
pressor function was demonstrated on 
one of three occasions. 

Cells from lupus patients were in- 
cubated with calf thymosin fraction 5 (6) 
or CTE (7) for 1 to 7 days, washed, irra- 
diated, and added to an MLC reaction 
(Table 1). After incubation with thymo- 
sin (250 /xg/ml) for 24 to 48 hours, cells 
from 7 of 12 patients with SLE signifi- 
cantly suppressed the MLC reaction; in 
two patients suppressor activity was not 
induced until cells were exposed to 
thymosin (500 /xg/ml). Culture of SLE 
cells with CTE for 7 days led to the gen- 
eration of suppressor cells in four of sev- 
en patients; in patient J.M., exposure to 
CTE led to the induction of a significant 
helper effect (8). 

Our results indicate that SLE patients 
lack suppressor function. We do not feel 
that the lack of suppressor function in 
SLE is due to excess helper activity 
since dilutional studies with Con A-acti- 
vated lupus cells did not demonstrate 
suppression of the MLC reaction. Abdou 
et al. (9) and Breshnihan and Jasin (10), 
using different assay systems, reported 
that suppressor function was depressed 
in SLE, but returned toward normal as 
the activity of the disease declined. 
However, in our studies suppressor 
function was absent in 14 consecutive 
SLE patients, including three patients 
with inactive disease who had not re- 
ceived any drug therapy for more than 6 
months and three other patients with in- 
active disease who had been treated with 
steroids or immunosuppressive agents 
(or both). We also found that suppressor 
function could be induced in SLE cells 
after incubation with thymosin or CTE, 
suggesting that thymic manipulation may 
be a useful therapeutic modality in some 
cases of SLE. 

SHELDON HOROWITZ 
WAYNE BORCHERDING 

A. VISHNU MOORTHY 

RUSSELL CHESNEY 
HERMANN SCHULTE-WISSERMANN 

RICHARD HONG 

Departments of Pediatrics and 
Medicine and Immunobiology 
Research Center, University of 
Wisconsin Center for Health 
Sciences, Madison 53706 

ALLAN GOLDSTEIN 

Department of Human Biological 
Chemistry and Genetics, University of 
Texas Medical Branch, Galveston 77550 

References and Notes 

pressor function was demonstrated on 
one of three occasions. 

Cells from lupus patients were in- 
cubated with calf thymosin fraction 5 (6) 
or CTE (7) for 1 to 7 days, washed, irra- 
diated, and added to an MLC reaction 
(Table 1). After incubation with thymo- 
sin (250 /xg/ml) for 24 to 48 hours, cells 
from 7 of 12 patients with SLE signifi- 
cantly suppressed the MLC reaction; in 
two patients suppressor activity was not 
induced until cells were exposed to 
thymosin (500 /xg/ml). Culture of SLE 
cells with CTE for 7 days led to the gen- 
eration of suppressor cells in four of sev- 
en patients; in patient J.M., exposure to 
CTE led to the induction of a significant 
helper effect (8). 

Our results indicate that SLE patients 
lack suppressor function. We do not feel 
that the lack of suppressor function in 
SLE is due to excess helper activity 
since dilutional studies with Con A-acti- 
vated lupus cells did not demonstrate 
suppression of the MLC reaction. Abdou 
et al. (9) and Breshnihan and Jasin (10), 
using different assay systems, reported 
that suppressor function was depressed 
in SLE, but returned toward normal as 
the activity of the disease declined. 
However, in our studies suppressor 
function was absent in 14 consecutive 
SLE patients, including three patients 
with inactive disease who had not re- 
ceived any drug therapy for more than 6 
months and three other patients with in- 
active disease who had been treated with 
steroids or immunosuppressive agents 
(or both). We also found that suppressor 
function could be induced in SLE cells 
after incubation with thymosin or CTE, 
suggesting that thymic manipulation may 
be a useful therapeutic modality in some 
cases of SLE. 

SHELDON HOROWITZ 
WAYNE BORCHERDING 

A. VISHNU MOORTHY 

RUSSELL CHESNEY 
HERMANN SCHULTE-WISSERMANN 

RICHARD HONG 

Departments of Pediatrics and 
Medicine and Immunobiology 
Research Center, University of 
Wisconsin Center for Health 
Sciences, Madison 53706 

ALLAN GOLDSTEIN 

Department of Human Biological 
Chemistry and Genetics, University of 
Texas Medical Branch, Galveston 77550 

References and Notes 

1. N. Talal, Arthritis Rheum. 13, 887 (1970); N. L. 
Gerber, J. A. Hardin, T. M. Chused, A. D. 
Steinberg, J. Immunol. 113, 1618 (1974); A. D. 
Steinberg, Arthritis Rheum. 17, 11 (1974); N. 
Talal and A. D. Steinberg, Curr. Top. Microbiol. 
Immunol. 64, 79 (1974). 

