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Conserved molecular mechanisms underlying the effects of
small molecule xenobiotic chemotherapeutics on cells
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Abstract. For proper determination of the apoptotic poten-
tial of chemoxenobiotics in synergism, it is important to
understand the modes, levels and character of interactions
of chemoxenobiotics with cells in the context of predicted
conserved biophysical properties. Chemoxenobiotic structures
are studied with respect to atom distribution over molecular
space, the predicted overall octanol-to-water partition coef-
ficient (Log OWPC; unitless) and molecular size viz a viz van
der Waals diameter (vdWD). The Log OWPC-to-vdWD (nm’’)
parameter is determined, and where applicable, hydrophilic
interacting moiety/core-to-vdWD (nm) and lipophilic
incorporating hydrophobic moiety/core-to-vdWD (nm™’)
parameters of their part-structures are determined. The
cellular and sub-cellular level interactions of the spectrum
of xenobiotic chemotherapies have been characterized, for
which a classification system has been developed based on
predicted conserved biophysical properties with respect to the
mode of chemotherapeutic effect. The findings of this study
are applicable towards improving the effectiveness of existing
combination chemotherapy regimens and the predictive accu-
racy of personalized cancer treatment algorithms as well as
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towards the selection of appropriate novel xenobiotics with
the potential to be potent chemotherapeutics for dendrimer
nanoparticle-based effective transvascular delivery.

Introduction

Small molecules non-endogenous to the biological system,
often referred to as xenobiotics, include a diverse variety of
molecules, simple organic toxicants with uncomplicated
structures and natural eukaryotic antibiotics and synthetic
molecules of more complicated structures and cytotoxic
properties (1), the latter of which have chemotherapeutic prop-
erties. Although small molecule chemoxenobiotics, of various
traditional classes, form the basis of present synergistic
cancer treatment strategies, their clinical efficacy remains
questionable for the treatment of solid and hematopoietic
malignancies alike, upon surgical resection in the former, and
during bone marrow irradiation-transplantation and after in
the latter. For this reason, a better understanding of the modes
and character underlying molecular cellular interactions
is necessary, particularly for the purposes of improving the
tumor tissue selectiveness of enhanced permeation and reten-
tion (EPR)-based chemotherapy (2), which has a prolonged
blood half-life but is non-selective for solid tumor foci. Along
these lines, there has been relatively recent translational
advancement towards the development of optimally sized
dendrimer nanoparticle-based small molecule chemotherapy
at ~9 nm (Hp) (3-7), which selectively delivers small mole-
cule chemoxenobiotics into solid malignancies at effective
concentrations without systemic toxicity (4,8). As such, with
optimally sized dendrimer nanoparticle-based small molecule
chemotherapy, there is the potential for complete tumor regres-
sion (3,9) in lieu of the possibility for the development of drug
resistance phenotypes (10,11) and therapy-related malignan-
cies (12) or myelodysplastic syndromes (13).

During the discovery and developmental stages, the testing
of small molecule xenobiotics occurs at several levels: i) at the
naked target, on chromatin or on a protein receptor/enzyme in
isolation, which provides information on relative binding affin-
ities for intra-cellular proteins; ii) at the cellular level in vitro,
which provides information on the inhibitory concentrations
needed to achieve tumor cell death and the overexpression
status of induced pro- or anti-apoptotic protein forms, but does
not take into consideration cell membrane (CM) phospholipid
or CM protein receptor interactions, the most common level of
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interaction for secondary intra-cellular effects of non-perme-
able small molecule xenobiotics, either due to molecular
size restriction to permeation or charge restriction to perme-
ation (4,8); iii) at the systemic level in vivo, which gives an idea
of the dosing range necessary to achieve a chemotherapeutic
effect and tumor regression, and in the case of more lipophilic
chemoxenobiotics, the dosing required to overcome serum
protein binding, this being the primary limitation to achieving
effective transvascular delivery and intra-tumoral concentra-
tions in cases of free small molecule xenobiotics, not linked to
optimally sized nanoparticles (3-7).

Most recently, the conserved biophysical determinants
for the interactions of small biomolecules, cations and
anions in the biological system in the physiologic state have
been elucidated, with respect to understanding permeation
thresholds across microvascular and epithelial barriers (8) as
well as understanding the modes, the levels and the character
of interactions of small biomolecules with and within cells.
With this novel approach, the biological interactions of any
small molecule can be understood in terms of its 2-dimen-
sional structure. This requires taking into consideration the
following character of charge distribution over molecular
space, determinations of the predicted overall octanol-to-water
partition coefficient (Log OWPC; unitless), and the predicted
molecular size [van der Waals diameter (vdWD; nm)] viz
a viz the Log OWPC-to-vdWD (nm’') parameter. The
biological interactions of the hydrophilic or hydrophobic
parts of the molecule can be understood in terms of the
2-dimensional (2-D) part-structures, and determinations of the
interacting hydrophilic moiety (or core)-to-vdWD ratio (nm™")
and the incorporating lipophilicity of the hydrophobic core
(or moiety)-to-vdWD ratio (nm™') parameters, respectively.

For the proper determination of the apoptotic potential
of chemoxenobiotics in synergism, it is important to know
whether interactions at the cellular level are with and across
CM protein aqueous channels, with CM surface protein
receptors and endocytic, with CM surface protein receptors
and non-endocytic or directly with phospholipids. It is also
important to know whether interactions at the sub-cellular level
are nuclear, mitochondrial or microtubular. Therefore, in this
research study, current small molecule chemoxenobiotics and
xenobiotics not traditionally considered as chemoxenobiotics,
are analyzed in terms of conserved biophysical determinants
to determine the modes, levels and character of interactions
of xenobiotics with cells and cell organelles. The insight
to be gained is to be applicable for the selection of existing
chemoxenobiotics most synergistic in cytotoxic effects and the
development of more effective existing chemotherapy regimens
utilizing small molecule chemoxenobiotics (14,15). This knowl-
edge is applicable for the discovery of alternative xenobiotics
with chemotherapeutic potential to overcome chemotherapeutic
resistance (16), as well as for the design and development of
next generation biocompatible optimally sized drug carriers
free from intravascular protein interactions, for effective trans-
vascular delivery into solid tumor tissue cells (3-7).

Materials and methods

Data acquisition and determination of principal compo-
nents for analysis of small molecule xenobiotics. Small
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molecule xenobiotics known to be chemotherapeutic and
those with chemotherapeutic potential were identified for the
database. Freely available and validated online biochemical
molecule databases including http:/www.chemicalize.org and
http://www.chemspider.com were utilized for determinations
of 2-D molecular structures and ionization state at physiologic
pH of ~7.4, analogous to previous methodology for endoge-
nous biomolecules (8). Molecular structure and configurations
of xenobiotics were assessed for the type of covalent bonds
within the structure, and to the backbone as is the presence
or absence of associated molecular charge. The presence of
halogenation (0), hydroxylation (0, -1), phosphorylation (-1, -2),
carboxylation (-1), carbonylation (C=0), sulfonation (0, +1)
and amination (0, +1), whether primary, secondary, tertiary
or quaternary (+1) is noted. The amount of polar surface area
(psa) is also noted.

The predicted octanol-to-water partition coefficient
(poOWPC or OWPC; unitless), the predicted Log Pow, was
applied for molecules in neutral or unionized states, and
the predicted Log Dow, was applied for molecules in the
ionized state. The predicted vdWD (nm) was applied as the
measure of estimated molecular size, obtained from the
predicted spherical van der Waals volume. The predicted
Log OWPC-to-vdWD (nm’) was determined for the whole
molecule, while the predicted incorporating lipophilicity
octanol-to-water partition coefficient-to-van der Waals
diameter ratio (Log incorpOWPC-to-vdWD; nm’) was deter-
mined for the hydrophobic cores and moieties (hydrophobic
moiety/core Log OWPC-to-vdWD; nm™), and the predicted
interactability octanol-to-water partition coefficient-to-van
der Waals diameter ratio (Log interactOWPC-to-vdWD; nm’’)
was determined for the hydrophilic moieties [or cores] (hydro-
phobic moiety Log OWPC-to-vdWD; nm™).

Classification of molecular philicity and charge. The pres-
ence of charge and its distribution over biomolecular space
were assessed based on visual inspection of 2-D molecular
structures. The classification scheme, as devised with slight
modifications, was applied for the characterization of molec-
ular charge over molecular space, as follows:

I. No overall charge: neutral (0), which can be a combina-
tion of hydroxylo (OH), carbonylo (C=0), etheroylo (O-CH,),
amidylo (N-C=0), where the presence of peripheral neutral
groups in a circumferential or semi-circumferential arrange-
ment around a lipophilic core is designated as Peri or semi-Peri;

II. Sufficient molecular space separation of charge (S) was
defined as the presence of focal charges separated in molecular
space, in the form of sufficiently separated attractive + or -
charge that results in sufficiently separated contributions of
cationicity (S 1+ 1+) or of anionicity (S 1- 1-);

III. Insufficient molecular space separation of charge (IS)
was defined as the presence of focal charge in molecular space,
in the form of insufficiently separated attractive + or - charge
that results in insufficiently separated contributions of cation-
icity (IS 1+ 1+) or of anionicity (IS 1- 1-), where cationoneutral
molecular charge is defined as IS 1+ 1-.

Classification of small molecule xenobiotic mode and
character of CM protein channel or receptor interaction.
Small molecule xenobiotic mode and character of CM
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cholesterol/phospholipid glycerol-to-fatty acid-ester, CM
protein channel or CM receptor interaction were classified, as
follows:

I. Pure hydrophiles, defined as xenobiotics without
intervening lipophilicity with predicted hydrophilic (-)
Log OWPC-to-vdWD ratio (nm™) at a physiologic pH of 7.4,
with non-charged pure hydrophiles being CM aqueous channel
pore permeable at vdWDs <0.78 nm and intra-cellularly local-
izing (0 1- 1+).

I1. Hydro-lipophiles, defined as xenobiotics with inter-
vening lipophilicity (Log incorpOWPC-to-vdWD; nm™) with
predicted hydrophilic (-) Log OWPC-to-vdWD ratio (nm™)
at physiologic pH of 7.4, and being CM aqueous channel
pore impermeable, with CM non-channel receptor or CM
receptor interaction instead, as follows: a) cationic polyhy-
droxylated/carbonylated/etheroylated [1+ Peri (0)]: channel
receptor-mediated CM endocytosis (i.e., doxorubicin);
b) cationic-cationic polyhydroxylated/carbonylated/ethe-
roylated [S 1+ 1+ Peri (0)]: channel receptor-mediated CM
endocytosis (i.e., vincristine); ¢) di-cationic-cationic [S IS 1+
1+ IS 1+ 1+ (0)]: effective cationicity 2+ 2+): non-channel
receptor-mediated CM endocytosis (i.e., AMD3100);
d) di-carboxylated neutral [S 1- 1- 0 (0)]: non-channel folic
acid receptor-mediated CM endocytosis (i.e., methotrexate).

III. Lipohiles, defined as non-charged less lipophilic
toxicants with vdWDs <0.78 nm (CM channel pore perme-
able sub-CM interactors), and as xenobiotics with vdWDs
>0.78 nm and overall lipophilicity [(+) Log OWPC-to-vdWD
ratio (nm™)] with sufficient (S) intervening lipophilicity
(Log incorpOWPC-to-vdWD; nm) in the presence of
molecular hydrophilicity (monohydroxylation/monocarbonyl-
ated/monoetheroylated/monocarboxylated; polyhydroxylated/
polycarbonylated/polyetheroylated; charge) either present
isotropically [CM receptor hydrophobic core interactors with
vdWDs >0.78 nm (receptor-mediated CM endocytosis)],
or present anisotropically (CM cholesterol/phospholipid
glycerol-to-fatty acid-ester or CM receptor hydrophobic core
interactors with vdWDs >0.78 nm): a) anisotrophic anionic
[1- (0)] with linear structure (i.e., chlorambucil), anisotro-
phic cataniononeutral [IS 1+ 1- (0)] with linear structure
(i.e., melphalan), anisotropic polyneutral [0 (0)] with linear
structure (i.e., capecitabine), anisotropic polyneutral circular
[circ (0)] (i.e., cyclosporine A): CM cholesterol or phospho-
lipid glycerol-to-fatty acid-ester association or disruption;
b) isotropic di-neutral [0 (0) 0] with sterol structure: non-channel
steroid receptor-mediated pressuromodulation antagonism
(i.e.,abiraterone); non-channel receptor-mediated pressuromod-
ulation (endogenous sex steroids, i.e., testosterone, estradiol);
¢) isotropic cationic-neutral [1+ (0) O] with sterol mimicking
structure: non-channel steroid receptor-mediated pressuro-
modulation antagonism (i.e., hydroxytamoxifen); d) isotrophic
cationic semi-polyneutral [1+ semi-Peri (0)] with flexible linear
structure: potential for channel receptor-mediated CM endocy-
tosis (i.e., verapamil); e) esotrophic polyneutral [Peri (0)] with
compact non-linear structure: non-channel receptor-mediated
CM endocytosis (i.e., colchicine); isotrophic polyneutral
[Peri (0)] with non-compact non-linear structure: non-channel
receptor-mediated CM endocytosis (i.e., etoposide); f) aniso-
tropic di-neutral [0 O (0)] with part-sterol structure: non-channel
receptor P-glycoprotein (P-gp)-mediated pressuromodulation
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(i.e.,artemisinin); g) anisotropic polyneutral [semi-Peri (0)] with
sterol structure: non-channel receptor-mediated pressuromodu-
lation (endogenous corticosteroids, i.e., cortisol, aldosterone);
h) anisotropic cationic neutral [1+ 0 (0)], isotropic cationic
neutral [1+ (0) 0], anisotropic non-cationic di-neutral [0 0 (0)]
or isotropic non-cationic di-neutral [0 (0) O] with non-linear
L-to-U-type step-like structure: non-channel receptor-medi-
ated pressuromodulation antagonism (i.e., growth factor and
cytokine receptor antagonists).

