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Glucocorticoids Administered In Vivo

Inhibit Human Suppressor T Lymphocyte Function and

Diminish B Lymphocyte Responsiveness

in In Vitro Immunoglobulin Synthesis

ANDREWSAXON, RONALDH. STEVENS, SANDRAJ. RAMER, PHILIP J. CLEMENTS,
and DAVID T. Y. Yu, Immunobiology Research Group, Departments of
Medicine, Microbiology, and Immunology, University of California, Los
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A B S T RA C T The effects of corticosteroid given in
vivo on human lymphocyte subpopulation function
were investigated using an in vitro system of poke-
week mitogen-stimulated immunoglobulin produc-
tion. Peripheral blood lymphocytes were obtained
from normal volunteers before and 4 h after the intra-
venous administration of methylprednisolone. Unfrac-
tioned peripheral blood lymphocytes showed a consis-
tent decrease (mean -50%) in immunoglobulin and
total protein synthesis after steroid administration.
Utilizing separated thymus-derived (T) and bone mar-
row-derived (B) lymphocyte fractions, the patho-
physiology of this alteration in immunoglobulin pro-
duction was elucidated. B lymphocytes obtained after
steroid treatment showed a markedly diminished
immunoglobulin response (20% of normal) to normal
T lymphocytes and to normal T cells that had been
irradiated to remove suppressor T lymphocyte func-
tion. All major classes of immunoglobulin (IgG, IgM,
and IgA) were affected. T lymphocytes procured
after steroid administration were capable of providing
normal amounts of T cell help for B cells in immuno-
globulin production. However, suppressor T lympho-
cyte activity, observed with normal T lymphocytes at
high T to B cell ratios, was absent from the post-
steroid T lymphocytes. This loss of suppressor T
lymphocyte function was not due to the presence of
excess help as irradiated pre- and poststeroid T cells
provided equal amounts of helper activity. On recom-
bining the poststeroid treatment B cells, which are
hyporesponsive in immunoglobulin synthesis, with the
posttreatment T lymphocytes, which lack suppressor

Receivedfor publication 23 September 1977 and in revised
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activity, diminished amounts of immunoglobulin were
produced which correlate well with the effects ob-
served with unseparated cells. Thus, corticosteroids
have differential effects on the lymphocyte popula-
tions involved in immunoglobulin biosynthesis. B cell
responsiveness is diminished, suppressor T lympho-
cyte activity is removed, and helper T lymphocyte
function is unaffected.

INTRODUCTION

Glucocorticoid hormones are the most important im-
munoregulatory agents available for use in humans
and have been so for nearly 30 yr. Yet the mechanisms
through which steroids exert their effects are obscure.
Many reports have appeared demonstrating altera-
tions of lymphocyte activity in vitro when incubated
with steroids (1-6). However, these lymphocyte
activities such as mitogen- or antigen-induced pro-
liferation, lymphokine production, or development of
cytotoxicity are now appreciated to be the end result of
complex cell-cell interactions (macrophage-T, T-B,
T-T, etc.) (7-9). Thus, the observed effect of steroids
on such in vitro functions might result from the drugs'
interaction with one or more of the participating cell
types.

Even less is known about the cellular effects of
steroids in vivo on components of the immune re-
sponse. The continued use of these agents in man is
associated with a loss of delayed hypersensitivity on
skin testing (10) as well as decrease in immunoglobulin
(Ig)l (11-13). Again the level of these functions (Ig

1Abbreviations used in this paper: Ig, immunoglobulin;
PBL, mononuclear cell-rich peripheral blood leukocyte frac-
tion; PWM,pokeweed mitogen; SDS, sodium dodecyl sulfate.
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production and delayed hypersensitivity) reflects not
the sole activity of a single cell type but is the end
result of immune system cell interactions. However, it
is in diseases associated with alterations of these im-
mune functions (i.e. decreased delayed hypersensitivity-
sarcoidosis, excessive restricted antibody production-
systemic lupus erythematosus and idiopathic thromb-
cytopenic purpura) that steroids have their most
beneficial effect. To understand the actions of steroids
in such conditions, it is necessary to evaluate the in
vivo as well as the in vitro effect of glucocorticoids on
the various immune cell populations. To this end we
have examined the effect of glucocorticoids in vivo on
the ability of human peripheral blood lymphocytes to
synthesize Ig when stimulated in vitro with pokeweed
mitogen (PWM). Wehave previously shown that by
using separated B and T lymphocyte subpopulations
in this system we can define B lymphocyte function,
helper T lymphocyte function, and suppressor T
lymphocyte activity (14). Furthermore, we have shown
that the helper and suppressor T lymphocytes are
distinct and separate populations.2'3 Moretta et al. (15)
have recently reported the physical separation of
these T helper and T suppressor lymphocytes on the
basis of their receptors for the Fc portion of IgM
(helper) or IgG (suppressor). By analyzing the con-
tribution of each of these lymphocyte subpopulations,
we were able to define dual and opposing effects of
glucocorticoid on Ig production. Methylprednisolone
administered in vivo reduced the ability of B cells
to respond in vitro to helper T lymphocytes. At the
same time, this agent completely removed suppressor
T lymphocyte activity. The modestly diminished Ig
biosynthesis by unseparated mononuclear cell-rich
peripheral blood leukocyte fraction (PBL) observed
after in vivo steroid treatment can now be appreciated
to be the result of the interplay between these two
forces.

