
Abstract. 12-O-Retinoylphorbol-13-acetate (RPA), an
incomplete tumor promoter of the phorbol ester type and
protein kinase C (PKC) activator, consists of two characteristic
structural elements: the phorbol body and the retinoyl ester
chain. Therefore, possible binding of the incomplete tumor
promoter RPA to the human transport protein retinol-binding-
protein (RBP) has been examined by molecular modeling
methods and experimental binding studies. The calculated
prediction of binding properties was primarily based on a
comparative geometrical approach. It was shown that the 
‚-ionone-ring of RPA was not altered within the binding
pocket of RBP (molecular modeling) compared to retinoic
acid (X-ray crystallographic data). The torsion angle C5'-C6'-
C7'-C8', determining the conformation of the RBP-‚-ionone-
ring relative to the isoprene tail, is rotated by 42Æ for RPA
compared to retinol and to retinoic acid, respectively.
Combining all the results from force field calculations, MD
simulations and geometrical comparisons, the conclusion
could be drawn that RPA should be able to bind to RBP. This

interaction should be less strong than that with its natural
ligand retinol or with retinoic acid. This prediction was proven
experimentally. RPA was able to compete with retinoic acid for
binding at RBP in human plasma. The binding properties were
investigated using 3H-labeled retinoic acid in homologous and
heterologous competition studies in a one-dimensional native
polyacrylamide gel electrophoresis system. An approximately
2000-fold weaker binding of RPA to RBP as compared to
retinoic acid was determined experimentally, confirming the
prediction of the molecular modeling approach. The
characteristic behaviour of RPA as an incomplete promoter,
due to possible binding to PKC and RBP, is discussed.

Many biological activities of retinoids are mediated by retinoic

acid-dependent transcription factors. In humans, all

physiologically necessary retinoids are supplied either as

provitamin A carotenoids or as nutritive preformed retinoids.

Both classes of substances undergo a series of metabolic

conversions (1-3). The chemical properties of retinoids dictate

their storage, transport and metabolism. Due to the long-

chain residue, most retinoids are poorly soluble in water. For

this reason, unique retinoid-binding proteins are necessary for

their transport and metabolism. Specific extra- and

intracellular-binding proteins for both retinol and retinoic acid

have been described. Serum retinol-binding-protein (RBP),

one of the most important extracellular retinoid-binding

proteins (1, 4), belongs to a class of serum transport proteins

for small lipophilic molecules with a low selectivity, binding

retinol as well as retinoic acid. The transport of retinol from

tissue stores to target tissue cells is accomplished exclusively
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by means of RBP. Within individuals, RBP levels are highly

regulated and remain constant under physiological conditions.

The physicochemical properties and the chemical structure of

RBP have been studied intensively. RBP consists of a single

polypeptide chain with a molecular weight of approximately

21 kDa, and has one binding site for a single molecule of all-

trans retinol. The structure of RBP is well known from X-ray

crystallography, and the position of retinol in the binding

pocket of RBP has been described precisely (5). The complete

primary sequence of human RBP was first reported by Rask

(6), the reported sequence containing 182 amino acids and

three disulfide bridges (6-8). Rat RBP consists of 183 amino

acid residues with an 86% sequence homology to human

RBP, while the rabbit RBP primary sequence is 92%

homologous with human RBP and contains 182 amino acids

(9). Three stretches along the polypeptide chain are totally

conserved in the three species (residues 1-20, 69-98, 126-141),

whereas two short stretches contain numerous substitutions

(residue 145-151, 175-179). Due to RBP’s physiological

interactions with retinol, transthyretin and a possible cell

surface receptor (10), it has been proposed that the need for

maintenance of these important molecular interactions has

put selective evolutionary pressure on the conservation of

sequences observed among at least the three species described

above. Crystallization of human holo-RBP (11, 12) and a

description of the three-dimensional structure of human holo-

RBP, determined by X-ray crystallography (13), gave new

insight into the structural characteristics. The three-

dimensional structure of RBP became the prototype for a

family of proteins, all binding small hydrophobic molecules

(14). In this family, a moderate degree of sequence homology

is observed; the three-dimensional chemical structure consists

of a ‚-barrel formed by two orthogonal ‚-sheets and an 

·-helix. The mechanism, by which retinol is taken up by cells

from serum RBP is of great importance, but still remains to

be fully elucidated. One possibility considered is that a specific

membrane receptor for RBP exists on cell surfaces, which is

essentially involved in the cellular uptake of retinol from RBP.

