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ABSTRACT

Purpose: We performed a randomized double-blind crossover pilot study in elderly men with
elevated prostate specific antigen (PSA) on the effects of the daily consumption of 2 soy bever-
ages, each containing 20 gm. of isolated soy protein, on the isoflavone concentration in blood and
urine, and on the 3 serum biomarkers cholesterol, PSA and the soluble p105 component of the
p185erbB-2 proto-oncogene.

Materials and Methods: A total of 34 men supplemented their diet by consuming 1 of 2 soy
protein beverages assigned randomly twice daily for a 6-week period. In a second 6-week period
they consumed the other soy protein beverage. The beverage ISP+ provided 42 mg. of genistein
and 27 mg. of daidzein daily, whereas the other beverage, ISP—, provided only 2.1 and 1.3 mg.
of these isoflavones daily, respectively. Blood and 24-hour urine samples were obtained before the
study, at 2-week intervals during the study and 2 weeks after study completion.

Results: ISP+ and to a lesser extent ISP— substantially increased the serum concentration
and urinary output of the isoflavones and their metabolites. Serum cholesterol was significantly
decreased by ISP+ irrespective of the order in which the 2 soy beverages were administered and
in apparent correlation with the total isoflavone concentration. There was no significant effect of
the soy beverages on serum PSA and pl105erbB-2 values.

Conclusions: This study reveals that short-term exposure of elderly men with elevated serum
PSA values to soy protein containing isoflavones decreases serum cholesterol but not the se-
rum biomarkers PSA and p105erbB-2.
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Carcinoma of the prostate is a major health problem in
American men. In 1998 there were more than 184,500 newly
diagnosed cases and more than 39,000 deaths.! Because
there is no curative therapy for advanced prostate cancer,
recent interest has focused on prostate cancer prevention.
Several lines of evidence imply that dietary alterations in
American men may decrease the risk for and incidence of
prostate cancer. While it has been speculated that a diet with
less than 30% fat may result in a decreased risk of prostate
cancer, others believe that compliance with such a low fat
diet would be poor. Other epidemiological studies indicate
that the level of dietary soy consumption may be linked to a
decreased risk of prostate cancer.?® Soy contains large quan-
tities of the isoflavone genistein (5,7,4i-trihydroxyisoflavone),
a compound that is not present in other parts of the American
diet (fig. 1).* Men in southeast Asia, who consume 20 to
50-fold more soy daily than American men, have a 10-fold
lower incidence of clinically significant prostate cancer and
prostate cancer related death.? ¢ Thus, it has been hypothe-
sized that American men may decrease the risk of prostate
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Fic. 1. Chemical structures of soy isoflavones and their metabo-
lites measured in this study.

cancer by altering their diet to consume a higher level of soy
proteins and, hence, genistein.®

Evidence that genistein is capable of inhibiting the human
prostate growth was provided by a recent study on the his-
toculture of minced, surgically resected prostate tissue from
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men with benign prostatic hyperplasia.” In this model 2 to 4
uM. of genistein caused a 50% inhibition of DNA synthesis. It
has also been shown that genistein not only inhibits the
growth of rat prostate adenocarcinoma cells in culture (22
puM. IC;,), but also subcutaneously administered genistein
inhibits the growth of rat adenocarcinoma cells injected
in the flanks of Lobund-Wistar rats.® Soy protein also de-
creases the number of prostatic tumors induced by testoster-
one in this susceptible rat strain.® Furthermore, genistein
administered in the diet, comprising up to 1 mg./gm. of AIN-
76A, of Lobund-Wistar rats inhibited the growth of dorsolat-
eral and ventral prostate tissue but had no effect on the size
of the testes or liver.® In contrast to genistein, the other
major soy isoflavone daidzein (4i,7-dihydroxy-isoflavone) is
weakly inhibitory for tumor cell growth in vitro (fig. 1). It had
no inhibitory effect on the growth of DU-145 or LNCaP cells,
in which growth was stimulated by serum or epidermal
growth factor transforming growth factor-a.'°

