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SUMMARY 

We investigated an individual macular corneal 
dystrophy (MCD) type II cornea from a 42-year-old 
woman with markedly reduced antigenic keratan 
sulphate levels. A characteristic 4.6 A X-ray reflection 
was evident, and the mid-stroma contained 30% less 
sulphur than normal. Close packing of collagen was 
restricted to the superficial stroma. Abnormally large 
proteogly�an filaments were noted throughout the 
extracellular matrix and Descemet's membrane's pos
terior non-banded zone, but not its anterior banded 
zone. Small, collagen-associated stromal proteoglycans 
were susceptible to digestion with chondroitinase ABC, 
but not keratanase I or N-glycanase. On occasion, 
collagen fibrils ranged in size from 20 nm to 58 nm, with 
preferential diameters of 34 nm and 42 nm. Corneal 
guttae were evident, as were numerous endothelial 
inclusions, most probably due to intracellular fibrillo
granular vacuoles similar to those found in the stroma. 
The endothelium expressed reduced anti-keratan 
sulphate labelling. 

Macular corneal dystrophy (MCD) is an autosomal 
recessive disorder, clinically typified by stromal 
clouding and the presence of small, scattered 
opacities in the central superficial cornea.1,2 The 
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fundamental metabolic defect in MCD seems to be 
an abnormal synthesis of corneal glycosaminoglycans 
- a process that is thought to contribute to the 
progressive corneal opacification?�l0 

lmmunochemical data reveal that MCD is a 
heterogeneous conditionll�13 in which the cornea, 
cartilage and serum in MCD type I patients all 
contain an unsulphated form of keratan sulphate; 
these tissues in MCD type II patients, on the other 
hand, contain normally sulphated keratan sulphate. 
It is interesting to note that this immunochemical 
distinction is not evident in the patient's clinical 
presentation. 

Early electron microscopical work on MCD 
established much of what we now know regarding 
the histopathology of this condition.14�18 More recent 
histological studies have concerned themselves with 
establishing the systemic extent of MCD,19 and 
identifying and locating more Rrecisely the abnormal 
glycosaminoglycan deposits20�22 that are known to 
accumulate in the corneal stroma in MCD.14 

Over the years many studies of MCD corneas have 
employed different techniques on different speci
mens. Here we report, using a single MCD cornea, 
immunochemical, synchroton X-ray diffraction, elec
tron microscopic immunohistochemical, energy dis
persive X-ray microanalysis and electron microscopic 
histochemical findings. Furthermore, the cornea 
under investigation may be a member of a new 
subgroup within the MCD type II population, since 
antigenic keratan sulphate is present in the patient's 
serum and cornea, although only at levels not 
previously recorded. 

Report of a Case 

A� 40-year-old woman complained of blurred vision 
and sensitivity to light in both eyes. She noted that 
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Energy-Dispersive X-ray microanalysis 
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Electron Microscopic Immunohistochemistry 
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Electron Microscopic Histochemistry 
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RESULTS 
Synchrotron X-ray Diffraction 
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tq/t�29� rmn� mmntmne� moynen� pmppnemnnmmnt� mmo� nn� nop�
nemtpnn� °mneyp� p°pn� npomnopo� tr� mmp� mr� yn� (ExJx
xAxTxy � nn� mm� mmmnernnn� mr� m°pn� 1ttt� npnm� rnmt�
nton°nopmnen�tnnomyn�D�nrpp��� (omnm�mmn�nomttyx�

Energy-Dispersive X-ray Microanalysis 
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Histochemistry and Immunohistochemistry 
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Fig. 1. Close packing of collagen fibrils in the superficial 
cornea between approximately 20% and 40% of the stromal 
depth. Scale bar represents 100 nm. 

Fig. 3. A characteristic MCD deposit of fibrillogranular 
vacuoles with abnormally large proteoglycan filaments 
(arrow) associated with the peripheries of individual 
vacuoles (V). The collagen fibrils in close proximity to 
both sides of this deposit are clearly larger than the more 
distant fibrils. Scale bar represents 500 nm. 
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Fig. 2. A localised region of the macular corneal 
dystrophy (MCD) stroma where the fibrillar organisation 
of the stroma is in disarray and some large proteoglycan 
filaments are evident (arrowhead) . Scale bar represents 
200nm. 

