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Further Characterization of the Human Adrenal-derived P-Glycoprotein
Recognized by Monoclonal Antibody MRK 16 Reacting with Only
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This paper describes further characterization of the 170-180-kDa glycoprotein (P-glycoprotein)
recognized by the monoclonal antibody MRK 16 in the human adrenal. By electron microscopy,
P-glycoprotein was observed in the adrenal cell membranes. However, MRK 16-defined P-
glycoprotein was not found in cow, pig, horse, monkey or rabbit adrenal, indicating that MRK 16
recognizes the non-homologous part of P-glycoprotein of various species. Eleven out of 16 adrenal
tumors including 4 cases of primary aldosteronism and 7 cases of Cushing syndrome were intensely
stained with MRK 16, whereas pheochromocytoma, non-functioning adrenocortical adenoma with no
associated increase of serum adrenal-derived hormones and myolipoma of the adrenal were not.
Finally, P-glycoprotein-MRXK 16-protein A-Sepharose complex derived from human adrenal possessed
marked ATPase activity. Taken together, these data suggest that P-glycoprotein may play a physio-

logical role in the human adrenal,
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It has been shown recently that the adriamycin-
resistant K562 cell line, K562/ADM.,® possesses a 170-
180 kDa P-glycoprotein in the cell membrane, and dis-
plays multidrug resistance against Vinca alkaloids, etopo-
side and cholchicine."” This . P-glycoprotein probably
plays an important role in drug efflux.” Furthermore, this
P-glycoprotein is known to be highly expressed in other
organs including adrenal, kidney and placenta, and also
in some untreated lung and breast cancers.” It is of
particular interest that P-glycoprotein is present in the
adrenal, irrespective of administration of anti-cancer
agents, and that the amount of P-glycoprotein increases
with age.”

The present study focused on immunoelectron micro-
scopical localization of P-glycoprotein in the human ad-
renal, the expression of P-glycoprotein defined by mono-
clonal antibody MRK 16 in the adrenals of other species,
the level of expression of P-glycoprotein in adreno-
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§ Abbreviations used in the text are as follows: K562/ADM,
adriamycin-resistant K562; MAb, monoclonal antibody; SDS-
PAGE, sodium dodecyl sulfate polyacrylamide gel electropho-
resis; PLP, periodate-lysine-paraformaldehyde; kDa, kilo-
daltons; CHAPS, 3-[(3-cholamidopropyl)dimethylammonio]-
l-propane sulfonate; ABC-PO, avidin-biotin-peroxidase. com-
plex.
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cortical adenomas and the ATPase activity of P-glyco-
protein in the human adrenal as a physiological function.

MATERIALS AND METHODS

Cell line and tissues The adriamycin-resistant cell line
K362 (K562/ADM) was originally established in the
laboratory of one of the authors.”® It was grown in
RPMI 1640 medium containing 10%fetal calf serum and
gentamicin sulfate (20 yg/ml) and routinely passaged
twice weekly.

For the immunchistochemical study, 16 surgical spec-
imens of adrenal tumor, myolipoma of the adrenal and
normal human adrenal (autopsy case) were obtained
from the Third Department of Internal Medicine, Nara
Medical University, Nara. The clinical profiles of the
patients from which the specimens were taken are given
in Table I. Horse, pig, cow, rabbit and monkey adrenals
were supplied by the Department of Virology, National
Institute of Health, Tokyo. Tissues for frozen-section
studies were immediately snap-frozen in liquid nitrogen
and stored at —70°C until sectioning.