We performed a randomized double-blind crossover 2 X
6-week trial of soy protein in elderly men without histologi-
cally confirmed prostatic cancer who presented with elevated
serum prostatic specific antigen (PSA) of 4 ng./ml. or greater.
The soy protein beverage ISP+ used as the source of isofla-
vones was compared with the control soy protein preparation
ISP—, which had been extracted with aqueous ethanol to
decrease substantially isoflavones and other soluble compo-
nents. We monitored the effect of the soy protein on the 2
serum biomarkers PSA and the soluble p105 component of
the p185erbB-2 proto-oncogene as well as on serum total
cholesterol. The latter was examined since morbidity in this
patient group was more likely to be due to coronary heart
disease and cardiovascular disease than prostatic cancer.

MATERIALS AND METHODS

Materials. 4-Methylumbelliferone, 4-methylumbelliferone
sulfate, phenolphthalein, phenolphthalein glucuronide,
Sephadex LH-20 and B-glucuronidase-sulfatase (type H-1
from Helix pomatia) were used. Solvents and other chemicals
were high performance liquid chromatography grade or the
best grade available. Brownlee Aquapore C8 reversed phase
high performance liquid chromatography columns were ob-
tained. Genistein was recovered and purified from soy mo-
lasses, as previously described.'® O-desmethylangolensin, di-
hydrodaidzein, equol standards, daidzein and biochanin A
were obtained.

Two forms of the isolated soy protein based beverage were
used in this study. ISP+ was prepared by conventional com-
mercial methods, thus, preserving its usual complement of
soy phytochemicals. It contained 42 and 27 mg. of genistein
and daidzein conjugates, respectively, as determined by re-
verse phase high performance liquid chromatography.'!
ISP— was prepared by the exhaustive extraction of ISP+
with hot ethanol, thereby, removing 95% of it isoflavones as
well as other soluble phytochemicals. It contained 2.1 and 1.3
mg. of genistein and daidzein conjugates, respectively. The
beverages were formulated per serving with ISP+ or ISP—
(18.76 gm.), sucrose, fructose, maltodextrin, aspartame, the
minerals calcium pantothenate (601 mg.), dimagnesium
phosphate (55 mg.), zinc oxide (2.41 mg.), vitamins A (1,060
1U), B1 (0.131 mg.), B2 (0.448 mg.), B6 (0.217 mg.), B12 (2.34
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pg.), C(2.7mg.) D (132 IU) and folacin (74 pg.), and 102 kCal.
The beverages were prepared as a dry powder and placed in
sachets with 1 sachet used for each serving.

Our study included 34 men older than 55 years with a
serum PSA at presentation of greater than 4 ng./ml. The
sample size requirement of 17 patients per arm was based on
testing the null hypothesis that the proportion of subjects
with a response on the biomarker would be equal to 25% of
the ISP— versus 50% of the ISP+ group with 5% «, 80%
power and a correlation of 0.20 among the 8 repeat meas-
urements resulting from the crossover study design. None of
the men had histologically confirmed prostate cancer, in 17 a
pre-study prostate biopsy had shown no cancer and the re-
mainder had elected not to undergo biopsy for elevated PSA.
All participants were free of gastrointestinal and heart dis-
ease, and were not being treated with antibiotics or androgen
ablation therapy. Table 1 shows patient demographics.

At the first visit at study entry a fasting blood sample and
urine specimen were obtained. Subjects were then randomly
assigned to a 6-week period of consuming 1 of the 2 soy
beverages. A computer generated randomization scheme us-
ing a block size of 4 was prepared by the study statistician.
The treatment and randomization list was provided to the
study pharmacist, who in turn was responsible for preparing
the treatment in a blinded fashion with study labels and
patient identification numbers. Only the statistician and
pharmacist were aware of the type of soy beverage that each
patient consumed during the study.

