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Abstract

A vast amount of research has been carried out to prepare system biology that could clarify the development of the
aging-associated diseases, but a leading hypothesis is lacking. The data are prepared in primary cells, cell line cultures,
knockout animals, chemical treatment, and chemical treatment of the knockout animals. Are genes or protein
modifications responsible for the diseases? The upstream question needs a response before data can be accumulated to
explain a mechanism of pathology. Data should be interactive in a system of biology. Proteins play an executive role in
system biology, and small molecules regulate the network. In system biology, the interactions between proteins should
be regulated according to a rule, but if a rule is different, the system biology is different. The data cannot be transferred
from one system to another. The regulation of the protein network by the small molecules is impaired in transgenic cells.
In systems biology, gene deletion or protein modification by the small molecules respectively disrupts or covalently
modifies the signaling protein network of the Cam, and phosphatidylinoside -binding proteins. The systems biology,
created by gene deletion and protein modification, are different. One cannot hope to recreate a system that leads to the
diseases in aging based on an accumulation of data from different systems. Transgenic mice should be used only as a
model of genetic disease, which leads to impairment of physiology in early infancy, but cannot be a model of drug
development for the aging-associated diseases. In spite of their genetic differences, people are usually healthy in the
first century of their life; the challenge is to understand the system biology that leads to the decline of health in aging.
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Background

Discussion

The diseases associated with aging impose the highest burden The primary cells, cell lines, transgenic cells, and the
on society. Recently, many studies suggested that system biology proteins modified by the small molecules have different
construction would describe a mechanism for these diseases. protein–protein interactions—they belong to different
The huge accumulation of data is followed by computational systems biology
analysis to build “the system.” However, research on system The difference between primary cells and cell lines has been
biology should have a logic-based background. System biology observed for the last 20 years. Significant differences were found
should have the features of a mathematical system, which between the ability of human umbilical vein endothelial cells
is a collection of interdependent components forming an (HUVEC) and cell lines to respond to cytokines. The greatest
integrated whole. System biology cannot be only a collection differences were the induction of VCAM-1 and E-selectin in
of data. The data in the system should be interactive. The data response to TNF-α, and induction of MHC class II antigens in
cannot be transferred from one system to another; the system response to IFN-γ. Migration of peripheral blood mononuclear
cannot be prepared based on data collected by a shotgun cells was significantly reduced through all cell lines compared to
approach. System biology should be built on the discovery of HUVEC, suggesting that there is a functional difference between
the rules managing the interactions of the parts belonging to cell lines with regard to interactions with lymphocytes. A study
the system. Therefore, we should first determine the upstream demonstrated significant differences in the ability of endothelial
cause of diseases to establish a rational background for system cell lines to respond to cytokines compared to primary HUVEC
biology. Currently, the system is built on non-interacting data cultures; for example, cell line ECV304 compares extremely
with an expectation that the data accumulation will pave a poorly with HUVEC [1]. Comparison of a cholangiocarcinoma
new path to halting diseases. We cannot build a system by cell line with primary cultures of non-neoplastic biliary epithelial
accumulating data from different systems. We cannot use data cells showed differences in the growth control of human biliary
from transgenic cells and expect to derive system biology for epithelial cells by interleukin 6, hepatocyte growth factor,
the aging-associated diseases that, according to many data, transforming growth factor β1, and activin [2]. The distribution of
hold the modification of proteins by small molecules as the protein in transgenic animals was different from that in wild-type
upstream cause.
(WT) mice. Transgenic animals expressed high levels of adenylyl
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cyclase upon treatment with isoproterenol in comparison with a small molecule in a primary cell culture or animal will be
WT mice [3]. The resulting quantitative proteome of 4,063 appropriate as a model of the disease.