Results and Discussion

Octanol-to-water partition coefficient-to-van der Waals
diameter ratio of whole and part structures in the context
of xenobiotic structures. The poOWPC or OWPC represents
the presence of molecular surface area hydrophilicity due to
the presence of functional groups of hydrophilic character,
and in the case of small molecule xenobiotics of hydrophilic
character, the predicted overall Log OWPC is the sole
determinant of the overall tendency for interaction with the
aqueous phase and represented by the predicted hydrophilic (-)
Log OWPC-to-vdWD ratio (nm), whereas, in the case of small
molecule xenobiotics of lipophilic character with the concomi-
tant presence of hydrophilic moieties sufficiently separated in
molecular space (S), the predicted incorporating Log OWPC
of the hydrophobic portion is the sole determinant of the
specific tendency for interaction with the hydrophobic phase
and represented by the predicted lipophilic (+) Log incor-
pOWPC-to-vdWD ratio (nm™) to interact or associate with
the hydrophobic constituents of the CM, either with the CM
bilayer cholesterols and phospholipid fatty acid-esters or with
CM protein/receptor hydrophobic cores.

Based on assessment of the 2-D molecular structures of
small molecule xenobiotics, those of pure hydrophilic character
have a cyclic or linear backbone containing hydrophilic groups,
and therefore, pure hydrophilic xenobiotics neither associate
with CM phospholipids nor CM proteins and receptors, while
those with lower hydrophilicity (-) Log OWPC-to-vdWD
ratios (nm’’) can permeate across CM protein channel aqueous
pores analogous to permeation across barrier pores, molecular
size permitting (8), which, in the case of the least hydrophilic
pure hydrophile xenobiotics is <0.78 nm (Tables I and II).

Xenobiotics of overall hydrophilic character with incor-
porating lipophilicity (small molecule hydro-lipophiles) and
of overall lipophilic character in the absence or presence of
hydrophilic portions/hydrophilic functional groups (small
molecule lipophiles) that are larger than vdWD ~0.78 nm
do not permeate across CM aqueous channel pores due to
a molecular size limitation to permeation, and therefore,
instead associate with CM constituents, either with CM phos-
pholipids or with CM phospholipid bilayer bilayer-associated
proteins. Based on the structural arrangement of atoms,
xenobiotics larger than vdWD ~0.78 nm can be categorized,
as follows:

i) Those with non-charged backbone atoms in central
linear arrangement in the form of cyclic rings alternating
with atoms in chains in the presence or absence of structural
anisotropic hydrophilicity (uni-polar hydrophilicity), which
results in unstable association with CM associated-protein
core hydrophobicity, whereby such xenobiotics associate
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within CM phospholipid bilayers instead, and pertubation
disrupt due to non-biologic interaction spatial displacement of
bilayer fatty acid-esters, with the potential for lary indirect
pressuromodulation at lower concentrations (17) and include
cyclosporine A with the capacity for phospholipid interspace
widening-disruption upon insertion (Tables III-V).

ii) Those with backbone atoms arranged in non-linear
non-compact, or in a step-like configuration of inter-connected
cyclic rings, in the presence or absence of alternating with
atoms in linear arrangement (L-to-U-type), which results in
stable association with CM proteins/CM peptide receptors and
non-interaction with CM bilayers (Tables VI-XI).

Small molecule xenobiotics that permeate across CM channel
aqueous pores to arrest nuclear and mitochondrial function.
This category includes the least hydrophilic pure hydrophile
small molecule xenobiotics that permeate across CM protein
channel aqueous pore nuclear membrane (NM) fenestrations
and outer-to-inner mitochondrial membrane (MM) aqueous
pores to arrest nuclear DNA transcription and RNA translation
function (i.e., Ki67) as well as mitochondrial DNA transcrip-
tion and RNA translation function, followed by arrest of DNA
replication function (Tables I and II, Figs. 1 and 2).

This category of CM, NM and MM pore permeable small
molecule xenobiotics include:

i) The DNA and RNA alkylating adductors, nitroso-N-meth-
ylurea (EMU) (Log OWPC, -0.55; vdWD, 0.54 nm;
Log OWPC-to-vdWD ratio, -1.20 nm’), temozolomide (TMZ)
(Log OWPC, -0.45; vdWD, 0.65 nm; Log OWPC-to-vdWD
ratio, -0.70 nm’) (18) and nitroso-N-ethylurea (ENU)
(Log OWPC, -0.22; vdWD, 0.57 nm; Log OWPC-to-vdWD
ratio, -0.38 nm’) (19,20). EMU, TMZ and ENU arrest replica-
tive nuclear function via association with nitrogenous bases,
of DNA, and RNA, strand nucleotides with sufficient affinity
to alkylate nucleotide nucleosides involved in base pairing
hydrogen bonding, which renders alkylated base segments of
DNA, and RNA, non-functional; these DNA and RNA alkyl-
ating small molecule xenobiotics, but are not P450 cytochrome
inducers due to insufficient lipophilicities for size of their
hydrophobic moiety (Table I and Fig. 1).

i1) The nucleoside substitutors, decitabine (Log OWPC,
-2.35; vdWD, 0.70 nm; Log OWPC-to-vdWD ratio,
-3.35 nm™), gemcitabine (Log OWPC, -1.65; vdWD, 0.72 nm;
Log OWPC-to-vdWD ratio, -2.29 nm’), 5-fluorouracil (5-FU)
(Log OWPC, -0.66; vdWD, 0.56 nm; Log OWPC-to-vdWD
ratio,-1.18 nm™) (21) and 3-methyladenine (3-MA) (Log OWPC,
-0.31; vdWD, 0.61 nm; Log OWPC-to-vdWD ratio, -0.51 nm™).
Decitabine, gemcitabine and 5-FU arrest replicative func-
tion via competitive inhibition with endogenous nitrogenous
bases for phosphorylation and/or ribosylation enzyme active
sites, by substitution into DNA and RNA strands, thereby
rendering substituted nucleotide segments of DNA and RNA
non-functional. 3-MA, although a nucleotide substitute for
adenosine upon ribosylation phosphorylation, does not inter-
fere with DNA helix base pairing upon substitution due to
the exterior presence of the methyl group (CH;) (as opposed
to interior), whereby, the functionality of 3-MA substituted
nucleotide segments of DNA is maintained, that which results
in increased burst nuclear DNA transcription and competi-
tive activation of mRNA polyadenylation poly(ADP-ribose)
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polymerase-1 (PARP-1) (22) and in MM oxidative stress
with subsequent release of MM apoptosis inducing factor
(AIF), ATF binding of X-linked inhibitor of apoptosis factor
(XTAF) and generation of free caspases (i.e., caspase-3) with
resultant cleavage of transcriptionally active nuclear chro-
matin (Table II and Fig. 2).

Of such small molecule hydrophilic xenobiotics, those that
permeate through CM channel aqueous pores via unrestricted
diffusion include those of diameters ranging between 0.54 and
0.65 nm, in the context of overall hydrophilicities for molecular
size ranging between -0.38 and -1.20 nm™’. Those that permeate
through CM channel aqueous pores with a tendency towards
restricted diffusion include those of larger diameters, 0.70 and
0.72 nm, in the context of greater overall hydrophilicities for
molecular size of -2.29 and -3.35 nm’. Such small molecule
xenobiotics are permeable across CM protein channel aqueous
pores due to the absence of charge, either anionic or cationic,
analogous to endogenous molecules such as the nitrogenous
bases and nucleosides, which have similar functional groups
and fall within a similar range of vdWDs and hydrophilicities
for size in the absence of charge, and primarily accumulate
in the nucleus, which has NM fenestrations with a functional
upper limit of pores of ~9 nm (23), for which the perme-
ability surface area product is greater than that of the MM
pores. Although such small molecule xenobiotics primarily
accumulate within the nucleoplasm, they can also accumu-
late within the mitochondrial cytosol, via permeation across
outer-to-inner MM protein channel pores [voltage dependent
anion channel (VDAC)] (24,25), across which small molecule
endogenous hydrophiles of similar vdWDs and hydrophilici-
ties for size, are permeable (26); meanwhile, larger and charged
endogenous small molecule hydrophiles more hydrophilic for
size, such as ATP (3- and Mg** - 1-), are not, while smaller and
charged endogenous small molecule hydrophiles less hydro-
philic for size such as citrate (3- and Ca** -~ 1-), succinate (2- »
SuccinateH 1- at pH ~7) and HPO, (2- -~ H,PO, 1- at pH ~7)
are insignificantly more permeable, as these have permeabili-
ties that fall within the order of magnitude of that of ATP (24),
in contrast to chloride (CI), an anion that is not significantly
permeable across CM pores with an anionization-to-atomic
diameter ratio (AI-to-AD; nm™) of 4.90 nm™, which is 3 orders
of magnitude more permeable than ATP with a permeability
coefficient of 1.1x10"? cm¥/sec (24), findings that which impli-
cate ‘kiss-and-run’ exocytosis as the basis for ATP release into
the cytosol, for secondary permeation into the nucleus.

Small molecule xenobiotics of this category, being of
pure hydrophilic character with lesser overall hydrophilicity,
are exquisitely permeable across CM aqueous channel pores
and into the intra-nuclear compartment, but also into the
intra-mitochondrial compartment (27). Thus, such xenobiotic
chemotherapies have shown the potential to be uniformly cyto-
toxic to tumor cells, viaeffects in both nuclear and mitochondrial
compartments in the setting of an actively maintained concen-
tration gradient in vitro, particularly synergistically (28,29).
Therefore, in order to demonstrate similar effectiveness in the
clinical setting, such small molecule xenobiotics, as well as
others discussed herein, must be made to first and foremost
selectively accumulate to effective concentrations within tumor
tissue, which can only be accomplished upon labile linking to
optimally-sized, and designed, nanoparticles within the 8- to
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Figure 1. Cell membrane channel aqueous pore permeation and DNA/RNA adduction. (A) Nitroso-N-methylurea, (B) temozolamide, (C) nitroso-n-ethylurea.

9-nm-size range delivered transvascularly (3-7), to ensure
uniform cytotoxicity to all tumor tissue cells and minimal risk
for subsequent neoplastic transformation of tumor-associated
cells including tumor stem cells.

Small molecule xenobiotics that permeate across CM
channel aqueous pores to bind to cytochrome P450s: DNA
adduction and/or crosslinking. This category includes small
molecule xenobiotics, hydro-lipophiles and lipophiles with
hydrophilicity, with vdWDs in the 0.74 to 0.67 nm range,
which can permeate across CM, NM and MM aqueous pores
with the potential to bind to cytochrome P450s due to the
hydrophobicity for size of their hydrophobic moieties, with the
potential to arrest nuclear and mitochondrial replication via
DNA/RNA alkylation or DNA strand-to-DNA strand cross-
linking (Table III and Fig. 3).

This category of CM, NM and MM pore permeable small
molecule xenobiotics include:

i) The intra-CM-associated cytochrome P450 hydroxyl-
ation-activated (30,31) and intra-MM-associated cytochrome
P450 hydroxylation-inactivated (31,32), sub-classified as

a) The intra-CM-associated cytochrome P450 hydrox-
ylation-activated DNA/RNA guanosine guanine alkylator
procarbazine (33) (Log OWPC, -1.70; vdWD, 0.74 nm;
Log OWPC-to-vdWD ratio, -2.29 nm’'); procarbazine
hydrophilic moietyl (Log OWPC, -0.59; vdWD, 0.51 nm;
Log OWPC-to-vdWD ratio, -1.17 nm’); procarbazine
hydrophobic moietyl (Log OWPC, 2.51; vdWD, 0.57 nm;
Log OWPC-to-vdWD ratio, 4.43 nm’'); procarbazine
hydrophilic moiety2 (Log OWPC, -1.11; vdWD, 0.43 nm;
Log OWPC-to-vdWD ratio, -2.61 nm™); procarbazine
hydrophobic moiety2 (Log OWPC, 1.82; vdWD, 0.48 nm;
Log OWPC-to-vdWD ratio, 3.75 nm™): procarbazine alkylates
DNA/RNA guanosine guanines viaits CH;-NH,-NH,- terminal
hydrophilic moietyl, but without the potential to cross-
link (Table IIT and Fig. 3).

