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In spite of the availability of multiple effector mechanisms of the immune system to combat tu-
mour growrh and metastases, their impairment frequently accompanies the appearance of cancer.
Factors contributing to this impairment may be relared to properties of the host and/or the tu-
mour itself and may be with respect to their origin -endogenous or exogenous. Based on the uni-
que biological behavior of prostate cancer (PCa), and its apparent escape from immune surveillance
in the presence of tumour immunogenicity, continuing investigation of endogenous and exogenous
factors thought to be relevant to its pathogenesis have been made. For this purpose further studies
of the suggested role of human seminal plasma (SePl ) and the synthetic oestrogen, diethylstiboestrol
(DES), as representative endogenous and exogenous immunomodulatory factors (IMF) of tumour-
host responsiveness, together with evaluation of human prostatic tissue extracts and leuprolide
(the luteinizing-hormone-releasing-hormone proposed as an alternate to DES therapy) have been
made by evaluating their effect on the lytic activity of natural killer (NK ) cells. SePl and prostate
extracts significantly suppressed NK cell lysis. Physicochemical studies suggest SeP1 and prostate
IMF to be associated with high and low molecular weight macromolecules; and implicate the par-
nicipation of transglutaminase and prostaglandins. Comparative study of therapeutic levels of DES
vs. leuprolide on NK cell lysis demonstrated significant suppression by DES vs. a negligible effect
of leuprolide. Metastases are highly prevalent in PCa, and contribute significantly to its morbidity
and mortality. Further knowledge of the range of effects of endogenous and exogenous IMF on ef-
fector mechanisms of tumour-host responsiveness, to include suppression of NK cells, and elucida-
tion of their nature, may contribute toward our understanding of the unique biological behavior of
tumours of the prostate, in addition to improvement in their clinical management.

Multiple effector mechanisms of the immune
system participate in host resistance to the
growth of tumours and their metastases. How-
ever, impairment of immune responsiveness fre-
quently accompanies the apperance of cancer.
The mechanisms(s) responsible for immune sup-
pression, and by which cancer cells avoid des-
truction are not fully understood. In general,
factors involved in the escape of tumours from
immunological destruction, and their subse-
quent dissemination (metastasization), may be
related to properties of the host and/or of the
tumour ttself.

Certainly not specifically defined by the
above, but characterized by a unique biological
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behavior sugggestive of host and tumour indu-
ced immunomodulatory factors (IMF) in its
pathogenesis, is that of prostate cancer (PCa).
This unique, perhaps best described as, ‘anti-
thetical behavior’, is exemplified by the findings
that: greater than 70% of PCa patients have me-
tastases on diagnosis of their primary prostatic
tumour, -yet, for every patient who develops
clinical PCa, there are more than a hundred
who have latent Ca, and do not develop clinical
Ca during their lifetime (Tulinius, 1982). Fur-
ther representation of this antithesis is, perhaps
seen in the wide difference in the geographical
incidence of mortality from clinically expressed
PCa, e.g., USA vs. Japan, to the almost identical
incidence of latent PCa found on autopsy in the
USA and Japan. This diversity in natural his-
tory and wide variation in age of onset of clini-
cal disease “‘places a total population of 95 mil-
lion in the category ‘at risk’ for PCa’’ (Griffiths,
1982). It would appear some mechanisms(s) re-
gulate the clinical expression of PCa.

By no means to be discounted in considera-
tion of host responsiveness to the prostate, is
-benign prostatic hypertrophy (BPH). BPH af-
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fects approximately 50% of all males over age 50
(Birkhoff, 1983). Together with PCa, BPH re-
presents an increasingly significant medical pro-
blem for the aging male.

Prostate tissue-specific and putative tumour-
associated antigens and their epitopes have been

identified (Ablin, 1985 a). In spite of this,
and evidence of immunological responsiveness
to tumor in patients with BPH (Ablin, 1983a;
Ablin & Gonder, 1985a), and PCa (Ablin &
Bhatti, 1981: Ablin & Gonder, 1985a), these
responses appear to be less than in patients with
other solid tumours.

Escape from immune surveillance in the pre-
sence of tumour immunogenicity may lie with
factors within the tumour, i.e., 1its microenvi-
ronment (milieu) Ablin, 1977). Homeostasis
(equilibrium) between the host and tumours of
the prostate, characterized by diversity in natu-
ral history, wide variation in the age of onset of
clinical disease and tumour heterogeneity, may
be reflective of endogenous IMF. Equally signi-
ficant to this equilibrium are exogenously-indu-
ced immunological alterations acquired via the-
rapy (Ablin & Gonder, 1985a).

Initial investigation of the contributory role
of components of the prostatic secretory milieu
as possible endogenous IMF demonstrated im-
monosuppression (IS) of humoral-and cell-me-
diated tumour-associated immunity (TAI) in
PCa patients by prostatic and seminal fluids (se-
minal plasma (SeP1) (Ablin et al., 1980). Follo-
wing a lead from earlier studies suggestive of
the presence of transglutaminase (TGase)-like
activity in the rabbit prostate and secretions
(Bronson et al., 1970), preliminary identifica-
tion of TGase as a possible contributory factor
to human SePl IS has been made (Ablin &
Gonder, 1985b).

