Immunohistochemical Localization of Human
Type IX Collagen in Cartilaginous Tumors
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Fig. 1. Outline of the purification procedure used for isolation of types II, XI and IX
collagen from the human hyaline cartilage. sup. supernatant; ppt, precipitate

weight fragments; NEM, N-ethylmaleimide; PBS, phosphate buffered saline; PMSF,
phenylmethanesulfonyl fluoride; SD, Sprague-Dawley; SDS-PAGE, sodium dodecyl
sulfate-polyacrylamide gel electrophoresis
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Table 1. Experimental conditions of ELISA
inhibition tests

1. Concentration of antigen coated in well: 10ug/ml

2. Ditution of 1st antibody: %100

3. Antigen used for inhibition;
10 to 5000ng/ml of each type of collagen
preincubated with Ist antibody for 1 hr at 37°
C

4. Dilution of ALP-labeled 2nd antibody: X500

5. Substrate for enzyme (ALP)
paranitropheyl phosphate 1 tab./5 ml of die-
thanolamine buffer

Ist antibody, rat anti-human type IX (HMW) col-
lagen antibody; 2nd antibody, rabbit anti-rat IgG
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Fig. 2. SDS-PAGE (6% total acrylamide) patte-
rn of types II, XI and IX collagen isolated
from the human hyaline cartilage. Lanes 1,
2, 3 and 4 are types II, XI, IX and I collagen
respectively. Lanes 1 to 4 are electrophoresed
without reduction. Small arrowheads show
the electrophoretic positions of @ chains of
each collagen. Large arrowheads indicate
HMW and LMW of type IX collagen.

Table 2. 3 cases of human fetus and 17 cases of cartilaginous tumors

Case

1 Fetus 3 month

2 Fetus 9 month

3 Fetus 10 month

Age Sex Location Histology

4 31 M Lt hand phalanx Enchondroma GO
5 15 F Lt hand phalanx Enchondroma GO
6 31 M Rt foot phalanx Enchondroma GO
7 17 F Lt hand metacarpus Enchondroma GO
8 5 F Rt hand phalanx Enchondroma GO
9 57 M Lt humerus Enchondroma GO
10 18 F Rt costa Enchondroma GO
11 56 M Rt tibia Chondrosarcoma Gl
12 70 M Rt costa** Chondrosarcoma Gl
13 48 M Rt tibia Chondrosarcoma Gl
14* 46 F Lt ischium Chondrosarcoma G1
15 30 F Lt femur Chondrosarcoma Gl
16* 60 F Rt femur Chondrosarcoma G2
17 53 F Rt femur Chondrosarcoma G2
18 65 M Rt femur Chondrosarcoma G2
19 17 F Lt femur Chondrosarcoma G3
20 71 M Rt crural soft tissue Chondrosarcoma G3

M, male; F, female; Lt, left; Rt, right; G, grade

* Ollier’s disease

** Specimen obtained recurrent chest wall tumor
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Fig.3. SDS-PAGE (5% total acrylamide) patte-
rn of types II, XI and IX collagen with or
without bacterial collagenase digestion under
nonreduced condition. Lane 1, only bacterial
collagenase ; lanes 2 and 3, type II collagen;
lanes 4 and 5, type XI collagen; lanes 6 and
7, type IX collagen. Lanes 2, 4 and 6 are
without collagenage digestion, and lanes 3, 5
and 7 are with collagenase digestion. Arrow-
head indicates that of bacterial collagenase
derived from Chlostridium histolyticum.