(b) The intra-CM-associated cytochrome P450 hydrox-
ylation-activated DNA strand-to-DNA strand crosslinkers,
cyclophosphamide (34) (Log OWPC, 0.10; vdWD, 0.73 nm;
Log OWPC-to-vdWD ratio, 0.14 nm’); cyclophosphamide
hydrophilic core (Log OWPC, -1.92; vdWD, 0.59 nm;
Log OWPC-to-vdWD ratio, -3.25 nm’); cyclophosphamide
hydrophobic moieties 1 and 2 (Log OWPC, 1.19; vdWD,
0.48 nm; Log OWPC-to-vdWD ratio, 2.49 nm™) and ifosfamide
(Log OWPC,0.10; vdWD,0.73 nm; Log OWPC-to-vdWD ratio,
0.14 nm™"); ifosfamide hydrophilic core (Log OWPC, -1.92;
vdWD, 0.59 nm; Log OWPC-to-vdWD ratio, -3.25 nm™);

A NH, B

NH,

Figure 2. Cell membrane channel aqueous pore permeation and nucleoside
substitution. (A) Decitabine, (B) gemcitabine, (C) 5-fluorouracil, (D) 3-meth-
yladenine.

ifosfamide hydrophobic moieties 1 and 2 (Log OWPC, 1.19;
vdWD, 0.48 nm; Log OWPC-to-vdWD ratio, 2.49 nm™).
Cyclophosphamide and ifosfamide crosslink DNA
strand-to-DNA strand guanine N7s due to the length of their
2 reactive hydrophobic moieties, CH,-CH,-CL x2, rendering
G-to-G cross linked segments inseparable, non-functional and
prone to strand breaks, and can directly inhibit glutathione
reductase (37-41) (Table IIT and Fig. 3).

ii) The intra-CM-associated cytochrome P450 hydrox-
ylation-inactivated (31,32,35), DNA strand-to-DNA strand
crosslinker carmustine (BCNU) (Log OWPC, 0.95; vdWD,
0.67 nm; Log OWPC-to-vdWD ratio, 1.41 nm’). Carmustine
crosslinks DNA strand-to-DNA strand guanine N7s (36) due to
the length of its 2 reactive hydrophobic moieties, CH,-CH,-CI x2,
rendering G-to-G cross linked segments inseparable, non-func-
tional and prone to strand breaks, and can directly inhibit
glutathione reductase (37-41) (Table III and Fig. 3).

Of such small molecule xenobiotics with intra-structural
hydrophobicity, those that are most likely to achieve
intra-cellular levels are those that are both of smaller size and
relatively less lipophilic, as these can diffuse through CM
channel aqueous pores without restriction and partition to a
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interaction

vdWD ratio

Charge
distribution

vdWD

(nm)

Log OWPC

of action

level(s)

[per nm (nm™)]

Groups

(unitless)

Nuclear and mitochondrial
DNA/RNA alkyl adducts

DNA/RNA strand

CM aqueous channel
pore permeation

-1.02

0, N=0, Ns

CH,,C

0.54

-0.55

Nitroso-N-

methylurea

Nuclear and mitochondrial

CM aqueous channel DNA/RNA strand

-0.70
pore permeation

CH;, cyclic

0.65

-0.45

Temozolamide

DNA/RNA alkyl adducts
DNA/RNA strand

Os and Ns

C=

Nuclear and mitochondrial
DNA/RNA alkyl adducts

CM aqueous channel
rore rermeation

-0.38

0O, N=0O, Ns

Ethyl, C

0.57

-0.22

Nitroso-N-
ethylurea

sufficient extent into the aqueous phase, which is the case for
procarbazine (Log OWPC-to-vdWD ratio, -2.29 nm”’; vdWD,
0.74 nm) while those most likely to interact with the CM
phospholipid bilayer are those that are of larger size as these
are restricted to diffusion through CM channel aqueous pores,
and importantly, those with greater overall molecular lipophi-
licity cum larger size, as these have the tendency to associate
into the phospholipid bilayer among fatty acid-esters. This
is the case of those within the overall lipophilicity range of
cyclophosphamide/ifosfamide (Log OWPC-to-vdWD ratio,
0.14 nm’; vdWD, 0.73 nm) (34,42,43) which are of larger
size, and carmustine (Log OWPC-to-vdWD ratio, 1.41 nm™;
vdWD, 0.67 nm) (44), which is more lipophilic (44), for which
there is a greater tendency to associate with and perturb
CM phospholipids and the potential for a lary indirect
pressuromodulation-mediated secondary increase in very
high molecular weight (MW) protein transcription (17), while
such small molecule xenobiotics of lipophilic character may
only achieve intra-cellular levels at significant extracellular
concentrations (45), which makes the more lipophilic xenobi-
otics of this category marginal chemoxenobiotics for effective
transvascular delivery into solid tumor tissue (3-7) .

Small molecule xenobiotics that insert in-between CM
phospholipids with the potential for lary indirect pres-
suromodulation. This category includes small molecule
xenobiotics with hollow isophilic interiors and molecular
lipophilicity in the form of the circumferential presence of
lipophilic moieties on the exterior, insert in-between CM
phospholipids at the phospholipid glycerol-fatty acid ester
junctions (46), and include, cyclosporine A (Log OWPC, 3.64;
vdWD, 1.31 nm; Log OWPC-to-vdWD ratio, 2.78 nm’’), which
has a 5 carbon (5C) alkene tail that predisposes to CM phos-
pholipid glycerol-fatty acid ester association rather than with
CM receptor protein hydrophobicity (Table IV and Fig. 4).

Cyclosporine A has been shown to decrease the rate of
cell division only in the presence of powerful CM receptor
pressuromodulators (47,48), which is due to generation of
nuclear transcription-driven burst mitochondrial reactive O,
species (47,49) secondary to the increased transcription of
the intermediate MW proteins (i.e., p53) and BCL depletion,
or in the presence of mitochondrial-associated microtubule
network disruptors (49), which is due to concomitant mito-
chondrial anchorage-mediated MM disruption/dissolution
toxicity and generation of free caspases (i.e., free caspase-3).
At low intra-tumoral concentrations cyclosporine A has more
potential to cause lary indirect pressuromodulation (pertur-
bomodulation) (17), that would actually cause an increase in
the transcription of very high MW proteins such as secretory
proteins (i.e., fibronectin, 240 kDa) and nuclear division
proteins (Ki67,359 kDa; separase, 230 kDa) (17). Furthermore,
as cyclosporine A is highly serum protein-bound secondary to
its overall lipophilicity for size (Log OWPC-to-vdWD ratio,
278 nm"), it is difficult to obtain uM local cyclosporine A
intra-tumoral concentrations in standard free drug intravenous
chemotherapeutic regimens.

Small molecule xenobiotics that associate with CM choles-
terol or phospholipid fatty acid-esters with the potential for
lary indirect pressuromodulation. This category includes
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Figure 3. Cell membrane channel aqueous pore permeation and potential to bind to cytochrome P450s: DNA adduction and/or crosslinking. (A) Procarbazine,

(B) cyclophosphamide, (C) carmustine.

Figure 4. Cell membrane insertoassociation and phospholipid interspace wid-
ening with potential for lary indirect pressuromodulation. Cyclosporine A.

small molecule xenobiotics, hydro-lipophiles with anisotropic
molecular hydrophilicity cum lipophilicity to lipophiles with
anisotropic molecular hydrophilicity or absence of, with
vdWDs in the 1.18-0.77 nm range (Table V and Fig. 5).

Small molecule xenobiotic hydro-lipophiles with
anisotropic molecular hydrophilicity cum lipophilicity
include: i) nystatin (Log OWPC, -2.00; vdWD, 1.18 nm;
Log OWPC-to-vdWD ratio, -1.70 nm™); ii) amphotericin B
(Log OWPC, -1.30; vdWD, 1.17 nm; Log OWPC-to-vdWD
ratio, -1.11 nm™); iii) filipin (Log OWPC, -0.15; vdWD,
1.00 nm; Log OWPC-to-vdWD ratio, -0.15 nm™), with their
hydrophobic inner crescent having a lipophilicity for size of
8.32 nm™! (Log OWPC, 6.73; vdWD, 0.81 nm).

Nystatin, amphotericin B and filipin associate with CM
bilayer cholesterol with their hydrophobic inner crescent
over the exposed outer surface area of CM cholesterol,
which is within the range of lipophilicity for the size of the
CM bilayer surface cholesterol portion of between 9.25-
7.7 nm! (Log OWPC, 8.5-7.11; vdWD, 0.92 nm), but do not
physically incorporate into CM-associated protein receptor
isophilic-to-hydrophobic interiors (cores) due to the presence
of anisotropic molecular hydrophilicity cum lipophilicity.
Thus, such small molecule xenobiotics remove CM choles-

terol via cholesteroloassociation with the more exteriorly
protruding cholesterol portion to decrease CM cholesterol
concentration, thereby, de-stabilizing the CM sufficiently
enough to concomitantly cause CM destabilization-mediated
extrusion of CM cholesterol-associated proteins/receptors, and
as a result, also have the potential to cause a subsequent lary
indirect pressuromodulation (perturbomodulation)-mediated
secondary increase in very high MW protein transcrip-
tion (17,50,51) (Table V and Fig. 5).

Small molecule xenobiotic lipophiles with anisotropic
molecular hydrophilicity include:

i) Chlorambucil [(Log OWPC, 0.60; vdWD, 0.79 nm;
Log OWPC-to-vdWD ratio, 0.76 nm’); chlorambucil
hydrophobic core (Log OWPC, 5.26; vdWD, 0.79 nm;
Log OWPC-to-vdWD ratio, 6.75 nm™)], in the case of small
molecule xenobiotic lipophile with anisotropic molecular
hydrophilicity, chlorambucil [(Log OWPC, 0.60; vdWD,
0.79 nm; Log OWPC-to-vdWD ratio, 0.76 nm’); chloram-
bucil hydrophobic core (Log OWPC, 5.26; vdWD, 0.79 nm;
Log OWPC-to-vdWD ratio, 6.75 nm™)], associates into the CM
closely with the CM phospholipid layer-spanning portion of
cholesterol that has a lipophilicity of ~7.26 nm™ which is close to
its hydrophobic core lipophilicity of 6.75 nm™’, while transiently
stabilizing itself in the layer by concomitantly interacting aniso-
tropically with the layer phospholipid head groups viz a viz its
mono-anionic hydrophilic-interacting COO™ moiety, to remove
cholesterol via cholesteroloassociation secondary to unstable
structural association with phospholipid layer fatty acid-ester
tails in context of an inability to glyceroloesterify. Therefore,
chlorambucil is not an effective intra-cellularly localizing
mitochondrial or nuclear DNA/RNA alkylating/bi-functional
DNA crosslinking chemoxenobiotic, but instead removes CM
cholesterol via cholesteroloassociation with the CM phospho-
lipid layer-spanning interior cholesterol portion to decrease
CM cholesterol concentration (52,53) and as a result, has the
potential to cause a subsequent lary indirect pressuromodula-
tion (perturbomodulation)-mediated secondary increase in
very high MW protein transcription (17) (Table V and Fig. 5).

ii) Melphalan [(Log OWPC, 1.00; vdWD, 0.79 nm;
Log OWPC-to-vdWD ratio, 1.27 nm’); melphalan hydrophobic
core (Log OWPC,4.42; vdWD, 0.75 nm; Log OWPC-to-vdWD
ratio, 5.86 nm")]. In the case of small molecule xenobiotic lipo-
phile with anisotropic molecular hydrophilicity, melphalan
[(Log OWPC, 1.00; vdWD, 0.79 nm; Log OWPC-to-vdWD
ratio, 1.27 nm’); melphalan hydrophobic core (Log OWPC,
4.42; vdWD, 0.75 nm; Log OWPC-to-vdWD ratio, 5.86 nm™)],
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Figure 5. Cell membrane (CM) cholesteroloassociation-to-CM phospholipidoassociation: cholesterol removal-to-CM Phospholipid pertubation and potential
for lary indirect pressuromodulation. (A) Amphotericin B, (B) chlorambucil, (C) melphalan, (D) ketoconazole (at pH 7.4), (E) capecitabine, (F) fluconazole.

associates directly into the CM among the CM phospholipid
layer fatty acid-ester tails, rather than with the CM phos-
pholipid layer-spanning interior cholesterol portion, along
with more stable association within the layer by virtue of the
concomitant anisotropic interaction of its cataniononeutral
hydrophilic-interacting NH3* COO" moiety with layer phos-
pholipid head groups, that importantly results in its ability
to secondarily subsequently trans-displace across CM phos-
pholipid layers and bilayer over time into the intra-cellular
compartment. For this reason, melphalan achieves perceptible
intra-cellular concentrations, to which specific cytochrome
P450s exist (CYP 3A and CYP 27), but without induction. As
a result of only a transient cytochrome P450 association in the
context of higher affinity association with outer mitochondrial
membrane (OMM) bilayer layer fatty acid-ester tails due to
a hydrophobic core lipophilicity of 5.86 nm’, melphalan is
not an effective intra-cellularly localizing nuclear DNA/RNA
alkylating/bi-functional DNA crosslinking chemoxenobiotic.
Therefore, the primary mode of melphalan cellular toxicity
is mitochondrial (54-56) and mitochondrially-mediated, via
initiation of the mitochondrial cellular apoptosis cascade,

beginning at the level of the OMM bilayer (57) upon the
displacement of AIF (58,59) from the OMM, as follows:
i) disassociation of OMM AIF into the cytosol and binding to
XIAF (60) with affinity, thereby disassociating XIAF-bound
cytosolic-to-nuclear caspases (caspase-3) (61,62) from bound
to free caspase forms, which are pro-membranocytotoxic
and pro-nucleochromatotoxic and pro-apoptotic in their free
forms; in tandem with ii) association of cytosolic-to-nuclear
ATF homolog, BCL (63) with the OMM in place of AIF,
thereby, shifting the nuclear BCL bound-p53 equilibrium
to free pS3 (64-66), being the primary constitutive nuclear
transcription factor for PUMA/BIM-like proteins (67,68) and
BAX/BID-like proteins (66), whereby, avid binding of BCL
by the PUMA and BIM-like proteins, being singular a-helix
peptides, leads to further depletion of free BCL (PUMA-BCL
and BIM-BCL). The combination of i) and ii) results in mito-
chondrially-mediated cellular apoptosis (Table V and Fig. 5).
iii) Ketaconazole [(Log OWPC, 4.19; vdWD, 0.94 nm;
Log OWPC-to-vdWD ratio, 4.46 nm’); ketaconazole
hydrophobic moietyl (Log OWPC, 3.30; vdWD, 0.71 nm;
Log OWPC-to-vdWD ratio, 4.64 nm’)]. In the case of
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Table V. Continued.

