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Abstract
The structure of connective tissues including cartilage, tendons, and 
ligaments as well as many organs, like the skin, heart, liver, kidney, lungs, 
blood vessels, and bones, depend on collagen. The bulk of the network 
of structural proteins that make up the extracellular matrix of the heart is 
composed of collagen type I and type III, which provide structural support 
for the muscle cells and are crucial for cardiac function. The prognosis and 
progression of a disease or diseased state may be significantly impacted 
by the upregulation or downregulation of the collagen types, particularly 
Col I and Col III. For example, increasing Col I protein levels may impose 
increasing myocardial stiffness, impairing the diastolic and systolic 
function of the myocardium. Collagen I is a stiff fibrillar protein that gives 
tensile strength, whereas Col III produces an elastic network that stores 
kinetic energy as an elastic rebound. These two collagen proteins have 
distinct physical properties in nature. Therefore, the control of Col I and 
Col III as well as the potential relevance of the Col I/Col III ratio in many 
biological processes serve as the foundation for this comprehensive review 
article.

Keywords: Collagen I; Collagen III; Col I/Col III ratio; ECM Remodeling; 
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Introduction
Collagen is an essential component of the structure of connective tissues 

such as cartilage, tendons, and ligaments as well as several organs including 
skin, heart, liver, kidney, lungs, blood vessels and bones [1]. Collagen belongs 
to a class of fibrous protein family that is a part of the extracellular matrix 
(ECM) [2]. It consists of three alpha chains that coil around one another to 
form the collagen fibers. The integral structure of the collagen and its type are 
determined by variations in amino acid sequence of the chain [3]. Collagen 
may be classified as interstitial collagen, basement membrane collagen, 
and peripheral collagen depending on where it is found in the body. There 
are now more than 30 different kinds of collagen known and documented. 
Three left hand spirals (proline II), intertwined and joined to one another 
to create a long and robust right hand spiral structure, make up the normal 
collagen molecule, commonly known as the triple helix [4]. In extensible 
connective tissues including the skin, lungs, and vascular system, collagen 
type I (Col I) is usually seen in association with type III collagen (Col III). 
The main types of collagens that are present in ECM are collagen type I and 
III, however collagen types IV, V, VI, and VIII are also present in ECM [5,6]  
(Figure 1). Collagen type I builds a scaffold with thick fibers that have a 
low turnover rate. The maturation of collagen type I, however, depends on 
collagen type III, which produces thin, less durable fibers with a high turnover 
[7]. Also, the collagen types I, II, and III are the most prevalent fibrillar 
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collagens. Skin, tendons, vasculature, lungs, heart, and other 
organs all contain collagen type I [8-11], which also makes 
up most of the organic material in the calcified tissue of bones 
and teeth [12] (Figure 1). However, reticular fibers are made 
of collagen type III which are often seen along with collagen 
type I.

 Collagen type I and collagen type III, which serve as 
structural support for the muscle cells and play a significant 
role in cardiac function, make up most of the network of 
structural proteins in the ECM of the myocardium [13]. The 
protein levels of collagen in the myocardium have been found 
to be changed in dilated cardiomyopathy (DCM), which is 
largely defined by an accumulation of Col I [14]. Due to 
their various mechanical qualities, the ratio of collagen types 
in the heart is important [15]. Previous study used electron 
microscopy and immunohistochemical techniques to show 
increased quantity of collagen fibers in end-stage DCM 
[16]. Another biochemical investigation revealed a rise in 
the absolute levels of both Col I and Col III [17]. However, 
several studies showed contrasting results where a significant 
increase primarily in thin collagen fibers and a reduction in 
thick collagen fibers were observed in the heart. In a recent 
report, patients who had myocardial infarction and had 
coronary artery bypass graft had considerably lower levels 

of collagen type III in the aortic wall samples than those 
who had stable angina [18]. Also, collagen type III is more 
vulnerable to changes in the local vascular wall leading to the 
development of unstable atherosclerotic plaque because it is 
thin, less stable, and more likely to experience inflammatory 
responses [19-22]. The increase in collagen gene expression 
is regulated by the promotors of Col I and Col III genes 
containing regulatory elements related to transforming growth 
factor beta (TGF-β) [23]. Since the Col I promotor also 
contains several binding sites for specificity protein 1 (SP-
1) that are not found in the Col III promotor, the differential
gene expression levels of Col I and Col III might rely on
their respective promotors [24]. The difference in the levels
of Col I and Col III may depend not only on the differential
gene expression but also on differential degradation of both
proteins. Two different matrix metalloproteinases (MMPs)
are described as being active in degrading collagens. MMP-
1 is synthesized by fibroblasts and shows equal affinity for
Col I and Col III degradation. MMP-8, however, which is
synthesized by neutrophils, has a higher affinity for Col
III. Therefore, either differential activities or differential
expression levels of MMP may also contribute to changes in
myocardial Col I and Col III content, in addition to the changes 
in gene expression [25, 26]. Nonetheless, Col I and Col III

