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ABSTRACT

A sustainable body with biological robustness for life is subsumed as it develops with evolutionarily conserved embryogenetic and organogenetic
mechanisms. The neural, perfusional, and interconnective elements (NPI) as three dimensions in the contextual assembly of the body provide
a basic adaptive mutually sustaining matrix. The fascial connective tissues stabilize and facilitate external-internal body formation while the
neural and vascular elements, co-directed since early development, adapt flexibly for new changes over the preset life unit. The interactive array

of body NPI dimensions has all along been underemphasized. This paper makes a short description of the makeup of this complex.
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DEVELOPING A SUSTAINABLE BODY FOR LIFE

Three Basic Dimensions before birth

Human body development after conception proceeds at
cellular level proceeds as a consequence of multiple processes
including proliferation, differentiation, acquisition of polarity,
and cell movement. In order to develop unfailingly a sustainable
body for life, embryogenetic and organogenetic mechanisms
of development are highly conserved evolutionarily among
species at tissue, cellular, and molecular levels [1,2]. Patterning
and cellular migration [3] form the complex structures to
produce the recognized morphogenesis of embryos and organs.
Self-organization depends both on chemical and on physical
cues [4-7].

In producing functional tissues and operational organs that
match the physiological needs of the organism, it needs a
tightly regulated organization in time and space. The neural,
perfusional, and the interconnective NPI matrix develop early
as three essential dimensions together and spread out their
contextual assembly over the body. The NPI three dimensions
are mutually enhancing during development. Chemical signals
as well as mechanical signals [8,9] mediate information
propagation. The mesenchymal interconnective dimension
with its biophysical attributes contributes to instructive

sculpting of the embryo topology [10] from inside up to the
musculoskeletal and mantle frame. Nervous elements and
blood vessels, ramifying the same mesenchymal environment,
develop in parallel following similar differential cues from
the connective tissue environment. Nervous and vascular
elements co-directed in an entanglement relationship [11]
branch alongside progressively in tree-like network to reach
every organ and the periphery. In general, cellular level genetic
networks that shape the organs are evolutionarily conserved,
while cellular-physical mechanisms workup is a consequence
of shared physical organization rather than due to evolutionary
descent [12]. With the NPI dimensions, the formation of tissue
barriers and boundaries, useful in resisting pushing or pulling
forces, is complemented by informational and perfusional
elements going around or piercing through them. The setup
ensures the ramifying sophistication of body elements in

formal order.

Composing the body makeup after birth

The three NPI dimensional elements, along with the hardcore
of organ systems under a body mantle, steadfastly maintain
and sustain the individual throughout life. Developmental
windows open during pregnancy to allow the primal setup
varying degrees of adaptations to its environment. The setup
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at birth endows biological robustness [13] so that individuals
sustainably grow and develop in momentum, preserving well
innate characteristics and installed assets while overcoming
living demands. With biological robustness, doubly assured
mechanisms are built in to make sure that the outcomes of
biological processes are stereotypical even when environments
vary or perturbations arise [14].

The topology of the three NPI dimensions of fascial, circulatory
and neurohumoral networks build up biological robustness of
the final contextual assembly of the body. The fascia sheets
as interconnective matrix would encase, separate and stabilize
various parts while sustaining interactively the various
body functions. The corresponding development, structural
relationship, and functional association between neural and
vascular elements are closely related in health and disease
[15]. The fascial, circulatory and neurohumoral elements as
three dimensions spreading together contribute to shaping
interactions between external and internal domains. With their
supportive infrastructure, the individual flexibly adapts to
new changes over the existing balanced life unit after birth.
While the operational organs embody the body hardcore,
five self-vitality subsystems consolidate their interactive
functions through remodeling with well-patterned dynamics in
response to tune in with the environment [16]. The base is thus
established for the human being attains the physical, cognitive,
and psychosocial development throughout the lifespan.

DEVELOPMENT OF
DIMENSIONS

THE THREE BASIC

The NPI interactive array of neural, perfusional, and
interconnective elements as three dimensions provide a basic
adaptive mutually sustaining matrix. In the fascial connective
system woven with the circulatory and neurohumoral elements,
the living organism is in fact building up a network with paths
for the transportation of energy signals including Meridians
[17]. Nei Jing describes how the parts of mind and body are
interacting with the environment through the energy processes
(Q1), circulatory channels and blood as well as fascial system
to consolidate related Zang organs, vitalized by meaningful
ideas and intention up to the enduring will, well bred-in-the-
bone [18].

