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ABSTRACT

Levels of estradiol 170-ester hydrolytic activity in the breast cyst fluid

(BCF) from 25 different women with fibrocystic disease of the breast
were found to vary over a wide range (0-2.4 nmol/min/mg protein for

estradiol acetate). On the basis of electrophoretic mobility on agarose
gels, the activity from different individuals appeared to be identical. The
esterase activity from a single BCF sample was purified to near homo
geneity by differential ammonium sulfate precipitation, ion-exchange,
and hydrophobic interaction chromatography. Sodium dodecyl suifate-

polyacrylamide gel electrophoresis, after the final purification step,
showed two bands with molecular weights of approximately 22,000 and
23,000, neither of which was immunoreactive with a rabbit antibody
raised to a crude esterase-free BCF preparation. Esterase activity could

be demonstrated after extraction and renaturation of the protein eluted
from the M, 22,000 band. Resolution of the gel, however, was not good
enough to rule out the presence of esterase activity in the M, 23,000
protein. High performance liquid chromatography gel exclusion chro
matography indicated a molecular weight of 90,000-95,000 for the ester

ase activity in crude BCF and approximately 225,000 for the purified
activity, suggesting the native protein to be a tetramer which aggregated
during purification. Although the natural substrate of the BCF esterase
is unknown, the enzyme is able to cleave a variety of esters including
acetate, valerate, and stÃ©arateesters of estradiol and p-nitrophenyl hex-
anoate. It is completely inhibited by diisopropylflurophosphate and die-

thylnitrophenyl phosphate and partially inhibited by Nal and ebelactone.
The substrate and inhibitor profile of the enzyme indicates that it is a
"B"-type carboxylesterase and not a protease. A comparison of the

properties of the BCF esterase with those of esterases from the formed
elements of the blood or from plasma suggests that the BCF esterase is
not of blood origin and is probably derived from the cyst itself. Physio
logically inactive lipoidal estrogens have been shown to be present in
many human body fluids and tissues and it is possible that these esters
serve as storage forms of the act!. ormone in hormonally sensitive
tissues where the free steroid could be regenerated by hydrolysis.

INTRODUCTION

Fatty acid esters of estradiol coupled at the C-17 position are
naturally occurring nonpolar metabolites of estradiol which
have been isolated from a variety of human body fluids and
tissues including plasma and breast tumors (reviewed in Ref.
1). In women, plasma levels of estradiol esters (the lipoidal
estrogens) may be as high as that of unconjugated estradiol (2).
In the female rat, lipoidal estrogen synthesis occurs in tissues
such as the uterus and the breast which are responsive to
estrogen stimulation (3), although recent evidence suggests the
highest levels of synthesis in non-target tissues such as the lungs
(4). The naturally occurring lipoidal estrogens possess latent
physiological activity with prolonged potencies and are analo
gous to the synthetic alkyl and aryl esters of estradiol which
have been used pharmacologically for more than 30 years. The
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prolonged potencies of this group of compounds may be a
consequence of the fact that they are more resistant to metab
olism than is the free steroid (5). Neither short nor long chain
fatty acid estradiol C-17 esters are able to bind to a purified
estrogen receptor preparation and appear to exert their estro-
genie effects only after hydrolysis (6). A plausible model is that
the lipoidal estrogens are sequestered in hormonally sensitive
tissues where the steroid nucleus is protected from metabolism
and where the free steroid could be regenerated by the action
of an esterase (7). Consistent with this hypothesis are experi
ments from this laboratory demonstrating the presence of a M,
45,000, estrogen-sensitive, carboxyl esterase able to hydrolyze
fatty acid esters of estradiol in the cytoplasm of MCF-7 human
breast cancer cells (8).

