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ABSTRACT

Orbital fibroblasts from patients with Graves’ ophthalmopathy,
when treated with prostaglandin E, (PGE,), become stellate and
develop prominent cellular processes. In this paper, we describe re-
sults of studies designed to characterize the action of PGE, on orbital
fibroblast shape changes in vitro. Orbital and dermal fibroblasts were
incubated with PGE,, one of several prostanoid analogues, 8-br-cAMP
or forskolin and were then visualized by phase-contrast microscopy.
Other studies involved seeding cells in special chambers equipped
with electrodes for cell sensing using electric cell-substrate imped-
ance sensing (ECIS) to detect changes in shape. PGE, (10~7 mol/L)
elicited a rapid and dramatic alteration in the shape of orbital fibro-
blasts but not those derived from the skin. Cells became stellate and
developed prominent cytoplasmic processes that extended out from
the central area containing the cell nucleus. The effects were stereo-
selective in that a number of structurally related compounds, includ-
ing Sulprostone, PGI,, PGF,,, thromboxane A,, thromboxane By, and
11 deoxy,16,16 dimethyl PGE, failed to elicit a similar shape change.
Butaprost (107° mol/L), a specific EP, agonist, elicited a similar
shape-change as that observed with PGE,. 16,16-dimethyl PGE,, a
nonselective agonist, could mimic the action of PGE,. The effect of

PGE, was apparent at 10~ ® mol/L, maximal at a concentration of 1077
mol/L: and took 4-8 hr to evolve completely. Cycloheximide (10 g/
mL) and actinomycin D (1 pg/mL) failed to block the shape change.
The morphologic change could be reproduced by addition of
8-br-cAMP (3 mmol/L) and by forskolin (5 pmol/L). Moreover, PGE,
and Butaprost treatment elicited in orbital cultures a massive in-
crease in endogenous cAMP production while analogues not affecting
cell shape failed to influence cyclic nucleotide generation. Three
strains of orbital fibroblasts from patients with Graves’ ophthalmo-
pathy and three from normal orbits were tested and all responded to
PGE, (10~7 mol/L). Four strains of dermal fibroblasts failed to re-
spond to PGE,. The changes in orbital fibroblast morphology were
accompanied by a marked decrease in monolayer impedance as as-
sessed by electric cell-substrate impedance sensing. The earliest ef-
fects were apparent within 30 min using this sensitive technique. The
widely recognized roles of PGE, and related compounds in the me-
diation of the inflammatory response make our current findings in
orbital fibroblasts of potential importance to the pathogenesis of
Graves’ ophthalmopathy. (J Clin Endocrinol Metab 80: 35533560,
1995)

PROSTAGLANDIN E, (PGE,) is an important component
of the inflammatory cascade and has a diverse set of
actions on many target cell types (1, 2). The vast array of
physiological roles played by this and related compounds is
only now becoming apparent. Prostanoids elicit their bio-
logical effects by associating with plasma membrane bound
receptors, of which several subtypes have thus far been iden-
tified (3-6). Prostanoid receptors have been shown to acti-
vate second messenger pathways (7). Human dermal fibro-
blasts maintained in primary cell culture synthesize and
respond to PGE, (8). Moreover, the rate of PGE, synthesis in
fibroblasts is regulated by cytokines and serum through the
induction of a cyclooxygenase (9).