2. R. S. Krakauer, T. A. Waldmann, W. Strober, 
J. Exp. Med. 144, 662 (1976). 

2 SEPTEMBER 1977 

1. N. Talal, Arthritis Rheum. 13, 887 (1970); N. L. 
Gerber, J. A. Hardin, T. M. Chused, A. D. 
Steinberg, J. Immunol. 113, 1618 (1974); A. D. 
Steinberg, Arthritis Rheum. 17, 11 (1974); N. 
Talal and A. D. Steinberg, Curr. Top. Microbiol. 
Immunol. 64, 79 (1974). 

2. R. S. Krakauer, T. A. Waldmann, W. Strober, 
J. Exp. Med. 144, 662 (1976). 

2 SEPTEMBER 1977 

3. L. Shou, S. A. Schwartz, R. A. Good, ibid. 143, 
1100 (1976). Peripheral blood mononuclear cells 
(3 x 106), obtained by Ficoll-Hypaque centrifu- 
gation, were cultured in 1 ml of medium RPMI 
1640 with 15 percent AB serum (inactivated by 
heat) containing Con A (0 to 60 ,g/ml) (0 to 20 
/zg of Con A per 106 cells) for 24 to 48 hours 
(37?C in a 5 percent CO2 atmosphere), washed 
three times, and irradiated (4000 rads). Cells cul- 
tured without Con A in the media served as con- 
trol cells for the suppressor assay. Either 1 x 
105 (0.1 ml) of viable Con A-treated, irradiated 
"suppressor" cells or 1 x 105 (0.1 ml) of viable 
control irradiated cells were added to a one-way 
MLC reaction containing I x 105 responder 
cells and 1 x 10`5 irradiated stimulator cells in 
medium RPMI 1640 with 20 percent pooled 
human plasma (inactivated by heat). In the au- 
tologous suppressor assay the responder cells 
were from either the patient or a normal control 
(A), and the suppressor cells were Con A- 
treated, irradiated cells from tihe same individual 
(A). In the allogeneic suppressor assay the re- 
sponder cells were from a normal individual (B), 
and the suppressor cells were from the patient 
(A) or a different normal individual (A), and Con 
A-treated (irradiated). In both assays the stimu- 
lator cells were irradiated cells from a normal 
individual (C). After a 5-day culture period, cells 
were briefly treated with 3H-labeled thymidine 
(I txc/0.05 ml) and harvested 16 hours later; ra- 
dioactivity was counted in a Packard 3375 liquid 
scintillation spectrometer. 

4. A. S. Cohen, W. E. Reynolds, E. C. Franklin, J. 
P. Kulka, M. W. Ropes, L. E. Shulman, S. L. 
Wallace, Bull. Rheum. Dis. 21, 643 (1971); D. S. 
Baldwin, J. Lowenstein, N. F. Rothfield, G. 
Gallo, R. T. McCluskey, Ann. Intern. Med. 73, 
929 (1970). 

5. Normal peripheral blood mononuclear cells ob- 
tained by Ficoll-Hypaque centrifugation were 
further fractionated, utilizing adherence to plas- 
tic and E-rosette formation. T cells were defined 
by total E-rosette formation, B cells were de- 
fined by surface immunoglobulin detected by di- 
rect immunofluorescence, and monocytes were 
defined by peroxidase staining. A T cell-en- 
riched population (more than 95 percent T cells, 
less than I percent B cells, and less than 1 per- 

3. L. Shou, S. A. Schwartz, R. A. Good, ibid. 143, 
1100 (1976). Peripheral blood mononuclear cells 
(3 x 106), obtained by Ficoll-Hypaque centrifu- 
gation, were cultured in 1 ml of medium RPMI 
1640 with 15 percent AB serum (inactivated by 
heat) containing Con A (0 to 60 ,g/ml) (0 to 20 
/zg of Con A per 106 cells) for 24 to 48 hours 
(37?C in a 5 percent CO2 atmosphere), washed 
three times, and irradiated (4000 rads). Cells cul- 
tured without Con A in the media served as con- 
trol cells for the suppressor assay. Either 1 x 
105 (0.1 ml) of viable Con A-treated, irradiated 
"suppressor" cells or 1 x 105 (0.1 ml) of viable 
control irradiated cells were added to a one-way 
MLC reaction containing I x 105 responder 
cells and 1 x 10`5 irradiated stimulator cells in 
medium RPMI 1640 with 20 percent pooled 
human plasma (inactivated by heat). In the au- 
tologous suppressor assay the responder cells 
were from either the patient or a normal control 
(A), and the suppressor cells were Con A- 
treated, irradiated cells from tihe same individual 
(A). In the allogeneic suppressor assay the re- 
sponder cells were from a normal individual (B), 
and the suppressor cells were from the patient 
(A) or a different normal individual (A), and Con 
A-treated (irradiated). In both assays the stimu- 
lator cells were irradiated cells from a normal 
individual (C). After a 5-day culture period, cells 
were briefly treated with 3H-labeled thymidine 
(I txc/0.05 ml) and harvested 16 hours later; ra- 
dioactivity was counted in a Packard 3375 liquid 
scintillation spectrometer. 