Fascial dimension

During embryonic development, different forms of connective
tissues (CTs) originated from undifferentiated mesenchymal
cells derived from mesodermal and mesectodermal (neural
crest) cells. CTs have different forms as bones, cartilage,
tendons, ligaments, and irregular connective tissue [19].
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Mesenchymal stem cells were noted for many years for their
ability to differentiate into more than one type of the cells
that form connective tissue in many organs [20]. These cells
migrate and diffuse throughout the body of the embryo. Cells
belonging to different germ layers, mediated by mesenchymal
determinants, direct the role and functions [21] as specific
key transcription factors or signaling molecules direct CTs
differentiation into different types. The Sox5/6/9, Runx2/
Osx, Scx/Mkx/Egrl, and Tcf4/Tbx5/Osrl genes induce
mesenchymal stem cell differentiation into either cartilage,
bone, tendon or irregular connective tissue [22].

The fascial system can be viewed as sheets and bundles of
CTs that interpenetrates and surrounds all the various organs,
muscles and bones and cartilage as well as nerves and vessels
[23]. The bones and cartilage are notably specialized CTs.
Taking aside loose connective tissue as that filling unfilled
spaces, CTs in this fascial system could be viewed in two
groups for a more effective understanding of the body.

1. CTs along the body tendomuscular frame, where
tendons, muscles and bones provide a biomechanical
system in actions. Ligaments from bone to bone
and tendons from muscle to bone are two main types
of CTs that enforce the muscular-skeletal system in
actuating movements. In particular, their alignment to
transmit forces over a distance is consolidated by dense
regular connective tissue.

2. CTs penetrating and surrounding the various organs,
where dense irregular connective tissue predominates.
The dense irregular connective tissue embeds and
scaffolds different body organs as a protective envelop,
with scattered cells embedded in high extracellular
matrix content. Dense irregular connective tissue also
wraps around the body under the mantle and includes
joint capsules, periosteum, and aponeuroses. As it
forms a stroma and provides structural support, fiber
orientation is multidimensional.

To start with, during development of both dense regular CT
and irregular CT, Type I and type III collagen are expressed.
During maturation, type I collagen predominates in adult
tendons with dense regular CT. On the other hand, both type
[T and type VI collagen are still expressed in mature irregular
CT [24-27].

The fascial system enfolds the tendons, muscles and bones
and ligaments. CTs are important in this tendomuscular frame:
CTs exist between every cell, fiber, and fascicle of the muscle,
bones of the skeleton as specialized connective tissue are held
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firmly together by ligaments, muscles are attached to bone by
tendons, and tendons with dense connective tissue in parallel
array of fibre bundles provide great tensile strength. This broad
presence of CTs in the breadth of interactive musculoskeletal
framework allows for effective and powerful muscle
contraction over joints (which cartilage is also one of CTs
with an abundant intercellular substance facilitating gliding
movements), while tendons transmit forces generated by
muscle contractions to bones for joint movements maintaining
articular stability. Simply, different forms of CTs make up this

interconnectivity array.

Evidence indicate more underlying interactive biological
mechanisms around this CT continuum as each part develops
its special role and usage. CTs are important in the regulation
of developmental and regenerative myogenesis, and defect
in connective tissue-muscle interactions can lead to related
human pathology [22]. Dense regular connective tissue
of tendons induces muscle development. For example,
tendon is implicated in the final patterning and position of
muscles at least in the mouse forelimb [28]. Bi-directional
muscle-CT communication directs a correct assembly of
the musculoskeletal system during development and up
maintaining adult muscle health. Vice versa, tenogenic and
ligamentogenic differentiation starts with inductive signals
from nearby sclerotome and myotome [29,30]. Tendons
require muscle to fully develop embryologically [31]. From
head to axis, axial tendon initiation is dependent of muscle,
while for head and limb tendons, muscles are required full
differentiation, though not for tendon initiation [22]. All these
CTs development in the musculoskeletal system highlight
their important interactive information signaling necessary for
proper morphogenesis of a tensile system.

On the other hand, CTs penetrating and surrounding the
various organs are dense irregular connective tissue which
provide support and reserves. These include the CTs of
peritoneum and CTs of fibrous pericardium which provide
resilience to forces stretching from many different directions.
Finally, loose areolar connective tissue is widely distributed,
and relatively unspecialized. Some embed adipose tissue, a
form of connective tissue with cells are specialized for energy-
rich reserves. Various stationary cells and migrating cells are
found in their high extracellular matrix content.

