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ABSTRACT

Estramustine-binding protein has previously been demonstrated in
normal rat prostatic tissue, in normal human prostate epithelium, and in
prostatic carcinomas. It binds specifically estramustine and estromustine,
the cytotoxic metabolites of estramustine phosphate (Estracyt), a drug
which is used in the treatment of prostatic carcinoma. In this study we
have examined the presence of an estramustine-binding associated protein
in a panel of human cell lines, representing the major histopathological
types of lung cancer. A mouse (murine) monoclonal antiserum developed
against rat estramustine-binding protein was used for immunohistochem-
ical detection. Fast protein liquid chromatography was used for biochem
ical characterization. As judged from the immunohistochemical investi
gation, estramustine-binding protein was present in large amounts in five
of six non-small cell carcinoma cell lines, while seven of eight small cell
carcinoma cell lines were essentially negative. Fast protein liquid chro
matography analyses of lysated cells from the lung cancer cell lines,
incubated with [3H]estromustine, concurred with the results from the

immunohistochemical stainings. These data strongly indicate a convincing
connection between the immunoreactivity and ligand-binding properties
of estramustine-binding protein in the cell lines examined. The presence
of an estramustine-binding associated protein in human lung cancer cell
lines has implications for further investigations into the biological rele
vance and the potential for eventual therapeutic applications.

INTRODUCTION

l-'.MBI'1 is quantitatively the major protein found in rat

prostates (1). It was originally discovered when radiolabeled
estramustine phosphate was administered to male rats (2). The
main metabolites of the drug, estramustine and estromustine,
were found to bind specifically and with high affinity to EMBP
(3, 4). Autoradiographic studies, following the injection of
[3H]estramustine into male rats, demonstrated an initial accu

mulation of the radiolabeled drug in the prostatic epithelium
and subsequently the appearance of radioactivity in the prostatic
fluid (5). Furthermore, EMBP was demonstrated with a RIA
to be present in the ventral prostate of the rat in concentrations
at least 20 to 30 times higher than those detected in the other
prostatic lobes and the normal tissues investigated (1). The
protein has been isolated and physicochemically characterized
(1, 4). Some of the characteristics are listed in Table 1. The
presence of EMBP in predominantly the accessory glands of
male rats and the absence in females have suggested its impor
tance in maintaining male fertility ( 1). However, the biological
role of EMBP still remains to be clarified. A human analogue
to EMBP has also been identified and isolated from the pros
tatic gland (6). The rabbit antibodies against rat EMBP used in
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the RIA mentioned above have been found to cross-react with
the human analogue. EMBP has also been detected in benign
hyperplasias as well as in prostatic carcinomas (6). These results
initiated further studies on the possible presence of EMBP in
other human tumors, i.e., in established human cancer cell lines
representing the major histopathological types of lung cancer
according to the WHO classification (7).

In this study we demonstrate the presence in high quantities
of EMBP or a closely related protein not only in non-SCC cell
lines but also in one of the eight SCC cell lines studied. The
capacity of human lung cancer cells to bind estromustine, the
main metabolite of estramustine phosphate, was studied using
FPLC.

MATERIALS AND METHODS

Cell Lines. In vitro established lung cancer cell lines were used
according to Table 2. The SCC (U-1285, U-1568, U-1690, U-1906, U-
2020, U-2050, H-69, and H-82) lines were characterized by various
neuroendocrine markers, dense core granules, neuron-specific enolase,
and the production of bombesin and other polypeptide hormones. The
non-SCC cell lines U-1752 (SQC); U-1810, H-157, and H-661 (LCC);
and H-23 and H-125 (ADC) were characterized by considerably lower
levels of the latter markers and, instead, the presence of epithelial
markers (8-IS). The cell lines were maintained in optimally growing
stock cultures as described extensively elsewhere (9, 11).

Immunohistochemistry. Cells (5 to 10 x IO7) from stock cultures of

the cell lines described above were washed 3 times in PBS and spun
down at 500 x g for 10 min. The pellets were immediately frozen at
-70Â°Cand freeze-sectioned at the time of use.

Immunoreagents. The following antisera were used. A mouse mono
clonal antiserum, Mab (a) EMBP 1, was raised against rat EMBP
according to the technique described and outlined by KÃ¶hler and
Milstein (16). Briefly, isolated rat prostatic EMBP was immunized into
female BALB/c mice. Antibody-producing hybridomas were screened
using an enzyme-linked immunosorbent assay inhibition test. The
selected hybridoma was thereafter produced in larger quantities in
ascitic fluid and purified to >90% homogeneity by a two-step procedure.
The Mab EMBP 1 was compared with the polyclonal rabbit antiserum
to EMBP utilizing a RIA. Isolated rat EMBP was used in different
concentrations as a standard together with a '"(-labeled tracer and a
human prostatic cancer extract, known to cross-react with the rabbit
anti-EMBP serum (Fig. 1).

