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Article

Machine Learning Discoveries of ATP6V(0/1)E2-X
Synergy in ETC-1922159 Treated Colorectal
Cancer Cells
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Independent Researcher; 104-Madhurisha Heights Phase 1, Risali, Bhilai-490006, India; sinha.shriprakash@yandex.com
' Aspects of unpublished work were presented in a poster session at (1) the recently concluded first ever Wnt Gordon
Conference, from 6-11 August 2017, held in Stowe, VT 05672, USA.

Abstract: The ATPase H+ transporting V(0/1) subunit e2 (ATP6V(0/1)E2) is a part of the vacuolor
ATPases multisubunit complex. V-ATPases and ATP6AP2 are positive regulators of Wnt signaling
pathway. In colorectal cancer (CRC) cells treated with ETC-1922159, many genes were found up
and down regulated, individually. A recently developed search engine ranked combinations of
ATP6V(0/1)E2-X (X, a particular gene/protein) at 2" order level after drug administration. These
rankings reveal which ATP6V(0/1)E2-X combinations might be working synergistically in CRC. In
this research work, I cover combinations of ATP6V(0/1)E2 with Aldehyde dehydrogenase (ALDH),
and homeobox (HOX) family.
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1. Introduction

The study of ion channels is historic in nature and had to wait till the discovery and the acceptance
the ideas on channels as well as cells. Untill the discovery was made possible, not much had been
known about the ion channels. It was late in 1700’s, that one of the first experiments were done
to observe the flow of electrical currents in animals. At the University of Bologna, Luigi Galvani
(1737-1798) conducted experiments in which he observed the twitchings in the body of the frog when
the animal was subjected to electrical charges. It was the beginning of a field were ion channels were
being indirectly studied, which however was initially coined the name bioelectrogenesis. Galvani found
that the electrical current delivered to the muscles or nerves by Leyden jar caused contractions or
spams in the frog. The observed so called animal electricity and the ensuing numerous experiments by
Galvani were the foundations of the biological study of neurophysiology and neurology. Nerves were
now electrical conductors, instead of pipes or channels. The 1780 experiment has been depicted in
Figure 1. Later on, in 1850, Hermann Ludwig Ferdinand von Helmholtz (1821-1894) determined the
velocity of the electric signal on a nerve cell and found the conduction to be too slow. The instrument
designed to study has been depicted in

Subsequently, as the field developed with advancements, instruments were designed to conduct
deeper study and discoveries were made at the level of cell also. One of the pioneering work which
lead to the study of the flow of electric current through the surface membrane of a giant nerve fibre
was conducted by Hodgkin and Huxley [1], which lead to Nobel prize in Physiology/Medicine in
1963. With the emergence of the recombinant DNA technologies in 1970’s it has become possible
to study the cell at the nuclear level leading down to some of the fundamental units of DNA, RNA
and proteins. However, it was in 1980’s that the first ever elaborate studies regarding the a-subunit
precursor of the nicotinic acetylcholine receptor (nAChR) in Noda et al. [2] and voltage-gated sodium
channel in Noda et al. [3] were done. These lead to the explosion in the study of ion channel family. A
brief topic introduction with historical perspective of the channels can be found in Brenowitz et al.
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[4]. Along with the observations of these channels, there was a need to understand the mechanism
of the working of the ion channels. The work lead to a field in which mathematical and simulation
models were developed involving kinetic theories, molecular dynamics, statistical dynamics etc. A
good recent review to the modeling of ion channels can be found in Sigg [5].

Figure 1. Experiment De viribus electricitatis in motu musculari. Image source : http://www.corrosion-doctors.
org/Biographies/GalvaniBio.htm
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Figure 2. Instrument to study velocity of nerve cell. Image source Brazier [6]