Collagens are large, triple-helical proteins that form fibrils
and network-like structures in the extracellular matrix. The
collagen triple helix as a module through oligomerization acts
as a structural organizer that is relatively resistant to proteases
and also establishes multivalent supramolecular networks.
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The collagens may have participated in the evolution as early
as in metazoans. Collagen IV is ancient, highly conserved
through evolution and present in all mammals. Its presence
enables the assembly of a fundamental architectural unit for
tissue formation [32]. With specialized high-avidity collagen-
receptor integrins, the body of chordates probably through
these cell adhesion receptors have evolved out bone, cartilage,
circulatory and immune systems [33]. The emergence of
collagen I in vertebrates provide an advantageous increase
in stiffness for support of long-range force propagation in a
tensile system and the development of low-compliant tissues
necessary for vertebrate traits including pressurized circulation
and renal filtration [34].

All forms of CTs are composed of extracellular fibres, ground
substance, and stationary and migrating cells. The proportions
of these components would vary from one part of the body to
another depending on the local structural requirements. Major
functions of CTs include binding and supporting, protecting,
insulating, storing reserve fuel, and transporting substances
within the body. Moreover, understanding that development
and orientation of CTs are closely associated with nervous
and perfusional elements expand our understanding of their
dynamic functions.

Neural and vascular dimensions

While the fascial connective tissues stabilize and facilitate body
formation be adapted external-internally, the co-directed neural
and vascular elements adapt flexibly for new changes over life
for a balanced snug and fit outcome. Its complexity is recently
described at length [11]. Nerves and vasculature since early
development go in parallel following similar differential cues
from the mesenchymal connective tissue. Neural and vascular
branching are closely associated alongside and patterned
together throughout development and up to adulthood.

Starting embryologically, pericytes present around the
endothelial cells in every vascularized tissue in the body
generate early microvascular structures before recruiting
endothelial cells to line these vessels [35]. Positive blood
vessel patterning signals are initiated by the embryonic neural
tube [36]. Growth cones for neurons and for vasculature
project onwards, sharing receptor expression [37] and other

features [38].

In the periphery, nerve-artery congruence is established
through nerve-derived signals that direct arterial differentiation
and regulate patterns of angiogenic remodeling [39]. In the
developing brain, pericytes appear early during vascular
development [40], and neural tube-derived signals regulate
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sprouting capillaries to induce formation of blood brain barrier
characteristics in the neural tube vasculature. Their symbiotic
relationship is demonstrated by the close association between
nerves and blood vessels as neurovascular bundles in the
periphery and as neurovascular unit in the brain [41] as well
as the correlation between neuronal and vascular cells [42,43].
Information and perfusional resources go together to suit
spatial and temporal needs.

NEURAL,PERFUSIONAL, ANDINTERCONNECTIVE
ELEMENTS CO-PLAY TO LIVE

The three dimensions as a whole in the body

An overview of the body described it comprehensively for a
functional-anatomical whole [16]. Four layers are described
with the mantle as borderzone, the underlayer interface as
interactional zone, the core with organ systems, and the deep
biostratum of resources, all subjected to constant changes. The
hardcore consist of operational organ systems - cardiovascular
system, lymphatic system, respiratory system, digestive
system, nervous system, endocrine system, urinary system, and
reproductive systems. The whole musculoskeletal system is
anchored together with the integumentary system to enable the
body to move about. Taking advantage of biological robustness
endowed in early life, the individual sustains his body through
living with well-patterned dynamics remodeled integrally and
recurrently to suit environment [44]. Self-vitality subsystems
[16] continually remodeled the buildup of well-coordinated
dynamics patterned for the core-vs-match necessities of life in
individual environment.

Bound outside by the mantle, the body is subjected to
surrounding physical and biochemical changes. As the body
borderzone stabilizes, acts, reacts, and shape overall outer
feeling and reaction, a correspondence mechanism is set up
between the body and the outside world, through processes
including traction, immune surveillance, border sensing, heat
transfer, and microbiome sampling. The fascia sag of the
whole body, from the mantle to the inner organs, are formed as
multiple sets of different connective tissue in the transfer of this
correspondence, also aligning itself with the tendo-musculo-
skeletal frame. Nervous and vascular elements, following
similar differential cues from the environment of CTs, have
their growth cones in the embryo extending filopodia and
dissolving confronted obstructions by secreting proteases to
project onwards [45,46]. Consequently, they ramify the body
by neurovascular bundles that penetrate many structures, even
tunneling through clammed complexes of CTs, and also reach
the periphery by piercing the deep fascia out to the superfices.

el
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The impressive close association of this interlocking inter-
woven matrix of the three body NPI dimensions demonstrates
how they significantly interact for the individual as a whole.

Microenvironment facilitating interactions together

Starting in the embryo, the body is endowed from genetic,
epigenetic and developmental programs to prepare for life.
After birth, the real world involves fluctuating levels of
both internal and environmental perturbations, and the NPI
dimensions embody adaptable coordinative setup poised for
requisite changes for successful survival.

