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Bioregulatory systems medicine (BrSM) is a paradigm that ms to advance current
medical practices. The basic scienti ¢ and clinical tenetsf this approach embrace an
interconnected picture of human health, supported largelpy recent advances in systems
biology and genomics, and focus on the implications of mukscale interconnectivity
for improving therapeutic approaches to disease. This adle introduces the formal
incorporation of these scienti ¢ and clinical elements ird a cohesive theoretical model
of the BrSM approach. The authors review this integrated bog of knowledge and
discuss how the emergent conceptual model offers the medich eld a new avenue for
extending the armamentarium of current treatment and heditare, with the ultimate goal
of improving population health.
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Introduction

For over a decade, discoveries in systems biology have zedalyew waves of thinking in

medicine. Systems and network theory, coupled with advaitdschnologies analyzing vast
datasets, are propagating novel perspectives of human heddbas®, and patient treatment.
In this paper, we de ne a systems approach as a method for desgritie human body as

a complex biological network of interconnected components @uoles, cells, tissues, organs).
Since the turn of the century, scienti c communities arouttte globe have been driven by the
revolutionary insights garnered from the Human Genome Bobdj Many recently established
initiatives aim to translate these insights in a way that iaqgpically relevant to medical treatment

and Berman B (2015) Bioregulatory
systems medicine: an innovative
approach to integrating the science of
molecular networks, in ammation, and
systems biology with the patient's
autoregulatory capacity?
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(P4 Medicine Institute, 2012; Cesario et al., 200ASYM). A society today, which is arguably more complex than what can be
key area of ongoing research relates to expanding empiricallgxplained and resolved by the reductionist approach.
based clinical knowledge that supports the applicability of The signicant contributions of the dominant healthcare
systems medicine concepts. A unidirectional, discovergriegd approach cannot be diminished. Emergency and acute care,
approach undoubtedly results in innovative diagnostic andraccines, surgery, and preventative medicine are among the
therapeutic solutions. We suggest that a more bidirectionainajor healthcare advances of the past century. Nonetheless,
approach that connects the dots between scienti ¢ discoserighe specialized context within which many clinicians treat
and clinical application may also reveal some important mddicgpatients today, combined with limited incorporation of biglizal
innovations that are highly relevant to abroad range of tteslre  complexity as part of treatment, has curtailed the capacity
practitioners. to resolve many chronic and lifestyle-related diseases that
In this paper, we introduce a medical paradigm that furthermanifest at the systems level. The complexity of the human
develops insight from systems biology by merging its keyrganism cannot be reduced to a parts list of molecules,
scienti ¢ principles with relevant empirical evidence into awhich yields little functional understanding of regulayor
treatment model. We call this approach “bioregulatory systemnetworks Qltvai and Barabasi, 20p2Instead, genomics and
medicine” (BrSM). BrSM is rooted in the idea that a more robusttomputational network modeling must be used to better
and e ective solution for disease complexity should optimire a understand and treat diseases from a more integrated, highe
individual's homeostatic systems and their interactiomsoas order perspective.
all levels of biological organization. From the detailedtynie At the heart of BrSM is an appreciation of the patient
of protein homeostasis at the molecular level, for example, tautoregulatory capacity in light of lessons from systemsolgin
temperature and blood pressure regulation at the broaderJerho Whereas human biology exists as nested levels of physiological
organism level, the interconnected web of these systemthaird networks, i.e., molecular, cellular, tissue, organ, systett,
impact on individual health status constitutes a cardinalfeof the autoregulatory capacity includes both the speci c networ
this therapeutic approach. within this hierarchy as well as the interactions betweentthe
Like other paradigms grounded in systems biology, BrSMBrSM embraces this interconnectivity among networks as the
emerges in part as aresponse to the limitations of the redoistio global autoregulatory network, and posits that the state of an
perspective that is central in the current healthcare modeihdividual's autoregulatory network is a key determinantdan
(Tillmann et al., 201p The reductionist perspective tends to indicator of patient health. The patient autoregulatory netw
view the human organism as a compilation of targets fois also a key therapeutic access point in Br&idre 1).
individual intervention and symptom alleviation. Clinician Until now, the concept of BrSM has existed as a loose set
typically specialize in particular elds focused on singlesy® of scientic, clinical, and empirical evidence that supporeth
or tissues of the body, and concentrate largely on symptorgeneral idea of autoregulation and its role in health and alise
expression in evaluating and treating disedseu(ige, 2009 Against the backdrop of systems biology, we aim to begin
Since the widespread adoption of the current healthcaranswering the questions: What are the details of these pisice
model in the 1960s, medical costs have escalated as muchtlagt are pertinent to a cohesive approach that can improve
15 times (saygisiz, 2010 and rates of chronic disease areclinical outcomes? How are these details interrelated vetmeat is
projected to increase more than 50% by 20Z®denheimer the signi cance of this interrelatedness for advancing #peutic
et al., 200Q Nonetheless, medical care is currently estimategractice? Consequently, a team of scientists and clinicians se
to account for only 10% of health outcomes, while as muclout to systematically bring together those elements mastat
as 80% are inuenced by environmental and lifestyle factoréo BrSM, and to engage in an initiative to conceptualize an
(McGinnis et al., 2002 It behooves the eld to consider integrated, cohesive model of this approach. An emphasis on
how medical care can e ectively address the impact of thesaultiple disciplines not only ensured that cutting-edge reska
environmental and lifestyle factors that have such profoundrom various elds was included in formalizing the paradigm,
in uences on health [{/iller and Jones, 20)4We propose that but also that the model was more likely to resonate with and
the medical and nancial burdens associated with the cutrendemonstrate applicability to a broad community of scientistd a
healthcare model can ultimately be tied to neglecting adasklinicians.
tenet of systems biology in clinical care: relatively sinmgtevork The purpose of this paper is to present the BrSM model
perturbations can have large and unintended consequencabat resulted from this initiative. This model lays importan
Indeed, the prevailing linear mode of intervention can b&kéd  groundwork for scientists and clinicians to begin the resband
to increasing rates of iatrogenesis, unnecessary diagapand data collection necessary to fully realize the potentiabatages
multiple practitioner consultations, which collectively adhute  of this approach. For a medical community that has been
to escalating healthcare costs and ine ciencies in patieneducated, practicing, and thinking within a largely reduni&i
treatment (Ahn et al., 2006; James, 2)IBhese ine ciencies, in  framework for some time, the shift toward incorporating a
turn, contribute to the growth in disease incidence that@ems systems biology view of the human organism can be challenging
We envision BrSM and the underlying principles in this model as
a strategic guide for connecting and applying emerging rebearc
LCASYM. Europe - Coordinating Action Systems Medicine. Implemeatatf ~ iN away that will lead clinicians toward realizing improvenbén
Systems Medicine across Europe. Available online at: www.casym.eu patient outcomes.
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FIGURE 1 | New perspective on factors affecting disease. Current includes the interactions among multi-scale homeostatic ygstems that

medical paradigms(A) typically consider etiological factors, genetic
predisposition, and molecular pathways recruited in pathgenesis as key
causative agents that lead to disease. Bioregulatory systas medicine also
considers the compromised or insuf cient patient autoregutory capacity to
restore homeostasis(B) as a key factor that in uences individual disease
incidence and manifestation. Relatedly, bioregulatory syems medicine

comprise the global autoregulatory network as the primarytterapeutic
access point in treating signs, symptoms, and underlying cases of individual
disease. While lifestyle changes, removal of triggers, andhibition of
pathogenetic pathways are also potential solutions, biomgulatory systems
medicine emphasizes the restoration of individual autoredation capacity as
the potent therapeutic approach.

