IX,
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XI, and VI [for review see references 4-6]; and (c) hypertro-
phic chondrocytes in the growth zone of fetal epiphyseal or rib
cartilage, synthesizing predominantly type X collagen (for re-
view see reference 7). A fourth chondrocyte phenotype resem-
bling the chondrocyte precursor cells can be induced in vitro by
culturing and repeated passage of chondrocytes in monolayer,
by BUdR, embryo extract, fibronectin, or retinoic acid (for
review see reference 8). This modulation of the collagen ex-
pression pattern has been compared with a “dedifferentiation”
and involves the transition to a fibroblastic cell shape, the for-
mation of focal contacts and stress fibers, and synthesis of types
I, 111, and V collagen (8).

While extensive literature is available on the expression of
these collagens by articular chondrocytes in vitro and in nor-
mal fetal and adult cartilage in vivo (9-11), relatively little is
known on the collagen expression pattern by articular chon-
drocytes in degenerating cartilage. Several studies describe a
stimulation of collagen synthesis as a response to cartilage deg-
radation in experimentally induced osteoarthritic models (12,
13) or in human osteoarthritis (14). The newly synthesized
collagens seem to be predominantly type I collagen (12, 15) as
well as type IX, XI, and VI collagen (16). There are, however,
also reports on the identification of type I and III collagen in
osteoarthritic cartilage by immunohistochemical and biochem-
ical methods (17-19), indicating “dedifferentiation” of chon-
drocytes similar to the above described phenomenon in vitro.
These results could not be confirmed by several other biochemi-
cal studies, which were not able to detect any type I collagen in
osteoarthritic cartilage except in fibrocartilage (14, 15). In a
recent study, areas of type X collagen deposition around chon-
drocyte clusters in osteoarthritic cartilage was shown indicating
chondrocyte hypertrophy (20).

In this study, we have investigated the cartilage expression
of collagen types I, II, and III in chondrocytes of normal and
osteoarthritic human cartilage both at protein and mRNA level
to check for phenotypic changes in vivo similar to those found
in culture systems in vitro. We present evidence for the uncou-
pling of coordinated collagen expression pattern consisting ei-
ther of types II, IX, and XI in differentiated, or of types I, III,
and V in “dedifferentiated”” chondrocytes, and describe subsets

of chondrocytes expressing types II and III, but not type I
collagen.

Methods

Tissue preparation and histochemistry. Histological sections were pre-
pared from 20 mainly late stage osteoarthritic (knee arthroplasties/hip
replacements) and eight normal cartilage specimens. In this study, only
samples of original articular cartilage were investigated; osteophytes
and other repair cartilage were excluded. Cartilage slices were fixed
with 4% paraformaldehyde in PBS for 24 h, dehydrated, embedded in
paraffin, and 5-8-um sections were cut. From all cartilage specimens,
hematoxylin, toluidine blue, and safranin O staining were performed
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on parallel sections. The latter two were used to estimate the content of
proteoglycans (21). All samples were histologically graded according
to Mankin (22).

Immunohistochemistry. Deparaffinized sections were decalcified
with 0.3 M EDTA (pH 7.2) and incubated with testicular hyaluroni-
dase (2 mg/ml, PBS, pH 5, 30 min at room temperature). For the
detection of type II collagen in normal and osteoarthritic samples, pre-
treatment with pronase (1 mg/ml, PBS, pH 7.3, 30 min at room tem-
perature ) was necessary. The staining pattern obtained with antibodies
to type I collagen or pN-a(III) was independent from section pretreat-
ments with pronase. Primary antibodies were incubated for 1 h and
visualized using alkaline-phosphatase-labeled secondary antibodies
and 3-hydroxy-2-naphtylacid 2,4-dimethylanilid as color substrate.
Nuclei were counterstained with hematoxylin. As negative control, the
primary antibody was replaced either by preimmune serum or Tris-
buffered saline (pH 7.2).

