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Contractile Cells in the Human Scleral Spur 
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The scieral spur in 37 human (age 17-87 years) and six cynomolgus monkey eyes (2-4 years) was 
investigated. Serial meridional and tangential sections were studied with ultrastructural and 
immunocytochemical methods. The bundles of the ciliary muscle do not enter the scleral spur, but their 
tendons, which consist of elastic fibres join the elastic fibres in the scleral spur. Within the scleral spur 
a population of circularly oriented and spindle-shaped cells is found. In contrast to the ciliary muscle cells, 
the scleral spur cells form no bundles, but are loosely aggregated. They have long cytoplasmic processes 
and are connected to each other by adherens-type and gap junctions. They stain intensely for a-smooth 
muscle actin. myosin and vimentin. In contrast to the ciliary muscle cells, they do not stain for desmin. 
Ultrastructurally, the scleral spur cells contain abundant thin (actin) filaments, but do not otherwise 
show the typical ultrastructural features of ciliary muscle cells. The scleral spur cells do not express a 
complete basal lamina. They form individual tendinous connections with the elastic fibres in the scleral 
spur, which are continuous with the elastic fibres of the trabecular meshwork. The scleral spur cells are 
in close contact with nerve terminals containing small agranular (30-60 nm) and large granular 
(65-l 10 nm) vesicles but also with terminals containing small granular (30-60 nm) vesicles which are 
regarded as typical for adrenergic terminals. We conclude that the scleral spur cells are contractile 
myofibroblasts. Their contraction might influence the rate of the aqueous outflow. 

Key words: scleral spur: myofibroblasts ; ultrastructure : immunocytochemistry ; cc-sm-actin : myosin : 
desmin: vimentin; ciliary muscle: elastic fibres: nerve terminals. 

1. Introduction 

It has been demonstrated both in rhesus monkeys 
(Flocks and Zweng, 195 7) and in humans (Rohen and 
Unger, 1958, 1959; Rohen 1964; Grierson, Lee and 
Abraham, 19 78) that contraction of the ciliary muscle 
displaces the scleral spur posteriorly and internally. 
which in turn causes a separation of the trabecular 
meshwork lamellae. Rohen et al. (1981) described a 
network of elastic-like fibres underneath the endo- 
thelial lining of Schlemm’s canal (cribriform plexus), 
which is directly connected with the tendons of the 
ciliary muscle and the elastic-like fibres in the scleral 
spur. Contraction of the ciliary muscle and displace- 
ment of the scleral spur might not only separate the 
trabecular lamellae but also, more importantly, in- 
fluence the area of the outflow pathways in the 
cribriform layer and so modulate the outflow re- 
sistance. In fact, if the ciliary muscle is removed from 
its anterior attachment to the scleral spur and the 
trabecular meshwork, pilocarpine no longer affects the 
outflow facility (Kaufman and B&-&y, 1976). 

In the present study, we have investigated the 
scleral spur and the anterior attachment of the ciliary 
muscle in humans and monkeys with ultrastructural 
and immunocytochemical methods. We report on a 
hitherto neglected population of loosely arranged and 
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equatorially oriented cells present throughout the 
scleral spur. These scleral spur cells (SSC) show 
ultrastructural and immunocytochemical differences 
from ciliary muscle cells, but resembIe contractile 
myofibroblasts. They form tendinous connections with 
the elastic-like fibres of the scleral spur, which are 
continuous with the elastic-like fibres of the trabecular 
meshwork. Although their functional significance is 
not yet clear, contraction of the SSC might influence 
the rate of aqueous outflow. 

2. Material and Methods 

Twelve pairs of human autopsy eyes (six pairs 
derived from donors aged 17-34 years old and six 
pairs from donors aged 64-87 years old) and 2 5 
human eyes (18-54 years), enucleated because of 
posterior choroidal melanoma, were investigated. The 
autopsy eyes were enucleated 6-12 hr after death. 
The melanoma eyes were obtained from the Eye 
Hospital of the University of Munich, Germany. None 
of the donors had a history of abnormalities in the 
chamber angle. 

