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Abstract

Biomarkers as a part of the ligand-receptor tandems have induced an impulse to prompt the devel open of an upgraded concept
of the targeted therapy. It is health indicators that justifying the necessity to create targeted drug of the next step generation to be
implemented at the clinical and subclinical key stages of the disease pathogenesis and to be involved into a multi stage process to
get the shifts appeared modified. Catalytic antibodies (CatAbs) have emerged as powerful tools for the efficient and specific catalysis
of a wide range of chemical transformations. Generating Ab-driven catalysts that achieve enzymatic efficiency remains a challenging
task to be implemented in the designed translational applications.

We also comment on recent developments in the screening CatAbs-related process that allow for a more efficient identification
of Ab-based catalysts to be used further as native ones or engineered and/or designed bioproducts in clinical practice. The
generation of an edited Abs, enzyme or artificial ABZYME through transition state stabilization by Abs has been thus demonstrated.
So, we may consider Ab-proteases as unique translational probes to diagnose, to monitor, to control and to treat and rehabilitate MS
patients at clinical stages and to prevent the disorder at subclinical stages in persons at risks to secure the efficacy of regenerative
manipulations, High impact of Ab-proteases can be used to monitor both clinical and subclinical courses of chronic auto immune
inflammation (in MS, for instance) to predict stepwise transformations of the MS course and to prognosticate the clinical illness
finally. In this sense, Ab-proteases can be programmed and reprogrammed to suit the requests and standards of regenerative
medicine and remyelination, in particular. This information can allow to design the algorithms for combinatorial (preventive,
prophylactic, therapeutic and rehabilitative) treatment, whilst developing unique tools for individually therapy for a number of

diseases, such as a group of autoimmune diseases which holds a particular position.

Introduction

Today, the society objectively requires a new approach to health
care, based on the prevention of diseases, but not on endless and
expensive treatment of chronic conditions and cases. And those
grandiose events that occur today in the world of medical science
and clinical practice, once again pay attention to the reconsideration
their views on problems related with human health. Thus, an
absolutely new model of healthcare services, which integrates
the philosophy and principles of Personalized and Precision
Medicine (PPM) and aims at identifying the disease in the pre-early
(subclinical) stage whilst predicting and prognosticating features
of the progression, is being created [1]. In this context, new and
upgraded targeted therapies for autoimmune and inflammatory
diseases and conditions would require greater understanding of a
patient or a person at risk to get the therapy personalized for either
of those subsets. And although there is currently no definite cure
for MS, new therapies have recently been developed based on a
continuous search for new biomarkers, being able to differentiate
the MS course between clinical and subclinical ones.

Meanwhile, to identify the focus of subclinical pathology, it
is necessary to create a special system of subclinical criteria and
respective predictive diagnostic tests. But the lack of reliable MS-
specific biomarkers often resulted in a delay in MS diagnosis and
treatment while clinicians waited for a relapse to occur or for
results of sequential neuroimaging studies to confirm the presence
of disseminated lesions in the CNS. And the availability of reliable
biomarkers could radically alter the management of MS at critical
phases of the disease spectrum, allowing for intervention strategies
that may prevent evolution to long term neurological disability.
This article provides an overview of this research field and focuses
on recent advances in blood based biomarker research.

What tests will allow us to determine with high authenticity the
genetic susceptibility to the occurrence of pathologies? First of all,

it is genomic testing (or genomic profiling), which represents the
complete picture of the genes and chromosomes of the particular
clients (patients or persons at risk). This information can allow us
to design the algorithms of targeted treatment, to create tools for
individual tagging therapy for a number of diseases, such as the
group of autoimmune (or inflammatory) diseases holds a unique
position [1]. Accordingly, now it is time to identify biomarkers of
newer generations and to create simultaneously a new strategy
based upon subclinical recognition of those biomarkers long before
the disease clinically manifests itself. And thus, the identification
and implementation of panels of diagnostic, predictive and
prognostic biomarkers become the Holy Grail of PPM and highly
valuable for the worldwide markets (Figure 1). Since highly
specific, informative and validated biomarkers enable evidence
based pre-early (subclinical) diagnosis, guide targeted therapy and
monitor the progression activity and therapeutic responses across
the diseases.