The finding of an estradiol ester hydrolase activity in MCF-
7 cells prompted us to look for a similar enzyme in BCF3 from

women with fibrocystic disease of the breast. This seemed to be
a promising location because BCF contains high levels of both
nonconjugated and conjugated steroids (9-11) including steroid
esters. Although the physiological significance of fibrocystic
disease continues to elicit a great deal of debate (12, 13), there
is statistical evidence indicating an increased risk for breast
cancer in these women (14), particularly in those in whom there
is a familial history of breast carcinoma (13, 15). While it is
not clear that the contents of the breast cyst represent the
endocrine milieu of the entire breast, it is possible that abnormal
concentrations of enzymes or other active substances in BCF
may serve to identify a subset of patients who are at greater
risk for developing breast cancer.

Although the protein composition of the fluids from individ
ual breast cysts, even from those of the same patient, show
some variability, the composition of BCF and plasma are sig
nificantly different (16). While total protein levels in BCF are
only a one-third ofthat of plasma [e.g., mean albumin levels in
BCF are 5.2 Â±8.8 (SD) mg/ml], a number of peptide hormones
and enzymes, including prolactin, amylase, and 7-glutamyl
transpeptidase, are considerably elevated in BCF when com
pared to plasma (17), suggesting local synthesis. Aspirated BCF
has been shown by SDS-polyacrylamide gel electrophoresis to
contain 4 major proteins (GCDFP-70, -44, -24, and -15) with
molecular weights of 70,000, 44,000, 24,000 and 15,000, re
spectively (18). GCDFP-70 has been identified as plasma al
bumin and GCDFP-44 as a zinc-containing oxygen-glycopro-
tein. GCDFP-15 has been shown to be a glycoprotein marker
of apocrine epithelium with a monomeric molecular weight of
15,000. It is present in BCF and other apocrine tissues as a
tetramer (18, 19). GCDFP-24, the major protein component of
BCF, was isolated earlier by Pearlman et al. (20) and shown to
have progesterone-binding activity. It too is a glycoprotein
present in BCF as a tetramer. More recently, a protease (or
group of proteases) either identical or closely related to
GCDFP-24 has been identified in BCF (21). Although the
natural substrates for this group of enzymes has not been

'The abbreviations used are: BCF, breast cyst fluid; SDS, sodium dodecyl

sulfate; PAGE, polyacrylamide gel electrophoresis; DENPP, diethylnitrophenyl
phosphate.
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ESTERASE FROM HUMAN BREAST CYST FLUID

identified, it is of interest that their distribution appears to be
related to the ionic composition of the BCF.

Previously, we showed that breast cyst fluids from different
individuals demonstrated a wide range of esterase activity and
we identified a novel carboxyl esterase in BCF potentially
responsible for this (22). In this communication, we extend our
initial observations to a larger number of BCF samples and
describe the purification and properties of the BCF esterase
activity. Although the physiological substrate of this enzyme is
unknown, we show that it is able to cleave a variety of different
esters including the C-17 esters of estradiol. On the basis of its
substrate and inhibitor spectrum, the BCF esterase appears to
be a true esterase and not a protease. It is different from the
MCF-7 (breast epithelial) cell esterase we described earlier (8)
and does not appear to be of blood origin (either from plasma
or from the formed elements).

MATERIALS AND METHODS

Materials. Steroids were from Steraloids. [3H]acetic anhydride and
[2,4,6,7-3H]estradiol were from New England Nuclear. I25l-protein A
was from Amersham. [3H]estradiol acetate, [3H]estradiol valerate,
[3H]estradiol stÃ©arate,and estradiol [3H]acetate (i.e., with the acetate
labeled) were prepared as previously described (8). Octyl-Sepharose
CL-4B was prepared as described earlier (23). p-Nitrophenyl esters
(esterase substrates), most esterase inhibitors, and purified rabbit liver
esterase were obtained from Sigma Chemical Co. Ebelactone was a
generous gift from Dr. K. Umezawa. Breast cyst fluids were obtained
by needle aspiration from patients chosen at random during the normal
course of treatment. Several patients provided multiple samples either
from two cysts at one visit or from a second cyst at a repeat visit. Blood
was taken by venipuncture at the time of cyst aspiration. Sera were
stored at -20 C until analyzed. Potassium ion concentrations in the
cyst fluids were determined with an ion-specific electrode using a
Beckman Astra 8 instrument. All other materials were of high purity
and from commercial sources.