In addition, the eyes of six cynomolgus monkeys 
(Macaca fascicularis, age 2-4 years) were investigated. 
The animals were killed in conjunction with various 
non-ocular experimental protocols. The eyes were 
enucleated from the anaesthetized animals. Anaes- 
thesia for in vivo enucleation was ketamine HCl 
15 mg kg-’ (i.m.), followed by pentobarbital Na 
30 mg kg-’ body weight (i.m.). The animals were 
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FIG. 1. Semithin sections of the scleral spur and the anterior insertion of the ciliary muscle (human eye, 24 years). A, Near 
the insertion of the muscle to the scleral spur, circularly oriented ciliary muscle bundles are seen (arrows) : S, scleral spur: SC, 
Schlemm’s canal: AC, anterior chamber: M. ciliary muscle (meridional section). x 320. B, The same region of the same 
specimen as in (A), cut tangentially. Near its insertion to the scleral spur. a muscle bundle of the meridional portion bends 
in the circular direction (arrows): S, scleral spur: TW, trabecular meshwork: M, ciliary muscle. x 320. C, Some of the tendons 
of the ciliary muscle pass the inner part of the spur meridionally and continue directly to the trabecular meshwork (black 
arrow). The scleral spur cells (white arrows) are surrounded by numerous elastic fibres (arrowheads) which are continuous 
with the elastic fibres of the trabecular meshwork (meridional section). x 640. 

killed by a pentobarbital overdose. These experiments 
conformed to the ARVO Resolution on the Use of 
Animals in Research (The Association for Research in 
Vision and Ophthalmology, 1990). 

The human autopsy eyes and the monkey eyes were 
cut equatorially behind the ora serrata and the 
anterior segment was dissected in quadrants. From 
each quadrant, wedge-shaped pieces containing tra- 
becular meshwork and the anterior ciliary muscle 
were cut and further prepared both for frozen and 
paraffin light microscopical sectioning and for electron 
microscopy. 

For frozen sections, at least one piece from each 
quadrant was quick-frozen in isopentane, pre-cooled 
with liquid nitrogen. Meridional and serial tangential 
sections (10 ,um) were cut through the chamber angle 
at -20°C. The sections were placed onto slides 

covered with chrome-alum-gelatine, and fixed in 
acetone for 10 min at - 20°C. After fixation, the 
sections were processed for immunocytochemistry. 

For paraffin sections, pieces from each quadrant 
were fixed in paraformaldehyde-lysine-perjodate 
(PLP) solution (McLean and Nakane. 1974) for 4 hr at 
4°C. After washing in PBS, the material was dehydr- 
ated through an alcohol gradient and embedded in 
paraffin. Meridional sections, as well as serial tan- 
gential sections through the chamber angle were cut 
5 /l,rn thick and mounted on 0.1% poly-r,-lysine-coated 
slides. The sections were either stained with a 
combined Weigert’s resorcin-fuchsin/Goldner stain 
(Romeis, 1989) or further processed for immuno- 
cytochemistry. 

For electron microscopy, pieces from each quadrant 
were fixed in Ito’s solution (Ito and Karnovsky. 1968). 
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FIG. 2. Immuncytochemistry of the scleral spur of a human eye (65 years). A, Ciliary muscle cells (M) and vascular muscle 
cells stain positive with antibodies against a-sm-actin. Arrows indicate the scleral spur, where all cells stain brightly positive 
for cr-sm-actin: SC, Schlemm’s canal (meridional paraffin section). x 170. B, Tangential section of scleral spur and ciliary 
muscle stained for a-sm-actin. The plane of the section is the same as in (D). Positively stained cells oriented in a circular 
direction are seen throughout the entire spur tissue (arrows). While ciliary muscle cells also stain positive, no staining is seen 
in the trabecular meshwork in this specimen (paraffin section). x 320. C, Immunostaining with antibodies against desmin. 
Ciliary muscle cells stain brightly positive. whereas the scleral spur (arrows) does not stain for desmin (meridional frozen 
section). x 170. D, Conventional stained tangential section of scleral spur and ciliary muscle, same region as in (B). The ciliary 
muscle bundles insert by means of elastic tendons which form arcades finally bending in a circular direction (arrowheads). TW. 
Trabecular meshwork: S. scleral spur: M, ciliary muscle. (Semithin section). x 320. 
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FIG. 3. Immunocytochemistry of the scleral spur of a human eye. A, High magnification of a tangential section of the scleral 
spur cells (arrows) after staining for a-sm-actin. The cell body and the long cytoplasmic processes stain positive (paraffin 
section). x 1000. B, Tangential section of scleral spur and ciliary muscle after staining for desmin. The plane of the section is 
the same as in Fig. 2(B) and (D). Ciliary muscle cells (CM) stain brightly positive, whereas the cells of the scleral spur (S) remain 
unstained. At its insertion to the spur. a ciliary muscle bundle bends in the circular direction. TW. Trabecular meshwork. 
(Frozen section). x 320. 