A monoclonal antibody (CII D3) directed against an epitope in the
CB 10 fragment of type II collagen was kindly provided by Dr. R.
Holmdahl (University of Uppsala, Sweden) (23). Rabbit antisera
against human type I collagen were purchased from Institut Pasteur
(Lyon, France) or prepared and tested as described elsewhere (20).
Polyclonal antibodies against type III procollagen were kindly provided
by Dr. Giinzler (Hoechst Co., Frankfurt, FRG). Preparation and speci-
ficity of this antibody are described in (24). Antibodies to the pN-pro-
peptide of type III procollagen were shown to give identical staining
patterns as antibodies to type III collagen since the majority of the
pN-peptides remain attached to the type III collagen fibrils (25).

Preparation of RNA probes. For specific RNA probes, suitable frag-
ments of human collagen chains al(I), a2(1), al(Il), and a1 (III)
mRNA were selected and recloned into pGEM vectors (Promega
Corp., Madison, WI) (for localization on the genes see Fig. 1). pHCG
IN contains a Styl-Kpnl fragment (207 bp) of the N-propeptide of
collagen a1(I) generated by the polymerase chain reaction technique
using specific primers and total human fibroblast RNA. This fragment
was cloned into HinclI-Kpnl sites of pGEM 4Z and sequenced for
control (Sequenase; United States Biochemical Corp., Cleveland,
Ohio). pHCG 1A2 contains a Xbal-Mscl fragment (collagen a2(I),
319 bp) from Hf 32 (kindly provided by Dr. Ramirez, Mt. Sinai School
of Medicine, New York) (26), recloned in Xbal-HinclI sites of pGEM
4Z. pHCG 2 contains a ECO RI-Dra I fragment (collagen a1 (II) 435
bp) from pHCAR 3 (kindly provided by Dr. Sandberg and Dr. Vuorio,
University of Turku, Finland) (27) recloned in HincII-ECORI sites of
pGEM 4Z. pHCG 3 contains a Pstl-Pstl fragment [collagen a1 (III],
294 bp) from pHFS3 (28) recloned in the Pst I site of pGEM 4Z; the
required orientation (antisense transcripts using T7 polymerase) was
checked by restriction analysis. pRNA 1 contains a Xbal-BamHI frag-
ment (294 bp) of mouse 18S ribosomal RNA (rRNA) from pCM 1
(29) recloned in Xbal-Baml sites of pGEM 3Z. This probe shows 100%
homology to human 18S rRNA and was used as a positive control.

, SP, N-propeptide TP,
Ll T T

triple helix (TP,

The constructs were linearized and transcribed in vitro using T7
and SP6 RNA-polymerase (both from Promega) to generate antisense
and sense transcripts respectively. The probes were labeled with 60-150
uCi (a-¥S)-UTP (1,200 Ci/mmol, New England Nuclear, Dreireich,
FRG) per 0.5-1 ug of template DNA to a specific activity of < 1.2
X 10° cpm/pug, and nonincorporated nucleotides were separated by
alcohol precipitation. The quality of the transcripts was controlled us-
ing denaturating formaldehyde agarose gels. Northern blotting experi-
ments using 5 ug of total RNAs of human fetal chondrocytes, fibro-
blasts, and HT 1080 cells grown in monolayer cultures (F12 medium,
10% FCS) were performed to confirm the specificity of the transcripts
and to avoid “sticky” probes. Total RNA was extracted using the 4 M
guanidine thiocyanate method (30).

In situ hybridization. In situ hybridization was performed as de-
scribed in detail elsewhere (31). In brief, deparaffinized and rehydrated
sections were digested with proteinase K (20 pg/ml), postfixed, and
acetylated in 0.25% acetic anhydride. The sections were hybridized for
12-16 h at 43°C with riboprobes at a final activity of 3-6 X 107 cpm/
ml depending on their length. After hybridization, the tissue sections
were washed 40°C 2X SSC/0.5% B-mercaptoethanol, and 40°C 0.5%X
SSC/0.5% B-mercaptoethanol, treated with RNAses A (20 ug/ml) and
T1 (50 U/ml), washed again for 2 h 45°C 2x SSC/50% formamide/
0.5% B-mercaptoethanol. After three times in 0.1X SSC at room tem-
perature, the slides were dehydrated.