Fibroblasts emanating from the human orbit engender
phenotypic characteristics in vitro that set them apart from
those derived from the integument (10-12). These differ-
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ences exist despite similar morphologies as determined on
the light (10) as well as transmission electron microscopic
levels (13). In particular, the response domain for interferon
gamma differs substantially in orbital and nonorbital fibro-
blasts (14-16). Even when cultures from distant areas of the
skin of individual donors are compared, consistent, distinct
patterns of protein synthesis and cytokine response emerge
(17-18). We have reported recently that PGE, can alter dra-
matically the morphology of cultured orbital fibroblasts de-
rived from patients with severe Graves’ ophthalmopathy
(19). These cells were changed from fusiform shapes that
resemble most primary human fibroblasts to a stellate mor-
phology. They develop multiple cellular processes that com-
mingle with the bodies and processes of adjacent cells. The
changes occurred rapidly, within 3-6 hr of prostanoid ad-
dition to the culture medium and were transient in that there
was spontaneous reversion toward the native morphology
despite the continued presence in the medium of the com-
pound. Readdition of fresh PGE, failed to influence this
reversion. The shape-changes were preceded and then ac-
companied by a substantial reduction in culture monolayer
impedance, as assessed by electric cell-substrate impedance
sensing (ECIS) (20-22). These noninvasive measurements
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have been demonstrated to correlate well with changes in the
morphology of cells adherent to gold electrodes (22).

In this paper, we report the results of studies that char-
acterize the effect of PGE, on orbital fibroblast morphology,
an action that involves the activation of EP, sub-type pros-
tanoid receptors and the generation of 3',5' cyclic adenosine
monophosphate. These results define a previously unrecog-
nized phenotypic attribute of human orbital fibroblasts.

Materials and Methods
Materials

PGE, was from Sigma (St. Louis, MO). Prostacyclin (PGIL,) and pros-
taglandin F,,, 17-phenyl trinor prostaglandin E, (17-ph PGE,), 16,16~
dimethyl prostaglandin E, (16, 16-dm PGE,), 11-deoxy-16,16-dimethyl
prostaglandin E, (11-d-16, 16-dm PGE,), thromboxanes A, and B,, and
Sulprostone were from Cayman, Ann Arbor, ML Butaprost was from
Miles, West Haven CT. Eagle’s medium, fetal bovine serum (FBS), and
other culture reagents were obtained from Grand Island Biological Com-
pany, Grand Island, NY. All other reagents used were of the highest
purity commercially available.

Cell Culture

Orbital fibroblasts were obtained from individuals undergoing sur-
gery for the treatment of severe Graves’ ophthalmopathy or for a con-
dition that did not involve inflammation of the orbit. As far as we know,
the donors were not receiving glucocorticoids at the time of surgery.
Dermal fibroblasts were obtained from punch biopsies of apparently
normal skin of the abdominal wall or pretibium. None of the donors had
clinically apparent dermopathy. Some of the tissue samples used were
kindly provided by Dr. Michael Kazim, College of Physicians and Sur-
geons of Columbia University, New York. In the authors’ opinion, meth-
ods for securing human tissue were humane, included proper consent
and approval, and complied with the Declaration of Helsinki. Institu-
tional Review Board approval at the Albany Medical College has been
obtained to participate in these studies. Biopsies were placed on plastic
substratum and covered with Eagle’s medium supplemented with Ear-
le’s salts, 10% FBS, glutamine, and antibiotics as described previously
(23, 24). Culture strains were maintained in a humidified, 37 C, 5% CO,
incubator and passaged serially following disruption of monolayers
with trypsin/EDTA treatment and stored long-term in liquid N,. Stock
cultures were subdivided to inoculate the ECIS wells and sterile cov-
erslips for microscopy. Cultures were not used beyond the 12th passage
from initiation. These cultures fail to express either smooth muscle-
specific a-actin or Factor VIII, documenting that they are not contam-
inated with either vascular smooth muscle or endothelial cells (25).

Phase contrast microscopy

Fibroblasts were inoculated on sterile 22 X 22 mm glass coverslips at
a seeding density of about 10* cells/coverslip. The cells were allowed to
attach for one day before the initiation of experiments. At the times
indicated, cultures were shifted to medium supplemented with 1% FBS
without or with the test compound. Following incubation, cells were
fixed in 2% para-formaldehyde in phosphate buffered saline (PBS, pH
8.0). The coverslips were washed twice and mounted on glass slides with
glycerol/PBS (1:1). Microscopy was performed with a Nikon Labophot
(Nikon Corp., Melville, NY) equipped with a 35 mm camera. Photo-
graphs were taken on Kodak Tri-Max 400 film (Eastman Kodak, Roch-
ester, NY). The final magnification was 400 X.