FIG. 4. Electron microscopy of the scleral spur cells. A, The cells (asterisks) are in close contact with the elastic-like fibres 
(arrows) of the scleral spur (meridional section). x 6000. B. Tangential section of a scleral spur cell (SSC). Same region of the 
same specimen as in (A). The cytoplasm of the cell is filled with abundant 6-7-nm thin filaments which run parallel to the long 
axis of the cell. The cell membrane shows numerous membrane-bound caveolae (arrowheads). The cell is surrounded by the 
50-nm sheath material (asterisks) of the elastic-like fibres. x 33 600. C, The scleral spur cells are connected by gap junctions 
(arrow). x 161 500. 
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FIG. 4. For legend see facing page. 



536 E.TAMM ET AL. 

In addition, two pairs of human eyes (age 2 7 and 8 1 
years) and two pairs of cynomolgus monkey eyes (age 
2 years) were llxed after enucleation by infusion of 3 % 
glutaraldehyde in 0.1 M cacodylate buffer, pH 7.2, into 
the anterior chamber for 60 min at a pressure of some 
10 mmHg above the resting one. Small pieces (width 
1 mm) of the trabecular meshwork and the anterior 
ciliary muscle in the equatorial direction were then 
processed for electron microscopy. After post-fixation 
with 1 Y0 osmium tetroxide, the specimens were 
dehydrated with graded alcohols and embedded in 
Epon. Meridional, frontal and tangential semithin and 
ultrathin sections were cut on a microtome. Semithin 
sections were stained with Richardson’s stain 
(Richardson, Jarret and Finke, 1960). Ultrathin 
sections were treated with lead citrate and uranyl 
acetate and viewed using a Zeiss EM 902 electron 
microscope. 

The human eyes enucleated because of posterior 
melanoma were fixed as whole eyes immediately after 
enucleation in 4% buffered formalin for 24 hr and 
then embedded in paraffin. Meridional sections were 
cut 5 ,um thick, mounted on 0.1 Y0 poly-L-lysine-coated 
slides and further processed for immunocytochemistry. 

lmmunocytochemistry 

After flxation and drying at room temperature, the 
frozen sections were pre-incubated for 45 min in 
Blotto’s dry milk solution (Duhamel and Johnson, 
1985). The parati sections were deparaffinized and 
pre-incubated for 20 min in normal rabbit serum (5 % 
in PBS). 

After pre-incubation, both frozen and paraffin 
sections were incubated with the primary antibody for 
90 min. For demonstration of the intermediate fi- 
Iament desmin, monoclonal mouse antibodies from 
Dakopatts (Hamburg, FRG) were used [clone DE-R-l 1, 
anti-swine IgGl (Debus, Weber and Osborn, 1983) 
and clone D3 3, antihuman IgG l] both in a dilution of 
1: 50. For vimentin, a monoclonal mouse anti-swine 
antibody from Dakopatts [clone V9, IgGl (Osborn, 
Debus and Weber, 1984)] was applied to the slides at 
a dilution of 1: 5. The antibodies were diluted in 0.1 M 

PBS, at a pH of 7.2-7.4. Demonstration of a-smooth 
muscle (sm)-actin was performed using a monoclonal 
mouse antibody to smooth muscle specific a-sm-actin 
from Sigma [St Louis, MO, U.S.A.; clone no. lA4, 
IgG2a (Skalli et al., 1986)]; diluted in PBS (1:lSO) 
with 1 Y0 bovine serum albumin (Sigma). For demons- 
tration of smooth muscle myosin a polyclonal rabbit 
anti-bovine antibody to skeletal and smooth muscle 
myosin from Sigma, diluted in PBS (1: 5) with 1 ‘X0 
bovine serum albumin, was used. Each incubation 
was performed in a moist chamber at room tem- 
perature. The sections were washed three times with 
PBS, each for 10 min and incubated with fluorescein 
or rhodamine-labelled rabbit-anti-mouse kG 
(Dakopatts) diluted with PBS (1 : 20). After washing 

again three times in PBS, the sections were mounted 
in Entellan (Merck, Darmstadt, FRG) containing 2.5 ‘X0 
1,4-diazobicyclo-octane (Merck; Johnson et al., 1982). 
Control experiments were performed using either PBS 
or a mouse pre-immune serum instead of the primary 
antibody. 