Assay for Esterase Activity. Esterase activity in BCF samples was
determined using either estradiol [3H]acetate or the/?-nitrophenyl esters

of aliphatic carboxylic acids as substrates as described earlier (8). In the
first instance, a sample containing esterase activity was incubated with
1-2 tiM estradiol [3H]acetate (25 ^Ci/^mol) in 1 ml 0.01 M sodium
phosphate, pH 7.4. At various intervals, 50-^1 aliquots were withdrawn
and partitioned between water and hexane. The increase in radioactivity
in the aqueous phase, after correction for nonenzymatic hydrolysis, was
used as a measure of esterase activity. Results were expressed as Â¿Â¿mol
of substrate hydrolyzed/min/^g protein. Hydrolysis of nitrophenyl
esters (generally 1 x IO"4 M) was measured under similar conditions

from the change in absorbance at 405 nm. One enzyme activity unit
was considered to be a change of 10~3AU/min. Results were expressed

as units/mg protein (BCF) or units/ml (plasma). Protein levels were
determined by the method of Bradford (24).

Renaturation of BCF Esterase. Purified BCF esterase (20.4 //n. after
octyl-Sepharose chromatography) and partially purified BCF (30 ng,
100,000 x g supernatant) were electrophoresed on 12% polyacrylamide
gels in the presence of SDS (SDS-PAGE) (25). Slices, 5 mm, were cut
from the gels and the proteins were eluted and renatured as described
by Hager and Burgess (26). Esterase activity in the eluate was deter
mined with estradiol [3H]acetate as described above.

Electrophoresis. Zone electrophoresis was performed on 1.5% aga-
rose gels (50 x 75 x 5 mm) in 0.05 M Tris-CI-0.05 M boric acid-1 mM
EDTA, pH 8.3, buffer at 10 V/cm for 60-90 min. Staining of esterase
activity on the gels after electrophoresis was accomplished by a modi
fication of the procedure described by Schaller and von Deimling (27).
Gels were incubated for 45 min in 80 ml 0.07 M sodium phosphate,
pH 6.5, containing 12 mg fast garnet and 1 ml 6 mM a-naphthyl acetate
in dimethyl sulfoxide (freshly prepared), and then rinsed with water.

Preparation of Leukocytes. Lymphocytes and monocytes were iso
lated from heparinized blood by centrifugation through Ficoll-Hypaque

(28). Monocytes were separated from lymphocytes by the plastic ad
herence method (29). Granulocytes were separated from RBCs after
hemolysis. All cells were either sonicated or subjected to a freeze-thaw
cycle prior to assay for esterase activity.

Preparation of Antibodies to Esterase-negative BCF. The 100,000 x
g supernatant fraction from a BCF sample with no detectable esterase
activity (sample 4; Fig. 2) was used to raise polyclonal antibodies in
rabbits. Rabbits were initially immunized with 5.0 mg of BCF protein
and then boosted twice at 4-week intervals with the same amount of

antigen. IgG was isolated from the antisera by ammonium sulfate
precipitation followed by chromatography on DEAE-cellulose. The
antisera had no effect on BCF esterase activity even with complete
removal of antibody-esterase complexes with immobilized protein A
(30). Immunoblotting onto nitrocellulose after SDS-polyacrylamide gel
electrophoresis was accomplished by standard techniques (31). Visual
ization was accomplished by autoradiography after incubation with 'I

protein A.