1.1. Ion Channels

Ion channels, as the name suggests, as we deconstruct the terminology, in a lay man’s term means,
a channel or a passage that helps pass the ions. When we talk of passage, then the flow of the ions has
to happen through something permeable, a wall, a barrier, an obstruction, etc. Also, the channel should
open and close with some purpose and there has to be some definite aim, for which the channel behind
which the passage will work. For other conditions, the channel has to remain closed. Investigating
these conditions, will help in understanding the ambinence of the channel itself. Another aspect of
particular importance is the fact regarding the kind of ions that will pass through the passage and why
such ions need to pass through such a channel. Along with the study of these channels, comes the
study of the varied structure of these channels which help the passage of these ions. All these issues
gives rise to the field of simulation and modeling of these channels also.
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Broadly speaking, ion channel is one of the two classes of an ionophoric proteins, that will let the
ions pass downhill along with the electrochemical gradient in the channel without the input of any
metabolic activity; the other being ion transporters. Ionophoric proteins are structures that reversibly
binds with ions. Ion transporters are proteins that will carry the ions along with them through a
permeable wall or barrier or an obstruction against a concentration gradient. This passage of the ions
requires openning and closing mechanism in the channel and in electrophysiology, gating is the term
used for such a mechanism. It is the process were the channel transforms from a conducting mode
where ions flow to a non-conducting mode were ions do not pass through. The rate of closing and
openning is referred to as kinetics of gating.

There are two major kinds of ion channels namely, (a) Voltage gated ion channel and (b) Ligand
gated ion channel. The former operates via the difference in barrier or membrane voltage potential
while the latter works via the binding of ligand to the channel. Also, there are different kinds of ions
that go through the membrane. These include chloride, potassium, sodium, calcium and proton, to
name a few. Depending on the kind of ions, certain functionalities are characteristics of a respective
ion channel under study. But before I delve deeper into the specific area of interest, it is important
to ask, what is the purpose of such a channel and why this gating process in helpful? The answer to
this question will also address the ambience in which the channel is working or not working and thus
build the context for the above posed question.

1.2. pH Regulation

For the uninitiated, the pH is a way to measure the concentration of protons in a medium. What it
indicates is the degree of acidity in a medium. Mathematically, it is the computed via the formula pH =
—log,,[H], were the hydrogen ion activity is recorded in terms of molar concentration or number of
moles per liter of hydrogen ion. The scale of pH varies from 1 to 14. A value of 7 is considered neutral,
while lower values indicate acidic nature with higher concentration of hydrogen ions and reversibly,
higher values indicate basic nature with lower concentration of hydrogen ion (or higher concenration
of hydroxyl ion).

The intracellular (extracellular) pH, i.e pH; (pH,) refers to the acidity inside (outside) the cell. The
regulation of pH is an extremely important mechanism, both inside and outside of the cell. The cells
need to be in a proper environment to function and excecute the various processes. The pH reflects the
suitability of the environment and is not the only factor, but a crucial one. But note that pH depends
on the temperature also. The equilibrium Ej, between the membrane potential V,;, and the internal and
the external H is given by the Nernst equation -

_ 1000RT [H*],
Eh - F loge{ [HJr]i } (1)
1000RT
By = oo {log,[H'],  log,[F*];} @
1000RT
E, = 7 {pH; — pH,} =~ 60mV{pH; — pH, } 3)

were R and F are faraday and gas constant respectively, V;, = 60mV at T = 22 C. The gating channels
work to attain this equilibrium. It is important to note that the pH in controlled in the cell and the
external environment for various reasons. In an early review by Madshus [7], the manuscript discusses
the effects of pH activity on metabolic enzymes like phosphofructokinase, Insulin, synthesis of DNA
and RNA; contractile elements; ion conductivities of other channels; and control of cell cycle in various
species. More importantly, in the context of the hydrogen ion channel, the regulation of pH becomes
prominent due to the observed functionalities of (a) charge compensation (b) acid extrusion (increasing
pH;)(c) acid secretion (decreasing pH,) and prevention of osmotic effects.
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1.3. ATPase H+ Transporting V(0/1) Subunit e2 - ATP6V(0/1)E2