In aligned studies, evaluation of exogenously-
induced alterations of tumour-host responsive-
ness have involved the effect of the synthetic
oestrogens, i.e., diethylstilboestrol (DES) and
diethylstilboestrol - diphosphate (DES-P), used
for the treatment fo metastatic PCa, on immu-
nologic responsiveness. These studies demons-
trated the IS effects of oestrogen on mitogen-
(Ablin et al., 1976; Haukaas et al., 1982) and
antigen- (Ablin et al., 1979; Ablin, 1981a) in-
duced cell-mediated immunologic responsivess,
and alterations in the subset distribution of mo-
nonuclear cells (Rubenstein et al., 1985), in
patients with PCa.
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The above provides presumptive evidence of
IMF possibly relevant to tumours of the prosta-
te. Asindicated, metastases are highly prevalent
in PCa, and contribute significantly to its mor-
bidity and mortality. The multiplicity of host
effector mecharisms suggest no single mecha-
nisms may be responsible for antitumour im-
munity. Nonetheless, natural killer (NK) cells
have been demonstrated to be of major impor-
tance in immune surveillance against cancer,
particularly in the control of metastases (Her-
berman, 1982). As such, in continuing investi-
gation of the role of SeP! and DES, as represen-
tative endogenous and exogenous IMF, their ef-
fect, in addition to that of extracts of human
prostate, and leuprolide (Lupron) (one of the
recently suggested synthetic peptide analogues
of the luteinizing-hormone-releasing-hormone
(LHRH) proposed as an alternate to DES the-
rapy (The Leuprolide Study Group, 1984) on
the lytic activity of NK cells has been investiga-
ted. Inherent in this evaluation have been stu-
dies directed toward the biochemical characteri-
zation and 1dentification of these IME.

MATERIALS AND METHODS

Endogenous Factors

Seminal Plasma (SeP1) - Human SeP1 clari-
fied free of spermatozoa was obtained from eja-
culates of males attending a fertility clinic.
When possible, ejaculates were collected in ves-
sels containing 1 mM phenylmethylsulfonyl
fluoride (PMSF) and ethylenediamine tetraace-
tic acid (EDTA) to prevent polymerization of
TGase. Pools of SePl (comprised of 26 donors)
were formed on the basis of sperm quality as
defined by: sperm count (density), motility and
morphology.

Pool 003, the results of which are presented,
was comprised of 23 specimens with spermato-
zoa counts <40 x 10°/ml which had been sto-
red for 2 years at -20°C. This pool had a pro-
tein concentration of 18.1 mg of protein/ml as
determined with the Coomassie blue protein as-
say of Bradford (1976) using bovine gamma
globulin as standard.

Prostate Exrtracts — Extracts were prepared
from human prostate tissue obtained at surgery
from patients with BPH and PCa and was store-
red at -20°C. Weighed tissues were pooled and
extracted at 1:3 (weight/volume) in 50 mM
Tris-HC1! buffer, pH 7.5, with 0.25 M sucrosc;
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1 mM PMSF and EDTA at 4°C. Homogenates
were stirred and re-homogenized and centrifu-
ged at 31,000 xg for 1 hr. at 4°C. Protein con-
centrations of benign prostate extracts (BPE)
ranged from 14.1 to 23.9 mg of protein/ml by
the Coomassie blue protein assay. The protein
concentration of PCa extract (PCaE), of which
there was one pool available for study, had a
protein concentration of 12.0 mg/protein/ml.

Exogenous Factors

Diethylistilboestrol (DES) — DES (Sigma
Chemical Company, St. Louis, MO, Lot No.
49C-0092) was dissolved in dimethyl sulfoxide
(DMSO, Fisher Scientific Company, Springfield,
NJ) at a final concentration of 0.05-0.5%.

Leuprolide — Leuprolide acetate (Lupron,
courtesy of TAP Pharmaceuticals, North Chica-
go, IL, Lot No. 39-102-AL) was reconstituted
in RPMI-1640 medium (Grand Island Biological
Company, Grand Island, NY).

Effector Cells

Heparinized blood was obtained by Informed
Consent from patients and healthy adult
volunteers. Peripheral blood mononuclear cells
(PBMC) were obtained by density gradient
centrifugation of diluted blood on Histopaque-
1077 (Sigma Chemical Company, St. Louis,
MO). PBMC were collected, washed and resus-
pended to appropriate concentrations as
needed in RPMI-1640 medium supplemented
with 10% heat-inactivated foetal calf serum
containing 4mM L-glutamine, 100 units/ml
penicillin G and 100 ug/mil streptomycin.

In selected studies, PBMC were further de-
pleted of adherent cells (monocytes) by incuba-

tion in a sterile plastic tissue culture flask for
60 min. at 37°C with 5% CO, in air.

As PBMC from the same donor were evalu-
ted untreated and treated, each donor served as
their own control.

Assay for Natural Killer Cell Activity

Cytotoxicity of PBMC for the human K-562
erythroleukemia tumour cell line, used as the
target cells, was evaluated, at a 50:] effector to
target (ET) cell ratio (determined optimal from
evaluation of E:T cell ratios ranging from 100:1
to 12.5:1) in a 4 hr. microcytotoxicity assay us-
ing °>!Cr (New England Nuclear, Boston, MA)
modified after the method of Brunner et al
(1968). The mean value of counts per minute
(cpm) of triplicate cultures was used for statis-
tical evalnation. NK cell activity, i.e., the per-

cent specific release of >'Cr (cytotoxicity was
determined as:

% Specific Cytotoxicity =  Experimental
cpm — Spontaneous cpm x 100 Maximum cpm
— Spontaneous ¢cpm Where, spontaneous release
(control cultures) consisted of °!Cr-labeled
target cells incubated in assay medium only.
Maximum release consisted of > ! Cr-labeled tar-
get cells incubated in 10% sodium dodecyl sul-
face.