Although many cellular systems with cell-surface RBP-binding

activity (15-21) have been determined, the biochemical nature

of such an assumptive receptor has not yet been characterized.

Although the ability of retinoids to inhibit the proliferation

and clonogenicity of malignant cells and to modulate their

differentiation in vitro is well documented (22), the

mechanisms responsible for these effects are not fully

understood. It seems plausible to propose that the ability of

retinoids to modulate gene expression via nuclear retinoic acid

receptors enables them to influence the differentiation and

growth of malignant cells or to suppress the progression of

premalignant cells to final neoplastic lesions by redirecting

their differentiation (23). Because of its retinoyl-group, the

second-stage tumor promoter 12-O-retinoylphorbol-13-acetate

(RPA) (Figure 1), a member of the diterpene ester family

with the prototype 12-O-tetradecanoylphorbol-13-acetate

(TPA), can be formally regarded as a structurally complex

ester derivative of retinoic acid. The known main receptor for

diterpene esters is protein kinase C (PKC). Although the

phorbol ester derivatives TPA and RPA are almost

equipotent inducers of inflammatory and hyperplastic

response in NMRI mouse skin, TPA acts as a converting, or

so-called complete, and RPA as a non-converting or

incomplete tumor promoter (second-stage promoter) in the

mouse skin model of multistage cancerogenesis. An example

of their distinct differences in influencing protein expression

in the murine skin model is provided in Figure 2 (24, 25).

PKC-type tumor promoters induce a variety of changes in

cells (26). These include gross changes in cell growth

characteristics (27), as well as subtle changes on the molecular

level (28, 29). Induction of the expression of known proteins

has been described (30), as well as that of undefined

polypeptides (24, 25). To understand the highly complex

phenomenon of tumor promotion, it is important to gain

insight not only into strictly structural changes on the genomic

and transcriptional level, but also into the influence these

circumscribed changes exert on the function of a tissue. The

question arises, as to whether an explanation exists for the

characteristic effect of the phorbol ester derivative RPA,

postulating an additional receptor for this compound other

than PKC. If interpreted as a retinoyl-derivative, it is

theoretically possible that RPA binds to at least one of the

retinoid-binding proteins. Therefore, a binding property of

RPA to RBP was postulated and investigated in this study,

first by a molecular modeling approach and thereafter by

competition experiments.

Materials and Methods

Molecular modeling: hardware. Silicon Graphics IRIS W-

4D120GTXB, Silicon Graphics INDIGO-entry W-4DRPC (Silicon
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Figure 1. Chemical structure of 12-O-retinoylphorbol-13-acetate (RPA).
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Figure 2. Distinct differences in induction of protein expression in murine epidermis following exposure to 12-O-tetradecanoylphorbol-13-acetate (TPA)
or 12-O-retinoylphorbol-13-acetate (RPA) relative to actin expression. 

Figure 3. Position of retinol within the binding pocket of RBP (5).



ANTICANCER RESEARCH 25: 3355-3366 (2005)

3358

Figure 4. Ribbon-graph of retinol-binding-protein (RBP). (a) binding retinol and (b) binding 12-O-retinoylphorbol-13-acetate (RPA). (b) indicates
structural elements of RBP and the corresponding colors in (a) and (b).

Figure 5. Connolly surface of the RBP receptor pocket with retinoic acid as ligand, additionally overlayed with RPA.