Furthermore, immunohistochemical stainings with the Mab EMBP
1 on freeze-sectioned material from rat ventral prostate epithelium as
well as of human prostatic carcinomas were confirmed to be positive
prior to the examination of the lung cancer cell lines.4 The Mab EMBP

1, was at the time of use, diluted in 2% bovine serum albumin in PBS.
(Â¿>)ABC was conjugated to PAP residues (Vectastain; Vector Labo

ratories, Inc., Burlingame, CA) (17).
Staining Procedure. The immunohistochemical staining procedures

for the monoclonal antibody were carried out according to standard
procedures (18). Briefly, endogenous peroxidase activity was blocked
by 0.3% IM K The background staining was minimized by the addition
of 2% bovine serum albumin. Thereafter, the primary antiserum diluted
to I/SO was added and incubated for 1 h. In the negative controls, PBS
was added for a corresponding length of time. After sequential washings
in PBS, the ABC-PAP complexes were applied to the sections for 0.5

4 S. Nilsson et al., unpublished data.
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to 1 h, followed by development using 3-amino-9-ethylcarbazole as a
substrate (19). The sections were finally counterstained with hematox-
ylin and mounted in glycerol-gelatin. The sections were observed in a
Leitz microscope using x400 magnification. The number of positive
cells was calculated as well as the intensity of the staining.

Preparation of Cell Extracts for Binding Experiments. Frozen cell
pellets from U-1285, U-1906 (SCC), U-1752 (SQC), H-23, H-125
(ADC), and U-1810 (LCC) cell lines were suspended in 5 ml of an ice-
cold hypertonic sucrose buffer (250 mM sucrose-50 mM Tris-HCl-600
mM KC1-1.5 mM MgClj, pH 7.4) and homogenized with an all-glass

Dounce homogenizer. The cell homogenate was kept in this buffer for
l h at 4'C and then centrifuged at 105,000 x g for 60 min. The
supernatants were collected and stored frozen at -30Â°C until further

analyzed.
Protein Binding Analysis with FPLC. Buffer change was performed

by the gel filtration of cell extract through Sephadex G-25 medium
columns (PD-10 columns; Pharmacia Fine Chemicals, Uppsala, Swe
den), equilibrated in FPLC Buffer A [50 mM Tris-HCl-1 mM EDTA-
10 mM NaCI-0.25 mM dithiothreitol-10% (v/v) glycerol, pH 7.4].
Endogenously bound ligands were removed by treating the void volume
fractions with charcoal as described by Murphy and coworkers (20).
The charcoal suspension, 0.5% (w/v) in FPLC Buffer A containing
0.05% (w/v) Dextran T-70 (Pharmacia Fine Chemicals), was precen-
trifuged at 10,000 x g for 10 min. The supernatant was thereafter
discarded, and a I nil sample per 3.4 ml of charcoal suspension was
added to the charcoal pellet and vigorously vortexed for 10 s. Incubation
was performed at +35Â°Cfor 15 min and stopped by cooling in an ice-

bath, prior to centrifugation at 10,000 x g for 15 min. The supernatant,
the "stripped" sample, was carefully removed with a Pasteur pipet and
stored at â€”30Â°C,if not used immediately. Aliquots of "stripped"
samples were labeled overnight at +15Â°Cwith 10 nM [3H]estromustine

added from a stock solution in absolute ethanol, with or without a
thousandfold excess of unlabeled estromustine. The incubate was in
jected into a FPLC system equipped with a polyanion Mono Q HR 5/
5 column (Pharmacia Fine Chemicals). Retained proteins were eluted
with increasing concentrations of sodium chloride to 1.0 M (FPLC

Table I Some physicochemical properties of estramustine-binding protein
purified from rat ventral prostate

Sedimentation coefficient"
Isoelectric point (pi)*
Molecular weight^

Carbohydrate content
Retention on concanavalin A-Sepharose
Retention on Affi-Gel Blue
No. of subunits (molecular weights)''
No. of components (molecular weights)''

A'dfor binding of estramustine and

estromusline
Concentration in ventral prostate

cytosol of mature rats (% of protein)

3.5-4 S
4.7-4.8
45,000
3.2% (glucosamine)
Yes
No
Two (18,000 and 20,000)
Three (8,000. 11,000, and