Materials and Methods of relevant expertise. Scientic experts included those in
the elds of immunology, genomics, molecular biology,
Fundamental to this initiative was rst selecting the apprate neuroscience, and systems biology. Clinicians specialiging
range of participant expertise and professional experience 10 yarious medical areas were also involved, including family
contribute to the model development, and then engaging these gpq community medicine, chronic diseases, aging, cardjolog
viewpoints in a group conceptualization process that would pegiatrics, and neurology.
systematically integrate the key elements into a cohesiein 5 Group concept mapping was selected as the most appropriate
The following steps were taken to achieve these goals: method for the model development process given its prior
1. Initiative leaders identied and approached participants use in similar projects Kaldwin et al., 2004; Kane and
that collectively possessed considerable breadth and depth Trochim, 2007; Kagan et al., 2009he method is capable

Frontiers in Physiology | www.frontiersin.org 3 August 2015 | Volume 6 | Article 225


http://www.frontiersin.org/Physiology
http://www.frontiersin.org
http://www.frontiersin.org/Physiology/archive

Goldman et al. Bioregulatory systems medicine

of systematically integrating particularly complex ideasBiological Communication at the Microenvironment-Scale,
perspectives, and their relational properties, such as the=se usBiological Communication across Multi-Scale Networks,
to create this model. The group-authored visual outputs ar@ioregulatory Clinical Pharmacolggynd six intermediary
based entirely on the combination of individual participant themes [n ammatory Network Response to Perturbation,
perspectives, and provide fertile ground for generating grouplicroenvironment Response to Inammation, Diagnostics
consensus on the interpretation and meaning of the results. and Therapeutic Strategy, Clinical Focus on Dysregulation

3. Participants generated model content (statements) jpaese  Autoregulation of Biological Networks, Patient Healtbe@se
to a single guiding sentence completion: “A speci ¢ ideaContinuum) From these conceptual patterns, two axes emerged.
or element that is fundamental to de ning and explaining The horizontal Biological Information axis suggests how
a model of BrSM is...” Content was generated through amlinicians evaluate characteristics of the disease, gpragna
iterative process of abstraction from focused literatunde®  guide for clinical decision-making, while the vertical Resioin
and discussion and re nement with expert participants. Processes axis considers mechanisms of intervention.

4. Participants individually sorted the resultant 102 stetets As we move to our interpretation, detailing the conceptual
into piles based on their own understanding of theirbasis of the model axes and clusters, we remind readers that
relatedness and using a dedicated project website. Readerstire unique scope and content of each cluster exists as an
referred tokane and Trochim (2007fpr a detailed description emergent product of the expert participants' perspectives. The
of the sorting process. cluster arrangements that underpin this interpretation could

5. Analysis of participant sorting arrangements includedeach plausibly constitute their own paper, as each include thei
aggregation of individual binary sort matrices (a “1” wasown unique set of scienti cally grounded statements thatildo
placed in a cell if a participant sorted the statements irbe explored in depth. Because this paper is an introduction
the corresponding row and column into the same pile; ato the BrSM concept, we center our discussion on reviewing
“0” was placed in a cell if the participant did not sort the participants' perceptions of the content interrelatedness, tve
corresponding statements together). The 29 participant soemergent themes that capture how the key components of the
matrices were then summed, creating a total similarity nxatr paradigm formulate an organized conceptualization of trezin
The total similarity matrix was then subjected to multi-  The collective spatial properties of the model also convey
dimensional scaling, producing a two-dimensional visuakemergent properties that reect participants' integrated
representation (point map) of the 102 statements. Proximityunderstanding of the approachs medical and clinical
among statements indicates their relative similarity st  components. At the broadest level, we can examine conceptual
the closer two statements appear on the point map, the morpatterns that reveal how the content is distributed acrosswiue
similar or related they are thought to be by the group as aimensional model representation, and consider the meaning
whole, and vice versa. of this distribution in terms of its practical and theoretica

6. Hierarchical clustering was applied to the point map toimplications.
group statements in shared territories of the map into non- The content closest to thdiological Communication at
overlapping clusters based on the Euclidian distances batwethe Microenvironment-Scaleluster relates most strongly to
them. The smaller set of resulting clusters allows partidipan communication and signaling at the cellular level, particiyla
to consider the model through the lens of higher-order theme as it occurs within and by way of the extracellular matrix.
that capture the specic details of the underlying content.The content located closest to tH&iological Communication
A 10 cluster solution was determined by initiative leadersacross Multi-Scale Networktuster resonates with a systems-
to be the most parsimonious and meaningfully interpretabldevel understanding of how information ows between molégu
representation of the model content. networks/organ systems at the whole organism level. Goltdy,

7. Finally, initiative leaders and participants revieweddhsster  this conceptual through-line contains elements related he t
map as part of a multi-day meeting, and labeled each cluster irole of biological information at both relatively “micro” an
a way that articulated the commonality among its constitati “macro” levels. We label this dimension (or axis) as Biolabic
statements, and in a way that conveyed the constructghformation, across which informational content is preseatt
relevance in the context of the model as a whdt@(re 2)  varying levels of speci city depending on its position along the

(Supplementary Table 1). dimension and in relation to other information-related elemts
of the model.
Perpendicular to  Biological Information, experts
Results: Interpretation of the Bioregulatory distinguished among relatively internal and external teton
Systems Medicine Model mechanisms. Closest to th@ ammation Physiologycluster,

the model content relates strongly to the human organism's
From the group concept mapping process, a two-dimensionalatural ability to reach resolution in the face of perturlwatj
point map was generated to visualize the emergent grouparticularly as it relates to in ammation process mechanisms
consensus. The cluster map represents the 102 statememtsthe opposite end of this dimension, tiigoregulatory Clinical
as they are grouped into 10 higher-order themes baseBharmacologycluster describes the use and application of
on their arrangement in the point mapF{gure 2). Cluster therapeutics in the clinical context in order to reach resian.
analysis revealed four anchor themésgmmation Physiology, As all content along this axis relates in some manner to
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FIGURE 2 | The bioregulatory systems medicine model.  This gure
depicts the 10 constructs that emerged from the concept mappng process,
re ecting expert consensus on the key elements of the bioreglatory systems
medicine approach. Underlying the constructs (clusters)ra the 102
statements that comprise the basic scienti ¢ and clinical e#ments of the
approach. The labels assigned to each cluster re ect the shad theme of its
speci ¢ statements and in relation to the contents of every dter cluster
(Supplementary Table 1). From a more empirical perspectiyéhe 10 model
clusters can also be considered within four thematic groupigs. The
autoregulation clusters Biological Communication across Multi-Scale
Networks, Biological Communication at the Microenvironmet-Scale, and

In ammation Physiology) describe the physiological autoregulation of
biological networks. The dysregulation clusterslif ammatory Network
Response to Perturbationand Microenvironment Response to In ammation
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describe the biological networks' response to perturbatio. The central
position of Patient Health-Disease Continuuntonveys its in uence on both
the autoregulation and dysregulation clusters. This conga can be
interpreted as a correlation between dysregulation and aotegulation,
representing the resultant disease state of a patient alonthe health-disease
continuum. The adjacent clusterAutoregulation of Biological Networks
reinforces the concept of autoregulation as the common, sy&ems
biology-based denominator underlying the model. The remaing clusters are
therapy-related. Diagnostics and Therapeutic Strategylinks a patient's
autoregulatory status with clinical decision-makingClinical Focus on
Dysregulationdescribes local aspects of dysregulation, suggesting that
certain molecular networks can be targeted using bioregulary therapeutics
depending on the nature of their dysregulationBioregulatory Clinical
Pharmacology connects clinical decision-making and intervention taats.

