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SUMMARY erative activity of osteochondromas from children
younger than 14 years of age was comparable to
In order to characterize the consequences for ttpostnatal growth plates, whereas in cartilage from
process of endochondral ossification we performeindividuals older than 14 years of age, we could
an immunohistochemical study and compared thnot detect significant proliferative activity.
expression of collagen type I, Il and X as marker:
of cartilage differentiation and Ki-67 as a marker of
cell proliferation in solitary (7-26 years, n=9) andINTRODUCTION
multiple (11-42 years, n=6) osteochondromas witl
their expression in human fetal and postnate Osteochondromas (osteocartilaginous exostoses)
growth plates. In fetal and young postnatal conrepresent about 50% of benign bone neoplasms
trols, we found a thin superficial layer of articular (Dahlin 1978, Mirra 1980, Huvos 1991). They
cartilage that stained positive for collagen type occur in bones growing via endochondral ossifica-
while collagen Il was expressed in the rest of thition, and the tumor itself is believed to be created by
cartilage and collagen type X was restricted to ththe same process. Characteristic features are the
hypertrophic zone. Osteochondromas from chilclose relationship to the growth plate and the con-
dren showed lobular collagen type II-positive areatinuous bone marrow between the osteochondroma
surrounded by collagen type I. In adults, the sep:and the original bone. Osteochondromas can be
ration of collagen type I- and type lI-positive areasdivided into a more frequent solitary sporadic and a
was more blurred, or the cartilaginous cap wamultiple hereditary form, both revealing a similar
missing. Collagen type X was detected in a perice radiological appearence.
lular distribution pattern within hypertrophic zones Aigneret al.(1997) observed a zonal distribution of
but also deeper between bone trabecula. The prol collagen type X that was characteristically expressed
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in hypertrophic cartilage in seven benign osteochorTissue Pocessing

dromas. Howeveinformation about age, gender and All specimens were fixed in 4% Wefed

type of the examined osteochondromata is missing formaldehyde for at least 72 hou#sdter rinsing

this study as well as information aboufeliénces in  with tap water they were decalcified in 10%

the immunohistochemical findings in regular growthEDTA solution at pH 7.4 for up to 6 weeks. 2.5

plates. In the same studgnchondromas and pm sections were cut from pafiafembedded tis

osteosarcomas were characterized by a randem dsue and placed on glass slides pretreated with

tribution of collagen type X expression. silane. Hematoxylin-eosin (HE) and safranin-O

In order to get more detailed information on thestaining were routinely performed.

pattern of chondrocyte dérentiation, we per

formed an immunohistochemical study and correlmmunohistochemistry

lated the morphology of solitary and multiple Deparafinized samples were incubated with vary

osteochondromas from skeletal immature aningenzymes to improve immunoreactivity according

mature patients to their expression of collagen typto antibody-specific regimens (S&&ble 2), rinsed in

| (found in bone, ligament, etc.), type Il (expresse(phosphate bédred saline and incubated with the pri

in cartilage), and type X (hypertrophic cartilage),mary antibody overnight at’@. Using the strepta

and to the expression of the proliferation markevidin-biotin method, binding of the secondary anti

Ki-67. We also compared their distribution to thatbody to the primary was visualized by 3-amino-9-

observed in human growth plate cartilage frormethylcarbazol (ACE) as chromogen (LSAB Kkit,

fetal and postnatal joints. Dako, Hambug, Deutschland)As a negative con
trol, sections were processed for each sample in the
absence of the suitable primary antihody

MATERIALS AND METHODS The manufacturer (seégble 1) of the collagen
type | antibody confirmed a cross reactivity with
Tissue Sampling collagen type I, Ill, IVV, andVI of less than