Quantitation of the number of cells undergoing shape change was
accomplished by viewing at least four random fields and performing
manual cell counts, examining at least 100 cells in each culture. All
comparisons of morphology were conducted with diluent-treated (con-
trol) cultures incubated under identical experimental conditions in-
cluded in each study. Criteria for judging a cell as responding to the test
compound included evidence of elevation of the central, perinuclear
area above the plane of the substratum, presence of a circumferential
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halo and cytoplasmic retraction, and the formation of cellular processes
as described previously (19). All observations reported were conducted
by a single observer (H.-5. Wang) and were verified independently by
two other individuals. Interassay variation for the primary observer was
5% or less.

Impedance measurements with ECIS

The electrical measurement of cultured fibroblast morphology was
based on the technique described previously (20, 21). Details concerning
the instrumentation have appeared recently (22). In brief, the cells were
inoculated onto a plastic surface which had gold electrodes attached to
it. After at least 1 day, monolayers were shifted to medium containing
1% FBS and the test compound. Control cultures received diluent alone.
The fibroblasts adhered directly to the electrodes, and the culture me-
dium served as an electrolyte. An approximately constant current source
applied an acsignal of 1 pA between a small active electrode and a larger
counter electrode, while voltage was monitored with a lock-in amplifier.
Voltage and phase data were stored and processed with a personal
computer. The same computer controledthe output of the amplifier and
switched the measurement to different electrodes in the course of an
experiment.

When cells attached and spread on the gold electrodes, the insulating
plasma membranes blocked the current path, and the impedance in-
creased several-fold, depending on the cell type. To measure this change
in impedance it was important that the active electrode was small in area
(1072 cm?), otherwise the solution resistance would have dominated the
measurement and would have masked the effect caused by the cells on
the electrode. The impedance continued to fluctuate after the cells
reached confluence because of the small spontaneous changes in cell
morphology.

ECIS electrode arrays consisted of a row of 5 tissue culture wells
mounted ona 1 X 3in plastic slide. The following fabrication steps were
employed: a 50 nm gold layer was first sputtered on 20 mil polycar-
bonate films. The gold layer was patterned using standard photolithog-
raphy procedures to form contact pads, a large counter electrode, and
an area that would finally include the active ECIS electrode. A 6 um thick
layer of photoresist was spread over the patterned gold surface via spin
coating. Using standard procedures, the photoresist was selectively re-
moved from areas of the slide including the 250 um diameter active
electrodes. The photoresist was hard baked and finally cleaned and
sterilized using an oxygen plasma etching procedure. To complete the
arrays, sterile 10 mm X 10 mm glass cloning cylinders were mounted to
the plastic slide using a tissue compatible silicone adhesive. The com-
pleted array mounted in a holder that made electrical contact through
the gold contact pads and was connected to the ECIS instrumentation.

Assay for cyclic adenosine monophosphate production

Confluent fibroblast monolayers were cultivated in 24-well cluster
plates and shifted to medium containing 1% FBS and supplemented with
the phosphodiesterase inhibitor, RO-20-1724 (0.25 mm, RBI Research
Biochemicals, Natick, MA) for 48 hr. Cultures were treated with diluent
or the test compounds for the durations indicated in the results section.
Medium was removed and cAMP quantitated with an RIA assay system
(Amersham, Arlington Heights, IL) according to instruction from the
manufacturer.