participants' conceptualization of resolution, we label #iss of

Likewise, the Biological Communication at the

the map as Resolution Processes. We recognize that in sop® cadicroenvironment-Scale and Biological ~Communication
resolution pertains to the organism's innate capacity to heacacross Multi-Scale Networldusters specify those elements
resolution, and in other cases to the use of external inteives  necessary to understand the range of biological signalimj a
as part of treatment. communication pathways that underlie autoregulation. This
Even more speci cally, those clusters most centrally alignecontent prompts the clinician to explore questions #¥hat
on either end of each dimension serve as conceptual anchois taking place at the cellular or “micro” level of the human
that ground the BrSM model in its key clinical focuses.organism that in uences regulatory capability?hat is taking
The Inammation Physiology and Bioregulatory Clinical place at the network, or “macro” level to in uence regulation
Pharmacologyclusters convey the “how” of physiological across systems? At the “micro” level, emphasis is placed on
coherence and restoration, leading clinicians to explor¢he role of the extracellular matrix in pathological conditg
questions about intervention such asow do the in ammatory  particularly with regard to the accumulation of toxins, disea
processes function to in uence autoregulation, and what argrogression, and transcription patterns. At the “macro”
the physiological factors involved?ow should bioregulating level, information and signaling across molecular netvgork
medications be designed and applied to e ectively restordirect regulatory action among organ systems, such that the
autoregulation? large-scale complexity of the cellular-level interactions ba
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understood as an integrated, interconnected picture of hamacluster emerges as the “hub” that personalizes the theatetic
health. foundation of the model, emphasizing the individual, patient-
The emergence of these clusters as conceptual anchorscentric basis of BrSM. As the structural core, this construct
also validated methodologically. Structurally (spatialiyjese includes clinician considerations for optimizing resoturti as
four clusters are more densely populated with statements thawell as critical biological information for the clinician to
the other clusters of the map, indicating that participantsconsider in improving patient condition. Symptoms, disease
perceived a higher degree of conceptual similarity among thprogression, autoregulatory abilities, and in ammationear
set of items in each of these four clusters relative to thesoth informative expressions of an individual's health statustttan
clusters. The density of these clusters implies a high degfree be used to personalize treatment.
consensus from experts, suggesting that participants ciokdgt These thematic patterns reveal principles of the BrSM model
understood a greater degree of clarity and distinctiveireslse  that are rooted in experts' understanding of the elements'
meaning of these sets of items relative to the other clusteriterrelatedness, beyond the statement and cluster content
Functionally, these clusters demonstrate the highestetegf alone. To summarize the model results at the theoreticadllev
internal relatedness, indicating that participants undecst the the bioregulatory systems approach is driven by the goal of
statements in each of these four clusters as more stronigliece  stimulating resolution processes through the communiaatio
to one another and less related to the statements in the othemd information pathways of the human organism. The
clusters of the model. These clusters are also the fundtionmodel conveys that a clinically integrated picture of biddad)
anchors of the map in the sense that they function as théanformation, when utilized to restore coherence following
cohesive, agreed-upon, foundational classes of informdt@n  perturbation, constitute the two fundamental concepts for
which the conceptual role of the other six clusters can ba&pproaching patient disease using BrSM.
considered. We now move to explore in greater depth the key principles
Experts considered the other six clusters as conceptualdsidgof BrSM that connect the model results with a clinically relet/
that articulate relationships among the anchors that thegide understanding of this approach.
between. Structurally, these clusters occupy a comparngativel
larger area of the map and are overall less densely populated
with statements than the anchors. Their relatively exp&nsiery Principles of the BrSM Approach
area suggests that participants perceived considerableasimil
among the set of items in these clusters and the set of items # Network Structure of Health and Disease: The
their respective adjacent anchors. Their value in the apprigch In uence of Molecular Network Information Flow
optimally derived from their ability to build coherence amgthe  on Autoregulatory Capacity
anchor constructs, and logically bridge the core elemendsivay It comes with little surprise that participants recognized the
that can be practically applied in the clinical context. Thus, w complexity intrinsic to biological systems as a core feature
refer to these six clusters as the intermediary clusters. of the BrSM model. Given that systems biology serves as a
Microenvironment Response to In ammatidior example, primary scienti c backdrop that fuels this approach, a holistic
brings together the physiology of in ammation with “microro understanding of the human body as a multi-scale, multelev
local level information regulation to describe the envinoent regulatory network percolates the entire concept majirfter
in which in ammation initiation and resolution take place. et al., 2002; Paci cBiosciences, 2011; Castiglione e2@l9)
Inammatory Network Response to Perturbatiamticulates (Figure 3. The complexity of a systems approach challenges
the mechanisms of inammation with a more thorough common reductionist thinking, and paves the way for medicine
understanding of the systemic and informational componegits that workswith rather thanagainsthe inherent interconnectivity
this physiological proces®iagnostics and Therapeutic Strategyof biological organization.
conveys the practical use of “macro” or global network level Participants conceptualized health and disease in the context
information in the design and application of medication of this interconnectivity. A healthy system is one that self
with bioregulatory properties. This cluster emphasizes theegulates in the face of network perturbatiorBuchman,
use of diagnostics, such that autoregulatory networks can 2002). We refer to this self-regulation as autoregulation. Model
appropriately assessed and, in turn, interpreted in a way thaiarticipants embraced autoregulatory capacity as a de ning
will e ectively guide treatment. The content in this areaals mechanism of human health. The concept of robustness is used
highlights the use of diagnostics for furthering our knodde in tandem with autoregulation to characterize the funcigdn
of disease evolution and thereby enhancing strategic ffeeric ~ characteristics of a healthy system. Whereas biologidalarks
decision-making. Clinical Focus on Dysregulatioilenties are inherently dynamic and unstable, a robust system is one
speci c conditions and pathologies for which BrSMiswell edit that is able to adapt to and cope with this instability as
although additional content, particularly regarding toityc it is received from the environmentK(tano, 2004, 2007a,b;
may be helpful in fully realizing the relationship betweere th Kitano et al., 200¢ Some readers may liken the concept of
extracellular matrix and the clinical context. robustness to homeostasis; however, participants distihgdis
Patient Health-Disease Continuwuncupies a unique position that in the context of BrSM, homeostasis is a property that
in the center of the map, where one can envision the intersacti maintains the state of a system, whereas robustness assumes
of the Resolution Processes and Biological Information.adeis a more dynamic, active network state, and refers to susfaine
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FIGURE 3 | Multi-scale autoregulatory networks in the BrSM diagnostic approaches are limited by capturing only a stati snapshot
model. Bioregulatory systems medicine encompasses a systems of some of this information recorded as medical records. Noei
biology perspective of interactions within and across muiple levels of diagnostic approaches will not only conrm and provide highe
biological organization. From the molecular to cellular tergan to resolution of existing snapshots of clinical informationput will also
whole organism network, the BrSM model acknowledges that hman expand the scope of medical records by adding (surrogate) bimarkers
health and disease are driven by the regulatory informationow that of autoregulation that will correlate all captured informt&on in one
propagates throughout this global autoregulatory network Current spatiotemporal model specic to the patient.

