4), which is regarded as a probable sus-
tained effect after a lag required for acti-
vation of protein synthesis. The en-
hanced sodium-potassium adenosine tri-
phosphatase mechanism or ‘‘sodium
pump’’ (28) is regarded as a major final
pathway of energy expenditure.

The binding of thyroid hormone by the
proteins of the cytosol differs strikingly
from postulated models for steroid hor-
mone action wherein the cytosol recep-
tor-hormone complex is ‘‘translocated’’
into the nucleus, apparently to stimulate
the transcription of specific parts of the
genetic message. In contrast, the specific
T; binding sites on cytosol proteins,
which number more than 20 million per
rat liver cell, may simply hold the hor-
mone inside the cell, facilitating inter-
action between a minute moiety of intra-
cellular free T, and the effector loci 29).

The model we propose consists of an
integrated sequence of actions of thyroid
hormone at the cellular level, including
direct effects on the mitochondria in ad-
dition to stimulation of nucleic acid and
protein synthesis by way of receptors in
the nuclear chromatin. It does not ex-
clude further possible routes of thyroid
hormone action, including effects on the
plasma membrane 30, 3/), and incorpo-
ration of the hormone molecule into
tyrosine sites in proteins (32). However,
on the basis of the available data, it
would be most unlikely that binding of
thyroid hormone by receptors in the nu-
clear chromatin could account for the en-
tire spectrum of biological actions, how-
ever important such a mechanism may
prove to be in growth and differentiation.
The lag time before increased protein
synthesis (33) shows that such a pathway
must represent a sustained rather than an
immediate or initial hormone action. In
contrast, the activation of mitochondrial
energy metabolism would seem a reason-
able candidate for the first effects ob-
servable, such as increased oxygen con-
sumption soon after administration of T,
to thyroidectomized rats or to myxede-
matous human subjects.
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Induction of Suppressor T Cells in Systemic Lupus

Erythematosus by Thymosin and Cultured Thymic Epithelium

Abstract. Patients with systemic lupus erythematosus lacked suppressor T cell
function. Suppressor cell activity was induced in cells from many of these patients by
incubation with thymosin or cultured thymic epithelium. These results suggest that
thymic manipulation may be a useful therapeutic modality in this disease.

Systemic lupus erythematosus (SLE)
is a serious autoimmune disease in hu-
mans. The reasons for the aberrant im-
mune responses in this disorder are un-
known. Several investigators suggest
that a loss of immunoregulatory suppres-
sor T cells is important in the pathogene-
sis of SLE (, 2). In NZB/NZW mice, an
excellent animal model of SLE, Kra-
kauer et al. (2) provided direct evidence
of loss of suppressor cell function with
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age. We have investigated suppressor T
cell activity in human SLE and report
that patients with this disease lack sup-
pressor T cells and that suppressor T cell
activity is induced in vitro in cells from
these patients by incubation with thymo-
sin or cultured thymic epithelium (CTE).

Suppressor T cell activity was deter-
mined by assessing the effect of con-
canavalin A (Con A)-treated lympho-
cytes on the one-way mixed leukocyte

4000 @

2000
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Fig. 1. Assays in normals. (A) The suppressor cell assay was performed as described 3). Repre-
sentative data from one individual (autologous suppressor assay) are shown; they were similar
in all 15 control patients. The allogeneic suppressor assay with normal suppressor cells gave
similar results. Each point represents the mean counts per minute = standard deviation of
triplicate determinations. (©) Suppressor cells first incubated with Con A for 24 hours. (A)
Suppressor cells first incubated with Con A for 48 hours. (B) The Con A proliferation assay was
performed as described (/7). Representative data from one individual are shown but were simi-
lar in all 15 control patients. (©®) Cells incubated with Con A for 24 hours. (A) Cells incubated

with Con A for 48 hours.
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culture (MLC) reaction (3). Briefly, pe-
ripheral blood mononuclear cells sepa-
rated on a Ficoll-Hypaque gradient were
incubated with Con A (0 to 60 ug/ml) for
24 to 48 hours; the cells were then

washed extensively, irradiated, and add-
ed to a one-way MLC reaction. The pro-
liferative response was measured by
[*H]thymidine incorporation after a 5-
day culture period; the percentage of

suppression was calculated (Table 1).

Patients included in our study satisfied
the following criteria for the diagnosis of
SLE: typical clinical features, serum an-
tibody to native DNA (titer = 1 : 16),
decreased serum complement (C3) dur-
ing active disease, and characteristic