Graphics, Grasbrunn, Germany); Convex C220, Convex 3440

(CONVEX Computer Corporation, Richardson, TX, USA); IBM-

3090 (VM/XACMS)

Molecular modeling: software.
INSIGHTII BIOSYM Technologies GmbH (Munich,

Germany)

DISCOVER 2.7/2.9 BIOSYM Technologies GmbH

MM2/87 QCPE Version, Quantum Chemical Program

Exchange (Bloomington, USA)

MOPAC-5 QCPE Version

DISANA / MOLDIS/ SPEKTREN II

Disana Software for evaluation of MD simulations 

Moldis Molecular Display Program for small

organic molecules (up to 500 atoms) 

Spektren II Spektroscopic Database, German Cancer

Research Center, Heidelberg, Germany

(lipophilicity calculation implemented)

Experimental binding studies.
a. All-trans-(11,12-3H) retinoic acid and all-trans-(15-3H) retinol

were purchased from NEN, Germany, containing ·-tocopherol as

antioxidant. Solutions of retinoids were stored in absolute ethanol

at –80ÆC. All chemicals used were of analytical grade.

b. Venous puncture. Human blood was obtained by venous puncture

of healthy young volunteers. Citrate plasma was obtained by

centrifugation of the citrate venapuncture tubes (Becton

Dickinson, Germany) for 10 min at 14000 rpm and 4ÆC. Samples

were stored frozen at –80ÆC.

c. Plasma delipidation. Human plasma was vortexed with 2 volumes

of methylethylketone (Merck, Germany) 3 times for 4 seconds at

4ÆC. The organic layer was separated from the aqueous one by

centrifugation for 3 min at 10000 rpm and then discarded. After

repeating the whole procedure the solvent was evaporated at 4ÆC

and the volume readjusted to the initial plasma volume with water.

The protein content was determined according to the method by

Bradford (31) using bovine serum albumin (BSA) as standard.

d. Incubation with retinoids / radiobinding assays. Twenty Ìg of

proteins from delipidized human plasma were incubated with 

50 pmol all-trans-(11,12-3H) retinoic acid (50.4 Ci/mmol, 1 mCi/ml,

purchased from NEN) or 50 pmol all-trans-(15-3H) retinol 

(37 Ci/mmol, 1mCi/ml, purchased from NEN). The solutions were

adjusted to 100 Ìl with homogenation buffer (50 mm Tris-HCl pH

7.5, 25 mM NaCl, 2.5 mM EDTAñ2Na, 1 mM DTE; all chemicals

were from Merck). Incubation was performed for 16 h at 4ÆC in

the dark. For displacement studies, plasma aliquots were incubated

with all-trans-(11,12-3H) retinoic acid and a 500- to 1000-fold

excess of unlabeled retinoic acid or a 1000-fold excess of the

retinoic acid derivative RPA; E. Hecker, German Cancer Research

Center). Before subjecting the incubated solutions to

polyacrylamide gel electrophoresis, each 100-Ìl sample was

vortexed with 11.1 Ìl glycerine.

e. Native polyacrylamide gel electrophoresis. All chemicals used were

from Merck. Incubated plasma samples were subjected to vertical

slab gel electrophoresis at 10ÆC. The resolving gels (7.8%) were

prepared using 9.6 ml 1M Tris-HCl pH 8.8, 7.8 ml 30%

acrylamide/bisacrylamide (2.67% C), 12.5 ml H2O and 12 Ìl

TEMED (N,N,N',N'-tetramethyl-ethylenediamine). After degassing

polymerization was started with 90 Ìl 10% ammonium persulfate

(APS). The stacking gels (1.25%) were prepared using 1.25 ml 1 M

Tris-HCl pH 6.8, 0.96 ml 30% acrylamide/bisacrylamide (2.67% C),

7.2 ml H2O and 5 Ìl TEMED. After degassing, 60 Ìl 10% APS were

added. Sample volumes of 50 Ìl 3H-retinoid incubated plasma

samples were applied to each well of the gel. The gel was run in a

buffer consisting of 25 mM Tris, 325 mM glycine, pH 8.8, starting

with 500 V / 20 mA, 30 mA in the stacking gel and 40 mA in the

Schlatterer et al: Binding of the Incomplete Tumor Promoter RPA to Retinol-binding-protein 

3359

Table I. Root-mean-square (RMS)-distances of the 'backbone', the C-
·-atoms and the binding pocket of the RBP / retinoic acid complex
compared to the RBP / RPA complex.

