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Summary-The cross-reactivity of human placental microsomal NADPH-cytochrome c reductase anti- 
serum, REDFBIV, against the endometrial reductase alone and as a component of the endometrial 
aromatase was investigated. Human endometrial particulate fractions were incubated with various 
amounts of REDFBIV for 1 h at 4°C and both enzyme activities were measured at the end of incubation. 
The extent of inhibition of these endometrial enzymes was compared with the ability of this antiserum 
to inhibit the placental microsomal reductase and aromatase activities. The antiserum effectively inhibited 
the activities of both enzymes in both tissues in a dose dependent manner with aromatase activity inhibited 
to a greater extent than reductase activity. These results indicate the antiserum to the placental microsomal 
NADPH-cytochrome c reductase component of aromatase recognizes the reductase component of the 
aromatase enzyme system in endometrium. 

INTRODUCTION 

Recently we have demonstrated that human endometrium 
contains aromatase and the activity is regulated by estrogen 
and progesterone[l-4]. The characteristics of the endo- 
metrial aromatase have not been studied in detail. On the 
other hand, the characteristics of human term placental 
aromatase have been extensively studied. NADPH- 
cytochrome c reductase is a required component of human 
placental microsomal aromatase [5], as demonstrated in part 
by the ability of antibody against the 90% homogenous 
reductase to strongly inhibit aromatase as well as reductase 
activities. We have investigated the cross-reactivity of a 
recentiy obtained, highly specific antibody of this placental 
protein against the endometrial reductase alone and as a 
component of endometrial aromatase. This report sum- 
marizes our findings. 

EXPERIMENTAL 

Human endometrium was obtained from a patient who 
had been subjected to hysterectomy for medical reasons not 
related to this study. The morphology of this specimen was 
histologically identified as normal secretory endomettium. 
Tissue fragments were homogenized in 0.05M phosphate 
buffer (ppb, pH 7.4). Various crude particulate fractions: 
nuclei, mitochondria, and microsomes, were obtained by 
centrifuging the tissue homogenate at 800, 10,000 and 
100,000 g, respectively. Lyophilized placental microsomes 
were prepared as described [5] and homogenized in 0.067 M 
phosphate buffer, pH 7.4. 

The high molecular weight form of NADPH-cytochrome 
c reductase was purified from human term placental micro- 
somes by modifications of the method described previously 
151. Briefly, lyophilized microsomes were homogenized in 
Buffer A (67mM ppb, pH 7.3, containing 1% cholic acid- 
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sodium salt, 20% glycerol, I mM EDTA, 0.1 mM DTT) 
with 0.002% pepstatin and 0.005% a-toluenesulfonyl fluoride 
at 20 mg microsomes/ml. The reductase-containing frac- 
tions which passed through an octyl-Sepharose CL-4B gel 
column (equilibrated with Buffer A) were pooled and 
applied to a 2’,5’-ADP Sepharose 4B gel column 
(1.6 x 20 cm) equilibrated with Buffer A. After extensive 
washing, the yellow-colored portion at the top of the 
column was transferred to a small column and the enzyme 
eluted with 1 mM 2’AMP in Buffer A. The preparation was 
dialyzed against detergent-free Buffer A, concentrated, ap- 
plied to a Bio-Gel A-l.5 m column (1.6 x 68 cm) equili- 
brated with detergent-free Buffer A, and the high mol. wt 
form (73 K) of the reductase was recovered in the A,,,, 
peak which trailed the void volume peak. Aliquots of the 
preparation, judged better than 99% homogenous by so- 
dium dodecyl sulfate-polyacrylamide gel electrophoresis of 
6 pg protein followed by silver staining, were injected into 
rabbits as described [5] to obtain antiserum preparation 
REDFBIV. In contrast to the reductase antisera REDFBI 
and II described previously (51, antiserum REDFBIV gave 
a single precipitin band at the position of authentic reduc- 
tase when analyzed by immunoelectrophoresis of the 
cholate-soluble fraction -of human placental microsomes. 
The higher suecificitv of REDFBIV is due to the use of 
nearly homogeneous-protein as antigen and to the apparent 
low immunogenicity of the trace contaminent (s). 

NADPH-cytochrome c reductase activity in mito- 
chondrial and microsomal fractions from endometrium and 
in placental microsomes was measured at 23°C by the 
procedure of Strobe1 and Dignam[6]. The endometrial nu- 
clear fraction was not included in the reductase assay due 
to its heavy turbidity. Endometrial aromatase activity was 
measured by incubating the particulate fractions (nuclei, 
mitochondria and microsomes) with 1OOnM 
[7-3H]testosterone (T, sp. act. 30 Ci/mmol, NEN) and 1 mM 
NADPH in 2 ml unb at 37°C for 2 h. Under the assav 
condition, the rate of aromatization remained constant up 
to 4 h. (Fig. 1). The product of the aromatization, estrone 
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Table 1. Aromatase activity in endometrial homogenate and vari- 
ous oarticulate fractions 

TIME (h) 
Fig. 1. Time course of the aromatization of [)H]T to 
estrogens (E, + E2) in the tissue homogenate (10 mg tissue 

protein/2 ml) of a secretory human endometrium. 

(E,) and estradiol (EJ, were isolated and quantitated by the 
method described previously [1,2]. Placental microsomal 
aromatase was measured by the ‘H,O assay using 
[lj?-3H,4-‘Q androstenedione, as previously described [A. 

