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ABSTRACT. Immune and lectin histochemical and micro- 
chemical methods were employed to study growth cartilage 
from seven cases of achondrogenesis type I1 (Langer- 
Saldino). The normal architecture of the epiphyseal and 
growth plate cartilage was replaced by a morphologically 
heterogeneous tissue. Some areas were comprised of vas- 
cular canals surrounded by extensive fibrous tissue and 
enlarged cells that had the appearance and histochemical 
characteristics of hypertrophic chondrocytes. Other areas 
contained a mixture of cells ranging from small to the 
enlarged chondrocytes. The extracellular matrix in the 
latter areas was more abundant and had characteristics of 
both precartilage mesenchymal matrix and typical carti- 
lage matrix; it contained types I and I1 collagen, cartilage 
proteoglycan, fibronectin, and peanut agglutinin binding 
glycoconjugate(s). Peptide mapping of cyanogen bromide 
cartilage collagen peptides revealed the presence of types 
I and I1 collagen. These observations could be explained 
by a defect in the biosynthesis of type I1 collagen or in 
chondrocyte differentiation. (Pediatr Res 22:324-329, 
1987) 

Abbreviations 

PG, proteoglycan 
C6S PG, chondroitin-6-sulfate PG 
K S  PG, keratan sulfate PG 
PNA, peanut agglutinin 
UEA, ulex europaeus agglutinin 
GAG PS, glycosaminoglycan PG 
Clfe,,,, femoral cylindrical index 
BSA, bovine serum albumin 
PBS, phosphate-buffered saline 

the predominant collagen of the growth cartilage in this disorder 
is type 1 rather than type I1 collagen as is normally found (6-9). 
Although these various changes presumably reflect the basic 
defect in achondrogenesis type 11, the nature of the defect and 
how it disrupts linear bone growth are not known. To explore 
these issues, we have studied epiphyseal and growth plate carti- 
lage from seven cases of achondrogenesis type I1 by a combina- 
tion of morphologic, immune, and lectin histochemical and 
microchemical methods designed to determine the distribution 
and content of skeletal collagens, proteoglycans, and other extra- 
cellular matrix macromolecules in the tissue. Our results suggest 
that achondrogenesis type I1 may be a disorder of type I1 collagen 
biosynthesis or of chondrocyte differentiation. 

METHODS 

lmmune reugenls und standurd~~. The antibodies directed 
against type I collagen were monoclonal antibodies provided by 
Dr. Steffen Gay, University of Alabama, Birmingham, whereas 
the antibodies to type I1 collagen were affinity purified polyclonal 
antibodies. The monoclonal antibodies to GAG PG determi- 
nants C6S PG and KS PG were gifts from Dr. Bruce Caterson, 
University of West Virginia, Morgantown; they have been pre- 
viously designated 5/6/3B3 and 1/21/5-D4, respectively. The 
preparation and characterization of these antibodies have been 
reported previously (10-12). The polyclonal antibody to fibro- 
nectin was purchased from Miles Laboratories. The biotinylated 
lectins and ABC kits were purchased from Vector Laboratories 
(Burlingame, CA). Rabbit anti-mouse and swine anti-rabbit im- 
munoglobulins conjugated to horseradish peroxidase were ob- 
tained from Accurate Scientific (Westbury, NY). The standards 
for type I collagen, o l(1) and type I1 collagen, a l(I1) were 
prepared by standard techniques from human skin and costo- 
chondral cartilage respectively. 

Tissue sources and preparation. Growth cartilage specimens 
were obtained from multiple sites, including costochondral junc- 
tion, proximal and distal femur, and iliac crest, from seven 