Figure 1: Collagen synthesis, distribution, and ECM remodeling. Collagen is synthesized by crosslinking of amino acids hydroxyproline, 
proline, and glycine, Crosslinking of these amino acids results in the formation of collagen fibrils and finally collagens. Collagens are 
differentially expressed in various body parts and pertain stability, elasticity, and strength along with the involvement in various physiological 
processes. Changes in collagen distribution during wound healing and ECM remodeling during injury where the ratio of collagen I and collagen 
III is altered with a higher amount of collagen III during healing while increased collagen I in a healed wound.
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are essential components of the myocardium, maintaining 
its structural and functional integrity. The upregulation or 
downregulation of the collagen types, specifically Col I and 
Col III, might have a major impact on the prognosis and 
development of a disease or diseased state such as increasing 
Col I protein levels might impose increasing myocardial 
stiffness, compromising diastolic and systolic function of the 
heart [12]. The physical characteristics of both the collagen 
proteins are different in nature where Col I represent a stiff 
fibrillar protein that provides tensile strength, in contrast 
to Col III which forms an elastic network storing kinetic 
energy as an elastic rebound. Therefore, this critical review 
addresses the regulation of Col I and Col III and the potential 
significance of Col I/Col III ratio in biological activities. 

Collagen Metabolism
The collagen network is a metabolically active structure 

with a collagen turnover, which most likely occurs between 
80 and 120 days, is determined by the equilibrium between 
collagen production and breakdown [27]. The changes in 
the collagen number depends upon fibroblasts, particularly 
the fibroblasts that have differentiated into myofibroblasts, 
the phenotype contributing to collagen  turnover [28]. 
These cells react to mechanical strain, autocrine and 
paracrine substances produced locally (such as TGF-β  and 
growth factors like angiotensin II), and hormones (such as 
aldosterone)  received from the circulation. The activity 
of fibroblasts and myofibroblasts is also influenced by a 
variety of proinflammatory cytokines which are released 
by monocytes and macrophages [29]. The ability of these 
cells to produce and secrete fibrillar collagen precursors, 
specifically the two more prevalent subtypes of procollagen 
found in the heart, (Col  I and III), as well as enzymes that 
convert procollagen precursors into mature collagen capable 
of forming fibrils and fibers (such as procollagen proteinases 
and lysyl oxidase)  is dependent upon the changes in their 
rates of proliferation and migration and modifications 
in  response  to all the aforementioned factors [30,31]. 
Numerous clinical investigations of candidate biomarkers of 
collagen metabolism fall into two categories: (i) biomarkers 
related to the synthesis of collagen molecules that form new 
collagen fibers, and (ii) biomarkers related to the degradation 
of collagen molecules that integrate the old fibers [32].

Collagen Biosynthesis
Cells such as fibroblasts (resident and myeloid cell 

transformed fibroblasts) are the primary source of freshly 
generated collagen in the healing wound [33]. The 
biosynthetic activities of fibril-forming collagens are the 
most widely investigated of all collagens, necessitating the 
temporal and spatial coordination of several biochemical 
processes. In the endoplasmic reticulum, the nascent collagen 
molecule is converted into pro-collagen by removing the 
signal peptide from its N-terminus after transcription [34]. 