Subjects were examined every 2 weeks at weeks 2, 4 and 6
with fasting blood and 24-hour urine samples obtained at
each visit. At the 6-week visit subjects were changed to the
other soy beverage for a further 6 weeks and were again
examined every 2 weeks at weeks 8, 10 and 12 with fasting
blood and 24-hour urine specimens obtained. During the last
2 study weeks at weeks 12 to 14 subjects consumed no soy
beverages. At the last visit at week 14 fasting blood and
24-hour urine samples were obtained. Urine specimens were
stored at 4C during each collection period. At the clinic total
urine volume was noted and 2, 25 ml. aliquots were stored at
—80C until analyzed for the phytoestrogen content. After
separation by centrifugation serum samples were also stored
at —80C.

Subjects were instructed to mix the soy beverage material
with 8 ounces of fluid, such as water, fruit juice or carbonated
drink, and consume the contents of 2 sachets daily, including
1 in the morning and the other in the afternoon or evening.
They were given sufficient sachets for each 2-week period
between clinic visits. They maintained a daily record of when
they consumed the beverages and returned all unused sa-
chets at each clinic visit, which enabled the pharmacist to
determine the number of sachets used.

Assays of blood biomarkers. Serum PSA was measured
using the Abbott AXSYM* PSA assay.'? Serum pl105erbB-2
was determined using a quantitative enzyme immunoas-
say.'® The assay sandwich enzyme-linked immunosorbent
assay used a mouse monoclonal antibody immobilized to the
surface of microplate wells for capture and rabbit polyclonal
antiserum to detect human p185erbB-2. Each antibody rec-
ognizes the 105 kDa. extracellular portion of p185erbB-2.

* Abbott Laboratories, Abbott Park, Illinois.

TABLE 1. Patient demographic characteristics

Variable ISP~ to ISP* ISP* to ISP~ Totals
No. race (%):
White 13 (76) 12 (71) 25 (74)
Black 4 (24 4 (23) 8 (29)
Other 0 1 (6) 1 (2)

Mean age = SEM (median)
Mean pounds wt. = SEM (median)

67.9 = 1.6 (66.8)
183.4 = 7.4 (174.5)

62.8 =+ 4.3 (67.1)
209.6 = 7.3 (214.7)

65.3 =+ 2.3 (67.1)
196.5 * 5.6 (181.8)
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The rabbit antibody was measured by adding an antirabbit
IgG-horseradish peroxidase conjugate that catalyzes the con-
version of o-phenylenediamine into a colored product. The
standards supplied with the kit were calibrated in arbitrary
human Neu units per ml. as well as in fmol./m1.*?

Serum total cholesterol was determined on a Beckman
Synchrom LX7 system using a timed end-end point method.'?
In the reaction cholesterol esters are hydrolyzed to free cho-
lesterol and fatty acids. Free cholesterol is oxidized to cho-
lesten-3—1 and hydrogen peroxide by cholesterol oxidase.
Peroxidase catalyzes the reaction of hydrogen peroxide with
4-aminoantipyrine and phenol to produce a colored quinone-
imine product. The system automatically proportions the
samples (1 volume) and reagent (100 volumes) into the cu-
vette. Absorbance at 520 nm. is monitored. The change is
directly proportional to the concentration of cholesterol in the
sample, which is automatically calculated by the system.