Evaluation of Immunomodulatory Factors
(IMF)

The effect of endogenous and exogenous
IMEF .SePl and BPE and DES and leuproli-
de, respectively, on the lytic activity of NK cel-
Is was evaluated and compared. For this purpo-
se, PBMC from the same donor were preincuba-
ted in cultures of RPMI-1640 medium only (un-
treated) and in RPMI-1640 medium containing
the optimal inhibitory concentration (determi-
ned from a dose-response curve) of the respec-
tive endogenous or exogenous IMF, for 18 hrs.
at 379C in 5% CO, in air. Following incuba-
tion, cells were washed 3 times in RPMI-1640
medium and the respective cell viabilities deter-
mined by trypan-blue dye exclusion. The lytic
activity of untreated and treated PBMC was
then determined by the NK cell assay described
above.

Transgiutaminase ( TGase) Activity

The TGase acitivity of SeP1, BPE and PCaE
was evaluated by measuring the incorporation of
*H-putrescine (New England Nuclear, Boston,
MA) into Hammersten casein (United States Bio-
chemical Corporation, Cleveland, OH) by a mo-
dification of the method of Lorand et al. (1972)
as detailed elsewhere (Ablin et al., 1987). Puri-
fied bovine F X111 and guinea pig liver TGase (the
latter, courtesy of Dr. Soo II Chung) served as
controls. The mean value of duplicate determi-
nations of the incorporation of putrescine, ex-
pressed as disintegrations per minute, was repre-
sented as picomoles of > H-putrescine incorpora-
ted/min/mg protein (pmol.min -'.mg ).

Characterization of Endogenous Immunomodu-
latory Factors (IMF)

Initial evaluation toward characterization of
IME of SePl and BPE was made by dialysis, gel
filtration and treatment with iodoacetamide,
indomethacin and ant)}-F XIII a,

For dialysis and gel filtration studies, SePl
and BPE were either dialyzed overnight at 4°C
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against distilled water using cellulose tubing
with molecular weight (M) exclusions of 1 and
10 Kd (Spectrum Medical Industries, Los Ange-
les, CA), or passed through a Sephadex G-25M
(Pharmacia, Piscataway, NJ) column.

Treatement with iodoacetamide, indometha-
cin or anti-FXII a (Calbiochem, Lalolla, CA,
Lot No. 105814D) was accomplished by incu-
bation of SePl and BPE at 37°C for 1 hr. wi-
thout and with various concentrations of the
respective inhibitors. lodoacetamide treated
preparations were further djalyzed or gel-filtra-
ted (same conditions as given above).

The IM activity of intreated, and SeP1 and
BPE treated preparations, was then determined
by their respective incubation with PBMC and
evaluation in the NK cell assay described above.

Untreated, and SePl1 and BPE treated with
iodoacetamide and anti-FXIII a (BPE only), we-
re concomitantly evaluated for their TGase acti-
vity.

Fractionation Studies

Molecular sieve chromatography of SeP1 and
BPE was carried out at 40C on Sephadex G-200
and Sephacryl S-300 (Pharmacia, Piscataway,
NJ) columns. The columns were equilibrated
and eluted with PBS, pH 7.2. The relative ab-
sorbance of each fraction was measured at 280
nm using a Uvicord SII UV monitor (LKB,
Bromma, Sweden) with a 2.5 x 5 mm measur-
ing cell. The M; of the fractions were estimated
by a mixture of thyroglobulin (670 Kd); gam-
ma globulin (158 Kd); ovalbumin (44 Kd);
myoglobulin (17 Kd) and Vitamin B-12 (1.35
Kd) (Bio-Rad Laboratories, Richmond, CA).

Individual fractions and small pools of selec-
ted fractions were concentrated 50 x by ultra-
filtration (Minicon-B15 Concentrator, M/, ex-
clusion 15 Kd, Amicon Corporation, Danvers,
MA) for evaluation of TGase activity.

Statistical Analysis

The Student’s “t” test was used to deter-
mine the statistical significance of the data. In
the case of concomitant independent incuba-
tion of PBMC with endogenous or exogenous
IMF or their treatment thereof, e.g., with
iodoacetamide, this was by the paired *‘t” test.
In the absence of concomitant incubation,
comparison was made by the *“t” test on two
independent means. The variability of the data
is presented as the mean *+ SD.
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RESULTS

The observations of this study are presented
according to the evaluation of the endogenous
and exogenous IMF of SeP1 and BPE and DES
and leuprolide, respectively, with reference to
their in vitro effect on the lytic activity of NK
cells. In the case of SeP1, BPE and PCaE initial
results obtained toward characterizztion and
identification of their IMF are further presen-
ted.

The temporal sequence of specimen availabi-
lity and variability in the number of PBMC pre-
cluded concomitant evaluation of both endoge-
nous and exogenous IMF in a number of the ex-
penments.

Evaluation of Endogenous Immunomodula-
tory Factors

Preparations of SePl (Pool 003) and BPE
(1/2) were evaluated as endogenous IMF on

the basis of their respective effects on the
lytic activity of PBMC for K-562 target cells.