Viewpoint

For instance, new biomarker based targeted therapies for
autoimmune and inflammatory diseases would require greater
understanding of a patient or a person at risk to get the therapy
personalized for either of those subsets [2]. Biomarkers (Figure
2A&B) enable pre-early diagnosis, guide targeted therapy and
monitor the activity and therapeutic responses across the broad
scope of diseases [1,3]. Diagnostic biomarkers encompass a
variety of biomarkers used to detect or confirm the presence of
a disease or medical condition, and would contribute to improve
PPM increasing the effectiveness of the therapeutic response.
Monitoring biomarkers are analysed at different time points
to monitor the status of a disease or medical condition, and as a
marker of the response to an intervention, including exposure to a
medical product or an environmental agent. Predictive biomarker
is considered as a predictive biomarker when its presence or
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modification allows predicting which patient or group of patients  predictive biomarkers facilitates the selection of specific patients
are more likely to experience an effect as consequence of being more likely to respond or not to therapy.
exposed to a medical product or environmental agent. The use of
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Figure 1: Biomarker market size (in USD billion).
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Figure 2B: Diagnostic, Prognostic and Predictive Biomarkers for Cancer.
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Prognostic biomarkers are used to identify the probability of
developing a clinical event in patients diagnosed with a disease
or medical condition. Those biomarkers can provide information
about treatment safety, guiding patient hospitalization or their
entrance into intensive care units. Pharmacodynamic or response
biomarker is modified in response to a medical condition or clinical
intervention, including drug treatments. The main utility of this
biomarker is to guide the clinical management, providing crucial
information for deciding whether or not to continue the treatment.

Thus, those biomarkers determine the progression of the
treatment. Safety biomarker can be assessed before and after the
exposure to a medical intervention, or an environmental agent,
allowing to identify the probability of developing signs of toxicity
as an adverse event, to detect the presence of toxicity, and for
monitoring its extension. Susceptibility or risk biomarker Is used
as a risk measure to develop a disease or medical condition.
Susceptibility/risk biomarkers are essential for the development
of epidemiological studies aimed to evaluate the risk of developing
a disease, contributing to establish preventive strategies in clinical
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practice. Biomarkers for cancer diagnosis, prognosis and prediction
are important tools and an urgent need in PPM and PPM-related
cancer management, including novel protein markers, antibodies
and abzymes, cell free DNA, metabolome compounds, immune and
stroma signatures and microbiome compositions as biomarkers for
cancer related practice.

DNA

So, biomarker discovery would require a special multi
step, highly complicated but promising strategy to identify, to
characterize, to describe, to define the classification niche, to assess
the scope of applications and to get them validated. Among the best
validated predictive biomarkers are autoimmunity related ones
to dominate (including anti bodies/Abs), and thus to predict and
prognosticate risks of the chronification, complications and thus
disabling of the autoimmune conditions. The latter is so valuable
and important since chronic autoimmune inflammation courses
are structured to consist from different stages including two key
ones, i.e., subclinical and clinical ones (Figure 3) [1,4].
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Figure 3: Chronic autoimmune inflammation course as a typical multi-step pathological process.

So, accurate prediction is crucially vital for prevention of auto
aggression, and the targeted treatment being personalized could
thus be given to those individuals who are most likely to develop
the disease. Today, Abs are recognized to elicit an almost unlimited
range of reactivity including responses to compounds only recently
synthesized in the laboratory and not previously existing in nature.
In addition, molecules differing in the smallest detail could be
distinguished by their reactivity with different Abs. The highly
evolved machinery of the immune system to produce structurally
and functionally complex molecules like Abs offers tremendous
opportunities for biologists, chemists, bio designers, bioengineers
and practitioners. Whereas the latter provided the framework for
understanding the molecular basis of biomolecular structure and
function, the immune system provided a highly evolved synthetic

and selective process of nature.

Multiple sclerosis (MS) is just one of the chronic (severe
progressive) tissue specific autoimmune diseases with slight
short-term relapses in its course. resulting in a destruction of
myelin by different tools, including autoAbs [4]. Autoagression
against vulnerable myelin associated Ags results in multiple lesions
throughout the CNS. The crucial step in the pathogenesis of MS is
primary myelin damage which is mediated by autoAbs to trigger a
release of separate and pathogenically valuable myelin associated
epitopes into the bloodstream. Those epitopes act as sensitizing
factors to generate autoAbs (Figure 4), The MS clinical phenotypes,
disease courses and responses to treatment that are associated
with anti-myelin autoAbs are currently being defined.
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Figure 4: Key serum anti-myelin autoAbs in multiple sclerosis having a crucial role in the pathogenesis.

Anti-myelin basic protein (MBP) autoAbs

Anti-myelin basic protein (MBP) autoAbs have generally been
considered to be absent from sera from healthy individuals, but to
be detectable in sera from some patients with multiple sclerosis
(MS). AutoAb biomarkers are useful in distinguishing subjects with
the relapsing remitting form of MS from those with the secondary
progressive subtype. And anti-MBP autoAbs are also a marker for
MS-associated demyelination and appears to play a significant role
in the etiology of MS.

Abs against myelin oligodendrocyte glycoprotein (MOG-Abs)

Abs against myelin oligodendrocyte glycoprotein (MOG-Abs) are
associated with demyelinating syndromes of the CNS. Most patients
with MOG-Ab-associated disorders have favourable outcomes, but
a subset are left with permanent disability, usually as a result of the
initial attack. Many MOG-Ab-positive MS patients develop relapsing
disease; relapses usually involve optic neuritis and often occur
during steroid weaning or soon after steroid cessation, suggesting
that a longer initial treatment duration is required.