system functionality, even in the face of stresses or peatishs.  interconnectivity for disease progression. These consempsen
Individual autoregulatory abilities support network robosss. are evident in the case of an in ammatory response, where
Metabolic, gene and protein networks interconnect to create ahronic in ammation coincides with structural changes in a
global biochemical network, while the feedback loops adtesse  tissue and in remodeling the microenvironmeritgthan, 2002;
networks constitute the foundation of the global autoregaty  Nathan and Ding, 2010 Given that many tissues and organs are
network of the human organismQoujinine and Perrimon, connected via networks of functional interdependenciggessies
2013. or perturbations that compromise autoregulatory abilities ca
Disease occurs when an individual's autoregulatory adilit cause a ripple-like e ect throughout networks of interconnette
are compromised. We encounter this scenario when accundilatdissues. This propagation facilitates disease progression by
stresses overpower the autoregulatory abilities, therelgroliferating distorted information ow.
impinging tissue robustness. These persistent perturbations The concept of modularity is used to propose how
can manifest as disease over tin¥ijadt, 2009; Furlong, 2013; pathophysiological events tend to organize and the impactisf th
Bayand Loscalzo, 2014; Vuillon and Lesieur, 2D humans, organization on health maintenance. Modules are self-omgah
we regularly encounter genetic, epigenetic, and envirortalen units of individual components that are grouped according to
perturbations apart from others that challenge the robussnesa certain set of rules (e.g., a common function), and thaivell
of our biological networks. This continuous challenge maynetworks to optimize their dynamics and adapt to disturbances
negatively impact autoregulatory ability, and lead to a ‘irey”  (Newman, 2006; Loscalzo et al., 2007; Rollié et al.,)2012
of these networks to new adaptation and compensation stateSlodularity helps networks to contain perturbations, support
Over time, these negative impacts may gradually progress autoregulation, and minimize the e ects of disease on theesyst
eventually result in disease. (Kitano, 2004.
Participants also linked this conceptualization of disease As many diseases are interconnected by shared
with biological networks, considering the consequencethisf pathophysiological events, recent research has identied a
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common network that is perturbed in the majority of chronic (Chen et al., 200)2From a diagnostic perspective, the presence of
diseases. We call this network a “common disease-statmn-coding RNAs in serum and other bodily uids may suggest
signature” Guthram et al., 2010; Jamjand Pr ulj, 2013. Many their potential as clinical biomarkersq(io and Croce, 2012
diseases share common functional modules, suggesting that Both macro and micro scales of information regulation hold
treatment courses and medications may be more e ective bgrominent places in this model. At the most expansive level,
targeting these biological networks rather than the his@lty the interconnectivity of molecular networks creates a globa
more common approach of targeting single molecules. Thibiochemical network containing numerous function-speci c
overlap across biological networks is a particularly adzgebus networks and feedback loops. In BrSM, health-disease status i
framework for understanding the aging process and ageadlat governed by the particular integration of these networkstes t
diseases in novel ways. Multitarget drugs that target hubglobal autoregulatory network, and the orchestration oéith
bridges, or other areas of network overlap may therefore beesponsiveness to environmental stimuli.
more e ective and lead to fewer side e ects than the more Whereas systems level information regulation is a critical
common single-target, “magic bullet” drug desighiriiko et al., concept, participants also considered the cellular scale of
2009. From the perspective of BrSM, optimal therapeutic accedaformation regulation. The role of the microenvironmens a
points may be discovered by utilizing these pathologicaldtee critical supporter of healthy cell$3(ittle, 200y and as a conduit
between seemingly unrelated diseases. This pathophysialogiof biological information in tissuesNathan and Ding, 2010
connectivity may be a pathway to supporting a future of awas regarded as fundamental. A healthy microenvironment
network pharmacologyHrler and Linding, 2010; Barabasi et al.,encompasses the biochemical and biophysical signals thdit a ce
2011; Lietal., 20)1where networks themselves are the focus ofeceives from the extracellular matrix, neighboring cellsg an
medication design and therapies. the immune system, and is necessary for a cell and tissue to

Experts also acknowledged that sustained perturbation imaintain their function and autoregulatory ability (cellinover)
information ow (e.g., blocks to autoregulation) precipitst (Pellettieri and Sanchez Alvarado, 2007; Duarte et al., ;2015
the inability of regulatory networks to maintain functiolig.  Fu et al., 2015; Mesa et al., 2D1Regulation at this more
Indeed, the transmission of biological information maiims micro level takes place within the tissue via the extracellula
a cardinal role in supporting and regulating the dynamicmatrix, intracellular cytoskeleton, and nuclear matrix| af
equilibrium found in robust networks. which are interconnected by commonly utilized moleculese Th

What is the nature of biological information most extracellular matrix can be considered an “information higtyé
relevant to BrSM? Participants viewed information theorywhere biochemical, physical, and neural signals are progtesse
and thermodynamics as fundamental for understanding theand subsequently aect network robustness. In addition to
medicinal relevance of a biological system. Beyond thesasar robustness, signaling within the microenvironment supports
that are already well integrated into systems biology, ppditts  other processes such as immunological synapse formation in
considered two broad categories of biological informationthe immune systempringer and Dustin, 2012; Dustin, 2014
as supporting system robustness. The rst category includesnd others related to in ammation L(oscalzo et al., 2007;
sequence information that is responsible for encoding mdkc  Dustin, 2013). We explore the role of the extracellular matrix
machineries. This type of information is often referred tothe  in in ammatory processes in more depth in the subsequent
“parts list” of sequence information that reductionist meidie  section.
techniques have decoded.

Additionally, regulatory network information is thoughot In ammation as a Central Regulatory
be responsible for orchestrating the particular behaviors oMechanism for Maintaining Tissue Homeostasis
molecular machineries, and is thought to be transmitted bpn From a pathophysiological perspective, inammation is a
coding RNA across levels of biological structures (moleculecommon feature of many disorders and is strongly associated
to cells, cells to tissues, etc.). A theory of genomic darlwith chronic and age-related diseases that continue to et
matter also surfaced on the concept map, positing that a celliacidence under the current healthcare model. In ammatiisn
dynamic response to inputs from the microenvironment istraditionally viewed as something to be reduced or suppressed
governed by non-coding, RNA-regulated molecular machieeri (Widgerow, 2012; Women's International Pharmacy, 2012
(St. Laurent et al., 20).2 Participants believed that these BrSM puts forth a far more comprehensive and dynamic view of
molecular machineries support the notion that a cell'singtiean ~ in ammation, beyond simply a static symptom that needs to be
with its immediate environment is in fact a coherent patteaind  eliminated. In fact, BrSM embraces physiological in ammatio
is not a disordered or otherwise chaotic ow of molecules@ms as an extension of the autoregulatory capacity of the body,
might assume. This coherence is thought to be sustained in pacapable of restoring a healthy tissue's functional statagonetti,
by a computational matrix that directs action within and asso 2011; Chovatiya and Medzhitov, 2014; Kotas and Medzhitov,
molecular networks, and exists as a result of low a nity RNA 2015; Serhan et al., 2Q15he model aids us in more precisely
and protein interactions. Recent research lends further sugpor distinguishing among adequate, resolving, and excessive o
the role of non-coding RNAs in health and disease. For examplé@su cient in ammatory responses, and in guiding clinicians
non-coding RNAs may mediate stress response pathways of sotesvard recognizing in ammation as a potential tool in patient
diseases such as AlzheimefX.(Laurent et al., 20)9and are treatment selection and a vital part of homeostasis, rathen ts
secreted by immune cells, stem cells, adipocytes, and bkdtsd ¢ the ubiquitous enemy.
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In ammatory mechanisms are switched on by variousinherent connectivity between local and system levels of
exogenous and endogenous stressors that aim to elimingig in physiological responses such as in ammation. In BrSM, this
stressors and adjust to a changed environment by estafdjshi connectivity across levels of biological organization ashing
new homeostatic set-pointsVffyake and Kaisho, 2014; Kotas short of essential in understanding disease and improving
and Medzhitov, 2016 In ammation can be considered a central treatment.
physiological mechanism that supports the body's ability to Beyond these pathological distinctions, participants
resolve dysfunctional states in order to regain tissuetionality,  understood in ammation as practically relevant to treatnien
and in a way that tissues cannot accomplish themselvem two main ways. The in ammatory system is considered the
In ammatory processes can therefore play a cardinal role ithbo target for stimulating or optimizing disease resolution. The
disease progression and regression. bidirectional communication using inammatory pathways