Analysis of isoflavones. The isoflavone content of the bever-
ages used in this study was determined by reversed phase high
performance liquid chromatography'* with results expressed in
mg./gm. of aglucons. Concentration of the soy isoflavones and
their metabolites in serum and urine was determined as previ-
ously described.'* 5 Briefly, 1 ml. aliquots of serum and urine
were mixed with the internal standards phenolphthalein gluc-
uronide, 4-methylumbelliferone sulfate and biochanin A. The
pH was adjusted to 5 by adding 250 ul. of 1 M. ammonium
acetate buffer. B-Glucuronidase-sulfatase (363 units of
B-glucuronidase and 15 to 40 units of sulfatase) was added and
the samples were incubated at 37C overnight. The aglucons of
the isoflavones and their metabolites were recovered by diethyl
ether extraction after adding 100 ul. glacial acetic acid. For
serum this mixture was extracted with 3 volumes of n-hexane
to remove most of the fat content and then 3 times with 2 ml. of
diethyl ether to recover the aglucons of the isoflavones and their
metabolites. For urine the n-hexane step was not used. The
diethyl ether extracts were combined, evaporated to dryness
under nitrogen at room temperature and redissolved in 80%
aqueous methanol (100 ul. and 500 wul. for plasma and urine
extracts, respectively) before high performance liquid
chromatography-mass spectrometry analysis.

High performance liquid chromatography-mass spectrom-
etry of plasma isoflavones. High performance liquid chroma-
tography was performed on a 10 cm. X 4.6 mm. internal
diameter, 300 A. pore size, Aquapore C8 reversed phase high
performance liquid chromatography column. Isocratic condi-
tions was used (30% acetonitrile in 10 mM. ammonium ace-
tate, pH 7) at a flow rate of 1 ml. per minute. Serum (20 ul.)
or urine (5 ul.) extracts were injected onto the chromatogra-
phy column. After chromatographic separation the eluate
stream was diluted with 13 pl. per minute of ammonium
hydroxide provided by a Harvard infusion pump and passed
into the HN-APCI interface. The orifice potential of the mass
spectrometer was set at —60 V. Multiple reaction ion moni-
toring was done by selecting specific isoflavonoid parent mo-
lecular ions in the first quadrupole and after collision with
neutral gas by measuring specific daughter ions in the third
quadrupole 1415

Statistical analysis. Descriptive statistics were calculated
for serum isoflavonoids, PSA, cholesterol and p105erbB-2
levels for the first and second study periods. To adjust for
baseline measurements the change from baseline to the first
and second periods was calculated. For serum isoflavonoid
outcomes baseline values were subtracted from the first and
second period measurements, while the first and second pe-
riod measurements were subtracted from the baseline values
of the cholesterol, PSA and p105erbB-2 outcomes. We com-
pared the ISP+ and ISP— groups by calculating the differ-
ence in the change from baseline between the first and sec-
ond periods. We then compared this difference in subjects

7 Beckman Instruments, Inc., Palo Alto, California.
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who received ISP— in the first period and crossed over to
ISP+ in the second period versus those who received treat-
ment in the reverse order. The Wilcoxon rank sum nonpara-
metric test'® was done to compare changes from baseline to
outcome in the ISP+ and ISP— groups.

The Wilcoxon signed ranks test was also done to evaluate
further any significant changes from baseline in cholesterol,
PSA and erbB-2. Longitudinal data analysis was performed
to determine the stability of erbB-2 measurements with time.
Furthermore, we evaluated the correlation of changes in
cholesterol with the serum isoflavone concentration by cal-
culating Spearman’s correlation coefficient with significance
testing done to determine whether this correlation was sig-
nificant.

Normality assumptions were tested for each isoflavone and
biomarker outcome. The appropriate nonparametric proce-
dures as described were used for outcomes that violated the
normality assumptions. All analysis was performed using a
commercially available software package.