Analysis of serum autoAbs against MOG and MBP in MS patients
with a clinically isolated syndrome (CIS) is a rapid, inexpensive, and
precise method for the prediction of early conversion to clinically
definite MS. This finding may be important for the counselling and
care of patients with a first demyelinating event suggestive of MS.
Although, in general, autoAbs against myelin are neither a specific
nor a diagnostic feature of MS, it seems that specific demyelinating
Abs are involved in the immunopathogenesis of the disorder in
at least a subgroup of patients. And the analysis of those Abs can
be used to estimate roughly the individual risk of an early first
relapse and therefore of clinically definite MS. which, in turn, would
drive the demyelination and thus the disease progression. Wide
scale autoimmune attack in MS towards nervous tissues leads to
a stepwise demyelination with concomitant release of myelin
Ags (epitope spreading), formation of autoAbs and, consequently,
systematization of proinflammatory responses. Monitoring of

antimyelin autoAbs is just a brick for making the subclinical
diagnosis of MS and timely implementation of predictive measures
and preventive treatment.

The effort of establishing satisfactory biomarkers for MS
has been proven to be very difficult, due to the clinical and
pathophysiological complexities of the disease. Moreover, the
precise pathogenesis and etiology of MS are still a mystery. This
is mainly the reason why finding a biomarker with absolute
surrogacy abilities remains elusive. And there is urgently need
for candidate biomarkers, which could clarify pathology, monitor
disease progression, response to treatment, and prognosis in MS.
Different human compartments analysis using OMICS-portfolio
and bioinformatics approaches has generated new information for
further clarification of MS pathology, elucidating the mechanisms
of the disease, finding new biomarkers and targets, and monitoring
treatment response. Overall, OMICS approaches can develop
different therapeutic and diagnostic aspects of complex disorders
such as MS, from biomarker discovery to PPM [5].

At present, a spectrum of myelin associated autoAbs occurring
in MS patients and acting as biomarkers, has been confirmed to be
very large. The versatility of Abs is demonstrated by the various
functions that they mediate such as neutralization, agglutination,
fixation with activation of complement and activation of effector
cells. In addition to this plethora of functions, some Abs express
enzymatic activity [5,6]. According to classical conception, Abs are
specific proteins produced by the immune systems with exclusive
function of Ag binding. But Abs against chemically stable analogues
modelling the transition states of chemical reaction can catalyze
many different reactions and were thus called catalytic Abs or
abzymes (derived from Ab and enzymes), which thus to belong
to Abs with a feature of functionality (Figure 5) [7]. Fab, is the
region on an immunoglobulin molecule that binds to antigens Fc,
is the region for binding cellular receptors, conferring its effector
function.
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Figure 5: Canonical and upgraded functions of antibodies and abzymes.

Catalytic Antibodies (Catabs)

Catalytic Antibodies (Catabs) are capable of performing almost
any type of reaction with high selectivity and stereo specificity
and like enzymes process their substrates through a Michaelis
complex in which the chemical transformation occurs, followed by
product dissociation [8]. “Naturally occurring” CatAbs participate
directly in the elimination of the biochemical wastes released by
the metabolism of the organism and pointed towards an intrinsic
protective role of Abs under physiological conditions. This role
is independent of the capacity of Abs to neutralize circulating
exogenous Ags, to facilitate their endocytosis by Ag presenting cells
(APCs) and to participate in their elimination from the organism

[9].

Abs endowed with enzymatic properties have been described
in human autoimmune manifestations for more than a decade in
a variety of disorders such as autoimmune thyroiditis, systemic
erythematosus (SLE), scleroderma, rheumatoid arthritis (RA),

and acquired hemophilia (AH). Abs isolated from these conditions
were able to specifically hydrolyze thyroglobulin, DNA, RNA, and
factor VIII (FVIII) or factor IX (FIX), respectively. Most of the data
accumulated through studies on natural catalytic autoAbs indicate
that production scales up markedly in pathological abnormalities.
DNA- and RNA-hydrolyzing Abs (DNA and RNA-abzymes) have
been isolated from the serum of patients with different systemic
autoimmune diseases: systemic lupus erythematosus (SLE),
scleroderma, rheumatoid arthritis (RA) [10,11]. The first example
of an abzyme under pathological conditions in bronchial asthma
patients was a case, in which the Abs were able to cleave the
vasoactive intestinal peptide (VIP) [12] (Figure 6). The first example
of Ab-proteases was an IgG found in bronchial asthma (BA) patients
to hydrolyse VIP which played a major role in the respiratory
disfunction VIP, vasointestinal peptide Proteolytic Abs specific for
thyroglobulin (Tg) have been reported in patients with thyroiditis.
Amyloid b peptide (Ab)-hydrolyzing IgM Abs were recently found
in the sera of patients with Alzheimer’s disease (AD).