12,000)
10-30 nw

10-40

Â°Determined by sucrose density gradient centrifugation.
" Determined by isoelectric focusing and chromatofocusing.
' Determined by gel nitration on SuperÃ³se 12/FPLC system.
d Determined by polyacrylamide gel electrophoresis.
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Fig. 1. RIA for determination of EMBP. Standard curves obtained with rabbit
polyclonal anti-rat EMBP serum, final dilution 1:60,000 (A); and with mouse
Mab EMBP 1. final dilution 1:90,000 (T). Inserted are values obtained with
different dilutions of a human prostatic cancer cytosol (â€¢).Numbers in parenthe
ses, the dilution. Calculation of the EMBP content in the human prostate cytosol
using a log-logit plot yielded: 26.7 ng/ml with the polyclonal antiserum and 31.8
ng/ml with Mab EMBP 1. Parallelism with the standard curve was obtained in
both cases. Each point represents the mean of duplicate samples.

Buffer B, same as Buffer A but 1.0 M with respect to NaCl). Absorbance
at 280 nm was registered continuously, and fractions of 0.3 ml were
collected and analyzed for radioactivity by liquid scintillation counting,
using the external channel ratio technique.

Protein determinations were made according to the method of Lowry
et al. (21) using bovine serum albumin as standard.

RESULTS

Immunohistocheniistry. The results from the immunohisto-
chemical examinations of EMBP in the lung cancer cell lines
are summarized in Table 3. The three examined LCC lines U-
1810, H-157, and H-661 contained a majority of (Mab EMBP
1) positive cells, although with variability between the individual
cell lines (Table 3). The staining pattern for the LCC cell lines
was heterogenous, with completely negative cells intermingled
with weakly to intensively stained cells. The two ADC cell lines,
H-23 and H-125, were EMBP positive. H-125 contained more
than 90% strongly stained cells (Fig. 2), while the corresponding
figure for H-23 was 10 to 50% of weakly to intensively stained
cells. In the examined SQC cell line U-1752, more than 90%
of the cells were positively stained, although the intensity was
weak. Only one (U-1906; Fig. 3) of the eight SCC cell lines
investigated was strongly stained. The other seven SCC cell
lines examined [U-1285, U-1568 (Fig. 4); U-1690, H-69, H-82,

Table 2 Phenotypic properties of examined cell lines

CelllineU-1285

(9)U-1568
(9)H-69

(12,13)"H-82
(12,13)"U-1690

(11)U-1906
(11)U-202000U-20500DU-1752

(8)H-23
(10,12)"H-125

(10.12)Â°U-18IO(11)H-157

(12)H-661
'Histopathological

typeSCCSCCSCCSCCSCCSCCSCCSCCSQCADCADCLCCLCCLCCIn
vitro

morphologyClusters

insuspensionClusters
insuspensionClusters
insuspensionClusters
insuspensionClusters

attachedClusters
attachedClusters
attachedClusters

insuspensionMonolayerMonolayerMonolayerMonolayerMonolayerMonolayerDense

core
granules+++â€”++++â€”ND*NDâ€”NDNDNeuron-specific

enolase
(ng/mgprotein)3801740817317210034011308508IS2817<100ND

" Generous gift from Dr. Minna. Naval Hospital. NIH, Bethesda, MD.
* ND, not determined.

4616

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2431893/cr0480164615.pdf by guest on 19 M

ay 2023



ESTRAMUSTINE-BINDING PROTEIN IN HUMAN LUNG CANCER CELLS

Table 3 Staining characteristics with the Mab against EMBP on human lung
cancer cell lines

CelllineU-1285U-1568H-69H-82U-1690U-1906U-2020U-2050U-1752H-23H-125U-1810H-157H-661HistopathologicaldiagnosissecsecsecsecsecsecsecsecSQCADCADCLCCLCCLCCStaining

pattern with
Mab EMBP 1,
diluted1/50Â°-(!+,

1-10%)-(!+,<!%)-(!+,

1-10%)-(!+,<!%)-0+,

1-10%)2-3
+(>90%)-(!+,

1-10%)-(!+,<!%)1

+(>90%)1-3
+(11-50%)3

+(>90%)1-3
+ (51-90%)l-2
+(>90%)2-3
+ (51-90%)

" â€”,negative staining; 1+, weakly stained cells; 2+, moderately stained cells;

3+, intensely stained cells; (%), number of positive cells as percentage. The
number was calculated into one of five different groups: <1%; 1-10%; 11-50%;
51-90%;>90%.

Fig. 2. In the ADC cell line H-125, more than 90% of the cells are intensively
stained. The positive reaction is localized to the cytoplasm. (Frozen section, Mab
EMBP 1 diluted 1/50; counterstained with hematoxylin, x 800.)