The creation of the triple-helical structure typical of collagens 
is caused by the hydroxylation and glycosylation of amino 
acid residues [35]. The pro-collagen triple-helical structure 
is stabilized in the Golgi apparatus for further processing 
and maturation and formed into secretory vesicles that are 
extruded into the extracellular space where the pro-collagen 
is enzymatically converted into tropocollagen [36]. Covalent 
cross-linking is used to assemble the final collagen fibril. This 
cross-linking mechanism is responsible for the mechanical 
characteristics (elasticity and reversible deformation) of 
fibrillar collagens [37]. Among these crosslinks are the 
cystine-cystine disulfide bonds, transglutaminase cross-links, 
cross links related to advanced glycation end (AGE) products 
and cross-links created through the lysyl oxidase pathway 
which are reducible and mature [38, 39]. The degradation 
of cross-linking varies depending on the kind of collagen 
and the tissue environment, resulting in a multi-layered 
hierarchical structure [40]. Mature cross-links increase 
shear stress resistance. AGE-specific cross-links lead to 
increased collagen stiffness in aged tissues [41]. Fibroblasts 
and myofibroblasts produce procollagen types I and III in the 
form of a triple-helix procollagen precursor with terminal 
propeptides (Figure 1). These propeptides are cleaved by 
specific procollagen proteinases, allowing the resulting 
collagen molecule to be integrated into the expanding fibril. 
The propeptides are released into the bloodstream and are 
detectable in the blood [42, 43]. Collagen propeptides may 
serve as indices of collagen synthesis if they are cleaved in 
every molecule of collagen and if the number of propeptides 
measured in the circulation is proportionate to the amount of 
collagen generated [44, 45]. This is true for the procollagen 
type I carboxy-terminal propeptide (PICP) and, most likely, 
the procollagen type I amino-terminal propeptide (PINP) [46, 
47]. There is a one-to-one stoichiometric relationship between 
collagen type I synthesis and PICP secretion. However, during 
the conversion of procollagen type III into collagen type III, 
the carboxy-terminal and amino-terminal propeptides of 
collagen type III (PIIICP and PIIINP, respectively) are not 
fully cleaved, remaining to some extent in the final fiber and 
thus also being released during fiber degradation [48, 49]. As 
a result, there is some flexibility in the stoichiometric ratio 
between the amount of collagen type III made and the amount 
of PIIICP and PIIINP released [43].

Collagen Degradation
The degradation of collagen is implicated in inflammation, 

angiogenesis, and re-epithelialization, which are all 
controlled by complicated molecular processes [50]. During 
the inflammatory phase, soluble collagen fragments attract 
immune cells such as macrophages, which patrol the wound 
for the elimination of microorganisms and devitalized tissue 
[51]. This facilitates the shift to the proliferative stage. During 
this stage, collagen fragments act as powerful angiogenic 
signals, promoting the formation of new blood vessels. 
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Collagen also promotes keratinocyte migration, which aids 
in wound re-epithelialization [52, 53]. Extracellular and 
intracellular mechanisms control degradation. Membrane-
bound and secreted proteolytic enzymes are involved 
in the extracellular mechanism [54]. Internalization of 
intact collagen fibrils and fragmented collagen (through 
phagocytosis, macropinocytosis, or endocytosis), followed 
by enzymatic breakdown, is involved in the intracellular 
mechanism. Pathological disorders such as fibrosis are caused 
by defects in the controlled turnover of collagens [55]. The 
activity of proteolytic enzymes at various phases of healing 
of a tissue guide the remodeling of healed tissue [55]. The 
MMPs and serine proteases are two major enzyme families 
to degrade proteins. The synthesis and secretion of these 
enzymes are carefully controlled and connected with certain 
cellular subtypes [1, 56]. Collagenases and gelatinases, which 
destroy intact and damaged fibrillar collagen, respectively, 
are MMPs that are important for collagen turnover during 
the  healing of various tissues. MMP-1 (also known as 
collagenase-1) and MMP-8 (collagenase-2) preferentially 
cleave collagens I and III, whereas MMP-9 (gelatinase) 
degrades collagen IV [57] (Figure 2). Collagenolytic enzymes 
can detect, bind, unwind, and break the constituent strands 
of the triple helix, according to extensive study. This great 
specificity is thought to be generated by the main and super-
secondary structures of collagen. MMPs are responsible 
for both physiological (development and tissue repair) and 
pathological (tumorigenesis and metastasis) activities. They 
also aid in the release of bioactive fragments (also known as 
matricryptins) from full-length collagens, such as endostatin 
and tumstatin [58]. These pieces precisely direct blood channel 
pruning, allowing for the restoration of tissue architecture 
during healing [59, 60]. Neutrophil elastase, a serine protease, 
contributes to the same mechanism. Therefore, the injury and 
healing of a tissue requires a tightly regulated balance of 
enzyme activity and inhibition. Imbalances in these enzyme 
levels can lead to severe conditions of a diseased state. 