Targeted
site
to be cut

~

ANTIBODY

VIP

Targeted
site
cut

PROTEASE

Figure 6: The anti-VIP catalytic antibody binds a seven-amino acid subsequence of VIP distant from the cutting site (shown as a gap).
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The origin of disease associated CatAbs under pathological
conditions is far from clear. Disease associated CatAbs may have
been “induced” by the Ag implicated in the disease. Secondly, the
increased occurrence of CatAbs in pathology may result from the
loss of repressive control over CatAbs-producing clones generated
spontaneously under physiological conditions. A third explanation
for the origin of CatAbs in pathological conditions is based on
idiotypic network and exacerbated self-recognition in autoimmune
diseases. The CatAbs may complement the general alteration of
the immune response. In this respect, the pathological immune
response may be directed towards different Ags, some of which
are directly relevant to the disease, some of which are not, or
alternatively, may be directed against a single Ag that may not be
related to the disease. In this sense, proteolytic Abs (Ab-proteases)
as the second stage of the discoveries in the area mentioned,
would represent Abs to provide proteolytic effects. It is known
that proteases precisely control a wide variety of physiological
processes and thus are important drug targets.

A protease is a canonical enzyme that performs proteolysis, that
is, begins protein catabolism by hydrolysis of the peptide bonds
that link amino acids together in a polypeptide chain. Proteases
have evolved multiple times, and different classes of protease
can perform the same reaction by completely different catalytic
mechanisms [10,13]. So, critical for diverse biological processes,
proteases represent one of the largest families of potential and
promising and druggable targets. The precise pathogenesis of MS
as a complex autoimmune disease is still a mystery. Despite many
studies that have been aimed to identify biomarkers, no marker has
yet been approved for MS. And as it is known, canonical autoAbs
play neither predictive nor discriminative role to affect the pre-
early and/or subclinical stage of MS. So, there is urgently needed
for biomarkers, which could clarify pathology (including sub
clinical one), monitor disease progression, response to treatment,
and prognosis in MS.

The current findings in biomarker research for MS demonstrate
excitingprogresstoward theidentificationandvalidation of clinically
useful biomarkers for this complex disease. Of particular interest
are the biomarkers that reflect the underlying neurodegeneration
and intrathecal inflammation driving progressive disease. Those
biomarkers are especially relevant as new therapies aimed at
neuroprotection and neural repair are developed, including stem
cell based regenerative therapies. As this new class of treatments
enters clinical trials, biomarker discovery and analysis should be
done in parallel. Furthermore, as new biomarkers are discovered
and validated, more powerful tools for statistical analysis and
pattern detection will be required to identify combinations of
biomarkers that best reflect clinical status.

In this context, immunomic analysis is a set of powerful tools
to identify putative and novel candidate biomarkers. Different
human compartments analysis using proteomics, cytomics, and
bioinformatics approaches has generated new information for
further clarification of MS pathology, elucidating the mechanisms
of the disease, finding principally new targets, and monitoring
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treatment response. Overall, omics approaches can develop
different therapeutic and diagnostic aspects of MS, from biomarker
discovery to PPM. Briefly! MS is one of the chronic autoimmune
inflammatory conditions resulting in a destruction of myelin
by different tools, including autoAbs. And a spectrum of myelin
associated autoAbs occurring in MS patients has been confirmed
to be very large.

The crucial step in the pathogenesis of MS is a primary
myelin damage which is mediated by autoAbs to trigger a release
of separate and pathogenically valuable myelin-associated
epitopes into the bloodstream. AutoAb biomarkers are useful in
distinguishing subjects with the relapsing remitting form of MS
from those with the secondary progressive subtype [14]. Among
canonical autoAbs, for instance, anti-ganglioside Abs are considered
important biomarkers to differentiate MS from other diseases that
exhibit similar symptoms and used as a new and effective platform
to screen blood samples for potential diagnosis of MS by assessing
ganglioside Ab interactions and quantifications [15]. Abs against
myelin oligodendrocyte glycoprotein (MOG) antigens have been
found in the immunoreactive brain lesions of MS patients and
proven to be used as a prognostic marker in the course of disease.
However, the serum levels of those autoAbs during different phases
of MS activity or after an immunomodulatory therapy have been
poorly investigated.

Myelin Basic Protein (MBP)

Myelin basic protein (MBP) is highly expressed on the surface
of myelin and is involved in maintaining myelin structure. Increased
MBP in the CSF and sera of MS patients was an early marker
suggested in MS. However, with MRI monitoring of patients, there
is no clinical utility in measuring MBP levels in the CSF. Meanwhile,
the likelihood of autoAbs and biochemical evidence of MS has
been proven to be proportional to the presence of antimyelin
autoAbs, and anti-MBP Abs, in particular! So, determination of
the level of antimyelin autoAbs in blood serum of patients with
MS might serve as a biomarker of inflammatory and, probably, of
the neurodegenerative processes of this disease and determine
the dynamics of clinical course of the MS. Following the above
mentioned, for instance, anti-MBP Abs play an important role in the
pathogenesis of the MS and are an additional marker of the severity
of the clinical course of neurological and some neuropsychological
disorders.