Treatment of PBMC with SeP1 and BPE re-
sulted in a reduction of their lytic activity com-
pared to that obtained with untreated cells Re-
duction of NK cell lysis was proportional to the
concentration of SeP1 and BPE. In the case of
SeP1, variable reductions occurred between 100
and 1000 u g/ml and with BPE between 100
and 500 ug/ml. As the percent reduction of
lysis for SePl treated PBMC appered maximal
at 1000 u g/ml, this was taken as the optimum
inhibitory dosage. In the case of BPE, 250
ug/ml was selected as optimal, as occasional
lysis of PBMC, noted from pre-test cell viability
counts of only 65-80%, were noted at 500 ug/ml.

The percent reduction in lysis of individual
specimens of PBMC treated with 1000 u g/ml
SeP1 ranged from 36 to 99%, and with 250
ig/ml BPE from 64 to 100% from that of con-
comitantly evaluated untreated PBMC.

A summary of the respective effects of SeP1
and BPE on the lytic activity of NK cells is pre-
sented in Table I. Treatment of PBMC with
SeP1 and BPE resulted in highly significant
mean reductions in lysis of 63 (P < 0.01) and
80% (P < 0.001), respectively.

The possibility the observed reduction in
lysis was due to a cytotoxic effect of SePl or
BPE was initially thought to be excluded by
evaluating the viability (as assessed by trypan-
blue dye exclusion) of PBMC incubated for 18
hrs. in culture medium with and without their
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TABLE |

Summary of the effect of human seminal plasma (HSePl1) and benign human prostate extract (BPE) on the
lytic activity of natural killer cells

: Percent .
: Percent lysis e Significance (P) of
Peripheral blood
msrrllgnE::l ear 22[1 < of K-562 target re{du_ctg_on tn of percent reduction in
cells (Mean £ SD)* ysis r:)rg lysis from untreated
Peripheral untreate
- Untreated 48.0 X 14.7 (10)** — -
Treated with:
1000 g/ml*** 17.7 £17.8 (5) -63 <0.01
HSePl1 (Pool 003)
250 Mg/m]*=* 9.6 8.2 (5) — 80 < 0.001
BPE (1/2)

*Determined from triplicate determinations on each donor at an effector: target cell ratio of 50:1.

**Number of donorts evaluated.

***Optimum inhibitory dosage as determined from a dose-response curve ranging from 10-1000 Ug/m! for HSePl

and 1-500 Mg/ml for BPE.

respective optimal inhibitory dosages. Cell via-
bility from such evaluations ranged from 85 to
92%.

Occasional loss of cell viability, initially no-
ted with PBMC treated with BPE at 500 . g/ml
(as mentioned earlier) prompted additional
study of a possible cytotoxic effect as contribu-
tory to reduced NK cell lysis. Further included
in this study, from that delineated above, was
the temporal evaluation of cell viability of un-
treated and SePl and BPE treated PBMC up to
24 hrs. the time corresponding to that from the
initial separation of PBMC to completion of
the NK cell assay. These studies demonstrated
that IS by SeP1 and BPE could be differentiated
from a lymphocytotoxic effect of an aminoal-
dehyde (‘acrolein’) arising from the oxidation
of SeP1 and prostate polyamines by amine oxi-
dase (present in the foetal calf serum supple-
ment used) by pretreatment of SeP1 and BPE
with 0.2 mM hydroxylamine (an amine oxidase
inhibitor).

Comparable significant differences in the res-
pective effects of SePl and BPE on NK cell
lysis were observed with adherent cell (mono-
cyte) depleted PBMC.

Studies directed toward elucidating the me-
chanism of action of IMF in SeP! and BPE sug-
gest they function at the level of the effector,
rather than target cell.

The results of assays representative of the
identification of TGase in SePl1 and BPE are
presented in Table II.

The TGase activity of SePl was Ca? +, but
not thrombin dependent and was inhibited by
10doacetamide.

In the case of BPE, TGase activity was
thrombin and Ca2 + dependent, inhibited by

lodoacetamide and depleted by treatment with
anti-F XIIT a.

In contrast to prostate TGase, the Ca? + re-
quirement of SeP1 TGase appeared to be provi-
ded, as explained in Table II, by endogenous
Ca? +

The presumptive relationship between in
SeP1 and BPE and TGase is illustrated in Table
[II. For this purpose, SePl and BPE were com-
pared untreated and following treatment with
10 and 100 mM iodoacetamide for their IS and
TGase activity.

As shown in Table III, treatment with 100
mM ijodoacetamide virtually inhibited all TGase
activity in SePl and BPE. The loss in TGase
activity correlated with the respective reduction
in the IS activity of SeP1 from 82 to 31 and
5%, and with BPE, from 66 to 6 and 5%. As no-
ted in Table IIlI, there was a lesser effect on the
IS and TGase activity of SePl vs. BPE treated
with 10 mM iodoacetamide.

Pretreatment of SeP1 with 0.2 mM hydroxy-
lamine (to abrogate the formation of ‘acrolein’)
did not significantly affect the relationship
between its [S and TGase activity.

In view of the suggested relationship be-
tween IS and TGase activity, it is noteworthy,
as shown in Table TV, ti.at evaluation of PCaE
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TABLE Il

Representative results identifying transglutaminase activity in human seminal plasma (HSePl) and benign human
prostate extract (BPE)

Transglutaminase activity in:

Additions, deletions (pmol.min-! .mg-!)
and treatments =
HSePl (Pool 003) BPE (Pool 2)
Complete System* 3.6 6.3
Minus;
Thrombin 33 0.8
Calcium™** 3.2 1.0
Thrombin and calcium 3.3 04
Treated with:
Iod oacetamide
10mM 1.3 0.2
100 mM 0.8 0.4
Anti-FXIII a — wEW 0.3

*In accord with assay conditions given under “‘Materials and Methods.”