Chronic wounds are exacerbated by wounds infected 
with bacteria that generate collagen-degrading enzymes. The 
MMP family of enzymes plays a central role in collagen fiber 
degradation and can be stopped in their tracks by interacting 
with tissue inhibitors of metalloproteinases (TIMPs) (TIMP-
1 to TIMP-4) [61, 62] (Figure 2). Collagen digestion begins 
when the peptide link after a glycine residue about 3/4 of the 
way from the amino-terminal end of the collagen molecule is 
hydrolyzed by interstitial collagenase (MMP-1), neutrophil 
collagenase (MMP-8) and collagenase-3 (MMP-13) [63, 
64]. MMP-1 digests collagen type I, releasing a one-quarter 
carboxy-terminal telopeptide (CITP) that is present in the 
blood unprocessed by the immune system [65]. The amount 
of fibrillar collagen destroyed is directly linked to the amount 
of CITP released into the circulation, and the two processes 
have a stoichiometric ratio of 1:1. Thus, CITP may be used 
as a measure of collagen type I degradation that is MMP-

1 dependent [66, 67]. MMP-2 and MMP-9, or gelatinases, 
further breakdown the amino-terminal telopeptide fragment 
released by MMP-1 from the collagen molecule [68, 69]. 
Matrikines, the fragmented matrix peptides generated by 
these enzymes, have biological actions in the control of 
collagen metabolism and angiogenesis. Collagen type I 
tripeptide glycyl-histidyl-lysine (GHL) is one such example 
that promotes collagen synthesis in fibroblasts [70]. There 
may be a redundant and cooperative role among some 
MMPs and matrikines, as it has been demonstrated that GHL 
increases MMP-2 production and secretion by fibroblasts in 
culture [71].

Significance of Col I and Col III Ratio and its 
Metabolic Regulation

The main regulators of collagen levels in tissue and cells 
(such as fibroblasts)  include MMPs and tissue inhibitors of 
MMPs (TIMPs) which are also required for ECM homeostasis 
[72]. MMPs are proteolytic enzymes that breakdown ECM 
proteins, whereas TIMPs are MMP inhibitors that keep the 
production and degradation processes in check [72]. The 
alteration of regulated synthesis and degradation of collagen 
has been potentially linked to many diseases including various 
cardiovascular diseases. ECM is composed of a fibrillar 
network, a basement membrane, proteoglycans, and fibrous 
proteins such as fibronectins, collagens, elastins, fibrillins, 
and laminins [73]. They work together to keep border cells 
structurally coherent and stable. The ECM has also been linked 
to the transmission of critical biochemical signals required 
for appropriate tissue growth. ECM remodeling is described 
as a set of molecular, cellular, and interstitial changes that 
appear clinically as modifications in the size, mass, shape, 
and function of the heart after a stressful stimulus [74]. This 
process may be induced by inflammation,  ischemia,  cell 
migration, and other cellular processes [75]. Alterations in 
the morphology and function of heart ventricles can occur 
from disruptions in collagen metabolism, which in turn cause 
anomalies in the remodeling of the collagen network [76]. 
Collagen fiber buildup can develop when collagen production 
outpaces breakdown [77]. Different types of myocardial 
fibrosis, such as those that occur during repair and those that 
occur in response to damage, each contribute to ventricular 
hypertrophy and diastolic dysfunction [78, 79]. In contrast, 
ventricular dilatation and systolic dysfunction may result from 
the loss of the collagen scaffold and/or a weakening of the 
matrix due to a degradation-dominated cellular environment 
[80]. These two patterns may coexist to varying degrees 
within the same myocardium depending on the time course of 
the disease process and the localization, either diffuse or focal, 
of the injury [75, 81]. Ischemic heart disease, due to pressure 
overload, volume overload, and intrinsic myocardial disease 
or cardiomyopathy have all been hypothesized to involve 
the changes of the collagen network [80, 82]. Incorporating 
keratinocytes into a collagen matrix has also been reported to 
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reduce inflammation and promote healthy epidermal growth. 
This suggests that collagen promotes cell mobility through 
the matrix, which in turn promotes a rapid wound-healing 
process. Figure 3 represents different phases of an injury and 
subsequent wound healing process involving an increase in 
the ratio of Col III:Col I. 