RESULTS

Accrual of the planned 34 subjects was completed 11 months
after the first subject was enrolled. Subjects sustained isolated
soy protein diet supplementation for 2, 6-week periods. No
statistically significant adverse events were reported by study
participants. Constipation was the most frequently reported
adverse event in 6 of 17 (35%) ISP— to ISP+ and in 2 of 17
(12%) ISP+ to ISP— subjects (p = 0.22). Diarrhea or loose stool
was noticed by 2 of 17 (12%) ISP— to ISP+ and 1 of 17 (6%)
ISP+ to ISP— subjects, while bronchial irritation was noticed
by 1 of 17 (6%) in each group. No participant discontinued the
study packets or withdrew from study because of these adverse
events. Two subjects withdrew from study, including 1 due to
employment and the other due to unrelated surgery. Compli-
ance in consuming the beverages based on packet count and
interview was excellent in 31 of the 32 remaining subjects.
However, chromatography-mass spectrometry revealed that 3
other subjects were consuming a diet that contained substantial
amounts of soy. Thus, statistical analysis was done in the re-
maining 28 subjects divided into ISP+ to ISP— and ISP- to
ISP+ groups.

Effects on serum isoflavonoids. In the subjects who re-
ceived ISP— in the first period and crossed over to ISP+ in
the second period mean serum genistein was 110 (median 97)
and 955 nM. (median 713) for the first and second periods,
respectively (table 2). On the other hand, in those who re-
ceived ISP+ followed by ISP— mean serum genistein was 573
(median 601) and 77 nM. (median 76), respectively. The
change in serum genistein from baseline to period 1 as well
as from baseline to period 2 was also calculated. The differ-
ence in the changes from baseline was calculated from peri-
ods 1 to 2 and compared in participants who first received
ISP— and then ISP+ versus those who received treatment in
the reverse order. There was a statistically significant differ-
ence in serum genistein concentration in the 2 groups
(Wilcoxon rank sum p <0.001). Specifically the serum con-
centration significantly increased from baseline in the ISP+
group compared with that in the ISP— group.

A similar trend was evident for the other isoflavones
and their metabolites (table 2). Serum isoflavonoid concen-
trations were significantly higher in the ISP+ than in the
ISP— group. Likewise comparing the change from baseline
in serum isoflavonoid concentration indicated a signifi-
cant increase in the ISP+ group compared with that in the
ISP~ group for all isoflavonoids except equol (p <0.001, table 2).

Effects on serum PSA and erbB-2. Mean serum PSA was
8.7 (median 6.6) and 8.7 ng./ml. (median 5.8) in men who
received ISP— and then ISP+ in the first and second periods,
respectively (table 3). In those who received ISP+ followed by
ISP— mean serum PSA was 7.8 (median 5) and 8.2 ng./ml.
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TABLE 2. Serum concentration of isoflavones and their metabolites in men consuming soy protein beverages at baseline, and at first and
second periods of the study

ISP to ISP+ ISP+ to ISP— p Value*
Phytoestrogen .
Mean  Median Range Mean  Median Range (Wilcoxon rank sum test)
Genistein (nM.): <0.001
Baseline 23.2 17.1 6.28-88.52 18.3 16.4 0-68.78
First period 110.3 96.9 48.78-265.01 573.1 600.8 127.42-1,337.78
Second period 954.6 713.2 57.84-4,001.58 76.7 76.3 26.86-131.73
Daidzein (nM.): <0.001
Baseline 19.3 17.0 0-49.76 14.3 13.1 0-32.25
First period 50.9 38.7 20.76-192.64 227.6 225.9 16.75-479.88
Second period 322.5 247.5 27.9-906.92 37.7 33.3 12.26-72.34
Dihydrodaidzen (nM.): <0.001
Baseline 6.1 4.0 0-32.0 2.7 2.0 0-8.0
First period 20.1 9.0 1.0-105.0 49.4 44.0 2.0-153.0
Second period 63.5 44.4 0.91-263.92 7.3 6.1 0-27.06
Equol (nM.): 0.109
Baseline 7.3 1.1 0-71.21 2.2 0 0-10.97
First period 8.2 5.0 0-41.0 51.1 2.0 0-335.0
Second period 73.7 5.3 0-463.47 6.8 4.7 0-32.49
O-desmethylangolensin (nM.): <0.001
Baseline 2.7 2.6 0-7.5 2.1 1.2 0-10.86
First period 8.1 74 1.66-28.53 136.6 84.1 6.83-388.72
Second period 88.3 44.6 1.84-330.39 13.6 11.6 0-40.65

* Changes from baseline in ISP— and ISP+ groups.