Achondrogenesis type I1 (Langer-Saldino) is a rare autosoma1 fetuses/newborn infants who exhibited radiographic abnormali- 
recessive bone dysplasia characterized by profound shortening of ties typical of achondrogenesis type 11 (Langer-Saldino). CIf,,,, 
the limbs, distinctive radiographic changes, and lethality in the were determined to subdivide them according to the scheme of 
newborn period (1-3). Characteristic histologic abnormalities of Whitley and Gorlin (13). One had a CIfe,,, of 2.5 which placed 
growth plate cartilage have been described by several investiga- her in the severely affected group (Whitley and Gorlin type II), 
tors (3-5) which include an increased number of vascular canals, one had a CIk,,, of 7.2 assigning him to the mild group (Whitley 
increased amount of fibrous tissue, and most notably replace- and Gorlin type IV), and the other had CIfc,,, ranging from 3.7 
ment of the normal architecture of growth cartilage by poorly to 4.4 placing them in the moderately severe group (Whitley and 
organized masses of hypertrophic-like chondrocytes and sparse Gorlin type 111). They ranged in gestational age from 18 to 40 
extracellular matrix. In addition, we and others have reported wk. Autopsy specimens from 10 comparable-aged fetuses and 
immunohistochemical and microchemical studies indicating that newborn infants not having bone dysplasias were used as con- 

trols. The specimens contained growth cartilage tissue that nor- 
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sonic were fio/cn and transl~ortcd o n  dr-1, ice. 7'is~iies obtained 
locally were lixcd oxcr-night at  4" ( '  i r ~  bufTcred 10:'; l i~rrnalin or- 
in 4%) ~~aral i ) rm;~l t ic I~~t ic ' .  1 "; glutaraldcligde. and 0.07';  ~-uthe-  
n ium licxaniinc t r~chlor idc  in sotlium cacodylate huff i~- .  p l i  7 .3  
( 1 1. 14). 'I'lley wcrc tlchgdratcd tlir-o~igll gradetl ethanol and 
infiltrated kind cmbctided in Spurl- epoxy resin b! stantiar-d 
tcchniclucs. In adciltion. some specimens werc cmbetidcd in 
glycol rnetliacr~I:itc and cxamiricd 171 routine histochemistr-! (6 ) .  

Six 01' the specimens wcsc studied biocl icmical l~ .  I lie loose 
conncctivc tissue i l '  171-csent u a s  carcf'i~ll! removed i'rom the 
unfixed epiphyscal cartilage and el-oss-scction:il discs appr-oxi- 
rnatcly 300-400 /I thick W I - c  cut o n  a Mcllwain tissue slicer-. 
'flicsc wcrc c ~ l t  n o  closer than 300 p f'rorn the car-tilagc hone 
interface to assure that n o  hone \%a\ incluclcd in the disc. I he 
discs wcrc stored at - X O 0  ( '. 

~ ~ i / / ~ t t ~ t ~ o / t i . ~ / o ( ~ / / o t i ~ i ( ~ ~ ~ /  i/oiui//,y Scctior~s I .5-p 1J1ic.k of  ~int lc-  
calcilicd c:trtil:tge and  Ilonc \\ere placed o n  acid cleaned subheti 
slides fill- all \tudics. Spiirr- \+as rcrno\,cd from tlie scctions in a 
1: 1: I s o lu t~on  of' I ';; potirssium hydroxitic in mctha- 
nol:acctone:hcl1e/c11~ li)r 15 min ( 15). Afier ncutrali/ation In :I 

I Yh acetic acid solution in mcth:rnol li)r- I min.  the sections nc rc  
rinseti in al)solutc methanol and placed in 5"; f -1 .0 .  in rnethanol 
for 15 niin to remove endogenous per-oxiilase acti\ it!. -1 hc 
scctions were thcn li)dr.atcd t l iroi~gh graded methanol to PDS. 
p l l  7.2. 

