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Fatty Acid Composition of Phospholipids in
Epithelium and Stroma of Human Benign
Prostatic Hyperplasia

H. Weisser* and M. Krieg

Institute of Clinical Chemistry, Transfusion and Laboratory Medicine, University Clinic
Bergmannsheil, Bochum, Germany

BACKGROUND. Although it is well known that prostatic 5a-reductase is active only in its
membrane-bound form, rather limited information is available concerning the composition of
cellular lipids in human BPH. Therefore, in the present study, the phospholipid fatty acid
composition and content in epithelium and stroma of human BPH have been investigated for
the first time.

METHODS. Phospholipids separated on TLC plates were methylated and fatty acid methyl
esters were analyzed by capillary gas chromatography.

RESULTS. The fatty acid composition of total phospholipids was significantly different be-
tween epithelium and stroma. In particular, the percentage of oleic acid was significantly
higher in epithelium as compared with stroma, whereas that of arachidonic acid was signifi-
cantly lower in epithelium than in stroma. In addition, significant differences between epi-
thelium and stroma were found in regard to the fatty acid composition of the main phos-
pholipid subclasses. Another remarkable finding were the age-dependent changes of the fatty
acid composition in human BPH.

CONCLUSIONS. This study shows that the fatty acid composition of phospholipids is sig-
nificantly different between epithelium and stroma of human BPH. Furthermore, age-
dependent alterations of the fatty acid composition were found. Further studies are needed to
determine whether the endogenous hormonal milieu in the prostate modulates the fatty acid
composition of the prostatic cells, as well as what impact such modulation could have on the
properties of membrane proteins, i.e., enzymes like the 5a-reductase and receptors, which are
thought to be affected by alterations in membrane fluidity or composition, or both. Prostate
36:235-243, 1998.  © 1998 Wiley-Liss, Inc.
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INTRODUCTION

The activity and properties of a variety of mem-
brane-bound enzymes have been demonstrated to be
affected by changes of the membrane lipid composi-
tion [1,2]. At the cellular level of the human prostate,
such a membrane-bound enzyme is the testosterone
Sa-reductase [3,4]. It catalyzes the conversion of tes-
tosterone to 5a-dihydrotestosterone (DHT). DHT
rather than testosterone is known to promote the nor-
mal prostatic growth. It most likely also gives rise to
the development of the human benign prostatic hy-
perplasia (BPH) with age. Thus, as a result of its DHT-
forming capacity, the testosterone 5a-reductase plays

© 1998 Wiley-Liss, Inc.

a central role regarding the normal and abnormal
growth of the human prostate as well. This fact is
underlined by finasteride, a 5a-reductase inhibitor,
which in many patients induces a shrinkage of the
enlarged prostate [5].

Earlier own studies have shown significant differ-
ences in the 5a-reductase activity between epithelium
and stroma of the human prostate [3,6-8]. The highest
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DHT-forming capacity was found in epithelium of the
normal prostate. With age, 5a-reductase activity in
epithelium decreased gradually to a level that was
found in stroma over the entire age range. The regu-
latory forces for those differences in 5a-reductase ac-
tivity between epithelium and stroma of the human
prostate are more or less unknown. In principle, they
could operate both at the gene level, which is known
to express at least two types of 5a-reductase, and at
the posttranslational level.

To address the posttranslational level, of interest is
the composition of the lipid environment, in which the
Sa-reductase has to be embedded in order to gain its
active state [4]. As a result, we recently analyzed the
lipids in the BPH [9]. The phospholipids were found
to be the major portion, followed by cholesterol and
glyceride glycerols. Moreover, related to wet weight
and to protein, the lipid concentration was two- to
threefold higher in BPH epithelium than in stroma.

The present study deals with the content of fatty
acids in various phospholipids extracted from the epi-
thelium and stroma of human BPH. For the first time,
our studies indicate significant differences in fatty acid
composition of phospholipids between epithelium
and stroma. Furthermore, age-dependent alterations
of the fatty acid composition were found.

MATERIALS AND METHODS
Chemicals

Silica gel 60 H was obtained from Merck AG
(Darmstadt, Germany), fatty acid methyl ester and
phospholipid standards were purchased from Sigma
Chemical Co. (St. Louis, MO). All other chemicals
were obtained from Merck AG (Darmstadt, Germany),
Serva (Heidelberg, Germany), and Boehringer (Mann-
heim, Germany).