RESULTS

Esterase Activity in Breast Cyst Fluid. An examination of 29
BCF samples from 25 different women indicated a wide range
of estradiol acetate hydrolytic activity (Fig. IA). A similar range
in esterase activity was observed when esterase levels were
determined with p-nitrophenyl hexanoate (data not shown).
Since breast cysts can be classified on the basis of their potas
sium ion content (32), potassium levels in the cyst fluids were
also examined. Because of the abnormal distribution of potas
sium ion concentrations, esterase activity versus log potassium
ion was submitted to statistical analysis. For these samples,
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Fig. 1. Esterase and K+ levels in BCF and esterase levels in plasma. Esterase
activity was determined with estradiol [3Hjacetate and is expressed as nmol

substrate hydrolyzed/min/mg protein (BCF) or nmol substrate hydrolyzed/min/
100 <il (plasma). A, comparison of esterase and log K+ levels in BCF from
different patients; B, correlation of esterase levels in plasma and BCF from the
same individual.
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Fig. 2. Agarose gel electrophoresis of human and rabbit plasma and BCF from
different individuals with visualization by staining for esterase activity. Aliquots
(25 nl) were electrophoresed on 1.5% agarose gels in 0.05 M Tris-CI-0.05 M boric
acid-1 m.vt EDTA. pH 8.3. buffer as described in the "Materials and Methods."

The positive electrode is at the bottom of the gel. After electrophoresis. esterase
activity was visualized with Â«-naphthyl acetate and fast garnet as indicated in
"Materials and Methods." Lanes I and 15 (first and last lanes) normal human
plasma (NHP); lane 14, purified rat liver esterase (RLE); lanes 2-13, various BCF
samples. Samples were diluted in 5x sample buffer to contain approximately
equal amounts of esterase activity (except for samples 4, 1, and 47).

there is a negative statistically significant correlation (P < 0.02),
according to the Spearman rank order test. For those BCF
samples for which a corresponding plasma sample was avail
able, multiple regression analysis indicated no apparent corre
lation (r = 0.142, P = 0.57) between the esterase activity in
BCF and plasma (Fig. \B).

Agarose gel electrophoresis with staining for enzymatic ac
tivity showed no significant differences in the electrophoretic
mobility of the esterase activity in the BCF from different
women (Fig. 2). The difference in mobility between the predom
inant esterase activity in normal human plasma, a purified
rabbit liver esterase, and the esterase activity in BCF is clearly
apparent. Note that BCF sample 47 contains the plasma-type
esterase activity almost exclusively and it is likely that this
sample does not represent a typical BCF, while sample 4
appears to be devoid of all esterase activity. Sample 47 and
samples of plasma (but not other BCF samples) contained high
levels of albumin as evidenced by the appearance of a blue spot
just below the plasma esterase but above the BCF esterase. This
spot, probably from albumin-bound tracking dye, faded com
pletely during the enzyme-staining procedure.

Purification and Physical Properties of the BCF Ester
ase. Since the esterase activity present in each BCF sample
appeared to result from the activity of the same enzyme (with
the one exception noted above), the BCF from a single individ
ual (LR; total volume, approximately 40 ml; 16.6 mg/ml pro
tein; esterase activity, 180 units/ml; Fig. 2, lane 2) was used
for the purification of the enzyme. The esterase activity from
the BCF was purified by differential ammonium sulfate precip
itation, gel filtration on Sephadex CL-4B, ion-exchange chro-
matography on DEAE-cellulose, and hydrophobic interaction