'l 'hc immiinoliistoclic~iiic~~l staining methods h a \ c  been prc- 
vioi~sly described (0.  I I ) .  '1 o tiemonstrate the co l l agcn  and 
fibroncctin. the sections were pretreated with 0.15 mg/ml I'ro- 
tease XIV (Sigma ('hcmical ('o.. St.  I.ouis. M O )  in I'HS ti)r- I0 
min, rinsed in I'RS. and treated with 57; RSA Sol- 1 0  rnin ~l'lie 
scctions were dr-aincd and incill>atcd in pr-irn~rr-> antihod):  1/15 
dilution in 2'11' l3SA fi)r I X h at 4" ( ' Sol- type I collagen. 1/40 
dilution in 3;;' I3SA for 3 h at 37" ( '  fils tqpc I 1  collagen. and I /  
175 dilution in 2':; 13SA li)r 2 11 cr t  37" < '  f i ~ r  fibroncctin. 'l'hc 
scctio~is M'CI-C the11 incub;itc(j \ ~ , i t l i  rabbit anti-mouse Ig(; cor~jll-  
gated with horscr-adish pcroxidasc for 2 h at 37" (' for- type I 
collagcn and fi)r I h at  37" < '  wit11 swine anti-rabbit c o ~ ~ ~ u g a t c d  
with horseradish per-oxida5c li~r- type I 1  collagen and iihr-oncctin. 
1-or control pur-poses. nonirnmiinc I-abbit and mouse sera u c r c  
cmploycd fix thc primary incubations. I~lorscradish pcroxitlasc 
activity was (lemonstrated by incubation in 0.10'; 3.3'-dlami- 
nobcnzidinc tctr-ahydr-ochlor-idc (I'ol!scicnccs Inc.. M'al-I-~ngton. 
I'A) and 0. 17% hgdrogcn peroxide. 'l'hc sections were moilnted 
in per-mount and pliotogr-aldicd with a Z i e s  Photomicr-o5copc 
I l l  ecluipcd with Nomarsk> high-contr-ast optics. 

'1'0 dcr-nonstratc the (;A<; I'<; tlctcrmin:ints the :[\.idin-biotin- 
pc rox idac  system (ARC'. Vector 1.abor-atories, ('.A) \+as iiscd 
(It,). 'l'hc scctions to bc stained li)r- ('6S P<i were prctrcateti in 
cliondroitinasc AIK' (Sigma ('licrnical) fi1r 30 rnin at  37" (' in 
Tris Rulli.r, pl l 7.0.  ('hondl-oitin:lse digestion was not nccdcd to 
dcnionstratc KS I'(;. 'l'lic scctions were covered with horse scr-urn 
for 20 rnin and ~ncubatc t l  in a 1/100 dilution ol ' the  pr-imar! 
antibody in 3'1;' I3SA l i ~ r  30 min at room tempcraturc.  Suhsc- 
qucntly. they wcr-c placed in hiotinl;rtcd anti-mousc Ig(i till- 30  
min. fi)llowcd 13) a solution of' :rvidin 111-1 and hiotin!latcd 
horseradish peroxide fi)r 45 min. I'croxidasc acti \ i t> n u s  dcm- 
onstratcd as :tbovc. 1'1-in~ar-L incuhatior~ in nonlrnniune rnoiise 
serum was itsed fi)r control specimens. 

/,c,c,/i/c / c i i / o c ~ l / i ~ i r i ~ i / i . ~ ~ .  'The hirlding pattern of ' t \ .~.o lcctins \+as 
examined: IJ t:A which hinds to Illcosc containing glycoconju- 
gatcs and PNA which binds to  g:tlactose containing gl! coconiil- 
gatcs ( I  7, 18). [-or- staining the Spur[- resin was I-cmo\cd fi-om 
the scctions as described :tbovc. and the! were hydrated in PRS. 
They werc thcn incubated ii)r 30 niin at room temperature in 
biotinylatcd Icc t~ns  diluted 1 :400 in 1'13s. washed. and inc~ibatcd 
in Vcctastain Al3<' reagent (Vector 1.aborator-ies). Ilorseradish 
peroxidasc activity was ticmonstl-atcd as abovc. Inhibitor! sugars 
(filcosc l i ~ r  IJl<A and galactose f i ~ r  I'NA) wcrc added to the 
primary incubation of adjacent sections fils control purposes. 