Results

Orbital fibroblasts, whether emanating from individuals
without inflammatory disease or from patients with Graves’
ophthalmopathy, morphologically resemble other types of
human fibroblasts when maintained in primary culture.
Only subtle differences are present on the light microscopic
level (Fig. 1a,c,e) (10) or when the cells are examined with
transmission electron microscopy (13). When fibroblasts
from patients with Graves’ ophthalmopathy are treated with
PGE,, their fusiform shapes are altered dramatically as
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Fi. 1. Phase-contrast microscopy
demonstrating the effect of PGE, on the
morphology of orbital fibroblasts ema-
nating from a patient with Graves’ oph-
thalmopathy, a normal orbit and a der-
mal fibroblast strain from normal
tissue. Cultures were initiated on glass
coverslips and allowed to attach to the
substratum and then were treated with
PGE,, (107 mol/L, final concentration)
in medium supplemented with 1% FBS.
Cultures were exposed to the compound
for 4 hr, and then monolayers were fixed
and photographed. Panel a, Graves’ un-
treated orbital; Panel b, Graves' PGE.-
treated orbital; Panel ¢, normal un-
treated orbital; Panel d, normal PGE.,-
treated orbital; Panel e, normal
untreated dermal; Panel f, normal
PGE,-treated dermal (Final magnifica-
tion X 1600)

prominent processes develop around the central, nucleus
containing part of the cells. As Fig. 1b suggests, the PGE,-
treated (1077 mol/L) Graves’ orbital fibroblasts are stellate
and appear to extend higher above the plane of the substra-
tum than do untreated cells (Fig. 1a). These cultures received
the prostanoid 4 hr before they were photographed. There
exists considerable variability among individual cells with
regard to the morphologies they assume following PGE,
treatment. Some of the cells have 20 or more processes while
others have changed minimally. In general, the cytoplasm of
cells undergoing shape change appears more granular than
untreated cells. The processes have irregular outlines, with
evidence of some fine projections emanating from them.

Fig. 1 also contains micrographs of control (Fig. 1c) and
PGE,-treated orbital fibroblasts (Fig. 1d) from normal orbital
tissue. The changes elicited by the prostanoid are qualita-
tively similar to those seen in cultures from a patient with
Graves’ ophthalmopathy. In contrast, PGE, failed to alter the
morphology of dermal fibroblasts under identical experi-
mental conditions (Figs. 1e and 1f). The duration of time in
culture or passage number failed to alter the cellular re-
sponse to PGE,. Moreover, PGE,, in the concentrations used
in these studies, failed to alter the viability of either the
responding or the nonresponding cells.

Table 1 contains data concerning the responses of orbital
fibroblasts from a patient with Graves’ ophthalmopathy to
PGE; and several structurally-related compounds including
PGF,,, PGI,, 16,16 dimethyl PGE,, 17-phenyl trinor PGE,, 11
deoxy, 16,16 dimethyl PGE,, thromboxane A, and throm-
boxane B, present at a concentration of 1 X 10”7 mol/L. Of
these compounds, 16,16 dimethyl PGE,, an agonist which has
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been shown to be nonselective, exhibited morphogenic ac-
tions similar to those of PGE,. By contrast, 11 deoxy, 16,16
dimethyl PGE, was completely inactive. In a study con-
ducted at a higher prostanoid concentration (10~° mol/L),
Butaprost, a selective agonist that interacts with the EP,
receptor subtype was very active (Table 2). By contrast, even
at this high concentration, Sulprostone, a selective EP; ago-
nist and 17-phenyl trinor PGE,, an EP, agonist, failed to alter
the shape of most cells examined.

The time-course of PGE,-dependent changes in cell mor-
phology is shown in Fig. 2. As the serial micrographs of a
single field of cells attest, when orbital fibroblasts are treated
with the prostanoid (1077 mol/L), the cells begin to change
within the first 2 hr of exposure (note the absence of change
at 20 min, Fig 2b). At 2 hr, a number of cells have begun to
round up (Fig. 2c) and by 4 hr, cell processes become prom-
inent (Fig. 2d). The effect is pronounced in the 8 hr view (Fig.
2e), when some cells possess many prominent processes and
are maximally refractile. The 21 hr view (Fig. 2f) shows most
of the cells that had undergone shape change are now flat-
tened out, and the processes are far less prominent. As Fig.
2 suggests, the changes in shape elicited by PGE, occur at
different times in the population of cells in a given culture.