â€¢I

Fig. 3. The SCC cell line U-1906 contains >90% strongly positive cells with
the Mab EMBP 1 antibody diluted 1/50. The staining reaction is confined to the
cytoplasm. (Frozen section, counterstained with hematoxylin, x 800.)

U-2020, U-2050] were essentially negative. However, a variable
amount (less than 1% to 10%) of weakly positive cells could
also be detected in the SCC cell lines (Table 3). The intracellular
localization of the positive staining was in all cases exclusively
confined to the cytoplasm, irrespective of the histopathological
subtype of the lung cancer.

Fig. 4. The SCC cell line U-1568 with no positive cells. (Frozen section, Mab
EMBP 1 diluted 1/50, counterstained with hematoxylin. x 800.)

FPLC/Mono Q Analysis. [3H]Estromustine-incubated cell

samples were applied to the Mono Q/FPLC system without
the prior separation of free protein-bound ligand. This was
possible since previous experiments indicated a high adsorptive
capacity of the Mono Q beads for unbound estromustine.
Therefore, apart from a minor peak eluted with the starting
buffer fraction and probably due to ligand dissociation during
the chromatography run, free ligands could only be removed
from the column by washing with methanohwater (18:20) (data
not shown).

As shown in Fig. 5, specific binding (i.e., total radioactivity
minus bound radioactivity in the presence of an excess of
unlabeled ligand) was demonstrated in all cell lines examined.
With the exception of the SCC cell line U-1906, a multipeak
appearance of the elution profile could be disclosed (Fig. 5).
The calculated specific binding (Table 4), however, seemed to
correlate well with the immunohistochemical results above.
Thus, the EMBP-positive cell lines (U-1906, H-23, H-125, and
U-1810) demonstrated a significantly higher specific binding
compared with the two EMBP-negative, weakly stained cell
lines (U-1285 and U-1752). The elution positions found for the
lung cancer cell extracts were not identical to those obtained
for purified rat EMBP chromatographed on the same system
(Fig. 5) (22). This indicates possible structural differences be
tween the human lung cancer anti-EMBP cross-reactive antigen
and the purified rat EMBP.

DISCUSSION

EMBP was described by Forsgren and coworkers (1,4) when
they were investigating the possible mode of action of estra-
mustine phosphate (Estracyt). This drug is widely used as a
therapeutic agent in the treatment of prostatic carcinoma (23,
24). In this study we have used a mouse monoclonal antibody,
Mab EMBP 1, raised against isolated rat EMBP. We have used
an immunohistochemical approach and been able to demon
strate specific staining for EMBP in normal human prostatic
epithelium and prostatic carcinomas, especially in poorly dif
ferentiated tumors.4 Using an RIA technique, the mouse Mab

EMBP 1 demonstrated similar immunoreactivity with the pu
rified antigen as the polyclonal antiserum produced in rabbits
(Ref. 13; Footnote 5). We have also demonstrated interspecies
immunoreactivity with the Mab EMBP 1. In a further study we

" P. BjÃ¶rk.unpublished data.

4617

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2431893/cr0480164615.pdf by guest on 19 M

ay 2023



ESTRAMUSTINE-BINDING PROTEIN IN HUMAN LUNG CANCER CELLS

Fig. 5. Specific binding of [3H]estromus-

line in lung cancer cell extracts after injection
on the FPLC/MonoQ system. Elution profiles
obtained with: a, U-1906 ( ) and U-1285
( ) (SCC); *. H-23 ( ) and H-125 (-

) (ADC); c, U-1810 (LCC) ( ) and U-
1752 (SQC) ( ). The dotted line repre
sents the gradient elution profile used with 1.0
M sodium chloride as the final salt concentra
tion (for further details, see text in "Materials
and Methods").
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Table 4 Specific binding or f'HJestromustine (10 nM) in salt extracts from human lung cancer cell lines after incubation of stripped samples at +I5Â°C/16 h

CelllineU-1285

U-I906C
U-I752
H-23
H-125f
U-1810Histopathological

typeSCC

SCC
SQC
ADC
ADC
LCCImmunohistochemical

staining
(% of positivecells)-(!+,

1-10%)
2-3 -1-(>90%)
1 + (>90%)
1_3 + (10-50%)
3 -1-(>90%)
1-3 + (51-90%)Protein

concentration
(mg/ml)Â°0.16

0.16; 0.32
0.17
0.18

1.18; 1.80
0.98Specific

binding
(fmol/mgprotein)*47.2

140; 192
84.2

216
171; 327

157
Â°Salt extract (0.5 ml) was loaded onto the MonoQ/FPLC system for each run.
* Total binding - nonspecific binding in Fractions 30 to 60 corrected for protein content.
' Analyzed at two different time points with different cell preparations.