Autoradiography was performed (Kodak NTB-2 nuclear track
emulsion) for 3-4 d and sections were counterstained in 5%
Giemsa dye.

Results

Selection of RNA probes

Because of high homologies existing between the closely related
fibril-forming collagen genes, particular efforts were directed
towards careful selection of DNA fragments to rule out cross-
hybridization effects (32). This is especially valid for in situ
hybridization, where additional control informations such as
transcript size, etc., are missing. Therefore, we selected and
prepared collagen cDNA probes by the following criteria: (a)
Probes were selected for homology < 70% with other known
collagen sequences available in the MIPSY-genbank (Max-
Planck-Institute for Biochemistry, Martinsried, FRG) using
University of Wisconsin Genetics Computer Group programs
(Fig. 2). (b) Northern blotting experiments using 32P-labeled
antisense transcripts and total RNA extracted from human fe-
tal chondrocytes [expressing a1 (II) mRNA], fibroblasts [ex-
pressing a1(I), a2(1), a1 (III) mRNA] showed specific bands
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ol(l) o2(l) al(l) ot (i)

Collagens
Probes

PHCG 1N 100 (73%)
PHCG 1A2 66 100 67 67
pHCG 2 100
pHCG 3 53 100

Figure 2. Homologies in the nucleotide sequence between the colla-
gen cDNA probes and other collagen DNA sequences. Only homolo-
gies > 50% are given. No significant homology could be found to
nonfibril forming collagens or any other proteins. *Includes the addi-
tional second exon of collagen II (Ryan and Sandell, 1990 [41]).

with the respective probes at stringent washing conditions
(0.1X SSC, 70°C, 0.1% SDS). Total RNA of HT 1080 cells
(expressing neither of the collagen types I, I, or III) served as
negative control. (¢) Probes were tested for in situ hybridiza-
tion in samples of human fetal epiphyseal cartilage (our own
unpublished results). Osteoblasts (expressing only chains of
type I collagen), endothelial cells of blood vessels (predomi-
nantly expressing type III collagen), and mesenchymal cells
(expressing type I and III collagen) served as internal specific-
ity controls in the investigated specimens. RNA preservation
and cell viability was controlled with the 18S rRNA probe.
Interestingly, the strength of the hybridization signals was less
than expected from the anticipated abundance of the ribo-
somal RNA. This could be caused by secondary loop structures
formed by the rRNAs, or caused by proteins of the ribosomal
complex resistent to proteinase K digestion and thus prevent-
ing proper access of the probe. Sense RNA transcripts were
used as negative control and showed only background signals
in all samples.

Independent expression of collagen type I, II, and I1I in
osteoarthritic cartilage

Upper and middle zone chondrocytes. In 15 out of 16 investi-
gated samples of late stage osteoarthritic cartilage (Mankin
grades 3-7) chondrocytes expressed considerable amounts of
al(II) mRNA (Fig. 3 b). These were confined to layers below
the zone showing proteoglycan loss (Fig. 3, band /). An exam-
ple representing middle to late phases of cartilage degeneration
is depicted in Fig. 3, a-h, showing the surface fibrillated tibia
plateau of a 70-yr-old patient (Mankin grade 4) with varus
gonarthritis. The zone of chondrocytes with enhanced type 11
collagen expression is in 10 out of the 16 samples partially
overlapping with a subset of chondrocytes showing significant
expression of a1 (III) mRNA (Fig. 3 ¢; for schematic represen-
tation, see Fig. 4). In none of the investigated samples was
expression of a1(III) mRNA found without simultaneous ex-
pression of a1 (II) mRNA in the same or adjacent cells. Lower
middle zone chondrocytes showed mostly only a1 (II) mRNA,
with very few cells also positive for a1 (IIT) in areas of extensive
proteoglycan depletion. The intensity of the signals obtained
with the o« (IIT) probe in chondrocytes were comparable or
lower than that of «1(II) mRNA present in the same speci-
mens. Overall, more chondrocytes expressed «1(II) than
al (IIT) mRNA (Fig. 3, b and ¢). Although direct evidence for
coordinate expression of type II and III collagens in the same