Morphological changes associated with the addition of
PGE, to the culture medium of orbital fibroblasts are accom-
panied by a substantial decrease in the impedance of the
culture monolayer. The effects of PGE, on monolayer im-
pedance are dose-dependent (Fig. 3). The threshold of the
effect was around 10 nmol/L and was maximal at 100
nmol/L. Higher concentrations of the prostanoid consis-
tently yielded smaller changes in impedance. Within 2 hr of
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TABLE 1. Effect of PGE, and several related compounds on the
morphology of orbital fibroblasts from a patient with Graves’
ophthalmopathy

Treatment Molecular Percent
structure cell change
Control 1
PGE, . 50
[ iy
aH
o
HO oH
ML,
PGI, g o 2
HDQ"\Q/\/
T e N
Thromboxane A, o 2
=
oH
e oy
Thromboxane B, oo % 3
$
Sy
16,16-dimethyl PGE, " o 30
{+]
-
11-deoxy-16,16-dimethyl PGE, W 4
oH

- P ey

17-phenyl trinor PGE, M 4
HO oH

Sterilized glass coverslips were inoculated with cells, which were
allowed to attach for 24 hr in medium containing 10% FBS. Cultures
were then shifted to medium supplemented with 1% serum and the
test compounds indicated (all at a final concentration of 0.1 pM),
incubated at 37 C for 4 hr, fixed and subjected to manual cell counts.
At least 100 cells per treatment group were inspected.

PGE, addition, normalized resistance reached its nadir of
20% below control values. Impedance at this concentration
remained low over the next 5.5 hr. The rapid changes in
impedance present in the individual data curves are caused
by cellular micromotion (26). In contrast to the effects seen
with PGE,, the prostanoids found not to alter cell morphol-
ogy failed to elicit changes in monolayer impedance (data not
shown).

A number of the actions of PGE, are mediated through the
activation of adenylate cyclase and generation of cAMP. We
tested the ability of exogenous cAMP to elicit the changes in
orbital fibroblast morphology by adding to the culture me-
dium the cell membrane permeable analogue 8-br-cAMP
(3 mmol/L). As the micrographs in Fig. 4 suggest, PGE,
(100 nmol/L) (Panel B) and 8-br-cAMP (Panel D) alter cell
morphology identically within 4 hr of addition to the me-
dium. The adenylate cyclase activating compound, forskolin
(5 pmol/L) (Panel C) also changed orbital fibroblast mor-
phology. Unlike the cellular response to PGE,, which was
transient, the shape of cells treated with 8-br-cAMP remain
altered for as long as the cyclic nucleotide is present in the
culture medium (tested for up to 96 hr).
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TABLE 2. Effects of PGE, and its analogues on the morphology
of orbital fibroblasts from a patient with Graves’ ophthalmopathy

Treatment Molecular Percent
structure cell change
Control 2
PGE, . 25
/\,.---'\/“;/\/“"“‘
Butaprost W\W/f\/?f\/ 33
-] o Ho
Sulprostone ME, NI
|
- % °O
17-phenyl trinor PGE, 9
Thromboxane A, 3
Thromboxane B, 5

The study was conducted in a similar manner to that in Table 1,
except that the prostanoid concentration was 10 pM.