Monoclonal antibodies The methods used for antigen
preparation, immunization, cell fusion, cloning, and sero-
logical characterization of thie monoclonal antibody
(MAb) MRK 16 isotype have been described previously
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Table I. Clinical Profiles of the Subjects Used in This Study and Adrenal Reactivity to MRK 16
?\?ge Sex Clinicopathological diagnosis e lé{emmy o5 prla":i‘;‘i‘t’;’g;n
1 F Adrenal virilizing syndrome +5 +8 +
2 F Cortical adenoma of the adrenal + + +
(Cushing syndrome)
3 F Non-functioning adenoma of the - - -
adrenal cortex
4 F Cortical adenoma of the adrenat + + +
(Cushing syndrome)
5 F Cortical adenoma of the adrenal + + +
(Cushing syndrome)
6 M Mpyolipoma of the adrenal — — -
7 F Cortical adenoma of the adrenal + + +
(Cushing syndrome)
8 F Cortical adenoma of the adrenal + + +
(Primary aldosteronism)
9 F Cortical adenoma of the adrenal + + +
(Cushing syndrome)
10 F Cortical adenoma of the adrenal + + +
(Cushing syndrome)
il F Cortical adenoma of the adrenal + + +
(Cushing syndrome)
12 F Cortical adenoma of the adrenal + + -+
(Primary aldosteronism)
13 F Cortical adenoma of the adrenal + + +
(Primary aldosteronism)
14 M Pheochromocytoma — — —
15 M Myolipoma of the adrenat — — -
16 M Cortical adenoma of the adrenal + + +

(Primary aldosteronism)

a) All cases were untreated.

8) Intensity of immunohistochemistry: +, positive;

in detail.” Mouse MAb C219 was used for the present
study as a purified immunoglobulin preparation at 15 1g/
ml (Centocor, Malvern, PA).”

Biotinylation of MAbs MRK 16 and C219 and im-
munohistochemistry Biotinylated MAbs MRK 16 and
C219 were prepared according to the method of Guesdon
et al” Briefly, 1 ml of a solution of 0.1 N NaHCO,
containing 1 mg/ml MRK 16 MAb was mixed with 60
11 of biotinyl-N-hydroxysuccinimide (BNHS, 1 mg/ml
DMSO) (Sigma). The reaction mixture was incubated at
room temperature for 4 h and then dialyzed for 24 h at
4°C against several changes of PBS. The solution was
adjusted to 10 #g/ml PBS prior to use.

Frozen sections, 4 gm in thickness, of the adrenal
tumors were prepared for avidin-biotin-peroxidase com-
plex (ABC-PO) staining as described elsewhere.'”

Biotinylated MRK 16 MAb was examined for its
reactivity with horse, pig, cow, rabbit and monkey ad-
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—, negative.

renals. Briefly, after 30-min blocking with 5% bovine
serum albumin at room temperature, biotinylated MRK
16 (10 £g/ml) was reacted with sections of the adrenals
at the same temperature for 30 min. The sections were
washed carefully with PBS three times, then ABC-PO
solution was placed on them at room temperature for 30
min {according to the instruction sheet issued by Vector
Labs., Burlingame, CA). After three washings with PBS,
the sections were developed with 100 ¢l of 3% H,0, and
200 pg/ml diaminobenzidine for 5 min and examined
with a light microscope (Olympus Optical Co., Tokyo).
Immunoelectron microscopic study To examine the
localization of the P-glycoprotein recognized by MRK 16
in the human adrenal, an immunoelectron microscopical
study was performed as described previously.”

In vifro phosphorylation and immunoprecipitation In
vitro phosphorylation was carried out essentially as
described previously.> ' '?



Preparation of crude membrane fractions K562/ADM,
adenoma and adrenal tissue were homogenized, soni-
cated for 15 min at 4°C and suspended in hypotonic lysis
buffer (10 mM Tris-HCI, pH 7.4, 10 mM NaCl, 1.5 mM
MgCl,, 1 mM dithiothreitol). The suspensions were then

Properties of Human P-Glycoprotein

incubated for 15 min in an ice-bath. The nuclei were
removed by centrifugation at 400g for 10 min. The
enucleated cell homogenate was then spun at 22,000g for
30 min and the pellet was used as a crude membrane
fraction.

Fig. 1. Ultrastructural localization of MRK 16 reactivity in the human adrenal cortex. A: Semi-thin
section of the human adrenal cortex. X600, MRK 16 MAb-defined P-glycoprotein is present on the cell
membranes {arrows). B: Semi-thin section of the human adrenal cortex. X600. Negative control
(non-immune mouse serum instead of MRK 16 MAb). C: Immunoelectron microscopical localization
of P-glycoprotein from the human adrenal cortex (arrows). X7,500.
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Table II.