chromatography on octyl-Sepharose (Table 1). In some prepa
rations, residual albumin was removed by chromatography on
Affigel-blue. Reverse phase chromatography of the purified
esterase shows a single symmetrical peak eluting with approx
imately 50% acetonitrile (Fig. 3); however, because the enzyme
was irreversibly inactivated under these Chromatographie con
ditions, esterase activity in the peak could not be detected. SDS-
polyacrylamide gel electrophoresis of the purified BCF esterase
activity showed two closely spaced protein staining bands with
molecular weights of approximately 22,000 and 23,000, respec
tively (Fig. 4, top). Both bands stained positively for carbohy
drate with periodic acid-Schiff reagent (data not shown), indi
cating the esterase to be a glycoprotein. Esterase activity could
be recovered from these SDS gels using the elution and rena-
turation procedure of Hager and Burgess (26) with about 5%
recovery (Fig. 4, bottom). In the purified esterase preparation,
activity appeared to be associated with proteins eluted from the
gel slices corresponding to the M, 22,000 protein staining band.
However, resolution of the gel was not sufficient to eliminate
the possibility that esterase activity was also associated with the
M, 23,000 protein. In crude BCF, while the majority of esterase
activity eluted with proteins having a molecular weight of
22,000-23,000, esterase activity was also associated with M,
30,000-35,000 proteins. High pressure liquid chromatography
gel exclusion chromatography of crude BCF on a 0.75 x 70-cm
TSK 3000 column (data not shown) showed a single peak of
['Hjestradiol acetate esterase activity which eluted with proteins

having molecular weights of 90,000-95,000. Chromatography
of purified BCF esterase on this same column indicated a
molecular weight of 200,000 for the esterase activity, suggesting
aggregation during the purification procedure.

Because the BCF esterase appeared to have some properties
similar to those of the major BCF protein, GCDFP-24, includ
ing molecular weight and glycosylation, the purified esterase
was examined by immunoblotting using a polyclonal antibody
made to a crude esterase-free BCF (sample 4, Fig. 2). Our
rationale was that, since GCDFP-24 is the major protein com
ponent of all breast cyst fluids, if the esterase was different from
GCDFP-24, it should not be recognized by this antibody. A
comparison of crude BCF-LR (the starting material for the

Table 1 Purification protocol
Esterase activity against />-nitrophenyl hexanoate and protein levels in com

bined fractions were determined as described in "Materials and Methods." BCF,

2 ml (16.6 mg/ml protein. 180 units/ml), was centrifuged 180 min at 105.000 x
g. A 30-70?; ammonium sulfate cut of the supernatant fraction was made, which
after dialysis was chromatographed on a 1.5 x 90-cm column of Sepharose CL-
6B in 0.01 sodium phosphate. pH 7.4. Fractions containing esterase activity (66-
76 ml) were combined, dialyzed against 0.01 M sodium phosphate-0.05 M NaCl
pH 7.4. and loaded onto a 0.9 x 25-cm column of DEAE-cellulose. After a wash
with 20 ml of this same buffer, the column was eluted with a linear gradient of
0.05-0.5 M NaCl in 0.01 M sodium phosphate, pH 7.4. Fractions containing
esterase activity, eluted at a NaCl concentration of 0.2-0.25 M. These were
combined and loaded onto a 0.9 x 13-cm column of octyl-Sepharose. After a wash
with 20 ml 0.01 M sodium phosphate. 0.25 M NaCl, the column was eluted with
30 ml water which removed 50% of the initial protein. The column was then
eluted with water containing 5% dioxane. Two peaks of protein eluted from the
column under these conditions, the second containing the major fraction of the
esterase activity.

StepHigh

speed centrifugation
30-70% ammonium sulfate
Size exclusion chromatography
Ion-exchange chromatography
Hydrophobic chromatographySpecific