Non-resolving, chronic inammation coincides with its between a cell and its microenvironment, functions as a
common pathological clinical association, manifestingimomic  homeostatic control mechanism for many tissues. Complete
diseases such as atherosclerosis, cancer, asthma, sjabéteammation resolution requires not only the removal of
rheumatoid arthritis, and others Nathan and Ding, 2010; immune cells, but also the normalization of chemokine
Hellmann et al., 2012; Young et al., 2014; Fredman et al5)201gradients and the withdrawal of survival signals. Disordere
In understanding the in ammatory mechanisms that lead to broblast behavior, for example, can contribute to chronic Ron
these pathologies, BrSM also recognizes the intersectisreba  resolving in ammation by sustaining inappropriate retention
in ammation and information regulation concepts discussed of leukocytes within in amed tissue Buckley et al., 2001;
the prior sections. We nd concepts such as balance and systemBuckley, 2011 It therefore seems only reasonable to target the
e ects as extending into this region of the model, reinforcthg  tissue microenvironment in parallel with the stressor ane th
notion of biological interconnectivity as an undercurresitthe  in Itrating immune cells when treating chronic in ammatio
model as a whole. (Serhan et al., 2007; Valledor et al., 2010

Whereas pro-in ammatory mechanisms, anti-in ammatory,  With regard to treatment, it is possible that with the
and pro-resolution pathways are all involved concurrently toability to mimic or inhibit extracellular matrix functions,
regulate the duration and severity of an in ammatory respens we could provide a novel means to inuence and resolve
a persistent imbalance of these mediators can lead to pathologhronic in ammation and reveal promising therapeutic target
and chronicity @riel et al., 2006; Beck et al., 2009; Nathan andnother potential option in treating chronic in ammatory
Ding, 2010; Valledor et al., 2010; Kotas and Medzhitov, 201@isease might be to permit the restoration of autoregulatory
Serhan et al., 20)5For example, in ammatory mechanisms processes in the extracellular matrix, including physiolagic
can in uence the production of damage-associated moleculan ammation, by removing any toxins, stresses, de ciemgier
patterns (DAMPS), resulting in positive feedback loops in whictother perturbations that are interfering with its structuesnd
the in ammatory response itself provides a persistent stinsulu function. Potentially, this option might also be applicable to
for macrophage and lymphocyte recruitmefitcell et al., 2007  cancerous microenvironments. The link between in ammatio
This cyclical, excessive production drives host damage arahd tumor development is well establishe8o(mmer, 2014;
chronic in ammation. Blaylock, 201} Targeting autoregulatory mechanisms that aim

Not all cases of tissue stress or malfunction result irto restore original immunosurveillance and neuroendoerin
acute in ammatory responses. Insu cient but persistent stifn  regulation as part of the comprehensive treatment protocol migh
can also provoke low grade inammatory responses. Thisncrease responsiveness of the patient. For an excellensgiscu
so called para-in ammation is maintained at a low levelof evolving approaches to cancer managementhMsgeranahan
without resolution, and can lead to tissue damage and clrroniand Swanton (2015)
in ammation (Chovatiya and Medzhitov, 2014; Netzer et al., In addition to thinking about the microenvironment as
2019. The model emphasizes that the in ammatory processa context for intervention, participants hypothesized about
itself is not dangerous, as it can be resolved by endogenotsw patterns of inammation and their eects on the
molecules and mechanisms; rather, it is the non-resolvingnicroenvironment can be used to assess the state of a patient's
chronic or overwhelming acute in ammatory response thadea autoregulatory network. Because the status of the autdatmy
to pathology. Whereas acute in ammation is typically seen as aetwork is a major player in resolution, itis logical to seekys of
target for prevention, BrSM uses this kind of evidence to suppotincorporating it into diagnosis. In ammatory patterns and thei
the notion of acute in ammation as a homeostatic mechanisme ects on the microenvironment may prove a gateway to this
that may be supported in a controlled manner to stimulatetype of assessment. We discuss how participants considered this
resolution. To this end, clinicians may nd that improving a concept as we move to focus speci cally on activating the nodel
patient's self-regulatory abilities is a pathway towardiaitey  scienti c principles in the hands of the clinician.
resolution initiation naturally. Nonetheless, cautioncsid be
taken in overgeneralizing this phenomenon, which may notncorporating the Health-disease Continuum into
present itself in other tissues or organs such as the brain, fdatient Diagnosis
example. BrSM encapsulates a health-disease continuum, along which

We underscore participants' recognition that the currenta patient can be diagnosed in accordance with phases of
healthcare model has historically paid little attention toet disease progression, treated via multiple therapeutic access
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points, and monitored based on how networks manifestingoerturbation with resolution as in the case of pneumonia,
pathophysiological processes resolve to a state of healtbag¥is early remodeling as in the case of asthma, degeneration and
progression is the outcome of both the in ammatory responsebrosis as in the case of COPD, or proliferation as in the case
to network perturbation and the e ect of this response onof lung cancer. The extent of an individual's dysregulatan
the microenvironment. Patient history, physical examipati both the local and systems levels guides clinicians as tohwhic
and laboratory tests are among the sources of informatiat th interventions to undertake. In some cases, a patient's statg
clinicians can use to determine an individual patientsetbng dictate the immediate use of suppressive or replacement therapy
this continuum. We anticipate that as genomic pro ling becasne complemented (or not) with bioregulatory therapy. In otheress
part of routine testing, this data will allow us to be even morethe bioregulatory therapy might be the primary or even the only
speci ¢ about where a patient stands along a scale of health ariccatment approach.
disease, and will also provide us with information on the ssaif These clinical insights can be used to determine the degree
the autoregulatory networkHigure 3). of disease progression and, in turn, the appropriate clinical
A goal of BrSM is to eventually develop biomarkers thafocus, therapeutic strategy, and medications with bioratul/
predict the health-disease continuum, and that match theséipe properties required to promote e ective resolutiofrigure 4).
interventions to the speci c stage of a patient's disease.’rdd®e Depending on the condition and health history that a patient
historically we have thought about disease in a relativalyar, presents, the clinical focus and appropriate treatment will
gene-centric, and deterministic way, we now realize thas th be individualized accordingly. Clinical focus may include
perspective is too limiting and is unable to explain either thehe in ammatory network exclusively, the in ammatory and
dramatic rise in the rates of these diseases over the past BEmodeling networks simultaneously, or also the metabolic
years or the relatively minimal penetrance of gene mutationsetwork, blood sugar levels, or other physiological proceases
in most chronic diseaseskénz et al., 20)1The modern view well, depending on the patient. Likewise, appropriate treatment
realizes that extrinsic factors such as nutrition, the miiome, may include one or two medications with bioregulatory
and the environment, combined with intrinsic factors such a properties, or the use of bioregulatory treatment as an adjuva
the gut and respiratory mucosa, must be collectively considler to a patient's current treatment program. To date, this graded
as aecting gene expression, possibly via the processes todatment approach is achieved through empirical assessnfient o
epigenetics. The complexity of these chronic conditions desisa the concepts in the clusters related to dysregulatiBigire 2).
that scientists and clinicians also be complex thinkers,y@hgl In the future, predictive biomarkers and diagnostics devetbpe
the interaction of these factors in a dynamic temporal andigppat in the “omics” realm will provide a more in-depth, validated
way, and de ning and describing diseases on the basis of theapproach to assess the individual's autoregulatory capgabilit
intrinsic biology in addition to traditional signs and symphs in the presence of a stressor. Capturing dynamic changes
(National Research Council, 20110ne solution would be would require multiple assessments during the treatmentqukri
rethinking the way of classifying diseases, adding newei¢sn Therefore, an easily applied and inexpensive tool is desieR- P
possessing certain predictive value that would allow theéaitin  based biomarker panels can be purchased for as low as $20-40 per
to dynamically monitor patient condition and adjust treatmts  sample Eahasrabudhe et al., 2017his type of tool could take
in a timely manner. From that perspective, the BrSM modethe form of a diagnostic index based on speci ¢ objective it
proposes incorporating autoregulatory capacity assessment parameters, like FIB-4 or NIKEI in non-alcoholic fatty liver
part of the diagnosis, providing additional information torfher  diseaseemir et al., 2013 or prognostically relevant clinical

