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ABSTRACT No cell type practicably obtainable in
vivo, such as blood cells, is known to contain parathy-
roid hormone (PTH) receptors; this deficiency has
hampered investigation of receptor regulation. Sec-
ond, PTH in vivo is among the potent stimulators of
osteoclastic activity, although no direct hormonal ef-
fects on these cells have been identified. Several lines
of evidence suggest that cells of the immune system
may mediate PTH effects on osteoclasts. We, there-
fore, studied bovine blood cells for the presence of
PTH receptors and PTH-stimulated adenylate cyclase.
Using an analogue of bovine PTH, '*I-labeled
[Nle8,Nle'®, Tyr**}bPTH-(1--34)amide, we found PTH-
specific binding to intact, nonadherent mononuclear
cells (lymphocytes) and PTH-stimulated adenylate cy-
clase in plasma membranes prepared from these cells,
and not with cells or membranes from other blood
cells. Lymphocytes may serve to study the effects of
physiologic and pathologic perturbations on PTH-re-
ceptor function in vivo. Exploration of PTH-related
lymphocyte responses may help define the relation
between cells of the immune system and osteoclastic
bone resorption.

INTRODUCTION

Receptors for several peptide hormones, including in-
sulin, growth hormone, somatomedin, glucagon, and
somatostatin, have been identified on circulating
mononuclear cells (1-4). Although there may be cor-
relations between the presence of specific hormone
receptors on mononuclear cells and physiologically
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relevant responses of these cells to hormonal stimu-
lation, to date, the major importance of these cells to
understanding hormone/receptor interactions is that
hormone receptors on leukocytes appear to have re-
sponse characteristics identical to those of cells from
defined target organs. Thus, for example, assessment
of mononuclear cell receptors has yielded insights into
regulation of receptors during development (5) and
into normal and pathologic alterations in hormone re-
ceptors, particularly the obesity-dependent changes in
insulin receptors (6). Our search for parathyroid hor-
mone (PTH)' receptors in circulating cells was based,
partly, on the expectation that, if a readily accessible
cell containing PTH receptors could be identified, we
could then address issues relating to receptor regula-
tion in vivo.

METHODS

Cell preparation. Calf blood with acid citrate dextrose
solution was centrifuged at 1,000 g for 20 min, the buffy
coat was removed, and centrifuged repeatedly at 250 g for
10 min to remove contaminating platelets. The pellet, sus-
pended in phosphate-buffered saline, pH 7.5, supplemented
with 10% fetal calf serum, was layered on Ficoll-Hypaque
(density 1.077, Sigma Chemical Co., St. Louis, MO) and cen-
trifuged at 400 g for 40 min at 15°C. After lysis of eryth-
rocytes (RBC) by 30 s exposure to water, 95% of the cells
recovered from the interface were mononuclear. After hy-
potonic lysis of the RBC in the pellet, polymorphonuclear
cells (PMN) contaminated with mononuclear cells (5-40%)
were recovered. Lymphocyte-enriched mononuclear cells
were collected after: A, incubation of mononuclear cells for
2h at 37°C in plastic culture vessels (7); B, exposure of
mononuclear cells to carboxyl iron (3-4 um, S-F, GAF Corp.,

! Abbreviations used in this paper: PMN, polymorpho-
nuclear cells; PTH, parathyroid hormone; RBC, erythro-
cytes.
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New York, NY) and magnetic removal of cells that ingested
the iron (8); C, elution of mononuclear cells from columns
containing glass beads (1 mm, Thomas Co., Philadelphia,
PA) (9). Monocyte-enriched mononuclear cells were har-
vested by collecting cells adherent to plastic culture vessels
after incubation for 2 h at 37°C (7). Lymphocyte-enriched
cell populations prepared by methods A, B, and C were con-
taminated with 20, 2, and 5% monocytes, respectively; the
monocyte-enriched population was contaminated with 9%
lymphocytes. Cells were identified by microscopical exam-
ination, latex bead (0.85 um, Difco, Detroit, MI) ingestion
(10) and nonspecific esterase staining (11). Viability of all
cells was >90% as assessed by exclusion of trypan blue.