4. A. S. Cohen, W. E. Reynolds, E. C. Franklin, J. 
P. Kulka, M. W. Ropes, L. E. Shulman, S. L. 
Wallace, Bull. Rheum. Dis. 21, 643 (1971); D. S. 
Baldwin, J. Lowenstein, N. F. Rothfield, G. 
Gallo, R. T. McCluskey, Ann. Intern. Med. 73, 
929 (1970). 

5. Normal peripheral blood mononuclear cells ob- 
tained by Ficoll-Hypaque centrifugation were 
further fractionated, utilizing adherence to plas- 
tic and E-rosette formation. T cells were defined 
by total E-rosette formation, B cells were de- 
fined by surface immunoglobulin detected by di- 
rect immunofluorescence, and monocytes were 
defined by peroxidase staining. A T cell-en- 
riched population (more than 95 percent T cells, 
less than I percent B cells, and less than 1 per- 

Phagocytosis of the tips of rod outer 
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renewal process (1). A balance is thereby 
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tion, phagocytosis of outer segment tips 
by the pigment epithelium fails to occur 
in vivo (3-5), resulting in the accumula- 
tion of membranous outer segment de- 
bris in the subretinal space and degener- 
ation of the photoreceptor cells (4-6). 
Phagocytosis is not totally defective, 
since RCS rat pigment epithelial cells are 
capable of ingesting carbon particles in- 
jected into the subretinal space (7). 

The pigment epithelium has been 
shown to be the primary site of expres- 
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sion of the mutant RCS gene in chimeras 
formed by combining embryos of a nor- 
mal and an RCS rat. Accumulation of 
membranous debris and loss of photore- 
ceptor cells occurred only opposite the 
RCS pigment epithelium in the chimeras, 
while photoreceptor cells with outer seg- 
ments in contact with normal pigment 
epithelium were unaffected (8). How- 
ever, it has not been demonstrated how 
the RCS gene is expressed in the pigment 
epithelium. The RCS pigment epithelial 
cell may have a defective mechanism for 
phagocytizing outer segment material, or 
the RCS pigment epithelium may pre- 
vent phagocytosis by adversely influenc- 
ing outer segment differentiation or alter- 
ing outer segment membrane properties. 
In the study described herein we com- 
pared the ability of cultured normal and 
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Defective Phagocytosis of Isolated Rod Outer Segments 
by RCS Rat Retinal Pigment Epithelium in Culture 

Abstract. Retinal pigment epithelium cultured from normal rats phagocytizes 
large amounts of rod outer segment fragments isolated from normal rats and from 
RCS rats with inherited retinal degeneration. Cultured RCS rat pigment epithelium 
rarely ingests outer segment material, although the cells extend cellular processes 
around fragments of either type. Both normal and RCS pigment epithelium phagocy- 
tize polystyrene spheres. This demonstrates that RCS rat pigment epithelial cells 
contain a defect in the mechanism for phagocytizing outer segments. 
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RCS rat pigment epithelium to phagocy- 
tize either polystyrene spheres or iso- 
lated outer segment fragments, and ob- 
tained direct evidence that the RCS pig- 
ment epithelium contains a defect in the 
mechanism by which outer segment ma- 
terial is phagocytized. 

Primary explant cultures of pigment 
epithelium were prepared (9) from 7-day- 
old normal pigmented Long-Evans rats 
(Charles River Breeding Laboratories) 
or pigmented RCS-p+ rats (10). Rod out- 
er segment fragments, prepared from 
dark-adapted 25-day-old Long-Evans or 
RCS-p+ rats (1/), or 1.1-,m polystyrene 
(Latex) spheres (12) were added to pig- 

ment epithelium explants on day 4 in vi- 
tro. After the cultures were incubated for 
1 to 18 hours at 37?C in 5 percent CO2 
and 95 percent air under ambient light 
the medium was removed and the cul- 
tures were fixed and prepared for elec- 
tron microscopy (13). 