Whereas the identification of an optimal MS biomarker will
provide advantages in terms of choosing pre-early (subclinical)
preventive treatment options for newly diagnosed patients, the
design of personalized treatment for patients, and lower the cost
of clinical trials substantially, the heterogeneity of disease in MS
makes biomarker identification more challenging. And thus, for a
complex and heterogeneous disease like MS, a single marker or a
biomarker with its single function is not effective, and thus efforts
should be made toward combinatorial analysis of biomarkers or
multifunctional biomarkers to create signatures for MS disease
diagnosis, prognosis, and treatment response [16].
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In this context, along with canonical Abs, some of the families
proven to occur are Abs possessing with catalytic activity
(catAbs or abzymes) and thus to belong to Abs with a feature of
functionality. As regard CatAbs, it is multivalent Igs, presumably, of
IgG isotype, endowed with a capacity to hydrolyze the Ag substrate.
The property mentioned is buried in the Fab fragment of the Ig
molecule (Figure 7A&B), Whole IgG molecules are composed

Copy@Sergey Suchkov

of two Ag-binding domains (Fab) and one effector domain (Fc).
Cleavage with the appropriate enzymes can create either an FAb
(left) or 2 Fabs joined by a disulfide bond (e.g., F(ab’)2, right). Fab’s
and F(ab”)2s have one and two Ag binding domains, respectively.
Neither has the Fc domain that mediates Ab effector function such
as Fc receptor binding, complement mediated cytotoxicity or Ab-
dependent cellular cytotoxicity.

FAb
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Figure 7A: Characteristics of whole IgG and its Fab and F(ab’)2 fragments.
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Figure 7B: The architecture of |gG-related catalytic antibodies (ab-zymes).

Ig, immunoglobulin; Fab, is the region on an immuno globulin
molecule that binds to antigens. A Fab fragment consists of four
domains: VH, CH1, VL and CL1. The Fab fragmenthas 440-450 amino
acids and its molecular weight is about 47-48 kDa. Monomeric
immunoglobulins are cleaved by the enzyme papain into two Fab
fragments and one Fc fragment. Each Fab fragment consists of two
amino acid chains, a light chain and a heavy chain. They are each

composed of a variable (V) and a constant (C) antibody domain. Fab
fragments are used in medicine as diagnostics and therapeutics.

CatAbs (or abzymes) are multivalent Igs, presumably, of IgG
isotype, endowed with a capacity to hydrolyze the Ag substrate. In
this sense, proteolytic Abs (or Ab-proteases) as a significant portion
of the big family of abzymes represent Abs endowed with a capacity
to provide targeted proteolytic effect; Ig, immunoglobulin; Fab, is
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the region on an immunoglobulin molecule that binds to antigens.
A Fab fragment consists of four domains: VH, CH1, VL and CL1. The
Fab fragment has 440-450 amino acids and its molecular weight
is about 47-48 kDa. Monomeric immunoglobulins are cleaved by
the enzyme papain into two Fab fragments and one Fc fragment.
Each Fab fragment consists of two amino acid chains, a light chain
and a heavy chain. They are each composed of a variable (V) and a
constant (C) antibody domain. Fab fragments are used in medicine
as diagnostics and therapeutics.
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And is appearing to sound as a functional property of the Ab
molecule. In this sense, proteolytic Abs (or Ab-proteases) as a
significant portion of the big family of abzymes represent Abs
endowed with a capacity to provide targeted proteolytic effect and
thus to belong to Abs with functionality (Figure 8)! The activity of
Ab-proteases markedly differs between MS patients and healthy
controls (Figure 9) The activity of Ab-proteases demonstrated
significant correlation with scales of demyelination, neurological
deficiency and thus with the disability of the patients (as ween from
the EDSS scores) (Figure 10A &B).

Catalytic antibody
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Figure 8: Catalytic antibodies (abzymes) as bi-functional biomolecules integrating antibody specificity and catalytic power.
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Figure 9: The activity of MBP-targeted Ab-proteases in MS patients.

Note*: MBP, myelin basic protein; Ab, antibody; MS, multiple sclerosis

Some of the MBP-targeted Ab-proteases were found to
demonstrate their highest activity in MS patients with the most
severe (progradient, progression phase and/or remittent course,
exacerbation phase) clinical courses [17]. The other ones whilst
beingless immunogenic were shown to be attacked by Ab-proteases

in MS patients with moderate (remission-type and/or stabilization)
clinical courses (Figure 11).

Meanwhile, the greater value is a sequence specificity of Ab-
proteases. Ab-mediated proteolysis of MBP was shown to be
sequence-specific whilst demonstrating five sites of preferential
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proteolysis to be located within the immunodominant regions
of MBP and to fall inside into 5 sequences fixed (Figure 12). Abs
against MBP with proteolytic activity exhibiting sequence specific
cleavage of MBP are of great value to monitor demyelination
whilst in MS. As we have established, the most immunogeneic and
encephalitoge-neic sites of immunodominant category responsible

Copy@Sergey Suchkov

for generating aggressive bursts of demyelination are concentrated
in three areas of MBP molecule (Figure 13A-C): Sequence-specific
Ab-proteases have proved to be greatly informative and valuable as
biomarkers to monitor MS at both subclinical and clinical stages!
The activity of Ab-proteases was first registered at the subclini-cal
stages 1-2 years prior to the clinical illness (Figure 14).