METHODS
Lymphocyte donors. Blood was drawn between 8-9 a.m.

by venapuncture from healthy human volunteers whose ages
ranged from 26- to 36-yr old. Methylprednisolone, 48.5 mg,
(equivalent to 60 mgprednisone, kindly supplied by Upjohn
Company, Kalamazoo, Mich.) was dissolved in reconstituting
solution and then given i.v. over 1 min. 4 h later a further
blood sample was obtained. In control experiments the exact
same procedure was followed except that the subjects
were injected with an equivalent volume of reconstituting
solution free of methylprednisolone. Consent was obtained

2 Saxon, A., and R. Stevens. 1978. Suppression of immuno-
globulin production in normal human blood: characterization
of the cells responsible and mediation by a soluble T lympho-
cyte-derived factor. Clin. Immunol. Immunopathol. In press.

3Stevens, R. H., and A. Saxon. 1978. Anti-human helper T
lymphocyte antiserum: generation and functional character-
ization. Clin. Immunol. Immunopathol. In press.

from all donors before entry into the tests. The protocol was
approved by the Human Subject Protection Committee of
the University of California, Los Angeles.

Cell characterization and quantitation. Leukocytes dif-
ferential counts of the blood samples were assayed by standard
techniques as described (16). T lymphocytes were recog-
nized by their ability to form spontaneous sheep erythro-
cyte rosettes. Cells with receptors for the Fc portion of IgG
were assayed by detection of binding aggregates of human
Ig with subsequent indirect immunofluorescence. Comple-
ment receptor cells were enumerated by rosette formation
with complement-coated zymosan particles. Cells with true
membrane inserted Ig were detected by direct fluorescence
after incubation at 37°C for 1 h with subsequent washing
to remove cytophilic Ig from Fc receptors. These procedures
are reported in detail elsewhere (16, 17). The absolute
concentration of each population in the blood was calculated
by multiplying the percent of the subpopulation by the
absolute lymphocyte concentration.

Lymphocyte preparation. PBL was prepared by Ficoll-
Hypaque (Ficoll, Pharmacia Fine Chemicals Inc., Piscataway,
N. J.; Hypaque, Winthrop Laboratories, Evanston, Ill.)
density sedimentation of heparinized peripheral blood.
This fraction contained >95% mononuclear cells. The
mononuclear fraction was subsequently separated into T
and non-T cell populations by a modification of the sheep
erythrocyte T lymphocyte rosette density separation tech-
nique. The sheep erythrocytes were pretreated with 2-amino-
ethylisothiuronium bromide hydrobromide before rosette
formation (18). This technique yields a purified T lymphocyte
preparation with insufficient B lymphocytes (1%) to demon-
strate Ig production when up to 4 x 106 T cells were cul-
tured (14). The B lymphocyte fraction contained between 1
and 5% T lymphocytes and 22-35% monocytes. Both the
pre- and posttreatment PBL preparations yielded T and B
fractions of equal purity as assessed by surface marker
analysis. The presence of this low number of T lymphocytes
permits a low level of B lymphocyte Ig production to occur;
in the total absence of T lymphocytes ('1%), the B cell
fraction fails to synthesize any Ig (14). Irradiation (3,000 R)
of lymphocytes was accomplished using a cobalt source in
the Department of Radiologic Sciences at the Center for the
Health Sciences, UCLA. Immediately after irradiation, the
cells were washed twice in fresh medium.

Culture conditions. Either unfractionated, fractionated, or
fractionated and recombined PBL were cultured in RPMI-
1640 medium (Grand Island Biological Co., Grand Island,
N. Y.) buffered with NaHCO2and supplemented with L-
glutamine (10 mM), gentamicin (0.01%), and 15% heat-
inactivated fetal calf serum. All cultures were done in a final
volume of 1.5 ml in 13 x 100 mmplastic tubes (Falcon 2027
Falcon Plastics, Div. of BioQuest, Oxnard, Calif.) and con-
tained PWM(Grand Island Biological Co.) at a final dilution
of 1/100 vol/vol. The tubes were incubated in a humidified
atmosphere at 37°C with 5% CO2 for 5 days. The cells were
then centrifuged into a pellet, the medium was recovered,
and the cells were resuspended in 0.5 ml of medium de-
ficient in nonradioactive methionine and supplemented
with 35S-methionine (50 uCi/ml, 400 Ci/mM, New England
Nuclear, Boston, Mass.). The cultures were incubated for a
further 16 h.

Measurement of synthesized immunoglobulin. After
the final incubation, duplicate cultures were centrifuged (500 g
for 10 min), the culture medium removed, and the lympho-
cytes lysed with 1 ml lysis buffer (0.5% NP-40, 50 mM
Tris-HCl, 150 mMNaCl, 5 mMEDTA, 0.02% NaN3, 5 mM
KI, 2 mMmethionine, 200 mMiodacetamide, 20 mME-
amino caproic acid, pH 7.4). Nuclear and cellular debris
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were removed by high speed centrifugation (20,000 g for
30 min). 10-ml aliquots of the resulting cytoplasmic supemate
were precipitated with trichloroacetic acid (10%) to obtain
total radioactive protein determinations. Remaining culture
medium and cytoplasmic supernates were divided equally
into tubes containing 5 Al of polyvalent anti-human Ig
antisera and incubated for 20 min at room temperature. The re-
sulting antigen-antibody complexes were removed by fonnalin-
fixed Staphylococcus aureus bacteria (containing protein
A which binds to the Fc portion of IgG) by the method of
Kessler (19). After four washes the radioactive proteins were
eluted with 100 IAI of 4% sodium dodecyl sulfate (SDS)-6 M
urea. 20 ml of the above radioactive protein solutions were
precipitated with trichloroacetic acid and the radioactivity
determined by liquid scintillation counting. The remainder
of the radioactive samples were either directly analyzed by
10% SDS-polyacrylamide gels (acrylamide, 2,2-diallyltar-
taramide) (SDS-polyacrylamide gel electrophoresis) or re-
duced in dithiothreitol (0.05 M) and alkylated with iodo-
acetamide (0.1 M) before electrophoretic analysis. After
electrophoresis, the radioactive Ig molecules were visualized
by fluoroautoradiography (20). A marker sample containing
radioiodinated (1251) mu (A), gamma (y), and light chains
was electrophoresed in parallel with each gel run for
molecular weight determinations. Statistical analysis was
performed using Student's t test.