Tissue Specimens

BPH tissue (n = 17) was obtained from patients un-
dergoing suprapubic prostatectomy. In each instance,
written consent for the use of tissue in this study was
given. The age of the patients ranged from 57 to 83
years (mean 69 years). After surgical extirpation, the
tissue was immediately chilled in ice-cold 150
mmol/L NaCl. All tissue specimens were divided into
small pieces and stored in plastic tubes at —196°C.
Representative sections from all tissue specimens
were fixed in phosphate-buffered formalin, embedded
in paraffin, and stained with hematoxylin and eosin
(H&E). The histology of all examined prostates was
that of glandular—stromal hyperplasia.

Tissue Preparation

The prostatic epithelium and stroma were sepa-
rated according to Cowan et al. [10], with minor modi-
fications as follows [11]. Aliquots of minced tissue
were thawed in an ice bath and homogenized after
addition of 4 vol (w/v) of 10 mM Tris buffer (2 mM
EDTA, 5 mM NaNj;, 10 mM MgCl,- 6 H,O, pH 7.5,
at 4°C) with a Biihler homogenizer HO 4 (Biihler
Laborgerdtebau, Tiibingen, Germany) in three pe-
riods of 30 sec at 8,000 rpm with cooling intervals
of 30 sec. The homogenate was filtered through ny-
lon gauze (pore size 150 pwm) under slight suction.
The filtrate was centrifugated at 1,800¢ for 10 min, the
pellet resuspended in 4 vol of Tris buffer (w/v), and
defined as epithelium. The tissue retained after fil-
tration was homogenized in four volumes of Tris
buffer (w/v) with an Ultra Turrax (Jahnke and
Kunkel, Staufen, Germany) in three periods of 30
sec, with 30-sec cooling intervals. The homogenate
was passed through nylon gauze under strong suc-
tion. The retained tissue was resuspended in four vol-
umes of Tris buffer (w/v), and defined as stroma. Us-
ing this separation procedure, the relative purity of
the epithelial as well as the stromal fraction was more
than 83%; estimated by measuring acid phosphatase
as a marker for epithelial cells and hydroxyproline as
a marker for stromal elements in both tissue fractions
[6,11-13].

Lipid Extraction and Fatty Acid Analysis

The pellets were subjected to lipid extraction ac-
cording to the method of Folch et al. [14] using chlo-
roform-methanol, 2:1 (v/v). The fatty acid concentra-
tion of total phospholipids were determined by add-
ing before lipid extraction diheptadecanoyl-sn-
glycero-3-phosphocholine of known weight as
internal standard to all samples. The lipid extracts
were dried under nitrogen and lipid residues were
redissolved in chloroform:methanol, 2:1 (v/v) for fur-
ther analysis. Phospholipids and neutral lipids of the
total lipid extract were separated from each other on
thin-layer chromatography (TLC) plates coated with
silica gel 60 H. Plates were developed using a solvent
system composed of petrolether:ethylether:acetic acid,
78:20:2 (v/v). The major classes of phospholipids were
separated from each other on TLC plates coated with
silica gel 60 H using a two-dimensional TLC system.
The solvent system used in the first dimension was
chloroform:methanol:water:acetic acid, 50:30:4:3 (v/
v), and chloroform:methanol:25% ammonia, 65:25:6
(v/v) in the second dimension.

Phospholipids separated on TLC plates were meth-
ylated for 3 hr in a heating block at 80°C with 3 ml
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Fig. I.

Analysis of total phospholipid fatty acids in human BPH by gas chromatography. Arrows, the two unidentified peaks A (retention

time: 9.860 min) and B (retention time: 14.278 min). ¢, internal standard heptadecanoic acid C 17:0 (retention time: 13.807 min).

methanolic hydrochloric acid. Fatty acid methyl esters
were extracted into n-hexane, taken to dryness under
a stream of nitrogen, dissolved in 100 I n-hexane, and
then analyzed by capillary gas chromatography (GC)
using a Hewlett Packard 5890 gas chromatograph.
Samples were injected onto a 50-m wall coated open
tubular (WCOT) fused silica, CP Sil 88, capillary col-
umn with 0.22-mm internal diameter. Helium was
used as carrier gas and pre-column split ratio was 50:1.
Rise in column temperature was programmed at
150°C for 10 min, then 5°C/min to 195°C. Total run
time for each sample was programmed to 40 min. In-
jector temperature was fixed at 270°C and detector
temperature was fixed at 300°C. Fatty acid methyl es-
ter concentrations were determined using a flame ion-
ization detector. Fatty acid methyl ester peaks were
identified on the basis of retention times, using known
standards under the same conditions. The fatty acids
of total phospholipids were quantified by the com-
parison of the area (percentage) of each peak on the
chromatogram with that of internal standard hep-

tadecanoic acid C17:0 (Fig. 1) (retention time: 13.807
min) of known weight.