Fig. 4. A characteristic MCD deposit of fibrillogranular 
vacuoles with appendages of amorphous material that 
resemble cellular processes. The stromal proteoglycans in 
the surrounding tissue often display an unusually periodic 
association with the stromal collagen (arrowhead) . Scale 
bar represents 1 j.Lm. 
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Fig. 5. Relatively undisturbed regions of the MCD stromal 
matrix without enzyme treatment (a), and following incubation 
of the tissue with (b) keratanase I, (c) N-glycanase and (d) 
chondroitinase ABC. The virtual absence of stromal proteo
glycans following chondroitinase ABC digestion indicates that 
they contained chondroitinldermatan sulphate side chains. 
Scale bar represents 200 nm. 
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Fig. 6. The frequency distribution of collagen fibril 
diameters in a region of the tissue adjacent to a deposit of 
fibrillogranular vacuoles such as that observed in Fig. 3. 
The corresponding value for collagen fibrils in normal 
human corneas is 26.0 nm (SD ± 2.4 mm).34 
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Fig. 7. The exposed endothelial face of Descemet's membrane from (a) a normal human cornea and (b) our MCD patient's 
cornea. At this magnification the posterior face of Descemet's membrane from the normal cornea appears featureless apart 
from some surface debris. On the other hand, the exposed surface of Descemet's membrane from the M CD cornea is covered 
by numerous holes or pores. Magnification xlO 000. 

Fig. 8. An oblique cross-section through Descemet's membrane from (a) a normal human cornea and (b) our MCD patient's 
cornea. The most posterior region of the corneal stroma is also visible. The ultrastructure of Descemet's membrane in the 
MCD case is clearly abnormal, with the pores (arrowed) in Descemet's membrane confined to its posterior portion. S, stroma; 
D, Descemet's membrane. Magnification x 7000. 
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Fig. 9. Electron-lucent lacunae are visible in the posterior 
MCD stroma, as is a deposit of fibrillogranular vacuoles/ 
large proteoglycan filaments. The morphology of Desce
met's membrane's anterior banded zone is unremarkable 
(asterisk) . The pores in the posterior non-banded zone of 
Descemet's membrane are seen to contain large sulphated 
proteoglycan filaments similar to those observed in the 
stroma (arrowheads) . This micrograph is of the MCD tissue 
following incubation in N-glycanase. The features described 
are identical to those observed in the MCD tissue without 
enzyme incubation or following keratanase I or chondroi
tinase ABC incubation (data not shown). D, Descemet's 
membrane; S, stroma. Scale bar represents 1 jLm. 

Fig. 10. The apical surface of (a) normal and (b) MCD corneal endothelial cells immunolabelled for keratan sulphate. The 
silver-enhanced gold label is visible as bright dots. The surfaces of the normal endothelial cells are completely covered by the 
label, and the distribution of the label appears even over the surface of individual cells. The amount of labelling is much lower 
on the endothelium of the MCD cornea. Furthermore, the morphology of the MCD endothelial cells appears abnormal, with 
the outline of numerous cellular inclusions visible (arrowhead). Magnification x3000. 

and�oommdnmnnnmmnm�ABCx� Anenmt� omnnmmne�qpnomm�tmnm�
pnmnmmn� mmd� ytnnnenemqnmmpnemn� wmopmnemn� - nmwmnmne�
hundnmd� mmmmpmnnmn� monmnn� mmd� nnpnnemn� nm� nomnm�
obnmnwmd�nm� nom� nnnmpm�- tmnm�mrnmm�pnmnmmot� mnnomn�
nsdnwndpmnener� mn� nm� qnmppnt� nm� nom� mmdmnomnenmne� omnenen�
(dmnm�mmn�nomtmyx�

Tom�mmdmnomnenmne�omnenen�rnmp�nom�CD�omnmmmt�tomm�
vnmtmo�mm� oom� nommmnmq�mnemoonmm�pnonmnompmt� omd� m�
�ndmn� nmmqm� mr� omnene� nnzmn� nomm� nn� pnpmne� rmn� mmnpmne�
conmmmne�npmonpmmn�npmqmd�tr�nom�nmpm�pmnomd�(Fnqx�
10yx�Womm�nom�npnrmom�mr�nmdnwndpmne�CD�mmdmnomnenmne�
cmnenen�tmn� mxmpnmmdt� nom� mpnnenmm� mr� mppmnmpn� nemnqm�
cmnenepnemn� nmonepnnmmn� ompned� tm� nmnmnewmdx� Tomnm� nmonepz

