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Abstract

A phorbol ester tumor promoter, [*11) 12-O-tetradecanoylphorbol-13-acetate
([H. TPA) bound specifically and with high affinity to one class of saturable
binding sites in crude milochondrial fraction from rat liver. The dissociation
constant was 1.4 nM. At saturation, 6,9 pmol of (*H) TPA were bound per mg
protein, Competition experiments showed displacement of [*H) TPA by ODC
inducing phorbol esters (TPA> 43-phorbol-12, |3-didecanoate” phorbol-12, 13-
dibenzoate) in crude mitochondrial fraction. 4a-phorbel, 48-phorbol, 4¢-phorbel-
12, 13-didecancate and phorbol-12, 13-diacetate, phorbol esters devoid of oDc
induction had no effect on binding. Specific [*H] TPA binding was sensitive Lo
heat. These data suggest that ODC induction of phorbol esters in rat liver 1s
mediated by this binding activity and that binding activity corresponds to phorbol
pster target in mouse skin involved in tumor promotion. Specific (*H) TPA

hinding was not inhibited by nonphorbol promoters, i. e., phenobarbital (2 mM),
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estradiol (2 mM) and deoxycholic acid (2 mM), These agents thus appear to acl

at a target distinet from that of phorbol esters,

Introduction

Tumor promoters are agents which, altho-
uth in themselves neither carcinogenic nor
mutagenic, greatly accelerate tumor outgrowth
in animals previously exposed to a subthre-
shold dose of a carcinogen® 161718 The
phenomenon of tumor promotion has been
investigated in most detail in mouse skin

system!® ¥ In that system, the most potent

class of tumor promoters is that of 12-O-tetra-
decanoylphorbol-13-acetate (TPA) and a series
of structurally related phorbol esters. Of this
class, TPA 15 the most active.

It has been mndicated that phorbol esters can
promote tumors in mouse liver® 819 TPA
has heen shown to induce ornithine decarbo-
xylase (ODC, L-ornithine carboxy-lyase; K. C.

4,1, 1, 17) activity in mouse and rat liver!* %

14,200 Recently, we have observed a close
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quantitative correlation hetween the structure-
activity requirements for induction of QDC in
rat liver and tumor-promoting activity of
phorbol esters in mouse skin'®.

The present experiments were carried out to
demonstrate and characlerize specific binding
of phorbol esters to particulate preparations

from rat liver,

Materials and Methods

Preparation of particulate fractions:Livers
from male Wistar-Imamichi rats (200-250g)
were homogenized in 50 mM Tris-HCI (pH
7.4, 4°C) with a Potter-Elvehjem homogenizer,
Nuclei, crude mitochondria, and microsome
fractions were obtained by centrifugation for 5
min at 600 x g at 4°C, 20 min at 9,000 x g at
4°C, and 60 min at 100,000 x g at 4°C, respec-
tively.

Binding assay: For the saturation studies,
50 #g of protein from the particulate fraction
of liver was suspended in 940 2] of BSA.Tris
(0.4% bhovine serum albumin in 50 mM Tris-
HCIL, pH 7.4). 5 pl of ethanol and 5 #] of 400
nM ethanolic TPA were added to determine
total and nonspecific binding respectivelv, Then
this 1s followed by the addition of 0.2-40 pmol
(*H] TPA in 5 gzl of ethanol, TFar phorhol
ester competition studies, 50 ag of crude
mitochondrial fraction was added only after
dilution of 2 nM of radioactive TPA and vari-
ous concentrations ol nonradioactive competi-
tors in 940 #l of BSA .Tris.

carried out for 20 min at 37°C in Eppendoarf

Incubation was

minivials, after which the suspensions were
quickly filtered through Whatman GIF/F filters
and rapidly washed twice with 1 m!lof acetone
at —20°C.
placed in a draught under a hood to remove

The filter areas were cut away,

residual acctone and, after standing for 24 hr
in 1 ml{ of NCS Solubilizer, radicactivity in
each sample was measured by addition of 10

m! ol toluene scintillation [luid. The counting

efficiency from 37-43%.

binding represents the difference between total

ranged Specific
and nonspecilic bindings,

Protein determination: The protein con-
centration of the mouse skin extracts was
measured by the method of Lowry el al,!?,
with bovine serum albumin as standard.