Dependence of the incidence of MBP-targeted
Ab-proteases on the EDSS scores
in MS patients

The Incidence In %

A B
- |
g - S i. ] 1
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FEE T EEEEEE X" PR S . Fp.
ELFS Ll WS 1age
the disability of the patients.

Figure 10: The correlation of BP-targeted Ab-associated proteolytic activity with scales of demyelination,neurological deficiency and thus with

Note*: And, finally, the activity demonstrated also significant correlation with scales of demyelination, neurological deficiency and thus with the
disability of the patients (it is seen from the EDSS scores) EDSS, The Expanded Disability Status Scale (EDSS) is a method of quantifying disability
in multiple sclerosis and monitoring changes in the level of disability over time. It is widely used in clinical trials and in the assessment of people with
MS. The EDSS scale ranges from 0 to 10 in 0.5 unit increments that represent higher levels of disability.

i - 24
Remittent (n=60) Exacerbation (n=28) 67+30,1
Remission (n=32) 7(5%)
20(15¢9
Secondary progradient (n=42) | Progression (n=28) (15%) 18894399
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, , 1B (14%)

Primary Progradient (n=30) | Progression (n=18) (14% 63,2£21,2
Stabilization (n=12) 8 (6%) 20,1+10,2

Figure 11: Dependence of the incidence of MBP-targeted Ab-proteases on the EDSS score in MS patients.

Note*: MS, multiple sclerosis; Ab, antibody; MBP, myelin basic protein; EDSS, The Expanded Disability Status Scale (EDSS) is a method of quantifying
disability in multiple sclerosis and monitoring changes in the level of disability over time. It is widely used in clinical trials and in the assessment
of people with MS. The EDSS scale ranges from 0 to 10 in 0.5 unit increments that represent higher levels of disability. Scoring is based on an

examination by a neurologist.

Scoring is based on an examination by a neurologist; MBP, myelin
basic protein; Ab, antibody; MS, multiple sclerosis.The activity of Ab-
proteases is first registered at the pre-early (subclinical) stages of
the disease, when Ab-proteases are low-active, the inflammation
is minimized, and the manifestations are thus moderate. Apart
from MS patients with the diagnosis confirmed, about a quarter of
the direct MS-related relatives were initially seropositive for anti-
MBP autoAbs having no proteolytic activity (“disarmed” Abs) and

MBP-specific but low-active Ab-proteases, respectively. Neither of
those seropositive relatives regardless to type of Abs demonstrated
neither clinical manifestations nor instrumental or laboratory signs
of MS [18]. At the initial steps of MS and in moderate forms, Ab-
proteases would attack presumably low-immunogeneic epitopes.
And thus low-active Ab-proteases are typical for either subclinical
stages of MS (Figure 15) or for MS ost of the seropositive relatives
established, were demonstrating a stable growth of the MBP-
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targeted Ab-associated proteolytic activity during the evolution of the disease (Figure 16A &B).
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Figure 12: Sequence specificity of the MBP-targeted proteolysis by anti-MBP autoAbs harvested from MS patients.

Note*: Ab-mediated proteolysis of MBP results in generating a set of peptides with MW ranged in various but fixed boundaries to suit common
principles of the molecular architectonics of MBP. The final statistical data revealed FIVE sites of preferential proteolysis MS, multiple sclerosis; MB,

myelin basic protein; Ab, antibody.

Figure 13: Sequence-specific architecture of MBP mole-cule for MBP-associated proteolytic attacking.

(A) The strongest sites for MBP-targeted Ab-proteases-mediated attacking is against the smallest 82-98 subsequence in MBP molecule.

(B) The weaker site for MBP-targeted Ab-proteases-mediated attacking is formed by a longer 81-103 sub-sequence in MBP molecule.

(C) A site with the lowest immunogeneic and encepha-litogeneic properties for MBP-targeted Ab-proteases-mediated attacking is formed by a
143-170 sequence defined

Note*: MBP, myelin basic protein; Ab, antibody

The direct MS relatives
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Figure 14: The activity of MBP-targeted Ab-proteases during the evolution and progression of MS: at the pre-early (sub-clinical) and clinical
stages.

Note*: MS, multiple sclerosis; Ab, antibody; MBP, myelin basic protein.
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Figure 15: The distribution of the activity of MBP-targeted Ab-proteases in different courses of MS.
Note*: MS, multiple sclerosis; Ab, antibody; MBP, myelin basic protein.
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Figure 16A: Stable growth of the MBP-targeted Ab-associated proteolytic activity during 2-3 years under the study.