proteins had an asymmetric distribution, with many proteins
The upstream work to prepare a system of biology should
being down-regulated in the cell line. Bioinformatics analysis not be an accumulation of data by a shotgun approach,
of the quantitative proteomic phenotypes revealed that followed by computing, but be based on a clear hypothesis
Hepa-1–6 cells were deficient in mitochondria, reflecting re- of the cause of the diseases in aging that is confirmed by
arrangement of metabolic pathways, drastically up-regulated results in vivo. The upstream cause of diseases should be
cell cycle–associated functions, and largely shut-down drug- established before system biology is constructed. The system
metabolizing enzymes characteristic of the liver [4]. TCRYKIII.8 biology of disease caused by protein modifications by the
transgenic T cells exhibited an increase of IFN-γ production. small molecule and a transgenic animal model that leads
Their activity was detectable in response to EBVd incubated to similar symptoms of the disease yield data belonging to
in the presence of 10 −8 M of peptide, while YKIII.8 did not different systems. The data obtained in one system is not
demonstrate any activity at this concentration. Taken together, useful for another system.
these data prove that the sensitivity of TCR-transgenic T cells
is equal or superior to that of the original clones [5]. Most Protein-protein interactions: the same rule-the same
publications in the last 20 years were generated based on the system biology
transgenic mice model, elucidating the changes in protein The system biology should explain protein–protein interactions
expression in a transgenic mice model; for example, TIMP-3 is as a consequence of gene changes, or the interactions between
mediated via inhibition of EGFR expression/phosphorylation, the proteins after their modification by the small molecules.
and decreased JNK and SP-1 signaling in a transgenic mice The protein network (not genes) plays an executive role in
model [6]. The results obtained in a transgenic animal are physiology or diseases; a modification of proteins in aging by
different than in wild type animal.
the small molecules, without any genetic changes, would lead
to diseases. However, if an interconnection does not exist in
Are the genetic models appropriate for study the aging the collected data, we cannot consider these data as “system
associated diseases?
biology”; we would have only an accumulation of data. The
Consideration of the genetic background of the aging- right system biology should provide proof of concept in vivo,
associated diseases led to the genesis of transgenic animal for example, elimination of the modified proteins should
models for drug discovery, which are requested in current drug eliminate the pathological system and provide a reprieve
development processes approved by regulatory authorities from pathology. Numerous failures in clinical studies of drugs
around the world. Transgenic animals were created to study developed in transgenic animal models indicate that transgenic
the aging-associated diseases such as Parkinson’s disease (PD), animal models are not appropriate for the aging-associated
cardiovascular diseases (CVD), or Alzheimer’s disease. Many diseases. The current approach to the aging-associated
expensive studies were performed to study the changes of diseases prediction and biomarkers should be revised. We
protein expression in transgenic animal models and to study cannot create a genetic forecast for the diseases associated
drug efficacy in the models. However, these studies did not with aging and a genetic therapy for these diseases if protein
lead to explanations of the diseases’ etiology and did not modification is the upstream cause [7-9].
prevent or stop such diseases. Current drugs do not target
the cause of the diseases, but their symptoms. The small Small molecule model or genetic animal model of
molecules for the aging-associated diseases are chosen by diseases, but not a mixture of both, should be used to
high-throughput screening tested on transgenic animals. find system biology responsible for disease
Many drugs – “small molecule” were removed from the An impairment of the signaling protein network cause by a
market because they caused other diseases. There is a lack gene deletion could lead to severe diseases in early infancy.
of understanding of what should be done to stop a disease, However, a healthy life for approximately 50 years or more
and why. Typically, one over- or under-expressed protein cannot be possible if the numerous mutations found in
is targeted. However, considering that proteomic studies the aging-associated diseases are upstream causes of the
have shown that thousands of proteins are modified in the diseases associated with aging, such as retinal degeneration,
aging-associated diseases, targeting only one protein cannot cardiovascular disorders, or CNS degenerative diseases. On
stop a disease.
the contrary, the covalent modification of proteins by a small
What is the upstream cause of the aging-associated diseases: molecule, occurring in the course of a person’s life, can be the
is it gene or protein modification? If we believe that the upstream cause of diseases and result in genetic instability.
diseases are caused by genetic errors, the system biology The upstream modification of proteins leading to genome
should be developed based on the upstream genetic changes. instability could explain the numerous mutations observed in
In contrast, if modifications of proteins by the small molecules cardiovascular disorders, Alzheimer’s and Parkinson’s diseases,
are the upstream cause of the diseases, the modification by retinal degeneration, and cancers. If the modifications of
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proteins cause the diseases in aging, a transgenic animal
model cannot be used as the model of these diseases, and
the healing of the diseases should occur by elimination of
the modified proteins.