RESULTS

The effect of methylprednisolone on the percent and
number of lymphocytes in various subpopulations was
measured (Table I). This information is critical to the
understanding of levels of Ig synthesis observed in
unfractioned PBL. Wehave previously shown that the
Ig synthesis observed in unfractionated PBL reflects
an interaction dependent on the B to T cell ratio
(14). Thus, simple alterations in this B to T ratio

without other effects would be expected to influence
the amount of Ig synthesized per culture. 4 h after i.v.
methylprednisolone administration, there was an
absolute lymphopenia (average 50% decrease). The
percent of T lymphocytes remaining was also consis-
tently depressed (P < 0.01) leading to a marked fall
in absolute T lymphocytes. The percent of B lympho-
cytes, Fc receptor cells, and complement receptor cells
were increased after drug administration (P < 0.025,
P < 0.01, and P < 0.025 respectively) but the absolute
number of circulating cells in these populations was
decreased due to the profound lymphopenia. The ratio
of non-T to T cells after methylprednisolone ad-
ministration was elevated from 0.14 to 0.27. Similar
effects did not occur when subjects were injected with
control dilutant only (P > 0.05 for all groups). These
observations are in accord with observations we have
reported (16).

Unfractionated PBL (2 x 106 cells), obtained at the
same time as the studies reported above, were tested
for their ability to synthesize Ig and cell protein. For
each experiment the secreted Ig, cytoplasmic Ig, and
total cell protein for PBL from the same donor before
methylprednisolone administration were taken as
100%. The values for these same measurements from
PBL obtained 4 h after steroid injection were then com-
pared to the same individuals' base-line values (100%)
(Fig. 1). The posttreatment PBL consistently demon-
strated depressed Ig synthesis, both secreted (mean
50%, range 24-86%) and cytoplasmic (mean 56%, range
25-85%) as well as a similar decrease in total protein
production (mean 54%, range 30-89%). PBL from con-

TABLE I
Effect of Methylprednisolone on the Circulating Lymphocyte Subpopulations

Pretreatment Posttreatment Pretreatment Posttreatment

Subject T* Fcl C'§ MIg' T Fc C' MIg T Fc C' MIg T Fc C' MIg

So Absolute no./mm3

1 72.5 21.6 17.6 9.9 - 36.5 27.3 22.6 3,081 918 748 421 - 299 224 185
2 67.3 24.5 19.9 15.5 55.3 37.6 26.6 18.9 2,395 872 708 552 780 530 375 226
3 71.7 13.1 10.0 7.5 63.3 29.2 24.1 20.2 2,232 408 311 233 724 334 276 231
4 81.3 13.2 7.1 5.5 57.3 21.3 10.5 8.0 1,811 294 158 122 711 264 130 99
5 - 21.3 14.4 10.8 44.6 30.1 22.2 661 448 335 245 167 123

Mean 73.3 18.7 13.8 9.8 58.6 33.8 23.7 18.4 2,384 631 475 332 738 334 234 173

1 control - 20.4 14.7 5.8 18.0 15.5 8.1 580 418 165 428 369 193
2 control 83.2 16.6 12.6 9.3 80.0 18.2 11.0 7.2 1,282 256 194 143 2,860 651 393 257
3 control 76.5 15.5 10.5 8.3 75.0 13.0 10.7 7.7 1,805 366 248 196 2,382 413 340 245

Mean 79.9 17.5 12.6 7.8 77.5 16.4 12.4 7.7 1,544 401 287 168 2,621 497 367 232

* T lymphocytes.
t Fc receptor cells.
§ Complement receptor cells.
Membrane Ig-bearing lymphocytes.
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FIGURE 1 Effect in five donors of in vivo-administered ster-
oid on the ability of 2 x 106 unfractionated PBL to produce
secreted Ig (C), cytoplasmic Ig (O), and total protein (M). The
samples were obtained 4 h after methylprednisolone adminis-
tration and compared to the values for these same measure-
ments for each donor's PBL taken before drug administration
(100% value). Controls (1-3) involved identical procedures
except reconstituting fluid free of methylprednisolone was
given.

trol experiments did not show these alterations (P
< 0.025 for cytoplasmic Ig, P < 0.01 for secreted Ig,
and P < 0.005 for cell total protein).

The decreased Ig production could not be explained
simply on the basis of the observed shift in B/T lympho-
cyte ratios (0. 14-0.27) as this should yield cultures pro-
ducing greater, not smaller, amounts of Ig (14). As we
discussed in the Introduction, the depressed Ig produc-
tion could have been due to steroids affecting any one
or more of the interacting lymphocyte subpopulations.