RMS distance [Å]

Molecules to be Whole RBP RBP binding pocket 

compared

whole pocket, pocket 

including residues without residues 

96, 98, 121 96, 98, 121

H* B* H* B* H* B*

RBP / 0.967 0.772 0.799 0.606 0.557 0.454

retinoic acid 

with RBP / RPA

*: H = heavy atoms; B = backbone

Table II. Calculated interaction energies, calulated lipophilicity and
dissociation constants of the retinol binding protein (RBP) ligands used.

RBP binding Interaction Calulated Dissociation 

partner energies lipophilcity constant [M]

[kcal] data* [log P]

Retinoic acid 60.7 4.86 2.10 x 10-7

12-O-retinoylphorbol- 55.1 5.45 1.03 x 10-4 **

13-acetate

* according to Ghose and Crippen, 1986 (35).

** determined experimentally in this paper.

Table IV. Binding data for retinoic acid / human RBP and 12-O-
retinoylphorbol-13-acetate (RPA) / human RBP.

Parameter Source Value

IC50 experiment 492±249

fold excess of RPA 

vs. retinoic acid

KD (retinoic acid / RBP) literature (5) 2.10 x 10-7 M

KD (RPA / RBP) experiment 1.03 x 10-4 M



resolving gel. After electrophoresis the gels were divided into lanes,

cut into 2-mm bands and the proteins were hydrolyzed in 250 Ìl

H2O/methanol (30%). Using 4 ml Liquid Scintillation Cocktail

(Beckman, Germany) the amount of radioactivity was assessed for

each band in a counter.

Results

Mathematical approach / molecular modeling. RPA (Figure

1) belongs structurally to the tumor promoters of the

tiglian-type, differing from TPA, the tiglian-prototype, solely

in the ester side chain at position 12. 

In the initiation/promotion mouse skin model, RPA was

shown to be a so-called incomplete tumor promoter (32).

Whether its retinoyl residue has a specific activity and if

RPA in addition to protein kinase C interacts with other

receptors, such as RBP, were investigated here by molecular

modeling and were subsequently validated experimentally.

Based on the chemical structure of RPA, the question arises

if an interaction exists between the head group of RPA and

the binding pocket of RBP, and if this interaction influences

the chemical bond.

The molecules for the study were created as the

coordinates of human RBP were extracted out of the

Brookhaven Crystallographic Data Bank (2 Å resolution,

ref. 5, Figure 3). RPA was constructed from the information

on 12-O-acetylphorbol-13-acetate and retinoic acid

(Cambridge Cristallographic Data Bank) by means of the

module ‘Builder' of the program Insight II. Conformations

of carbonyl groups at positions 12 and 13 correspond with

the energetically advantageous geometries. Retinoyl

residues of RPA as well as retinoic acid were overlayed over

retinol, whose position in the binding pocket of RBP is

known from X-ray crystallographic investigations. Retinol

was subsequently deleted. Two different receptor-ligand

complexes (RBP/retinoic acid, RBP/RPA) were obtained

(Figure 4). These were minimized with the CVFF-force

field (conjugate gradient, convergence criteria 0.01 kcal/Å,

Â=4.0, no cut-offs; further abbreviated: MIN).