individualize the treatment plan. judgment questions@anna and Ingelsson, 20)1%or as a blood-
sample based biomarker panéli¢sko et al., 2010; Etheridge
Creating a More Effective Clinical Toolbox by etal., 2011; Hu et al., 20),4r as a combination of all mentioned
Choosing the Right Therapeutic Strategy, Clinical options. With next-generation sequencing costs falling ripid
Focus, and Bioregulatory Intervention some solutions are already being tested for use in the clinical

As we explore the remaining areas of the model, concepts suchlaboratory Onsongo et al., 20)4 Some studies indicate that
the in ammatory and microenvironment responses to network next-generation sequencing solutions may become cost @@cti
perturbation, disease progression, and autoregulationesess (Gallego et al., 2015; Li et al., 2)1®ther recent evidence
key insights for more fully realizing how BrSM may actuallysuggests that whole-genome transcriptomics captured aicert
propagate changes in medical treatment. In this section, wéme periods before and during treatment could re ect the
discuss how the strategic implementation of BrSM approachedynamics of transcriptome changes in response to perturbation
the patient condition in ways that are distinct from the cunte and interventions &t. Laurent et al., 20).3Arguably, this would
healthcare approach. also allow for identi cation of any persistent perturbatiortsat
When presented with a case, a clinician using the BrSMe ect dysfunctional autoregulatory cues. These trendfidate
approach will initially assess whether the patient exhibits athat potentially cost-e ective biomarker-based tools aret no
in ammatory response to network perturbation at the systemsoutside of our reach. The two major challenges to BrSM are to
level. In ammatory responses can vary in manifestation fromreduce the costs of repeated diagnostic testing, and to igenti
mild to moderate acute, severe acute, acute with transition e ective responses for persistent perturbations.
chronic, and chronic. The actual nature of an inammatory  Medication is an undeniably important part of the current
response can also vary by condition, including networkhealthcare approach and modern medicine more broadly. BrSM
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FIGURE 4 | Novel conceptualization of disease progression u  sing
patient autoregulatory status.  Disease progression is commonly
understood as the worsening of a disease over time. In 1980, & World
Health Organization published the International Classi cain of
Impairments, Disabilities and Handicaps (ICIDH) with the olggve of
providing a widely accepted structure of the consequences bdisease
and the implications for the lives of patients. Expanding orthis model,
this gure presents a conceptualization of patient autoreglatory status.
(A) The concept of disease progression, adapted from the 1980 Wi
ICIDH model. Blue-to-black lines indicate stages in which a géen disease
is progressing, and  depicts principal milestones between stages. The
dashed line indicates that there is no strict sequential oel between
stages or milestones. A linear structure is used for simpliy. (B) A
schematic conceptualization of disease progression as a fao-quadrant
map (using the BrSM model as a framework, disease progressiois
considered as the Patient's Health-Disease Continuuiy The arrowed
dashed lines represent the hypothetical disease progressn of patients X
and Y. In contrast to a more simpli ed, linear approach of identying
disease stages in clinical decision-making, this map posiins stages in
relation to dysregulation parameters represented by the hizontal and
vertical axes. Within the context of the BrSM model, systeri

dysregulation parameters are conceptualized agn ammatory Network
Response to Perturbationand local dysregulation parameters as
Microenvironment Response to In ammation The farther along either axis
a patient's disease progression is positioned, the greatethe
dysregulation. It is postulated that the ratio between thesdwo
dysregulation parameters theoretically de nes the autoreglatory status of
a patient. Mapping individual's autoregulatory status in aemporal fashion
will produce a visualization of individualized disease pgoession. It is also
postulated that a certain area of the map displays robust awregulation
capacity (marked area) in contrast to other areas where autegulatory
capacity is reduced. The therapeutic strategy proposed byhe BrSM
model proposes that a therapeutic effort is focused on “movig” a
patient's autoregulatory status (represented by the greerdashed arrows)
to a state of more favorable autoregulation capacity. It is ithis more
favorable state where bioregulatory therapy can be most efiently applied
to strengthen autoregulation (hypothetical Patient X). Is iassumed that in
more advanced cases, it may not be possible to reach a state of
favorable autoregulation capacity (hypothetical PatienY). Bioregulatory
intervention would be based on the patients position on themap and,
depending on the individual case, could serve as a primary,eczondary, or
complementary treatment to the suppressive or replacementherapy.

proposes an alternative conceptualization of medication—itmedication under the guise of a “magic bullet” that can eliatan
design, how it is used—using lessons from the relevantsden a disease cause or symptom. This single-target perspective
elements discussed prior. One objective of this concepttadiz  tends to neglect consideration for how these medications
speaks specically to the mounting evidence of side e ectsinintentionally impactthe overall regulatory ability of¢thuman

and other unintended consequences of many widely usedrganism.

