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Dynamic reciprocity and wound healing
Dynamic reciprocity
Normal wound healing is characterized by a
well-coordinated, progressive series of events
designed to restore the barrier function and
mechanical integrity of the skin. It involves
interactions between cells and their
microenvironment, of which the extracellular matrix
(ECM) is the primary component. It is through these
interactions that cells are directed to differentiate or
dedifferentiate, proliferate or remain quiescent, and
assume the architecture and function of the skin.1
Figure 1

Cells directly interact with their local ECM environment in a process
called “dynamic reciprocity.”

This direct ECM/cell interaction is a process that
has been termed “dynamic reciprocity” (Figure 1).2 In
a natural environment void of injury, the ECM and
the cells communicate with each other and respond
dynamically to each other to maintain homeostasis.
After injury occurs and the ECM is damaged, cells
need to restore the local tissue structure by
removing the debris from the damaged ECM and
replacing it with healthy ECM, ultimately achieving
tissue restoration via the process of constructive
tissue remodeling.3
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Dynamic reciprocity
and normal wound healing
The stages of normal wound healing include
initial hemostasis, characterized by clot formation;
inflammation, characterized by the deposition of
inflammatory and progenitor cells, leading to the
removal of bacteria and devitalized tissue;
proliferation, where resident cells secrete growth
factors and cytokines and collagen deposition
occurs to rebuild the ECM, resulting in granulation
tissue formation; and remodeling, where the newly
formed tissue matures and collagen strength
increases to meet the demands of the body.4
Dynamic reciprocity is an essential mechanism by
which the well-coordinated, progressive series of
events of wound healing occurs. Examples can be
found in each stage. During hemostasis, the direct
interaction between platelets and the exposed ECM
collagen triggers a series of events that leads to
eventual thrombus formation and the stabilization of
the fibrin clot.5 During inflammation, monocytes
bind to fibronectin, which increases their phagocytic
capacity and leads to increased breakdown of
damaged ECM and removal of cellular debris—
essential steps if wound healing is going to proceed
to the proliferation stage.6 During the proliferation
stage of wound healing, fibroblast binding to
fibronectin stimulates their secretion of matrixdegrading enzymes, which in turn enhances
endothelial cell migration and blood vessel
formation (angiogenesis).7 As angiogenesis
progresses, endothelial cells form tubes, which
involves the recruitment of pericytes in response to
endothelial cell-derived basic fibroblast growth
factor (FGF-2) and platelet-derived growth factor
(PDGF).8 Finally, as an example of dynamic
reciprocity in the remodeling stage of wound
healing, fibroblasts bound to fibronectin through
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integrin receptors migrate and proliferate in
response to PDGF.9 When this interaction occurs in
the presence of TGF-β1, the fibroblasts are directed
to preferentially secrete collagen type I instead of
collagen type III, and a fraction of them are
instructed to differentiate into myofibroblasts.10
Myofibroblasts are then able to interact with
collagens in the ECM to stabilize and remodel the
wound.
The above are only discrete examples of dynamic
reciprocity that occur in different stages of wound
healing. In reality, each wound healing stage requires
the coordinated effects of many different cell types
and ECM components to lead the wound through
the normal wound healing process.

Dynamic reciprocity
and non-healing wounds
While most wounds heal in a timely and orderly
pattern, the process can be stalled or stopped
completely in patients with diabetes mellitus, venous
insufficiency, suppressed immune systems, or
following immobility that leads to prolonged
pressure. Chronic wounds may develop in these
cases, potentially leading to pain, immobility,
hospitalization, and/or amputation.
Non-healing wounds fail to exhibit the normal
sequence of actions and reactions between cells and
the ECM that characterizes acute wound healing
because of changes in the physiological
environment resulting from the underlying disease.
The normal, sequential pattern of these interactions
does not occur, and the disruption of these
interactions leads to downstream effects on other
cell-ECM interactions that ultimately delay or prevent
healing.1
Disease-related abnormalities that lead to the
occurrence of chronic wounds include changes in
cellular responsiveness, elevated proteolytic
environments, and microvascular abnormalities. For
example, diabetes is associated with deficits in the
bactericidal action of granulocytes,11 glycation of
collagen and fibronectin that interferes with
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epithelial cell adherence,12 and a decreased
vasodilatory response.13 Chronic wounds are
characterized by the presence of elevated levels of
various metalloproteases (MMPs) and decreased
levels of tissue inhibitors of metalloproteases
(TIMPs);14 studies have found a correlation between
elevated MMP levels, chronic inflammation, and
non-healing wounds.15,16
Excessive degradation of the ECM and growth
factors by MMPs deprives cells of attachment sites
and signals required for migration, differentiation,
and proliferation. The result is that cells can no
longer respond to the normal cues in their
environment, thus preventing the sequential series
of changes in the matrix composition needed for
wound healing to progress.1