RBP possesses a single globular domain of 40 Å diameter

and includes retinol and retinoic acid or the retinoyl

residues, respectively, in a ‘‚-barrel' (Figure 4). The 

‚-ionone-ring is surrounded by amino acids A43, A55, A57,

Y133, F135, H104, F45, M88 and M73. The residues V61,

Q98, L37, M73, L35, Y90 and F36 build the binding pocket

of the isoprene tail, and the entrance of the binding pocket

is dominated by the amino acids R121, D102, L35 and Q98.

Following minimization, the ‚-ionone-ring positions

belonging to the ligands and the positions of the

corresponding binding pocket amino acids did not change

much compared to the initial position. For retinoic acid this
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Figure 6. Native PAGE analysis of [3H]-retinoic acid-binding proteins from normal delipidized human plasma. Protein solutions were incubated with
500 nM [3H]-retinoic acid (▲) or with 500 nM [3H]-retinol (■) for 16 h at 4ÆC.
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Figure 7. Native PAGE analysis of [3H]-retinoic acid-binding proteins from normal delipidized human plasma. Protein solutions were incubated with
500 nM [3H]-retinoic acid and a 1000-fold molar excess of unlabeled retinol (■) or with 500 nM [3H]-retinoic acid and a 1000-fold molar excess of
unlabeled retinoic acid (▲) for 16 h at 4ÆC.

Figure 8. Native PAGE analysis of [3H]-retinoic acid-binding proteins from normal delipidized human plasma. Protein solutions were incubated with
500 nM [3H]-retinoic acid (■) or with 500 nM [3H]-retinoic acid and a 1000-fold molar excess of unlabeled RPA (▲) for 16 h at 4ÆC.



is also true for the isoprene tail, whereas the isoprene tail

position of RPA clearly changed (Figure 5). The torsion

angle C5'-C6'-C7'-C8', which determines the conformation

of the ‚-ionone-ring relative to the isoprene tail, is rotated

by 42Æ for RPA with respect to retinol and retinoic acid

(torsion angle C5'-C6'-C7'-C8' of retinoic acid according to

Cowan et al. (5) about 60Æ; after minimization by MIN

about 25Æ; torsion angle C5'-C6'-C7'-C8' of RPA about

–17Æ). At the same time, the positions of amino acids 96

(Tyr), 98 (Gln) and 121 (Arg) of RBP/RPA are significantly

changed (Table I). Comparing the root-mean-square (RMS)

distances of the heavy atoms of the RBP/retinoic acid

binding pocket with that of RBP/RPA together, with and

without amino acids 96, 98 and 121, RMS distances without

the 3 amino acids are clearly smaller. Additionally, the

altered position of the three residues induces a structural
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Figure 9. Native PAGE analysis of [3H]-retinoic acid-binding proteins from normal delipidized human plasma. Protein solutions were incubated with
500 nM [3H]-retinoic acid (■) or with 500 nM [3H]-retinoic acid and a 1000-fold molar excess of unlabeled TPA (▲) for 16 h at 4ÆC.

Figure 10. Dose-dependent competition of unlabeled RPA for the binding site of 3H-retinoic acid at RBP.



change in the entrance area of the binding pocket of the

transport protein. Following minimization, the head group

of the tiglian-type phorbol derivatives showed no significant

interactions with RBP. The interaction energies were

calculated by subtraction of the entire energies of the single

molecules or the molecule complexes, respectively. The

interaction energies are shown together with the calculated

lipophilicities in Table II. Subsequently, MD-simulations

were performed from minimized molecules (temperature:

300 K, equilibration time: 20 psec, simulation time: 

100 psec, time step: 1 fsec, Â=4.0, cut-off: 9 Å). MD-

simulations showed that RBP is stable and not altered

during simulation. The starting conformation of RPA in the

binding pocket is not altered significantly and shows high

stability (Table III). 

For the prediction of an RPA binding property to RBP,

the following suppositions were taken into account: 

(1) Starting conditions of the investigation have been

defined by crystallographic data (Figure 3). 

(2) Calculated lipophilicities of RPA and retinoic acid are

similar (Table II). 

(3) ‚-Ionone-rings and binding pockets are virtually

unaltered in all molecules examined (Figure 5).