Note*: TWO THIRD of the MS relatives being seropositive for Ab-proteases monitored for 2-3 years have been demonstrating stable growth of the
MBP-targeted Ab-associated proteolytic activity during the time span being under the study

IU, international units; Ab, antibody; MBP, myelin basic protein.
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Figure 16B: Evolution of MBP-targeted Ab-associated proteo-lytic activity at the subclinical and clinical stages of MS progression.

Note*: IU, international units

Clinical, the stage of a disease that is rich of clinical manifestations and based on laboratory, clinical and instrumental tests, including physical exams,
imaging tests, laboratory tests and biopsies;
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Subclinical, an iliness that is staying below the surface of clinical detection. A subclinical stage has no recognizable clinical findings and is thus distinct
from a clinical one, which has signs and symptoms that can be recognized. Many diseases, including diabetes, hypothyroidism, and rheumatoid
arthritis, are frequently subclinical before they surface as clinical diseases.

At the progression of MS and/or in the aggressive forms, Ab-
proteases would attack presumably high-immunogeneic epitopes.
And thus, highly active Ab-proteases are typical for the stages
with full-scale clinical manifestations or/and for MS aggressive
types. Moreover, in exacerbations of the remittent course (ERP)

or in secondary-progredient course progression phase (SPPP), the
highest activity of Ab-proteases to attack the highly immunogenic
epitopes occur!!! And when bursts of the proteolytic activity were
evident, the pre-early stages of the exacerbation could be predicted,
even at no seeing any clinical manifestations (Figure 17).

MS patients
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Figure 17: Distribution of MBP-targeted Ab-associated proteolytic activity in different courses of MS.

Note*: MS, multiple sclerosis; MBP, myelin basic protein.

The red arrow indicates a tendency of MBP-targeted Ab-associated proteolytic activity to grow in a direction of transforming of moderate (remission
or stabilization courses with dominating low-active Ab proteases) into more aggressive (exacerbation and progression with dominating highly active

Ab proteases) ones.

Registration in the evolution of highly immunogenic Ab-
proteases would illustrate either risks of transformation of
subclinical stages into clinical ones, or risks of exacerbations to
develop. And along with the evolutionary changes of the sequence
specificity, when we saw an extensive growth of the activity,
we could predict transformations into the clinical course, i.e,
changing of a remitting/stabilization course (moderate one) into
the exacerbation/progression course (aggressive one) prior to
changing of the visible clinical manifestations (Figure 18)! That

“immune escalation” illustrating reorienting of the sequence
specificity to accent the more important targeted sites for
proteolysis might be an early prognostic and predictive sign of
progressing demyelination and thus the clinical illness to come.
Therefore, the proposed predictive value of MBP-targeted Ab-
proteases for the development of MS is being challenged! So, the
activity of Ab-proteases and its dynamics tested would confirm a
high subclinical and predictive value of the tools as applicable for
personalized monitoring protocols [1,20].

Genetic influence

as Biomarkers and Biopredictors to monitor
MS-related demyelination
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Figure 18: MBP-targeted Ab proteases as biomarkers to predict and to prognosticate the evolution and progression of MS following changes
of subclinical and clinical stages on one hand, and stages of immune-related conditions on the other one.

Note*: MS, multiple sclerosis; MBP, myelin basic protein; Ab, antibody.
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Discussion

The primary translational potential of this knowledge is in
the rational design of new diagnostic tools and therapeutics to
exploit the role of the key pathways in influencing disease. In this
sense, catAbs (abzyme) is a type of Abs with catalytic activity
being found not only in healthy humans and but also in patients
with autoimmune diseases. Studying abzymes and Ab proteaes,
in particular, can provide important insights into bifunctional
reaction mechanisms and the immune system itself. Naturally, it is
the emergence of nanotechnology, specifically, the design of new
diagnostic tools and new targeted therapeutics based on principles
of natural and artificial bifunctional biocatalysts and drug design
[21].

The traditional goal of Ab engineering is to combine various
Ab domains to generate customized Abs that show specialized
binding properties, optimal half-lives and desirable effector
functions. Abs can be engineered to make proteins of higher affinity
or smaller molecular variants that retain or change the functional
properties of the original Ab. So, Ab-proteases as biomarkers and
potential targets on one hand, and integration of diagnostics with
therapeutics on the other one, are becoming important for the
selection and monitoring of individualized (targeted) treatments
[22,23]. And thus MBP-targeted Ab-mediated proteolysis could
be applied to isolate from Ig molecules catalytic domains directed
against encephalitogenic autoepitopes or domains containing
segments to exert proteolytic activity.

Of tremendous value are Ab-proteases directly affecting
remodeling of tissues with multilevel architectonics (for instance,
myelin). By changing targeted sequence specificity, one may
reach reduction of a density of the negative proteolytic effects
within the fixed sites of myelin sheath and thus minimizing

Copy@Sergey Suchkov

scales of demyelination. So, further studies on Ab-mediated MBP
degradation and other targeted Ab-mediated proteolysis may
provide biomarkers of new generations and thus a supplementary
tool for assessing the disease progression and predicting disability
of the patients and persons at risks. Abs can be engineered to make
proteins of higher affinity or smaller molecular variants that retain
or change the functional properties of the original Ab. For instance,
prodrug activation by CatAbs conjugated with targeted Abs, called
Ab-directed abzyme prodrug therapy (ADAPT), might be proposed
as a strategy for site specific drug delivery systems for myelin
degradation preventing drugs. To achieve ADAPT, we should focus
on specific requirements for prodrugs and CatAbs, the stability
of the prodrugs against natural enzymes, and the applicability of
abzymes for a wide range of prodrugs [21,24].