Radioligand binding and adenylate cyclase assay. Bind-
ing of PTH was studied using a fully active radioiodinated
analogue of bovine PTH, '®I-labeled [Nle®,Nle'®, Tyr*bPTH-
(1--34)amide (12), prepared as reported previously (13).
Leukocytes (10%/ml) or RBC (5 X 10°/ml) were incubated
with 100,000 cpm (20 fmol) of the radioligand in 250 gl of
50 mM Tris-HCI, 100 mM NaCl, 5 mM KCl, 0.1 mM EDTA
and 5% horse serum, pH 7.5, for 2 h at 15°C. To separate
cell-bound radioligand from free tracer, 200 pul of the in-
cubation medium was layered onto 200 ul of binding buffer
containing Metrizamide (density 1.060, Nyegaard & Co.,
Oslo, Norway) in a 400-ul microcentrifuge tube. After cen-
trifugation at 400 g for 5 min at 4°C, the supernatant was
aspirated, and the tip of the microtube was cut and counted
for 1. Nonspecific binding is defined as residue binding in
the presence of 10°M of [Nle®Nle!®, Tyr*bPTH-(1--
34)amide. Specific binding is derived by subtracting non-
specific binding from total binding.

Adenylate cyclase activity was measured by methods pre-
viously reported (13). For collection of cell membranes, cells
were homogenized in a tightly fitting Dounce homogenizer;
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FiGURE]1 A Binding of '*I-labeled [Nle®,Nle'®, Tyr**]bPTH-
(1--84)amide to RBC, PMN, and mononuclear-cells. Un-
shaded and shaded areas represent specific and nonspecific
binding, respectively. The data shown are the mean of six
separate experiments, each done in triplicate (mean+SEM).
B Comparison of the specific binding of '*I-labeled
[Nle® Nle!8, Tyr®]bPTH-(1--34)amide to subpopulations of
mononuclear cells. Lymphocyte-enriched populations were
obtained by three methods (A, B, and C; see text). PTH-
specific binding in each subpopulation of mononuclear cells
is compared with the binding observed using the same num-
ber of undifferentiated mononuclear cells (mean+SEM of
five separate experiments, each done in triplicate). *P < 0.05
vs. binding of the radioligand to undifferentiated mononu-

clear cells.
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the crude membranes were collected by centrifugation at
13,000 g for 15 min at 4°C and suspended in 50 mM Tris—
HCI, pH 7.5.