Link between system biology and the old story of
oxidative stress and diseases

Of the thousands of molecules playing a role in the mammalian
body, xanthurenic acid corresponds well to a model molecule
to study protein–protein interactions. Xanthurenic acid
is formed on the tryptophan degradation pathway by
IDO [10]. IDO is induced by the oxidative stress in aging,
infections, cancer [11], and the presence of modified peptides
such as 1-42 beta-amyloid [12]. Hundreds of publications
demonstrated that the induction of IDO is associated with
pathological conditions such as depression, multiple sclerosis,
pathological synovial fluids, senile cataract, skin disorder
and immunosuppression [13-18]. Xanthurenic acid is the
end product, contrary to the intermediary molecules from
tryptophan degradation, kynurenines or quinolinic acid [19].
The heterocyclic structure of the xanthurenic acid can be
oxidized to a quinone structure, which results in a quinone
radical [20,21]. Semiquinone radicals are able to modify the
secondary amino group of amino acids covalently, leading
to further polymerization between the proteins’ regulatory
sequences [22]. The regulatory sequences of proteins are
intrinsically disordered (IDSeq) to ensure multiple interactions
between the proteins [23, 24]. Interactions between the
proteins are impossible after stable modification of IDSeq
by a small molecule, protein regulation is abolished, and this
leads to cell pathology. The results showed that the deletion
of 1 or 2 genes interrupts the signaling protein networks, i.e.,
calmodulin (Cam), and the Cam-binding sites responsible for
the regulation of many genes [25-27]. The impaired protein
signaling regulation of Cam, and PIP2/Cam-binding sites leads
to failure of the system biology, making system physiology
impossible. The modification of the signaling proteins is the
upstream cause of the system biology failure that leads to
the aging-associated diseases.

doi: 10.7243/2050-1412-1-3

same character. Our previous studies showed that the MEF
cell line undergoes constitutive phosphorylation of Bad and
a different MARCKS interaction with Cam [27]. The network of
the signaling proteins Cam and the PIP2/Cam-binding sites
was entirely different in transgenic cells from the network in
same WT cells. Moreover, the knockout cells demonstrated
entirely different regulation (or lack thereof) by the small
molecules than the WT cells did. Therefore, knockout cells
are not appropriate for the study of drug development for
the aging-associated diseases, which are caused by protein
modification by the small molecules and not by gene deletion.

What a difference between system biology in health
and disease?

The systems biology responsible for health and disease are
different due to the basic principle that protein–protein
interactions, in health, are regulated. Regulation of the protein
network is a condition sine qua non for tissue homeostasis.
In disease, the interactions between proteins are impaired
or wrong. Incorrect regulation of proteins could be caused
by a genetic mutation or by modification of the proteins by
a small molecule in an irreversible, covalent way. A genetic
mutation will lead to the misfolding of proteins, but not their
polymerization. Moreover, the misfolded proteins, produce
because mutations, are eliminated by the mechanism of
control of quality protein in cell [28]. However, modification of
the regulatory sequences of proteins by the small molecules in
a covalent manner abolishes cell homeostasis (aging, infection).
The following scenarios could play out: accessibility for the
interaction is blocked, or the interacting proteins polymerize
together. Currently, there are no reasonable approaches
to explain the aging-associated pathology. The trend for
high-throughput analysis indicates that there is the rather
simplistic belief that diseases develop by chance. Medical
biology research became a science without a straightforward
mathematical rule, and equations with many unknowns, that
were impossible to resolve, have been published on the basis
of their technical excellence.