cells would require double-labeling techniques, comparison of
consecutive sections provided conclusive evidence for the si-
multaneous expression of both collagen genes in some areas
(Fig. 3 band ¢; 5 gand 4). In none of the investigated samples
al(I) or a2(1) mRNA expression was seen in upper and mid-
dle zone chondrocytes (Fig. 3, a and i), in contrast to fibroblas-
tic cells in pannuslike tissue overlaying the articular cartilage in
an osteoarthritic femur condyle of a 65-yr-old patient who
showed signals with the al1(I) and «2(1) probes (Fig. 3 i).
Pannuslike tissue also showed cytoplasmic «l(III) mRNA
(Fig. 3 k). Chondrocytes of the superficial zone were negative
for both a1 (II) and a1 (III) in sites of severe depletion of the
matrix of proteoglycans. These cells were, however, in all cases
viable as shown by in situ hybridization with the 18S rRNA
probe (Fig. 3, dand /).

Chondrocytes of the deep zone and calcified cartilage

Chondrocytes of the deep zone of osteoarthritic original carti-
lage expressed no a1(III), al(I) or a2(I) collagen mRNAs.
The only exception was found in one sample of an osteoar-
thritic femoral head (79 yr, female), in which deep zone chon-
drocyte clusters showed simultaneous expression of o1 (II) and
al(IIT), and remarkable signals with the a2 (1) probe (Fig. 5
f), but not with the a1(I) probe (Fig. 5 a). This area was
localized in the immediate neighborhood to a new-forming sec-
ondary cartilage. This finding of cytoplasmic a2(1) mRNA in
the absence of a1 (I) mRNA was unexpected in view of the fact
that [a1(I)]; molecules, but not [«2(I)]; molecules are ther-
modynamically stable (33). Type II collagen expressing cells
were regularly found in the deep zone, but not in the lower part
and in the calcified zone (see also reference 31). Strong a1 (1)
and «2(I) expression was usually found in osteoblastic cells
lining the subchondral bone trabeculae.

Chondrocytes in normal human articular cartilage and
early stages of cartilage degeneration

Chondrocytes in normal adult articular cartilage did not show
expression of al(I), a2(I), and al(III) mRNA in any zone
(Fig. 5 a, b, and d) and only exceptionally weak signals for
al(IT) mRNA (see also reference 31). This is consistent with
the low metabolic activity reported for adult healthy articular
chondrocytes in situ. In samples of earlier stages of cartilage
degeneration (Mankin grades 2-4, obtained from autopsied
patients not clinically diagnosed as osteoarthritis) a1 (II)
mRNA, but only few a1(IIl) expressing chondrocytes were
found (one out of four cases, not shown). Again no cytoplas-
mic al (I) or a2(I) mRNA was seen in chondrocytes.

Deposition of type III collagen in the extracellular matrix

To confirm the collagen expression patterns found by in situ
hybridization and to investigate whether the identified mRNAs
are translated into collagen, parallel sections were stained using
collagen type I-, II-, and III-specific mono- and polyclonal anti-
bodies. The extracellular matrix of normal cartilage was posi-
tive for type II collagen. Type I and III collagen were only seen
in a very thin layer at the surface, showing reduced type II and
proteoglycan staining (not shown, see also (31)). This layer
may be developmentally derived from the fetal epichondral
zone, which shows a similar composition (9, 11, and our own
unpublished results). In contrast, the extracellular matrix of
osteoarthritic cartilage showed significant pericellular and in-
terterritorial deposition of type III collagen of various degrees.
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Figure 4. Schematic presentation of a typical collagen expression pat-
tern seen in late stage osteoarthritic cartilage (Mankin grade 3-7) in
correlation to the proteoglycan staining. In 6 of 11 cases, however, the
zone of type III collagen expressing cells did not clearly extent beyond
the zone of type II collagen expressing cells. /, weak staining with the
anti-human type I antibodies.