(Log) OPWC-to-

lary mode of
interaction

vdWD ratio
[per nm (nm™’)]

Charge
distribution

Log OWPC vdWD

Mechanism(s) of action

Interaction level(s)

Groups

(nm)

(unitless)

CM hydrophilicity

Ribose OH -1.05 x2

0.32

-0.33

Capecitabine

Hydroxylo

hydrophilic moiety2

Potential for permeation across CM

CM pores

CM channel

0.73

Di-fluoro benzyl,

0.77 0 (0)

0.56

Fluconazole

pores; potential for CM phospholipid

CM phospholipids

permeation; CM

CHj;-pyridines
x2, OH

pertubation; cytochrome P450

perturboassociation;
Sub-CM channel

inhibition (Cyp 2C9 and Cyp 2C19)
w/induction; endoGolgi SER

Cytochrome P450s
Sub-CM pores
Sub-CM
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permeation; Sub-CM

Sub-CM phospholipid pertubation;

perturboassociation

less potential for lary indirect

phospholipids

pressuromodution (perturbomodulation)

CM hydrophobicity

1.61

Di-fluoro benzyl,

0.76 )

1.22

Fluconazole

Sub-CM hydrophobicity

CM hydrophilicity

CH;-pyridines x2

OH

hydrophobic core

-1.05

0.32

-0.33

Fluconazole

Sub-CM hydrophilicity

Hydroxylo

hydrophilic moiety

small molecule xenobiotic lipophile without anisotropic
molecular hydrophilicity, ketaconazole [(Log OWPC, 4.19;
vdWD, 0.94 nm; Log OWPC-to-vdWD ratio, 4.46 nm™);
ketaconazole hydrophobic moietyl (Log OWPC, 3.30;
vdWD, 0.71 nm; Log OWPC-to-vdWD ratio, 4.64 nm™)],
associates directly into the CM among the CM phospholipid
layer fatty acid-ester tails, but the least stably of those in this
category, due to an absence of structural hydrophilic anisot-
ropy. Thus, ketoconazole perturbs the CM bilayer sufficiently
enough to secondarily dissociate CM cholesterol from the
bilayer, which is the primary mode of ketoconazole cellular
toxicity and is attributable to its CM cholesterol removal
secondary to perturbation of the CM bilayer with an associated
initial decrease in CM and whole cell/intra-cellular pressuro-
modulation (17,69,70) followed by a secondary increase in
very high MW protein transcription due to lary indirect pres-
suromodulation (perturbomodulation) (17), which may result
in burst nuclear transcription-associated with mitochondrial
oxidative phosphorylation-MM-mediated nuclear and cellular
cytotoxicity/apoptosis (17,71) particularly, in the setting of
pre-existent concomitant CM receptor pressuromodulation
antagnonism such as that of nocodazole (72), a CM receptor
pressuromodulation antagonist (Table V and Fig. 5).

iv) Capecitabine [(Log OWPC, 0.75; vdWD, 0.83 nm;
Log OWPC-to-vdWD ratio, 0.90 nm’); capecitabine
hydrophobic core (Log OWPC, 1.94; vdWD, 0.61 nm;
Log OWPC-to-vdWD ratio, 3.19 nm™)].

v) Fluconazole [(Log OWPC, 0.56; vdWD, 0.77 nm;
Log OWPC-to-vdWD ratio, 0.73 nm'); fluconazole
hydrophobic core (Log OWPC, 1.22; vdWD, 0.76 nm;
Log OWPC-to-vdWD ratio, 1.41 nm™)].

In the case of small molecule xenobiotic lipophiles
with anisotropic molecular hydrophilicity with less
incorporating lipophilicity, capecitabine [(Log OWPC, 0.75;
vdWD, 0.83 nm; Log OWPC-to-vdWD ratio, 0.90 nm™);
capecitabine hydrophobic core (Log OWPC, 1.94;
vdWD, 0.61 nm; Log OWPC-to-vdWD ratio, 3.19 nm™)]
and fluconazole [(Log OWPC, 0.56; vdWD, 0.77 nm;
Log OWPC-to-vdWD ratio, 0.73 nm’); fluconazole
hydrophobic core (Log OWPC, 1.22; vdWD, 0.76 nm;
Log OWPC-to-vdWD ratio, 1.41 nm”)], both associate
directly into the CM among the CM phospholipid layer fatty
acid-ester tails, but due to insufficient hydrophobic portion
incorporating lipophilicities in the range of between 3.19 and
1.41 nm’', only temporarily associate into the CM bilayer,
to transiently perturb and disorder CM phospholipids,
and of the two, fluconazole (vdWD, 0.77 nm) has the
potential for CM channel aqueous pore permeation (73),
with the potential to also perturb sub-cellular membrane
phospholipids including those of the endoGolgi smooth
endoplasmic reticulum (SER) with high CM-derived
sub-cellular membrane cholesterol phospholipid turnover
rates and lower incorporating lipophilicities. In the case of
both, capecitabine and fluconazole, the primary mode of
cellular toxicity is attributable to perturbation of the CM
bilayer with an associated initial decrease in CM and whole
cell/intra-cellular pressuromodulation (17,74), in which
case, of the two, capecitabine has the greater potential
to cause a subsequent lary indirect pressuromodulation
(perturbomodulation)-mediated secondary increase in
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Figure 6. Divalent cationicity-mediated cell membrane (CM) receptor vesiculo-vacuolization endocytosis, sub-cellular vacuolization along with exosome
formation with potential for CM receptor-mediated 3ary indirect shift pressuromodulation. (A) AMD3100 (plerixafor), (B) paraquat, (C) bleomycin.

very high MW protein transcription (17), that will result in
burst nuclear transcription-associated with mitochondrial
oxidative phosphorylation-MM-mediated nuclear and cellular
cytotoxicity/apoptosis (17,74). In contrast, fluconazole,
which also has the potential to cause a subsequent lary
indirect pressuromodulation (perturbomodulation)-mediated
secondary increase in very high MW protein transcription,
associated with burst nuclear transcription-associated with
mitochondrial oxidative phosphorylation-MM-mediated
nuclear and cellular cytotoxicity/apoptosis, does so to a
lesser extent in comparison to voriconazole (75), which is
structurally similar but more lipophilic than fluconazole and
itraconazole (75), which is structurally similar to ketoconazole,
as fluconazole also concomitantly decreases sub-cellular
membrane compliance (Table V and Fig. 5).

Small molecule xenobiotics that cause divalent cation-
icity-mediated CM receptor vesiculo-vacuolization
endocytosis with secondary exosome formation with potential
for CM receptor-mediated 3ary indirect pressuromodulation.
This category includes small molecule xenobiotic hydro-lipo-
philes with dual cationicity insufficiently separated (IS) in
molecular space and backbone lipophilicity, with vdWDs
in the 0.70-1.31 nm range. By being cationicity-excluded
from permeation across CM protein channel aqueous pores,
xenobiotics of this category bind to CM protein receptors,
ligand-receptor complexes that endocytose upon xenobiotic
binding (Table VI and Fig. 6).

The CM pore impermeable dually-cationic small molecule
xenobiotics include:

i) AMD3100 (plerixafor) [(Log OWPC, -5.40; vdWD,
1.00 nm; Log OWPC-to-vdWD ratio, -5.42 nm™); AMD3100
hydrophobic core (Log OWPC, 3.56; vdWD, 0.81 nm;
Log OWPC-to-vdWD ratio, 4.39 nm’); AMD3100 hydro-
philic moiety x2 (Log OWPC, -6.55; vdWD, 0.76 nm;
Log OWPC-to-vdWD ratio, -8.63 nm x2, +2 cationicity per
moiety)[;

ii) Paraquat [(Log OWPC, -5.56; vdWD, 0.70 nm;
Log OWPC-to-vdWD ratio, -7.98 nm'); paraquat hydrophobic
core (Log OWPC,2.96; vdWD, 0.70 nm; Log OWPC-to-vdWD
ratio, 4.25 nm™)];

iii) Bleomycin [(Log OWPC, -8.50; vdWD, 1.31 nm;
Log OWPC-to-vdWD ratio, -6.50 nm); bleomycin
hydrophobic core (Log OWPC, 3.14; vdWD, 0.94 nm;
Log OWPC-to-vdWD ratio, 3.35 nm™)].

AMD?3100, paraquat and bleomycin associate with CM
CXCR4 (76-78), CM paraquat binding protein (PBP) receptor
and CM bleomycin binding protein (BBP) (79,80), respectively,
and cause CM receptor-mediated CM vesiculo-vacuolization
endocytosis and sub-cellular vacuolization-mediated
intra-cellular cytotoxicity (81,82), and at least in the case of CM
CXCR4 endocytosing xenobiotic, AMD3100, in non-cross talk
with lympho-infiltrating cells (T cells) in the milieu, which
are necessary for the mounting of an appropriate cytotoxic
T cell response (83-85). Furthermore, and importantly, the
process of CM receptor-mediated CM vesiculo-vacuolization
endocytosis and sub-cellular vacuolization with secondary
CM exosome release, is a process that rapidly evolves towards
a significant decrease in whole cell compliance in tandem
with a significant increase in the transcription of very high
MW secretory proteins including the collagens (120-190 kDa)
and fibronectins (230 kDa) as well as the nuclear cell
division-associated proteins including Ki67 (359 kDa) and
separase (230 kDa) (CM receptor-mediated 3ary indirect
shift pressuromodulation: receptor endocytic 2+) (17), that
are associated with a therapy-related risk for fibrosis (86-88)
and mitogenesis division (81,89), respectively, along with the
increased risk of metastases due to a concomitant decrease in
the transcription of intermediate MW cell surface adhesion
proteins (Table VI and Fig. 6).

Due to the risk of endocytosis-mediated 3ary indirect pres-
suromodulation (17), CM pore impermeable dually-cationic
small molecule xenobiotics such as AMD3100, paraquat and
bleomycin are tumoropotentiators as monochemotherapies,
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Figure 7. Carbonylation/hydroxylation cum cationicity-facilitated cell
membrane channel endocytosis and mitochondrial VDAC association:
non-association of microtubule tubulin to mitochondrial membrane and
mitochondrial anchorage-mediated MM disruption/mitochondria-mediated
apoptosis. (A) Vincristine, (B) doxorubicin.

in a concentration dependent manner (48) (atrial naturetic
peptide is an endogenous CM receptor 3ary indirect pressuro-
modulator (17), which at a higher concentration, likely, induces
mitochondrial division), the risk of which can be oviated
with synergistic additional direct CM receptor-mediated
pressuromodulation as burst nuclear transcription-associated
with mitochondrial oxidative phosphorylation-MM-mediated
nuclear and cellular cytotoxicity/apoptosis results (89)
[dexamethasone is an endogenous CM receptor direct pres-
suromodulator (17)], as it can also be oviated by synergistic
microtubule network inhibition, at the level of the MM VDAC
v-tubulin (Tables VII and IX, Figs. 7 and 9) (90).

Small molecule xenobiotics that cause carbonylation/hydrox-
ylation cum cationicity-facilitated CM channel endocytosis to
localize to the MM VDAC at the y-tubulin association inter-
face. This category includes the small molecule xenobiotic
hydro-lipophiles with CM channel endocytosing capability
due to the presence of sufficient inner incorporating lipo-
philicity in the context of interacting outer polyhydroxylated
carbonylated hydrophilicity in the form of circumferential
polyhydroxylated carbonylated hydrophilicity, with vdWDs in
the 0.95-1.11 nm range (17). By being hydrophilic and due to
the CM protein channel aqueous pore widths, xenobiotics of
this category associate with CM protein channel a-helix cum
a-helix isophilic aqueous pores to induce CM channel endo-
cytosis of the Ca®* channel (i.e., vincristine) and the Na*/K*

MOLECULAR AND CLINICAL ONCOLOGY 4: 326-368, 2016
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Figure 8. Dual carboxylation-facilitated cell membrane receptor endocytosis:
mitochondrial membrane and nuclear rough endoplasmic reticulum mem-
brane vesiculization. (A) Methotrexate, (B) raltitrexed.

ATPase (doxorubicin and daunorubicin), and upon CM channel
endocytosis disassociation, associate promiscuously with
the inner-to-outer MM VDAC, a non-endocytosable circular
B-helix with voltage-gateable internal short a-helix-type chan
nel (91) (Table VII and Fig. 7).