To explore this question, PBL obtained from the
same donor before and after (4 h) steroid injection were
separated into T and B cell fractions and a series of
crossover lymphocyte titrations were undertaken. The
in vivo effect of methylprednisolone on peripheral
blood T lymphocyte function is shown in Fig. 2. Pre-
(normal) and-posttreatment T lymphocytes were added
in increasing numbers to a constant number of B frac-
tion cells (0.4 x 106) obtained before steroid adminis-
tration. The pretreatment T lymphocytes showed the
normal dose response curve (14) consisting of a helper
effect at low T lymphocyte numbers followed by a sup-
pressor phase at higher T lymphocyte numbers. T
lymphocytes obtained from the same individual after
steroid treatment demonstrated an identical helper ef-
fect when added to the pretreatment B cells, but there
was complete abrogation of suppressor T lymphocyte
activity normally seen at high T cell numbers. Total
protein synthesis by both sets of cultures were similar
at high numbers but the posttreatment T cell cultures
showed a somewhat diminished cell total protein at
lower cell numbers (Fig. 2). Irradiation of normal T
lymphocytes removes normal suppressor T lymphocyte
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FIGURE 2 The effect of in vivo corticosteroid on circulating
T lymphocytes' ability to regulate untreated B lymphocyte
production of Ig. T lymphocytes, obtained either before (0, A)
or 4 h after (0, A) steroid administration were added to a con-
stant number (0.4 x 106) of pretreatment B fraction cells. The
mean Ig (0, 0) and total protein (A, A) produced by these
cultures are represented as well as the background levels for
B fraction cells without T lymphocytes added (*). The actual
values obtained with each of a pair of duplicate cultures is
shown by the horizontal bars.

activity (21).2 Whenirradiated pre- and posttreatment T
lymphocytes were added to normal B fraction cells,
they gave identical levels of help with neither irradi-
ated T population giving suppression (Table II). This
demonstrated that removal of suppressor T lymphocyte
activity from the pretreatment T cells by irradiation al-
lowed them to now mimic the effect seen with irradiated
T lymphocytes from the same donor 4 h after ster-
oid treatment. Control values for unirradiated T popu-
lations are shown in Table III for reference.

To investigate the effect of the glucocorticoid treat-
ment on the PBL B lymphocytes, B fraction cells ob-
tained before and after injection of the drug were com-
pared for their ability to produce Ig in collaboration

TABLE II
Effect of Irradiated T Lymphocytes Obtained Pre- and

Poststeroid Injection on Pretreatment (Normal)
B Cell (0.4 x 106) Ig Production

Time T lymphocytes
obtained T Lymphocytes Ig Total protein

no. cpmx 103 cpm x 105

0 0 2.4 9.7
Pre* 0.4 32.7 37.7
Postt 0.4 33.6 30.7
Pre 1.6 51.6 75.1
Post 1.6 49.2 60.3
Pre 4.0 37.8 75.0
Post 4.0 36.5 73.7

* Before steroid administration.
t 4 h after steroid administration.
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TABLE III
Effect of Untreated T Lymphocytes Obtained Pre- and

Poststeroid Injection on Pretreatment (Normal)
B Cell (0.4 x 106) Ig Production

Time T lymphocytes
obtained T Lymphocytes Ig Total protein

no. cpm x 103 cpm x 105

0 0 2.4 9.7
Pre 0.4 36.1 66.0
Post 0.4 38.4 40.8
Pre 1.6 19.2 92.1
Post 1.6 41.7 80.4
Pre 4.0 4.9 130.6
Post 4.0 34.4 134.0

with increasing numbers of untreated T lymphocytes
(Fig. 3). The posttreatment B cells showed a reduced
ability to respond with an Ig synthetic response, reach-
ing only 25% of the Ig levels made by the B cells from
the blood 4 h prior (Fig. 3). The reduced Ig synthesis
could result from decreased ability of B lymphocytes
to respond to T lymphocyte help or increased suscepti-
bility to T lymphocyte suppression. To test these alter-
natives, the posttreatment B cells were mixed with ir-
radiated untreated autologous T lymphocytes (which
lack suppressor T lymphocyte activity) and were com-
pared with the response of the pretreatment B cells
(Table IV). Although the B cells procured after steroid
infusion did increase their Ig production (approxi-
mately twofold) at both irradiated T lymphocyte levels,
the levels remained 5- to 10-fold below that seen with
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FIGURE 3 The effect of in vivo corticosteroid on circulating
B lymphocytes' ability to produce Ig. An increasing number
of untreated T lymphocytes was added to a constant number
(0.4 x 106) of B fraction cells obtained either before (0, A) or
4 h after (0, *) steroid administration. The mean Ig
(0, 0) and total protein (A, A) produced by these cultures
are shown. Background levels for Ig and total protein by the
different B cell fractions alone are represented by asterisks (*).
The actual values obtained with each of a pair of duplicate
cultures is shown by the horizontal bars.

TABLE IV
Effect of Irradiated T Lymphocytes Obtained Presteroid

Injection (Normal) on B Cells (0.4 x 106) Obtained
Pre- and Poststeroid Injection

Time B cells obtained T Lymphocytes Ig Total protein

no. cpm X 103 cpm x 105

Pre* 0 2.4 9.7
Postt 0 1.8 7.4
Pre 1.6 51.6 75.1
Post 1.6 7.4 29.6
Pre 4.0 37.8 75.0
Post 4.0 7.5 54.4

* Before steroid administration.
t 4 h after steroid administration.

B lymphocytes from the same individual before being
given steroid.