Tissue was obtained from 14 patients ugderg  10%. According to the same company the cross
sumgery for symptomatic osteochondroma. Histo reactivity of the collagen type Il antibody against
logical examination by an osteopathologist (G.D.collagen type |, IIl, IVV, andVI is also less than
confirmed the benign character of all specimens10%. The specificity of the collagen type X anti
Complete fingers from 6 babies with hexadactylybody used in this study was well characterized by
were obtained after resectioAll samples were Girkontaité let al.(1996).
fixed in 10% formalin and processed for micro
scopic examination with or without decalcifica Data Analysis
tion. Normal growth plate cartilage from fetal For evaluation of collagen type I, Il, and X
knees (derived from abortuses) and postnatimmunohistochemistrywe described patterns of
femoral heads were procured from patients whitheir distribution.
died from diseases unrelated to the skeleton i For analysis of Ki-67, negatively- and positively-

autopsy Details are given iifable I. stained nuclei were countethe relation between
Table |

Attributes of human specimens used in this study
Specimens Number of patients Age range (averagestandard deviation Source (location)
Solitary exostoses 9 7-26 years (14.2 6.3) Sugery
Multiple exostoses 6 11-42 years (19.8 12.6) Sugery
Fetal growth plate 7 16-23 gestation week (20£32.4) Pathology (Augsbwy)
Postnatal femoral heads 3 1.5-8 years (4.6 3.5) Pathology (Munich)
Hexadactyly 6 8 days - 14 months (6:84.1 months) Sumgery
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Table Il
Pretreatment protocols used in the study
Antibody against (type, company) Enzymes for digestion
Collagen type | (polyclonal, Biozol,
Southern Biotechnolologiegsssociates, Inc.) 5 mg/ml pronase ifiris-buffered saline (TBS) at pH 7.2
Collagen type Il (polyclonal, Biozol, 2 mg/ml hyaluronidase in phoshatedeuéd citric acid at
Southern Biotechnologigsssociates, Inc.) pH 5.0 at 37C for 30 minutes, followed

by 0.5 mg/ml proteinase K ifiris bufer
at pH 7.5 at 2IC for 30 minutes

Collagen type X (clon X53, Quartett) 0.5 mg/ml proteinase K ifiris buffer at pH 7.5 at 2IC for
35 minutes, followed by 0.1 mg/ml pepsin
in 0.5 M acetic acid at 3T for 60 minutes

Ki-67 (monoclonal, Dako) 0.01M citrate-bufered citric acid (pH 6.0) and heated in a
water bath at F& for 35 minutes

positive and total cell numbers was called thewith exception of the thin superficial layer that was
“‘index of proliferative activity* (Stenzekt al., positive for collagen type The distal bony end of
1996).As recommended by Scotlaretial. (1995), 3 of the 4 fingers (hexadactyly), studied by
we counted at least 500 cells to calculate the indeimmunohistochemistry also showed positive
staining for collagen type Il (Fig. 3A)lwo of
these three fingers were examined for collagen

RESULTS type X (Fig. 3B).A positive staining for type X
collagen was seen pericellularhyut the surround
Collagen type | ing area was collagen type Il positive (Fig. 3A).

Superficial layers of fetal articular cartilage The distribution of collagen type Il in sections of
revealed a small zone with positive staining folgsteochondroma was similar to the negative print
collagen type | (Fig. 1B)Two of three postnatal of collagen type | staining (Fig. 2B). Collagen
proximal femoral head samples (see table lyne || was also detected in the form of little
revealed a tiny zone with positive staining for-col jgjands entrapped in newly-formed bone trabecula
Iagen type 1 in thelr_superfl_ual cartilage Iayers(Fig. 2B).A similar observation was made for <ol
g:elgé dlfﬁ:) ' IIE fgﬁr eO:SSSIl)J( Seeﬁgilg?egsrtfi:gme rfgegsedlagen type Il staining in articular cartilage, where
were po g{ive forgcc’)llaggn type | as We?l y type Il positive areas were type | negative and vice