3000 - renal biopsy by light and immunofiu-
orescent microscopy ).
14000 - L In normal individuals (N = 15), signif-
icant suppression of the one-way MLC
é r 1000 - reaction was induced by cells incubated
S ook with Con A for 24 or 48 hours (Fig. 1A).
e- Fractionation studies indicated that the
2E - o suppressor cells were T cells (5). Sup-
v Con A (ug/10° cells) pression was demonstrated with either
] g 6000 — Flg 2. Assays in SLE. (A) The su.ppressor aUtOIOgOUS or a]logeneic suppressor-re-
= ;ell assay was performed as described (). sponder cell combinations. In contrast,
= = epresentative data from one individual with .
r'—;a SLE (autologous suppressor assay) are SLE patients (N = 14) lacked suppres-
&L a0000- shown. The allogeneic suppressor assay with ~ sor cell activity although 13 of 14 had
SLE suppressor cells gave similar results. normal Con A—induced proliferation
L1 L The symbols as in Fig. 1A. (B) The Con A (Fig. 2 and Table 1). Indeed, addition of
01 20 proliferation assay was performed as de- ’ . ) ’
Con A (ng/109 cells) scribed (/7). Representative data from one CO]? A_ac‘tlvf‘lted cells from 9 of 14 lupus
individual with SLE are shown. Symbols as  patients significantly enhanced the ML.C
in Fig. 1B. response (Table 1). In patient K.C., sup-
Table 1. Suppressor cell function in SLE. Abbreviations, P, prednisone; A, azathioprine; and C, cyclophosphamide.
B Therapy Cop A Sup- Suppressor assay
_ A se prolifer- pressor ] Thy-
Patient ge ca Inter- ationt assayf P§ y CTE||
(years) activ- Amount D al timulati % mosin|| P (% P
ity (mg) rug va (s 1}'11(111 ation . ° % § . °
(hours) index) change) change) change)
Females
T.F. 18 0/5 0 None 14.8 —11 NS 28 <.05 24 <.05
AW, 18 0/5 0 None —88 <.01
2/5 40 P 24 9.6 12 NS —14 NS
A.L 16 2/5 40 P 48 10.7 —11 NS
1/5 40 P 48 20.8 9 NS 55 <.05 20 <.01
M.M. 21 0/5 15 P 48
100 A 24 13.8 1 NS 48 <.02 47 <.001
K.C. 12 0/5 25 P 24 6.4 =20 <.1 49 <.02
4/5 25 P 48 7.9 47 <.01 —24 NS 1 NS
3/5 60 P 48 39.8 -8 NS 7 NS
T.C. 24 1/4 30 P 48
100 A 24 17.0 —121 <.02 62 <.01
L.P. 46 3/5 30 P 24
125 A 24 6.8 —78 <.001 64 <.002
S.C. 18 0/3 60 P 48
75 C 24 —46 <.002
1/4 40 P 48 10.7 11 NS 9 <.1 4 NS
J.M. 23 0/5 0 None 11.4 -37 <.01 1 NS —128 <.001
A.B. 23 4/5 50 P 48
100 A 24 29.3 -3 NS 21 <.05
H.P. 36 2/5 20 P 48
50 A 24 10.4 -39 <.1 —15 NS
K.K. 25 4/5 40 P 48 16.9 -29 <.02 -3 NS
1/5 40 P 48 23.0 —65 <.02 9 NS
Males
G.B. 13 4/5 60 P 24 -36 <.01
3/5 55 P 48 4.3 —167 <.02
C.T. 14 1/5 55 P 48 13.8 7 NS 16 NS

*Based on clinical status and laboratory studies—that is, double-stranded DNA antibody, serum complement (C3), sedimentation rate, and urinalysis. The ratio 0/5
means no active clinical disease and normal laboratory parameters; 5/5 means active disease and abnormalities of all four laboratory indicators. Boldface indicates
active clinical disease. If the denominator is less than 5, then not all laboratory studies were performed at that particular clinic visit. tCon A proliferation assay
performed as described in (/7). Cells were incubated with Con A for 48 hours. Results are expressed as the stimulation index (counts per minute, experimentai/
control). A stimulation index of = 5 is normal. fAutologous suppressor assay performed as described in (3). SLE *‘suppressor’’ cells were first incubated with
Con A for 48 hours. The results are expressed as the percent change, which is 100 times the ratio of the difference in counts per minute between the control and
experimental, to the counts per minute in the control. A positive percent change indicates a suppressor effect, whereas a negative percent change indicates a helper
effect. The allogeneic suppressor assay gave similar results. §Differences between means were statistically analyzed with use of the Student’s ¢-test for unpaired
variables; NS, not significant. |[Peripheral blood mononuclear cells (3 x 10°) from SLE patients in 1 ml of RPMI 1640 with 15 percent heat-inactivated serum were
incubated with medium, 250 g of calf thymosin fraction 5 or CTE for 1 to 7 days, washed extensively, adjusted to a concentration of 1 x 10° viable cells per milliliter,
and irradiated (4000 rads); 1 x 10%irradiated cellsin 0.1 ml were then added to an MLC reaction (allogeneic suppressor assay). The data shown are for the cells incubated
with thymosin for 48 hours or CTE for 7 days. The results are expressed as the percent change.
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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 wg/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 ug/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.
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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.

Phagocytosis of the tips of rod outer
segments by the retinal pigment epithe-
lium occurs as part of the outer segment
renewal process (/). A balance is thereby
established between the synthesis of new
disks at the base of the outer segment (2)
and removal at the distal ends. In the
RCS rat with inherited retinal degenera-
tion, phagocytosis of outer segment tips
by the pigment epithelium fails to occur
in vivo 3-5), résulting in the accumula-
tion of membranous outer segment de-
bris in the subretinal space and degener-
ation of the photoreceptor cells @-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-

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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