medications developed under the current reductionist Hedte Consequently, model participants noted the potential for
model. The reductionist or reactionary approach often use8rSM to include a novel approach to medication, rooted in
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the scienti c principles that support the paradigm as a whole. By addressing these underlying dysregulations through
Medications should be designed to mimic, modulate, or promot@ptimization of the autoregulatory system, the bioregutgto
the body's natural resolution mechanisms instead of imeny  approach is potentially drug sparing and may lead to diminished
with them. Of course, the precise design and application of sucimcidence of iatrogenesis, patient morbidity, and patient
medications will depend on the speci c context of a patientsmortality. We emphasize that above all, this approach is
condition, as described above. Nonetheless, the overal ggresented as a supplementary pharmacologic treatment that
remains: Increase the ability to alter disease progressipn lmay lead to improved patient outcomes alongside other non-
promoting or mimicking resolution processes while incurring pharmacologic approaches. Although medicine holds important
minimal side e ects Perretti and Dalli, 2009; Serhan, 2011;potential in changing health outcomes, we do not diminish the
Rogerio et al., 20)2These concepts lead us to a key componenprofound impact of other lifestyle behaviors such as diet and
of BrSM's therapeutic strategy: Interventions should zéli weight management that have proven to have a remarkable
multitarget medications that act in concordance with mplé  impact on chronic disease preventioadd et al., 2000
network interactions, feedback loops, and biorhythms irgmer
in autoregulatory networks. In other words, the e cacy of a Djscussion
medication in reversing the clinical picture of disease may b
determined by its capacity to in uence multiple interactions At the most expansive level, participants summarized two
As model participants endorsed, when multiple independenprimary undercurrents of BrSM: information regulation and
targets of the same pathways are inhibited simultaneoushyida  disease resolution. We nd these themes permeating all regio
inhibition of each target can achieve a much larger therapeut of the model, perhaps unsurprisingly given that the approach is
window and therapeutically relevant e ect than single-targetpurposed to bridge systems biology with a clinical application.
treatments Csermely et al., 2005 Indeed, BrSMis advantageous in its proactive approach to diseas
One important question is precisely how these medicationsnanagement, supporting the temporal evolution of patient
can be derived. The notion of combination chemistry andcondition. In this regard, BrSM adds dynamic features to a
synergy are viable strategies. Whereas the concept of gynetgstorically static perspective of patient condition. This amgch
has been used for some time in various scienti ¢ disciplinessmbraces change, both in terms of activity at micro and macro
its use in medication design oers a novel application, andnetwork levels, as well as in how disease resolution is amthiev
may be one that allows for more comprehensive and broadehrough endogenous and exogenous means.
reaching e ects. Combinatorial strategies may prove e ective The in ammatory response to network perturbation can be
by inhibiting the pathophysiological pathways implicated inused to assess how well the autoregulation of physiological
disease, while simultaneously altering other intercobeéc in ammation is able to induce homeostasis. The ability to
pathways that also in uence disease regression. By employimipserve non-resolution of acute physiological in ammatiarda
a network pharmacology strategy, a medication can a ect aa movement toward overwhelming acute in ammation (as seen
entire signaling process. This strategy can include actjeats in multi-trauma cases, for instance) or chronic in ammatip
that weakly target di erent proteins that are present in a givenstrongly suggests a breakdown in network information ow.
signaling network. The microenvironment response to in ammation is another
Put simply, a multicomponent strategy, applied throughpotential surrogate for assessing regulation capacity. As we
the lens of BrSM, has potential to in uence a wide range otan observe changes in the remodeling pattern of the
information ows in disease-perturbed networks, allowingrf microenvironment as a disease becomes increasingly ahyriini
e cient control over such networks, and promising higher seems prudentto consider such remodeling as a natural itatica
drug safety and less drug resistance. These benets aim tF disease progression. In accordance with this hypothesis, it
trump the long-term e ects of single component strategiesjs not surprising that markers of in ammation and matrix
from which various undesirable consequences result. FBMBr turnover are increasingly cited as predictive biomarkers of
modest modulation, lower concentrations, and synergisticts  disease progression, e.g., in chronic stressingel et al.,
collectively suggest a potentially powerful adjuvant to tiheent 2010, chronic prostatitis Penna et al., 200,7 atherosclerosis
medication model. (Libby, 2002, chronic obstructive pulmonary diseas&estbo
In sum, experts in this initiative clearly recognized anet al., 2008 ankylosing spondylitis\(isvanathan et al., 2003
important link between multi-combination medication and non-alcoholic fatty liver disease/N{eckowska et al.,
design and BrSM's scienti ¢ basis, noting that multitaiggf 200§. Moreover, a novel in ammatory biomarker, YKL-40, is
multicomponent medications can be used to purposefullyproposed as the clinically relevant alternative to CRFh@nsen,
in uence biological information of regulatory networks én 2009.
in turn impact reversal of disease. Perhaps the most bene cial Further research with “omics” platforms, especially genomics
aspect of this medication approach is in the potential to targewill likely validate, re ne, or even replace the use of these
multiple nodes of the autoregulatory networks involved insurrogates in clinical decision-making. These platforms are
disease. This in uence may not be limited to a particular &rg especially well-suited for a systems medicine approach, &s the
tissue or organ. As many disease-perturbed networks aremreseembrace the analytic complexity of biological networks, arel ar
in many tissues, these medications may be able to addregwrefore also likely to assist in identifying the variousyts of
distorted information ow throughout a patient. a multicomponent medication design.
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Areas for Future Research 2019, genomic and other “omics” patterns are likely to better
Like many recent advances in medical theory developmentielineate the autoregulatory status of a patient. The infdioma
BrSM faces various challenges in actualizing its clinicemial.  elicited from genomic patterns can potentially address thednee
Participants acknowledged that much ongoing research idetbe to better understand the scienti ¢ basis that relates thereno
to validate and expand its scienti ¢ and clinical evidenceédn  conceptually sound anchors of the model.
this section, we summarize the major areas for future resear  Appropriate diagnostic technological platforms are also
concentration that will support the practical application of the essential for capturing relevant biological information tae
BrSM approach. Our hope is that this paper encourages scienti gecessary level of detail. In the context of BrSM, lipidomics,
and clinical communities to explore these areas in their owmmetabolomics, genomics, and proteomics are technologiats th
work, and consequently help to propagate the growing need fatan help to detect and monitor the autoregulatory state of
more e ective therapeutic strategies. a patient in order to diagnose more comprehensively. New
The ability to measure the multiple networks involved intechnologies will also allow for numerous markers to be tkste
disease processes is a critical step in addressing disett®® atsimultaneously, expanding the diagnostic utility of already
systems level and understanding the global autoregulatoryommonly tested clinical uids such as blood¢od and Flores,
network. Whole genome transcriptome analysis provideg019, salivaZauber et al., 20)2and urine Gharma et al., 20).1
an optimal analytic tool for understanding the genomicin the near term, “omics” technologies are relatively expens
quanti cation of disease evolution and health-diseasdusta because they are still evolving and are quantifying therenti
High resolution transcriptome maps of disease will allowgenome, transcriptome, or proteome. In 3-5 years, as these
for the identi cation of therapeutic targets and will further technologies become more price competitive and the relevant
guide diagnosis and medication design, thereby enhandieg t genes, transcripts, and proteins become well known, focused
practical value of the BrSM model. The advent of next-gefmamat “omics” tests will be fast and inexpensive methods for guiding
sequencing methods will also allow for a more individualizedBrSM therapy.
picture of health and disease, further advancing persordlize Multitargeting medications suggest a promising pathway for
medicine Gripada et al., 20)2 in uencing biological information of regulatory networksnd
Research on the microenvironment or “terrain” in which with a greater degree of agency and purpose than current
inammation takes place will provide more comprehensivewidely used medicationsCsermely et al., 2005 Given the
insight into treating the underlying causes of chroniccurrent healthcare and medical challenges, it is evideat the
inammatory conditions, extending the therapeutic value single-molecule, single-target paradigm does not provide the
of any medical intervention beyond targeting symptoms alone speci city and sophistication that a multitargeting modelsha
Chronic in ammation, however, is biologically complex; potential to o er. To this end, new medications and treatment
therefore, the same intervention could produce di erent e &ct protocols are warranted to target and bioregulate perturbed
in di erent patients at di erent times (\athan and Ding, 2000 autoregulatory networks toward resolution. In addition tew
Future therapeutic systems would benet from the ability tomedication design, this strategy can be applied to the vassdata
assess the current in ammatory pro le of individual patients (Comprehensive Medicinal ChemisBy of existing drugs to
which could then help to identify and locate any blocks tocreate new, unique formulas. This approach is already used for
resolution, as well as underlying pathologies. cancer therapeutics, which currently include eight drugatth
Furthermore, the ability to measure the history andinhibit more than one regulatory enzyme. Evidence shows tha
culmination of an individual's resolution factors over this multiple target activity is advantageous in an oncolagyisg
time can allow the clinician to better evaluate the overal(Knight et al., 201
inammatory status of a patient and prescribe the most A multitargeting medication strategy inevitably raises
appropriate treatment. questions about the number of known molecular targets that
It is important to note that the in ammatory network is can be used for future combination design. Whereas current
not the only perturbed system of a particular disease, or evelatabases include targets derived from biological infdioma
the main target of the therapeutic approach. The endocrinesequencing, there is little evidence of bioregulatory ekw
neurological, and other systems are a ected as well. We gusitt information. Future database development that considers the
the clinical picture of in ammation may nonetheless be used acomplexity of regulatory information will likely expand the dyu
a surrogate marker to classify known diseases in order toigred target landscape to unprecedented levels. Nonethelessngxist