The cumulative effect of these alterations in both
circulating PBL B cell and T lymphocyte activity after
treatment with methylprednisolone was investigated.
Posttreatment T lymphocytes were titrated against a
constant number of posttreatment B fraction cells and
compared to the same titration using pretreatment T
and B cells (Fig. 4). The posttreatment T lymphocytes
again showed no suppressor effect when mixed with B
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FIGuRE 4 The cumulative effect on Ig production by in vivo
corticosteroid treatment of B and T lymphocytes. Separated B
and T cell populations, obtained 4 h after steroid treatment,
were recombined (0, A, *) and tested for their ability to pro-
duce Ig (0) and total protein (A). Increasing numbers of T
lymphocytes were added to a constant number (0.4 x 106) of B
cells. This was compared to an identical titration utilizing the
same person's separated B and T lymphocyte populations ob-
tained before steroid administration (O = Ig, A = total pro-
tein). Background levels for Ig and total protein are shown by
asterisks (*). The predicted value for Ig and total protein
production for unseparated PBL before (l) and after steroids
(A) was also plotted by calculating untreated PBL to consist
of 73%T lymphocytes and posttreatment PBL to contain 58%
T lymphocytes (see Discussion). The symbols (0, 0, A, A)
represent the mean values for the cultures while the actual
experimental values obtained with each of a duplicate pair
of cultures is shown by the horizontal bars.
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FIGURE 5 Ig heavy chains synthesized in vitro by a constant number (0.4 x 106) of untreated B
fraction cells with increasing numbers of T lymphocytes obtained before (pretreatment) or 4 h after
(posttreatment) methylprednisolone administration. The Ig molecules produced by B fraction cells
alone is also shown (zero T cells added). The culture supernates were immune precipitated,
reduced, alkylated, and run on 10% SDSpolyacrylamide gels with subsequent fluoroautoradiog-
raphy. Markers (M) consist of 1251-labeled ,u- and y-chains. The position of a-chain is also shown.

cells obtained at the same time. The cumulative effect
of mixing the hyporeactive B cells with the suppressor
cell-free T cells was the production of a level of Ig and
total protein higher than expected with normal (un-
treated) T lymphocytes but still lower than observed
with B cells obtained before the subjects were given
steroid.

Complete T and B lymphocyte titrations using pre-
and posttreatment cells from the same person were per-
formed on three individuals as well as on two separate
occasions for the same donor. Each time the same ef-
fects were observed: loss of T suppressor cell function
and inhibition of B cell responsiveness.

Subjects given steroids manifested changes in both B
lymphocyte responsiveness and suppressor T lympho-
cyte activity. Whether these effects were manifest in
alterations in all major Ig isotypes (IgM, IgG, and IgA)
produced was analyzed. Radiolabeled Ig molecules

produced from experiments were reduced, alkylated,
and electrophoresed on 7.5% SDSpolyacrylamide gels.
The Ig molecules were then visualized by fluoroauto-
radiography. The poststeroid T lymphocytes which
lacked suppressor activity demonstrated increased pro-
duction of IgM, IgG, and IgA at high T cell numbers
(Fig. 5). The poststeroid treatment B cells produced
diminished amounts of all these isotypes (Fig. 6). Al-
though allowing us to determine alterations in Ig iso-
types between various points, this type of analysis is
not quantitative enough to distinguish if there were dif-
ferential effects on the amounts between the classes at
any one point.

DISCUSSION

Previous reports have shown that after the administra-
tion of pharmacologic doses of corticosteroids, there is
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FIGURE 6 Ig heavy chains synthesized by a constant number (0.4 x 106) of B fraction cells ob-
tained before (pretreatment) or 4 h after (posttreatment) methylprednisolone administration in
the presence of increasing numbers of untreated (pretreatment) T lymphocytes. Ig molecules
synthesized by B fraction cells in the absence of added T cells (0) are also shown. The culture
supernates were immune precipitated, reduced and alkylated and run on 10% sodium dodecyl
sulfate polyacrylamide gels with subsequent fluoroautoradiography. Markers (M) consist of 1251_
labeled ,u- and y-chains. The position of a-chain is also shown.
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a profound lymphopenia which peaks between 3 and 6 h
(16, 22). This lymphopenia is characterized by rela-
tive loss of circulating T cells leading to a downward
shift in the observed PBL T/B cell ratio. From our
previous work and others (8, 14, 23), such a shift in
itself might be expected to lead to an increase in PWM-
induced in vitro Ig production. However, PBL ob-
tained after steroid injection showed a consistent de-
crease in secreted and cytoplasmic Ig and cell total
protein. Theoretically, these observations could result
from the loss of T helper lymphocyte activity, the en-
hancement of T suppressor lymphocyte activity, or the
inhibition of B lymphocyte function. Because steroids
are commonly thought of as immunosuppressive agents
with greater effect on T cell functions (delayed hyper-
sensitivity, cell-mediated reactions) than B cell func-
tion (Ig production), enhanced suppression or loss of
help might be expected. However, through a series of
separated T and B cell crossover experiments, these
expectations were not confirmed. We demonstrated
that T lymphocytes obtained 4 h after steroid adminis-
tration had lost suppressor T cell activity present in the
pretreatment (normal) T cells. The T helper lympho-
cyte activity in the pre- and poststeroid treatment sam-
ples was similar as shown by their ability (both unir-
radiated and irradiated) to help normal B cells reach
equivalent maximums in Ig production.