The question of an upstream origin, i.e., whether the agingassociated diseases are determined genetically, or if they
The systems biology in health and diseases have different are an effect of protein modification by the small molecules
protein-protein interactions regulated and non-regulated, throughout a person’s life, is not resolved.
respectively
Studies on the aging-associated pathologies were
Knockout animals (for 1, 2, or even 3 genes) are used as conducted based on the first (genetic), or second (small
models for the aging-associated diseases. A knockout in molecules) hypotheses, or even both, of the diseases’
a gene leads to severe pathology in the animal in a short development, but the image of the diseases became even
time. An alternative system leading to cell pathology is a blurrier.
modification of proteins by the small molecules, leading to
The genetic hypothesis of the diseases’ development
covalent interactions between proteins and a pathological became a dogma in the last 20 years. Studies that did not
network [25]. Any manipulation of the cells, which establishes use transgenic animals were considered low quality, giving
new rules governing the interaction between the signaling credence to the studies using genetic tools and casting in
proteins, leads to new system biology. If both systems are the shadow the scientists who worked on cell metabolism and
same, the interaction of the signaling proteins in an aging protein modification as an upstream cause of the diseases in
mammalian cell and a knockout cell should demonstrate the aging. This mainstream trend did not explain the mechanism
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of the aging-associated diseases and did not allow a reversion JARID2 appears crucial in transcriptional regulation of fetal
of the aging-associated pathology.
genes. It was concluded that the results might emerge as
The aging-associated diseases usually manifest when a a diagnostic marker for left ventricular decompensation
person is approximately 50 years old or older. This strongly in aortic stenosis [46]. Cardiac dysfunction observed in the
suggests that the diseases do not have an upstream genetic streptozotocin (STZ) rat was associated with modification
cause. The diseases in genetic animal models develop by carbonyl adducts of MHC-alpha and MHC-beta [47]. In
extremely quickly after a few days. A mutation/deletion zebrafish, trilostane, a 3 beta-hydroxysteroid dehydrogenase
leads to extremely early onset of a disease, i.e., in infancy. inhibitor, altered the RNA expression of 65 genes involved in
Many mutations have been found in all aging-associated cellular proliferation, differentiation, migration, and apoptosis
diseases. Alternatively, the contrary should be proven. Then, [48]. Zebrafish blastula-stage embryos were exposed for 6
the mutation(s) could be a consequence, and not a cause of days post-fertilization to nominal levels of 2 and 40 mg/L of
the aging-associated disorders, or the mutations are harmful protein kinase C inhibitor, PKC412. Changes in expression
for physiology only in aging because of impairment of the were observed among 259 and 511 altered transcripts at 2
regulation of the system biology keeping the cell homeostasis. and 40 mg/L, respectively [49]. Continuous dopaminergic
Then, the cause of the diseases to target should be the aging treatment is considered to prevent or delay the occurrence
associated modification of proteins.
of dyskinesia in patients with PD. Rotigotine is a non-ergolinic
D(3) > D(2) > D(1) dopamine-receptor agonist for the treatment
Small molecules and cell pathology
of PD using a transdermal delivery system, providing stable
The modifications of proteins by the small molecules were plasma levels. The expression of 15 genes in the substantia
reported to be responsible for the aging-related pathologies. nigra and of 11 genes in the striatum was altered under
The facts observed in the aging-associated diseases are rather pulsatile treatments, which induced dyskinetic motor response,
strong advocacy for this possibility. First, epidemiology but was unchanged under continuous rotigotine treatment
studies demonstrated the diseases’ incidence in tandem that did not cause dyskinetic motor response [50]. In vivo,
with small molecules in the environment in more than 20,000 epinephrine-mediated regulation of gene expression in human
publications. Such epidemiological studies indicated that small skeletal muscle and cDNA element microarrays showed that
molecules such as cigarette smoke or dioxin [29,30], pollution, 1206 and 474 genes were up- or down-regulated, respectively
phenoxyphenol [31], as well as emotional or physical stress [50]. Cardiovascular gene expression profiles were studied
led to diseases [32,33] Moreover, epidemiological studies have in exposure of zebrafish to 2,3,7,8-tetrachlorodibenzo-pshown that infections during life account for the metabolic dioxin (TCDD), a widespread environmental contaminant.
disorder in aging, and early mortality. Infections lead to Gene expression profiles obtained for 3-day-old zebrafish
protein modification by the metabolites from the oxidative after early embryonic exposure to either 0.5 or 5.0 nM TCDD
degradation of tryptophan by IDO [17, 34 - 43].