**Value obtained suggests HSePl TGase not Ca?t dependent. However, the presence of endogenous Cal? in
HSePl was sufficient for enzyme acn’vitx. This may be demonstrated by the addition of EDTA to HSePl in

the absence of CaCla, as a source of Ca2
***Not performed.

, wherein there was a decrease in TGase activity.

TABLE III

Relationship between immunomodulatory factor(s) in human seminal plasma (HSePl) and benign human
prostate extract (BPE) and transglutaminase activity

Treatment of

Immunomodulator :
immunomodulator

Percent change
of lysis from

Percent lysis of
K-562 target cells

Transglutaminase
activity

(pmol.min~!.mg~!) (Mean *SD)* control**®

None (Control)** - _ 58.6 £ 16.4(3)*** -
HSePl (Pool 003) — 3.6 10.8 £ 15.0(3) — 82
1000 (g/ml IOmM\L | o 1.3 40.7 % 2.8(2) 31

. + Dialy:

100mM | lodoacetamide lalysis 0.8 §55.4 + 11.7(2) g

None (Control) — - 40.2 t 7.9(2) _
BPE (Pool 2) 6.3 13.8%F 3.5(2) —~ 66
250 Mg/m) 10mM’ | o 0.2 38.0 8.2(2) ~6
lOOme:- lodoacetamide + Dialysis 0.4 38.1 *+ 21.4(2) s

* Determined from triplicate determinations on each donor at an effector: target cell ratio of 50:1.
“*Peripheral blood mononuclear cells not treated with HSePl or BPE.

***Number of donors evaluated.

(of which its IM properties are under investiga-
tion) disclosed significantly higher levels of
TGase than BPE. As with BPE (Table 1I), TGase
present in PCaE was thrombin and Ca’ + de-
pendent and inhibitable by anti-F XIII a,

Initial characterization of the macromolecu-
lar components of SeP| and BPE were made by
fractionation on Sephadex G-200 and Sepha-
cryl S-300. A representative chromatogram of
the Sephadex G-200 fractionation of BPE, and

the M., of three principal peaks, designated 1-3,
are shown in Figure 1.

Sephadex G-200 fractionation of SeP1 (not
shown) disclosed a similar chromatographic pat-
tern with three principal peaks of M, similar to

that of BPE.

The major difference between BPE and SePl
was in the qualitative differences in the relative
distribution of the three peaks. Particularly stri-
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king, was the suggestion of a greater amount of

low M material (Peak 3) in SeP! vs. BPE.

Evaluation of fractions os SePl and BPE for
TGase, permitted, as further shown in Figure ]
for BPE, localization of the principal areas of
activity. These corresponded to M; of 90-100
Kd and 50-60 Kd.

The principal areas of TGase activity in SeP1
(not shown) corresponded to M; of 90-100
Kd and 20-30 Kd.

TABLE IV

Activity of transglutaminase in extracts of bentgn and
malignant human prostate

Transglutaminase activi?' with:

Source of (pmol.min~! .mg" )
hum an
Prostate tissue . Without Thrombin and
Thrombin /o bin anti-FXIII 2
Benign 6.3 0.8 0.3
Malignant 42.2 5.8 4.7
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Subsequent fractionation of SePl1 on Se-
phacryl S-300 permitted delineation of four
principal peaks. Peak 4, the lowest of the M,
fractions, appeared to be a further separation of
the low Mr materials seen in Peak 3 on Sepha-
dex G-200.

Evaluation toward characterization of the
low M, fractions of SeP1 and BPE (designated
Peak 3 in Figure 1) was made by exclusion
dialysis, gel-filtration and treatment with indo-
methacin.

Following an experimental format similar to
that shown in Table III, dialysis and gel-filtra-
tion suggested a greater loss of IMF with BPE
than SeP1 (data not shown).

Treatment with 1 and 10 u M indomethacin
had an opposite effect on SeP1 and BPE. SeP1
treated with indomethacin exhibited an appre-
ciable loss of IMF. In contrast, indomethacin
had virtually no effect no BPE (data ncw shown).
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Representative chromatographic pattern obtained from the fractionation of benign human prostate extract (Pool
2) on a Sephadex G-200 column. Three identifiable peaks are labeled 1-3 and shown in relationship to the mo-
lecular weight standards. The shaded areas correspond to the localization of transglutaminase activity. Values
represent the mean of duplicate determinations.
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Evaluation of Exogenous Immunomodulatory
Factors

Evaluation of the effect of DES and leupro-
lide was made by comparison of the lytic ac-
tivity of untreated PBMC treated with DES
and/or leuprolide for K-562 target cells.

Variable suppression of NK cell lysts was
observed with concentrations of DES ranging
from 10 to 100 uM. The use of 100 uM as the
optimum inhibitory dose was based on evalua-
tion of the lytic reactivity of PBMC treated
with DES or leuprolide at concentrations ran-
ging from 0.1 to 1000 uM.