activity
i i-timi ester
hydrolyzed/

min/
jig protein)0.064

0.095
0.301
0.780
6.00Fold

purifi
cation1

1.54.8

12.2
94.0%

recover)'100

8125

182.5
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Fig. 3. Reverse phase Chromatograph} of
puntini BCF esterase. Purified BCF esterase
(25 fil, l .8 mg/ml) was chromatographed on a
VYDAC C-4 reverse phase column (214TP) at
a flow rate of l.S ml/min. StationÃ¤r}'phase,
water/ 0.1% trifluroacetic acid: mobile phase.
95% acetonitrile/5%/water/0.1% trifluro
acetic acid.
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Fig. 4. SDS-polyacrylamide gel electrophoresis of puntini BCF esterase with
recovery of esterase activity from eluted gel slices. Samples were electrophoresed
on 12% gels and proteins visualized with Coomassie blue. Top lane of stained gel.
purified BCF esterase 3.4 fig; bottom lane, crude BCF (LR, 6 fig). Under these
loading conditions, only a M, 24,000 protein band (presumably GCDFP-24) is
visible in the crude BCF sample. Six lanes, each loaded as above, were cut into
5-mm slices. The gel slices were combined and proteins were eluted and renatured
as described in the "Materials and Methods." Esterase activity in the each eluate
sample (1 ml) was determined with [}H]estradiol acetate.

69 kDa -

46 kDa -Â»

23.5 kDa -Â»

14.5 kDa ->â€¢

purified BCF esterase preparation) and esterase-free BCF (sam
ple 4, used for antibody preparation) by immunoblotting after
SDS-PAGE (Fig. 5) shows the presence of the major breast
cyst proteins, particularly GCDFP-24 which is the major BCF

protein, in both cyst fluids. However, while the purified esterase
shows two protein staining bands (Fig. 4, lane 4), neither
appears to be immunoreactive with this antibody.

Substrate and Inhibitor Specificity of the BCF Ester
ase. Although its natural substrate is unknown, purified BCF
esterase is able to cleave a wide variety of esters including
estradiol acetate and p-nitrophenyl esters of fatty acids (Table

2). Of the nitrophenyl esters tested, optimum fatty acid chain

1234
Fig. 5. Western blotting of BCF esterase with antibody to esterase-free BCF.

After SDS-PAGE, samples were transferred to nitrocellulose and immunoblotted
with a rabbit antibody to esterase-negative BCF (1:200 dilution): lane I, plasma
(7 fig): lane 2, crude BCF, LR, (1.6 fig); lane 3, crude BCF. sample 4 (no activity,
2.6 fig); lane 4, purified esterase. (octyl-Sepharose. peak II. 0.7 fig). Antibody-
antigen complexes were visualized by autoradiography after incubation with '"I-

protein A. Arrows, positions of standard molecular weight markers in thousands.

length was 4 carbon atoms. The specific activities of the BCF
esterase for these compounds are comparable to those of a
commercially obtained purified rabbit liver esterase. However,
the BCF esterase shows considerably more activity against long
chain fatty acid esters of estradici. Purified BCF esterase had
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Table 2 BCF esterase substrates
Purified BCF or rabbit liver esterase was assayed with 10~4M nitrophenyl ester

in 1 ml phosphate-buffered saline or with 0.5 Ã•Ã•MEstradiol-[3H]acetate essentially
as described in the "Materials and Methods." The assays with Estradici valerate
and Estradici stÃ©arateused the [3H|Estradiol esters with the degree of hydrolysis
determined after separation of the Estradiol ester and free Estradici by chroma-
tography on Sephadex LH-20 as previously described (8).

Activity (iMinilester hydrolyzed/min/
jig protein)

Substratep-Nitrophenyl
acetate

p-Nitrophenyl butyrate
p-Nitrophenyl hexanoate
p-Nitrophenyl caprate
Estradiol acetate
Estradiol valerate
Estradiol stÃ©arateBCF

esterase1.67

8.89
7.55
2.67

4.00 x IO-3
0.021 x IO"'
0.015 x IO-3Rabbit

liveresterase7.71

23.86
8.34
1.413.60 x IO'3

0.001 x IO'3
<0.001 x IO'3

no detectable activity against amino acid nitropheyl ester sub
strates for trypsin, chymotrypsin, or elastase. BCF esterase
activity (Table 3) was completely inhibited by diisopropylflu-
rophosphate and DENPP and partially inhibited by NaF and
ebelactone, an inhibitor of carboxyl esterases (33). There was
no inhibition by sulfhydryl reagents or by leupeptin and only
very slight inhibition by antipain. These results are consistent
with the BCF esterase activity being a "B" type carboxylesterase

(34). Under the conditions described in Table 2, porcine trypsin
had only 11% of the activity of the purified BCF esterase (on a
weight basis) against p-nitrophenyl hexanoate. In addition,
trypsin activity against this substrate was not blocked by either
DENPP or ebelactone.