3. Results 

Light Microscopy 

The connective tissue of the scleral spur consists of 
both collagen fibres and numerous interspersed elastic 
fibres. Both groups of fibres predominantly run in an 
equatorial direction. Between these fibres, elongated 
and loosely aggregated scleral spur cells (SSC) are 
seen. These also show an equatorial orientation. 
Immediately behind the scleral spur, the outermost 
meridional ciliary muscle bundles form small arcades 
by bending in the circular direction, both clockwise 
and anticlockwise. These circular muscle bundles do 
not enter the spur, but their tendons, which consist of 
elastic fibres, join the elastic fibre system of the scleral 
spur [Figs l(A) and (B)]. Further inward, the mer- 
idional muscle bundles do not bend, but run straight 
forward to the scleral spur. There they insert by means 
of elastic tendons which form arches finally bending in 
an equatorial direction [Fig. 2(D)]. Some of these 
tendons, however, pass the spur meridionally and 
continue directly to the corneoscleral trabecular 
meshwork [Fig. l(C)]. 

The general architecture of the scleral spur and the 
ciliary muscle insertion is similar in both cynomolgus 
monkeys and humans. In cynomolgus monkeys, 
however, the scleral spur is smaller than in human 
eyes. 

lmmunocytochemistry 

Alpha-smooth-muscle-actin (a-sm-actin). A pronounc- 
ed staining for a-sm-actin is seen not only in the ciliary 
muscle cells, but also in the SSC [Fig. 2(A)]. This is 
especially evident in tangential sections [Figs 2(C) and 
3(A)]. Here, positively stained cells, mainly oriented in 
an equatorial direction, are seen throughout the entire 
spur tissue. Due to the smaller size of the monkey 
scleral spur, the number of positively stained cells in 
the spur is smaller: the distance between them is 
approximately the same as in humans. The outermost 
ciliary muscle bundles, which bend in the circular 
direction, stain with the same intensity as the rest of 
the ciliary muscle. The staining pattern is the same in 
frozen and paraffin sections. 

Myosin (skeletal and smooth). The staining pattern 
for myosin is comparable with a-sm-actin as only 
ciliary muscle cells and SSC stain positive. 

Vimentin. All the SSC, the fibroblasts in the adjacent 
sclera and the ciliary muscle fibroblasts stained for 
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FIG. 5. The cytoplasmic processes of the scleral spur cells form tendon-like structures with the elastic-like fibres in the scleral 
spur. The microfibrils of the elastic-like fibres and the SO-nm banded sheath material (asterisks) approach the cell membrane 
of the scieral spur ceils and the valleys between them (arrows). In the region of contact, the cell membrane forms dense bands 
(arrowheads) where the intracellular 6-7 nm thin filaments attach. (Eiectron micrograph, tangential section.) x 32 400. 

vimentin in paraffin sections. Ciliary muscle cells are 
not stained in paraffin sections ; they only stain weakly 
positive in frozen sections. 

Desmin. Both in human and in monkey eyes desmin 
staining is only seen in ciliary muscle cells. No staining 
is seen in the SSC [Figs 2(B) and 3(B)] either in frozen 
or in paraffin sections. 

Electron Microscopy 

Eyes of young humans (17-34 years). The collagen 
fibres in the scleral spur form dense, equatorially 
oriented bundles. The individual fibres have diameters 
of 30-50 nm and a typical periodicity of 64 nm. 
Interposed between, and running parallel to the 
collagen bundles, is a network of numerous elastic 
fibres. They are ultrastructurally similar to the elastic 
fibres previously described in the chamber angle 
tissues [Fig. 4(A)] (Iwamoto, 1964; Vegge and 

Ringvold, 19 7 1; Liitjen-Drecoll, Futa and Rohen, 
198 1). They comprise an electron-dense amorphous 
central core and a sheath consisting of microfibrils and 
cross-banded material with a periodicity of SO-60 nm 
[Figs 4(A) and (B)]. Sheath material with a lOO-nm 
periodicity is only occasionally observed in the fibres of 
the scleral spur. 