The ATPase H+ transporting V(0/1) subunit e2 (ATP6V(0/1)E2) is a part of the vacuolor ATPases
multisubunit complexes that involved in the acidification of a various kinds of intracellular organelles
and also acts a proton pump via the hydrolysis of ATP, Smith et al. [8]. The unit is highly conserved
and is found to exhibit different functionalities in cellular and physiological processes. They have
also been found to be implicated in various kinds of diseases and have recently been seen to play
major role in cancer. The structure and the mechanism of the V-ATPase is complex and beyond the
scope of this article. However, briefly, the V-ATPase constitutes some 13 different known units which
are subdivided into two domains. The V1 domain is the peripheral domain that conducts the ATP
hydrolysis, while the VO domain is membrane specific and involved in proton transport. Figure 3
shows a schematic representation of the V-ATPase structure. Deeper mechanism of the working of the
complex can in found in Holliday [9] and Stransky et al. [10]. In the Wnt signaling pathway, V-ATPases
have been found to block the activation of the pathway, by blocking the activating phosphorylation
of the receptor following ligand binding, when V-ATPases are inhibited, as shown in Cruciat et al.
[11] and Bernhard et al. [12]. It is known that the functioning of the Wnt pathway is due to the ligand
receptor binding but the activation of the receptor is through V-ATPases. It has also been shown that
an accessory of the V-ATPases, ATP6AP2 or (P)RR helps V-ATPases to co-ordinate with LRP6 and FZD
as shown in Bernhard et al. [12]. In most cases it has been found that both V-ATPases and ATP6AP2
are positive regulators of Wnt signaling pathway.

ADP + Pi/
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Figure 3. The complex structure of V-ATPase containing the V1 peripheral that conducts ATP hydrolysis and the
V0 domain that is responsible in proton transport has been depicted. Reprinted from Wikipedia and distributed
under GNU Free Documentation License.

1.4. Combinatorial Search Problem and a Possible Solution

In a recently published work Sinha [13], a frame work of a search engine was developed which
can rank combinations of factors (genes/proteins) in a signaling pathway. Readers are requested to go
through the adaptation of the above mentioned work for gaining deeper insight into the working of
the pipeline and its use of published data set generated after administration of ETC-1922159, Sinha
[14]. The work uses SVM package by Joachims [15] in https:/ /www.cs.cornell.edu/people/tj/svm_
light/svm_rank.html. I use the adaptation to rank 2" order gene combinations.
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2. Results & Discussion

2.1. ATP6V(0/1)E2 Related Synergies
2.1.1. ATP6V(0/1)E2-ALDH

According to contributors [16], aldehyde dehydrogenases (ALDH) are a group of enzymes
that catalyse the oxidation of aldehydes. These genes mainly participate in the detoxification of
exogenously and endogenously generated aldehydes, among other biological processes. Further in
cardiovascular disease (CVD), Zhong et al. [17] state that nuclear ALDH?2 interacts with HDAC3 and
represses transcription of ATP6VOE2. This is critical for maintaining lysosomal function, autophagy,
and degradation of oxidized low-density lipid protein. Further, Zhang and Fu [18] state that AMPK
phosphorylated ALDH2 shuttles to the nucleus to inhibit transcription of ATP6VOE2. In colorectal
cancer cells treated with ETC-1922159, genes of ALDH family and ATP6V(0/1)E2, were found to be
down regulated, recorded independently. Using the adaptation of the above mentioned search engine,
I was able to rank 2"! combinations of ALDH family and ATP6V(0/1)E2, that were down regulated.

Table 1 shows rankings of these combinations. Followed by this is the unexplored combinatorial
hypotheses in Table 2 generated from analysis of the ranks in Table 1. On the left half of Table 1 are
rankings of ALDH w.r.t ATP6VOE2. ALDH1B1 - ATP6VOE2 shows low ranking of 186 (laplace) and
1560 (rbf); ALDH5A1 - ATP6VOE2 shows low ranking of 683 (laplace), 1025 (linear) and 1390 (rbf);
ALDH7A1 - ATP6VOE2 shows low ranking of 1318 (laplace), 1182 (linear) and 1017 (rbf); ALDH9A1 -
ATP6VOE2 shows low ranking of 504 (linear) and 43 (rbf); ALDH3A1 - ATP6VOE2 shows low ranking
of 647 (linear) and 289 (rbf).

On the right side of the Table 1 are rankings of ALDH w.r.t ATP6V1E2. ALDHI1B1 - ATP6V1E2
shows low ranking of 163 (laplace) and 287 (linear); ALDH5A1 - ATP6V1E2 shows low ranking of 1196
(laplace), 1141 (linear) and 907 (rbf); ALDH3A1 - ATP6V1E2 shows low ranking of 715 (laplace), 1063
(linear) and 1336 (rbf).