Individual comparative determinations of
the percent lysis of K-562 target cells obtained
with untreated and PBMC treated with 100
#M of DES and/or leuprolide are presented in
Table V. As PBMC from the same donor were
evaluated untreated and treated, each donor
served as their own control. Owing to the tem-
poral sequence of specimen availability, and va-
riability in the number of PBMC, the effect of
DES and leuprolide was evaluated concomitan-
tly on PBMC from 4 donors, and independently
on PBMC from 7 and 9 donors, respectively.

R.J. ABLIN ET AL.

As further shown in Table V, PBMC treated
with DES exhibited decreases ranging from 71
to 100% of their lytic activity obtained with
untreated cells. In the case of leuprolide, de-
creases, observed with 5 donors ranged from a
negligible 1 and 3% to 23%, with 4 donors sho-
wing increases, ranging from 7 to 26%.

The possibility that the observed inhibitory
effects of DES or leuprolide on NK cell lysts
was due to their cytotoxicity was excluded as
the viability (assessed by trypan-blue dye exclu-
sion) of PBMC incubated for 18 hrs. in the cul-
ture medium with and without either 100 u M
of DES or leuprolide, were essentially identical,
ie., 90%+. Similar results were obtained at 24
hrs., the time corresponding to the completion
of the NK cell assay.

A summary comparing the effect of un-
treated and PBMC treated with DES and leu-
prolide isshown in Table VI. There was a highly
significant 82% reduction from the mean per-
cent lysis of 38.3 for untreated PBMC to 7.0
for DES treated PBMC (P < 0.001). In contrast.

TABLE V

Effect of leuprolide and diethylstiiboestrol (DES) on the lytic activity of natural killer celis

Percent lysis of K-562 target cells obtained
with peripheral blood mononuclear cells”™

Donor Diagnosis o —
Treated with 100 M ** of:
Untreated - -
Leuprolide (% Change) DES (% Change)

EB Healthy 24 .8 - 3.5 (- 86)
JB Healthy 51.5 422 (-17) -
JB Healthy 52.2 — 9.7 (- 81)
JBa Hecalthy 26.6 25.8 (- 3) 0 (-100)
EJ Healthy 41.9 41.5 (- 1) 10.1 (- 76)
CL Healthy 47.6 50.8 (+ 7) —
DMcL Healthy 30.0 23.6 (-21) —
NM Healthy 37.1 — 10.7 (- 71)
NMi Healthy 24 .8 19.2  (-23)
RK BPH 42.7 520 (+22) :
PZ BPH 28.2 35.7  (+26) 53 (- 81)
ER PCa 52.3 636 (+22) 9.6 (- 82)

Means * SD (— B2)*~*

38.3 % I1T.1P>0.8*** 394 * (4.8 (+3)

P<0001*** 7.0+4.1
P<0.001**" |

*Mecan from triplicate determinations at an effector: target cell ratio of 50:1. |
** Optimum inhibitory dosage as determincd from a dose-response curve ranging from 0.1-1000 M.

*++Qionificance (P) of percent change in lysis of untreated peripheral blood mononuclear cells (PBMC) vs. PBMC
treated: with Leuprolide or DES, and of PBMC treated with Leuprolide vs. DES.
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TABLE VI

Summary of the effect of leuprolide vs. diethylstilboestrol (DES) on the lytic activity of natural killer cells

Peripheral blood Percent lysis of

Percent change in Significance (P) of

mononuclear cell K-562 target cells lysis from percent change in
nonucicar celis (Mean *SD)* untreated lysis from untreated
Untreated 38.3 £11.1 (12)** — =
Treated with
100 uM W W
Leuprolide 394 X14.8( 9) + 3 >0.8
DES 7.0 4.1 (7) —82 <0.601

* Determined from triplicate determinations on each donor at an effector: target cell ratio of 50:1

**Number of donors evaluated.

***Optimum inhibitory dosage as determined from a dose-response curve ranging from 0.1-1000 M.

PBMC treated with leuprolide exhibiting a
mean percent lysis of 39.4, for a neglegible 3%
increase, vs. 383. percent for untreated PBMC,
showed no significant change in lysis (P > 0.8).

Comparable significant differences in the res-
pective etfects of DES and leuprolide on NK
cell lysis were observed with adherent cell (mo-
nocyte) depleted PBMC.

DISCUSSION

[n following with the presentation of the
“Results”, it appears most suitable to conclude
initially with a discussion according to the en-
dogenous and exogenous categories of the IM
of SePl and BPE and DES and leuprolide consi-
dered. This will be followed by a summation of
the overall suggested relevancy of these IMF to
tumour-host responsiveness.

Endogenous Immunomodulatory Factors

This study has demonstrated the IM prop-
erties of SeP1 and BPE on the lytic activity of
NK cells. In doing so, the results obtained with
SeP1 confirm and ex tend our initjal observations
of IS of TAI in PCa (Ablin et al.,, 1980), and
observations of others of the IS activity of SePl
on a range of immune responses (James & Har-
greave, 1984). The observations of IS with BPE
extend the range of origin of endogenous IMF
to include the prostate gland.

As noted, the IS effect of SePl on NK cells
and other parameters of immunity has been re-
ported by others. It is, however, significant to
note, that with possible exception of the present
observations and previous studies of TAI (Ablin
et al., 1980), such IS has been accomplished by
simultaneous treatment (incubation) of the ef-
fector cell with SePl1 without washing, rather
than by pretreatment (preincubation) and

washing of the effector cell prior to use. There-
fore, the question of the occurrence of IS as a
consequence of merely a physical phenomenon
vs. that of an immunologic nature in studies
employing simultaneous treatment remains.
Paradoxically, we observed (Bartkus et al.,
1985), pending the sperm quality of the source
of SePl, stimulation, rather than suppression,
of NK cell activity with pretreatment of PBMC
with pools of SePl prepared from donors with
good (normmal) sperm quality. This latter ob-
servation suggests the sperm quality, and pos-
sibly fertility status of the donor source of
SePl, may be relevant to SeP1 IS.