TABLE 3. Mean PSA, erbB-2 and serum total cholesterol at baseline, and at first and second periods of the study

) ISP— to ISP+ ISP+ to ISP— p Value*
Biomarker .
Mean Median Mean Median (Wilcoxon rank sum test)
Mean cholesterol (mg./100 ml.): 0.036
Baseline 189.9 187.5 200.7 195.0
First period 194.9 198.0 186.0 178.0
Change from baseline -5.0 -8.0 14.7 17.5
Second period 181.9 182.5 186.8 190.0
Change from baseline 9.5 7.0 13.8 13.5
Mean PSA (ng./ml.): 0.622
Baseline 9.1 6.2 7.6 5.7
First period 8.7 6.6 7.8 5.0
Change from baseline 0.42 0.45 -0.26 -0.12
Second period 8.7 5.8 8.2 6.9
Change from baseline 0.45 -0.10 —0.68 -0.65
Mean erbB-2 (human Neu units/ml.): 0.727
Baseline 29.5 26.0 30.0 27.1
First period 29.9 27.6 28.8 27.6
Change from baseline -0.43 -0.25 1.21 0.30
Second period 28.1 29.0 28.2 27.0
Change from baseline 0.47 0 1.87 0.80

*Changes from baseline in ISP— and ISP+ groups.

(median 6.9), respectively. Comparing the change in serum
PSA from baseline indicated no significant difference in ei-
ther group (p = 0.622, table 3).

In participants who received ISP— and then crossed over to
ISP+ mean serum pl05erbB-2 was 29.9 (median 27.6) and
28.1 human Neu units per ml. (median 29), respectively. On
the other hand, mean erbB-2 was 28.8 (median 27.6) and 28.2
human Neu units per ml. (median 27) in those who received
ISP+ and then ISP—, respectively. Comparing the change
in serum pl05erbB-2 from baseline indicated no signifi-
cant difference in the ISP+ compared with the ISP— group
(p = 0.727, table 3).

Longitudinal analysis of p105erb2 data during the first 4
weeks in men who received ISP— indicated no significant
change with time (p = 0.785). Similarly no significant change
in pl05erb2 was observed in those who received ISP+ during
the first 4 weeks (p = 0.604). A similar finding of stable
pl05erb2 was observed in the subsequent 4 weeks in partic-
ipants who received ISP+ and ISP- (p = 0.288 and 0.056,
respectively).

Effects on cholesterol. There was an evident decrease in
plasma cholesterol during soy protein administration. Mean
plasma cholesterol was 194.9 (median 198) and 181.9 mg./
100 ml. (median 182.5) in subjects who received ISP— and
then ISP+, respectively (table 3), compared with a baseline

concentration of 189.9 mg./100 ml. (median 187.5). In those
who received ISP+ and then ISP— mean plasma cholesterol
was 186 (median 178) and 186.8 mg./100 ml. (median 190),
respectively, compared with a baseline concentration of 200.7
mg./100 ml. (median 195). Comparing the change in plasma
cholesterol from baseline indicated a statistically signifi-
cant decrease in the ISP+ compared with the ISP— group
(p <0.036, table 3).