The effect of the antiserum on the NADPH-cytochrome 
c reductase and the aromatase activities in endometrium was 
carried out by incubating the particulate fractions (aro- 
matase: combined nuclear, mitochondrial and microsomal 
fractions; reductase: combined mitochondrial and micro- 
somal fractions) in 2 ml ppb (1.5 mg protein/ml) with vari- 
ous amounts of antiserum, 2 to 25 ~1, at 4°C for 1 h and then 
measuring the activities at the end of the incubation. 
Preimmune rabbit serum was added to the control and other 
samples to make up the difference of the antiserum volume 
in the reaction mixture. Homogenized placental microsomes 
(0.5 mg protein/ml) were preincubated with antiserum in an 
identical manner. 

IIINJLTS 

Aromatase activity in various endometrial particulate frac- 
tions 

Table 1 shows the aromatase activity in the tissue homo- 
genate and in the fractions of various speeds of centri- 

Subcellular Relative aromatase activity 
fractions (% of homogenate) 

Homogenate 100 
800 8 pellet 31 
10,000g pellet 21 
100,OOOg pellet 30 
100,OOOg supernatant 0 

Human endometrial tissue fragments were homogenized in ppb 
(50 mg/ml). Particulate fractions obtained from various speeds 
of centrifugation were reconstituted with buffer to the original 
homogenate volume, and then used to measure the aromatase 
activities. The activity in the homogenate is 11 fmol/h x mg 
tissue protein. 

fugation. Aromatase activity was found to be present in the 
various pellet fractions similar to the subcellular distribution 
in placenta [8]. 

Effect of the antiserum on endometrial and placental 
NADPH-cytochrome c reductase and aromatase activities 

The inhibition of NADPH-cytochrome c reductase and 
aromatase activities by the antiserum are shown in the 
combined endometrial particulate fractions (Fig. 2A) and in 
placental microsomes (Fig. 2B). The antiserum effectively 
inhibited the activities of both enzymes in both tissues in a 
dose dependent manner with aromatase activity inhibited to 
a greater extent than reductase activity. The 500/, inhibition 
levels are for the endometrial particulate fractions: 2.5 ~1 for 
reductase and 1.5 ~1 for aromatase; and for placental micro- 
somes: 10 ~1 for reductase and 4.5 ~1 for aromatase. 

DISCUSSION 

These results indicate (a) the highly specific antiserum 
against the placental microsomal NADPH-cytochrome c 
reductase component of aromatase recognizes the same 
component of the aromatase enzyme system in endo- 
metrium, (b) in both cases, the reductase is probably 
exposed on the membrane surface since the antibody- 
antigen interaction does not require detergent solubilization, 
and (c) NADPH-cytochrome c reductase is required for 
aromatization in endometrium as well as placenta. The 
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Fig. 2. Antiserum inhibition of aromatase and NADPH-cytochrome c reductase in human endometrium 
and placenta. Antiserum REDFBIV, prepared against homogenous NADPHcytochrome c reductase 
from human term placental microsomes, was incubated at the indicated volumes with either the particulate 
fractions of human endometrium (A), or human placental microsomes (B) at 4°C for 1 h. Aliquots were 
then taken for measurements of aromatase, in solid circle (a), and NADPH-cytochrome c reductase, in 
open circle (O), activities, as described in the Experimental section. The data are presented as y0 of the 
control (pre-immune antiserum) activities. The control activities are 3.1 nmol/min x mg protein and 
27 fmol/h x mg protein for endometrial reductase and aromatase, respectively, and 16 nmol/min x mg 
protein and 52 pmol/min x mg protein for placental microsomal reductase and aromatase, respectively. 
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requirement for smaller amounts of antiserum for 50% 
inhibition of both enzymes in endometrium compared with 
placental microsomes is probably due to the 5-fold lower 
reductase specific activity and much lower aromatase activ- 
ity in endometrium. 

In the only other instance, to the best of our knowledge, 
where an antiserum to a steroid metabolizing enzyme (178 
hydroxyl steroid dehydrogenase) from human term placenta 
was tested in human endometrium, no cross-reactivity was 
found either by immunohistochemistry [9] or by enzyme 
inhibition [lo] despite the apparent physical similarity of the 
two enzymes [I 1). This indicated that the enzymes in the 
different human tissues are immunologically distinct. 
Thompson and Siiteri[l2] previously described the ability of 
antiserum against purified rat liver NADPH-cytochrome c 
reductase to inhibit the reductase and aromatase in human 
placental microsomes, but they provided no comparative 
information regarding the potency of the antiserum in both 
species. The amino acid composition of purified placental 
reductase is similar to, but not identical with, the amino acid 
composition of the rat and rabbit liver reductase (F.B., 
unpublished observations). Osawa and co-workers showed 
that antiserum against human placental NADPH- 
cytochrome c reductase had varying degrees of potency 
against that enzyme when tested in human breast tumors 
[13], horse and baboon placental microsomes and rat liver 
microsomes [ 141. The results reported here demonstrate for 
the first time the immunologic similarity of reductase alone 
and as a component of aromatase in human endometrial 
and placental tissues which will facilitate further character- 
ization and elucidation of the hormonal regulation of 
endometrial aromatase. 
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