Far A T Wl

Fi1G. 2. Time-dependence of the effects of PGE, on cell morphology. A
representative field of cells in a culture derived from the orbit of a
patient with Graves’ ophthalmopathy was photographed serially at
different intervals following the addition of PGE, (10~ " mol/L) to the
medium. Panel a, control; Panel b, 20 min; Panel ¢, 2 hr; Panel d, 4 hr;
Panel e, 8 hr; Panel f, 21 hr. The two arrows point to cells that begin
to change within 2 hr of prostanoid addition, while the arrowhead
defines a cell undergoing change later. (Final magnification x400.)

We next determined whether PGE;, might be acting
through a pathway involving the endogenous generation of
cAMP in its effects on cell morphology. As the data in Fig. 5
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1.2 T T T T T
b
1.1 F .

Fic. 3. Effect of increasing concentra-
tions of PGE, on the normalized resis-
tance of orbital fibroblast monolayers
(the electrode-cell system is treated as a

series RC circuit for convenience). Cells ; %
from a patient with severe Graves’ oph- m
thalmopathy were seeded in electrode ;z
chambers as described in Materials and e

Methods. Fibroblasts were allowed to 0.9
attach for 24 hr and were then shifted to
medium supplemented with 1% FBS
and the concentration of prostanoid in-
dicated. The concentrations of PGE, in

the cultures were as follows: a; control; O:8
b, 1072 mol/L; ¢, 107® mol/L; d, 10°7
mol/L; e, 10~® mol/L.

0.7

FiG. 4. Phase-contrast microscopy
demonstrating the effects of PGE, (100
nmol/L, Panel B), forskolin (5 pmol/L,
Panel C), and 8-br-cAMP (3 mmol/L,
Panel D) on the morphology of orbital
fibroblasts. Cultures were treated with
nothing (control, Panel A) or the test
compound for 4 hr (Final magnification
x 1400.)

clearly demonstrate, PGE, (100 nmol/L) and Butaprost (10
pmol/L) both increase cAMP generation in orbital fibro-
blasts massively, several hundred-fold, above the levels seen
in untreated control cultures. By contrast, Sulprostone,
which failed to elicit any change in cell shape, did not in-
crease CAMP levels in these fibroblasts.

To determine whether ongoing gene transcription or pro-
tein translation are necessary for the mediation of the mor-
phogenic effects of PGE, in orbital fibroblasts, actinomycin
D (1 pg/mL) or cycloheximide (10 pg/mL) was added to
culture medium in addition to the prostanoid. Neither in-
hibitor affected the morphogenic action of PGE,. These in-
hibitor concentrations are associated with greater than 90%

2 3 4 -] 6
Time ¢ hrs.)

inhibition of RNA and protein synthesis, respectively, in
human fibroblasts (27).

In our early studies, we were impressed by susceptibility
to PGE,-mediated shape change of orbital fibroblasts from
patients with ophthalmopathy. However, the question of
whether this effect was a function of the orbital disease or
reflected a property common to cells from individuals with-
out orbital pathology was not confronted. We therefore ex-
amined several strains of orbital fibroblasts from normal
donors and as well as those from patients with severe Graves’
ophthalmopathy. As the data in Table 3 suggest, fibroblast
strains from normal orbital connective tissue manifest shape
changes following exposure to PGE, (10~” mol/L) for 4 hr.
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Control PGE, Butaprost Suiprostone
Fic. 5. The effect of PGE, (100 nmol/L), Butaprost (10 umol/L), and
Sulprostone (10 umol/L) on the generation of cAMP in orbital fibro-
blasts. Confluent monolayers were cultivated in 24-well clusters and
were treated as descibed in the Materials and Methods section. The
data are expressed as the mean *SEM (n = 3).