Nutrients and waste products are exchanged in tissues in the
organ systems. While cells in CTs maintain the extracellular
spaces with conditions that facilitate this exchange, the
exchange must traverse perivascular spaces in them. Nervous
elements supports and directs the development of blood
vessels to carry necessary nutrients, oxygen, proteins to all
organs via the interstitial space. Immunity cells migrate out
from the blood vessels. Fibroblasts in the connective tissue
could generate mesenchymal stem cells [47,48]. Fibroblasts in
CTs act as stromal cells and as parenchymal cells in several
specialized connective tissues. Fibroblasts are more than
collagen-producing cells and in fact remarkably diverse in
different tissues across the body, and even within the same
tissue [49]. Fibroblasts in most organs are actively involved in
regeneration apart from repair [50].

The setup of the NPI dimensions is a crucial body framework
for its adaptivity. The surrounding physical stimuli amongst
other chemical, biological and social cues and demands are
reacted upon and acted through their interplay. Fibroblasts
when migrated to tissues with different tension would change
into different cellular phenotypes accordingly [51]. The
mechanical properties of the extracellular matrix (ECM),
including the fiber density [52,53], fiber orientation [54],
and cell-substrate adhesiveness [55,56] can influence cell
migration. On the other hand, cells can inducing permanent
strain in the ECM [57,58] can significantly remodel the matrix,
forming bundles of aligned densified collagen fibers [58].
These bilateral influences between cells and CT have been
well studied [59-62].

Physical forces and changes in the mechanical properties of
cells and tissues contribute to development, cell differentiation,
physiology, and disease. Even in vascular tissues, adherens
junctions supporting the integrity of the vascular tube and
regulating tensile forces comprise the basic cellular adhesions
between endothelial cells. Mechanical and chemical cues and
stimuli should be considered together. The extracellular matrix
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(ECM) serves as a scaffolding for cells including stationary
cells and cells migrated in. Adherence of cells to the ECM
facilitates migration. Stimulated fibroblasts during injury
and inflammation migrate into the site with formation of new
collagen profusely for scar formation. Mast cells migrated in
from the blood contain granules with histamine and heparin
which affects vascular permeability and delay blood clotting.

The NPI fascial, circulatory and neurohumoral elements are
woven together to shape interactions between external and
internal domains. Stem cells reside within stem cell niches
in extracellular matrix proteins that provide signals to govern
the stem cells. A growth factor nrg-7, produced by neurons,
stimulates stem cell proliferation, and increases after removal
of collagen IV [63]. Mesenchymal stem cells, even for their
small numbers in adult tissues, contribute to tissue cell turnover
and also respond to tissue damage [64,65]. Maintenance of
potency of adult stem cells require physical interactions with
ECM [66]. Even in the bones, skeletal stem cells are essential
for development, growth, and maintenance of the skeleton
[67]. Physical cues through the fascia regulate stem cell fate
and function during embryonic development and in adult
tissues [67].

More than simply repair, regenerative functions can be seen
[50]. In adults, resident stem cells allow recovery from mild
damage in tissues and organs. In highly regenerative organs
such as the intestine, fibroblast are actively maintaining the
stem cell niche [68]. Fibroblasts activated after injury would
secrete growth factors and mitogens in remodeling structural
components of ECM to restore normal tissue architecture in
the liver with proliferation of differentiated cells [69].

In the adult, endothelial cells still show significant growth
potential, even for regenerative or pathological processes
[70,71]. Neurogenesis and angiogenesis are closely associated,
with endothelial cells in vascular niches releasing cues for
neural stem cells [72,73]. Mesenchymal cells located within
or in proximity to the blood vessels wall, including pericytes,
adventitial fibroblasts and mesenchymal stromal cells, are
well coordinated so that their responses contribute well to
inflammatory states or else fibrotic problems [74]. Blood
vessels and vascular niches in bone are also critically important
in regulating bone development and physiology [75].

NEURAL AND VASCULAR ACTIVITIES
ADAPTIVELY UNDER THE FASCIAL SUPPORTIVE
COVERAGE

It can be said that the connecting tissues provide the grounding
base for neural and vascular fronts. Pushing forward,
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information and perfusional resources go hand in hand.
Environmental cues would input as patterning signals. These
NPI dimensions secure for the individual in his forward thrust
with perfusional support, and also provide innate vascular
and connective cells with proliferation and significant growth
potential ready for tissue repair and regeneration when
required. Responsive to mechanical cues and with the nerve-
vascular entanglement governing appropriate microvascular
density towards needs, nervous activity and perfusion go
together to meet forwarding fronts. Maintenance of resources
to vital tissues in satisfactory levels through vasodilation and
vasoconstriction allow nervous activities be well protected by
perfusion.