( ' o / /~ ,y ( , i~  / ) ( , [ I / I ( / < ~  ir~~[)[)iil ,y A ~ ~ c I -  thawing the ca11il:igc discs. 

c!anogcll hromiiii. ix)llagcn peptides nc rc  prepared I'roiii cac,ll 
eirsc and clirortiatogr-apl~cti as pr-c\iousl! ili~scr-il~'d (S). t3r.ii~tlg. 
the discs uc rc  plai,c'd o\crnigllt in -1.0 hl gil:rrl~dirlc' I {('I C ~ O I ~ ~ ; I I I ~ -  

irig protcasc inhibi~ors .  .\licr. \ acuiim liltr-ation. ~ r i n i n ~ .  antl 
tlr! ing. the! \vcr~, tiis\oI\ cti 111 70 '  I i)rn~ic : i i , ~ c l  to \\ l i ic~l1 :I I O O -  
f i~ld excess of c!anogcn hrornitic \ \ a \  atidctl I h e  ciigchtlo~i \ \ a \  
cal-I-icd out at 30" ( '  f;)r -1 11. alicr \ \hich thc t i i~cs t  1\25 ciilii~ecl 
\iith distilled \\atel- and  I!opllili/cti. I'hc prcp:~ration\ \ \crc ciis- 
sol\eti in 5 0  mh4 l r i s  p11 7.4 conlairling 2.0 hI g~iarliriirlc Il('l. 
filter-ed. and alic~ilots corr.csporltiing to 25 ~ i g  ol'c,ollagt.n piyltitlC\ 
\+ere c l i romatogr ;~~~l ic i l  o \ . c~ -  t \ \ o  ta~ldo~iil!  arrangcti 7.5 x 300 
m m  1-SK gel tiltration IHPl.<' columns (I3io-Sil ISK 250. I3io- 
n d ) .  I ' he  flo\\ rr-atc \ \ a \  0.0 ml!ii~in. ant1 the c h r o i ~ ~ : i t o g r : ~ ~ ~ I ~ !  
Mas monitored at 225 n m .  I-hc data L \ ~ I - L >  anal>/i,ci antl stor.ctl 
:~nd  ch ron~a tograms  c.ompar-cd to those l'ron~ \ I I V  ilar-I! p~-cl,ai-cti 
c.ollagen starltlar-cis as \\.ell as collagcri li.orn r~or-r~lal cpil>l~!si~:~l 
cal-tilage on a hclson anal! tical \!\tern nlodcl 11 10. 

I ~ ~ c c i r i ~ c n s .  including those 5iTnl t'rorn othi-I- ~ n ~ t i i u t ~ o r ~ s .  
taken from k tu \c s  of t i~ fk ren t  gcstation:il ages. ~)rocuri*ti f'roill 
cases ofdi f f i rcnt  sc\cr.it! and  ol>tained f'rom ti i lkrent anatomic, 
sites. s h o ~ e c i  the s ; ~ ~ i i c  ge11er:11 histologic : I ~ ~ C : ~ I - ; I I I C ~ C .  1 IicrC \\;IS 

no  distinction het\\.ccn cpiph! scal 2nd gro\\ th plate c~a~-ti lasc antl 
n o  organi/cti gro\\tli pl;~te. ('ar-tilagc. i,arials \\c,r.t, gr-cati.r- 111 

ririmbcr- and larger than seen In :igc matched i.ontr-ol spc~i.imcn\. 
l'lic! Liere irregularl!. d~stribil ted and  cornpl-isetl 01' \ :i\cula~. 
t~ssirc and e\tensi\ ,c pcri\ascular fil>r-oils connccti\e tissiie (I'ig 
I) .  'I'\+o patterns 01' c i iondroc>tc organi/ation \ \ c ~ - c  o l > s c ~ . \ ~ t i .  
I h e  lirst. tiesigriatcd h!pertrophic (1-ig. 2) .  \ \ a s  char-actcr-i1t.d h! 
cells Ihing \\ithin iar-gc elongated lacunae that \ \ere scl~ar.:itcti I,! 
thin matrix septa. f h e s c  lacunae tended to hc a[-rangcti ~.aciiall! 
around the cartilage canals such that tlie long axe\ oI'thC lacunae 
ue re  pcrpendic~~l;ir  to the canals I ' hc  i.llondl-oc>tc\ appca~-ed 
\ \ ~ t h d r a \ \ n  11-om the lacunnr \\ails 111 the tissues li\cd in li)~.m:tlin 
alone. 'lhc!. appc'ared to occup! a larger- propor'tioll < ) I '  the 
lacunae in tissues to \\hich rutheniilm hexanline tr-ii~hlt>r~itlc. all 
agent thought to pre\.cnt chondr-ochtc shrinh:~ge. \\,as adclctl 
dur-ing fisation. Flo\\e\i~r-. in Iwlh i n t a n c c s  gr-a~~ula l .  n~;~ter-i;ll 
occupied thu apparent space hct\\een the cell bordc~.s 2nd the 
lacunar \\ails. I he appcarancc 01' these cclls rc~emhlccl that 01' 
h!per-trophic and dcgencrati\.c chondroc!tes li-om the gro\\.th 
plate in control specimens. In other areas. dcsignatetl mi\cd ( I  'is. 
3). irregularl~ dis t r - ib i~t~d cliondroc\tes \:rric.d in \ I / C  1:-on1 1 1 1 ~ ~  