TABLE 3. Effect of PGE, on the‘morphology of several strains of
human fibroblasts in primary cell culture

Strain type Percent cell change

Graves’ orbit-strain 1

control 0

PGE, 45
Graves’ orbit-strain 2

control 1

PGE, 44
Graves’ orbit-strain 3

control 1

PGE, 50
Normal orbit-strain 1

control 1

PGE, 23
Normal orbit-strain 2

control 2

PGE, 29
Normal orbit-strain 3

control 2

PGE, 22
Abdominal dermal-strain 1

control 1

PGE, 1
Abdominal dermal-strain 2

control 1

PGE, 2
Pretibial dermal-strain 1

control 0

PGE, 1
Pretibial dermal-strain 2

control 0

PGE, 1

Each culture was initiated on sterilized glass coverslips 24 hr
before experimental manipulations. Then culture medium containing
10% FBS was removed, and fresh medium containing 1% serum
without (control) or with PGE, (10~7 mol/L) was added. Cultures were
incubated at 37 C for 4 hrs, fixed, and manual cell counts conducted.
Each strain was examined in four different fields per coverslip, and
at least 100 cells per culture were inspected.

The number of cells undergoing changes appears somewhat
fewer than in cultures derived from patients with Graves’
ophthalmopathy. This difference does not relate to a higher
threshold in the normal cultures because the addition of
higher concentrations of PGE, (up to 107° mol/L) failed to
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increase the response rate in these cells. In fact, fewer cells
responded at these higher concentrations of PGE, (see Table
2). Moreover, studies carried out for greater than 24 hr dem-
onstrated the differences between normal and Graves’ de-
rived fibroblasts. As the data in Table 3 also indicate, none
of the four dermal fibroblast strains tested responded to the
prostanoid, regardless of their anatomic region of origin or
whether the tissue donor had Graves’ disease. Graves’ orbital
strain 1, abdominal dermal strain 2, and pretibial dermal
strain 2 were all derived from a single donor with severe oph-
thalmopathy but without clinically apparent dermopathy.

Discussion

Human orbital fibroblasts in culture engender intrinsic
characteristics that set them apart from dermal and other
extraorbital fibroblasts. These differences are apparent de-
spite long-term maintenance in cell culture. PGE, addition to
the medium causes a marked alteration in the morphology
of orbital fibroblast cultures that is transient and involves the
development of cellular processes. We do not yet understand
the functional implications of the shape changes to orbital
tissue in vivo. Moreover, the function of the cellular processes
is undefined. Time-lapse microscopy suggests that these pro-
cesses participate in considerable dynamic interplay with
similar terminations on adjacent cells, suggesting a potential
role in cell-to-cell communication (Wang, H-S., M.G.Hogg,
T.J.Smith, unpublished observations).

The PGE,-treated fibroblasts undergoing shape-change re-
semble a number of cell types previously described including
the IL-1 producing stellate cells that emanate from the sy-
novial membranes involved in rheumatoid arthritis (28).
Dendritic cells and Langerhans cells are antigen presenting
lymphoid-derived components of the immune system found
in the circulation and in many nonlymphoid tissues (29).
These cells are also stellate in shape; however, we have no
evidence that orbital fibroblasts undergoing shape-change
possess immunologic functions distinct from those of other
fibroblast types. PGE, has been shown to regulate the shape
of corneal endothelial cells, an action mediated by the EP,
class prostanoid receptors through the generation of cAMP
(30, 31). Moreover, epidermal growth factor apparently elic-
its its influence on HeLa cell and rat-1 fibroblast morphology
through an induction of cyclooxygenase, the resultant me-
tabolites from which mediate the breakdown of actin stress
fibers (32). In the current study, we present data suggesting
a similar mechanism with regard to prostanoid actions in
orbital fibroblasts. PGE, appears to be eliciting its effects on
cell shape through the activation of EP, receptors and the
generation of extremely high levels of cAMP.