: .. versa (Fig. 1B/C). Howevethe cartilage of an

13 of the 15 osteochondromas revealed pos'tlvosteochondroma of a 42-yeaid female did not

staining for collagen type | in the cartilaginous | thi ed patt but ived pict
cap.The cartilage from a solitary exostosis of a 15'€V€al thisS ajanized pattern, but a mixed picture
of collagen type | and Il staining in a more paral

yearold girl showed staining, whereas the sampile L .
of a 28-yeanld woman did not contain a carti |€! manner resembling fibrous cartilagére sam
laginous cap. In 12 of the 13 positively stainecPl€ of a solitary osteochondroma of a 26-yelar
caps, we found soft tissue formations intersectin female did not show continuous fibrous intersec

the cartilage into lobes, which were positive fortions. It was only characterized by small fibrous
collagen type | (Fig. 2A). structures next to the bony borderline.

Collagen type I Collagen type X o o
The fetal and postnatal articular cartilage reveale Collagen type X was characteristically distrib
a rather homogenous staining for collagen type liuted in the hypertrophic zone of the growth plate
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Fig. 1 -Immunolocalization of collagen type I, Il, and X in fetal and postnatal growth plates (B: Bypi@&@moral head of an 8-

yearold: Positive immunoreactivity for collagen type | of the surface layer and of the bone, (aagnification 125-fold); B)
Articulation of femur (F) and patella (P) in a fetal joint'(2B2ek): Positive immunostaining for collagen type | close to the sur

face (arrows, magnification 125-fold); C) Fetal knee joint' (28ek): The articular surfaces of the patella (P) and femur (B con

tain areas without collagen type Il antibody stain (arrows, magnification 100-fold); D) Growth plate of a femoral head-(1.5-yea
old): Continuous band of collagen type X staining throughout the hypertrophic zone (aagmification 40-fold); E) Growth

plate cartilage from a fetal distal femur (28eek): Positive immunoreactivity is demonstrated for collagen type X in the-hyper
trophic zone (arrows). Enhanced staining was found around blood vessels and close to the perichondrium (magnification 40-fold).

of fetal joints. Areas around blood vessels andlagen type X staining, we examined the femoral
close to the perichondrium revealed enhancehead from a 1.5-yeanld boy and found a signal
staining (Fig. 1D/E)As a postnatal control for col over the total width of the growth plate (Fig. 1D).
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Fig. 2 -lImmunolocalization of Osteochondromas (B: boAg¢)Osteochondroma of aridyearold with multiple exostoses: Gol
lagenType | antibody stain (arrow) is found in soft tissue bands leading to unstained lobes of cartilage (magnification 125-fold);
B) CollagenType Il antibody stain (arrow) is demonstrated complementary to fign i#e cartilaginous cup of the osteochon
droma (magnification 125-fold); C) Solitary osteochondroma (7-year old): Collagen type X as a band (arrow) in the hypertrophic
zone and in deep cartilage "islands* between bony trabecules (magnification 50-fold); D)-4Rye#h multiple osteochon

dromas: Strong, but inconsistent collagen type X immunostaining predominantly pericellular (arrows, magnification 50-fold).

Collagen type X staining varied in hypertrophicer mainly revealed pericellular staining. Consis

cartilage zones from polydactyljwo neighboring tently, there was an obvious correlation between
growth zones of a finger joint from a 10-month-oldmorphology of the hypertrophic zone and type X
girl differed strongly in their type X expression staining: the more calcification the less type X.
pattern. One zone was stained like a band, the otNine of the 14 exostoses with a cartilaginous cap
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Fig. 3 - Immunolocalization of type Il
and X collagen in the end phalanx of an
additional finger in hexadactyly of a 6-
month-old baby (B: bone}) Collagen
type Il expression (arrow) is demon
strated subperiosteally at the top of the
phalanx (magnification 80-fold); B)
Collagen type X antibody stain (arrow)
can be seen pericellulary at the top of
the phalanx (magnification 80-fold).