A number of neuro-vascular functionalities are in place to
provide resourceful support. During and after assertion,
appropriate microvascular density towards nervous-directed
needs and redistribution for coordinated neuro-vascular
regulation in effective patterns for the whole body are needed
[11]. These include neuro-vascular coupling with fascial
support at tissue level, autoregulation at regional levels to
maintain stable blood flow to a region over a wide range of
systemic conditions, recruitment of the hepatic splanchnic
circulation during assertive activities at whole body level,
and patternable metabolism and perfusion through body
pacemakers matching for daily patterned activities [76].

During activity, blood flow needs to reach the local tissues at
the right time and place and in the right amount. The fascial
system ground an orderly matrix for support. Well-patterned
dynamics provide for ready and matching mechanisms to act
and react to surrounding variations and disturbances [44].
Execution with assured dynamics would be controlled by fine-
tuning itself to match for discrepancies at task over a stabilized
core to sustain and maintains the individual formation as a
whole. The better the matching responses, the stronger would
be the individual to function.

In continuing more demanding activities, extra effort is deemed
necessary. The individual needs to exert beyond basic levels
of functioning or attempt alternative strategies or recruit other
resources to maintain performance. The fascial system with
repeated strains and torsions would be mal-aligned to the best
effective formation. The neuro-vascular coordination may be
strained accordingly. Clinically, the complexion should show up.
Sometimes continual demands may call even for shifts or new
body changes even in constitutions, psychotypes and adaptive
structural types. Unsuccessful accomplishment, poor core-to-
match environment, or incongruent restitution causes problems
which can alter the orderly or well-patterned contextual
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assembly of the three dimensions. As blocks and blood stasis
even with bruising manifestations are prominent pathologies in
Chinese medicine, the consideration of the interactivity of the
NPI dimensions is pertinently required clinically.

SUSTAINABILITY WITH BODY SNUG AND FIT

With the NPI contextual assembly well-ordered and with
resources carried along nervous and perfusional elements, all
kinds of activities can spring forth. Survival quality depends
both on fitness and snug of the individual. The core formation
needs be kept integrally robust while the individual fits
well with the surrounding demands. Conserving biological
and physiological synchrony between the individual and
environment in interactions produce snug [11]. Even since
birth, the body is equipped with processes that the body core
can continually match its environment without losing the core
formation and strength. Above the hardcore operational organs,
all five self-vitality subsystems [16] evolve with repeated
remodeling as they mature, and the three NPI dimensions tune
in with a setup correspondingly.

While lives of any organism depend upon the entire ecosystems,
the body developed pertinent energy efficient mechanisms.
Energy efficiency is an important principle for optimizing
physiological functions within organisms [77]. For effective
living and actuation modes in different terrains, this energy
efficient state depends on the central nervous well in disposition,
the body fascial system toned up, and activities handled by well-
patterned functions wherewith reserves are never over-drained.
Maturation of body habits and brain circuits, nervous-circulation
coordination, and associated physiological regulation and
autonomic responses follow. All these support self-actualization
with social engagement, living strong with adaptive body
and assets as the individual actuates, self-vitality subsystems
remodel, whereas the NPI dimensions restitute and re-pattern to
re-attain snug while reaching out for being fit.

Retrospectively, the understanding of hardcore organs
systems through last few centuries have opened up a clinical
approach starting with specific therapies for lesions as a
clinical problem. The understanding of the NPI dimensions
under the remodeling self-vitality subsystems should initiate
re-understanding another clinical approach for multi-system
disorders which have nowadays been viewed as chronic
diseases. The disorderly contextual assembly and static/
blocked interactions of the three dimensions could amount
up to layers of burden, diminishing quota for reserves, and
rings on rings of maladjustment. With more direct remedy
towards the NPI dimensions rather than detour treatment of
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the hardcore organs, another perspective would be open for
effective treatment.

REFERENCES

1. Schoenwolf GC (2002) Principles of developmental biology. J
Musculoskelet Neuronal Interact 2: 268-269.

2. Hashimoto M, Morita H, Ueno N (2014)
Molecular and cellular mechanisms of development underlying
congenital diseases. Congenit Anom (Kyoto) 54: 1-7.

3. Satoshi K, Anna K (2008) Cell biology of embryonic migration.
Birth Defects Res Part C. Embryo Today Rev 84: 102-122.

4. Davidson LA (2017) Mechanical design in embryos: Mechanical
signaling, robustness and developmental defects. Phil Trans R
Soc B 372: 20150516.

5. Shahbazi MN (2020) Mechanisms of human embryo development:
From cell fate to tissue shape and back Development 147:
dev190629.

6. Michael BK, Fergal JB, Jacqueline SD (2010) Substrate stiffness
and contractile behavior modulate the functional maturation of
osteoblasts on a collagen—gag scaffold. Acta Biomaterialia 11:
4305-4313.