(4) The head group of RPA shows no negative interaction

with RBP. 

(5) The binding pocket is virtually unaltered in all molecules

examined (Table I).

(6) Conformations of the minimized molecules are stable

during MD simulations (Table III). 

(7) Interaction energies between the ligand and receptor

show similar height. Due to the subtractive method

used, these energies have to be regarded as rough

estimations (Table II).

The phenomena observed can be interpreted to indicate

that RPA is capable of binding to RPB with a lesser affinity

than retinoic acid. Since the calculation model used cannot

take into account the high complexity of the experimental

system, only a rough prediction of a possible interaction

between the ligand and receptor is possible. This is due to the

fact that the method used is based mainly on geometrical

comparisons rather than on energetic evaluations.

Nevertheless, this approach makes a rapid prediction of

binding tendency feasible.

RPA clearly binds to RBP, but the position of the

retinoyl residue and the entrance of the binding pocket are

influenced by the tiglian-type head group of the molecule.

A spacer could diminish this influence and lead to

stabilization of the retinoyl-position and the binding pocket

with respect to retinoic acid and, therefore, to an improved

binding of this derivative to RBP.

Characterization of RBP and albumin in human plasma by
means of native polyacrylamide gel electrophoresis. Delipidized

plasma of healthy adult volunteers was obtained according

to the method used by Siegenthaler and Saurat (33). After

incubation of normal delipidized human plasma with 
3H-labeled retinol or retinoic acid, electrophoretical

separation of the two retinoid binding proteins, RBP and

albumin, was possible. Analysis of their migration positions

complexed with 3H-labeled retinol or retinoic acid revealed

the same migration velocity for the complex of albumin with

radioactive retinol or retinoic acid (RF 0.59), in

corroboration with Siegenthaler and Saurat. RBP binding

showed different migration positions when complexed with

retinol (RF 0.46) and with retinoic acid (RF 0.52). The

electrophoretic migration profiles of plasma incubated with

500 nM 3H-retinol and 500 nM 3H-retinoic acid are shown

in Figure 6.

Competitive incubation of normal human plasma with

labeled retinoic acid and a 1000-fold molar excess of

unlabeled retinoic acid or retinol, respectively, abolished the

radioactive binding to RBP, shown in Figure 7. Albumin

(RF 0.59) served as an additional receptor for retinoids, and

its binding to 3H-labeled retinoic acid was not affected, thus

leading to the conclusion that it is not a saturable binding

protein for retinoids.

PAGE analysis of human plasma incubated with

radioactive retinoic acid competed with a 1000-fold molar

excess of the unlabeled incomplete tumor promoter RPA

showed a significant displacement of radioactive binding to

RBP. The result of this experiment is shown together with

the binding of labeled retinoic acid alone as reference in

Figure 8. It could also be shown that murine RBP not only

binds RPA, but also SV 443, a tumor-promoting phorbol

derivative esterified with an acid prossessing vitamin A

activity. This binding occurs with a lower affinity than that

of RPA (data not shown).

Partially synthetic RPA belongs to the same chemical family

of polyfunctional diterpenes as TPA, which, as a complete

tumor promoter, was first isolated from croton tiglium oil. The

only difference between the two compounds is the substitution

at C-12. RPA bears a retinoyl-rest, TPA a tetradecanoyl-rest. If

the binding of RPA to RBP is specific and occurs via a
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Table III. Intramolecular distances between atoms in RPA and retinoic
acid during MD-simulations.

Molecule Definition Mean ± SD Maximum Minimum

of atoms distance [Å]

RPA C'5 - C'15 11.23 0.19 10.78 11.69

C'3 - C2 21.16 0.38 19.20 22.01

Retinoic C5 - C15 11.12 0.14 10.76 11.44

acid C3 - C15 13.59 0.14 13.24 13.94



retinoyl-RBP interaction, TPA should show no binding to

RBP. This could be shown experimentally (Figure 9). 