Reactivity of Biotinylated MAb MRK 16 with Adrenals of Various Species

Adrenal

Reactivity®

Immunoprecipitation

tissue Biotinylated MRK [6 MAb

C219 with MRK. 16 MAD?

Human +
Monkey -
Horse —
Pig —
Cow —
Rabbit —

A+t
|

a) Intensity of immunoperoxidase staining (ABC-PO method) is classified as follows: —, negative; +,
almost all the tissue stained with MRK 16 or C219 MAb.
b) +:Presence of P-glycoprotein immunoprecipitated with MRK 16 MAb. —: Absence of P-glycoprotein

immunoprecipitated with MRK 16 MAb.

21.5~

1 2 3
Fig. 2. In vitro phosphorylation of adrenals of various species
and in cortical adenomas of the adrenal. Lane 1, Phosphoryla-
tion pattern of K562/ADM precipitated with MRK 16; lane 2,
phosphorylation pattern of human adrenal precipitated with
MRXK 16; lane 3, phosphorylation pattern of human adrenal
precipitated with non-immune mouse sera instead of MRK 16
MADb; lane 4, cortical adenoma of the adrenal (case 7); lane 5,
cortical adenoma of the adrenal (case 12); lane 6, non-function-
ing adenoma (case 3); lane 7, monkey adrenal; lane 8, horse
adrenal; lane 9, pig adrenal. An arrow indicates the band of
P-glycoprotein.

Preparation of P-glycoprotein-antibody-protein  A-
Sepharose complexes Membrane preparations from
K562/ADM, adenoma and adrenal tissue were solubi-
lized in lysis buffer (50 mM Tris-HCl, pH 8.0, 150 mM
NH,C], 2 mM MgCl,, and 19 CHAPS) for 30 min in an
ice-bath. Immunoprecipitation was carried out by incu-
bating the membrane lysates (1.0 mg protein/ml) with
25 pg/ml MRK 16 for 2 h at 4°C. Then 100 ¢l of protein
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A-Sepharose CL-4B suspension {(20% by volume in lysis
buffer) was added to 1 ml of each membrane lysate. After
incubation for 30 min, the precipitate was washed five
times with the reaction buffer (50 mM Tris-HCl, pH 7.4,
150 mM NH,Cl, and 0.19% CHAPS). The resulting P-
glycoprotein-antibody-protein - A-Sepharose complexes
were used for assay of ATPase. The amount of the pro-
tein immobilized on the carrier was estimated by SDS-
PAGE analysis of the complex followed by Coomassie
blue staining,

ATPase assay The hydrolysis of ATP by P-glycoprotein
was assayed by measuring the formation of ADP from
[a-*P]ATP as described previously,” with some modifi-
cations. Standard reaction mixtures (100 yl) contained
50 mM Tris-HCl (pH 7.4), 150 mM NH,Cl, 2 mM
MgCl,, 0.19% CHAPS, [a-*P]ATP at 150 ¢ M, and P-
glycoprotein-antibody-protein A-Sepharose complex (20
11 wet gel volume). The preparation was mixed for about
5 s then left at 30°C for 20 min unless otherwise in-
dicated. The reaction was stopped by adding 25 u1 of 50
mM EDTA, 2.5% SDS, 25 mM ATP and 25 mM ADP.
The immobilized enzyme was centrifuged off at 10,0007
for 10 s. Samples were spotted on polyethyleneimine
cellulose thin-layer plates (20X 20 cm, Macherey-Nagel)
and developed in 0.5 M potassium phosphate buifer, pH
3.4. The ADP-containing spots were visualized using UV
light (253.6 nm) and cut out, and the amount of radioac-
tivity (Cerenkov) in each was determined using a liquid
scintillation counter. The ATPase activity was expressed
as the amount of specifically hydrolyzed ATP.