The scleral spur cells (SSC) are oriented parallel to 
the bundles of collagenous and elastic fibres in the 
scleral spur [Fig. 4(A)]. They are elongated spindle- 
shaped cells with a flat cell body and long irregular 
cytoplasmic processes. The cytoplasm is filled with 
abundant 6-7 nm thin filaments, which run parallel 
to the long axis of the cell [Fig. 4(B)]. Between the 
filaments there are small dense bodies and sparse 
mitochondria. In the vicinity of the nucleus, profiles of 
smooth endoplasmic reticulum and GoIgi membranes 
are seen. The cell membrane shows numerous 
membrane-bound caveolae [Fig. 4(B)]. The cells are 
often connected to each other by adherens-type and 
gap junctions occurring mainly between the cyto- 
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FIG. 6. Nerve terminals in the scleral spur. A, Nerve terminal containing both small agranular (30-60 nm) and large 
granular vesicles (65-100 nm) which is located very close to an adjacent scleral spur cell (SSC) without intervening basal 
lamina. B, Nerve terminal containing small agranular (30-60 nm) and small granular (30-60 nm) vesicles. The terminal is 
separated from the scleral spur cells (SSC) by a gap of approximately 100 nm, in which two layers of basal lamina (arrowheads) 
a& present. x 48 000. - 

plasmic processes [Fig. 4(C)]. The cytoplasmic proces- 
ses of the cells are in close contact with the elastic-like 
fibres [Figs 4(A), (R) and 51. In these areas of contact 
the cell membrane shows dense bands, so that often 
tendon-like structures are formed similar to the 
myotendinous junction in striated muscle. This is 
especially evident in tangential sections. The micro- 
fibrils of the elastic-like fibres, and the 50-nm banded 
sheath material approach the cell membrane of the 
cytoplasmic processes and the valleys between them. 
They are connected with the cell membrane by fine 
fibrillar material (Fig. 5). Occasionally also collagen 
fibrils with a diameter of 30 nm and the typical 
periodicity of 64 nm are seen in close contact with the 
cell membrane of the SSC. Adjacent to the cell 
membrane, in the region of the tendinous junctions 
and in areas where dense bands are formed, an 
incomplete basal lamina is seen. In the vicinity of the 
scleral spur cells, nerve fibres and nerve fibre terminals 
are found. Two types of terminals can be distinguished : 
those containing both small agranular ( 30-60 nm) 
and large granular (6 5-100 nm) vesicles : and termin- 
als with both small agranular and small granular 
(30-60 nm) vesicles [Figs 6(A) and (B)]. The terminals 
are separated from the SSC by a gap of approximately 
100 nm in which two layers of basal lamina are 

present. one close to the nerve terminal and the other 
close to the SSC [Fig. 6(B)]. Some of the terminals, 
however, are located very close to an adjacent SSC 
without an intervening basa1 lamina [Fig. 6(A)]. 

In contrast to the SSC, the ciliary muscle cells of the 
meridional portion are closely aggregated into bundles 
in the region of their attachment to the scleral spur. 
This is also the case for those muscle bundles which 
form arcades by bending in the circular direction. 
Within the bundles, the muscle cells are separated 
from each other only by their complete basal lamina 
and a small amount of extracellular microfibrils, with 
a diameter of 12-14 nm. In addition, numerous nerve 
fibres and nerve endings containing small agranular. 
and occasionally one or two large granular vesicles, 
are seen between the individual muscle cells. The cells 
are connected to each other by adherens-type junc- 
tions. Gap junctions are not observed. The ciliary 
muscle cells show the typical structural characteristics 
of primate ciliary muscle cells previously described 
(Ishikawa, 1962; van der Zypen. 1967; Liitjen- 
Drecoll, Tamm and Kaufman, 1988). 

At their attachment to the scleral spur, the 
individual ciliary muscle cells taper off and show an 
irregular profile with invaginations and long cyto- 
plasmic protrusions. Here, the cells form tendinous 
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FIG. 7. Tangential section of scleral spur cells in an 84-year-old human When compared with the scleral spur cells of younger 
humans, the amount of 5-6 nm thin filaments (arrowheads) is reduced and numerous profiles of rough endoplasmic reticulum, 
ribosomes and Golgi material are present instead (arrows). Sheath material with a SO-nm and IOO-nm periodicity surrounds 
the scleral spur cells in increased amounts. x 8100. 

connections with the elastic-like fibres, which are 
similar to those of the SSC. 