The evidence showing a loss of T suppressor cells
appears in contradiction to a recently reported study
by Haynes and Fauci (24). They demonstrated that sup-
pressor cells induced by concanavalin A were resistant
to hydrocortisone in concentrations up to 0.1 mM.
These suppressor cells were capable of inhibiting the
plaque-forming cell response by human peripheral
blood lymphocytes stimulated with PWM. There are
several differences to be cognizant of between our stud-
ies. Most importantly their suppressor cells were in-
duced by concanavalin A which appears to be a most
potent stimulator of human suppressor cells (25-27)
whereas our suppressor T cells were activated by
PWM. The intensity of the concanavalin A stimulus
toward suppression may be too great to be overcome
by steroids whereas the weaker PWMstimulation may
be more susceptible. However, both concanavalin A
and PWMsuppressor lymphocytes were sensitive to ir-
radiation. Other differences include the exposure of the
cells to steroid in vitro vs. in vivo, the use of different
assays to measure Ig production and suppression, and
the fact that our suppressor population was a T cell
population whereas their suppressor cells could be
found among multiple subpopulations of lymphoid
cells. Possibly the concanavalin A-induced T suppres-
sor lymphocyte is steroid sensitive as is the PWM-in-
duced T suppressor but this effect was masked by other
steroid-resistant suppressor cells activated by concana-
valin A.

Steroids had a profound effect on the ability of B
cells to produce Ig. The B cells obtained after steroid
treatment only made 25% as much Ig as the pretreat-
ment cells in response to normal T lymphocytes. This
diminished Ig production was not due to an acquired
hypersensitivity to normally present T suppressors. Ir-
radiated T cells which lack T suppressors still could
not stimulate the posttreatment B cells to approach a
normal B cell Ig synthetic response. Thus, the B cells
had an intrinsic defect in their ability to respond to T
lymphocyte help with Ig biosynthesis. The combina-
tion of these dual effects seen in poststeroid treatment
PBL, loss of T suppressor lymphocyte activity, and in-
hibition of B cell responsiveness, combine to give the
result observed in unseparated PBL, a mean 50% de-
crease in Ig production. The experiments using com-
bined posttreatment T and B lymphocytes showed a
level of Ig and total protein synthesis in the poststeroid
cells higher than expected if only the B cells were
affected but lower than expected if only T suppressor
activity were removed. These B/T titrations for pre- and
posttreatment cells correlate well with the actual val-
ues obtained with unfractionated PBL. Unfractionated
pretreatment PBL contained a mean of 73%T lympho-
cytes whereas posttreatment PBL had a mean of 58%
T lymphocytes (Table I). With these percentages to cal-
culate the number of T cells in 2 x 106 unfractionated
PBL (for a standard culture), the predicted Ig and cell
protein production by pre- or posttreatment unfrac-
tionated PBL can be plotted (Fig. 4). The predicted
differences between the pre- and posttreatment values,
49% for Ig and 46% for cell protein, are in good agree-
ment with the actual values obtained in unfractionated
PBL experiments (Fig. 1).

The mechanism(s) through which corticosteroids
bring about these differential effects on lymphocyte
populations have not been directly investigated. How-
ever, steroids have been shown to inhibit the DNA
synthetic response in lymphocytes (15). Studies by us
as well as Seigal and Seigal (21) have shown that PWM-
induced suppressor cells are dependent on DNAsyn-
thesis for their functional expression. T helper lympho-
cyte function, on the other hand, is DNAindependent
but depends on membrane activation (14). Thus, the
differential need of T suppressors vs. T helpers for
DNAsynthesis may explain the observed steroid in-
hibition of T suppression only.

B lymphocytes require both DNAsynthesis and pro-
tein production to generate an Ig response in the PWM
driven in vitro system (14). B cells exposed to steroids
in vitro have been reported elsewhere to show an in-
hibition of DNAresponse (16). Wedemonstrated that
poststeroid treatment B cells also had a diminished
total protein output as compared to pretreatment B
cells. This evidence suggests that the mechanism of
decreased DNAsynthesis and subsequent diminished
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B cell protein production on day 6 is operable in dimin-
ishing B cell responsiveness as it may be in inhibiting
T suppressor cell function.

Another consideration is that corticosteroid recep-
tors may not be uniformly represented on various T and
(or) B cell subpopulations. Lippman and Barr (28) have
recently reported that T and B lymphocytes have equal
numbers of glucocorticoid receptors per cell and the
receptor is uniform in its binding affinity. However,
such populations consist of many subpopulations (i.e.,
T helper, T suppressor, T amplifier, B-T independent,
and B-T dependent). Clearly steroid receptors may
demonstrate differential representation on various
functional subpopulations leading to differential sus-
ceptibility to glucocorticoid hormones.

The effects we observed with in vivo corticosteroid
could be due to alterations in lymphocyte subpopula-
tion activity in the blood as discussed above or could
be due to a loss of reactive populations from the blood.
Lymphocytes in man are "steroid-resistant" (29) and it
is doubtful that steroids have caused a lysis of the af-
fected cell populations. However, corticosteroids alter
the representation of lymphocytes in the circulation
by causing a redistribution of recirculating lympho-
cytes (30). Our results could be accounted for if sup-
pressor T lymphocytes and a subpopulation of B cells
more responsive in Ig production were selectively re-
distributed out of the circulation. A definitive answer
to this awaits the establishment of an accepted marker
for human T suppressor lymphocytes as well as a way of
distinguishing the presence of possible B lymphocyte
subpopulations. The evidence that glucocorticoids de-
crease in vivo Ig production and alter cell DNAsug-
gests that the effects may not simply be due to redis-
tribution effects.