BCF Esterase Is Not of Blood Origin. Electrophoresis of BCF
on agarose gels showed a single esterase-staining band with a
mobility obviously different from that of the esterase activity in
plasma, WBCs, or RBCs (Fig. 6). The inhibitor and substrate
profiles of the BCF esterase is also different from that of the
esterase activities in plasma and WBCs (Tables 3 and 4). For
example, the BCF esterase cleaves both a-naphthyl chloroace-
tate and o-naphthyl acetate, substrates used to distinguish be
tween the various WBC esterases, and shows a much greater
inhibition by DENPP and ebelactone. While two cycles of
freezing and thawing had a significant effect on the activity of
WBC esterases, particularly against p-nitrophenyl hexanoate,
no effect was noted for the BCF esterase (Table 4). On the basis
of these differences it would appear that the BCF esterase is
derived from the cyst itself and is not of blood origin.

DISCUSSION

In this communication we described the purification and
properties of a glycoprotein carboxyl esterase from human BCF.

By gel exclusion chromatography the esterase activity in crude
cyst fluid demonstrates an apparent molecular weight of
90,000-95,000, while the purified protein has a molecular
weight of approximately 22,000 by SDS-PAGE. These results
suggest that the enzyme is a tetramer under normal physiolog
ical conditions. The purified esterase preparation shows two
protein-staining bands on SDS-polyacrylamide gel electropho-
resis; while esterase activity appeared to be associated with the
M, 22,000 band, the resolution of the gel was not adequate to
eliminate the possibility that the M, 23,000 protein is also an
esterase. Although, recovery of esterase activity from the gel
was low, it is comparable to recoveries reported for other
enzymes (26, 35). The nature of the M, 23,000 band is unclear;
however, it does not appear to be the GCDFP-24 protein
described by Haagensen et al. (18) because it does not cross-
react with an antibody to esterase-free BCF. Our data showing
a lack of correlation between esterase levels in BCF and plasma
and the unique properties of the BCF esterase suggest that it is
not derived from WBCs or RBCs. Plasma levels of the BCF
esterase are low, if it is present at all. There may, however, be
other esterases in plasma able to cleave steroid esters. On the
basis of its substrate specificity and the fact that its activity is
inhibited by specific esterase inhibitors such as DENPP, NaF,
and Ebelactone, we conclude that the BCF esterase is a true
esterase and not a protease and thus is clearly different from
the chymotrypsin-like proteases in BCF described by Kesner et
al. (21).

The BCF esterase and the major protein in BCF, GCDFP-
24, appear to have some physical properties in common. Both
are tetrameric glycoproteins with approximately equal subunit
molecular weights. Gel exclusion chromatography on Sephadex
G-200 indicated a molecular weight of 120,000 for the tetra
meric native form of GCDFP-24 (18, 19), one-third larger than
what we find for the native form of the BCF esterase. However,
molecular weight determinations of glycoproteins by exclusion
chromatography are notoriously inaccurate and it is possible
that these molecular weight differences are insignificant. There
are two observations that lead us to believe that the BCF
esterase and the progesterone-binding protein, GCDFP-24, are
different proteins. The first is that their individual concentra
tion ranges in BCF are quite different. The concentration range
for GCDFP-24 BCF has been reported to be 10-50 mg/ml (18,

19). However, we find a much wider range of esterase activity
and some BCF samples are actually free of esterase activity.
The second observation is that the purified BCF esterase does
not cross-react to an antibody raised to a crude esterase-negative
BCF preparation which cross-reacts with GCDFP-24.