I I .  <iro\vtli c:irtilagc from a .3h-\\ h I'crli.; \talned \\it11 nic~licna- 
I ~ I I I C  sil\cr to dcnionstr-utc gcncral arch11ci.t~irc. I)arhl! \taliii.tl ai-ca\ 
indicate cartilagc canals. (;i!col me~l~:~cr-~latc sc~.tlon. or~ginal rilagrliti- 
cation. XSO. 
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Fig. 2. Region of growth cartilage from a 16-wk fetus exhibiting the hypertrophic cartilage morphologic appearance stained to demonstrate: A, 
type I collagen; B, type I1 collagen; C, C6S PC; and D, PNA binding. The penvascular fibrous tissues stain intensely for type 1 collagen, C6S PC, 
and PNA and weakly for type I1 collagen. The matrix septa that separate the enlarged chondrocytes stain weakly for both type I and I1 collagen and 
moderately for C6S PG, but not for PNA. Note that the material located between the cell borders and lacunar walls stains for C6S PC. Original 
magnification, x 160. 

enlarged cells described above to small round cells within small out these regions. The areas of hypertrophic and mixed cartilage 
lacunae. The extracellular matrix was more abundant in these were randomly intermixed and not well demarcated from one 
areas, but was less than in controls. Poorly staining areas in another. There was no correlation between the relative propor- 
which the matrix appeared very fibrous were scattered through- tion of morphologic patterns and the radiographic severity, al- 



I.$. 3 .  Reglon of growth cartilage Irom a 16-wk fctus exhib~ting the m~xed cartilage rnorpholog~c appearance stained to cicmonstratc. . I .  t!pc I 
collagen: /I. type 11 collagen; (', ( ' 6 s  I)(;: and I ) ,  PNA blnding. Note that thc matrix is morc abundant and stains (i>r ~ l l l  ti)111- dctcsrn~nants. Or~gi~lal  
magnification, x I00 

though the matrix tended to  be morc  abundan t  in the  k t u s  intensity was greatest at the  borders of the canals and  the carti- 
exhibiting the  mild changes (CI, ,,,,,,, = 7.3). lage. Staining for these determinants extended a short distance 

In the hypertrophic cartilage, the  pcrivascular fibrous tissue of into the cartilage matrix septa between the hgpel-tropllic chon-  
the  cartilage canals stained intensely for type I collagen. f ibro- drocytcs. There  was weak staining for type I 1  collagen near the 
neetin and  for the two leetins (Fig. 2 ,4 a n d  I)). T h e  staining cartilage canals and  within the matrix septa (f7ig. 3B) .  T h e  
pattern was similar for all four de terminants  a n d  the  staining distributions of C6S PG and  KS  PG were essentially the same.  



Both localized to the border region, and there was also moder- 
ately intense immunostaining of the matrix septa throughout 
these regions as well as the granular intralacunar material for 
both determinants (Fig. 2C). 

The matrix of the mixed regions stained variably for types I 
and I1 collagen, fibronectin, both P C  determinants and both 
lectins (Fig. 3 A-D). In contrast only type I1 collagen and the 
GAG PG determinants were demonstrated in control cartilage 
matrix. 

Cyanogen bromide peptides from epiphyseal cartilage colla- 
gens were analysed in six cases (Fig. 4). The elution profile was 
consistent with type I1 collagen, a I(I1), in one patient who was 
moderately severely affected (CIfe,,, = 3.9). This patient had a 
gestational age of 20 wk. In the other five patients, including the 
mildly affected fetus (CIf,,,, = 7.3) and a fetus of 16 wk gestation, 
the profiles differed from a l(I1) and contained marker peptides 
for type I collagen, a l(1). 