Moreover, Ab-proteases can be programmed or/and re-
programmed to suit the needs of the body metabolism or could be
designed for the development of principally new catalysts with no
natural counterparts. And the next important step in the direction
of the innovation-based approach should be their early adoption in
clinics for future medical interventions!

In this sense, neurodegenerative diseases are promisingly
suited models for PPM because of the rapidly expanding Hi-Tech
innovations and translational resources including ABZYMES
technologies and the development of biomarkers and the potential
modifying targeted treatments. In this context, the development
in neurology as a PPM approach could represent an excellent
possibility to identify subclinical stages of disease, make adequate
differential diagnosis (including susceptibility related, screening
and monitoring, predictive, prognostic manipulations) and provide
timely and optimal treatments instead of the traditional treatments
which are utilized at any stages of the disease (Figure 19) [25].
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Figure 19: Targeted Ab proteases as applicable to securing the needs of the daily clinical practice.

Note*: Ab, antibody.
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With advances in our understanding of Ab-protease functions
and properties coupled with improvements in immune and protein
engineering, we can expect that Ab protease based diagnostic tools,
therapeutics and theragnostic will gain regulatory approval and
make significant contributions in healthcare in the near term.

Conclusion

We are experiencing a Renaissance primarily driven by next
generation biotechnologies. In this sense, neurodegenerative
diseases being inflammatory demyelinating disorders of the
central nervous system (CNS), are being triggered by a complex
interplay between genetic and environmental factors, in which the
precise molecular pathogenesis remains to be comprehensively
characterized, are promisingly suited models for PPM because
of the rapidly expanding Hi-Tech innovations and translational
resources including AB-ZYMES technologies and the development
of biomarkers and the potential modifying treatments. In this
context, the development in neurology of a PPM approach could
represent an excellent possibility to identify subclinical stages of
disease, make adequate differential diagnosis and provide timely
and optimal treatments instead of the traditional treatments which
are utilized at later stage of disease [25].

At this moment, highly efficacious treatments of autoimmune
disorders carry serious potential risks, which need to be compared
with weighing up the risk of treatment with the risk of irreversible
disability. So, there is therefore an unmet need for a biomarker
or a panel of biomarkers which can be employed pre-early in the
disease (MS, for instance) to identify those at greatest risk of future
disability. New technologies and techniques have the potential
to address this unmet need but require careful analysis in large
cohorts, whilst exploring the potential role of next generation
biomarkers in the pre-early relapsing remitting MS.

Auto-Abs are really the key agents involved in the destruction
and degeneration of myelin in the CNS (in MS, predominantly)
and expansion of autoimmune responses, and pro-inflammatory
aggression. And on the basis of the ample data in conventional Abs
proteases and Abs with functional reserve in diagnosis of minor
lesions occurring in MS patients as well as differentiated diagnosis,
we are aimed to identify and thus to pre-select the crucial antigenic
targets for autoimmune attack and their prospects as a valuable
tool for detecting of dormant pathological processes in the myelin
sheath at both clinical and subclinical stages. Meanwhile, as it can
be inferred from above mentioned material, Ab-proteases by virtue
of its peculiar and bi functional properties, circulate in peripheral
blood for years before clinical manifestation. Subsequently, using
Ab-proteases as biomarkers, we can define prospective for further
progression of current premorbid state to the stages of profound
clinical symptoms of MS and blockade it by time-lapse introducing
of modern (including abzyme-driven upgraded) predictive and
preventive therapeutic protocols.

So, serological assay based on the identification of highly
specific immune biomarkers and monitoring of their spectra are
fundamental principles of PPM and PPM-related neurological
practice. Further search for prospective biomolecules (like, Ab-
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proteases, for instance) and description of their potential role
regarding the principles of subclinical diagnosis is especially
important for their capable application and impact in clinical and
subclinical neurology related practice [26]. Further studies on
Ab-mediated MBP degradation and other targeted Ab-mediated
proteolysis may provide biomarkers of the next step generations
and thus supplementary tools for assessing the disease progression
and predicting disability of the patients and persons at risks. In
this context, the complex etiology and multiple pathogenesis of
neurodegenerative diseases call for a system level understanding of
the currently available biomarkers and the study of new biomarkers
via network-based modelling of heterogeneous data types. The
latter will provide key insights to fully understand the network
degeneration hypothesis (disease starts in specific network areas
and progressively spreads to connected areas of the initial loci-
networks) with a potential impact for the pre-early diagnosis and
diseasemodifying targeted treatments [27].
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