Pigment epithelial cells cultured from 
normal and RCS rats phagocytize poly- 
styrene spheres within 1 hour. After 2 
hours of incubation, profiles of most 
cells in sections through a RCS pigment 
epithelial culture contain several spheres 
(Fig. 1), similar results being obtained 
with cultured normal pigment epithe- 
lium. However, a marked difference ex- 

Fig. 1. Cultured RCS 
.. : -: rat pigment epithe- 

lium incubated for 2 
hours with polysty- 
rene spheres contains 

' ; i' '!!' ,, 4 several phagocytized 
44,S S ~ spheres (arrows). An 

apical tight junction 
-?::%%:@(*) ^joins two adjacent 

cells. Dense melanin 
granules are present 

~i,l li :Si3I:I! in the apical cy- 
!{!~ ::i:,i}ii:;7: toplasm above the nu- 

cleus (N). Scale bar, 
1.0 Jm. 

ists between the ability of cultured nor- 
mal and RCS pigment epithelium to pha- 
gocytize isolated rod outer segment 
fragments. Normal pigment epithelial 
cells begin to phagocytize outer segment 
fragments within 1 hour of incubation, 
and after 2 hours most cell profiles in 
randomly selected sections of a culture 
contain several phagosomes when the 
cells have been incubated with RCS out- 
er segments (Fig. 2a) or with normal out- 
er segments. In contrast, most RCS pig- 
ment epithelial cells in culture do not 
phagocytize outer segment fragments, 
although an occasional cell profile is 
found in each culture which contains one 
or two phagosomes when the cells have 
been incubated for 2 hours with either a 
normal or RCS outer segment prepara- 
tion. The RCS pigment epithelial cells 
extend microvillous processes into and 
around outer segment material, but the 
material is only rarely phagocytized (Fig. 
2b). Serial sections reveal that all of the 
outer segment material in Fig. 2b is con- 
tiguous with the extracellular space. Af- 
ter 18 hours of incubation with normal or 
RCS outer segment preparations, outer 
segment material continues to be sur- 
rounded by microvillous processes but is 
not phagocytized; as at 2 hours, an occa- 

.-.. --  a 
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Fig. 2. Cultured rat pigment epithelium incubated with isolated outer segments. (a) A binucleate (N) normal pigment epithelial cell incubated for 2 
hours with RCS outer segments has several phagosomes containing outer segment material (arrows). (b) Microvillous processes envelop outer 
segment material (arrows) in cultures of RCS pigment epithelium incubated for 2 hours with normal outer segments. Note that the outer segment 
material is contiguous with the extracellular space by way of the narrow channel indicated by the arrowhead. Similar results were obtained when 
cultured RCS pigment epithelium was incubated with RCS outer segments. (c) An occasional cell in each culture of RCS pigment epithelium 
incubated for 18 hours with normal outer segments contains a phagosome (P), although many cells continue to extend microvillous processes 
around outer segment material. Large premelanosomes (arrows) and lipid droplets (L) are seen in cultured pigment epithelium. (d) Phagocytized 
outer segments (arrows) are found in normal pigment epithelial cells incubated for 18 hours with normal outer segments. Adjacent pigment 
epithelial cells are joined by apical tight junctions (*). Similar results to those of (c) and (d) were obtained when cultures were incubated with RCS 
outer segments. Scale bars, 1.0 ,um. 
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sional RCS pigment epithelial cell profile 
in each culture may contain one or two 
phagosomes (Fig. 2c). Under the same 
conditions, cultured normal pigment epi- 
thelium continues to phagocytize large 
amounts of normal (Fig. 2d) or RCS out- 
er segment fragments. 

The reduced ability of cultured RCS 
pigment epithelium to phagocytize outer 
segment material establishes that the 
RCS mutant gene is expressed as a de- 
fect in the phagocytic mechanism in pig- 
ment epithelial cells. This is not a general 
defect in phagocytosis, since RCS pig- 
ment epithelium is capable of ingesting 
polystyrene spheres in vitro. The envel- 
opment of outer segments by micro- 
villous processes of RCS pigment epithe- 
lial cells indicates that the RCS cells re- 
spond to the presence of outer segments, 
a phenomenon also observed in the RCS 
rat in vivo (5). The fact that RCS rat out- 
er segment fragments are phagocytized 
by cultured normal rat pigment epithe- 
lium is direct evidence that the RCS mu- 
tant gene is not expressed in photorecep- 
tor cells in a way that prevents phagocy- 
tosis of RCS outer segment material. 
This in vitro experimental system now 
makes accessible to further study the ge- 
netic defect in the phagocytic mecha- 
nism of the pigment epithelial cell which 
is responsible for photoreceptor cell de- 
generation in the RCS rat. 