In addition to the comments on SePl IS,
brieft mention should be made of the importance
of distinguishing ‘‘true” IMF in SeP1 and BPE
responsible for their respective IS, from that of
the lymphocytotoxic etfect of ‘acrolein’. *‘Acro-
lein’ is formed from the exidation of SePl and
prostate polyamines by amine oxidase (Alarcon
et al., 1961), present in the plasma or serum of
cattle, sheep and other ruminant animals (Ka-
peller-Adler, 1970), used to supplement tissue
culture media, and also in mid-term pregnancy
sera (Gaugas & Curzen, 1978). The distinction
of this artefactual IS in our studies was made
by pretreatment of SePl and BPE with the
amine oxidase inhibitor-hydroxylamine (Labib
& Tomasi, 1981).

Of parenthetical note in reference to amine
oxidase, increased concentrations of SePl
diamine oxidase haven been found in association
with low sperm density (Janne et al., 1973).
This association of sperm quality and diamine
oxidase may provide an explanation for our
observations of increased IS with SeP1 pools
from poor (abnormal) vs. good (nornal) sperm
quality donors.
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Studies directed toward the characterization
and identification of the IMF in SeP] and BPE
have provided preliminary data suggestive of
the participation of high M; (100 Kd) and low
M, (< 5 Kd) factors. The high M, factor in SeP!
and BPE appears to be associated, in part with
TGase activity. In SeP1, a reduction in the level
of IS on dialysis or gel filtration and treatment
with the cyclooxygenase inhibitor indomethacin
Is suggestive of the association of the low M;
factor with prostaglandins. In BPE, dialysis or
gel filtration had a greater effect on its IS activi-
ty, while treatment with indomethacin had
none,

The identification of TGase activity in SePl,
BPE and PCaE was made on the basis of its
characteristic catalytic properties (specificity,
calcium and thrombin dependency and inhibi-
tion by iodoacetamide and anti-FXIII a (BPE
only).

The localization of the principal area of
TGase activity in SePl and BPE by column
chromatography is in accord with the M; for
TGase of the guinea pig anterior prostate (Wing
et al., 1974), and that identified by Chung
(1975) in extract of human prostatic tissue, and
by Bures et al., (1980) in extracts of cell cul-
tures of dog and human prostate. Similar to the
studies of Bures et al., (1980): i) PCaE possessed
significantly higher levels of TGase activity than
BPE and ii) evaluation of the resuspended sedi-
ment (pellet) and sediment supernatant follow-
ing further ex traction disclosed additional TGase
activity in relationship to the cell type (Ablin
et al., unpublished observations).

It is emphasized that the present studies of
SePl and prostate TGase are yet of a prelimi-
nary nature. Pending these further studies,
including optimization of the assays for SePl
and prostate TGase, initial results suggest the
presence of two types of male accessory sexual
gland-associated TGase. One similar, and
possibly identical to plasma FXIII, this being
of the prostate type. The second as found in
SeP1, possibly being a tissue (intracellular), if
not, new type of TGase.

The identification of TGase and its presump-
tively demonstrated association with the IS
effect of SeP1 and BPE is particularly significant
in view of the implications of TGase in several
cellular phenomena (Fesus, et al., 1983). As to
the role of TGase in SeP1, several hypotheses
have been made by Ablin & Gonder (1985b).
In addition to these, TGase may be involved in
the crosslinking of fibrin in the tumour stroma.
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In this way a: i) crosslinked fibrin network re-
sistant to fibrinolysis is formed between and
around tumour cells, that as a barrier may in-
hibit mechanisms of tumour-host defense, alter-
nately ii) activated FXIII, as a TGase, may
covalently attach numerous host proteins to
the membrance of tumour cells, thereby cover-
ing up the “non-selfness’ of tumour. The result
of which may be increased immune resistance
to the tumour (Adany et al., 1987), e. g.,
attachment of fibrinogen to the membrane of
YPC-1 plasmacytoma cells by tissue TGase in-
hibited cell-mediated cytotoxicity (Hunyadi et
al., 1981).

In consideration of the suggestion that fibrin
deposition may inhibit mechanisms of tumour-
host defense, Gunji et al., (1987), have recently
demonstrated abrogation of the cytotoxic effect
of NK or lymphokine activated Kkiller cells in
the presence of platelet poor plasma.

In reference to other possibly studies of
endogenous urogenital IMF, human prostatic
tluid (PF) and extracts of human BPH and dog
prostate inhibited: i) phagocytosis and ii) O,-
consumption and hexomonophosphate activities
of granulocytes and macrophages (Stankova et
al., 1976; Chvapil et al., 1977). The inhib:tory
factor was associated with the low My (< § Kd)
fraction of PF and attributed to zinc (Stankova
et al., 1976; Chvapil et al., 1977).