Other Methods

Acid phosphatase activity (EC 3.1.3.2) was mea-
sured by the method of Walter and Schiitt [15]. The
statistical significance of the means was determined
by Student’s t-test. The significance of age-related
changes was determined by the Spearman rank corre-
lation coefficient (R). P < 0.05 was considered signifi-
cant.

RESULTS

Fatty Acid Composition of Total Phospholipids in
Epithelium and Stroma of Human BPH

Analysis of the phospholipid fatty acids in epithe-
lium and stroma by GC (Fig. 1) showed that the main
fatty acids were palmitic (C16:0), stearic (C18:0), oleic
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TABLE I. Fatty Acid Composition (mean £ SEM; n = 15) of Total
Phospholipids in Epithelium and Stroma of Human BPH

(Wt%) (nmol/g wet wt)
Fatty acid Eptihelium Stroma Epithelium Stroma
C14:0 0.3+£0.04 0.4 +0.03** 93 +21 47 £ 5*
A 2.7+0.11 2.4+0.12 212 +23° 57 + 5
C1e:0 202 +0.24 19.4 +£0.32 5974 +506 1,894 +103**
C16:1 0.5+0.04 0.8 +0.06** 143 +15 81 + 10**
B 2.0+0.10 4.0 +0.10** 144 + 117 102 + 7**2
C18:0 14.0 £0.35 16.8 £0.29** 3,671 +274 1,481 + 84**
C18:1 (n-9) 21.8 +0.64 123 £0.18*  6,045+609 1,102 + 75**
C18:1 (n-7) 3.0+0.09 2.1 +0.07** 826 +92 184 + 16**
C18:2 8.6 £0.25 75020 2,290+ 171 682 + 54**
Cc18:3 1.6 +0.07 0.5 +0.04** 441 =50 43 + 4
C20:0 1.0 +0.04 0.7 £ 0.03** 246 + 23 54 + 3**
C20:2 0.9+0.10 0.5+ 0.04** 244 + 27 39 + 6**
C20:3 24+0.12 2.3+0.10 586 + 66 192 £ 17**
C20:4 9.5+043 159 £0.26" 2,271 +146 1,316 + 82**
C22:0 1.7 +0.07 1.3 + 0.06** 361 +30 93 + 6**
C22:4 0.7 £ 0.07 1.8 +0.07** 143 +13 132 + 8**
C225 0.6 +0.09 1.4 +0.05* 122 +20 111 + 9**
C22:6 3.2+0.14 3.6+£0.22 757 +79 281 + 33**
C24:0 0.8+0.10 1.1+0.10 172 +23 71 + 8**
C241 0.7 £0.09 1.7 +0.13* 138 =19 113 £ 10

?Concentration (ng/g wet weight + SEM).

*P < 0.05; **P < 0.005, epithelium versus stroma.

(C18:1 [n-9]), linoleic (C18:2), and arachidonic (C20:4)
acid.

As shown in Table I, between epithelium and
stroma of human BPH there were significant differ-
ences in the fatty acid composition of the total phos-
pholipids. In particular, the percentage (weight % =
SEM) of oleic acid was significantly (P < 0.001) higher
in epithelium (21.8 + 0.64) as compared with stroma
(12.3 + 0.18), whereas that of arachidonic acid was
significantly (P < 0.001) lower in epithelium (9.5 +
0.43) than in stroma (159 + 0.26). Related to wet
weight (nmol/g wet wt = SEM), almost always sig-
nificantly (P < 0.05) higher fatty acid concentrations
were found in epithelium as compared with stroma.
Moreover, the ratio of saturated to unsaturated fatty
acids (mean + SEM) was significantly (P < 0.001) lower
in epithelium (0.71 + 0.01) than in stroma (0.79 + 0.02).

Both in epithelium and in stroma, the GLC analysis
of phospholipid fatty acids showed two unidentified
peaks (Fig. 1A, B and Table I). The percentage (weight
% + SEM) of peak B was significantly (P < 0.001) lower
in epithelium (2.0 + 0.10) than in stroma (4.0 + 0.10). In
order to characterize these peaks, GLC was performed
before and after hydrogenation (data not shown).
Peaks A and B both disappeared after hydrogenation,
indicating that these molecular species are, by nature,
unsaturated.