The CM channel endocytosing small molecule xenobiotic
hydro-lipophiles include: i) vincristine [(Log OWPC, -3.00;
vdWD, 1.11 nm; Log OWPC-to-vdWD ratio, -2.69 nm);
vincristine hydrophobic core (Log OWPC, 5.14; vdWD,
0.96 nm; Log OWPC-to-vdWD ratio, 5.34 nm™)]; ii) doxo-
rubicin (adriamycin) [(Log OWPC, -0.79; vdWD, 0.95 nm;
Log OWPC-to-vdWD ratio, -0.83 nm); doxorubicin
hydrophobic core (Log OWPC, 4.88; vdWD, 0.77 nm;
Log OWPC-to-vdWD ratio, 6.96 nm™)].

Vincristine and doxorubicin associate into the
inter-a-helix isophilic pores of the Ca** channel (92) and
Na*/K* ATPase (17,50,51), respectively, to de-stabilize the
CM interaction of the multi-inter-a-helix constructs of
such trans-membrane proteins, that results in ligand-asso-
ciated CM protein channel endocytosis (93,94), followed by
intra-cellular ligand CM channel disassociation, and then,
subsequent promiscuous MM VDAC channel isophilic pore
association (95): thus, the primary mechanism of cellular
toxicity for vincristine and doxorubicin is at the level of
the mitochondria and MM, and due to the concomitant
presence of sufficiently separated (SS) 1+ cationicity in the
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Figure 9. Hydroxylation/carbonylation/dual carboxylation-facilitated cell membrane receptor endocytosis: tubulin polymerization re-polymerization inhi-
bition and mitochondria-mediated apoptosis to rapamycin-associated protein binding tubulin non-binding. (A) Etoposide, (B) teniposide, (C) colchicine,

(D) paclitaxel, (E) ixabepilone, (F) (+/-) spiro-oxanthromicin A, (G) tacrolimus.

former (vincristine) and exteriorly protruding 1+ cationicity
in the latter (doxorubicin), that results in non-association of
microtubule y-tubulin at MM VDAC and non-recruitment
of renewed microtubule networks to the MM, mitochondrial
anchorage immobility-associated MM disruption/dissolution
with liberation of MM AIF and initiation of the mitochondri-
ally-mediated nuclear apoptosis cascade, with the significant
potential for inducing cellular apoptosis (96-101), which
is due to no significant (in-significant) potential for CM

receptor endocytosis-mediated (Pseudo) 3ary indirect pres-
suromodulation (17) (Table VII and Fig. 7).

The presence of structural cationicity is a pivotal structure
distinction between CM channel endocytosing small molecule
xenobiotic hydro-lipophiles such as vincristine and doxoru-
bicin that induce non-association of microtubule y-tubulin
at MM VDAC and result in CM mitochondrial anchorage
non-mobility-mediated MM disruption/mitochondrial-medi-
ated apoptosis, in contrast to those that do not but with instead
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Mechanism(s) of action

Interaction
level(s)

lary mode of
interaction

(Log) OPWC-to-
vdWD ratio
[per nm (nm)]

Groups

Charge
distribution

vdWD

(nm)

(unitless)

Log OWPC

Table VII. Continued.
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have mitogenic potential, which is the case for ouabain (102),
a non-cationic circumferentially carbonylated/hydroxylated
hydro-lipophile endocytoser of the Na*/K* ATPase, with
potential to cause epithelilal-to-mesenchymal transforma-
tion (EMT) as well as tumoropropagation via CM receptor
endocytosis-mediated (Pseudo) 3ary indirect pressuromodula-
tion (17).

The xenobiotics of this category induce endocytosis of their
respective channels, the Ca** channel (123 kDa N/P/Q o subunit
MW) (92) (vincristine > verapamil) and the Na*/K* ATPase
channel (112 kDa a subunit MW) (103) (ouabain, momensin,
doxorubicin and daunorubicin), which are present on the CM in
juxtaposition to one another and to P-gp (non-glycosylated MW
140 kDa) (104), whereby, ligand-mediated Ca** channel-endo-
cytosis of associated CM results in concomitant endocytosis
of P-gp (105), that decreases immediate P-gp CM expression.
Thus, P-gp overexpression and associated multi-drug resis-
tance emerges, secondarily, in surviving tumor cells with lower
compliance set points than before therapy due to the increased
transcription of higher MW proteins such as P-gp (11), in which
case, intra-cellularly accumulating drug fraction is extruded by
its ability to interact with intra-CM P-gp a-helixes viz a viz
hydro-lipophile incorporating lipophilicity, and induce, a-helix
apposition pump functionality (104).

Furthermore, true CM P-gp small molecule ligands that
associate with the P-gp extracellular loop-a-helix are few
and far between, and include artemsinin (106), which func-
tions as a P-gp inhibitor but also as a pressuromodulator,
thus, P-gp inducer, as do ones with hollow interiors including
QZ59-RRR and QZ59-SSS (104); whereas, small molecule
ligands with less polyneutral exterior hydrophilicity than
vincristine, include quinidine (105), a competitive antagonist
of vincristine at the Ca®* channel, with the ability to obstruct
the channel, but without the ability to endocytose it, whereby,
it functions as a Ca** channel pressuromodulator and inducer,
and thus, indirectly as an inducer of Na*/K* ATPase and P-gp,
all present in close CM pressuromodulating proximity.

dissolution; potential for cellular apoptosis

release ninding XIAF (-> XIAF free
caspase-3); MM and mitochondrial

ATPase channel
hydrophobicity
MM VDAC internal
little o ball
hydrophobicity
Na*/K* channel
hydrophilicity
Peripheral Na*/K*
channel o helices
Peripheral Na*/K*
channel o helices

CM Na*/K*

6.36
-7.28
-1.22x3
-1.05x5

Small molecule xenobiotics that cause dual carbox-
vlation-facilitated CM folic acid receptor-mediated
endocytosis followed by MM and the rough endoplasmic
reticulum membrane folic acid receptor-mediated vesiculiza-
tion with the potential for CM receptor-mediated (Pseudo)
3ary indirect pressuromodulation. This category includes the
small molecule xenobiotic hydro-lipophiles with CM folic acid
receptor (FAR) endocytosing capability due to the presence
of incorporating lipophilicity in the context of anisotropic
interacting outer dual carboxylation hydrophilicity, with
vdWDs at 0.89 nm. The xenobiotics of this category associate
into the FAR hydrophobic core while concomitantly associ-
ating with the hydrophilic exterior FAR cationic (+) R groups
via the carboxyl (COO") groups (107), which results in a
contraction-pull down of the loose non-aligned multi-a-helix
FAR towards the CM. This results in the endocytosis of the
ligand-FAR complex at a much faster rate than that induced by
endogenous ligand folic acid (folate), which has a lower kDa
than that of the competitive pro-endocytic xenobiotics of this
category (108) (Table VIII and Fig. 8).

The CM FAR endocytosing small molecule xenobiotic
hydro-lipophiles include: i) methotrexate [(Log OWPC, -6.60;

Benzyls x2, cyclic
hexanes x2, ether

lary N*
C=0
OH

(©
1+
Peri
carbonylo
Peri
hydroxylo

0.95
042
0.38
0.32

-0.79
-3.05
-0.47
-0.33

Doxorubicin
hydrophobic core
Doxorubicin
hydrophilic moiety1
Doxorubicin
hydrophilic moiety2
Doxorubicin
hydrophilic moiety3
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vdWD, 0.89 nm; Log OWPC-to-vdWD ratio, -7.40 nm);
methotrexate hydrophobic core (Log OWPC, 1.23; vdWD,
0.77 nm; Log OWPC-to-vdWD ratio, 1.60 nm™)]; ii) ralti-
trexed (Tomudex) [(Log OWPC, -4.40; vdWD, 0.89 nm;
Log OWPC-to-vdWD ratio,-4.93 nm™); raltitrexed hydrophobic
core (Log OWPC, 3.67; vdWD, 0.78 nm; Log OWPC-to-vdWD
ratio, 4.70 nm™)).

Both methotrexate and raltitrexed endocytose the
ligand-FAR complex, initially at the level of the CM, the CM
FAR, and upon CM FAR endocytosis followed by intra-cellular
disassociation, re-associate/bind to the sub-cellular
membrane FARs, the MM FAR and the rough endoplasmic
reticulum (RER) FAR inducing their endocytosis. This
cumulates in increased sub-cellular vesiculization-mediated
generation of pro-oxidant reactive oxygen species (109,110),
and in case of the mitochondria, vesiculization-mediated
loss of MM electromotive potential (109,111-113). Therefore,
the mechanism for anti-folate chemoxenobiotic-mediated
cellular cytotoxicity is FAR endocytosis-driven sub-cellular
pro-oxidant oxidative stress (114-117), particularly mitochon-
drial, whereby there is only limited potential for CM receptor
endocytosis-mediated (Pseudo) 3ary indirect pressuromodula-
tion (110,118) (Table VIII and Fig. 8).

Small molecule xenobiotics that cause hydroxyl-
ation/carbonylation/dual carboxylation-facilitated
CM receptor endocytosis and tubulin polymerization
re-polymerization inhibition and mitochondrial-mediated
apoptosis. This category includes the small molecule xeno-
biotic lipophiles with CM receptor endocytosing capability,
with vdWDs in the 0.87-1.01 nm range. Due the presence
of inner incorporating lipophilicity in the context of outer
circumferential hydrophilicity in the form of hydroxylation/
carbonylation/etheroylation/dual carboxylation, the xenobi-
otics of this category associate into multiple a-helix-type
protein receptor hydrophobic cores to destabilize the
protein receptor construct sufficiently enough to cause
ligand-associated CM receptor endocytosis followed by
intra-cellular disassociation. Re-association with affinity to
soluble (-tubulin inhibits microtubule de-/re-polymerization
function and results in mitochondrial anchorage resultant
MM disruption/mitochondrial dissolution (119,120). For this
reason, small molecule xenobiotics in this category have no
significant (in-significant) risk for secondary CM receptor
endocytosis-mediated (Pseudo) 3ary indirect pressuromodu-
lation resultant increase in nuclear transcription of very high
MW proteins (17) (Table IX and Fig. 9).

The small molecule xenobiotic lipophiles with CM
receptor endocytosing capability include: i) etoposide (VP16)
[(Log OWPC, 1.16; vdWD, 0.97 nm; Log OWPC-to-vdWD
ratio, 1.20 nm’); etoposide hydrophobic core
(Log OWPC, 3.88; vdWD, 0.76 nm; Log OWPC-to-vdWD
ratio, 5.09 nm™)]; ii) teniposide (VM26) [(Log OWPC, 2.78;
vdWD, 1.00 nm; Log OWPC-to-vdWD ratio, 2.79 nm’); teni-
poside hydrophobic core (Log OWPC, 3.88; vdWD, 0.76 nm;
Log OWPC-to-vdWD ratio, 5.09 nm™)]; iii) colchicine
[(Log OWPC, 1.42; vdWD, 0.87 nm; Log OWPC-to-vdWD
ratio, 1.62 nm’); colchicine hydrophobic core (Log OWPC,
4.98; vdWD, 0.72 nm; Log OWPC-to-vdWD ratio,
6.88 nm™)]; iv) paclitaxel [(Log OWPC, 3.54; vdWD, 1.12 nm;
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Log OWPC-to-vdWD ratio, 3.16 nm™); paclitaxel hydrophobic
core (Log OWPC,5.65; vdWD, 0.87 nm; Log OWPC-to-vdWD
ratio, 6.46 nm”)]; v) ixabepilone [(Log OWPC, 3.39;
vdWD, 0.97 nm; Log OWPC-to-vdWD ratio, 3.51 nm);
ixabepilone hydrophobic core (Log OWPC, 6.21; vdWD,
0.90 nm; Log OWPC-to-vdWD ratio, 6.91 nm™)]; vi) (+/-)
spiro-oxanthromicin A [(Log OWPC, 2.40; vdWD, 1.01 nm;
Log OWPC-to-vdWD ratio, 2.38 nm™); (+/-) orthogonal
spiro-oxanthromicin A hydrophobic cores (Log OWPC, 5.47;
vdWD, 0.74 nm Log OWPC-to-vdWD ratio, 7.39 nm/core)].

For i through vi, CM receptor de-stabilization-mediated
endocytosis and intra-cellular re-association with soluble
B-tubulin results in inhibition of microtubule polymeriza-
tion de-/re-polymerization causing sub-cellular organelle
anchorage non-motility, and generates intra-cellular reac-
tive pro-oxidant species concomitant with mitochondrial
anchorage immobility-associated MM disruption/dissolution
with liberation of MM AIF and initiation of the mitochon-
drial-mediated nuclear apoptosis cascade (120-131), which
have the significant potential for inducing cellular apoptosis,
particularly those in incorporating lipophilicities in the inter-
mediate range (Table IX and Fig. 9).

vii) Tacrolimus (FK506) [)Log OWPC, 5.59; vdWD,
1.13 nm; Log OWPC-to-vdWD ratio, 4.94 nm’); tacrolimus
hydrophobic core (Log OWPC, 9.07; vdWD, 0.99 nm;
Log OWPC-to-vdWD ratio, 9.14 nm™)] and everolimus (132),
with greater incorporating lipophilicity (9.14 nm’) associate
with the FKBP12/inter-domain (I-1I/I1T) of FKBP52 (133).