The shape changes observed in these studies occurred
rapidly. Changes in cell monolayer impedance were first
detectable within 30—60 min. of PGE, addition to the cul-
tures. This was substantially earlier than any alterations seen
at the light microscopic level. Thus the ECIS method used
here provides insight into the proximate cellular events as-
sociated with prostanoid action. It is possible, with this tech-
nique, to quantitate previously unrecognized, subtle changes
in cell shape that might be associated with cell-small mole-
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cule interactions. The noninvasive nature of these measure-
ments allows dynamic assessment of the same population of
cells over considerable periods of time. The rapidity of the
PGE, effects coupled with their insensitivity to treatment
with cycloheximide and actinomycin D strongly support
PGE, acting through a post-translational mechanism. We
have found that cells undergoing shape-changes exhibit sub-
stantial evidence of cytoskeletal reorganization (Wang, H-S.,
T. J. Smith; manuscript in preparation). Whether these ul-
trastructural changes represent primary actions of PGE, or
are a consequence of the perturbation of other cellular pro-
cesses is uncertain. The transient nature of the PGE, effects
is consistent with prostanoid receptor desensitization. By
contrast, the ability of 8-br-cAMP to sustain the shape change
lends support for this possibility.

While orbital fibroblasts from donors with severe oph-
thalmopathy exhibit a marked susceptibility to the morpho-
genic effects of PGE,, cells from normal orbits are somewhat
less responsive. The molecular basis for this apparent dif-
ference is not yet understood. Differences in the proportion
of responsive cells in Graves’ and non-Graves’ derived fi-
broblasts could result from the methods used to initiate cul-
tures, where a considerable bias might be introduced into the
make-up of the cell population. It is also possible that re-
sponsive cells are over-represented in connective tissue in-
volved with Graves’ ophthalmopathy and therefore in the
biopsies from diseased orbits. Quantitation of relative ex-
pression of relevant prostanoid receptors in Graves’ and
non-Graves’ derived cultures may prove enlightening.
Clearly, examination of several additional strains derived
from both Graves’ diseased and normal orbital tissue will be
necessary before any conclusions concerning differential re-
sponses to PGE, can be drawn. The possibility that these
cultures of orbital fibroblasts are contaminated with endo-
thelial or vascular smooth muscle cells has been addressed
by our finding that none of the cells expresses Factor VIII or
smooth muscle-specific a-actin (25).

The effects of PGE, on orbital cell morphology exhibit
considerable stereo-selectivity in that several structurally re-
lated compounds are unable to mimic the action of that
compound. Because four human prostanoid receptors have
been identified to date, each with characteristic ligand-bind-
ing specificities and signal transduction coupling properties
(33-36), this finding of stringent stereochemical require-
ments for activity implies that a discrete receptor type(s) is
involved in the mediation of the PGE,-dependent shape
change.

The current set of observations suggests another major
difference in the phenotype of orbital fibroblasts as com-
pared to cells of dermal origin. Orbital fibroblasts express a
profile of gangliosides distinct from that found in dermal
fibroblasts (37). We have demonstrated previously that or-
bital fibroblasts are considerably more susceptible to certain
actions of interferon gamma (14-18) and the newly described
T cell product, leukoregulin (38, 39), than are other types of
fibroblasts. These or related orbital fibroblast responses to
lymphocyte-derived factors may account for orbital tissue
manifestations of a systemic immunologic disease. Presum-
ably the orbital fibroblast is a major source of the hyaluronan
accumulating in the orbital tissue of patients with Graves’
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disease (40). While the mechanisms involved in the shape
change are as yet incompletely defined, it would appear that
the cytoskeleton of orbital fibroblasts is considerably less
stabile than that of dermal fibroblasts. This previously un-
recognized property of orbital fibroblasts in culture may be
relevant to the unique circumstances in situ confronting the
connective tissue from which it is derived. Further inquiry
into possible functional roles of cells with altered morphol-
ogy is warranted. Whether the differences between orbital
and dermal fibroblasts relate to the neural crest origin of the
former (41) is not known. In any event, the central pathogenic
role of an inflammatory response in active Graves’ ophthal-
mopathy makes the observation that orbital fibroblasts are
differentially sensitive to prostaglandin action potentially
important.
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