the status of the autoregulatory network. knowledge can support the design of medications that will act o
Development of a formal diagnostic platform for BrSM is multiple targets across known disease networks.
likely to aid in realizing and validating the relationshipsiang At this point, three drug design strategies can be

its scienti ¢ and clinical elements. Diagnostics are alsseatial suggested. First, multiple individual medications can be
in making therapeutic decisions. The ability to evaluate theised simultaneously. This strategy is most in line with eatr
autoregulatory patterns of a patient is critical in determigithe  medical approaches, as in the case of treatment protocols for
appropriate combination of treatments to achieve homeostasi$ilV, tuberculosis, primary hypertension, osteoarthritis, lispu
Although empirical in ammatory patterns or allostatic state

models may providg useful. surrogates for measurement in th%omprehensive Medicinal Chemistry (CMC). Available online at: Wpcelrys.
absence of formal diagnostice¢mero et al., 2009; Oken et al., com/products/databases/bioactivity/comprehensive- medicitaistry. html
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erythematosus, metabolic syndrome, bromyalgia, and cdhe the global molecular information from onset, to the appearance
Second, multicomponent medications can be developed thaif symptoms, to the nal disease stages. Interestingly, tie fo
contain two or more active ingredients (e.g., Combivir,ipta, identi ed networks of the prion disease are also those perturbed
Advair, Caduet, Iberogast, Traumeel). Third, single-comgrn in other neurodegenerative diseases such as Alzheimerssdise
medications can be developed that act on multiple targetsluntington's disease, Parkinson's disease, and amyotrophic
simultaneously. This is the major objective of chemogermsyea lateral sclerosis. This line of research further supports the
novel pharmacology eldi(ledina-Franco et al., 2013; Sakharkarpotential insight derived from understanding and identifgi
et al., 201) BrSM embraces all three strategies, to the extent thamolecular networks that are shared by the progression ofiplelt
they support the intent of neither blocking nor interferingthi  diseases, and applying this insight to modeling an indivigual
endogenous resolution pathways that help to reduce therajgy si disease evolutiori{wang et al., 2009
e ects and promote long-term bene ts. From a clinical practice perspective, this research sugdests t
Finally, the potential to in uence stem-cell niches throughin any individual patient, disease interconnectedness (layesh
medication begs the question as to whether using nicheswuas dr molecular events) represents the individual's disease gonju
targets may be a valuable treatment component. Stem cedls exie ected in the patients medical history. The results support
in niches which act as basic physiological units that integra the development of personalized medicine, and provide an
signals in order to mediate stem cell response to organisrdsiee opportunity for the disease evolution concept to be formally
Niches essentially regulate the extent to which stem cedls aintroduced and studied in the clinical setting. Some redearc
involved in tissue repair, generation, and maintenance. I&/hi groups within the scienti c medical community have already
niche manipulation has been broadly considered in the cantexbegun developing disease models, such as in the case of diabete
of various chronic conditions (e.g., cardiac repair, diglset and have validated these models in an RCT settiagdy and
cancer) Department of Health and Human Services, 2))fliese  Schlessinger, 200T he success of this modeling supports future
concepts may also apply to regulation and mediation of chronicesearch that looks at simulating the dynamic evolution of
in ammatory conditions. By targeting the in ammatory sy&mih  health-to-disease processes in a way that can be used to predict
in treatment, stem cell niches may be in uenced and in turnthe response of a whole in ammatory/wound-healing biolagic
impact the regeneration of a ected tissue. network, rather than the response of particular in ammatory
Future clinical research may consider whethemmediators.
bioaccumulation of toxins in tissues can negatively in uenc
cellular health, as environmental toxins and metabolic t&'as Conclusion
products can accumulate in the extracellular matrix and
cause disease. Recent research in various health discipliddthough various challenges remain in bringing BrSM to
demonstrates that deciency and toxicity are commonpatients, the foundation outlined in this model o ers fruitfu
etiological determinants of contemporary ill-healttizénuis, grounds for next steps. Looking ahead, the BrSM scientic
2012). Bioaccumulation of pesticides in adipose tissue, focommunity should pursue focused research projects that aim to
example, increases the total body burden of intoxication anéstablish the molecular ngerprint of autoregulatory netks,
may lead to neural, immune, and endocrine toxicityr(nnion, map the health-disease continuum, improve autoregulatory
2000. This line of research also suggests a relationship betweeapacity diagnostics from empirical to objective assesstnels,
bioaccumulation of environmental toxins and perturbatioims and test various bioregulatory treatment strategies inicéih
the immune response/in ammatory network that should be settings. Pharmacoeconomic studies evaluating cost-eeutiss
explored further in the context of BrSM. of BrSM diagnostics and therapies will become an important
The ability to identify molecular networks shared by part of this research. Ongoing research in the elds of system
the progression of multiple diseases suggests that modelifgplogy also promises to strengthen the scienti ¢ landscapbef
an individual's health-disease continuum would also previd BrSM approach. Empirical evidence from clinical experience and
clinically relevant information. In one study, whole-geane the development of patient registries will continue to valelas
sequencing was applied to a blood sample from a patient withbility to resolve chronic conditions.
a history of vascular disease and early sudden death as aThe interconnectivity that sustains the human organism is
means of developing a model of the patient's individual diseasundeniable. We anticipate that approaches like BrSM can provide
network. The resultant model displayed an interconnectedoadmaps for connecting the dots between scienti ¢ discimger
picture of disease modi able factors such as smoking, dieand ideal clinical outcomes. While we are still in the earjgsts
alcohol, exercise, and medication use, as well as risks fof this paradigm shift, emerging conceptual models such as tha
developing coronary artery disease, obesity, osteodaghehd presented in this paper promise to pave the way for a future of
Type 2 diabetes. Given the high correlation among thesmedicine that is cost e ective, patient-centered, and betiiele
diseases, the authors concluded that information regaydinto achieve improved medical results.
individual patient disease risk and response to drugs can in
fact be derived from whole-genome sequence datahiey Acknowledgments
et al., 201)) In another example, researchers identi ed a set of
molecular networks that are perturbed during the progressiorThe authors are grateful to the scienti ¢ and clinical expevt®
of a prion disease in mouse models. The researchers monitorgarticipated in various stages of the model development process
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