In contrast to i) through vi) of this category, the CM
chemokine receptor endocytosing immunosuppressives,
tacrolimus, in the case of xenobiotics such as tacrolimus,
xenobiotic-induced disassociation of the FKBP52 domain III
from o/f-tubulin results in a slight propensity for inhibition
of tubulin de-polymerization (propensity for tubulin polym-
erization) (133), while the concomitant disassociation of the
PUMA-like FKBP52 domain I'V from BCL results in genera-
tion of cytosolic free BCL, which overcomes mitochondrial
anchorage immobility-associated MM disruption due to the
MM stabilizing effect of BCL (134-137) (Table IX and Fig. 9).

The CM receptor endocytosing small molecule xenobi-
otic lipophiles of this category have significant potential to
be tumorocytotoxic, particularly in synergism with other
tumorocytotoxic chemoxenobiotics [nuclear (i.e., 5-FU) (138)
and mitochondrial (i.e., doxorubicin) (9,138)]. The primary
limitation to efficacy when administered as a part of current
free drug chemotherapy regimens is secondary to a high
level of serum protein-binding due to overall lipophilicity for
size (Log OWPC-to-vdWD ratio range, 1.2-3.51 nm’), which
makes it is difficult to obtain micromolar local intra-tumoral
concentrations at which they are most effective. Therefore,
the overall efficacy of such tumorocytotoxic small molecule
xenobiotic lipophiles can be significantly improved via the
EPR effect, as has shown to be the case for abraxane, a
semi-polydisperse paclitaxel (non-covalent) albumin- micro-
aggregate nanoparticulate (Hp ~120 nm) (139,140), which
proteolytically degrades into smaller globular paclitaxel
(non-covalent) albumin (Hp ~7-10 nm) to enter the tumor
interstitium, that results in greater local intra-tumoral
concentration of improved efficacy of such small molecule
chemoxenobiotics (3-7).
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Small molecule xenobiotics that cause CM receptor-mediated
pressuromodulation antagonism/partial antagonism of direct
CM receptor-mediated pressuromodulation. This category
includes the small molecule xenobiotic lipophiles with CM
receptor pressuromodulation antagonism/partial antagonism
capability, with vdWDs in the 0.86-0.89 nm range. Due the
presence of inner incorporating lipophilicity commensurate
with that of the sex steroid receptor hydrophobic cores,
the xenobiotics of this category bind to sex steroid receptor
complexes with less affinity than endogenous sex steroids, and
thus, function as short-duration pressuromodulators, in contrast
to the endogenous sex steroids, which are prolonged duration
CM receptor pressuromodulators (17) (Table X and Fig. 10).

The small molecule xenobiotic lipophiles with CM receptor
pressuromodulation antagonism/partial antagonism capability
include:

i) Hydroxytamoxifen (afimoxitene) [(Log OWPC, 3.00;
vdWD, 0.89 nm; Log OWPC-to-vdWD ratio, 3.37 nm’);
hydroxytamoxifen hydrophobic core (Log OWPC, 5.36; vdWD,
0.75 nm; Log OWPC-to-vdWD ratio, 7.14 nm")], with hydro-
phobic core lipophilicity similar to that of the estradiol and
estriol sterol backbone (Log OWPC, 5.28; vdWD, 0.78 nm) at
6.81 nm (17), which has a bulky unstable exterior extracellu-
larly-interacting hydrophilicity and insufficient for prolonged
duration binding to the estrogen receptor (ER) complex (141).

ii) Abiraterone [(Log OWPC, 3.81; vdWD, 0.86 nm;
Log OWPC-to-vdWDratio,4.41 nm’'); abiraterone hydrophobic
core (Log OWPC,5.42; vdWD, 0.80 nm; Log OWPC-to-vdWD
ratio, 6.74 nm')], with hydrophobic core lipophilicity similar
to that of the dihydrotestosterone (DHT) sterol backbone
(Log OWPC, 5.82; vdWD, 0.81 nm) at 7.18 nm' (17), which
has lesser exterior extracellularly interacting hydrophilicity
and insufficient for prolonged duration binding at the DHT
receptor complex (142).

The sex steroid competitive antagonist chemoxenobiotics
are pressuromodulation/partial pressuromodulation antago-
nists of the respective a-helix-based sex steroid receptor types
due to the non-binding of the endogenous small molecule sex
steroid pressuromodulators, but their competitive binding to
the respective sex steroid hormone receptor complexes still
results in impartial pressuromodulation of the a-helix-based
small molecule sex steroid receptor complex. Thus, the overall
effect of CM receptor pressuromodulation antagonism at the
sex steroid hormone receptor is sufficient enough to decrease
the rate of mitogenesis and cell division by decreasing the rate
of protein transcription of very high MW nuclear division
proteins, Ki67 (359 kDa) and separase (230 kDa). As such, the
sex steroid hormone CM receptor pressuromodulation/partial
pressuromodulation antagonists have the potential for tempo-
rizing solid tumor growth/progression (143,144),as do upstream
releasing hormone inhibitors of luteinising hormone (LH)
action on the gonadal sex steroid axis (145), however, in the
physiologic state are not tumorocidal (146-148), which is due
to the presence of a plethora of CM receptor pressuromodula-
tors in the solid tumor milieu, paracrine and autocrine, and
therefore, an abundance of tumor CM receptor-mediated
pressuromodulation escape mechanisms, there is a high risk
of local and/or metastatic re-occurence upon cessation of sex
steroid CM receptor pressuromodulation/partial pressuromod-
ulation antagonist-based chemotherapy (Table X and Fig. 10).
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Small molecule xenobiotics that cause CM receptor-mediated
pressuromodulation antagonism/partial antagonism of
CM receptor-mediated pressuromodulation cum extracel-
lulomodulation with concomitant receptor kinase inhibition.
This category includes the small molecule xenobiotic lipophiles
and hydro-lipophiles with CM receptor pressuromodulation
antagonism/partial antagonism cum pressuromodulation extra-
cellulomodulation and concomitant receptor kinase inhibition
capability, with vdWDs in the 0.82-0.97 nm range. Due to
L-to-U-type step-like backbone structural configurations, in
context of the presence of inner incorporating lipophilicity
commensurate with that of the growth factor and cytokine CM
receptor hydrophobic cores, the xenobiotics of this category bind
to growth factor and cytokine CM receptor subunits with affinity.
In the case of the endogenous growth factors and cytokines
[i.e., EGF, ALK, SDF-1 and asialoglycoprotein receptor (AGR)
ligand] that bind to a-helix-rich receptors (17), the presence
of the CM pressuromodulator antagonist/partial antagonist
results in non-binding of the endogenous growth factor or cyto-
kine, which results in partial ligand antagonist-mediated CM
receptor pressuromodulation; while, in the case of the endog-
enous growth factors and cytokines (i.e., PDGF, GM-CSF and
TRAIL) that bind to (3-helix-based subunit receptors (17), the
concomitant presence of the CM pressuromodulator antagonist/
partial antagonist results in less effective, lower affinity binding
of the endogenous growth factor or cytokine, which results in
partial endogenous growth factor or cytokine-mediated CM
receptor pressuromodulation (Table XI and Fig. 11).

The small molecule xenobiotic lipophiles or hydro-lipo-
philes that bind to a-helix-rich receptors in lieu of endogenous
growth factors or cytokines as direct CM receptor partial pres-
suromodulation antagonists (17) include:

i) The EGF receptor antagonists (149-156), gefitinib (Iressa)
[(Log OWPC, 3.75; vdWD, 0.89 nm; Log OWPC-to-vdWD
ratio, 4.21 nm); gefitinib hydrophobic core (Log OWPC, 4.21;
vdWD, 0.74 nm; Log OWPC-to-vdWD ratio, 5.71 nm™)],
erlotinib (Tarceva) [(Log OWPC, 3.20; vdWD, 0.87 nm;
Log OWPC-to-vdWD ratio, 3.67 nm); erlotinib hydrophobic
core (Log OWPC, 3.61; vdWD, 0.74 nm; Log OWPC-to-vdWD
ratio, 4.88 nm)], lapatinib [(Log OWPC, 2.12;
vdWD, 0.96 nm; Log OWPC-to-vdWD ratio, 2.20 nm);
lapatinib hydrophobic core (Log OWPC, 6.68; vdWD,
0.89 nm; Log OWPC-to-vdWD ratio, 7.51 nm)] and afatinib
[(Log OWPC, 1.11; vdWD, 091 nm; Log OWPC-to-vdWD
ratio, 1.22 nm’'); afatinib hydrophobic core (Log OWPC, 4.21;
vdWD, 0.74 nm; Log OWPC-to-vdWD ratio, 5.71 nm")].

il) The ALK receptor antagonists (157-160), ceritinib
[(Log OWPC, 3.40; vdWD, 0.97 nm; Log OWPC-to-vdWD
ratio, 3.67 nm’); ceritinib hydrophobic core (Log OWPC,
7.16; vdWD, 0.89 nm; Log OWPC-to-vdWD ratio, 8.02 nm™)]
and crizotinib [(Log OWPC, 1.00; vdWD, 0.88 nm;
Log OWPC-to-vdWD ratio, 1.13 nm); crizotinib hydrophobic
core (Log OWPC,5.96; vdWD, 0.88 nm; Log OWPC-to-vdWD
ratio, 6.88 nm™)].

iii) The CXCR receptor antagonist(76,77,161,162), AMDO070
[Log OWPC, -0.14; vdWD: 0.85 nm; Log OWPC-to-vdWD
ratio, -0.16 nm’’; AMDO70 hydrophobic core (Log OWPC,
4.33; vdWD, 0.84 nm; Log OWPC-to-vdWD ratio, 5.13 nm™)].

iv) AGR antagonist (163-169), staurosporine
[(Log OWPC, 1.20; vdWD, 0.91 nm; Log OWPC-to-vdWD
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Figure 10. Cell membrane (CM) receptor-mediated pressuromodulation antagonism/partial antagonism: antagonism/partial antagonism of direct CM
receptor-mediated pressuromodulation. (A) Hydroxytamoxifen, (B) abiraterone.

.
Gz

HN

Figure 11. Cell membrane (CM) receptor-mediated antagonism/partial antagonism of pressuromodulation extracellulomodulation with concomitant receptor
kinase inhibition: antagonism/partial antagonsim of direct CM receptor-mediated pressuromodulation + external cationomodulation (=3+ =1+). (A) Gefitinib
(Iressa), (B) ceritinib, (C) erlotinib (Tarceva), (D) lapatinib, (E) MK-2206, (F) staurosporine, (G) afatinib, (H) imatinib (Gleevac; CGP 57148), (I) crizotinib,
(J) hydroxycamptothecin, (K) AMDO070, (L) topotecan.



357

SARIN: CONSERVED MOLECULAR MECHANISMS OF XENOBIOTIC CHEMOTHERAPEUTICS ON CELLS

Korigdorpiy chrour orprydospAy
10ydaocar IND SO'1- HO O[AX0IpAH €0 €€0- QUOIRIIQY
(91qeIsun)
KyorqoydoIpAy [ A&3a10w d1qoydoIpAy
J0)dodar IND St'1 surptid HO-N-“HO~ 0 60 9L°0 SuoIEIIqY
KioiqoydorpAy HO ‘ZX SHD ‘ouoqyoeq 2109 d1qoydoipAy
10ydaoar IND L9 [019)s ‘[Azuog~ ) 080 w's QUOIEIIQY
UOTSTATP [[90 PISEAINIP uorje[npowoInssard
(103daoa1 38 /13 ISTUOSRIUR 13I0YS renred HO ‘TX SHD
pue [HA 3 < istuoSeiue q3)) xo[dwod x9[dw oo J03dooar ‘auoqoeq [019)S
xodwod [ H( 0} Sulpuiq 9[qeIs-sso]  YLHA D QUOIS01$3) JND vy ‘ourpukd HD-N-‘HD 00 980 18°¢ QuoIeIIqY
Koriydorpiy Zhwrowr orprydospAy
10yda0a1 IND 10°1- HO O[Ax0IpAH €0 €Co- uQJIXOWwe)-AXOIPAH
(a1qessun)
KyorydorpAy [Azuaq yim 1 K&yo10w o111ydorpAy
10)dacar IND S 1- 0410 03 N Areg +] 890 SO'1- uajrxowe)-LX0IpAH
frorqoydopy *HD “*HO-‘HD 2109 o1qoydopAy
103dadar D vl'L ‘[Azuaq-s10-1Azuag ) SLO 9¢'¢ uojrxowe)-LX0IpAH
UOIB[NPOWOINSSAI]
UOISIAIP [[90 PasBaIoop
(103dooar Je /11 IS1UOSEBIUR JOUIOYS HD-HD ‘[Azuaq
pue [01peNSd (Y < Istuoseiue ) x9[dwoo renred xopdwoos (Y9) -s12-1Azuaq ‘ouadyd jo uajIxouwre)
xo[dwod ¥, 01 Jurpurq [qeIs-sso qA ND 103dooa1 uaonsa IND LE€ HO ‘19y10 01 ,N ATeg 000)+1 630 00°€ -Kxo1pAH
UOTIOR JO (S)WSTURYIIA (S)[oA9] UOT)ORIIUT [( 1:5 wu Jod] sdnoin uonnqrisp (wu) (ssoprun)
uonoRIANU] Jo opow K1e| oner qAPpA a3rey)D dmpr  DdMO FoT
-01-DMJO (307)
‘uonenpour

-oanssaid pajerpow-103dadar D 10911p Jo wsiuodeiue [ented/wistuogeiue (wisiuogejue [ented;wsiuogeiue uonenpowoinssaid pajerpaw-103dadar (JAD) sueiquiaw [[9D "X 9[qel,