The results of a concentration-dependent competition

between unlabeled RPA and 3H-retinoic acid for the RBP-

binding site are presented in Figure 10. Since the absolute

amount of labeled 3H-retinoic acid bound to RBP, as well as

to albumin, caused variation during the repetition of

experiments, we performed a correction for the evaluation of

the RPA-binding constant. The area below the RBP peak was

set in relation to the area below the albumin peak (Figure

10). This procedure leads to a variation-independent ratio of

retinoid-binding RBP to retinoid-binding albumin and

provides a highly reproducible relative parameter.

The RPA concentration which inhibited 50% of the binding

of labeled retinoic acid (IC50) was 492±249 (fold excess of

retinoic acid, i.e. ratio of RPA against retinoic acid). With a

binding constant of retinoic acid for RBP of KD=2.10ñ10-7 M

(5), the binding constant of RPA for RBP was determined to

be 1.03ñ10-4 M, using the equation of Cheng and Prusoff (34).

Thus, RPA is clearly able to bind to RBP, but its affinity is by

a factor of 2000 lower than that of retinoic acid (Table IV).

This result confirms the molecular modeling prediction of an

interaction between RPA and RBP.

Discussion

In the life sciences, the development of new drugs and the

optimization of developmental processes are now widely

based on molecular modeling techniques. Optimization of

drug effects and a minimization of unwanted side-effects

becomes feasible when the exact biochemical mechanisms

underlying the biological effects of drugs are known, making

possible the design of selective and specific therapeutic

agents. These methodologies also allow the investigation of

the biochemical effects of chemicals by analyzing their

binding abilities to functionally well-known receptors and,

thereby, extrapolating their cellular effects. This approach

was chosen in this investigation.

The mouse skin tumor promoter RPA, a formal retinol

derivative, is known to bind and activate protein kinase C

(PKC), the most important interaction partner of the

diterpene ester tumor promoter family. Nevertheless, the

tumor promotional effects of RPA are not equivalent to

those of TPA. In addition to almost equipotent induction of

inflammatory and hyperplastic response in NMRI mouse

skin, TPA acts as a converting or complete skin tumor

promoter and RPA as a non-converting or incomplete skin

tumor promoter (second-stage promoter). In the mouse skin

model of multistage carcinogenesis, complete and incomplete

tumor promoters have been described (33). Complete tumor

promoters such as TPA cause conversion as well as cell

propagation, leading, after progression of the tumorigenic

process, to the formation of tumors after multiple treatment

of carcinogen-treated (initiated) epidermis of NMRI mice.

Incomplete tumor promoters, like the partially synthetic RPA

on the other hand, show just inflammative and

hyperplasiogenic, i.e. mitogenic, but no convertogenic effects,

and do not lead to tumor formation before conversion of the

cells by a complete tumor promoter. 

The prediction of binding properties of RPA to RBP was

performed by classic methods of molecular modeling. The

methods used led to rough estimations of binding abilities

and were confirmed by experiment. An interpretation of the

modeling data obtained by this approach should be made

without the experimental data. For example, the interaction

energies, determined by this subtractive method, are not

absolutely precise. For more precise results, the interaction

energies and the binding energies of the ligand RPA with the

receptor RBP should be calculated using more complex

prerequisites, such as MD-simulations in the presence of

water molecules. However, since the aims of predicting

binding properties by molecular modeling are speed and

efficiency with respect to experimental approaches, this kind

of strategy is justified. With this specific modeling approach,

the calculated results reflected the experimentally obtained

data. The second stage mouse skin tumor promoter RPA

clearly shows binding properties to the retinol-binding-

protein RBP. This may explain differences in cellular effects

between RPA and TPA. Such an approach may also

encourage the search for additional, unknown ligand

receptors, whose effects cannot be fully explained at present. 

Further functional studies of this kind may offer new

insights into the biochemical effects of incomplete tumor

promoters and, therefore, lead to an explanation of the

difference in their effects.
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