Ross B. EDWARDS 
R. BRUCE SZAMIER 

Berman-Gund Laboratory for the 

Study of Retinal Degenerations, 
Harvard Medical School, 
Massachusetts Eye and Ear Infirmary, 
Boston 02114 
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Conformations of Prostaglandin F2a and Recognition of 

Prostaglandins by Their Receptors 

Abstract. The conformation of prostaglandin F20 (PGF2)J has been determined by 
x-ray diffraction techniques. Two independent conformers of PGF2,, studied as the 
tris(hydroxymethyl)methylamine salt, are observed to adopt the familiar "hairpin" 
conformation with the a and o chains aligned roughly parallel. The conformers differ 
in ring conformation and at the C(17)-C(18) bond, one adopting a C(9) envelope ring 
conformation and a trans geometry at the C(17)-C(18) bond, while the other adopts a 
C(8) envelope ring conformation and a novel gauche geometry about C(17)-C(18). 
Comparison of the conformation of PGF2, with that of prostaglandin E2 suggests a 
recognition mechanism which would permit PGF2, and prostaglandin E receptors to 
distinguish between the two potent prostaglandins. The recognition model explains 
much of the binding data for the PGF20 receptor in the corpus luteum and predicts 
the existence of an interesting PGF20 analog. 
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By virtue of its diversity of action and 
potential for pharmacological exploita- 
tion, prostaglandin F2, (PGF2,) is per- 
haps the most interesting of the classical 
prostaglandins. It plays an important 
role in luteolysis and is clinically em- 
ployed in pregnancy termination and in- 
duction of labor at term. Prostaglandin 
F,, and prostaglandin E2 (PGE2) are the 
most abundant classical prostaglandins. 
Recent binding studies (1) reveal that 
PGF2, and PGE, have little affinity for 
each other's receptors, suggesting that 
the conformations of the two prostaglan- 
dins differ to a significant degree, even 
though they differ chemically only in the 
saturation of the C(9)-0(9) bond (Fig. 1). 
Having previously determined the con- 
formation of PGE, by diffraction tech- 
niques (2), we now report the determina- 
tion of the molecular conformations of 
PGF,0,, and offer plausible explanations 
for the recognition of prostaglandins by 
their receptors. 

Prostaglandin F2, was crystallized as 
its tris(hydroxymethyl)methylamine (tris) 
salt from a methanol-acetonitrile solu- 
tion. The crystals are triclinic, space 
group P1, with unit cell axial lengths 
a = 8.330(3), b = 26.458(6), and c = 
6.221(2) A; angles a = 99.98(3)?, ,f = 
91.75(4)?, and y = 97.88(3)?; and vol- 
ume 1335.6 A3. The observed density, 
1.189 g/cm3, measured by flotation in 
a chloroform-benzene mixture, implies 
that there are two independent mole- 
cules of PGF2a-tris salt per asymmetric 
unit (calculated density, 1.183 g/cm3). 
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Of 5472 independent reflections, mea- 
sured in the 0-20 scan mode on an auto- 
matic diffractometer employing CuK&a 
radiation, 4820 are considered to be ob- 
served (that is, their intensities are more 
than twice their standard deviations). 
This is an unusually favorable percen- 
tage of observed data for prostaglan- 
din crystals, reflecting the quality of the 
data. The structure was determined by 
application of a system of programs, 
QTAN, written by one of us (D.A.L.) 
and described previously (3). The model 
has been refined by using anisotropic 
thermal parameters for carbon, nitrogen, 
and oxygen atoms to a current residual 
R = 0.08. 

The two conformers of PGF2, are 
shown in Fig. 2. Although distinct in 
various ways, both display the "hairpin" 
conformation observed for other active 

prostaglandins (4); that is, the a [C(1) 
through C(7)] and co [C(13) through 
C(20)] side chains of each conformer 

align in such a way that they run roughly 
parallel. To accomplish this, the w chains 
twist (5) at the C(15) positions [torsion 
angles C(13)-C(14)-C(15)-C(16) are 
-150? and -118? for conformers A and 
B, respectively], effectively positioning 
the 0(15) hydroxyl oxygens out and 

away from the centroids of the con- 
formers. In a description of L-shaped 
prostaglandin B1, DeTitta (6) discussed 
the importance of the hairpin con- 
formation and the particular importance 
of the position of the C(15) hydroxyl with 

respect to the metabolizing enzyme 15- 
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