Relationship Between the Fatty Acid Composition
of Total Phospholipids and the Donor’s Age

The fatty acid composition of total phospholipids in
epithelium and stroma was examined for age-
dependent alterations. Plotting the percentage (weight
% of total fatty acids) of each fatty acid versus the
donor’s age, in epithelium a significant age-dependent
decrease of oleic acid was found (P < 0.01), whereas in
stroma the amount of oleic acid remained rather con-
stant over the whole age range (Fig. 2A). Moreover, as
opposed to stroma, the concentration (wmol/g wet wt)
of total fatty acids in epithelium decreased signifi-
cantly (P < 0.05) with age (Fig. 2B).

Fatty Acid Composition of the Main Phospholipid
Subclasses in Epithelium and Stroma of
Human BPH

In epithelium and stroma, the percentage fatty acid
composition of phosphatidylcholine (PC), phosphati-
dylethanolamine (PE), phosphatidylserine (PS), phos-
phatidylinositol (PI), and sphingomyelin (SM) was
analyzed (Table II). The main fatty acids of PC were
palmitic and oleic acid. Palmitic acid also was the
main component of SM, whereas the content of this
fatty acid was relatively low in PE and PS. PS and PI
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Fig. 2. Age-dependent alterations of oleic acid (expressed as weight % of total fatty acids) (A), fatty acid content of total phospholipids
(B), and 18:2/18:3 ratio (C) in epithelium and stroma (n = 5). The significance of the age-related changes was determined by the Spearman
rank correlation coefficient (R).

contained mainly stearic acid, as well as substantial arachidonic acid represents less than 1% of the fatty
amounts (>10%) of oleic acid. SM fatty acids showed a acids in SM.
high percentage of 20-, 22-, and 24-carbon chain As already mentioned, fatty acid analysis of total

length. In contrast to the other phospholipid fractions, phospholipids showed two unidentified peaks (A and



TABLE Il. Fatty Acid Composition (Mean * SEM) of Various Phospholipid Subclasses in Epithelium and Stroma of Human BPHT

Phosphatidylcholine Phosphatidylethanolamine Phosphatidylserine Phosphatidylinositol Sphingomyelin
Epithelium Stroma Epithelium Stroma Epithelium Stroma Epithelium Stroma Epithelium  Stroma

Fatty acid (n=28) (n=9) (n=28) (n=28) (n=6) n=9) (n=6) (n=9) (n=28) n=9)
C14:0 — 0.3 +0.09% 0.2+0.12 0.1+0.14 — — — — 1.2+083 03+x0.17
A 02+012 02=+0.09 5.8 +£0.42 48+0.71 — — — 0.8 +£0.55 1.1+1.11 0.1+0.06
C16:0 304 +£0.62 31.1+1.66 11.3+1.51 8.9 +0.99 50+£1.21 81+1.07 20.0+3.04 133 +1.87 36.0+£3.78 422+1.70
Cc16:1 0.1+0.06 03+0.12 — — — — — — 0.1 +0.06 —
B 0.1+£0.05 0.2+0.08 4.4 +048 8.8 + 1.86% — 2.0+£1.06 04+039 05045 1.2+1.17 —
C18:0 122+0.63 17.1+1.08* 162+134 194+228 443 +133 459 +2.67 347+311 51.0+£3.61* 88+051 149 +1.73*
C181(n-9) 284+132 156=+052* 244+124 11.2+1.11** 231+093 223+221 127 +£092 11.6 +1.31 13.8+£293 3.7 +1.68*
C181(n-7) 34+010 28=+0.15* 2.8 +0.21 14 +0.17* 20+£0.27 15+0.83 34+078 04+037* 24+098 09044
C18:2 10.5+095 11.5+0.72 5.0+0.37 2.5+0.37* 34+028 1.4+0.69* 35+£0.79 1.9+0.65 39+092 28+1.34
C18:3 1.5+0.02 0.4 +0.06** 25+0.13 0.7 £0.13** 32+026 05+0.17%* 0.6+0.38 — 0.2+0.09 —
C20:0 0.1+0.06 0.1+0.05 0.2 +£0.09 0.2 +0.07 21027  07+£022% 08+049 25+1.66 6.6 +1.50 4.4 +0.99
C20:2 14+012 0.6 £0.08* 0.8 +0.19 0.2 +0.07% 09+033 0.1+0.08* 1.5+048 —** 02+0.12 —*
C20:3 23+018 27+0.19 2.0+£0.32 14 +0.25 37+043 1.7+047* 26+1.00 0.3+0.32% 0.1+0.08 02=+0.17
C204 55+0.56 11.2+1.12* 11.5+2.03 16.7 +3.06 57+090 11.0+2.71 8.0+3.11 128+3.34 0.1+0.06 0.6+048
C22:0 02+012 04+0.14 0.7+£0.23 0.1 +0.08* 1.0+029 05+0.20 07+049 11+0.73 70+2.01 94+143
C 224 — 0.4 +0.14* 0.5+0.20 1.6 £ 0.53 — 0.3+0.19 0.3+0.25 — — —
C 225 — 0.3 +0.12% 0.3+0.19 1.6 +0.51* — 0.3+£0.19 1.0+ 0.71 — — —
C 22:6 0.6+019 09+022 75+232 44+1.10 25+0.85 0.3 +0.34* 0.6 + 0.64 — — —
C24:0 — 0.8 £ 0.29% — — — — 0.5+0.54 — 55+142 87+1.26
C24:1 — — — 0.7 £ 0.47 — — — — 87+5.04 10.6+1.63