Reagents: Reagents used and their sources
were: 4a-phorbol, 48-phorbol, 4¢-phorbol-12,
13-didecanoate, phorhol-12, 13-diacetate,
phorbol-12, 13-dibenzoate, 4f-phorbol-12, 13-
didecanoate, 12-O-tetradecanoylphorbol-13-
acetate (TFA), and bovine serum albumin
(Sigma): phenobarbital sodium, estradiol,
and deoxycholic acid (Wako); [20—-°H] TPA
(specific activity, 6.5 Ci/mmol; New England

Nuelear) ; NCS Solubilizer (Amersham).
Results

To examine the subeellular distribution of
specific (*H] TPA binding, rat liver was ho-
mogenized and fractionated into 4 parts (nuclel,
crude mitochondria, microsomes and oyto-
As de-

seribed 1n “Materials and Methods", specilic

plasm) by different centrifugation,

(*H) TPA binding was determined as the
difference in [*H) TPA binding in the absence
(total (*H] TPA
(nonspecilic [*H] TPA binding) of a large

binding) and presence
excess (400 nM) of nonradivactive TPA., As
shown 1n Table 1, specific [*11] TPA binding
of crude mitochondrial fractions were highest
in & parts (homogenate, nuclei, crude mito-
chondria, microsomes and cytoplasm).

Ag shown 1n Fig. 1, total and nonspecific
binding 1n crude mitochondrial fractions were
dependent on the concentrations within the
range of 0-20 nM. Nonspecific [*H] TPA
binding was linear.

In Fig. 2, specific [*11] TPA binding in-
creased dose-dependently in the range of 0-10
nM, and reached a plateau over 10 nM (7.6 nM

of free [*11) TPA), This binding activily was

-
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Table 1. Subcellular distribution of specific [*H) TPA binding in rat liver

Specific binding (pmol/mg protein)

Homogenate

Nuclel

Crude mitochondria
Microsomes
Cytoplasm

1.23
1.83
2.36
1.32
0.26

Fractionation was ecarried oul as described in “Materials and

Methods”.

The 5 parts were incubated in duplicate with 2 nM

[(*H) TPA +400 nM nonradicactive TPA and processed as described
in “Materials and Methods.” Data 1s taken from one experiment.
A second experiment gave similar results.

[
zn
T

Bound ["H] TPA (pmol/mg protein !

1 I 1 L )
1] 2 I 13 20 1
["H) TPA (nM)
Binding of [*H) TPA in rat liver,
Total binding ({2) and nonspecific
binding (@) of [*HJ TPA to crude
mitochondrial  fraction  were  de-
termined as described 1n “Materials
and Methods”. Fach point 1s the mean
=3, E. M. of six determinations with-
in a single experiment.

(date not

destroved by boiling for 5 mun
shown).

Scatchard plot of specific (¥H] TPA binding
was obtained from the experiments in g, Z

In Fig. 3, Scatchard plot revealed high af-

TPA (pmol /mg protein )

1)

0 1 dee p—

10 20 35

Bound

Free (°H) TPA (nM!

Fig. 2.

Specific binding of [*H] TPA to the
crude mitochondrial fraction from rat
liver, Specific (*H! TPA binding were
calculated as described in "Materials
and Methods". BEach point is the mean
=5, E. M, of six determinations with-
in a single experiment.

[inity  binding with & dissociation constant
Kp of 1.4 nM and a maximal binding site
concentration Rt of 6.9 pmol TPA bound per
mg protein,

Specilicity of specilic [*H] TPA binding was
tested by incubation of crude mitochondrial
fractions in the presence of a half-saturating
amount of *H] TPA and various concentra-
tions of phorbol ester competitor.  As shown
m Fig. 4, the 3 tumor promoting phorbol
esters, TPA, 4F-phorbol-12,
(45-PDIY, and phorbol-12,
(PDB)Y, all inhibited specific [*HI TPA bind-

ing; the slopes of the inhibition curves were

13-didecanoate

13-dibenzoate
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Table 2. Effects of nonphorbol promoters on specific [#HJ TPA
binding in crude mitochondrial fractions

Additives

Specific binding (pmol/mg protein)

None

Phenobarbital (2 mM)
Iistradiol (2 mM)
Deoxyecholic acid (2 mM)

.31 +0.36
.45 +0,08
B3E0.16
.33 0.23

%]

[ Sl S

Binding assay were carried out as described in “Materials and
Methods”. Each compound was tested in three separate experi-
ments with four determinations per compound per experiment.
Values are meant 3, E. M. for these twelve determinations.

KD 1.4nM
R =6.%pmol ‘mg protein

Bound' Free (pmol/mg protein/ nM }

Bound \'%Hﬁ TPA (pmol/mg protein)

Fig. 3. Scatchard plot of specific binding of
(*H] TPA. Data is taken from the
experiment shown 1n Fig. 2.