Through whatever mechanisms, an in vivo phar-
macologic dose of steroid has a profound effect on the
immune function of Ig production. This results from the
drug's interaction with and alteration of several of the
immune cell populations involved in the final expres-
sion of this response; loss of T suppressor activity as
well as inhibition of B cell responsiveness. In normal
persons, the net effect was to decrease Ig production
measured in vitro. However, in clinical situations,
these effects may not be the same. In patients who
already lack suppressor cell activity, as suggested in
systemic lupus erythematosus (31), the main effect
should be due to inhibition of B cell activity. The level
of this effect might be magnified because T suppressor
lymphocyte activity would already be lost. Indeed,
Harrington (32) has presented evidence that pharmaco-
logic doses of steroids (-40 mg prednisolone/day) is
associated with a decrease in antinuclear antibody
titers to normal levels. On the other hand, in disease
states such as sarcoidosis with anergy, where increased
cellular suppression may play an important role in the

hyporesponsive immune responses observed, steroids
may increase immune responsiveness by interfering
with this hypersuppression. Our data would give
an explanation for the seemingly paradoxical re-
sult that has been observed in anergic sarcoid
patients who do not react to intradermal tuber-
culin testing but will get a delayed hypersensitiv-
ity reaction if corticosteroids are injected locally with
the tuberculin test (33). The locally injected steroids
may inhibit T suppressor activity and thus allow for
normal expression of delayed hypersensitivity. Simi-
larly, in patients with common variable hypogamma-
globulinemia solely on the basis of increased T sup-
pressor lymphocyte activity, steroid inhibition of this
suppression would be expected to overshadow their
effect on B cell function and lead to increased Ig pro-
duction. Indeed, Waldmann et al. (34) have reported
increased Ig production in such a patient given ster-
oids.

In clinical situations, steroids should be viewed as
immunoregulatory agents, not immunosuppressive
agents. Even considering only one immune function
(Ig production), our report demonstrates how steroids,
at one point in time, can have both enhancing and in-
hibitory actions. Studies as to the effects of chronically
administered steroids in vivo on immune participating
cells clearly need to be undertaken. The net result of
steroid therapy, suppression or potentiation in any clin-
ical setting will depend on the pathophysiology of the
homeostasis achieved in that disease state before initia-
tion of therapy. The immunopathophysiology of differ-
ent disease states needs to be elucidated as well as the
effects of steroids on components in various immune
functions (as we have done for Ig production) to dissect
the therapeutic role of steroids in human illnesses.

ACKNOWLEDGMENTS
The authors would like to thank Carol Kelley, Evelyn Pineda,
Deirdre Devereaux, and Livia Bachtold for their excellent
technical assistance. Weare indebted to Dr. John L. Fahey
for his enthusiastic support and encouragement.

This research was supported by National Institutes of Health
grants CA 12800 and CA16880, U. S. Public Health Service
grant 15759, and National Foundation March of Dimes
grant 6-146.

REFERENCES
1. Heilman, D. H., and J. P. Leichner. 1972. Effect of cortisol

on the transformation of human blood lymphocytes by
antigens and allogeneic leukocytes. In Proceedings of the
6th Leukocyte Culture Conference. M. R. Schwartz, edi-
tor. Academic Press, Inc., New York. 581-597.

2. Heilman, D. N., M. R. Gambrill, and J. P. Leichner. 1973.
The effect of hydrocortisone on the incorporation of triti-
ated thymidine by human blood lymphocytes cultured
with phytohemagglutinin and pokeweed mitogen. Clin.
Exp. Immunol. 15: 203-212.

3. Balow, J. E., and A. S. Rosenthal. 1973. Glucocorticoid

Steroid Effect In Vivo on Lymphocyte Subpopulations 929



suppression of macrophage inhibitory factor.J. Exp. Med.
137: 1031-1041.

4. Wahl, S. M., L. C. Altman, and D. L. Rosenstreich. 1975.
Inhibition of in vitro lymphokine synthesis by glucocorti-
costeroids.J. Immunol. 115: 476-481.

5. Yu, D. T. Y., A. Kacena, and C. M. Pearson. 1976. Effect
of hydrocortisone on lymphocyte stimulation by sodium
periodate. Clin. Immunol. Immunopathol. 5: 177-181.

6. Yu, D. T. Y. 1977. Effect of corticosteroids on lymphocyte
activation. Blood 49: 873-881.

7. Erb, P., and M. Feldman. 1975. Role of macrophages in
the generation of T helper cells. I. The requirement for
macrophages in helper cell induction and characteristics
of macrophage-T cell interaction. Cell Immunol. 19: 367.

8. Keightley, R. G., M. D. Cooper, and A. R. Lawton. 1976.
The T cell dependence of B cell diff'erentiation induced
by pokeweed mitogen. J. Immunol. 117: 1538-1544.

9. Cantor, H., F. W. Shen, and E. A. Boyse. 1975. Functional
subclasses of T lymphocytes bearing different Ly anti-
gens. II. Cooperation between subclasses of Ly+ cells in
the generation of killer activity. J. Exp. Med. 141: 1391-
1401.

10. Long, J. B., and C. B. Farour. 1950. The ability of ACTH
and cortisone to alter delayed type bacterial hypersensi-
tivity. Bull. Johns Hopkins Hosp. 87: 186-202.