*Results are expressed as percentage of total fatty acids.

*P < 0.05; **P < 0.005, epithelium versus stroma. (—) = not detected or present at less than 0.1%.
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TABLE Ill. Fatty Acid Substrate/Product Ratios (Mean %
SEM; n = 15) in Epithelium and Stroma of Human BPH

Ratio Epithelium Stroma

18:0/18:1 (n-9) 0.65 +0.03 1.37 + 0.04*
18:2/18:3 5.63 +0.36 15.64 + 0.79*
18:2/20:4 0.92 +0.03 0.47 +0.02*
18:3/20:4 0.18 +0.01 0.03 + 0.00*

*P < 0.001 epithelium versus stroma.

B in Tables I and II). Both peaks were present at the
highest level in the chromatogram of PE (Table II).
Concerning peak B, its percentage (weight % + SEM)
was significantly (P < 0.05) lower in epithelium (4.4 =
0.48) than in stroma (8.8 + 1.86). In PC, PS, PI, and SM,
respectively, peaks A and B were found, if at all, in
rather small amounts.

Turning to differences in the fatty acid composition
between epithelium and stroma, significant differ-
ences were found in PC and PE, especially with regard
to oleic and arachidonic acid. Moreover, in epithelium
always a higher percentage of oleic acid was found as
compared with stroma, whereas the opposite was true
regarding the arachidonic acid (Table II).

Estimated Desaturase and Elongase Activity by
Fatty Acid Substrate/Product Ratios

The following fatty acid substrate/product ratios
were used as indexes of desaturase and elongase ac-
tivity: 18:0/18:1 (n-9) (A9-desaturase activity), 18:2/18:
3 (A6-desaturase activity), 18:2/20:4 and 18:3/20:4 (A5
A6-desaturases and elongase activity). Both for epithe-
lium and stroma of human BPH, the mean values of
these ratios are summarized in Table IIl. As compared
with stroma, in epithelium a significantly (P < 0.001)
lower 18:0/18:1 (n-9) and 18:2/18:3 ratio were found.
By contrast, the 18:2/20:4 and 18:3/20:4 ratio were sig-
nificantly (P < 0.001) higher in epithelium as com-
pared with stroma. Finally, as opposed to epithelium
in stroma, the 18:2/18:3 ratio increased significantly (P
< 0.05) with the donor’s age (Fig. 2C).

DISCUSSION

The aim of the present study was to describe in
detail the fatty acid composition of phospholipids ex-
tracted from epithelium and stroma of human BPH.
As yet, such a comprehensive study has not been un-
dertaken. In fact, already a few previous studies have
dealt with the composition of phospholipids and fatty
acids in homogenate of human and rat prostatic tissue

[16-19]. However, in those studies the prostatic tissue
has not been separated in epithelium and stroma.

Epithelium and stroma are the two histoanatomical
compartments of the prostate, which are of special
interest because of their mutual growth-regulating in-
teraction. It is widely assumed that such stroma-
epithelium interaction, on which DHT might have an
impact, is not only relevant regarding the normal but
also regarding the abnormal growth of the prostate,
leading in almost all men with increasing age to a
more or less symptomatic BPH.

The precise cellular events responsible for the nor-
mal and abnormal growth in epithelium and stroma
are not fully understood. Within this context, little at-
tention has been paid to the lipid environment in epi-
thelium and stroma, although generally a close rela-
tionship is well known between phospholipids and
biomembrane processes such as fluidity and cellular
function [1,2,20]. Moreover, in light of the assumed
impact of DHT on prostate growth, it is worthwhile to
mention that for its activity the DHT-forming 5a-
reductase requires a close association with lipids [4].
Therefore, our detailed analysis of the lipid composi-
tion in epithelium and stroma may serve as a data-
base, on which androgen-dependent processes in the
prostate could hopefully be better understood.