No inhibition was observed for the
da-
13-
13-

similar.

phorbol
4e-phorbol-12,

phorbol-12,

non-tumer promoting
4 #-phorbal,
didecanoate (4a-PDD),

diacetate (IPDA).

esters,
phorhol,

and

Effects of nonphorbol promoters on specific
(H. TPA binding were examined. In Table 2,
specific (*H] TPA binding was not inhibited
by phencbarbital (2 mM), estradiol (2mM),
and deoxycholic acid (2 mM), the three com-
pounds known as liver tumor promoters.

The 1Dgg values ol various phorbol esters

or

Residual specific binding (% )

a0

40k

20

TSR, o S,

~

—

N
%

Fig, 4.

Concentration log M)
[Dose-regponse curves for the inhibition
of specific ["H] TPA binding by
nonradioactive phorbol esters. Binding
experiments were carried out as de-
scribed 1n “Materials and Methods™ 1n
the presence of 2 nM [*II] TPA and
the indicated  concentrations  of
nonradivactive phorbol esters. Specifie
binding in the presence of the nonradio-
aclive phorbol esters was expressed as
a [raction of the total specific binding
determined for each experiment. Each
point represents the mean 8. E. M. of
s1x separate experiments with tripli-
cute determinations at each concentra-
lion in each experiment, d4e-phorbol
(A); 4f-phorbol (D 12-PDD (V)
PDA (A): PDB (| ); 45-PDD (@) ;
TPA. ().
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Table 3. Comparison of specific [*11] TPA binding inhibition

50% binding inhibition®

and ODC induction in rat liver by phorbol esters

ODC activity™

Thgamsm, (nM) (nmol CO3/30 min/g liver)
Vehicle M I 0.36=£0.05
4a-phorbol N. L 0.3920,06
48-phorbol . L 0.4320.16
4a-PDD N. I, 0.48-0.25
PDA N. L 0.91=0.57
PDIR 13.2 4.611.13*
43-PDD 4.5 10,7541, 03*
TPA 3.0 14,6710, 42*

a) 50% binding inhibition was obtained [rom the results of Fig. 4.
by Induction of ODC was the activity tested (from Ref. 14)
*[<0.001 versus Vehicle: N. L., No inhibition

for specific [*11] TPA binding were compared
with rat liver QDC activity that we determined
previously.  In Table 3,
phorbol

their QDC induective ability 1n rat liver.

the [Dg values of

VAPIOUS esters correlated well with

Discussion

We determined the subeellular distribution
of specific [PH) TPA binding to examine the
cellular sites of action of phorbol esters in ral
Specific [*H] TPA binding of crude

mitochondrial (ractions were highest 1n b parts

lLiver.

(homogenate, nuclel, crude mitochondria,
microsomes and eytoplasm). [t has bheen

demonstrated that specific binding sites for
[*HI TPA exist in the rat liver.
Specifie [*11) TPA binding of crude  mito-
chondrial fractions increased dose-dependently
n the range of 010 nM, and reached a platean
over 10 nM.
heat, As

This binding was sensitive to
Scatchard plot on this binding re-
vealed linear regression, 1t has been sugpested
that this specific [*H] TPA binding has a
single binding site.

Specific [*H] TPA binding of crude mito-
chondrial fractions in the presence of a half-
saturating amount of (?H. TPA was inhibited

by tumor-promoting phorboel esters (TPA <<44-

<5

PDD <PDB). The
pvhorbol csters (4a-phorbol, 4#-phorbol, 4a-
Pl,

We have already demonstrated that there 1s a

non-tumor promoting

PDAY had no effect on this binding.

close quantitative correlation between tumor-
promoting ability in skin by phorbol esters
of 0DC

. This experiment has also demonstrated

their ability induction 1n rat

141

and
liver
that there 15 a clear correlation between coms-
petition for TPA binding sites by various
phorbol esters and their ability of ODC induc-
tion in liver., IFrom this result, it has been
suggested that at least the induction of ODC
by phorbol esters 15 mediated through binding
to the receptor detected with [*111 TPA,

It has been shown thal phenobarbital!® 1%,

14 and deoxycholic acid® have the

estradio
ability in hepatocarcinogencsis,
(*H] TEA

these liver tumor promoters,

promoting

Since specific binding was not
inhibited by
these agents appear to act at a target distinet
from that of phorbol esters.

Microtubule-containing structures may
constitute a general mechanism for the trans-
mission of signals gencrated at the plasma

membrane into the interior of the cell where

these signals effect on gene expression'®,  As
colchicine,  microtubule-disrupling  agents,
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inhibited significantly the induction of rat
liver ODC by TPA, it 1s suggested that the
first acting site of TPA 15 the membrane of rat
liver'®¥. Further studies concerning the con-
stituents in the crude mitochondrial fraction

of rat liver are currently being carried out.
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