Table 1. 2" order interaction ranking between ATP6V(0/1)E2 VS ALDH family members.

RANKING ALDH FAMILY VS ATP6V(0/1)E2
RANKING OF ALDH FAMILY W.R.T ATP6VOE2
laplace linear  rbf
ALDH3A2 - ATP6VOE2 32 2466 2585
ALDHI1B1 - ATP6VOE2 186 2710 1560
ALDH5A1 - ATP6VOE2 683 1025 1390
ALDH7A1 - ATP6VOE2 1318 1182 1017
ALDHO9A1 - ATP6VOE2 2329 504 43
ALDH3A1 - ATP6VOE2 2631 647 289
RANKING OF ALDH FAMILY W.R.T ATP6V1E2
laplace linear  rbf
ALDH3A2 - ATP6V1E2 2568 2446 825
ALDHI1B1 - ATP6V1E2 163 287 2581
ALDH5A1 - ATP6VIE2 1196 1141 907
ALDH7A1 - ATP6V1E2 1127 2355 2730
ALDHO9A1 - ATP6V1E2 1947 2689 221
ALDH3A1 - ATP6V1E2 715 1063 1336

d0i:10.20944/preprints202412.2174.v1
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One can also interpret the results of the Table 1 graphically, with the following influences - o
ALDH family w.r.t ATP6VOE2 with ATP6VOE2 — > ALDH1B1; ATP6VOE2 — > ALDH5A1; ATP6VOE2
— > ALDH7A1; ATP6VOE2 — > ALDH9A1; ATP6VOE2 — > ALDH3A1; and e ALDH family w.r.t
ATP6V1E2 with ATP6V1E2 — > ALDH1B1; ATP6V1E2 — > ALDH5A1; ATP6V1E2 — > ALDH3A1.

Table 2. 2% order combinatorial hypotheses between ATP6V(0/1)E2 and ALDH family members.

UNEXPLORED COMBINATORIAL HYPOTHESES
ALDH family w.r.t ATP6VOE2
ALDH-1B1/5A1/7A1/9A1/3A1 ATP6VOE2
ALDH family w.r.t ATP6V1E2
ALDH-1B1/5A1/3A1 ATP6V1E2

2.1.2. ATP6V(0/1)E2-Homeobox Proteins

Homeobox proteins are known to play major role in embryogenesis, however, their transition
and role in oncogenesis is not clearly established, as there are cases where there is loss of function,
while in others, there is gain of function (Abate-Shen [19]). The HOX gene family (Acampora et al.
[20]) is known to play multiple roles in various tumor cases and varied affects have been found in
colorectal tumor and normal cases (Kanai et al. [21]). Cancer cells use V-ATPase subunits to activate
oncogenic pathways. Terrasi et al. [22] show that the oncogenic V-ATPase profile associates with
homeobox containing genes overexpression, in glioblastoma (GBM). In colorectal cancer cells treated
with ETC-1922159, genes of HOX family and ATP6V(0/1)E2, were found to be down regulated,
recorded independently. I was able to rank 2"¢ combinations of HOX family and ATP6V(0/1)E2, that
were down regulated.

Table 3 shows rankings of these combinations. Followed by this is the unexplored combinatorial
hypotheses in Table 4 generated from analysis of the ranks in Table 3. On the left half of Table 3 are
rankings of HOX w.r.t ATP6VOE2. HOXB13 - ATP6VOE2 shows low ranking of 96 (laplace) and 1604
(linear); HOXB9 - ATP6VOE2 shows low ranking of 534 (laplace) and 1410 (rbf); HOXB5 - ATP6VOE2
shows low ranking of 1357 (laplace), 772 (linear) and 137 (rbf); HOXA11.AS - ATP6VOE2 shows low
ranking of 1426 (linear), 372 (linear) and 1312 (rbf); HOXBS - ATP6VOE2 shows low ranking of 1500
(laplace) and 422 (rbf); HOXA11 - ATP6VOE2 shows low ranking of 1529 (laplace) and 1312 (rbf);
HOXB4 - ATP6VOE2 shows low ranking of 921 (linear) and 865 (rbf).