Fig. 3 g shows a case of intense deposition of type I1I collagen in
the superficial zone and in the upper middle zone of surface
fibrillated osteoarthritic tibia plateau (same sample as shown
in Fig. 3, a-d). The distribution is consistent with the pattern
of type IIl mRNA expression (Fig. 3, ¢ and k). Nevertheless,
type II collagen remained the most prominent collagen in the
interterritorial matrix (Fig. 3 /), although areas of local peri-
and intercellular type II collagen losses were also frequently
observed (see also references 20, 31). In accordance with the
mRNA hybridization results, less type III collagen was found
in early stage specimens. Furthermore, collagen type III was
detected together with type I in fibrous pannuslike tissue layers
overlaying or infiltrating arthritic articular cartilage (Fig. 3, m
and 0). In some samples of osteoarthritic cartilage, staining for
type I collagen was found at the surface and around superficial
and middle zone chondrocytes (Fig. 3 ¢), but considerably less
than type III collagen. Interestingly, no type I collagen staining
was obtained in or around chondrocyte clusters in the deep
zone of one osteoarthritic cartilage sample that had shown posi-
tive signals with the probe «2(I), but not with the «1(I) probe
(Fig. 5, eand f). '

Discussion

In this study, we provide evidence for significant alterations in
the collagen expression pattern by articular chondrocytes in
osteoarthritis. In the superficial and upper middle layers of
osteoarthritic cartilage (Mankin grades 3-7), chondrocyte
clusters and single chondrocytes were identified expressing

type III collagen besides type II collagen, but not type I colla-
gen. This zone of type III collagen expressing cells was often
surface-fibrillated and partially correlated with the surface zone
of reduced proteoglycan staining. It was partially overlapping
with the zone of chondrocytes showing enhanced type II colla-
gen expression (see Fig. 4 and reference 31). The expression of
cytoplasmic a1(III) mRNA identified by in situ hybridization
was consistent with the immunohistochemical localization of
extracellular type III collagen in this area. By antibody staining,
however, also some extracellular type I collagen was identified
in the upper zone; the corresponding cytoplasmic a1(I) and
a2(1) mRNA levels may have been too low to be detected by in
situ hybridization.

The extent of staining and the number of cells showing
al(III) mRNA signals varied considerably not only among
samples but also within the samples. The variety of collagen
alterations in osteoarthritic cartilage is also documented by the
identification of type X collagen deposition around clusters of
chondrocytes in the upper, fibrillated zone (20) similar to that
shown in this study. Double immunostaining experiments will
be required to elucidate the relative distribution of type X and
IIT collagens in osteoarthritic cartilage.

The heterogeneity in cartilage alterations and sampling
problems may explain conflicting reports on the biochemical
analysis of osteoarthritic cartilage, showing the predominance
of type II collagen (15, 16) or the presence (17-19) or absence
(12, 14, 15) of significant amounts of type I and III collagen.
The latter collagens will appear in cartilage extracts when over-
laying or infiltrating, macroscopically hardly visible fibrous tis-
sue is not excluded (15). Our studies clearly indicate that a
large number of chondrocytes in the original osteoarthritic ar-
ticular cartilage of late stages (Mankin grades 3-7) express type
IT collagen, and that the major collagen visible by antibody
staining is type II collagen, in particular in the middle and deep
zone (see also references 20, 31), thus confirming the results by

-Goldwasser et al. (15), Eyre et al. (12), and Ronziére et al.

(16). In the fibrillated surface layer, however, type III collagen
seems to be a significant constituent in certain areas of the
cartilage matrix and may thus have an impact on the stability
of the collagen matrix in this zone. At the moment, however,
no quantitative data on the relative amounts of type Il and type
III collagens in this zone are available.

Our results can not confirm the synthesis or presence of
major amounts of collagen type I outside of overlaying fibrous
tissue. This demonstrates the value of the local resolution of
immunohistochemical and in situ hybridization methods sup-
plementing biochemical examinations.