Regulation of Col I/Col III in Cardiovascular 
Disorders

Myocytes and fibroblasts are supported by the comprising 
macromolecular network of fibers. The synthesis and 
degradation of collagen, a principal structural protein results 
from a balance of biochemical mediators, ischemia, stretch 
and inflammation [83]. Collagen type I and III are abundantly 
present in the myocardium. Collagen type I represent 85% 
of the cardiac collagen, has poor specificity, but confers 
tensile strength and resistance to stretch and deformation. On 
the other hand, type III is less abundant but more specific to 
the heart and confers resilience [84]. The fibrillar collagen 
in the myocardium serves as substrate for MMPs of which, 
MMP-1 has the highest affinity for fibrillar collagen and 
specifically degrades collagen I and III [85]. Interestingly, 
MMP-1 degrades ~40% of the newly synthesized collagen 
in various tissues. The net level of MMP-1 activity is 
dependent on the relative concentrations of active enzyme 

and metalloproteinase tissue inhibitors viz. TIMPs. In cardiac 
fibroblasts, the co-expression of MMP-1 and TIMP-1 is 
significantly regulated for maintaining the ECM architecture 
[86]. ECM remodeling is vital in a cardiac remodeling, 
hypertensive cardiac hypertrophy, dilated cardiomyopathy, 
and post-infarction healing [87]. The production of CITP, 
a telopeptide of pyridinoline crosslinks and a marker of 
collagen type I degradation results from the hydrolysis of 
collagen type I fibrils by MMP-1 [88]. Changes in ECM 
matrix turnover can result in cardiac fibrosis, a major 
determinant of diastolic dysfunction and pumping capacity. 
It also serves as a structural substrate for arrhythmogenicity 
and potentially contributes to the progression of congestive 
heart failure and sudden death [89]. Fibroblast stimulation, 
proliferation, phenotypic transformation is related with 
variable expression in MMPs which has a significant role 
in ventricular remodeling and thus, pathophysiology of 
hypertension, myocardial infarction, and heart failure [30]. 
The significant association of fibrous tissue with myocardial 
dysfunction and failure necessitates usefulness of non-
invasive assessment of fibrosis as a clinically useful tool, 
particularly with the potential for cardioprotective and 
cardioreparative pharmacological strategies. The evaluation 
of cardiac collagen turnover using biological markers is a 
useful tool for monitoring “at a distance” cardiac tissue repair 

Figure 2: Regulation of collagen degradation: Collagen degradation is regulated by matrix metalloproteinases (MMPs) which in turn are 
regulated by tissue inhibitors of matrix metalloproteinases (TIMPs) and membrane type 1 matrix metalloproteinase (MT1-MMP). MMPs 
are secreted by lymphocytes and granulocytes and their secretion is regulated by cytokines, transcription factors, and epigenetic factors. 
Collagenases are secreted in an inactive form and get activated via stromelysin. This suggests that the activation and secretion of MMPs are 
tightly regulated processes.
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and fibrosis [49]. The assessment of serum peptides arising 
from the metabolism of collagen type I and III can provide 
insights to the extent of myocardial fibrosis [45]. Procollagen 
type I C-terminal propeptide (PICP) and amino terminal 
propeptides of type-I procollagen (PINP), and N-terminal 
type III collagen peptide (PIIINP) released with collagen 
type I or III molecules in a stoichiometric manner during 
collagen biosynthesis are considered potential markers of the 
process [90]. However, these markers are not specific to the 
myocardium. Predominantly in hypertension and diabetes 
affecting various organs, especially vascular tissues, in 
which procollagen fragments could be released; Querejeta 
et al. showed a correlation between myocardial collagen 
content and serum concentration of PICP in hypertension 
[91]. Recently, they reported secretion of serum PICP 
by the heart through the coronary sinus in patients with 
hypertensive heart disease [44]. The PIP/CITP ratio, an index 
of coupling between synthesis and degradation of collagen 
type I, was observed to be elevated in hypertensive patients 
with increased collagen accumulation in myocardial tissue 
compared to those with normal accumulation of collagen [92]. 
Thus, serum levels of PICP/CITP ratio serves as a marker of 
myocardial collagen accumulation. In dilated cardiomyopathy 
patients, it was reported that both, collagen volume fraction 
and collagen types I and III mRNAs in the myocardium were 
higher in the patients with an increased PICP/CITP serum 
level ratio compared to those with lower PIP/CITP ratio 
[93]. The findings support links of serum ECM markers to 
the heart ECM content, thus providing rationale for their 

use as potentially useful biomarkers of ECM remodeling in 
cardiac disease [94]. Furthermore, the potential usefulness of 
the MMP-1 and TIMP-1 serum levels ratio as a marker of 
myocardial collagen degradation, myocardial expression of 
MMP-1 and its tissue inhibitor TIMP-1, and the quantity and 
distribution of fibrillar collagen deposits have been assessed 
concomitantly to measure serum MMP-1 and TIMP-1 in 
the same patients with hypertension [95]. In hypertensive 
patients, the values of MMP-1 and TIMP-1 in coronary 
sinus blood were comparatively higher than in peripheral 
vein blood, but not in normotensive subjects [96]. Moreover, 
significant associations of MMP-1 and TIMP-1 in coronary 
sinus blood and peripheral vein blood in all hypertensive 
patients were observed [97]. The authors did not report any 
association of myocardial expression of MMP-1 and TIMP-1 
with serological markers or the amount and distribution of 
fibrillar collagen [98].