7. Ciara MM, Amos M, Matthew GH, John PG, Fergal JO (2012)
Mesenchymal stem cell fate is regulated by the composition and
mechanical properties of collagen— glycosaminoglycan scaffolds.
J Mech Behav Biomed Mater 11: 53-62.

8. Genuth MA, Holley SA (2020) Mechanics as a Means of
Information Propagation in Development. Bioessays.

9. Das D, Julich D, Schwendinger-Schreck J, Guillon E, Lawton
AK, et al. (2019) Organization of Embryonic Morphogenesis via
Mechanical Information. Dev Cell 49: 829-839.e5.

10. Dzamba BJ, DeSimone DW. (2018) Extracellular Matrix (ECM)
and the Sculpting of Embryonic Tissues. Curr Top Dev Biol 130:
245-274.

11. Yu ECL (2021) From Core and Mantle to Primary Integrality - A
Brief Introduction of the Fit and Snug States. J Altern Complement
Integr Med 7: 177.

12. Love AC (2017) “Developmental mechanisms”, in The Routledge
Handbook of the Philosophy of Mechanisms and Mechanical
Philosophy, S. Glennan and P. Illari (eds.), 332-347, New York:
Routledge.

13. Whitacre JM (2012) Biological robustness: paradigms, mechanisms,
and systems principles. Front Genet 11: 67.

14. Sokac AM (2019) Mechanical Networks Have Robustness Built
into Their Topology, Too. Developmental cell 50: 527-528.

15. Andreone BJ, Lacoste B, Gu C (2015) Neuronal and vascular
interactions. Annu Rev Neurosci 38: 25-46.

16. Yu ECL (2020) From Body Mantle to Internal Core - a Parallel
Framework to Organ Systems. J Altern Complement Integr Med
6: 129.

17. Fung PCW, Kong RKC (2018) Relationship among the Meridians,
Sinew Channels and Integrative Five Fluid Circulation System.
Traditional Chinese Medicine 7: 74-92.

© Asian Journal of Complementary and Alternative Medicine, 2021 76



YU, Edwin Chau-Leung

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

Wang Bing (1995) Huangdi Neijing Huangdi Neijing. Su Wen 62:
Diaojing lun (Regulation of the channels).

Wachtler F, Christ B, Jacob HJ (1981) On the determination
of mesodermal tissues in the avian embryonic wing bud. Anat.
Embryol 161: 283-289.

Caplan AI (1991) Mesenchymal stem cells. J Orthop Res 9: 641-
650.

Andrzejewska A, Lukomska B, Janowski M. (2019) Concise
Review- Mesenchymal Stem Cells- From Roots to Boost. Stem
Cells 37: 855-864.

Nassari S, Duprez D, Fournier-Thibault C (2017) Non-myogenic
Contribution to Muscle Development and Homeostasis: The Role
of Connective Tissues. Front. Cell Dev Biol 5: 22.

Adstrum S, Hedley G, Schleip R, Stecco C, Yucesoy CA
(2017) Defining the fascial system. J Bodyw Mov Ther 21: 173-
177.

Kieny M, Mauger A (1984) Immunofluorescent localization of
extracellular matrix components during muscle morphogenesis.
1. in normal chick embryos. J Exp Zool 232: 327-341.

Zhang G, Young BB, Ezura Y, Favata M, Soslowsky LJ, et al. (2005).
Development of tendon structure and function: regulation of collagen
fibrillogenesis. J Musculoskelet Neuronal Interact 5: 5-21.

Gara SK, Grumati P, Squarzoni S, Sabatelli P, Urciuolo A, et al.
(2011). Differential and restricted expression of novel collagen
VI chains in mouse. Matrix Biol 30: 248-257.

Stricker S, Mathia S, Haupt J, Seemann P, Meier J, et al. (2012)
Odd-skipped related genes regulate differentiation of embryonic
limb mesenchyme and bone marrow mesenchymal stromal
cells. Stem Cells Dev 21: 623-633.

Huang AH, Riordan TJ, Wang L, Eyal S, Zelzer E, et al. (2013)
Repositioning forelimb superficialis muscles: tendon attachment
and muscle activity enable active relocation of functional
myofibers. Dev Cell 26: 544-551.

Yang G, Rothrauff BB, Tuan RS (2013) Tendon and ligament
regeneration and repair: Clinical relevance and developmental
paradigm. Birth Defects Res C Embryo Today 99: 203-222.

Kamrani P, Marston GG (2021) Anatomy, Connective Tissue.

Gaut L, Duprez D (2016) Tendon development and diseases.
Wiley Interdiscip Rev Dev Biol. 5: 5-23.