have been able to demonstrate that the Mab EMBP 1 reacts
specifically with purified EMBP using the Western blot tech
nique.5 Due to these results, using different techniques, we are

confident that the mouse Mab EMBP 1 recognizes the EMBP
antigen. The prostatic gland is a highly specialized organ.
Despite this, the aim of the present study was to demonstrate
EMBP in tumor cells of unrelated origin, i.e.. in human lung
cancer cell lines of various subtypes, using an immunohisto-
chemical approach. The major reason for investigating cell lines
instead of biopsies is that the in vitro grown cells represent a
well-characterized cell population. We have also undertaken
efforts to correlate the immunohistochemical data with estro-
mustine-binding studies. Using immunohistochemistry, we
could demonstrate the presence in high quantities of EMBP in
five of six non-SCC cell lines but only in one of eight SCC cell
lines. The positive immunohistochemical reaction was, for both
the non-SCC cell lines and for SCC cell line U-1906, clearly
confined to the cytoplasm. This cytoplasmatic localization was
in complete accordance with that found for EMBP in the rat
prostatic carcinomas using similar techniques (Ref. 25; Foot
note 4).

Another interesting observation was the intense immunohis
tochemical EMBP positivity in the SCC cell line U-1906 and
the essentially negative staining pattern for the other seven SCC
cell lines examined. A tempting explanation would be that the
U-1906 cell line has been incorrectly diagnosed as a SCC.
However, this seems to be very unlikely, since U-1906 has been
characterized by an in vitro growth pattern fundamentally dif
ferent from the group non-SCC cell lines. Furthermore, the U-

1906 cell line also exhibits dense core granules, neurofilaments,
and bombesin production (10, 11), thus fulfilling all major
criteria for the SCC diagnosis.

Five of six non-SCC cell lines were strongly positive with the
Mab EMBP 1. These non-SCC cell lines may thus represent
less-differentiated tumors, in analogy with the intense staining
reaction in poorly differentiated prostatic carcinomas.4 The
EMBP-positive cells in the SCC cell lines should thus represent
less-differentiated cells, despite the fact that they have mor
phology identical to the negative cells.

The immunohistochemical results obtained in this study cor
relate well with the estromustine-binding capacity of different
cell lines determined from FPLC analyses. The highest specific
[3H]estromustine binding was observed in the EMBP-positive

cell lines, whereas the two negative/weakly positive cell lines
(U-1285, U-1752) disclosed significantly lower binding. An
other striking observation was the difference in elution profiles
between the non-SCC cell lines, on the one hand, and the U-
1906 SCC cell line, on the other. While the non-SCC cell lines

showed a complex elution pattern with at least three radioac
tivity peaks, the bound radioactive estromustine was eluted as
a single fraction in the U-1906 cell extract. This further sup
ports the supposition that the SCC cell line U-1906 represents
a different differentiation lineage compared with the non-SCC
cell lines (10). The FPLC elution profiles for the lung cancer
cell extracts differed from those obtained when purified rat
EMBP was analyzed in the same way. This may indicate that
these protein species are not structurally identical, although
they seem to be immunohistochemically and functionally (i.e.,
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showing specific binding for estromustine) related. Further
more, preliminary Western blot data from the cell line U-1906
demonstrate a higher molecular weight of the EMBP protein
from this cell line.5 In order to obtain a definite demonstration
of the supposed relationship between immunoreactivity, ligand-
binding, and structural properties, extended immunoblotting
experiments with the different FPLC/Mono Q-fractions must
be performed. Such studies are currently under way in our
laboratory.

In conclusion, the present study on human lung cancer cell
lines is the first demonstrating a protein with immunohisto-
chemical and physicochemical characteristics closely related to
EMBP. Due to the above-mentioned findings in the examined
lung cancer cell lines, we prefer to denote the EMBP in these
cells as EMBP associated. Moreover, the immunohistochemical
findings correlated well with the degree of specific estromustine
binding of the lung cancer cell lines examined, and studies are
under way to further characterize and isolate the antigen rec
ognized by the Mab EMBP 1. Furthermore, the expression of
an EMBP-associated protein might turn out to be a useful
adjunct in the characterization of lung tumors with respect to
differentiation. The discriminative expression of the EMBP-
like protein between the non-SCC and the SCC group is also
in accordance with the disparate clinical behavior and marker
expression of these tumors (12).
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