Table 3 Inhibitors of BCF esterase activity
Esterase activity in 5 Â¡Aof crude BCF, plasma, and lymphocyte, monocyte, and granulocyte lysates obtained from the same individual (MH-4) were determined

with p-nitrophenyl hexanoate as described in "Materials and Methods" in the presence of the inhibitors at the concentrations indicated. Activity in the absence of

added inhibitor was considered to be 100%. The values in parentheses are activities in the absence of inhibitors (nmol ester hydrolyzed/min/ng protein).

Activity

AdditionNoneDiisopropylflurophosphateDENPPNaFAntipainLeupeptinA/-Ethyl

maleimidelodoacetic
acidEbelactoneConcentrationlOOfiM100

MM20iiM100

UM100/ÃM100/iMlOOÃJM1

Mg/mlBCF100(0.103)00149310010010011Lymphocytes100(0.061)02055NO

NONDN

D92Monocytes100(0.004)0750NDNDNDND100Granulocytes100(0.006)55033NDNDNDND75Plasma100(0.040)1310085NDNDNDND88

' ND, not determined.
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Fig. 6. Agarose gel eleclrophoresis of esterase activities in BCF, WBCs, RBCs,
and plasma. Conditions were the same as in Fig. 2 except that the samples were
loaded in the middle of the gel. Electrodes are placed as indicated. Lane 1, normal
human plasma (35 enzyme units, 422 /jg protein); lane 2, lysed total leukocyte
preparation (230 enzyme units. 60 Mg protein); lane 3, lysed granulocytes (80
enzyme units, 215 jjg protein); lane 4. lysed RBCs (0 enzyme units, 215 Mg
protein); lane 5, crude BCF (LR, 1:10, 48 enzyme units, 4.25 Â»jgprotein); lane 6,
crude BCF (MH4, 50 enzyme units. 18 ^g protein).

Table 4 Effect of freeze/thaw cycles on specific and nonspecific esterase activity
in plasma, WBCs, and BCF

Substrate (nmol ester hydrolyzed/min/mg
protein)

Freeze/thaw
SamplecyclePlasmaLymphocytesMonocytesGranulocytesBCF012012012012012p-Nitrophenylhexanoate5.75.55.720061341011014427.627.613.8103103103Â«-NapthylacetateND"1.250.90ND2.20.51ND<0.01<0.01ND11.03.8ND6.95.0Q-NapthylchloroacetateND0.220.27ND3.311.50ND<0.018.4ND4.13.8ND13.412.2

" ND, not determined.

Attempts to ascertain the physiological role of the carboxyl
esterases found in mammalian plasma and tissues have been
complicated by the lack of specificity of this group of enzymes
and a general inability to identify their physiological substrates.

The concentration of two major regulators of cell function,
cholesterol and choline, are controlled to some degree by spe
cific esterases, but the reasons for the large number of esterases
present in plasma and tissues remains unclear. It has been
suggested that carboxyl esterase function in the detoxification
of harmful carboxylesters, although the evidence for this is only
circumstantial (36). Estradici esters appear to be most concen
trated in tissues which are targets for estradici (1). It is an
intriguing possibility that the BCF esterase may play a role in
the conversion of inactive steroid esters to the active hormone.
If this were the case, then high esterase levels in BCF might be
associated with the tendency for breast cancer in these women.
There is, however, one problem with this hypothesis. Several
recent studies suggest that breast cysts lined by apocrine cells
contain higher levels of potassium and that women with apo
crine cysts are more likely to develop breast cancer than women
with cysts lined by flattened epithelium (32). In our limited
number of samples, there appears to be an inverse correlation
between esterase level and log of potassium ion concentration.
This interesting observation is presently under investigation.
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