MOLECULAR AND CLINICAL ONCOLOGY 4: 326-368, 2016

358

[ennauosrt

KyoiqoydoipAy -o1oylg 1 £&yo10wr o1q0ydoIpA3
101d0a1 D €70 1oype [AN1V 0 950 €10 qrunopg
KyoiqoydoapAy [Azuaq surpukd 2100 d1qoydoipAS
101dosar WD 88 ‘N ‘14zuaq ‘ouky[y (0) vL0 19°¢ quunope odA)-
ueredoy XIEW JB[N[[9ORIIX/M UOT)ORIIUT
-UoU ‘IO A POSLAIIAP ‘UOISIAIP [0
paseardop uone[npowoinssaid YIOH IND [£zuaq aurpuikd
QAI}OIYYR-UOU £, {DHH SNOuAZopud Jo wsiuogejue ‘N ‘[Azuoq ‘QuAye
uonorIUI-uOU {(JOF O >Istuodeiue 10ydodor  uoneinpowoinssaid ¢ZX sureyo apIs (eAdo1e])
@) xo[dwos YO 01 Sutpuiq Aqers dD0d WD 101d0a1 D L9€ YRy (000 L8'0 0T€ qrunopg
KyorydorpAy zKetow orrydoapAy
101deoar WD LEO- 2(D)2(0=5=0)- 0 090 o quunLLd
KyorydorpAy (sueyuado[o4d jo) 1 &yo1ow o111ydorpAy
J10)dedar WD 9 N Areg +1 LY'0 S6CT Qi)
[Azuaq ‘N
‘ourpuAdooko-1D
KyoiqoydoipAy ‘N ‘[&doid-O-[Azuaq 2100 d1qoydoipAy
101dadar IND 60~ -*HD ‘oueyuado[ph )~ (0) 680~ 9T L~ qruned adKy-1
ueredoy XII)BUW JB[N[[9OBIIXS/M UOT)ORIIUT
-uou S DA PISLAIIIP ‘UOISIAID [[20 O=[14doid]s=0 ‘[Azuaq
Ppasea1o9p ‘uonenpowoInssaid YTV ‘N “eurpuiAdoroko-1D
QAI}0QJJ9-UOU {pueSI| TV Snoud3opua Jo (urydonorerd 10 wisiuogejue ‘N ‘[&doid 1yj0
UOT)ORIAIUI-UOU {(S[TV (I > ISTUOSeIUE  QUIYPIW JO NAI[ ur)  uone[npowoInssaid [Azuag-HD
@D xo[dwiod YTV 01 Suipuiq d[qes  103dedar TV D 10)dedar WD 0’8 ‘oueyuad[,“HNJOPAS 0 (0) +1 L6'0 or'e quuILIRY
LT1- 70 0
KyorydorpAy 0) o[A1oyg 0) 0} zKre1ow orjiydospAy
1032021 D 970 ‘HO-O~ 0 9%'0 zro CIEHIES)
Korrydopy N Areg 1 &yarowr o1rydorpAy
10)deoar WD 8T L- pa3oao1d 10y3e0[ok) +1 wo Soe- quunyen
KyorqoydoipAH [Azuaq pajeuagorey 2100 o1qoydoipAy
10ydadar IND s ‘ourpuAd [Azuog (0) vL0 Ty qrunyes odA)-1
ueredoy XII)eW JB[N[[OOBI)X/M UOT)ORIIUT
-uou O A PISLIIIP ‘UOISIAIP [[90
paseardap cuonenpowoinssaid YIOT IND [Azuaq pajeussorey
QAIIO9JJR-UOU D SNOUdFOpU JO wsruogejue ‘ourpuiAd [Azuoq ‘1oyjo
UOT)ORIAUI-UOU (IO (] > ISTuoSeIue uonje[npowoInssard TAE LN ATeg (essoIy)
@D xo[dwod Y DY 03 Suipuiq o[qess  103dedar 4OH D 10)deoar WD Ty pajoajord 1oypeodk)  (0) 0 +1 680 SL'E quunyan
uonode JO (S)WSTUBYIIN (S)[oA9] uonORIdUI [(;-uu) wiu 1d] sdnoiny uonnquysip  (wu) (ssoprun)
uoTnORINU] JO opour A1e| onel (JAPA a3rey) dmpAr  DdMO 50T

-01-DMJO (807)

“(+1 < - +¢ =) UOIIRNPOWOUOTIED [RUIIXS -/+ Uone[npowoinssaid pajerpaw-103dadar D 10911p Jo wisuoSejue [enied/wsmu
-o3ejue :uonIqIyuI Aseury 103dadaI JULIIWOdUOD YIIM UOTR[NPOWON[edenXa uonenpowoinssaid jo wsruogejue [enied/wsiuogejue pajerpaw-10)dooar (AD) sueIquiawl [[9)) ‘X 9[qe,



359

SARIN: CONSERVED MOLECULAR MECHANISMS OF XENOBIOTIC CHEMOTHERAPEUTICS ON CELLS

KoriydorpAy ‘HO-N-  ourpukd ¢hyorow orrydorpAy
10)da0a1 ND L80" ‘HO-HN-N 024D 0 LY'0 10~ 90CC-3N
KyorydoipAy ojAuoqie) zKorowr orjiydoipAy
10)daoar ND <l 0=D 0 8¢0 Ly'0- 90CTIN
KoriydorpAy [ &vorour orprydorpAy
10)dedar N 8CTL- N £rep +1 wo So¢- 90T
7x sourpikdooko 2100 o1qoydoipAy
Kiorqoydorpy ‘T s|Azuaq 90TT-3IN
10)dedar D vI'8 ‘ouenenboo[£) (0) 780 L9 ad£)-T payIpoN
UOISIAIp [[99 10
renuajod paseaI1odp ‘uonenpowoInssard
SNOUAZOPUD JO UONIIYUT QATIIIJJO HO ‘€X
-Arenred SLISD-IND 01 ASD-IAD JO wsruogejue sourpuIAdo[okd
Surpuiq Jueruoouod AJjuyje Joss| UOIB[NPOWOINSSAJ ‘7X s[Azuaq
{(ISO-IND @ > 1stuoseiue () 10ydadar renyed ‘ouenenboo[Ao
xadwos JSO-]ND 01 Surpulq qers dSO-IND O 1012031 D L0C WNARL 0+ £80 08’ 90TT-3N
[ennauosI
KyorydorpAy -0I9IFO[0KD 1 K&ya1r0wr d1qoydoipAy
10)deoar D 920 *HD-0-*HOOPAD~ (1-0) 9’0 (450 qrunede|
AdriydorpAy charow orjrydorpAy
10)deoar D - ‘HN-ourpuLILq 0 ¥S'0 090 qrunede|
KrorydorpAy O=[+*HN-T(*HD) 1 &yorouwr orrydorpAy
10)deoar WD 96'9- **HOIS=0 +1 790 0~ qrunede|
d-1£zu0q-D-[Azudq-[)
KoiqoydoipAy ‘0 ‘ourprrAdopoko-[4zuaq 2102 d1qoydoIpAy
10)dodar D ISL ‘10U1R0qIe0[AD  (2-0) ((1-0) 680 899 quunedey 2d£)-n
ueredoy x1new
JR[N[[OOBIIX9/M UOT)ORIOIUI-UOU
SIDHA POSBAIOIP UOISIAIP [ J-1AZuaq-10y3e-[1AZuaq-1D
pasea1o9p ‘uonenpowoinssaid YIOT IND N ‘ourpuiAdo[oko-1Azuaq
QAT}OQJJR-UOU £,{DF SNOUIZOPUD JO wsiuogeue SqQp/MISYI0[OKD
UONOBIIUI-UOU {(JDH (3> IStuosejue uone[npowoInssaid ‘O=[+*HN-T (z-0)
@) xo1dwod YIOF 03 Furpuiq d[qeis 1032031 IDF ND 101dooar D 0T'T (‘HD)*HDIS=0  0(1-00+1  96'0 (4% qrunedey
[eIINAUOST
KoiqoydoipAy -o1oyig zKvrow o1qoydorpAy
J0ydedar N €0 Toyo A1y 0 960 €ro quunoprg
UOTJOB JO (S)WSTURYIIA (S)[2A9] UuoT)ORIAUI [(;-uu) wiu 12d] sdnoin uonnqrusip  (wu) (ssoprun)
uonorIOU] Jo opowt A1e| oner qMPpA aSreyD aAmMpA  DdMO SoT

-01-DMJO (807)

"panunuoD ‘IX dqeL



MOLECULAR AND CLINICAL ONCOLOGY 4: 326-368, 2016

360

KyorydorpAy SN /M duexay 1£3910wW o1yrydoapAy
10)dedar IND s o194 Jo ,N Areg~ +1 50 08¢ qrunewy
suipriAd-o3-ourpukd suen
KyorqoydoipAy ‘N ‘[Azuaq-cHD ‘oprwe 2109 o1qoydoipAy
J10)dedar IND 009 JO N ““HO-1Azuaq-*HD  (2-0) (1-0) L8O 17§ qrunewr odKy-
UOISTAIP [[29 10§ [enuajod pasearoop
fuonenpowoinssaid snouagopua aurpuAd
JO uonIqIyur dAnRdde-Arented Y10 03 wsruogejue -ourpuAd sun.p ‘N
ADAd Jo Surpuiq juelruoduod Ajuyje uone[npowonssaid ‘[Azuaq-*HD ‘oprwe
19s$9] {(IDAd @ > 1stuoseue () 10)d2031 renaed [Azuaq ‘SN 7/M Quexay (z-0)
xo[dwod YIOHAJ 0} Surpulq d[qels 45dd WO J0ydedar IND 651 oiphkour N Areg  0(1-0)+1  +60 0s'1 (0BARQ[D) qrunew]
KorydorpAy charour orprydorpAy
10ydedar IND SI'I- 1912 JOYII0[ILD) 0 S0 90 qluneyy
KyorydorpAy (oprwre[A108) opIwe 1 K910 o1yrydoapAy
10ydedar IND €6'v- oudy[e N Areg +1 §9°0 0ce- quunejv
KioiqoydorpAy [Azuaq pajeuadorey 2100 d1q0oydoIpLy
10)dedar IND ILs ‘ourpuAd [Azuag (0) vL0 1TY qruneye adA)-
uereday XINeW JE[N[[O0BNX3/M UOT)ORIAUI
-uou SO A PISBAIOIP ‘UOISIAIP
1199 PaseaIdap ‘uone[npowoinssaid 1D-14zuaq-g ‘N
AADH ND SAIOJR-UoU ‘ourpraAdoroAo [Azuaq
‘IO SnouaSopua JO UOTJORIAIUI-UOU wstuogejue “IY30 TOYJR0[0Ad
{(ADT @] >Istuogeue O]) (Juo[eA02)  uone[npowonssaid ‘(oprwre[AI1oe) oprwe
xa[dwod Y IO 01 Sutpuiq d[quis  103dadar IO ND 10)dedar IND w7l ouoy[e N A1eg  (0) 0 +1 160 Il quuneyy
LT1- o <0
KorydorpAy 0} o[A1oyng 0} 0} ¢Korow orpiydorpAy
10)do0ar IND 970 *HD-O~ 0 90 10 JurnrodsoIne}§
KyorydorpAy o[Auoqre) z&arown orprydoapAy
10)daoar D T 1- 0=D 0 ]¢°0 L0~ suniodsoinel§
KroriydorpAy 1 &yerowr orrydorpAy
10)dacar IND 7T 9- N Areg +1 LY 0 S6'C- suniodsoinel§
KioiqoydorpAy €X S[AZuaqo[oAd 2109 d1qoydoIpLy
10)do0a1 IND 0L ‘7X s1yINuenenboos) ) 180 s surnodsone)g~
UOISIAIP ([[99)-UOU SISUATO0IIW-UOU <- (opndad suipukdojAuoqred
uone[npowoinssaid 10a1pur A1eg-uou  OIUONED SNOUITOPUD ‘€X S[AZuaqorokd
£x9[dw0d YOV JO SISOIAI0pU-UoU Jo narf ur) (YOV) wstuogejue ‘zx s1ayINauenenbooAo
{(pue3I| YOV druoned 3y > Isiuosejue J03dooar urojord  uone[npowonssaid ‘(*HDO)-1oyo[K1uado[ohd
@D xo[dwod YOy 01 Surpuiq d[qers -00K[3oeIse A 10ydedar IND (4! -GN Areg)  0(0) +1 160 0T'1 surrodsonelg
uo1jorR JO (S)WSTUBYIIN (S)12A9] uonoORIAUI [(;-uu) wu 12d] sdnoin uonnqrysip (wu) (ssoprun)
uonodrIANU] Jo opows A1e| oner qAPA J3reyD dAMPA  DdMO 307

-01-DMJO (307)

