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Cytological Detection of Parathyroid Hormone by Immunofluorescence.

(29712)
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(Introduced by Paul Heller)
Research Laboratory and Medical Service, Veterans Administration West Side Hospital, and
Department of Medicine, University of Illinois College of Medicine, Chicago

This laboratory(1) previously reported the
production of a specific antiserum to bovine
parathyroid hormone (PTH). This antiserum
was used for immunochemical detection of
PTH in crude and purified extracts of bovine
parathyroid glands (PTG). The limited quan-
tities of human and rat parathyroid tissue
available for extraction prevented satisfac-
tory comparative immunochemical study of
the PTH of these species.

The fluorescent antibody technic(2) allows
the immunochemical study of cellular sub-
stances in tissue section and therefore re-
quires only a small quantity of tissue. This
technic has been used by others(3-8) to de-
tect and localize several of the polypeptide
hormones in cells of endocrine glands.

The present study, utilizing the fluorescent
antibody technic, was undertaken to deter-
mine 1) the feasibility of this technic for de-
tecting PTH in tissue, 2) the species-speci-
ficity of PTH, 3) the cellular site of PTH
synthesis and/or storage in the PTG.

Materials and methods. Rabbit anti-bovine
parathyroid hormone serum(1) was conju-
gated with fluorescein isothiocyanate by the
method of Rinderknecht(9). The gamma glo-
bulin fraction, containing the fluorescent
antibody, was isolated with DEAE-cellulose
by the method of Baumstark(10). This fluo-
rescent anti-PTH globulin was absorbed with

bovine serum and thyroid tissue as previous-
ly described(1).

Specimens of bovine and rat parathyroid,
thyroid and lymph node were obtained im-
mediately after death. Similar tissue speci-
mens were obtained from 2 human subjects
(55- and 60-year-old males with no evidence
of abnormal parathyroid function) at au-
topsy 4 hours after death. Each specimen
was quick-frozen in absolute alcohol pre-
cooled in an acetone-dry ice bath. The speci-
mens were subsequently embedded in paraf-
fin, sectioned at 3-5 u thickness, prepared,
stained and mounted by the technic of Saint-
Marie(11), with slight modifications. The
tissue sections were reacted with fluorescent
anti-PTH globulin in a moist chamber on a
rotating table at room temperature for 4
hours. In control studies, the sections were
allowed to react with a) non-conjugated anti-
PTH serum prior to application of the fluo-
rescent anti-PTH globulin, or b) fluorescent
anti-PTH globulin which had been previously
absorbed with bovine PTH. In initial studies
the fluorescent anti-PTH globulin was ab-
sorbed with activated charcoal(12) or liver
homogenate(13). However, this absorption
procedure did not alter the staining charac-
teristics with any of the tissues, and was
therefore discontinued.

The tissue sections stained with fluorescent
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FI1G. 1. a. Bovine PTG, H & E stain, showing single cell type. X 216. b. Bovme PTG, fluores-
cent anti-PTH globulin stain, showing specific fluorescence confined to cytoplasm of parathyrmd
cells. X 258.

FIG. 2. a. Human PTG, H & E stain, showing predominant chief cells, and oocasional oxyphil

cells (indicated by arrows).
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X 360. b. Human PTG, fluorescent anti-PTH globulin stain, same

microscopic field as Fig. 2a. Section portrayed specific fluorescence of chief cell cytoplasm, and
autofluorescence of several unstained cells (indicated by arrows). These unstained cells are identical
with the oxyphil cells of Fig. 2a. The small bright spots are artifacts. X 360.

antibody were examined and photographed
with 90-120 seconds exposure, using a Zeiss
fluorescence microscope unit with OSRAM
HBO-200 light source, BG12 exciter filter
and OG47 barrier filter. Anscochrome Day-
light film was used and developed by forced
processing to achieve ASA 200. Some of the
human PTG sections were studied as follows:
The section was initially stained with fluores-
cent anti-PTH globulin, examined micro-
scopically and photographed. The cover slip
and mounting material were then removed
with 959 alcohol, the section stained with
hematoxylin and eosin (H&E), and the pre-
viously-photographed areas were identified
and re-photographed using the same micro-

scope converted to light microscopy condi-
tions. Comparison of the photographs al-
lowed identification and examination of the
same cells, stained first with fluorescent anti-
body and then with H&E.

Results. Though Levine(14) reported the
presence of both chief and oxyphil cells in
bovine PTG, all bovine parathyroid tissue
observed in this study portrayed only a single
cell type, characteristic of the chief cell (Fig.
1a). Specific fluorescence was present in the
cytoplasm of all discernible parathyroid cells,
with minimal variation in the intensity of
fluorescence among the cells (Fig. 1b). The
nuclei of these cells and all non-parathyroid
tissue were non-fluorescent.
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The characteristics of fluorescent antibody
staining of rat parathyroid tissue were the
same as those of bovine parathyroid tissue,
except that the fluorescence was less intense.