On the right side of the Table 3 are rankings of HOX w.r.t ATP6V1E2. HOXB9 - ATP6V1E2 shows
low ranking of 243 (laplace) and 696 (linear); HOXB5 - ATP6V1E2 shows low ranking of 1411 (laplace),
1378 (linear) and 501 (rbf); HOXA11.AS - ATP6V1E2 shows low ranking of 1573 (laplace), 207 (linear)
and 247 (rbf); HOXBS - ATP6V1E2 shows low ranking of 512 (laplace) and 422 (linear); HOXA11 -
ATP6V1E2 shows low ranking of 217 (linear) and 534 (rbf); HOXB4 - ATP6V1E2 shows low ranking of
1458 (linear) and 1038 (rbf); HOXA9 - ATP6V1E2 shows low ranking of 1388 (laplace), 1624 (linear)
and 1584 (rbf).
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Table 3. 2" order interaction ranking between ATP6V(0/1)E2 VS HOX family members.

RANKING HOX FAMILY VS ATP6V(0/1)E2
RANKING OF HOX FAMILY W.R.T ATP6VOE2
laplace linear  rbf

HOXB13 - ATP6VOE2 96 1604 1778
HOXB? - ATP6VOE2 308 2489 2637
HOXB9 - ATP6VOE2 534 2590 1410
HOXB3 - ATP6VOE2 1239 2543 2608
HOXBS - ATP6VOE2 1357 772 137
HOXA11.AS - ATP6VOE2 1426 372 1312
HOXBS - ATP6VOE2 1500 1938 422
HOXA11 - ATP6VOE2 1529 2197 1312
HOXB4 - ATP6VOE2 1841 921 865
HOXA9 - ATP6VOE2 2057 1117 1751

RANKING OF HOX FAMILY W.R.T ATP6V1E2
laplace linear  rbf

HOXB13 - ATP6V1E2 2430 2670 48

HOXB?7 - ATP6V1E2 2694 2442 36

HOXB9 - ATP6V1E2 243 696 1911
HOXB3 - ATP6V1E2 2097 2504 847
HOXBS - ATP6V1E2 1411 1378 501

HOXA11.AS - ATP6V1E2 1573 207 247
HOXBS - ATP6V1E2 512 422 1990
HOXA11 - ATP6V1E2 2121 217 534
HOXB4 - ATP6V1E2 1458 2013 1038
HOXAO9 - ATP6V1E2 1388 1624 1584

One can also interpret the results of the Table 3 graphically, with the following influences - o
HOX family w.r.t ATP6VOE2 with ATP6VOE2 — > HOXB13; ATP6VOE2 — > HOXB9; ATP6VOE2 — >
HOXB5; ATP6VOE2 — > HOXA11.AS; ATP6VOE2 — > HOXBS8; ATP6VOE2 — > HOXA11; ATP6VOE2
— > HOXB4 and @ HOX family w.r.t ATP6V1E2 with ATP6V1E2 — > HOXB9; ATP6V1E2 — > HOXB5;
ATP6V1E2 — > HOXA11.AS; ATP6VI1E2 — > HOXBS; ATP6V1E2 — > HOXA11; ATP6VIE2 — >
HOXB4; ATP6V1E2 — > HOXAO.

Table 4. 2" order combinatorial hypotheses between ATP6V(0/1)E2 and HOX family members.

UNEXPLORED COMBINATORIAL HYPOTHESES
HOX family w.r.t ATP6VOE2
HOX-B13/B9/B5/A11.AS/B8/A11/B4 ATP6VOE2
HOX family w.r.t ATP6V1E2
HOX-B9/B5/A11.AS/B8/A11/B4/A9  ATP6V1E2

3. Conclusion

Presented here are a range of multiple synergistic ATP6V(0/1)E2 2" order combinations that
were ranked via a machine learning based search engine. Via majority voting across the ranking
methods, it was possible to find plausible unexplored synergistic combinations of ATP6V(0/1)E2-X
that might be prevalent in CRC cells after treatment with ETC-1922159 drug.

Author Contributions: Concept, design, in silico implementation - SS. Analysis and interpretation of results - SS.
Manuscript writing - SS. Manuscript revision - SS. Approval of manuscript - SS
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