had a continuous band of positive type X staininexostosis) was characterized by a tidemark and
over the width of their growth zone. Collagen typeinfrequent type X positive cells with pericellular
X together with type Il was also found relatively staining.

deep in cartilage “islands” between bone trabecul

(Fig. 2C). One of those nine, (from a 42-year olcKi-67

male with multiple exostoses) did not contain ¢ Immunohistochemistry for Ki-67 allowed us to
growth zone, but showed a tidemark with positivedetermine the index of proliferative activity for
type X staining next to it. Four of the 14 samplesgrowth plate (like) cartilages of fetal joints, hexa
revealed a predominantly pericellular but inconsisdactyly and osteochondromahe values for dif
tent staining of the growth zone (Fig. 2D). Oneferent entities are presented Table Ill. The
specimen (from a 26-yeatd female with solitary osteochondromas from the five individuals older
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Table I
Index of proliferative activity for growth plate cartilage in various entities (avetag@ndard deviation
in %, *comparable té\pte et al.,1992)

Osteochondroma Fetal growth plate Hexadactyly
< 14-year old = 14-year old
n=10 n=>5 n=7 n==6
6.2+ 8 0 *47.2+ 5.0 6.5+ 6.7

than 14 years of age did not reveal positive stair Hereditary multiple exostoses (HME) are linked to

ing for Ki-67, those from younger individuals dif three loci on chromosomes 8924 (EXT1)p11-13

fered independently of their age and of their typ«(EXT2), and 19p (EXT3) (Coolet al., 1993, Le

(solitary or multiple). Hypertrophic cartilage did Merrer et al., 1994, Wu et al., 1994). EXT1 and

not show staining for Ki-67 as already describe(EXT2 have been cloned (Alet al., 1995, Stickens

by Apte et al. (1990). et al., 2000, Wuyts et al., 1996) and mutations in
these genes have been identified in sporadic and
hereditary exostoses (Wts et al., 1998, Bovéeet

DISCUSSION al., 1999,Wuytset al.,2000). EXT1 and EXT2 are
regarded as tumor supressor genes (Porter and

The (positive) staining for collagen type | in youngSimpson 1999), and their corresponding gene-prod
human articular cartilage from fetal knee joints, Eg:yr?t?]\éesisr%?inetgargﬁesnul %Tgvr\;?otg)ogﬁsgrge(LitrTg
postnatal femoral heads and resected fingers {hex : :
dactyly), was a new finding.Accordingly; et al., 1998, Mc Cormicket al., 1998). This may

. P influence the dfision of hedgehog proteins (Bel
immunostaining for collagen type Il was less™ . ;
intense or abandoned in superficial layers of arrtiCLI‘r’"Che et al, 1998). Since hedgehog proteins are

. . known to play an important role in the regulation of
lar cartllage._\/on der Mark_ (.1981) descnbe_d cella endochondral ossification, their capacity forfudif
gen type | in the superficial layers froamicken

. ) sion may represent a central factor within the patho
articular cartilage and Pfandetral. (1999) detected oo eqjs of osteochondromas (Bellaiehal., 1998).
collagen type | in superficiabbbit articular carti

: _ Osteochondromas from young patients are-char
lage.Allard et al.(1990) showed microscopic pho  4cterized by lobes of hyaline-appearing-cartilage