Fidler AL, Darris CE, Chetyrkin SV, Pedchenko VK, Boudko
SP, et al. (2017) Collagen IV and basement membrane at the
evolutionary dawn of metazoan tissues. Elife 6: ¢24176.

Heino J, Huhtala M, Képylé J, Johnson MS (2009) Evolution of
collagen-based adhesion systems. Int J Biochem Cell Biol 41:
341-348.

Tang VW (2020) Collagen, stiffness, and adhesion: The
evolutionary basis of vertebrate mechanobiology. Mol Biol Cell
31: 1823-1834.

Virgintino D, Girolamo F, Errede M, Capobianco C, Robertson
D, et al. (2007) An intimate interplay between precocious,
migrating pericytes and endothelial cells governs human fetal
brain angiogenesis. Angiogenesis 10: 35-45.

© Asian Journal of Complementary and Alternative Medicine, 2021

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

ALY/
\ .‘

AL AM

Sann®

%o

.y
.‘

Q Q

Hogan KA, Ambler CA, Chapman DL, Bautch VL (2004) The
neural tube patterns vessels developmentally using the VEGF
signaling pathway. Development 131: 1503-1513.

Larrivee B, Freitas C, Suchting S, Brunet I, Eichmann A (2009)
Guidance of vascular development: lessons from the nervous
system. Circ Res 104: 428-441.

Adams H, Eichmann A (2010) Axon guidance molecules in
vascular patterning. Cold Spring Harb Perspect Biol 2: a001875.

James JM, Mukouyama YS. (2011) Neuronal action on the
developing blood vessel pattern. Semin Cell Dev Biol 22: 1019-
1027.

Bauer HC, Bauer H, Lametschwandtner A, Amberger A, Ruiz P, et
al. (1993) Neovascularization and the appearance of morphological
characteristics of the blood-brain barrier in the embryonic mouse
central nervous system. Dev. Brain Res 75: 269-278.

ladecola C (2017) The Neurovascular Unit Coming of Age: A
Journey through Neurovascular Coupling in Health and Disease.
Neuron 96: 17-42.

Birch DJ, Turmaine M, Boulos PB, Burnstock G (2008)
Sympathetic innervation of human mesenteric artery and vein. J
Vasc Res 45: 323-332.

Dupin E, Real C, Ledouarin N (2001) The neural crest stem cells:
control of neural crest cell fate and plasticity by endothelin-3. An
Acad Bras Cienc 73: 533-545.

Yu ECL (2021) Neuro-vascular reserve in developing snug and fit
buildup. J Integ Med Prepublish.

Clark ER (1918) Studies in the growth of blood vessels in the tail
of the frog larva. Am J Anat 23: 37-88.

Speidel CC (1933) Studies of living nerves. II. Activities of
ameboid growth cones, sheath cells, and myelin segments, as
revealed by prolonged observation of individual nerve fibers in
frog tadpoles. Am J Anat 52: 1-79.

Yusuf B, Gopurappilly R, Dadheech N, Gupta S (2013) Embryonic
fibroblasts represent a connecting link between mesenchymal and
embryonic stem cells. Develop. Growth Differ 55: 330-340.

Shahbazi E, Moradi S, Nemati S, Satarian L, Basiri M, et al. (2016)
Conversion of Human Fibroblasts to Stably Self-Renewing Neural
Stem Cells with a Single Zinc-Finger Transcription Factor. Stem
Cell Reports 6: 539-551.

Chang HY (2002) Diversity, topographic differentiation, and
positional memory in human fibroblasts. Proc Natl Acad Sci U S
A 99: 12877-12882.

Gomes R, Manuel F, Nascimento D (2021) The bright side of
fibroblasts: molecular signature and regenerative cues in major
organs. NPJ Regen Med 6: 43.

Yamamoto K, Kishida T, Sato Y, Nishioka K, Ejima A, et al.
(2015) Direct conversion of human fibroblasts into functional
osteoblasts by defined factors. Proc Natl Acad Sci USA 112:
6152-6157.

Kaufman LJ, Brangwynne CP, Kasza KE, Filippidi E, Vernita DG,
et al. (2005) Glioma expansion in collagen i matrices: Analyzing
collagen concentration-dependent growth and motility patterns.
Biophys J 89: 635-650.

77



YU, Edwin Chau-Leung

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Sander LM (2014) Modeling contact guidance and invasion by
cancer cells. Cancer Res 74: 4588-4596.

Schwarz US, Bischofs IB (2005) Physical determinants of cell
organization in soft media. Med Eng Phys 27: 763-772.

Carter SB (1967) Haptotaxis and the mechanism of cell motility.
Nature 213: 256.