As far as the total phospholipids are concerned,
both in epithelium and stroma of human BPH we
found that palmitic and stearic acid were the main
saturated fatty acids, while oleic, linoleic and arachi-
donic acid were the main unsaturated one. This find-
ing is in accordance with the fatty acid pattern found
in most animal cell membranes [21] as well as in the
whole tissue homogenates from human prostate car-
cinoma and BPH [16-18]. However, a more accurate
comparison between epithelium and stroma revealed
significant differences regarding the fatty acid compo-
sition in the total phospholipid fraction. In epithelium,
the amount of oleic acid was significantly higher than
in stroma, whereas the opposite held true for the ara-
chidonic acid. Moreover, the ratio of saturated to un-
saturated fatty acids was significantly higher in
stroma as compared with epithelium. Both, an in-
crease in chain length and in the ratio of saturated to
unsaturated fatty acids are known to lead to a de-
crease in the fluidity of cell membranes [1,2,20]. Thus,
compared with epithelium, our data provide some in-
dications of a decreased membrane fluidity in stroma.

In addition, significant differences between epithe-
lium and stroma were found as far as the fatty acid
composition of the main phospholipid subclasses is
concerned. However, the biological significance of
those differences remains to be determined. This holds
also true regarding the two unidentified peaks. In
their study on the phospholipid fatty acid composition
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in rat ventral prostate, Pulido et al. [19] described the
presence of three unidentified peaks. Two of these
peaks, again detectable at highest levels in phospha-
tidylethanolamine, showed a retention time compa-
rable to that of the unidentified peaks A and B in our
analysis.

Another remarkable finding are the age-dependent
changes of the fatty acid composition in human BPH,
the biological significance of which however are at
present unknown. So far, the effects of age on fatty
acid composition has been investigated in various ani-
mal tissues [22-26]. Within this context, a significant
age-dependent increase in some long-chain polyun-
saturated fatty acids as well as an age-dependent de-
crease of palmitoleic acid, oleic acid, and linoleic acid
was found in phospholipids from liver membrane of
rats [22]. Moreover, in adipose tissue of male and fe-
male Fischer rats, oleic acid increased slightly in both
sexes from the age of three to five weeks. Thereafter,
up to the 13th week, oleic acid showed a further in-
crease in female rats, whereas in male rats it dropped
[23].

Finally, it is interesting to note that in stroma a
significant age-dependent increase of the 18:2/18:3 ra-
tio was found. Within this context, it is known that the
formation of saturated and unsaturated fatty acids is
regulated by the fatty acid elongation and desatura-
tion pathways. The differences in the fatty acid sub-
strate/product ratios, as well as the age-dependent
alteration of such a ratio (vide supra) may indicate
that these pathways probably differ between epithe-
lium and stroma of human BPH. It is unclear whether
a fatty acid desaturase activity exists in human pros-
tatic tissue. It is known that desaturase activity is in-
fluenced by diet, hormones, and age [27-33], so it is
thinkable that such a direct link between hormones,
aging, fatty acid composition, and desaturase activity
actually exists in the human prostate. It is also inter-
esting to note that, in epithelium and stroma, the con-
tent of DHT and estrogens is strikingly different in
regard to age-dependent alterations [34]. Further stud-
ies are needed to determine whether the endogenous
hormonal milieu in the prostate modulates the fatty
acid composition and desaturase activity of the pros-
tatic cells and what impact such modulation could
have on the properties of membrane proteins, i.e., en-
zymes and receptors, which are supposed to be af-
fected by alterations in membrane fluidity and/or
composition. Within this context, Dave et al. were able
to demonstrate, in the rat, an inverse relationship in
prostatic prolactin binding capacity and membrane
lipid microviscosity [35]. Moreover, in vitro fluidiza-
tion of prostatic membrane exhibited an age-
dependent modification of prolactin binding. Thus,
changes in membrane fluidity with aging are of prime

importance in modulating the accessibility of prolactin
receptors in the prostate gland. Furthermore, the sig-
nificant differences in the lipid composition between
epithelium and stroma, as well as the age-dependent
alterations reported in this study support our hypoth-
esis that lipids could be somehow involved in the
modulation of the 5a-reductase activity. Such support
is also given by our very recent studies indicating that
5a-reductase activity can be modulated in vitro by the
addition of phospholipases and phospholipids [36,37].