tographs with synovial lips oumanarticular car —(collagen type Il positve) and fibrous intersections
tilage close to the cartilage-synovial junctidhese  (cojlagen type | positive)The presence and
lips continued as fibroblastic layers to the middle oyneven distribution of collagen type | within an
the joint. Collagen type | expression was not invesgsteochondroma was described previously in one
tigated in this studyl: ake_r_1 togethethe observa‘_uon young patient with a mutation of EXT1 (Legeai-
of collagen type | positive intercellular matrix on Mallet et al.,2000).Age-related changes of osteo
the surface of human articular cartilage might be chondromas embody a possible degeneration
residue of a perichondral layer including complete disappearance of the cartilagi
The oganization of growth plates from additional nous cap as discussed by Dahlin (1978) and Mirra
fingers in patients with polydactyly was similar to (1980). In a 28-yeanld female, the second oldest
other fetal or postnatal growth platégcordingly  patient in our studywe have not found a cartilagi
collagen type Il and X in the distal end of hexa nous cap; howevgeradiographs ascertained the
dactylic fingers might be remnants from a growtrdiagnosis of osteochondronf42-yearold male,
plate (endochondral ossification). Safranin-O stainthe oldest patient included in our studisplayed
ing could demonstrate proteoglycans in the sama more mixed picture of collagen type | and I-dis
area of the distal phalanx (data not shown), whic tribution resembling fibrous cartilage of the nucle
would support our hypothesis. us pulposus as described by Nerlathal. (1997),
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who demonstrated an age-correlated increase comparable to values obtained for growth plates
antibody staining for collagen type | and a decreasfrom hexadactyly (6.% 4.1 years) (se&able lIl).

for type II. Similar toAigner et al. (1997), we However like in adult articular cartilage or
found collagen type Il and X in cartilage islandsenchondroma (Davist al.,1998), Ki-67 could not
between bone trabecula of osteochondromas. In obe detected in post-puberty specimens of esteo
series, positive pericellular stain was found +relachondroma (26.& 9.83 years)This supports the
tively deep in the bony area, indicating a morestatements of Solomon (1964) and Scarborough
irregular pattern as observed in human fetal growt(1996) about the end of endochondral ossification
plates (Girkontaitéet al., 1996). A consistently in osteochondroma with skeletal maturithere
enhanced expression of type X collagen and-prefore, Ki-67-positive cells in cartilage of adult
ence in non-hypertrophic areas as described in olosteochondroma may rather suggest malignant
patient by Legeai-Malleet al., (Legeai-Malletet  transformation, which is clinically suspected in
al., 2000) was not observed. In our patients, eollagrowing osteochondromas or in a cartilage cap
gen type X staining as well as cartilage intersecthickness above 2 cm.
tions did show variations, but do not appear to b In conclusionwe could show that osteochondro
type related (solitary versus multiple). mas from children have lobular collagen type Il
Osteochondroma can be regarded as a neoplaspositive areas surrounded from fibrous, collagen
process, which will developf members of the type | positive intersections whereas, in adults, a
EXT family are inactivatedThis leads to a distur process of degeneration or involution leads to a
bance in the biosynthesis of heparan sulfate glychange in the ganization of the cartilage with a
cosaminoglycans since EXT1 and EXT2 aremore blurred separation of collagen type I- and II-
important for normal glycosyltransferase activity positive areas or even a disappearance of the carti
(Mc Cormicket al.,2000). Resulting alterations in laginous cap. Collagen type X is actively expressed
the expression of cell-surface heparan sulfate prcand especially found pericellular in hypertrophic
teoglycans (Mc Cormickt al.,1998)which inter ~ zones but also deeper between bony trabecules.
act with numerous growth/dérentiation factors Proliferative activity of osteochondromas from
such as bFGFRand diminished difision of the sig  children under the age of 14 years is comparable to
naling protein indian hedgehog (Bellaickeal., postnatal growth plates, whereas cartilage from
1998) are thought to be responsible for localadult osteochondroma reveals no relevant prelifer
abnormalities in chondrocyte téfentiation. Such ative activity Therefore, a higher number of Ki-67-
mechanisms could contribute to the observation cpositive cells in adult osteochondroma might serve
intersections of collagen type | between islands cas an additional indicator for malignancy

hyaline cartilage, the persistent immunostaining
for type Il and X collagen relatively deep betweer

bony trabecules and the presence of type X €oltACKNOWLEDGMENTS
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