Col I/Col III Ratio in Inflammation
Hemostasis and inflammation are both part of the 

inflammatory phase of wound healing. Injury to collagen 
stimulates the clotting cascade, resulting in a fibrin clot 
that stops the initial bleeding. Collagen I and IV fragments 
may operate as inflammatory mediators by serving as 
neutrophil chemoattractants, increasing phagocytosis and 
immunological responses, and regulating gene expression 
[58]. Inflammation is a key phase in the normal healing 
process, driving the proliferation of fibroblasts that generate 
collagen and ECM [99]. In proper wound healing, the 

Figure 3: Different phases of an injury and wound healing process. A. Normal skin having epi- dermis and dermis. B. Injury and blood flow 
to the site of injury. C. After injury, a clot is formed to prevent blood loss. The macrophages promote tissue remodeling and col III level starts 
increasing at this stage. D. Contraction of wound and scab formation. E. The maturation of tissue results in formation of scar tissue because of 
remodeling of the ECM where col III is replaced by col I. F. Restoration of normal skin after wound healing.
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resolution of inflammation in a timely way is equally crucial. 
Inflammation resolution is a dynamic process fueled by a 
mix of pro and anti-inflammatory reactions. According to 
one research that used a stabilized collagen matrix, collagen 
mounts a powerful and acute inflammatory response that is 
brief and fades quickly to allow wound healing to progress 
[100]. Furthermore, collagen has been shown to play a key 
role in creating an anti-inflammatory, pro-angiogenic wound 
macrophage phenotype through microRNA signaling [101].

Col I/Col III ratio in ECM Remodeling
Collagens are structural components of the ECM that help 

to maintain skin elasticity while also stabilizing growth factors 
and regulating cell adhesion and communication between 
cells and the ECM [101]. The adult wound heals with the 
production of a 'typical' scar throughout the healing process, 
as the damaged tissue undergoes remodeling over time. Scar 
tissue regains 50-80% of the initial tensile strength of normal 
skin but may be functionally inadequate [103]. The density, 
fiber size, and orientation of the collagen fibrils seem to be 
the primary difference between scarred and unwounded skin 
[52]. Angiogenesis, a vital component of both physiological 
(development, wound healing) and pathological (cancer) 
processes, is carefully controlled by the action of stimulators 
and inhibitors in a balanced manner. Collagens play a 
significant role in ECM remodeling, which provides vital 
support for vascular formation [104, 105]. Depending 
on the kind of collagen, it may either stimulate or prevent 
angiogenesis. A live multiphoton microscopy examination of 
in vitro neovessel formation revealed a dynamic modulation 
of collagen I that demonstrated early-stage remodeling of 
collagen fibrils moving to collagen condensation in later stages 
of development [103]. Collagen I have been shown to induce 
angiogenesis in vitro and in vivo by binding to certain integrin 
receptors [106]. The C-propeptide component of collagen I 
recruit endothelial cells, possibly inducing angiogenesis in 
wound healing. Proteolytic collagen fragments of collagen IV 
and XVIII, on the other hand, have anti-angiogenic activities 
(e.g., endostatin, arresten, canstatin, tumstatin, tetrastatin) 
[59]. These fragments decrease endothelial cell proliferation 
and migration and induce endothelial cell death, and thus 
prevent angiogenesis in a variety of clinical situations  
[1, 8,107].

Col I/Col III Ratio in the Skin and Wound
Collagen improves tissue mechanical strength and 

flexibility while also serving as a natural substrate for 
cellular adhesion, proliferation, and differentiation. The 
biofilm-mediated upregulation of MMP-2 via microRNAs 
in the wound creates a collagenolytic environment, sharply 
decreasing the collagen I/collagen III ratio and compromising 
the biomechanical properties of the repaired skin, potentially 
making the repaired skin vulnerable to wound recurrence 
[108]. A recent collagen structure and function mapping 
research revealed that in normal, wounded tissue, the collagen 

fibril is in a closed conformation that, when exposed to blood 
after injury, reveals cell- and ligand-binding sites that may 
aid wound healing [109]. Several recent studies go into depth 
into the roles of collagen in the skin and wounds [110, 111]. 
Several investigations have demonstrated that changes in 
collagen protein composition are mainly characterized by a 
considerable shift in the type I to type III collagen ratio [112, 
113]. The relative ratios of type I and type III collagen fibers 
play a significant role in the control of fibrillogenesis and the 
determination of final fibril diameter and bundle architecture 
[114, 115]. From a pathophysiologic standpoint, mature type 
I collagen is primarily responsible for mechanical stability, 
while type III collagen that produces thin strands is mostly 
considered juvenile collagen of the early wound healing 
phase [116].