Harnessing dynamic reciprocity
to achieve healing
The presence of a natural, intact ECM in the local
wound environment is essential for successful
wound healing.
Restoring the natural ECM environment using
tissue-engineered products has been shown to be
an effective treatment strategy for a wide variety of
acute and chronic wounds.3 These materials can
positively alter the local environment and lead to
constructive tissue remodeling.3,17,18 Due to dynamic
reciprocity, the patient’s cells remodel the
biomaterial into the patient’s own local tissue with
local tissue properties. Rather than relying on the
patient’s cells to generate their own ECM or ECM
attachment sites in a suboptimal healing
environment, direct application of intact ECM may
be an effective strategy for optimizing wound
healing outcomes and improving patients’ quality of
life.

For educational purposes only

COOK BIOTECH MONOGRAPH SERIES

References
1. Schultz GS, Davidson JM, Kirsner RS, Bornstein P, Herman IM. Dynamic reciprocity in the wound microenvironment. Wound Repair Regen. 2011;19(2):134-148.
2. Bissell MJ, Hall HG, Parry G. How does the extracellular matrix direct gene expression? J Theor Biol. 1982;99(1):31-68.
3. Hodde JP. Use of small intestinal submucosa dECM in tissue engineering and regenerative medicine. In: Yamaoka T, Hoshiba T, eds. Decellularized Extracellular
Matrix: Characterization, Fabrication and Applications. London, England: The Royal Society of Chemistry; 2020:181-198.
4. Lin PH, Sermersheim M, Li H, Lee PHU, Steinberg SM, Ma J. Zinc in wound healing modulation. Nutrients. 2017;10(1):16.
5. Rivera J, Lozano ML, Navarro-Nunez L, Vicente V. Platelet receptors and signaling in the dynamics of thrombus formation. Haematologica. 2009;94(5):700-711.
6. Brown EJ, Goodwin JL. Fibronectin receptors of phagocytes. Characterization of the Arg-Gly-Asp binding proteins of human monocytes and
polymorphonuclear leukocytes. J Exp Med. 1988;167(3):777-793.
7. Steffensen B, Hakkinen L, Larjava H. Proteolytic events of wound-healing--coordinated interactions among matrix metalloproteinases (MMPs), integrins, and
extracellular matrix molecules. Crit Rev Oral Biol Med. 2001;12(5):373-398.
8. Kutcher ME, Herman IM. The pericyte: cellular regulator of microvascular blood flow. Microvasc Res. 2009;77(3):235-246.
9. Clark RA. Biology of dermal wound repair. Dermatol Clin. 1993;11(4):647-666.
10. Wipff PJ, Rifkin DB, Meister JJ, Hinz B. Myofibroblast contraction activates latent TGF-beta1 from the extracellular matrix. J Cell Biol. 2007;179(6):
1311-1323.
11. Nolan CM, Beaty HN, Bagdade JD. Further characterization of the impaired bactericidal function of granulocytes in patients with poorly controlled
diabetes. Diabetes. 1978;27(9):889-894.
12. McDermott AM, Xiao TL, Kern TS, Murphy CJ. Non-enzymatic glycation in corneas from normal and diabetic donors and its effects on epithelial cell
attachment in vitro. Optometry. 2003;74(7):443-452.
13. Ajjam ZS, Barton S, Corbett M, Owens D, Marks R. Quantitative evaluation of the dermal vasculature of diabetics. Q J Med. 1985;54(215):229-239.
14. Lobmann R, Ambrosch A, Schultz G, Waldmann K, Schiweck S, Lehnert H. Expression of matrix-metalloproteinases and their inhibitors in the wounds of
diabetic and non-diabetic patients. Diabetologia. 2002;45(7):1011-1016.
15. Liu Y, Min D, Bolton T, et al. Increased matrix metalloproteinase-9 predicts poor wound healing in diabetic foot ulcers. Diabetes Care. 2009;32(1):
117-119.
16. Rayment EA, Upton Z, Shooter GK. Increased matrix metalloproteinase-9 (MMP-9) activity observed in chronic wound fluid is related to the clinical
severity of the ulcer. Br J Dermatol. 2008;158(5):951-961.
17. Hodde JP, Hiles MC, Metzger DW. Characterization of the local wound environment following treatment of chronic leg ulcers with SIS wound matrix.
J Tissue Viability. 2020;29(1):42-47.
18. Nihsen ES, Johnson CE, Hiles MC. Bioactivity of small intestinal submucosa and oxidized regenerated cellulose/collagen. Adv Skin Wound Care.
2008;21(10):479-486.

cookbiotech.com
For European distribution only

cookbiotech.eu

For educational purposes only
© 2021 Cook Biotech Inc. CBI-D60421-EN