ACKNOWLEDGMENTS

We thank Prof. Dr. K. Oette (Institute of Clinical
Chemistry, University Clinic Cologne, Germany) for
the opportunity to perform the fatty acid analysis in
his laboratory and Prof. Dr. Th. Senge (Department of
Urology, University Clinic Marien Hospital, Herne,
Germany) for supplying us with prostatic tissue.

REFERENCES

1. Cullis PR, Hope MJ: Physical properties and functional roles of
lipids in membranes. In Vance DE, Vance JE (eds): “Biochem-
istry of Lipids and Membranes,” Menlo Park, CA: WA Benja-
min/Cummings, 1985:25-70.

2. Datta DB: Factors affecting physical properties of the mem-
brane. In Datta DB (ed): “A Comprehensive Introduction to
Membrane Biochemistry,” Madison, WI: Floral Publishing,
1987: pp 120-134.

3. Krieg M, Weisser H, Tunn S: Potential activities of androgen
metabolizing enzymes in human prostate. ] Steroid Biochem
Mol Biol 1995;53:395-400.

4. Sargent NSE, Habib FK: Partial purification of human prostatic
5a-reductase (3-oxo-5a-steroid:NADP*4-ene-oxido-reductase;
EC 1.3.1.22) in a stable and active form. ] Steroid Biochem Mol
Biol 1991;38:73-77.

5. Stoner E, and the Finasteride Study Group: Three-year safety
and efficacy data on the use of finasteride in the treatment of
benign prostatic hyperplasia. Urology 1994;43:284-294.

6. Tunn S, Hochstrate H, Grunwald I, Fliichter St H, Krieg M:
Effect of aging on kinetic parameters of 5a-reductase in epithe-
lium and stroma of normal and hyperplastic human prostate. |
Clin Endocrinol Metab 1988;67:979-985.

7. Weisser H, Tunn S, Debus M, Krieg M: 5a-reductase inhibition
by finasteride (Proscar®) in epithelium and stroma of human
benign prostatic hyperplasia. Steroids 1994;59:616-620.

8. Weisser H, Krieg M: Kinetic analysis of androstenedione 5a-
reductase in epithelium and stroma of human prostate. Steroids
1997;62:589-594.

9. Weisser H, Krieg M: Lipid composition in epithelium and
stroma of human benign prostatic hyperplasia. Prostate 1997;
30:41-46.

10. Cowan RA, Cowan SK, Grant JK, Elder HY: Biochemical inves-
tigations of separated epithelium and stroma from benign pros-
tatic tissue. ] Endocrinol 1977;74:111-120.

11. Krieg M, Klotzl G, Kaufmann J, Voigt KD: Stroma of human
benign prostatic hyperplasia: Preferential tissue for androgen
metabolism and oestrogen binding. Acta Endocrinol (Copenh)
1981,96:422-432.

12. Tunn S, Haumann R, Hey J, Fliichter St H, Krieg M: Effect of



Phospholipid Fatty Acid Composition in Human BPH

243

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

aging on kinetic parameters of 3a(B)-hydroxysteroid oxidore-
ductases in epithelium and stroma of human normal and hy-
perplastic prostate. ] Clin Endocrinol Metab 1990;71:732-739.
Tunn S, Claus S, Schulze H, Braun B-E, Krieg M: 5a-Andro-
stane-3p,17B-diol hydroxylating enzymes in stroma and epithe-
lium of human benign prostatic hyperplasia (BPH). ] Steroid
Biochem 1987,28:257-265.

Folch JM, Lees M, Stanley GHS: A simple method for the iso-
lation and purification of total lipids from animal tissues. J Biol
Chem 1957;234:446-468.

Walter K, Schiitt C: Saure und alkalische Phosphatase im Serum
(Zwei-Punkt-Methode). In Bergmeier HU (ed): “Methoden der
enzymatischen Analysen,” Weinheim: Verlag Chemie, 1970:
818-822.

Narayan P, Dahiya R: Alterations in sphingomyelin and fatty
acids in human benign prostatic hyperplasia and prostatic can-
cer. Biomed Biochim Acta 1991;50:1099-1108.

Chaudry A, McClinton S, Moffat LEF, Wahle KW]J: Essential
fatty acid distribution in the plasma and tissue phospholipids of
patients with benign and malignant prostatic disease. Br ] Can-
cer 1991;64:1157-1160.