exhibited changes; 516 clones were significantly differentially
Changes in protein expression in the presence of a small expressed [51]. Circulating white blood cells are exposed to
molecule, without any mutation, were described in numerous systemic environmental risk factors. They are directly involved
papers. The presence of the small molecules in a tissue or cell in the low-grade chronic inflammation related to CVD, and
culture for a prolonged period leads to the covalent, then can be used for the phenotyping of patients [52].
irreversible binding of the molecules to the proteins. The
In some studies, animals with deleted genes were
addition of a small molecule to a cell culture changes gene additionally treated with a small molecule, or the gene
expression; for example, the addition of statin to HUVEC lines expression in a genetically modified animal was studied as
and primary cells changed gene expression [44]. Most genes a function of animal aging. STZ was used as a model of type
that were expressed by untreated HUVEC were also expressed I diabetes in transgenic mice that express green fluorescent
by untreated EA.hy926 cells. EA.hy926 cells constitutively protein under the control of an endothelial-specific promoter
expressed a large number of additional genes, many of which (Tie2-GFP), allowing rapid isolation of the aortic endothelium
were related to cell cycle control and apoptosis. Atorvastatin [53]. Shifts in gene expression patterns with aging were
induced differential expression of 2-fold or more of 103 observed in normoxic and post-ischemic murine hearts. The
genes in HUVEC (10 up, 93 down) and 466 genes in EA.hy926 results were interpreted as the age-associated up-regulation
cells (198 up, 268 down) [44]. Physical stress by rapid atrial of transcripts involved in cell death, oxygen transport, and
depolarization by appendage pacing led to changes of the metabolism in normoxic hearts. It was concluded that the
expression of 387 genes, and SDS-PAGE demonstrated the reduced tolerance with age may be related to modification
reprogramming of myosin regulatory light chain isoform of signaling (particularly WNT and TGF-beta), and shifts
composition, with a significant increase of its ventricular in expression of immediate early genes, important in the
isoform (MLC-2V) [45]. Ventricular JARID2 regulates ANF, MLC2A, regulation of cell death/survival, angiogenesis, and cardiac
and MHCA transcription and contributes to re-expression of remodeling [54]. Sirt-3 knockouts or a cell culture growing
the fetal gene program in decompensated aortic stenosis. in the presence of xanthurenic acid exhibited impaired
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mitochondrial function [55]. Then, it is not clear, that Sirt3
plays an important role in mitochondrial dysfunction in
mammalian aging or a modification of protein by small
molecule. Only, reversibility of the pathology in vivo by
targeting gene or protein modification could explain the
upstream cause.
The examples above show that there are numerous changes
in gene expression when only one gene is modified, as well
as in the presence of a small molecule. Both approaches are
used without any reasonable explanation of the approach
chosen. The results yield an equation with many unknown
quantities that is impossible to solve.

the diseases to identify system biology, which could explain
the diseases’ development.
Genetically modified animals are often used for protein
analysis. However, the system of biology constructed on
a genetic basis would be not useful if the upstream cause
of the aging-associated disorder is protein modification
by the small molecules, leading to protein polymerization.
Stably modified protein–protein interactions can lead to
signaling for cell degeneration by pathological apoptosis [25].
The polymerized proteins cannot be eliminated in protein
turnover by the ubiquitin system. Moreover, they cannot be
eliminated by RNA therapy, or treatment with drugs such
as small molecules, peptides, or proteins. However, if DNA
What should be targeted to stop the aging associated mutation were an upstream cause of the disease, the protein
diseases: small molecules, proteins, or genes?
would become misfolded without polymerization. Protein
The results presented by Malina HZ [27] showed that protein– modification by chemicals will prevent the aggregation of
protein interactions in a WT cell line are different from those in proteins, and manipulation of gene expression could target
transgenic cell lines. Transgenic animals are not appropriate to the genetic disease.