Malik AA, Wennberg B, Gerlee P (2020) The impact of elastic
deformations of the extracellular matrix on cell migration. Bull
Math Biol 82: 49.

Kim J, Feng JC, Jones CAR, Mao XM, Sander LM, et al. (2017)
Stress-induced plasticity of dynamic collagen networks. Nat
Commun 8: 1-7.

Nam SM, Lee J, Brownfield DG, Chaudhuri O (2016)
Viscoplasticity enables mechan- ical remodeling of matrix by
cells. Biophys J 111: 2296-2308.

Saez ABA, Silberzan P, Ladoux B. (2005) Is the mechanical
activity of epithe-lial cells controlled by deformations or forces?
Biophys J 89: L52-1L54.

Han SJ, Bielawski KS, Ting LH, Rodriguez ML, Sniadecki NJ.
(2012) Decoupling substrate stiffness, spread area, and micropost
density: A close spatial relationship between traction forces and
focal adhesions. Biophys J 103: 640-648.

Tee SY, Fu JP, Chen CS, Janmey PA (2011) Cell shape and
substrate rigidity both regulate cell stiffness. Biophys J 100:
L25-L27.

Mitrossilis D, Fouchard J, Guiroy A, Desprat N, Rodriguez N, et
al. (2009) Single-cell response to stiffness exhibits muscle-like
behavior. Proc Natl Acad Sci 106: 18243-18248.

Chan A, Ma S, Pearson BJ, Chan D (2021) Collagen IV
differentially regulates planarian stem cell potency and lineage
progression. PNAS 118: €2021251118.

Covas DT, Panepucci RA, Fontes AM, Silva WA, Orellana MD,
et al. (2008) Multipotent mesenchymal stromal cells obtained
from diverse human tissues share functional properties and gene-
expression profile with CD146+ perivascular cells and fibroblasts.
Exp Hematol 36: 642-654.

© Asian Journal of Complementary and Alternative Medicine, 2021

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

ALY/
\ .‘

AL AM

Sann®

%o

.y
.‘

Q Q

HegyiB, Sagi B, KovacsJ, KissJ, Urban VS, etal. (2010) Identical,
similar or different? Learning about immunomodulatory function
of mesenchymal stem cells isolated from various mouse tissues:
Bone marrow, spleen, thymus and aorta wall. Int Immunol 22:
551-559.

Vining KH, Mooney DJ (2017) Mechanical forces direct stem
cell behaviour in development and regeneration. Nature Reviews
Molecular Cell Biology 23.

Ambrosi TH, Longaker MT and Chan CKF (2019) A Revised
Perspective of Skeletal Stem Cell Biology. Front. Cell Dev Biol
7: 189.

Powell DW, Pinchuk IV, Saada JI, Chen X, Mifflin RC (2011)
Mesenchymal cells of the intestinal lamina propria. Annu Rev
Physiol 73: 213-237.

Bansal MB (2016) Hepatic stellate cells: Fibrogenic, regenerative
or both? Heterogeneity and context are key. Hepatol Int 10: 902-
908.

Carmeliet P (2003) Angiogenesis in health and disease. Nat Med
9: 653-660.

Ferrara N, Kerbel RS (2005) Angiogenesis as a therapeutic target.
Nature 438: 967-974.

De Almodovar CR, Lambrechts D, Mazzone M, Carmeliet P
(2009) Role and Therapeutic Potential of VEGF in the Nervous
System. Physiological Reviews 89: 607-648.

Finney AC, Orr AW (2018) Guidance Molecules in Vascular
Smooth Muscle. Front Physiol 9: 1311.

Benabid A, Peduto L (2020) Mesenchymal perivascular cells in
immunity and disease. Curr Opin Immun 64: 50-55.

Hendriks M, Ramasamy SK (2020) Blood Vessels and Vascular
Niches in Bone Development and Physiological Remodeling.
Front. Cell Dev Biol 8: 602278.

Yu ECL (2019) Zang Liver as a Frugality Rhythmic System for
Stability for Activities and Against Stress.

. Fontana L, Atella V, Kammen DM (2013) Energy efficiency as a

unifying principle for human, environmental, and global health.
F1000Research 2: 101.

78



	Title
	Abstract 
	Developing a Sustainable Body for Life 
	Three Basic Dimensions before birth 
	Composing the body makeup after birth 

	Development of the Three Basic Dimensions  
	Fascial dimension  
	Neural and vascular dimensions 

	Neural, Perfusional, and Interconnective Elements Co-Play to Live 
	The three dimensions as a whole in the body 
	Microenvironment facilitating interactions together 

	Neural and Vascular Activities Adaptively under the Fascial Supportive Coverage 
	Sustainability with Body Snug and Fit 
	References