DISCUSSION 

The nomenclature for achondrogenesis has become very con- 
fusing. Until recently. it was accepted that there wcre two classic 
types: Parenti-Fraccaro (type I) and Langer-Saldino (type 11). 

PATIENT + 1  n 

MINUTES 

Fig. 4. Elution profiles for cyanogen bromide peptides from collagens 
prepared from growth cartilage from two patients compared to peptides 
from a similar preparation from normal control cartilage and from 
standards for types I and I1 collagen. Absorbance is plotted against time 
in minutes. The profile for patient 1 (representative of five patients) 
differs substantially from the profile for type I1 collagen and contains 
marker peptides for alpha l(1). The profile for patient 2 is the same as 
that for the normal control cartilage and for the type IT collagen standard. 

This classification is employed in the International Nomencla- 
ture of Constitutional Diseases of Bone ( 1  9). However, Whitley 
and Gorlin (13) have suggested that type I1 be subdivided into 
genetically distinct severe, moderately severe and mild forms 
which they designated types 11, 111, and IV with type IV referring 
to hypochondrogenesis. Borochowitz et al. (20) disputed this 
view suggesting that there is a continuous spectrum of severity 
with typical achondrogenesis type I1 at  one end and hypochon- 
drogenesis at the other. Our results which were based on cases 
ranging from severe (Whitley and Gorlin type 11) to  mild (Whitley 
and Gorlin type IV, hypochondrogenesis), showed no substantial 
differences by the morphologic, histochemical, and microchem- 
ical methods employed. These findings d o  not necessarily refute 
the existence of genetically distinct forms of the disorder, but d o  
suggest that if they exist they share a common pathogenetic 
mechanism. 

Our results demonstrated that the normal architecture of 
growth cartilage is completely disrupted. As others have shown 
(3-9, much of the cartilage was highly vascularized and com- 
prised of enlarged chondrocytes dispersed within sparse matrix. 
However, other less characteristic areas were observed that more 
closely resembled normal cartilage. The microchemical results 
provided evidence for the presence of both types I and I1 collagen 
in the growth cartilages. It could be argued that the finding of 
type 11 collagen in a cartilage sample from one patient and of 
type I collagen in cartilage samples from others supports the 
heterogeneity hypothesis discussed above. However, both types 
of collagen were demonstrated immunohistochemically in all the 
cases, and the discrepancy more likely reflects sampling differ- 
ences, ie, type I collagen more prominent in hypertrophic regions 
where there was more vascular tissue and type I1 collagen in the 
mixed areas. Indeed, in an investigation of a bovine model of 
achondrogenesis type 11, we have sampled different sites within 
the same growth cartilage and shown that the amount of type I 
collagen varies (2 1). 

Since limb growth is so disturbed in this disorder, it seems 
reasonable to  consider our observations in the context of normal 
limb development (22). This process begins with the outgrowth 
of limb buds comprised of mesenchymal tissue covered by a 
layer of ectoderm. As regionalization of the mesenchyme occurs, 
skeletal primordia can be identified as condensations of cells, so 
called precartilage condensations. The matrix associated with 
these condensations contains types I and I11 collagen and fibro- 
nectin ( 1  8, 23-26) as well as a galactose-rich substance to which 
PNA binds. Indeed, the latter has been used as a marker for this 
stage of chondrogenesis. Shortly after condensation, the mesen- 
chymal cells differentiate into chondrocytes. This is associated 
with the synthesis of type I1 collagen and cartilage PC, the 
dispersement of cells within a cartilage matrix, the cessation of 
synthesis of types I and 111 collagen and fibronectin and the loss 
of binding of PNA (24-28). Primary ossification centers are 
formed in the diaphyses of the bones-to-be by vascular invasion 
of the cartilage anlagen. As these centers spread to near the ends 
of the bones where formal growth plates develop, the chondro- 
cytes adjacent to the ossification front further differentiate into 
hypertrophic chondrocytes which subsequently degenerate and 
die as the ossification front reaches them. The differentiation to 
hypertrophic chondrocytes is accompanied by the renewed syn- 
thesis of type I collagen and fibronectin, the synthesis of a 
collagen specific for hypertrophic chondrocytes (type X collagen) 
and reduced synthesis of type I1 collagen and perhaps cartilage 
PG (29-34). A similar differentiation into hypertrophic chondro- 
cytes occurs at secondary ossification centers. 