Eyes of old humans (68-87 years). The elastic-like 
fibres of the scleral spur show marked age-related 
changes. The sheath material containing banded fibres 
with a SO-nm and a lOO-nm periodicity is significantly 
increased ; interlacing elastic-like fibres often surround 
the SSC and the ciliary muscle cells at their anterior 
insertion (Fig. 7). In the region of the tendon-like 
contacts, no 12-I 4 nm extracellular microfibrils are 
seen, but the 50-nm and lOO-nm banded sheath 
material is in close contact with both the SSC and the 
ciliary muscle cells. The SSC also show ultrastructural 
changes, when compared with the cells of the younger 
eyes. The amount of 5-6 nm thin filaments within 
their cytoplasm seems to be reduced and numerous 
profiles of rough endoplasmic reticuium, ribosomes 
and Golgi material are present instead (Fig. 7). 
Additionally, several cells contain numerous lyso- 
somes. 

Cynomolgus monkeys (24 years). The architecture of 
the scleral spur and the anterior ciliary muscle 
attachment in young adult monkeys is very similar to 
that of young humans. The morphology of the elastic- 
like fibres differs, in so far as the banded sheath 

material is less frequently observed. Only where the 
elastic microfibrils are connected to the SSC by fine 
fibrillous material is banded sheath material (fibrous 
long-spacing collagen, curly or lattice collagen) with a 
periodicity of 100 nm occasionally observed [Fig. 
8(A)]. The ultrastructure of the SSC is similar to that 
of young humans, except that large inclusions of 
glycogen particles are often found [Fig. 8(B)]. 

4. Discussion 

The presence of a well-developed scleral spur is 
regarded as a characteristic feature of the chamber 
angle of the human eye (Franz, 1934 ; Rohen, 1964, 
1982). Our study reveals a circular system of cells 
within the scleral spur (‘ scleral spur cells ’ ; SSC). The 
SSC are distinct from ciliary muscle cells and have 
previously been considered to be fibroblasts (Iwamoto, 
1964). Our results, however, show that the SSC are in 
fact myofibroblasts which closely resemble the myo- 
fibroblasts described in other tissues, e.g. the ex- 
ternal theta of the ovarian follicle (O’Shea, 1970: 
Czernobilsky et al., 1989), the duodenal villi (Giildner. 
Wolff and Keyserlingk, 1972) and the pulmonary 
alveolar septa (Kapanci et al., 19 74). All types of 
myofibroblasts studied so far are contractile (for review 
see Skalli and Gabbiani, 1988). so that we assume the 
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FIG. 8. Scleral spur cells in cynomolgus monkeys. A, Only where the elastic microfibrils are connected to the scleral spur cells 
is banded sheath material (long-spacing collagen) with a periodicity of 100 nm occasionally observed. x 38 000. B, The scteral 
spur cells often contain large amounts of glycogen (asterisk). Similar to human scleral spur ceils. the basal lamina (arrows) is 
incomplete and leaves large parts of the cell membrane uncovered (arrowheads). x 11900. 

same is true for the SSC. The evidence in support of 
this hypothesis is as follows. The SSC share the typical 
ultrastructural features of myofibroblasts. They norm- 
ally contain numerous longitudinal bundles of micro- 
filaments with scattered dense bodies in between, 
which have been shown to represent actin containing 
stress fibres (Darby, Skalli and Gabbiani, 1990). In 
addition, the SSC stain uniformly with markers 
generally accepted to discriminate smooth muscle cells 
and myofibroblasts from fibroblasts (Darby, Skalli and 
Gabbiani, 1990). Antibodies against the smooth 
muscle ol-actin isoform (Vanderkerckhove and Weber, 
1979) have been shown specifically to strain smooth 
muscle cells of different origins as well as myo- 
fibroblasts (Skalli et al., 1986, 1987; Czernobilsky 
et al., 1989; Darby et al., 1990: Fliigel et al., 1991). 