The lack of expression of type I collagen, at least below the
detection level, besides high levels of type II and III collagen or
type III alone in osteoarthritic chondrocytes is unexpected and
not in accordance with the current view of discrete chondro-
cyte phenotypes defined by a coordinate regulation of either
type II, IX, and XI collagens as characteristic for functional

Figure 3. In situ hybridization analysis of collagen expression (a-d and i-/) and histochemical staining of collagens and proteoglycans (e-h and
m-p) in sections of human osteoarthritic cartilage. For detection of cytoplasmic mRNA, cartilage sections were hybridized with >*S-RNA probes
specific for al(I) (a); a2(1) (i); al(II) (b and j); a1 (1II) (c and k); and 18S rRNA (d and /). Extracellular collagens were immunostained
with a rabbit anti human type I collagen antibody (e and m), a monoclonal anti-type II collagen antibody (fand #7), and a rabbit anti-PN
a1 (III') antibody (g and o), followed by alkaline phosphatase labeled second antibodies. (/) safranin O, (p) toluidine blue staining, both for
proteoglycans. (a-h) Varus gonarthritis, tibia plateau (70 yr, female) Mankin grade 4; (i-p) Osteoarthritic femur condyle (65 yr, female) Mankin

- grade 5. Bar, 100 um.
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resting chondrocytes, or of types I, I, and V collagens de-
scribed for the “dedifferentiated” or modulated phenotype in
vitro (8, 10, 34, 35). In noncartilagenous tissue, collagen type
HI is expressed in vivo and in vitro mostly together with colla-
gen type I, though in different ratios (36, 37). In chondrocyte
cultures modulated in vitro, a rather abrupt switch from type II
to types I and III collagen synthesis is observed with type I as
the most abundant protein synthesized ( 10, 35, 38), suggesting
that both collagens are coregulated. The fact that we cannot
detect type I collagen mRNA in osteoarthritic chondrocytes
demonstrates that the phenotypic changés of osteoarthritic
chondrocytes described in this study is different from the dedif-
ferentiation event of chondrocytes seen in vitro. Our results are
in favor of an uncoupled, individual regulation of single colla-
gen genes in the chondrocyte in situ.

This seems also the case for the COL1A1 and COL1A2
genes. In one sample, we found signals with the «2(1) probe in
chondrocytes of the deep zone of osteoarthritic cartilage in the
absence of a1(I) transcripts, while the same «1(I) probe re-
vealed strong signals in osteoblasts in the same sample. Since
no type I collagen staining could be achieved in the environ-
ment of these chondrocytes using a polyclonal antibody, we
assume that these “a2(I)” transcripts may represent the non-
collagenous, cartilage-specific transcript of the COL1A2 gene,
controlled by a different promotor (39). To distinguish be-
tween both alternative transcripts, probes derived from the dif-
fering 5'-ends will be necessary.

The factors and mechanisms regulating transcription and
translation of collagen types in osteoarthritic cartilage are not
yet known. Systemic factors like cytokines produced (e.g.,
from synovial tissue) may affect the collagen expression pat-
tern. For example, interleukin 1 enhances type I and III colla-
gen in human chondrocytes and suppresses the expression of
the cartilage-specific collagens in vitro (40). However, the fact
that the alterations in collagen expression pattern in
osteoarthritis are not evenly distributed over the articular carti-
lage, but different in marginal or weight bearing areas, suggest
an additional strong impact by the local environment; e.g., the
integrity of the extracellular matrix and mechanical factors.

In conclusion, we were able to demonstrate expression and
synthesis of collagen type III by arthritic articular chondrocytes
and its deposition in the extracellular matrix of articular carti-
lage. The finding of chondrocytes expressing a1 (III) mRNA
either solely or together with a1 (II), both in the absence of
al(I) and a2(I) collagen mRNAs, displays an in vivo pheno-
type of articular human chondrocytes different to those de-
scribed so far in vivo and in vitro. This presumably implicates
different regulatory mechanisms responsible for the pheno-
typic changes seen in articular chondrocytes in vivo. Further-
more, this study shows a considerable heterogeneity of collagen
alterations and phenotypic changes of chondrocytes among
and within various samples of arthritic cartilage that can be
identified by a combination of immunohistological and in situ
hybridization methods. Further systematic studies on a larger
number of samples and careful correlation to clinical and
pathological features of the arthritic cartilage samples may al-
low conclusions on the sequence of phenotypic alterations artic-
ular chondrocytes undergo during cartilage degeneration.
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