The phenotype of the cells involved in limb development thus 
changes dramatically during the normal process; and this is 
reflected by the extracellular matrix macromolecules produced 
by the cells at different stages of differentiation as well as by their 
morphologic appearance. With the exception of the growth plate 
and secondary ossification centers, the overwhelming majority 
of cells occupying the cartilagenous portion of the normal fetal 



ancl ricwbor-n hone display the phcnotypc of the typical chondr-o- 
cytc: and it is the cxpr-csslon of' thi\ phenotype that is rnost 
disturbed in achondrogcnc<is t y ~ c  11. I'yrc (11 (11. (9)  have 171-0- 

posed t11:lt the basic defect in the disorder- disrupts the bios!,n- 
thcsrs o f typc  I 1  collagcn, the m:\ior structural protein ol'cartilagc 
( 0 ) .  'l'licy cite the presence in tlic matrix of' other c l cn~cn t s  of' 
typical car-tilagc rnatr-ix. including Ilk. ? r u .  3tu collagen. thpe IX 
collagcn, and car-tilage protcoglyczrn to support  this cor~tcnt ion 
and suggest that the type I collagcn is cynthes i~cd as a r-cplace- 
mcnl fi)r ~ h c  missing lqpc I I  collagcn. O n r  findings supper-t this 
view except that the detection ol' type 11  collagen in some 
instances would impl! that tlic s)ntlictic Ii~ilurc is incomplete. 
l'crliaps a low Ic\.cl ol'\yntlic\r\ of ' ty l~c  I 1  collagen IS  possible at 
least in some cell\ u i th in  thc g r - o ~ t l i  cartil;~gc. 

Ariothcr- hypothesis to explain the findings i j  that the rliaintc- 
nancc of' the typical c1iond1-ocytc phenotype is t i i s t~~rbed .  It is 
well known that thc t)l,ical chorldrocyte phcnotqlx  is unst:~hlc 
it1 v i t r o ;  cells tend to dcdill'ercntiatc into more p r i n i i t i ~ c  mescn- 
chyrn:~l-like cclls or  1.~11-thcr dill'crcntiatc into hyper-tropliic chon- 
drocytcs (35-38). I fwc l i  ~>licnotypic instabilitq were to occur in 
growth cartilage. one  ~ o u l c l  expect to find a mixture ol'ccll t!l>es 
I-anging Srom prccar-tilagc mcscncIiq.ma1 cells to h>pcr'trol)hlc 
chondr-ocytes and a n  cxtr-accllular matrix containing rnacr'omol- 
cculcs inclrcativc ol ' the  dilfkr'ent stages of'chondr'oc> tc ~iift'cr'en- 
tiation. 'l'his is b h a t  was ohscr\ccl. 1-urther speculation is not 
warranted. hut i t  \ h o ~ ~ l c l  he jx)i~ilccJ out  t h ~ t  the 1 \10  h ~ 1 ~ o t J ~ c s e s  
arc not mutually cxclusivc. [.or example. it seems liltel? that type 
11 collagcn is i rnpor t an~  i r i  rnitintaining the typical cliondr'oc!tc 
phenotype and that a tlclicicncq o f  this molecule might lead to 
phenotypic instabilitb. 

'l'tius. a numhcr  ofat~nor-m:tlitic\ in the compos~ t ion  ol'gro\\tth 
car-tilagc cxtr:~ccllular- matrix h a \ c  been dcnionstrateti in aclioti- 
drogcncsis type I I .  Whether the) arc sccondar-! to dcticient 
I~io.;yrithcsis ol' t4pc I 1  collagcn or' reflect an ahnor-nialit! of' 
chondrocytc drfl'cr.cntiatron or' \ omc  other- pathogenetic process 
remains to be dctcrminecl. 
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