11. Ragan, C., A. W. Erokoest, and R. H. Blots. 1951. Effect of
adrenocorticotrophic hormone (ACTH) on rheumatoid
arthritis. J. Exp. Med. 94: 139-144.

12. Bulter, W. T., and R. D. Rossen. 1973. Eff'ects of corti-
costeroid on immunity in man. I. Decreased IgG concen-
tration caused by 3 or 5 days of high doses of methyl-
prednisolone.J. Clin. Invest. 52: 2629-2540.

13. McMillan, R., R. Longmire, and R. Yelenosky. 1976. The
effect of corticosteroids on human IgG synthesis. J. Im-
munol. 116: 1592-1595.

14. Saxon, A., R. Stevens, and R. F. Ashman. 1977. Regulation
of immunoglobulin production in human peripheral
blood leukocytes and cellular interactions. J. Immunol.
118: 1872-1879.

15. Moretta, L., S. Webb, C. E. Grossi, P. M. Lydyard, and
M. D. Cooper. 1977. Functional analysis of two human T cell
stubpopulations. Help and suppression of B cell responses
by T cells bearing receptors for IgM or IgG.J. Exp. Med.
146: 184-190.

16. Yu, D. T. Y., P. J. Clements, H. E. Paulus, J. B. Peter, J.
Levy, and E. V. Barnett. 1974. Human lymphocyte sub-
populations. Effect of corticosteroids. J. Clin. Invest. 53:
565-571.

17. Saxon, A., and Portis, J. 1977. Lymphoid subpopulations
in regional lymph nodes in squamous head and neck can-
cer. Cancer Res. 37: 1154-1159.

18. Saxon, A., J. Feldhaus, and R. A. Robins. 1976. Single step
separation of human T and B lymphocytes using AET-
treated SRBC rosettes. J. Immunol. Methods. 12: 285-
289.

19. Kessler, S. W. 1975. Rapid isolation of antigens from cells
with a staphylococcal protein A antibody absorbent: pa-

rameters of the interaction of antibody-antigen complexes
with protein A.J. Immunol. 115: 1617-1621.

20. Bonner, W. M., and R. A. Laskey. 1974. A film detectioni
method for tritium-labeled proteins and nucleic acids in
polyacrylamide gels. Eur. J. Biochem. 46: 83-88.

21. Seigal, F. P., and M. Seigal. 1977. Enhancement by irradi-
ated T cells of human plasma cell production: dissection
of helper and suppressor functions in vitro. J. liltntinol.
118: 642-647.

22. Fauci, A. S., and D. C. Dale. 1974. The effect of in vivo
hydrocortisone on subpopulations of humani lymphocytes.

J. Clin. Invest. 53: 240-246.
23. DeLaConcha, E. G., G. Oldham, A. D. B. Webster, G. 1.

Asherson, and T. A. E. Platts-Mills. 1977. Quantitative
measurements of T and B cell function in "variable" pri-
mary hypogammaglobulinemia: evidence for a consistent
B cell defect. Clin. Exp. Immunol. 27: 208-215.

24. Haynes, B. F., and A. S. Fauci. 1977. Characterizationi of
concanavalin A generated suppressor cells of the pla(quie-
forming response of human peripheral blood lympho-
cytes. Clin. Res. 25: 359A. (Abstr.)

25. Dutton, R. W. 1975. Suppressor T cells. Transplant. Rel;.
26: 39-55.

26. Waldmann, T. A., S. Broder, M. Durm, B. Meade, R.
Krakauer, M. Blackman, and C. Goldman. 1976. T cell
suppression of pokeweed mitogen-induced immunio-
globulin production. In Mitogens in Immunology. J. J.
Oppenheim, and D. L. Rosenstriech, editors. Academic
Press, Inc., New York. 509-521.

27. Schwartz, S. A., L. Shou, R. A. Good, and Y. S. Choi. 1977.
Suppression of immunoglobulin synthesis and secretioni
by peripheral blood lymphocytes from normal donors.
Proc. Natl. Acad. Sci. 74: 2099-2103.

28. Lippman, M., and R. Barr. 1977. Glucocorticoid receptors
in purified subpopulations of human peripheral 1)lood
lymphocytes.J. Immunol. 118: 1977-1981.

29. Claman, H. N. 1972. Corticosteroids and lymiphoid cells.
N. Engl. J. Med. 787: 388-391.

30. Fauci, A. S., and D. C. Dale. 1975. The eff'ect of' hy(lro-
cortisone on the kinetics of normal human lymphocytes.
Blood. 46: 235-243.

31. Bresnihan, B., and H. E. Jasin. 1977. Suppressor f'unction
of peripheral blood mononuclear cells in normal individ-
uals and in patients with systemic lupus erythematosus.

J. Clin. Invest. 59: 106-116.
32. Harrington, J. T. 1977. Relationship of serum anti-nucXlear

antibody concentration to immunosuppressive therapy
and disease activity in systemic lupus erythematosis. Cliii.
Res. 25: 359A. (Abstr.)

33. Gross, N. J. 1973. The paradoxical skin response in sar-
coidosis. Am. Rev. Respir. Dis. 107: 798-801.

34. Waldmann, T. A., S. Broder, R. Krakauer, R. P. MacDermott,
M. Durm, C. Goldman, and B. Meade. 1976. The role of
suppressor cells in the pathogenesis of common variable
hypogammaglobulinemia and immunodeficienicy-as soci-
ated with myeloma. Fed. Proc. 35: 2067-2072.

930 A. Saxon, R. H. Stevens, S. J. Ramer, P. J. Clements, and D. T. Y. Yu