Using paired differences between pre-study and post-study
values, and values at the end of each 6-week study period
men on ISP+ in the first 6-week period had a significant 14.7
mg./100 ml. decrease in plasma cholesterol (Wilcoxon signed
ranks p = 0.001), whereas those on ISP— had a nonsignifi-
cant 5 mg./100 ml. increase (p = 0.385, table 4 and fig. 2).
When participants on ISP— in the first 6-week period crossed
over to ISP+ in the second 6-week period, plasma cholesterol

TABLE 4. Effect of isolated soy protein on within-patient variations
in blood biomarkers

Mean Mg./100 MI. Cholesterol = SEM

Group
Study 1-Pre-Study Study 2-Study 1  Off Study—Study 2
ISP+ to ISP— -14.6 + 3.6 0.8 = 4.6 6.1 3.0
ISP— to ISP+ 5.0+ 4.6 —13.0 + 4.2 9.1+4.6
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decreased significantly by 13 mg./100 ml. Interestingly cross-
ing over from ISP+ to ISP— was associated with a minimal
(0.8 mg./100 ml.) nonsignificant increase in plasma choles-
terol (fig. 2). In each group plasma cholesterol significantly
increased in the 2-week period after all isolated soy protein
intake ceased (ISP+ to ISP— 9.1 mg./100 ml. and ISP— to
ISP+ 6.1 mg./100 ml., fig. 2). In contrast to plasma choles-
terol, neither form of isolated soy protein significantly af-
fected serum PSA or pl05erbB-2 irrespective of the order of
administration (table 4).

Using the results of the first 6-week study period we de-
termined the relationships of the change in serum cholesterol
with serum isoflavonoid. In 39 samples from men consuming
ISP+ these factors significantly correlated negatively (r =
—0.550, p <0.05), that is as serum isoflavonoid increased,
serum cholesterol increasingly decreased (fig. 3). At the lower
concentrations of isoflavonoids there was no cholesterol de-
creasing effect. Least square regression analysis estimated
that the minimum serum isoflavonoid concentration causing
a cholesterol decreasing effect was 266 nM. In 42 samples
from subjects consuming ISP— there was no correlation of
these factors (r = 0.024, not significant). All but 5 samples
examined in the ISP— group had an isoflavonoid concentra-
tion of less than 260 nM.

DISCUSSION

In a 6-week study isoflavone containing soy protein bever-
ages had no statistically significant effect on serum PSA or
pl05erbB-2. In contrast, a statistically significant decrease of
13 to 15 mg./100 ml. in serum cholesterol was observed in
these subjects when they consumed ISP+ but not ISP— in
the first study period. This latter effect is consistent with a
large number of clinical studies on the role of soy proteins on
blood lipid concentrations, as summarized by Anderson et
al.1” The recent study of Crouse et al also showed that in-
creasing the amount of isoflavones (range 3 to 62 mg. daily)
in otherwise similar isolated soy protein preparations caused
a dose related decrease in plasma cholesterol.’® Since the
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altered isoflavone dose would be expected to increase plasma
isoflavones, it is reasonable to predict that the wide range in
plasma isoflavones from a single dose due to the normal
variation in uptake, metabolism and elimination would also
correlate with decreased cholesterol. This result is important
since elderly men diagnosed with prostate cancer are never-
theless more likely to die of coronary heart disease or cardio-
vascular disease than of cancer. In the Framingham study
Tyroler reported that a 1% decrease in plasma cholesterol
decreases the risk of cardiovascular death by 3%.'° This
effect of the soy protein beverage on blood cholesterol should
be regarded as increasing longevity.

As expected, in all cases the serum concentration and uri-
nary output of the isoflavones daidzein and genistein in-
creased substantially when subjects consumed the ISP+ bev-
erage compared with samples from the periods with no soy
consumption at the start and end of the study (data not
shown). Interestingly these values were also higher when
subjects consumed the ISP— beverage. This finding corre-
lates with the small amount of isoflavones remaining in
ISP— after ethanol extraction. Thus, in this study the ISP—
beverage was not a strict control for the ISP+ beverage. The
amount of isoflavones in the ISP— beverage was considerably
greater than in the majority of nonsoy foods and may have
had a biological effect.