The human parathyroid tissue consisted
predominantly of chief cells. However, ap-
proximately 1% of the parathyroid cells (ir-
regularly distributed singly and in small
clumps throughout the tissue) had character-
istics of oxyphil or transitional oxyphil cells:
They were approximately 114 times the size
of the chief cells; had a more distinct cellular
outline, a denser nucleus, and cytoplasm with
rather dense eosinophilic granulation (Fig.
2a). When fluorescent anti-PTH globulin was
applied to human parathyroid tissue, specific
fluorescence was confined to the cytoplasm
of the parathyroid cells, this fluorescence be-
ing less intense than that observed with bo-
vine parathyroid tissue. Approximately 1%
of the parathyroid cells failed to show the
characteristic specific green fluorescence, but
instead showed the bright blue autofluores-
cence characteristic of unstained cells (Fig.
2b). Examination of those tissue sections in
which the same microscopic fields were photo-
graphed, first after fluorescent antibody stain-
ing and then after H&E staining, revealed
that these unstained cells were identical with
the eosinophilic cells described above (Figs.
2a and b).

Absorbing the fluorescent anti-PTH globu-
lin with bovine PTH before applying it to
bovine parathyroid tissue sections resulted in
absence of specific fluorescence. Reacting the
tissue sections with non-conjugated anti-PTH
serum before applying fluorescent anti-PTH
globulin also resulted in absence of specific
fluorescence. The same results were observed
when these tests of specificity were carried
out with tissue sections of human and rat
PTG. Specific fluorescence was not observed
when fluorescent anti-PTH globulin was ap-
plied to lymph node or thyroid tissue of any
of the 3 species studied.

Discussion. These studies indicate that
anti-PTH globulin reacts, not only with ex-
tracted preparations of bovine PTH(1,15,
16), but also with endogenous PTH located
in parathyroid tissue. The specificity of this
reaction is demonstrated by a) the localiza-
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tion of fluorescent staining to the cytoplasm
of parathyroid cells, b) inhibition of the fluo-
rescent staining by prior reaction of the tis-
sue with non-conjugated anti-PTH serum, c)
failure of fluorescent anti-PTH globulin to
produce specific staining after it had been
incubated with bovine PTH.

These experiments indicate that PTH is
produced and/or stored in the cytoplasm of
the parenchymal cells of the PTG. In the
bovine PTG, which was composed of only
chief cells, the fluorescent staining was pres-
ent in all discernible cells, suggesting that all
cells were functioning simultaneously. The
observed variation in intensity of the fluores-
cence among the cells suggests variation in
degree of PTH synthesis and/or storage,
though further attempts at quantification are
needed before this can be stated with assur-
ance. Electron microscopic study of the PTG
of other species has revealed variation in the
number of secretory granules in the chief
cells, leading to the conclusion of variation in
cellular secretory activity(17).

Fluorescent staining which resulted from
reacting human parathyroid tissue with fluo-
rescent anti-bovine PTH globulin indicates
that there is immunochemical cross-reactivity
between the PTH of these two species. The
somewhat less intense fluorescence with hu-
man parathyroid tissue suggests that the hor-
mones are not, however, antigenically identi-
cal. Tashjian e al(15) and Berson et al(16)
have reported significant cross-reactivity be-
tween bovine and human PTH by different
immunochemical technics. The present study
suggests that there is immunochemical cross-
reactivity, but not identity, between bovine
and rat PTH also.

Human parathyroid tissue predominates in
chief cells, but also contains a variable num-
ber of oxyphil cells and transitional forms,
and may have water-clear cells(18). Electron
microscopic(17) and histochemical(19) stud-
ies indicate that the oxyphil cells contain
many mitochondria and have high levels of
several enzymes. However, Munger and Roth
(17) have concluded that, because of the
lack of secretory granules, the oxyphil cells
do not secrete significant amounts of PTH,
at least under normal conditions. The pres-
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ent study demonstrated an absence of PTH
in the oxyphil cells, as manifested by their
absence of specific immunochemical staining.
This study therefore presents further evi-
dence that the oxyphil cells do not synthesize
or store PTH,

Summary. The fluorescent antibody tech-
nic has been utilized to detect and to localize
parathyroid hormone in the chief cells of bo-
vine, human and rat parathyroid tissue. Im-
munochemical cross-reaction has been found
among these species. The oxyphil cells of hu-
man parathyroid tissue did not reveal specific
fluorescence. This observation is regarded as
further evidence that the oxyphil cells do not
normally synthesize or store parathyroid hor-
mone.

The authors are indebted to Mr. Clarence Sidwell
and Mr. Lemuel Hall of the Research Laboratory for
technical assistance; to Mrs. Patricia Boulware and
Dr. K. Hsing Wu of the Pathology Service for assis-
tance in tissue preparation and for histologic consul-
tation; and to the Medical Illustration Service for
preparing the photographs.
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Recent clinical application of testosterone
to the treatment of various refractory ane-
mias(1-3), has led us to investigate the
mechanism by which testosterone effects
erythropoiesis. Several investigators have
demonstrated increased red blood cell counts
in rats after long-term treatment with testo-
sterone. These effects were more striking in

* Operated by Univ. of Chicago for U. S. Atomic
Energy Commission,

animals with hormone levels previously al-
tered by castration or hypophysectomy (4-6),
and were at best, very slight in normal ani-
mals(7). Most early studies failed to demon-
strate significant increases in hemoglobin lev-
els or in total red cell volumes(4,5,8).
Because of the marked decrease in erythro-
poiesis observed in the polycythemic mouse,
this animal has proved valuable in studying
the mechanism of erythropoietic stimulants
(9,10). In this report, we shall describe the