Conclusion
The change in expression of collagen type I and III is very 

crucial in tissue injury and ECM remodeling. Collagens can 
directly change the wound microenvironment, act as a scaffold 
for cell attachment and function, and provide biologically 
active principles or antimicrobials to help wounds heal. The 
type I and type III collagen have different properties that 
control how they perform their functions during different 
stages of a biological process. The type I collagen has a 
higher number of nonpolar residues due to which it can 
rapidly assemble the monomers to the side of the fibril to 
make it bigger. During the initial stages of tissue remodeling 
or injury, the expression of collagen III increases as it is more 
hydrophilic than collagen III and its fibril formation is slow 
and random. The further reorganization of collagen occurs by 
covalent cross-linking of the fibrils that leads to maturation 
of the collagen into complex structures and ultimately 
restores the tensile strength of the fibrils which is a property 
of Collagen I. Type I and type III collagens are essential for 
wound healing and tissue regeneration, with an increase in 
type III collagen synthesis during the early phases and an 
increase in type I collagen synthesis during the late stages. 
Understanding the role of type I and III collagens involved 
in ECM remodeling in tissue injury and regeneration, is 
essential for developing new cardioprotective strategies. 

Future Directions
The alteration in Col I and Col III levels is an important 

process in tissue remodeling and wound healing. Many cross-
sectional studies measured Col I  and Col III  peptides at a 
specific time point but the concentration and ratio of Col I and 
Col III should be studied at different time points during various 
biological processes. Furthermore, the altered ratio of Col I/
Col III may not be specific to tissue injury or ECM remodeling 
and changes in their levels may represent a wide range of 
biological processes and/or pathological conditions. Fibrosis 
affects various organs, and the altered expression of collagen 
type  I and III  may originate from different organs such as 
heart, liver, lungs, bone, skin, or  kidney.  Therefore, the 
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studies should be aimed to define the correlation of the 
altered expression levels of col I and col III in various tissues 
with their blood concentration along with the histological 
analysis to determine the differences in leakage from tissues. 
This could possibly help in detecting tissue specific novel 
targets that might have roles in the regulation of col I and col 
III during various biological processes. Future research into 
collagen gene regulation, gene switching, and the control of 
collagen synthesis and degradation is needed to learn more 
about how the collagen network is linked to tissue injury and 
regeneration and to find ways to stop, slow down, or reverse 
the abnormal remodeling of the collagen matrix.

Author Contributions
Concept and design: DS, VR, DKA; Literature Search: 

DS, VR; Critical review and interpretation of the findings: 
DS, VR; Drafting the article: DS, VR; Revising and editing 
the manuscript: VR, DKA; Final approval of the article: DS, 
VR, DKA.

Funding
This work was supported by the research grants R01 

HL144125 and R01HL147662 to DKA from the National 
Heart, Lung, and Blood Institute, National Institutes of 
Health, USA. The contents of this article are solely the 
responsibility of the authors and do not necessarily represent 
the official views of the National Institutes of Health.

Institutional Review Board Statement
Not applicable.

Informed Consent Statement
Not applicable.

Data Availability Statement
Not applicable since the information is gathered from 

published articles. 

Acknowledgments
None.

Conflicts of Interest
The authors declare no conflict of interest.

References
1. Kisling A, Lust RM, Katwa LC. What is the role of peptide

fragments of collagen I and IV in health and disease? Life
Sci 228 (2019): 30-34.

2. Koskinas KC, Sukhova GK, Baker AB, et al. Thin-capped
atheromata with reduced collagen content in pigs develop
in coronary arterial regions exposed to persistently low
endothelial shear stress. Arterioscler Thromb Vasc Biol
33 (2013): 1494-1504.

3. Gauza-Wlodarczyk M, Kubisz L, Wlodarczyk D. Amino
acid composition in determination of collagen origin and
assessment of physical factors effects. Int J Biol Macromol
104 (2017): 987-991.

4. Huang S, Vader D, Wang Z, et al. Using magnetic
resonance microscopy to study the growth dynamics of
a glioma spheroid in collagen I: A case study. BMC Med
Imaging 8 (2008): 3.