The correlation of the extent of the decrease in serum
cholesterol while on ISP+ with the increase in serum isofla-
vonoid concentration implies that isoflavones may have a
causative role in decreasing cholesterol. Since in mice with
defective low density lipoprotein receptors soy protein no
longer has a cholesterol decreasing effect,® isoflavonoids
may act as estrogen analogues. This role of isoflavones has
been disputed by others with some insisting that the soybean
protein fraction is solely responsible for the cholesterol de-
creasing effects of soy foods.?! 22 However, this scenario is
also unlikely since in men on ISP— there was no cholesterol
decreasing effect. A more complex explanation appears war-
ranted because in subjects previously treated with ISP+
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F1c. 3. Change in serum cholesterol and total serum isoflavonoids
in 14 patients consuming ISP+ in first 6-week period. Data are
significantly negatively correlated (r = —0.550, p <0.05) and de-
scribed by equation, change in cholesterol = —0.01976 X (isoflavone
concentration) + 5.255. Using this equation predicted minimum
serum isoflavone concentration required to obtain cholesterol lower-
ing effect is 266 nM.

crossing over to ISP— did not lead to increased plasma cho-
lesterol despite the decreased serum isoflavonoid concentra-
tion. Return of the serum cholesterol concentration to pre-
study values was only observed when study participants
completely stopped consuming isolated soy protein. This find-
ing implies that the components in ISP+ have a memory
effect that lasts several weeks and, therefore, may interact
with ISP—. A possible explanation is binding by soy proteins
in the intestine of bile acids, the principal cholesterol metab-
olites.?® This effect is analogous to that of cholestyramine in
interrupting the enterohepatic circulation of bile acids.

The lack of the response of serum PSA or pl05erbB-2 in
this pilot study may be due to several factors. It may be a
function of participant selection and the number of subjects
in this study. It is possible that a study with a greater
number of subjects would confirm a statistically significant
trend correlating PSA with ISP+ beverage consumption. Se-
lecting men in whom previous prostatic biopsy showed pros-
tatic intraepithelial neoplasia without cancer may identify a
group more likely to respond to ISP+.

While earlier series described differences in serum
pl05erbB-2 in patients with adenocarcinoma of the breast
and prostate, to our knowledge little information is available
on the temporal stability of p105erbB-2. Our study demon-
strates that in relatively healthy older men p105erbB-2 re-
mained constant during a 14-week period. In addition, the
dose of isoflavones that is effective for altering blood biomar-
kers, such as PSA and p105erbB-2, in a 6-week period may be
substantially higher than the dose provided by the soy pro-
tein beverage. In cell culture studies genistein decreased
PSA production of human prostate carcinoma LNCaP cells
but at a dose of 40 uM., which is 40-fold the concentration in
our study.?* A larger dose of partially purified isoflavones or
a soy product containing a greater concentration of isofla-
vones may result in a more profound effect on these biomar-
kers. The growth of transplanted human prostate cancer
LNCaP cells in SCID mice was inhibited 30% to 40% by
adding a genistein containing (1% by weight) phytochemical
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extract of soy to their diet.?® Using methylated isoflavones
from an extract of clover in a man with newly histologically
diagnosed prostate cancer Stephens reported that 4 X 40 mg.
doses given daily led to extensive apoptosis in biopsies done
at prostatectomy 1 week later.?® Furthermore, longer diet
intervention is recommended for at least 6 or preferably 12
months to determine the effect of the soy protein beverages
on these biomarkers. In addition, an alternative to the ISP—
used as a placebo beverage is needed since ISP— contributed
significant amounts of isoflavones, increasing serum isofla-
vones as well as their urinary excretion and, thereby, con-
founding the study design.

O-desmethylangolensin, dihydrodaidzein and equol stan-
dards were provided by Dr. Kristiina W&héla, Department of
Chemistry, University of Helsinki, Finland, and isolated soy
protein based beverage was supplied by Protein Technologies
International, St. Louis, Missouri.
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