"panunuOD IX dqeL



361

SARIN: CONSERVED MOLECULAR MECHANISMS OF XENOBIOTIC CHEMOTHERAPEUTICS ON CELLS

KyorydoipAy Kyarow oriydoIpAy
10)deoar WD 8CL- N e +1 wo SO'¢- 0LOAINV
QuUBXQUO[0AD
KyoiqoydoapAy ‘zx aurpuAd 2100 21qoydoipAy
103dodar D 61'¢ N “IX [Azudg o ¢80 eey 0LOAINV
ueredoy xImew
IRIN][RORIIX9/M UOTIORIUI-UOU S IOTA
POSBAIOAP SUOTSTAIP [[90 PASLAINOP
‘uonenpowonssaid £YDHXD IND
QAI}OQJJ-UOU ¢ - J(SSNOUTOpUD JO [(z1 TOXD) wisiuogejue QUBXAYO[0AD
uonorIAUI-uUOU {([-JASA > Isuoejue [ S Jo narf ur]  uone[npowoinssaid ‘ex ourpukd ‘N
a3 xo[dwod $YHXD 01 Surpuiq dqers YIOXO IND 103dosar D or'o- ‘X [Kzuoq N Are| 0)0+1 ¢80 10" 0LOAINV
KyorydopAy o[Auoqie) zKerow orprydoipAy
101daoar IND Xl 0=D 0 8¢€0 Ly 0~ LOH-01
KyrorydorpAy O[Ax0IpAH 1 £yar0wt oriydorpAy
10)deoar WD X sol- HO 0 43 €e0- LOH-0I
O 19189 21940
KyorqoydoipAy ‘ex sourpuAd 2109 o1qoydoipAy
10)dedar WD 9T’ ‘fouayd jo [Kzuog (0) 080 6I'f LOH-01 2d&-1~
UOISTAIP [[29 J0J [enuajod pasearoop
‘uone[npowonssaid Jo uonIqryur
QANdPe-A[rented gy TIVIL 03 wsruogejue 19189 J1[A2-HO
TIV Y.L JO Surpuiq juejrioouod Ajuyje uonenpowoinssaid ‘O=D ‘(SN 2)
10889 ('TIV YL a3 >Istuoseiue ) [ented X souIpLAd (LOH-01)
xo[dwod 10)deder VYL 0 Surpuiq d[qels Y TV AL IND 10)deoar WD Tl ‘[Azusq-HO 0(0)0 780 760 uroayojdured-Axo1pAH
KyorydorpAy Kyarow orydoIpAy
101dosar D [y N Areg +1I Y0 S6'C qQuunozLy
A-1A2uaq-7(1D) “1oyie
KorqoydorpAy ‘[cHN]ourpriAd-exay
101dadar pue -ejuad 2100 o1qoydoIpAy
ND 089 ‘QUEXAYO[IAD o 88°0 96'¢S qrunozio odA)-
uereday XINeW JB[N[[90RNX/M UOT)ORIAUI
-uou ‘{JOH A PISLIINIP (UOISIAIP [0
pasea1oap ‘uone[npowoinssaid YTV (urydonorerd I-14zuaq-g(1D) ‘1o
QAIIOQJJR-UOU ‘pueBSI| [TV SNOUd30pua JO IO Qup[pIw jJo wsruogejue ‘[‘HN]ourpLiAd
uonorIAUI-uOU (1Y @ > Istuodejue  narf ur) 103dodar  uonempowoinssaid -exay pue-ejuad
a3 xo[dwod Yy Tv 01 Surpuiq d[qers TV IND 103dosar WD el ‘uexay[+HN]OPAD (0 0+1 880 001 quunozLry
KyorydopAy o[fuoqie) zKa1ow orjiydoapAy
103dasar WD - 0=D 0 8¢0 LYV 0~ qunewy
UOTIOR JO (S)WSTURYIIN (S)12A9] UOoT)ORIUI [(;-uu) wu 12d] sdnoin uonnqrusip  (wu) (ssoprun)
uonorIAUL Jo apowr Are| oner qAPpA J3rey)D dAMPA DdMO 307

-01-DMJO (307)

"panunuo) ‘TX A[qeL



362

Table XI. Continued.

(Log) OPWC-to-

lary mode of Interaction

vdWD ratio

Charge
distribution

vdWD

(nm)

Log OWPC

(unitless)

Mechanism(s) of action

level(s)

[per nm (nm”)] interaction

Groups

Stable binding to TRAIL receptor

CM TRAIL R2

CM receptor
partial

-2.39

0.88 14(0)0  3ary N* ethyl-

-2.10

Topotecan

complex (KD antagonist < KD TRAIL);

lesser affinity concomitant binding
of TRAIL to TRAIL R2; partially-

phenol, pyridines

Pressuromodulation

antagonism

O,

OH-cylic ester

x3 (2 Ns), C

effective inhibition of pressuromodulation;

decreased potential for cell division
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CM receptor

5.77

~CH,-benzyl of phenol,
pyridines x3, cyclic

0.82 0)
ester O

4.71

~L-type topotecan
hydrophobic core

hydrophobicity

CM receptor

-7.28

0.42 1+ 3ary N*

-3.05

10-HCT
hydrophilic moiety |

hydrophilicity

CM receptor

-1.05x2

OH

0.32

-0.33

10-HCT
hydrophilic moiety2

hydrophilicity

Hydroxylo

CM receptor

-1.22x2

C=0

0.

-047

10-HCT
hydrophilic moiety3

hydrophilicity

Carbonylo

ratio, 1.32 nm); staurosporine hydrophobic core
(Log OWPC, 5.72; vdWD, 0.81 nm; Log OWPC-to-vdWD
ratio, 7.08 nm™)].

The EGF receptor antagonists, ALK receptor antagonists
and CXCR receptor antagonists cause for a decrease the rate
of protein transcription of synthesizable proteins by CM
receptor partial pressuromodulation antagonism of tumor
CM receptors. The decrease in the transcription of the very
high MW nuclear cell division proteins, Ki67 (359 kDa) and
separase (230 kDa) (170) results in decreased mitogenesis and
cell division, while the decrease in the transcription of the
lower MW protein forms including VEGF (20 kDa) necessary
for autocrine angiogenesis (154,171), and importantly, BCL
(26 kDa) necessary for maintenance of MM integrity in tumor
cells (BCL-dependent) (59), results in increased mitochon-
dria-mediated apoptosis, particularly in p53-deficient tumor
cells (172-174) (Table XTI and Fig. 11).

The small molecule xenobiotic lipophiles that bind to
multi-subunit polymeric (3-helix B-helix-based receptors to
decrease the binding affinity of endogenous growth factors or
cytokines and function as direct CM receptor pressuromodu-
lation/partial pressuromodulation antagonists (17) include:

i) The PDGF receptor antagonist (175-177), imatinib
[Gleevac CGP 57148) [(Log OWPC, 1.50; vdWD, 0.94 nm;
Log OWPC-to-vdWD ratio, 1.59 nm’); imatinib hydrophobic
core (Log OWPC,5.21; vdWD, 0.87 nm; Log OWPC-to-vdWD
ratio, 6.00 nm™)].

ii) The GM-CSF receptor antagonist (178,179), MK-2206
[(Log OWPC, 1.80; vdWD, 0.87 nm; Log OWPC-to-vdWD
ratio, 2.07 nm’’); MK-2206 hydrophobic core (Log OWPC,
6.71; vdWD, 0.82 nm; Log OWPC-to-vdWD ratio, 8.14 nm™)]:

The PDGF receptor antagonist(s) and GM-CSF receptor
antagonist(s), imatinib and MK-2206, still permit concomitant
receptor subunit binding of the respective endogenous growth
factors, PDGF and GM-CSF, which are prolonged dura-
tion endogenous direct CM receptor pressuromodulators of
multi-subunit polymeric [3-helix-based receptors, but decrease
the potency of the pressuromodulation effect by causing a
decrease in the affinity of the receptors for endogenous PDGF
and GM-CSF, respectively. Therefore, a decrease the rate
of protein transcription of synthesizable proteins, results in
decreased mitogenesis and cell division due to a decrease in
the transcription of the very high MW nuclear cell division
proteins, Ki67 (359 kDa) and separase (230 kDa) (180), and
increases the likelihood of mitochondria-mediated apoptosis
in more BCL-dependent tumor cells (181) due to a decrease in
the transcription of BCL (26 kDa) (181) (Table XI and Fig. 11).

The small molecule xenobiotic lipophiles or hydro-lipo-
philes that bind to multi-subunit polymeric B-helix-based
receptors to decrease the binding affinity of endogenous
growth factors or cytokines and function as 2ary indirect
quad receptor internal pseudo-cationomodulator (SS 1+) pres-
suromodulation/partial pressuromodulation antagonists (17)
include.

The TRAIL receptor antagonists (182-186), a) hydroxy-
camptothecin [(Log OWPC, 0.92; vdWD, 0.82 nm;
Log OWPC-to-vdWD ratio, 1.12 nm’); hydroxycamptoth-
ecin hydrophobic core (Log OWPC, 4.19; vdWD, 0.80 nm;
Log OWPC-to-vdWD ratio, 5.24 nm)]; b) topotecan
[(Log OWPC, -2.10; vdWD, 0.88 nm; Log OWPC-to-vdWD
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ratio, -2.39 nm’’); topotecan hydrophobic core (Log OWPC,
4.71; vdWD, 0.82 nm; Log OWPC-to-vdWD ratio, 5.77 nm’")].

The TRAIL receptor antagonists, hydroxycamptothecin
and topotecan, still permit the concomitant binding of the
endogenous TRAIL, but decreases the potency of the pres-
suromodulation effect by causing for a decrease in the affinity
of TRAIL R2 for endogenous TRAIL, which is an extremely
portent prolonged duration 2ary indirect pressuromodulator
multi-subunit poly-meric B-helix-based receptors (187-191).
As such, hydroxycamptothecin and topotecan-mediated CM
receptor pressuromodulation antagonism of TRAIL results
in TRAIL pressuromodulation-mediated TRAIL R2 chro-
matin transcription and in auto-induction of TRAIL R2 at
the CM (192) as well as in that of the lower-to-higher MW
proteins (i.e., VEGF, 20 kDa; p21; p53; topoisomerase I,
90 kDa; HIF1-a, 93 kDa; P-gp, 140 kDa; topoisomerase II-a.,
174 kDa) (186,193), but not of the highest MW nuclear divi-
sion-associated proteins (Ki67, 359 kDa; separase, 230 kDa),
in which case, the increased transcription of intermediate MW
protein, p53 (53 kDa) (184,186), results in the depletion of
free BCL (p53-BCL) and in mitochondrial-mediated oxida-
tive stress sufficient to induce apoptosis (182,183) that maybe
associated with a secondary decrease in mitogenesis and cell
division (182) in synergism with additional CM receptor pres-
suromodulation antagonism (185) (Table XI and Fig. 11).

The CM receptor growth factor or cytokine pressuromodu-
lation/partial pressuromodulation antagonists, including the
direct CM pressuromodulation/partial pressuromodulation
antagonists of the hepatocyte growth factor (HGF)/scatter
factor (SF) receptor family (194-197), have the potential for
halting solid tumor growth/progression during the treatment
phase (150). However, due to significant concentrations of
growth factor and cytokine CM receptor pressuromodulators in
the solid tumor milieu, paracrine and autocrine, in context of the
significant redundancy of growth factor and cytokine receptors
on tumor CMs for CM receptor-mediated pressuromodulation,
are not tumorocidal in the physiologic state, as evidenced by
the high incidence of local solid tumor re-occurence upon
cessation of treatment phase, due to the remaining presence
of resistant tumor cells overexpressing mutated receptor
subtypes (198) and the EMT transformation of epithelium of
tumorgenic potential (199), for example, in the case of weak
CM pressuromodulator antagonists such as gefitinib (152,198)
with greater binding affinities for their receptors.

CM receptor growth factor or cytokine pressuro-
modulation/partial pressuromodulation antagonism-based
synergistic approaches with the potential for tumorocidal
tumorocytotoxicity include those employing ones such as
staurosporine (59,164,167,168), imatinib (200), MK-2206 (201)
and topotecan (186), particularly, upon effective transvascular
delivery into solid tumors across VEGF-derived and main-
tained diaphragm fenestrated tumor blood capillaries (3-8).

In conclusion, based on these observations herein, on the
modes, levels and character of interactions of xenobiotics
and chemoxenobiotics with cells, analyzed in terms of the
predicted conserved biophysical properties, insight has been
gained into the specific mechanisms by which chemoxenobi-
otics enter cells and the organelles with which they interact
to induce cytotoxcity. This knowledge is applicable towards
improving the effectiveness of combination small chemo-
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therapy regimens in present clinical use, for the treatment of
solid and hematopoietic malignancies, including the order in
which chemoxenobiotics are administered in combination
treatment regimens, in temporal proximity. It is anticipated
that by the application of this study's findings on the modes
and character of cellular interactions, existing combination
chemotherapy regimens can be designed to be more effica-
cious, and furthermore, that by the incorporation of this
knowledge into the algorithms for the design of personalized
cancer treatments, the predictive accuracy of such algorithms
can be further optimized.

The observations of this study also underscore the
importance of focusing attention on specific CM receptors
that mediate the cellular interactions of the various classes
of molecular size-restricted chemoxenobiotics, particularly
that of pro-endocytic xenobiotics, as the proteomic profiling
of the density of these protein receptors across tumor types
and grades will result in most sensitive personalized cancer
treatments employing existing chemotherapeutic regimens.
This being stated, for the curative treatment of solid malig-
nancies, small molecule chemoxenobiotics must be made to
selectively accumulate within the micromolar concentrations
in the tumor milieu, where they must remain for prolonged
duration in order for uniform tumorocidal cytotoxcity to tumor
and tumor-associated cells, which will require the further
translational development of novel chemotherapeutic regi-
mens employing optimally-sized and -designed biocompatible
imageable dendrimer-based nanoparticles bearing labilely
attached small molecule chemoxenobiotics.
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