In the scleral spur, the presence of smooth-muscle 
myosin positive cells was also recently described by de 
Kater et al. (1990). The authors regarded these cells as 
ciliary muscle cells. There are, however, several 
distinctive features which show that these cells are 
SSC and not ciliary muscle cells. The ciliary muscle 
cells are the only cells of the chamber angle region 
which stain for desmin; this is generally regarded as 
the intermediate filament specific for striated muscle 
and visceral smooth muscle cells (Osborn and Weber, 
1983). SSC do not stain for desmin but only for the 
intermediate filament vimentin, as do other myofibro- 

blasts (Skalli and Gabbiani, 1988; Darby et al., 1990). 
In addition, the SSC do not show the typical 
ultrastructural features of ciliary muscle cells 
(Ishikawa, 1962; van der Zypen, 1967; Liitjen-Drecoll 
et al., 1988 ; Fliigel, B&-&y and Liitjen-Drecoll, 1990) 
such as the large number of mitochondria, and the 
dense bands which form a right angle with the 
myofilaments in the periphery. Furthermore, the SSC 
are not aggregated into bundles and do not express a 
complete basal lamina. Similar to the fibroblasts in the 
anterior sclera and the iris stroma (Raviola. Sagaties 
and Miller, 1987), they are connected by gap junctions 
which have not been found in ciliary muscle so far 
either by freeze fracture (Raviola et al., 1987) or 
transmission electron microscopy (Liitjen-Drecoll et 
al., 1988: Tamm, Liitjen-Drecoll and Rohen, 1990). 
In summary, our findings strongly suggest that the 
SSC form a contractile cell population which differs 
from the ciliary muscle. 

It has been reported that the scleral spur is thicker 
in the eyes of older humans (Fischer, 19 3 3). Similar to 
the elastic-like fibres in the human trabecular mesh- 
work (Liitjen-Drecoll et al.. 1982, 1986a) and the 
anterior part of the ciliary muscle (Liitjen-Drecoll et 
al., 1986b), there is a pronounced increase with age of 
the sheath-material in the elastic-like fibres of the 
scleral spur. It might be that the myofibroblasts are 
responsible for the accumulation of the extracellular 
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matrix in this region. In fact, the ultrastructure of the 
SSC was found to change with age. In old human eyes, 
the SSC contained fewer myofilaments and more 
rough endoplasmic reticulum and an enlarged Golgi 
system. A similar switch to a synthetic phenotype has 
been reported for vascular smooth muscle cells under 
conditions which are accompanied by increased 
production of extracellular matrix, for example ex- 
perimental aortic thickening induced by endothelial 
injury (Poole, Cromwell and Benditt, 19 71; Kocher et 
al., 1984). 

In general, it seems that in myofibroblasts, con- 
traction and relaxation is slower than in smooth 
muscle cells. Whether or not they can maintain 
tension is not clear. Myofibroblasts in other tissues 
show contractile responses to several neurotrans- 
mitters and many pharmacological agents. However, 
the reactivity differs from organ to organ and between 
stimulating agents (for review see Skalli and Gabbiani, 
1988). The SSC certainly do not show the extremely 
dense innervation of the ciliary muscle (Ishikawa, 
19 62 ; van der Zypen, 1967 ; Townes-Anderson and 
Raviola, 19 76, 1978). Close to the SSC we found 
nerve terminals containing small agranular vesicles 
(30-50 nm) and large granular vesicles (65-100 nm). 
We also observed nerve terminals containing small 
granular vesicles, although our fixation was not 
optimal for their preservation (Richardson, 19 6 6 : 
Nishida and Sears, 1969). Such terminals are regarded 
as typical for adrenergic nerve endings (Uehara, 
Campbell and Burnstock, 1976 ; Ruskell, 1982). 
Adrenergic nerves were not observed in the scleral 
spur by light microscopical observation of catecho- 
lamine fluorescence (Ehinger, 1966, 19 7 1 ; Laties and 
Jacobowitz. 1966). The authors reported, however, 
that the strong autofluorescence of this region proved 
a considerable hindrance. However, numerous adren- 
ergic nerve terminals have been identified electron 
microscopically in the scleral spur of cynomolgus 
monkeys after labelling with 5-hydroxydopamine 
(Normura and Smelser, 1974). Although the origin 
and nature of the innervation of the SSC has to be 
clarified further, the possibility exists that the SSC are, 
at least partly, adrenergic innervated cells. Kaufman 
and B&-tiny ( 1981) studied adrenergic drug effects on 
outflow facility in cynomolgus monkey eyes after 
surgical disinsertion of the ciliary muscle. In these 
eyes, where the scleral spur and its attachment to the 
trabecular meshwork remained intact (Liitjen-Drecoll, 
Kaufman and B&-&y, 1977), epinephrine still inc- 
reased outflow facility. The present findings suggest 
the possibility that the SSC may be involved in the 
effects of epinephrine on outflow facility in the primate 
eye. 
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