f2) 230AMIRISE ¥ T, % PBS T1043f 3 [RIgE#E L
72, BELFUAHUEIE Vector OB EFEAL
7o, DFEZ, TEY e EFFrear T Ly A
(avidin biotin complex, ABC) #3043 MK S & & 72
%, % PBS TUHLHMIEREL, Y73/ RV Fr
(diaminobentidine, DAB) RJ&%%T»7:. DAB RIt
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Fig.4. (a) Gel filtration chromatography on
agarose Bio-Gel 5m. Salt-precipitated colla-
gen obtained at 2.0M NaCl/0.5M acetate was
dialysed against 1M CaCly 50mM . tris-HCl
(pH7.5)/ 2mM NEM. This starting sample
was denatured for 30 min. at 42°C, applied to
the Bio-Gel column (1.5%90cm) and eluted
with the same buffer. (b) Samples are subje-
cted to SDS-PAGE (6% total acrylamide)
without reduction and the gel is stained with
silver nitrate. Lanes 1 to 9 show starting
sample, fraction number 25, 34, 43, 46, 50, 60,
65, 72, respectively.
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Fig.5. ELISA inhibition test of the antibody to
type IX (HMW) collagen. The experimental
conditions are explained in table 1. The
ordinate shows 9% optimal density compared
with that of non-inhibited condition, and the
abscissa shows the concentration of collagen
(antigen) used for inhibition. —QO—, type I
collagen ; —@—, typell collagen ; —[J—, type
II collagen ; —M—type IV collagen; —A—,
type V collagen; —A—, type VI collagen;
~O—, type XI collagen; —€—, type IX
collagen.
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Fig. 6. Western blotting of anti-human type IX
collagen (HMW) antibody. (A) Collagens
were transfered from 5% SDS-PAGE gel to
clear blot membrane-p and stained with
AuroDye. Lane 1, type I collagen; lane 2,
type II collagen; lane 3, type V collagen;
lane 4, type IX collagen; lane 5, type XI
collagen. (B) Western blot analysis of types
I, II, V, IX and XI collagen using anti-human
type IX collagen antibody.
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Fig. 7. Light micrographs of human fetal
cartilage (case 1) immunostained for type II
collagen (a) and type IX collagen (b). Cartila-
ge matrix is stained diffusely with antibodies
to type II collagen and type IX collagen. X
300.
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Fig. 8. Light micrographs of enchondroma (case 4) (a, b), chondrosarcoma grade 1 (case 11) (c, d) and
chondrosarcoma grade 2 (case 16) (e, f) immunostained for type II collagen {(a, ¢), type IX collagen

(b, d) type I collagen (¢) and type V collagen (f).

Cartilaginous matrices of enchondroma and

grade 1 chondrosarcoma are stained diffusely with antibody to type II collagen. Type IX collagen
is irregularly localized in the matrices of enchondroma and grade 1 chondrosarcoma. Type I and
type V collagen distribute in the matrix of grade 2 chondrosarcoma diffusely. X150 (a, b, e, f) and

%300 (c, d)
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Table 3. Composition of collagen types in human fetus and cartilaginous tumors

Immunoreactivity with type-specific

anti-collagen antibodies

Case Grade
I 11 m \4 VI X
1 Fetus - e — _ + +
2 Fetus - + - — + +
3 Fetus - + — — + +
4 GO - +¢ - - + +
5 GO - +¢ - - + +
6 GO + +¢ - + + +
7 GO - +° = + +
8 GO - +¢ - - + +
9 GO - +¢ - + + +
10 GO - -+ - - * +
1 Gl p-° 1 +
12 Gl +¢ - - + +
13 Gl + + — + + +
14 Gl + +° - hs + +
15 Gl + + ¢ — — +4 +
16 G2 + e + N " ;
17 G2 + +¢ + + + +
18 G2 + e n 4
19 G3 + + - d + +
20 G3 + — - - + _

+, positive; =+, variably and faintly positive;
—, negative; ¢, positive in the cytoplasm
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Immunohistochemical Localization of Human Type 1X Collagen in Cartilaginous Tumors
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Kanazawa 920 —]J. Juzen Med. Soc., 100, 177—191 (1991)
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Abstract

The distinctive tissue localization of collagen types, particularly of type IX collagen in human
cartilaginous tumors (7 cases of enchondroma and 10 cases of chondrosarcoma) was examined
immunohistochemically using affinity-purified antibodies against type 1, II, I, V, VI and IX col-
lagen, and were compared with human fetal cartilage. In the fetal cartilage matrix, types I and X
collagen were diffusely distributed, and type VI collagen localized pericellularly. Types I, III, and
V collagen were not found. The matrices of enchondromas and grade 1 chondrosarcomas were simi-
lar to fetal cartilage except that type IX collagen was irregularly distributed. In chondrosarcomas,
types I and IX collagen became decreased and poorly immunostained with increasing grades of
malignancy, and instead, non-cartilaginous interstitial collagen (I ,II and V') appeared diffusely in
the matrix. Type VI collagen was also dispersed in the intercellular area and tended to lose its territo-
rial localization. These findings suggest that the neoplastic cartilage could be characterized initially
by an uneven distribution of type IX collagen prior to alteration of type II collagen, and in higher
grade chondrosarcomas it is formed by the deposition of interstitial collagens instead of the ordinary
collagenous proteins of cartilage matrix. This diverse expression of intercellular components in carti-
laginous tumors may be one of indicators for malignancy.