nnmmn�nmmqmd�nm�nnzm�rnmp�1tt�mp�nm�1ttt�mp�monmnn;�
nomr� tmnm� mwndmmn� nm� pmmrt� tpn� mmn� mnenet� mr� nom�
mmdmnomnenmne�omnenen�rnmp�nom�CD�omnmmmt�tpn�nm�nmmm�
mr� nom� omnenen� nm� nom� mmnpmne� omnmmm� (Fnqx� 1tyx� �m� nom�
mmnpmne�oppmm�omnmmm�wmnmnmm�npnepomnm�nemtmnenennq�tmn�
ptnqpnnmpn�xwmn�nom�npnrmom�mr�nom�mmdmnomnenpp�(Fnqx�
1tyx� �m�mddnnnmmt� mnenompqo� nemtmnenenmq�mwmn� nom� npnrmom�
mr� nmdnwndpmne�mmdmnomnenmne� omnenen�tmn� nmwmnnmtner�ompm
qmmmmpnt� nom�mpmpmn�mr�nemtmnenenmq�wmnnmd�ommnndmnmtner�
tmntmmm� onfrmnmmn� omnenen� nm� nom� nmpm� npmonpmmx� �m�
ommnnmnnt� nhm�CD�mmdmnomnenpp�mxontnnmd�nmnemnnwmner�
nemt�nemwmnen�mr�nemtmnenenmq�rmn�mmnnqmmno�wmnmnmm�npnepomnm�
(Fnqx� 1tyx�



64 

DISCUSSION 

Tom�tmnw�mr�Tommmnt� Knenmotmnoo�mmo�omnenemmqpmn2829�
pmwmn�no�onemmn�oomo�mpn�D�orpm����pmonmmo'n�nmnpp�
wmnmomm�npnepomom�nem°mne�mr�19�mq/pne�nn�nmpmnwmtner�nemt�
(nemtmn� oomm� mmr� nem°mne� nmomnomo� nm� m°mn� 1ttt� mmm
D� orpm� �� pmonmmon� tr� E·J·z·A·T·y� mn� nn� oom�
mpmpmo� mr� npnepomomo� wmnmomm� npnermom� nm� omn� omnmmm�
(t·34%� wmnmomm� npnepomom� mn� mppmnmo� om� 3·58%�
wmnmomm�npnepomom�nm� m�mmnpmne�omnmmm�pmmnpnmo�mn� m�
pmnommomqm� mr� omnenemqmm� + omomne� pnmommqnerommy·� Nmn
pmnenert�oom�omnmmm�mmo�nmnpp�mr�D�orpm���pmonmmon�
ommomnm� npnepomomo� wmnmomm� npnephmom� mo� nem°mnen� tmnemt�
oom� omomoonmm� nenpno� mr� oom� EL�SA� (mppnzxnpmomner�
3�mq/pney·�D�orpm����pmonmmont� mm� oom�moomn�ommot�
qmmmnmnener�pmnnmnn�nem°mnen�mr�nmnpp�mmo�omnmmmne�wmnmomm�
npnepomom� oomo� mnm� tnoonm� oom� nmmqm� rmn� mmnpmne�
nmon°nopmnen·� Topnt� oom� ymdnmq� mr� m� D� orpm� ���
pmonmmo� tnoo� onmpmonomnener� nmopomot� tpo� omomoomtnem,�
mpmpmon�mr�npnepomomo�wmnmomm�npnepomom�nm�omn�nmnpp�
mmo�omnmmm�nmnnmn�nmpm�nmomnmnonmq�qpmnonmmn�nmqmno
nmq�oom�opnnmmo�onemnnnyomonmm�mr�D·��o�nmmpn�oomo,�
tmnmo�mm� npppmmoompnomne�ymonmqnt� m�omomnmqmmmnor�
pmr� mxnno� tnoonm� oom�D� orpm� ��� nptqnmpp·� Anenmt�
nnmom�pmno�mr�oom�mmonqmmno�wmnmomm�npnepomom�nm�nmnpp�
nn� omnn°mo� rnmp� omnonnemqmt� oom� pnmnmmo� omnnmnemonmm�
tmotmmm� oom� nem°mnen�yr�mmonqmmno�wmnmomm� npnepomom� nm�
mpn�pmonmmo'n� omnmmm�mmo�nmnpp�nemmon� npppmno�om�oom�
nomm19� oomo� oom� mtmmnpmnenor� nm� oom� npnepomonmm� mr�
wmnmomm�nn�nrnompno·�

�m�nmommo�rmmnn�tm�om°m�mtnmn°mo�m�4·6�A nmflmoonmm�
mm� nrmoonmonmm� Xznmr� onrrnmoonmm� pmoomnmn� rnmp� 11�
onrrmnmmo�D�omnmmmn�rnmp�onrrmnmmo�pmonqnmmnt�mmo�
tm�wmmt�oomo�tmoo�D�orpm� �� omnmmmn�mmo�D�
orpm� ��� omnmmmn� tnoo� mmnpmne� nem°mnen� mr� mmonqmmno�
wmnmomm� npnepomom� mnm� mtnem� om� pnmopom� oom� 4·6� A 
Xznmr�nmflmoonmm?O.3 1�Tm�omom�mm�moomn�oppmm�omnmmm�
- mmnpmne� mn� pmoomnemqno� - omn� tmmm� noponmo� oomo�
ommomnmn�m�pmnnmono�4·6�A pneonmnonpoopnm�oomo�qnwmn�nnnm�
om�m�onqozmmqnem�nrmoonmonmm�Xznmr�nmflmoonmm·21.30,32-34 �
Wm�om°m�mmt�mtnmn°mo�oom�4·6�A D�nmflmoonmm�mm�
Xznmr�onrrnmoonmm�pmoomnmn�mtomnmmo�rnmp�D�orpm�
��� pmonmmon� tnoo� nmnpp� wmnmomm� npnepomom� nem°mnen� mn�
onnpmnmom� mn� 39t� mq/pe2� mmo� 19� mq/pne� (pnmnmmo�
noporyt�nmonomonmq�oomo�oom�nem°mnen�mr�npnepomomo�wmnmomm�
npnepomom�nm�D�orpm����omnmmmn�om�mmo�nmflpmmom�oom�
mppmmnmmom�mr�oom�4·6�A nmflmoonmm·�

Rmommo�tmnw�npqqmnon�oomo,� nm�D�orpm���mmo����
omnmmmnt�oom�mtmmnpmne�npnepomonmm�pmoomnm�mr�tmoo�oom�
wmnmoam� npnepomom� qneromnmpnmmqnerommn�mmo� oom� oomm
onmnonm/omnpmomm� npnepomom� qneromnmpnmmqnerommn�
pmomnnenmn� oom� mppmmnmmom� mr� oom� 4·6� A Xznmr�
nmflmoonmm?l�Tonn�ommommonmm�omn�rmpmo�nmpm�nmonnmoo�
npppmno� nm� oom� nmommo� onnom°mnr� mr� m� 4·6� A Xznmr�
nmflmonnmm� nm� nomnnmo� nmttno� omnmmmn·35� Apmno� rnmp�
D� omnmmmn,� oomnm� mnm� nom� mmner� moomn� orpmn� mr�

A. J. QUANTOCK ET AL. 

omnmmm�wmmtm�om�qn°m�nnnm�om�m�4·6�A Xznmr�nmflmoonmm;�
oomr� mnenm� pmnnmnn� mm� mtmmnpmnener� npnepomomo� pnmomm
qneromm�pmppnemonmm?6�

Emmnqrzonnpmnnnwm� Xznmr� pnonmmmmnernin� nmonomomn�
oomo� ohm� pnoznonmpm� mr� mpn� D� pmonmmo'n� omnmmm�
ommomnmn� nemt� nemwmnen� mr� npnepopn·� Tonn� ymoimq� nn�
ommnnnommo� tnoo� oom� omonmmnmo� npnepomonmm� mr� oom�
wmnmomm�oomnmn�mn�omoppmmomo�tr�mpn�npppmmoomp
iomne�noponmn;�tm�om�mmo�wmmtt� omtmwmnt� tomoomn�oom�
nemt�nem°mnen�mr�mmonqmmno�wmnmomm�npnepomom�mnm�nmflmoon°m�
mr� oom� omonmmnmo� npnepomonmm�mr�mnene�wmnmomm�oomnmn�mn�
oom� omomne� nemow� mr� npnepomonmm�mr� nmpm� mr� oom� wmnmomm�
ohmnmn� mmo� oom� mmnpmne� npnepomonmm�mr� moomnn·�Nmwen
oomnemnn,� oomnm� omom� om� pmwm� no� onemmn� oomo,� nm� oonn�
pmnonopnemn� pmonmmot� mmr� m°mnnpnepomonmm� mr� oom� oomm
onmnonm/omnpmomm� npnepomom� qneromnmpnmmqnerommn� oomo�
pnqoo� moopn� nn� mmo� npryonmmo� om� omppmmnmom� rmn� oom�
nemt�npnepomonmm�mr�oom�wmnmomm�oomnmn·�

Opn�pnm°nmpn�nemtzmmqnem�nrmoonmonmm�Xznmr�onrrnmo
onmm� mxpmnnpmmon� mm� D� orpm� �� omnmmm� mmmn�
pornnmnemqnomne�oronmonmm21� ompqoo�pn� oomo�oom�mwmnmqm�
npmonmq� mr� mmnpmne� onmpmomn� omnenemqmm� ytnnnen� nm� oom�
bulk mr�oom�nonmpm�nn�mppnmxnpmomner�22�%� nemtmn�oomm�
mmnpmL� Om� oom� rmom� mr� no,� m� nmopoonmm� nm� oom�
nmomnytnnnenemn� omnenemqmm� npmonmq� mr� oonn� mxommo,� nr� no�
tmnm�pmnrmnpt�tmpneo�nmmp�om�moompmo�rmn�ohm�onenmnomne�
mtnmn°monmm� oomo� D� omnmmmn� mr� pmomomnpnmmo�
nptorpm� mnm� orpnomnener�2t%� oonmmmn� ohmm� mmnpmL37.38�
Hmtm°mnt� nm� oom� pnmnmmo� omnm� mpn� pmonmmo'n� omnmmm�
ommomnmn�m�nmqnmm�mr�oom�onnnpm� (tmotmmm�mtmpo�2t%�
mmo� 4t%� mr� oom� nonmpmne�ompooy�tomnm� oom� omnenemqmm�
ytnnnen� mnm� onqoner� omppmoomo� (Fnq·� 1y.�Tonn� nmonomomn�
oomo� oom�onemnm�pmownmq�mr�omnenemqmm�nm�D�mmo�mmner�
wmnnmn�mn�m�rpmoonmm�mr�oom�nemomnmne�pmnnonmm�tnooim�oom�
nonmpm?1� tpo�mnenm�omm�tm�omomnmqmmmmpn�tnoo�nmnpmoo�
om�nonmpmne�ompoo·�

Tom� mtmmnpmnenerznemnqm,� ppnmnenmnoztnepmznomnmmo�
pnmommqneromm� ynempmmon� oonmpqompo� oom� mxonmomlnepnemn�
pmonnx� mmo� mo� oom� pmnnpomnnmn� mr� mxonmomnenepnemn�
ytnnnenemqnmmpnemn� °mopmnemn� nm� mpn� pmonmmo'n� omnmmm�
tmnm� mmo� onqmnomo� tr:� (ny� wmnmommmnm� �,� mm� mmom
mmzrpm� oomo� nmnemmnmn� oom� wmnmomm� npnepomom� oomnmn�
rnmp� oom� omnm� pnmomnm� mmo� omqnmomn� oom� nemnn� onqoner�
npnepomomo� nmqnmmn� mr� omnmmmne� wmnmomm� npnepomom� nmom�
npmnene� mnenqmnmooomnnomnt� (nny� Nzqnerommmnmt� mm� mmzrpm�
oomo� onemm°mn� mnpmnmqnmmznenmwmo� omntmoronmom� oomnmn�
mo� [3zmnpmnorneqneromnrnempnv� tmmon� mmo� oopn� nmnemmnmn�
moomntnnm� nmomoo� wmnmomm� npnepomom� oomnmn� rnmp� oom�
omnm�pnmomnm�om�tonoo�oomr�mnm� om°mnemmoner�tmpmo,� mn�
(nnny� oommonmnonmmnm� ABt� mm� mmzrpm� oomo�omqnmomn�
oommonmnonm� npnepomom/omnpmomm� npnepomom� oomnmn� nmom�
oomnn� ommnonopmmo�onnmooomnnomn·�Pnm°nmpn� noponmn2o.21�
nmonomomo� oomo� pmno� mr� oom� nemnqm� pnmommqneromm�
ynempmmon� tmnm� nmpm°mo� rnmp� oom� nonmpm� mr� D�
omnmmmn�tr�nmoptmonmt�tnoo�oommonmnonmmnm�AB,�mmo�
oopn�tmnm�mnnppmo�om�ommomnm�m�oommonmnonm�npnepomom/�
omnpmomm�npnepomom�omppmmmmo�oomo�tmn�moomnnntnem�om�



MACULAR CORNEAL DYSTROPHY 

nom�mmzrpm·��n�nn�mmn�onemmn�tort� nm�nonn�omnmt�nom�nemnqm�
pnmnmmqnerommn� tmnm� mmn� onqmnnmo� tr� nom� mrmnmpmm
nnmmmo�mmzrpmnt�mnenompqo�nn�nn�tmnno�ommnnomnnmq�nom�
pmnnntnnennr� nomn� nn� pmr� omwm� tmmm� tmompnm� nom� nemnqm�
pnmnmmqneromm�ynempmmnn� nomn� tm� mtnmnwm� mnm� rmnpmo�
tr� mm� nmnmnmonnmm� tmntmmm� oommonmnnnm� npnepomnm/�
omnpmnmm� npnepomnm� qneromnmpnmmqlrommn�mmo� wmnmnmm�
npnepomnm� qneromnmpnmmqnercamn� nomn� nmpm� mpnomnnlO.31�
tmnenmwm� nn� pmnnntnem·� Spoo� mm� nmnmnmonnmm� ompneo� tmnene�
nmmomn�npnnmtnem�mmzrpm�onemmwmqm�n nmn�nmmoomnnntnem·�

Ewmm�nompqo�nom�nnnmpmne�onnnppnnmmn�nm�nonn�D�
omnmmm� tmnm� mxnmmnnwm,� nmwmnmne� lmomnennmo� mnmmn� mr�
nnnponpnmnener�mmnpmne�nnnmpm�tmnm�mwnommn·�Tom�nnnmpmne�
pnmnmmqnerommn� nm� pmmr� mr� nomne� mnmmnt� omtmwmnt�
mppmmnmo� nm� mnnmoimtm� tith� nhm� omllmqmm� ytniln� im� m�
pmnnmono� pmmmmn� (Fnq·� 4) pmnm� mwnm� nm� tpnenempn�
wmnmnmpmnor�npmonpmmn�nomm�mmnpmne�oppmm�omnmmm?9�
Bmompnm�onrrmnmun�pnmnmmqnerommn�pmnnmnn�nom�mtnnennr�nm�
tnmo�nm�npmonyo�tpn�onrrmnmmn�nemomnnmmn�nm�nom�omnenemqmm�
Dzpmnnmo�nmpmmn40�- wmnmnmm�npnepomnm�mn�nom�'m'�mmo�'o'�
nnmnmnmq� tmmont� mmo� oommonmnnnm� npnepomnm/omnpmnmm�
npnepomnm� mn� nom� 'oim'� nnmnmnmq� tmmon� - m� pmnnmono�
dnnnnntpnnmm� mr� pnmnmmqnerommn� mnemmq� mxnmmomo� onn
nmmomn�nn�nmnmner�nmmm�tnno�m�pnx�mr�omnenemqmmzmnnmonmnmo�
pnmnmmqnerommn·�Opn� npnpnonmm� nomn� wmnmnmm� npnepomnm�
pnmnmmqnerommn� tmnm� nemownmq� nm� nonn� omnm� tmn� omm
finpmo� tr� nom� mmzrpm� onqmnnnmmn� (Fnq·� 5y;� nomnm�
indicmtmo�thmt�thm�npmllt� oollmgmnzmnnooimtmd�}�otmm
qnerommn� im� nom� D� omnmmm� ommnmimmo� oommonmitnm�
npnepomnm/omnpmnmm�npnepomnm�nnom�oomnmn.�

Umnenwm� mmnpmne� oppmm� omnmmmnt� tomnm� omnemmqmm�
fitnnnen�tomm�pnmpmnmo� rmn�mnemonnmm�pnonmnompr�pnnmq�
nom� pmnomo� omnonntmo� omnmnm� mmo� wnmtmo� nm� onmnn
nmonnmm� nmwmnnmtner� pmmnpnm� 26.0� mp� (n = 1000;�
SD�= ±2.4 mp34yt� D� omnenemqmm� ytnnnen� nm� onemnm�
pnmxnpnnr�nm�ompmnnnn�mr�mxnnmomnenepnemn�ytnnnenemqnmmpnemn�
vmopmnemn�tmnm�mrnmm�mtmmnpmnener�nemnqm�(Fnq·�3). Lmnqm�
nnnmpmne� omnenemqmm� ytnnnen� mnm� m� rmmnpnm� mr� nmwmnmne�
dnnmmnmn� mr� nom� omnmmmt� mmo� omwm� tmmm� omoppmmnmo�
(bpn�mmn�qpmmnnymoy� nm� nemomnennmo� nmqnmmn� mr� m� D�
n�pm� ��� omnmmm·22� Tom� nmmqm� mr� omnenemqmm� ytnnne�
dnmpmnmnn� nm� nom� mrmnmpmmnnmmmo� D� nnpoi2�
(25-60� mpy� omnnmnpmmon�tmnene� tnno� nom� pnmnmmn� omnm�
nhmn�nomt�omnenemqmm�ytnnnen�tnnonm�1�JJ.p�mr�m�ompmnnn�mr�
fibnnnenemqnmmpnemn�wmopmnemn�nm�pmmnpnm�tmntmmm�20� mp�
ano� 58� mp·� mnmmwmnt� tomm� mpn� pnmnmmn� omnm� mnm�
vnnpmnennmo�qnmponomnener�(Fnq·�6yt�nn�nmmpn�nomn�nmnemnnwmner�
hnqh� mpptmnn� mr� omnenemqmm� ytnnnen� nmmo� nm� omwm�
dnmtmnmnn� nm� nom� nmqnmm� mr� 34 mp� mmo� 42 mp·� A�
nimnnemn� qpmmnnyomnnmm� mr� nom� omnenemqmm� ytnnnen�  m�
Schmnm'n� nrmonmpm34� mmo� Hpnnemn'n� nrmonmpm41� -
�hmnm� nomnn� onmpmnmnn� nmmqm� rnmp� 20� mp� nm�52� mp�
and� rnmp� 13� mp� nm� 50� mp� nmnpmonnwmner� - omn� mnenm�
prownomo�nmpm�mwnommom�rmn�m�tnpmomne�onnnnntpnnmm�mr�
colnemqmm� ytnnne� onmpmnmnn·� �m� nomnm� omnmn� nom� pmnm�
fre�pmm�ner�moopnnnmq�omnenemqmm�ytnnne�onmpmnmnn�nmmomo�
to tm�28 mp� mmo� 36� mp� (Soomnm'n� nrmonmpm34y� mmo�
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23·5� mp� mmo� 39·5� mp� (Hpnnemn'n� nrmonmpm41y·� Tom�
onnonmpmmor� tmntmmm� nom� actual wmlpmn� rmn� nom�
pnmrmnnmo�omnenemqmm�onmpmnmnn�rmpmo�nm�nom�mrmnmpmm
nnmmmo� omnmmmne� nnponmn� pmr� tm� opm� nm� nom� onrrmnmmn�
mpmpmnn� mr� nnnnpm� nonnmwmqm� nomn� omm� moopn� nm�
onrrmnmmn�mnemonnmm�pnonmnompnomne�pnmpmnmnnmm�npmnt�mn�
onqonenqonmo�nmommnner�tr�Fpnenetmmo�mmo�mmw·42�Hmt
mwmnt� nnmom� tm� omm� mnnppm� nomn� nom� omnm� mtnmnmmo�
tnnonm�m� nnmqnem� nnpor�tmpneo�tm�nnmmomnonnmot�mmnnomn�
nmnmnznnpor� nnnnpm� pnmpmnmnnmm� onrrmnmmomn� mmn� nrn
nmpmnno� pmmnpnmpmmn� mnnmnn� tmpneo� tm� mxpmonmo� nm�
mrrmon� nom�wmnepm�rmn�nom�difference tmntmmm�pnmrmnnmo�
omnenemqmm�onmpmnmnn�rmpmo�nm�mmoo�nnpor·�Tomnm�wmnepmn�
npnm� mpn� nm� tm� 8 mqt� 16� mp�mmo�8 mp�fmn� Sohmim'n�
nrmonmpm?4�Hpnlmnn'�nrmonmpm41�mmo�D�(pnmnmmn�
nnpor)�nmnpmon wmner·�Wnno�nonn�nm�pnmo,�nn�nn�nmnmnmnnnmq�
nm� mmnm� nomnt� nm� 1979.� Pmnnr� mmo� nmnq43� pnmnmmnmo�
mnemonnmm� pnonmnompno� mwnommom� rmn� mm� 80� A pmnn� nm�
omnenemqmm�ytnnnen�rnmp�m�wmnnmnr�mr�rmnmnet� nppmnpnm�mmo�
mopnen� nnnnpmn� nmoneponmq� omnmmm·� Tomnn� omnm� nomtmo�
nmpm� wmnnmnnmm� tpnt� nm� qmmmnmnet� omnenemqmm� ytnnne�
onmpmnmnn� nmmomo� nm� onepnnmn� mnmpmo� 16� mp,� 24 mpt�
32 mpt� 40�mp�mmo�48 mp·� �n� mppmmnnt� nommt� nomn�tm�
pmr� tm�nnmnnnmq�nm�pmomwmn�m�pommmpmmmm�tomnmtr�
mtmmnpmnener� nemnqm� omnenemqmm� ytnnnen� nm� omnnmnm�pmnomnem
qnomne� oppmm� omnmmmn� pnmrmn� nm� nmonmmnm� nomnn� oim
pmnmnn� nm� onnonmnm� qpmmnm� mr� 8 mp·� Snmom� nnnmpmne�
glyomnmpimmgJyomnn�mnm�thmpqht�tm�imflpmmom�omllmqmn�
ytnil1mqmmmnin,44.45� it� in� tmnno�ommniomnimq�nhm�pmnni
tnnennr�nomn�mtmmnpmne�rpmonnmmnmq�mr�nomnm�pmnemopnemn�nm�
Dt� Soomnm'n� nrmonmpm� mmo� Hpnnemn'n� nrmonmpm�
pmr� pmomnnenm� nom� rmnpmnnmm� mr� pmowmnn� mr� nemnqm�
omnenemqmm�fitnnnen·�

Tom� mppmmnmmom�mr� Dmnompmn'n�pmptnmmm� nm� mpn�
D� nrpm� ��� pmnnmmn� (Fnqn·� 7t� 8) nn� nm� nenmm� tnno�
pnmwnmpn� nnponmn� nomn� omwm� omoppmmnmo� m� mmnpmne�
mmnmnnmn�tmmomo�zmmm�mmo�m�ommmromptmo�pmnnmnnmn�
mmmztmmomo� zmmm~�1 8.46� �m� mpn� nnport� ppnmnenmno�
tnepm� nnmnmnmq� nmwmmnemo� nomn� nom�pmnmn� nm�Dmnompmn'n�
pmptnmmm� ommnmnmmo� nemnqmt� npnepomnmo� pnmnmmqneromm�
ynempmmnn�mmn�nmmm�nm�mmnpmne�Dmnompmn'n�pmptnmmm·�
Tomr� mppmmnmo� nnpnnemn� nm� nnzm� nm� nomnm� ynempmmnn� nm�
nom� nnnmpm� (Fnq·� 9) ,� mnenompqo� nomnn� omppmnnnnmm�
nmpmnmn� pmwmmtm·� �m� qmmmnmnet� nom� pmnm� mmnmnnmn�
pmnmn�nm�nom�pmnnmnnmn�zmmm�mr�Dmnompmn'n�pmptnmmm�
tmnm� nemnqmnt� tmnnmn� omymmo� mmo� ommnmnmmo� nemnqmn�
pnmnmmqnerommn�nomm�nom�pmnmn�onemnmn�nm� nom�mmomnom
nenppt� mnenompqo� nom� ompmnomnnmm� tmntmmm� nomnm�
nmqnmmn�tmn�pmnm�qnmopmne�nomm�nnnnon·�Snpnnemn�ymonmqn�
- nompqo� tnnompn� nom� pnmnmmqneromm� nnmnmnmq� - omwm�
tmmm� nmpmnnmo� pnmwnmpnnerP,1 8� Snmom� nom� pmnmn�
nmtmnon� nom� mmomnomnenmne� nnom� mr� Dmnompmn'n� tmp
tnmmm�om�mm��ommnmnm�npoo�nemnqm�pnmnmmqnerommn�mn�nom�
pmnm�tmnenezoeymmo�pmnmn�nm� nom�ommnnm�mr�Dmnompmn'n�
pmptnmmm� n�� pmr�tmnene�tm� nom�omnm�nomn�m� ommqnmqm
nnmm� mr� nemnqm� pnmnmmqnerommn� ompnmn� nom� rmnpmnnmm�mr�
nom�pmnmn�nm�Dmnompmn'n�pmptnmmm·�Ewmm�nompqo�tm�
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can provide no direct evidence as to the origin of 
these large Descemet's membrane proteoglycans, it 
seems reasonable to assume that endothelial, rather 
than stromal, cells synthesise these molecules. 

The intracellular inclusions evident in scanning 
electron micrographs of the posterior face of our 
MCD type II patient's endothelium (Fig. 1ty�
resemble those reported by Klintworth.l Their 
location, size and variation in size are all consistent 
with the assumption that they are due to the 
intracellular fibrillogranular vacuoles previously 
documented in MCD endothelial cells17 and present 
in some of our patient's endothelial cells. 

Sulphated keratan sulphate is known to be present 
on the apical surface of human, bovine and rabbit 
endothelial cells where, recently, its expression has 
been linked to endothelial cell migration.47 In this 
study we found that the endothelial cell surface of 
the MCD specimen had much lower levels of 
labelling for sulphated keratan sulphate than the 
normal human endothelium (Fig. 1tyx� This finding 
emphasises the systemic nature of MCD, and 
suggests that the corneal endothelial cells in our 
MCD type II patient synthesise low levels of 
sulphated keratan sulphate. In MCD type I - the 
variant where no sulphated keratan sulphate is 
detected immunochemically in the serum or cornea 
- it is likely that the endothelium expresses no 
sulphated keratan sulphate, but this remains to be 
seen. Of course, since the antibody used for 
immunohistochemistry (5-D-4) recognises only the 
sulphated form of keratan sulphate, the reduced 
endothelial labelling in MCD could be due to the 
presence of an undersulphated form of keratan 
sulphate. 

In conclusion, this patient exhibited many of the 
classic features of macular corneal dystrophy and 
provided us with some new insights regarding the 
histopathology of this intriguing condition. 

Research was carried out, in part, at the National 
Synchrotron Light Source, Brookhaven National Labora
tory, which is supported by the US Department of Energy, 
Division of Materials Sciences and Division of Chemical 
Sciences (user grant 93-X-729 (A.J.Q.); DOE contract no. 
DE-AC02-76CH00016). This work was supported by 
grants EY04609, AG04736 and AR39239 from the 
National Institutes of Health, Bethesda, MD, and by 
funds from Research to Prevent Blindness, New York, 
NY, and the T.F.C. Frost Trust, London, UK. 
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