It is suggested that observations of en-
degenous IMF in SePl and BPE contribute fur-
ther toward understanding the: i) predilection
for the development of tumours of the prostate
compared to their rare occurence in other male
accessory sexual grands; ii) failure of the PCa
patient to develop a substantial clinical response
to his malignancy in the early stages of disease
and iii) inordinate number of patients found
on autopsy to have latent PCa. As considered
clsewhere by Ablin & Gonder (1985), IS by
SeP1 may also be relevant to the poor immu-
nological responsiveness to urogenital infections
in the male, including the possible predisposition
to HIV infection, wherein it may be a co-factor
to the acquired immunodeficiency syndrome
(Ablin, 1983a, b; Ablin, 1985b; Ablin & Gon-
der, 1985b).

On the basis of the present observations and
suggested role of the IMF of SeP1 and BPE, it is
thought that in addition to the importance of,
principally PF and SeP1 as modulators of pros-
tatic function and as a medium for the transport
of spermatozoa in reproduction, alterations in
their composition, reflected in part by their IS
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activity, may serve as indicators, i. e., biological
markers, of pathological changes in the prostate.
For example, with increases in polyamines and
TGase in malignant tissues, the formation of
TGase mediated protein-polyamine conjugates
might be significant to malignant transtorma-
tion. In this regard, it perhaps should be empha-
sized that while IS may not directly induce ma-
lignancy, it may compromise the host’s ability
to control activated tumour cells. As such, IS
may be considered as permitting the growth of
tumour cells, rather than, perhaps their actual
induction. Therefore, it is permissive.

Exogenous Immunomodulatory Factors

Various forms of therapy have significant ef-
fects on immune function. In an already pos-
sibly immunocompromised cancer patient,
these effects may become even more prominent.

The results of the present study have demon-
strated the in virro IS effect of DES on the lytic
activity of NK cells, within therapeutic levels
(Ablin et al., 1979). In confirming the recent
report by Kalland & Campbell (1984), and
earlier studies of reduced NK cell activity of
PBMC from PCa patients receiving DES-P (Kal-
land & Haukaas, 1981; Onsrud & Sander, 1982),
these observations provide; 1) further evidence
of tts IS activity and ii) that leuprolide in
addition to its fewer noted clinical side effects,
compared to DES (The Leuprolide Study
Group, 1984), is also significantly less IS (at
least in terms of its effect on NK cell activity)
for the K-562 target cell.

Pharmacological, i. e., therapeutic, levels of
oestrogens possess a wide range of effects on
parameters of immune responsiveness (Gros-
man, 1985). Oestrogen induced IS may occur,
among other possibilities, by a direct ettect of
oestrogen on select populations of the immune
micromilieu, e. g, macrophages (Nicol et al.;
1964), OKT&8+ PBMC bearing oestrogen re-
ceptors (Cohen et al., 1983), and/or their solu-
ble products, e.g., interleukin-2 (Henrikson
and Frey, 1982; Pung et al., 1985), pros
taglandins (Jondal et al., 1981; Degen et al.,
1982), or indirectly by increasing the secretion
of pituitary prolactin (Chen et al., 1976) and
its interaction with prolactin receptors on
PBMC (Russell, et al., 1984), or by suppressing
secretion of endogenous androgen to support
the immune system (Farnsworth, 1981).

Studies in progress are directed toward
extension of the present observations and possi-
ble delineation of the mechanism(s) of DES-

induced IS. In this regard, it is of interest to
note, in accord with the preliminary observa-
tions of Djeu et al., (1982), that DES also
suppresses the NK cell activity of adherent cell-
depleted PBMC for K-562, as well as Molt-4,
cell lines (Ablin, unpublished observations).

Significant pharmacologically related 1S of
NK cell activity by DES and DES-P supports
the earlier suggestion that the palliative effects
of such therapy may be compromised by a
reduction in the patient’s immune surveillance
to tumour, or equally important, by a decreased
capacity to cope with infectious agents (Ablin
etal., 1974).

Pending evaluation of the effect of leuprolide
on the activity of NK cells for other target cells
and other aspects of tumour-host responsiveness,
it may prove to be a favorable alternate to DES,
not only in view of its fewer noted clinical side
effects, but because of its suggested absence of
deleterious effects to the immune system. Main-
tenance of tumour-host equilibrium, and some
degree of immunocompetency, in the presence
of effective therapy with leuprolide, permitting
the further option of adjuvant immunotherapy
(Ablin, 1981b), possibly contraindijcated by
DES-induced IS, may prove most beneficial to
achieving more effective therapy in PCa.

The importance of the effects of oestrogen
are reflected not only by immunologic consid-
erations, but also by their ability to induce
cytogenetic effects, i.e, aneuploidy in lym-
phocytes (Hill & Wolf, 1982). Aneuploidy re-
presents significant genetic aberrations that
may have direct or indirect effects on cellular
differentiation (Barrett, 1981).

In addition to the significance of NK cells in
immune surveillance against cancer, and in the
control of metastases, accumulating evidence
suggests NK cells may play an IM role in hae-
mato- and lymphopoiesis (Brieva et al., 1984),
and thus, in the end stages of humoral-mediated
immunity. It thus becomes obvious that signi-
ficant alterations in NK cell activity, whether
induced by endogenous or exogenous IMF, may
have deleterious sequelae in the clinical man-
agement of patiens with tumours of the prostate.

PCa patients have a high incidence of metas-
tases on initial diagnosis which contribute signt-
ficantly to the morbidity and mortality of this
disease. It is therefore critical that the thera-
peutic regimen selected maintain homeostasis
of the tumour-host relationship and provide
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effective control of metastases, least they
become exacerbated by the therapy.
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