create a system of biology leading to the diseases associated
The results presented previously [27] showed that viruswith aging. Every transgenic animal represents different transformed cells and knockout cells have different systems
systems of biology because the protein–protein interactions of biology with specific protein–protein interactions. The
are different, unless the contrary is proven. Until then, system findings on the protein–protein interactions in the knockout
biology based on results from different knockout animals cells, which represent new system biology, are true only
cannot assist in the creation of a system existing in vivo.
for this system. They could be used only for the genetically
Therefore, we should first identify the upstream cause determinate diseases, but not for the aging-associated diseases
of diseases to establish a rational background for system where the genetic origin is doubtful. The results showed that
biology of the diseases in aging. Upstream to all attempts the Bid-/- and DKO cells had abolished interactions between
to prepare system biology, which governs a disease in aging, the proteins essential for cell life, such as signaling proteins
researchers should establish if genes or protein modifications Cam, and Cam/phosphatidylinositol-binding sites. The systems
are the upstream cause of the diseases. The correct system of biology in the WT cells and the knockout cells are different.
biology is one that allows rescue from a disease in humans, The small molecule reacts differently in the WT, Bid-/-, and
and not only in transgenic animals.
DKO systems. The knockout models of the diseases could be
The lack of understanding of the system leading to diseases used only if the protein–protein interaction presented were
has a big impact on drug development. In spite of thousands the same in the animal model and in patients with Parkinson’s,
of publications on the issue, currently, the development of a Alzheimer’s, or cardiovascular diseases. The genetic models
mechanism of the diseases associated with aging is ignored for the diseases were based on the symptoms of the diseases.
and drug development has barely any reasonable background, Similar symptoms do not mean that the causes of the diseases
leading to very toxic and inefficient treatment of the diseases. are similar, and a different cause means a different target
The small molecules for the drugs for the aging-associated for treatment. Moreover, in view of the impairment in the
diseases are chosen through high-throughput screening and knockout cells’ viability, it appears improbable that people
tested on transgenic animals. Many small molecule drugs with these gene impairments develop the diseases only in
were removed from the market because they caused other the second century of their lives.
diseases. There is hardly any understanding of what should be
done to stop a disease and why. Usually, one over- or under- Conclusion
expressed protein is targeted. However, considering that Targeting the aging associated diseases: treatment
proteomics studies have showed that thousands of proteins should target cause
are modified in the aging-associated diseases, treatment of Proteins in cells are connected not one-to-one, but by multiple
only one protein cannot stop a disease.
interactions in an interactive system with, at minimum,
signaling proteins. Animal transgenic models of diseases
Drug should eliminate a cause of disease; then, what have been used for 20 years for the drug development. The
is the upstream cause of the aging associated diseases? animals heal efficiently, but the patients do not. Now, we know
Animal models and targets for therapy depend on the why this is so; the systems of biology in aging humans and in
upstream cause of the disease. Current drug development knockout mice are different and react to the small molecules
benefits high-throughput screening of genes and proteins in in different ways. Likewise, systems of biology containing
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modified proteins or deleted genes differ from one another;
accordingly, they react with the small molecules differently.
There is a necessity to understand the upstream cause of
the development of the aging-associated diseases before
data accumulation by a shotgun approach and computing
are carried out. The model for drug development should
correspond to the upstream cause of the diseases. Biology,
as with every science, should be based on logic. It is time to
change the approach to the healing of the aging-associated
diseases and research on the system in diseases.
We now know why there is a difference between research
findings and the results of actual practice: the systems of
biology in aging humans and in knockout mice are different
and react to the small molecules in different ways. The small
molecule or gene knockout lead to different systems biology
and the data accumulation from both systems together are
not appropriated to build the system biology. In the system
biology, (according to system definition in general) data
should be interactive. Accumulation of data for a system
should be based on the upstream understanding what is
the difference between health and disease. System biology
in diseases is different from the system biology in health.
System biology of the genetic disease or the disease caused
by the protein modification is different. Upstream to the data
accumulation to build a system, we should know what we
look for and know a base of the system, or follow strictly a
hypothesis, to say if it is right or wrong. The reversibility of
the pathology by a proof of concept in vivo will confirm that
the system is appropriated for a disease or not. The goal of
biochemical research is not a data accumulation by shotgun,
but a rational approach for the diseases therapy.
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