Faas FH, Dang AQ, Pollard M, Hong X-M, Fan K, Luckert PH,
Schutz M: Increased phospholipid fatty acid remodeling in hu-
man and rat prostatic adenocarcinoma tissues. ] Urol 1996;156:
243-248.

Pulido JA, del Hoyo N, Pérez-Albarsanz MA: Composition and
fatty acid content of rat ventral prostate phospholipids. Biochim
Biophys Acta 1986,879:51-55.

Stubbs CD, Smith AD: The modification of mammalian mem-
brane polyunsaturated fatty acid composition to membrane flu-
idity and function. Biochim Biophys Acta 1984;779:89-137.
Datta DB: The membrane lipids and the membrane proteins. In
Datta DB (ed): “A Comprehensive Introduction to Membrane
Biochemistry,” Madison, WI: Floral Publishing, 1987:55-87.
Laganiere S, Yu BP: Modulation of membrane phospholipid
fatty acid composition by age and food restriction. Gerontology
1993;39:7-18.

Thorling EB, Hansen HS: Age-related changes in the percentage
of oleate in adipose tissue of male and female Fischer rats. Bio-
chim Biophys Acta 1995;1258:195-198.

Masella R, Pignatelli E, Marinelli T, Modesti D, Verna R, Can-
tafora A: Age-related variations in plasma and liver lipids of
Yoshida rats: A comparison with Wistar rats. Comp Biochem
Physiol 1995;111:319-327.

Davis L], Tadolini B, Biagi PL, Walford R, Licastro F: Effect of

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

age and extent of dietary restriction on hepatic microsomal lipid
peroxidation potential in mice. Mech Aging Dev 1993;72:155-
163.

Schwarz SM, Lambert AS, Medow MS: Ontogeny of proximal
colon basolateral membrane lipid composition and fluidity in
the rabbit. Biochim Biophys Acta 1992;1107:70-76.

Marra CA, de Alaniz MJ: Regulatory effect of various steroid
hormones on the incorporation and metabolism of ['*C]stearate
in rat hepatoma cells in culture. Mol Cell Biochem 1995;145:1-9.
Cinci G, Pizzichini M, Pandolfi ML, Porcelli B, Marinello E,
Pagani R: Effects of testosterone on triglyceride levels and fatty
acid composition in the liver and serum of the rat. CR Acad Sci
Paris Ser III 1993;316:97-103.

Clejan S, Castro-Magna M, Collipp PJ, Jonas E, Maddaiah VT:
Effects of zinc deficiency and castration on fatty acid composi-
tion and desaturation in rats. Lipids 1982;17:129-135.

Dinh TKL, Bourre JM, Durand G: Effect of age and a-linolenic
acid deficiency on A6 desaturase activity and liver lipids in rats.
Lipids 1993;28:517-523.

Maniongui C, Blond JP, Ulmann L, Durand G, Poisson JP, Béz-
ard, J: Age-related changes in A6 and A5 saturase in rat liver
microsomes. Lipids 1993;28:291-297.

Lopez-Jimenez JA, Bordoni A, Hrelia S, Rossi CA, Turchetto E:
Evidence for a detectable A6 desaturase activity in rat heart
microsomes: Aging influence on enzyme activity. Biochem Bio-
phys Res Commun 1993;192:1037-1041.

Hermier D, Catheline D, Legrand P: Relationship between he-
patic fatty acid desaturation and lipid secretion in the estro-
genized chicken. Comp Biochem Physiol A Physiol 1996;115:
259-264.

Krieg M, Nass R, Tunn S: Effect of aging on endogenous level of
5a-dihydrotestosterone, testosterone, estradiol, and estrone in
epithelium and stroma of normal and hyperplastic human pros-
tate. J Clin Endocrinol Metab 1993;77:375-381.

Dave JR, Vick RS, Wong VLY, Witorsch R]: Studies of prolactin—
prostate interactions: Receptors, receptor regulation, membrane
fluidity, and prolactin processing. In Farnsworth WE, Ablin RJ
(eds): “The Prostate as an Endocrine Gland,” Boca Raton, FL:
CRC Press, 1990:97-117.

Weisser H, Ziemssen T, Krieg M: In vitro modulation of 5a-
reductase activity in human benign prostatic hyperplasia by
phospholipases. Exp Clin Endocrinol Diabetes 1996;104:A7.
Weisser H, Ziemssen T, Krieg M: Phospholipid requirement of
5a-reductase in human benign prostatic hyperplasia (BPH).
Urol Res 1997;25:73A.