RESULTS

The PTH radioligand bound specifically to the mono-
nuclear-cell fraction. No significant specific binding
was seen to RBC or PMN (Fig. 1A). Specific binding
in the PMN fraction varied directly with the degree
of contamination with mononuclear cells. Repetitive
centrifugation on gradients of Ficoll-Hypaque resulted
in decreased binding to cells in the PMN cell fraction
that correlated closely with the reduced number of
contaminating mononuclear cells. Thus, the apparent
PTH-specific binding to this cell fraction appears to
be related to binding to contaminating mononuclear
cells. Regardless of the methods used to obtain en-
riched subpopulations of mononuclear cells, specific
binding of !%I-labeled [Nle®Nle'®, Tyr*bPTH-(1--
34)amide per cell was greater in cells having the prop-
erties of lymphocytes than in the parent mononuclear-
cell fraction from which the lymphocyte-enriched
population had been obtained (Fig. 1B). Specific bind-
ing to monocytes was only a small fraction of the bind-
ing to the parent mononuclear-cell fraction, and it was
consistent with the degree of contamination of the
monocyte population with the other mononuclear cells
(Fig. 1B). Binding of the radioligand to the lympho-
cyte-enriched cell population is specific for biologi-
cally active PTH peptides. The apparent dissociation
constant (Kg) of intact bovine PTH and [Nle®,
Nle'®, Tyr*]bPTH-(1--34)amide are 2 X 107°M and 1
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FIGURE2 Specificity of PTH binding. Lymphocyte-en-
riched cells (eluted from columns of glass beads) were
incubated with radioligand (100,000 cpm) and various con-
centrations of intact bovine PTH (@), [Nle®,Nle!®, Tyr*]bPTH-
(1--34)amide (O) inactive PTH fragments (bovine PTH-1(1-
-13), bovine PTH-(53--84), and human PTH-(28--54) (4),
and hormone unrelated to PTH (bovine insulin, somatostatin,
human leutinizing hormone, and ACTH) (0). Only intact
bovine PTH and [Nle®,Nle'®, Tyr*bPTH-(1--34)amide com-
peted with the radioligand (mean*+SEM of quadruplicate
samples).
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X 107° M, respectively. No competition was seen by
1075 M of biologically inactive PTH peptides or un-
related hormones (Fig. 2). At 15°C, binding reaches
equilibrium within 2 h. After reaching equilibrium at
15°C and after removal of unbound radioligand by
extensive washing, 15% of the radioligand is disso-
ciated after 1 h. Binding is temperature dependent,
occurring more rapidly at 37°C and more slowly at
4°C. In studies to be reported elsewhere, we have
shown that PTH-specific binding to the lymphocyte-
enriched cell population is saturable, and the func-
tional properties of fragments and analogues of bovine
PTH are very similar to those observed with PTH re-
ceptors in canine renal plasma membrane (13).
Intact PTH stimulated adenylate cyclase in plasma
membranes prepared from mononuclear cells, but not
in plasma membranes from other blood cells. Fur-
thermore, PTH stimulated adenylate cyclase only in
membranes prepared from adherent cells (Fig. 3, in-
set). Maximal activation was seen with intact PTH at
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FiIGURE3 PTH-stimulated adenylate cyclase in plasma
membranes (30 ug) from lymphocyte-enriched cells (eluted
from columns of glass beads) is dose dependent with a half-
maximal and maximal responses to intact bovine PTH of 4
X 1078 M and 107® M, respectively. Data are the mean=SEM
of quadruplicate samples. Four separate experiments showed
similar results. Inset: PTH-stimulated adenylate cyclase in
crude membranes from PMN, mononuclear-cells, lympho-
cyte-enriched cells (eluted from columns of glass beads), and
monocyte-enriched cells. Plasma membranes (30 pg) were
incubated for 10 min at 37°C in the presence or absence of
intact bovine PTH (107® M). Data are expressed as the ratio
of PTH-stimulated enzyme activity over basal activity
(mean*SEM of five separate experiments, each done in trip-
licate). °P < 0.05 vs. basal activity.
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a concentration of 107® M, and the half maximal re-
sponse occurred at 4 X 107* (Fig. 3).

DISCUSSION

Our studies demonstrate the presence of PTH recep-
tors and PTH-stimulated adenylate cyclase in circu-
lating bovine mononuclear blood cells. Moreover, PTH
receptors are associated with lymphocyte-enriched
cells, and most likely with T lymphocytes, which are
the predominant cells that do not adhere to glass beads
(9). Stimulation of adenylate cyclase by PTH and cal-
citonin in homogenates of murine peritoneal macro-
phages has been reported previously (14). However,
we did not observe PTH binding to bovine circulating
macrophages, the monocytes, nor did plasma mem-
branes from these cells contain PTH-responsive ade-
nylate cyclase.

Our observations are of interest for two major rea-
sons; first, identification of PTH receptors on a readily-
accessible cell should permit detailed studies of changes
in PTH receptors accompanying disease states, such
as hypoparathyroidism and various forms of primary
and secondary hyperparathyroidism, and also may
lead to uncovering inherited or acquired defects in
PTH-receptor function. We have found in preliminary
studies that human lymphocytes contain PTH recep-
tors, a finding that suggests that inquiry into receptor
regulation also will be possible in clinical states. Sec-
ond, although PTH is known to have potent effects on
osteoclastic activity and differentiation in vivo, direct
effects of PTH on osteoclasts in vitro have not been
convincingly demonstrated. Moreover, several lines of
evidence suggest that lymphocytes, particularly T
lymphocytes, may play a critical role in bone remod-
eling, a process requiring osteoclastic activity. Mark-
edly delayed bone turnover has been reported in
athymic nude mice, animals that lack mature T lym-
phocytes (15). Second, decreased thymic mass and ab-
normal lymphocyte responses to mitogens have been
reported in osteopetrotic rats (16, 17), and bone re-
sorption can be restored in osteopetrotic mice receiv-
ing infusions of normal splenic lymphocytes (18). Al-
ternatively, lymphokine(s) secreted by lymphocytes
have been shown to augment osteoclastic function (19).
Our data, showing direct actions of PTH on lympho-
cytes, are worthy of further exploration in regard to
possible lymphocyte-mediated bone resorptive actions.
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