RESULTS

Ultrastructural localization of P-glycoprotein recognized
by MRK 16 MAb in the human adrenal As shown in Fig.
1, P-glycoprotein was present in the cell membranes of
the adrenal cortex. Three layers (zona glomerulosa, zona
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Fig. 3. Reactivity of cortical adenomas of the adrenal with MAb MRK 16. A: Case 11 (Cushing
syndrome). B: Case 13 (primary aldosteronism). C: Case 3 (non-functioning adenoma). D: K562/

ADM (positive control).

fasciculata, and zona reticularis) possessed P-glycopro-
tein.

Level of expression of P-glycoprotein recognized by
MRK 16 MAb in the adrenal of other species Next, we
investigated whether MRK 16 MAb recognized P-
glycoprotein in the adrenals of other species (horse, pig,
cow, rabbit and monkey). As shown in Table II, MRK

16 did not react with P-glycoprotein in the adrenals of
these animals. However, C219 MADb did react with these
adrenal specimens. This finding was further confirmed by
data obtained in immunoprecipitation tests (Fig. 2).

Reactivities of MRK 16 and C219 with adrenal fumors
As summarized in Table I, 11 out of 16 adrenal tumors
(Cushing syndrome, primary aldosteronism and viriliz-
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ing adenoma) reacted strongly with MRK 16 as well as
C219. However, pheochromocytoma, non-functioning
adenoma and myolipoma of the adrenal showed reaction.
This finding was also confirmed by immunoprecipitation
data (Figs. 2 and 3),

ATPase activity of P-glycoprotein derived from human
adrenal As it is known that P-glycoprotein from ad-
riamycin-resistant K362 (K562/ADM}) has ATPase ac-
tivity, we examined the ATPase activity of P-glyco-
protein in the human adrenal. As shown in Fig. 4, human
adrenal P-glycoprotein possessed ATPase activity, but at
a level lower than that of P-glycoprotein from K362/
ADM. The P-glycoprotein from K562 possessed slight
but significant ATPase activity because K562 cells
reacted weakly with MRK 16 as assessed by immuno-
cytochemistry (Fig. 4).

DISCUSSION

The present study revealed four findings. First, the
human adrenal possesses P-glycoprotein, which is present
in the cell membranes of cells in three layers (zona
glomerulosa, zona fasciculata and zona reticularis).

Second, MAb MRK. 16 does not react with adrenal
tissue from pig, horse, cow, rabbit or monkey, This
indicates that MRK 16 recognized a non-homologous
part of P-glycoprotein from adrenals of other species,
whereas C219 MADB did react with these adrenal speci-
mens.

Third, MRK 16 reacted with cortical adenomas of
human adrenals secreting testosterone, aldosterone and
corticosteroid, suggesting that these adenomas possess
P-glycoprotein. MRK 16 did not react with pheochromo-
cytoma, non-functioning cortical adenocma (adrenal-
derived hormones in the serum were not increased) or
myolipoma of the adrenal. Therefore, it is speculated that
P-glycoprotein transports hormones or hormone metabo-
lites through the plasma membranes of adrenal cortical
cells.

Finally, P-glycoprotein-MRK 16-protein A-Sepharose
complex from human adrenal possesses ATPase activity.
However, P-glycoprotein-C219-protein A-Sepharose
complex lacked ATPase activity {data not shown). This
difference in ATPase activity may reflect the different
P-glycoprotein domains recognized by these antibodies
(personal communication with Dr. V. Ling). It has been
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Fig. 4. ATPase activity of P-glycoprotein-MRK 16 MAbD-
protein A-Sepharose complex from the human adrenal. 1. Adre-
nal. 2. Adrenal reacted with non-immune mouse serum. 3.
K562/ADM. 4. K562/ADM reacted with non-immune mouse
serum. 5. K562, 6. K562 reacted with non-immune mouse
serum.

shown recently that P-glycoprotein from multidrug-
resistant cells has ATPase activity, implying that the
ATPase may play a role in the efflux of certain anti-
cancer drugs.'” This ATPase may also be involved in the
efflux of adrenal hormones and/or their metabolites,
although further verification of this possibility will be
required. As it has been reported that P-glycoprotein
from uterine epithelia during pregnancy binds to proges-
terone," it would be of great interest to examine the
binding of P-glycoprotein to adrenal hormones.
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