5. Katsuda S, Okada Y, Minamoto T, et al. Collagens in
human atherosclerosis. Immunohistochemical analysis
using collagen type-specific antibodies. Arterioscler
Thromb 12 (1992): 494-502.

6. Dab H, Kacem K, Hachani R, et al. Physiological
regulation of extracellular matrix collagen and elastin
in the arterial wall of rats by noradrenergic tone and
angiotensin II. J Renin Angiotensin Aldosterone Syst 13
(2012): 19-28.

7. Holm Nielsen S, Jonasson L, Kalogeropoulos K, et al.
Exploring the role of extracellular matrix proteins to
develop biomarkers of plaque vulnerability and outcome.
J Intern Med 287 (2020): 493-513.

8. Mohindra R, Agrawal DK, Thankam FG. Altered vascular 
extracellular matrix in the pathogenesis of atherosclerosis. 
J Cardiovasc Translational Research 14 (2021): 647-660.

9. Thankam FG, Agrawal DK. Hypoxia-driven secretion of
extracellular matrix proteins in the exosomes reflects the
asymptomatic pathology of rotator cuff tendinopathies.
Can J Physiol Pharmacol 99 (2021): 224-230.

10.	Thankam FG, Evan DK, Agrawal DK, et al. Collagen
type III content of the long head of the biceps tendon as
an indicator of glenohumeral arthritis. Mol Cell Biochem
454 (2019): 25-31.

11. Thankam FG, Dilisio MF, Gross RM, et al. Collagen
I: A kingpin for rotator cuff tendon pathology. Am J
Translational Res 10 (2018): 3291-3309.

12.	Ricard-Blum S. The collagen family. Cold Spring Harb
Perspect Biol 3 (2011): a004978.

13.	Weber KT. Cardiac interstitium in health and disease: the
fibrillar collagen network. J Am Coll Cardiol 13 (1989):
1637-1652.

14.	Marijianowski MM, Teeling P, Mann J, et al. Dilated
cardiomyopathy is associated with an increase in the type
I/type III collagen ratio: a quantitative assessment. J Am
Coll Cardiol 25 (1995): 1263-1272.

15.	Lapiere CM, Nusgens B, Pierard GE. Interaction between
collagen type I and type III in conditioning bundles
organization. Connect Tissue Res 5 (1977): 21-29.

16.	Yoshikane H, Honda M, Goto Y, et al. Collagen in dilated
cardiomyopathy--scanning electron microscopic and



Singh D, et al., Cardiol Cardiovasc Med 2023
DOI:10.26502/fccm.92920302

Citation:	Drishtant Singh, Vikrant Rai and Devendra K Agrawal. Regulation of Collagen I and Collagen III in Tissue Injury and Regeneration. 
Cardiology and Cardiovascular Medicine 7 (2023): 5-16.

Volume 7 • Issue 1 13 

immunohistochemical observations. Jpn Circ J 56 (1992): 
899-910.

17.	Bishop JE, Greenbaum R, Gibson DG, et al. Enhanced
deposition of predominantly type I collagen in myocardial
disease. J Mol Cell Cardiol 22 (1990): 1157-1165.

18.	Kong CH, Lin XY, Woo CC, et al. Characteristics of aortic
wall extracellular matrix in patients with acute myocardial 
infarction: tissue microarray detection of collagen I,
collagen III and elastin levels. Interact Cardiovasc Thorac
Surg 16 (2013): 11-15.

19.	Dhume AS, Soundararajan K, Hunter WJ, et al.
Comparison of vascular smooth muscle cell apoptosis
and fibrous cap morphology in symptomatic and
asymptomatic carotid artery disease. Annals of Vascular
Surgery 17 (2003): 1-8.

20.	Rao VH, Rai V, Stoupa S, et al. Blockade of Ets-1
attenuates epidermal growth factor-dependent collagen
loss in human carotid plaque smooth muscle cells. Am
J Physiol – Heart & Circ Physiol 309 (2015): H1075-86.

21.	Rao VH, Rai V, Stoupa S, et al. Tumor necrosis factor-
alpha regulates triggering receptor expressed on myeloid
cells-1-dependent matrix metalloproteinases in the carotid 
plaques of symptomatic patients with carotid stenosis.
Atherosclerosis 248 (2016): 160-169.

22.	Thankam FG, Rai T, Liu J, et al. Minimally oxidized-LDL-
driven alterations in the level of pathological mediators
and biological processes in carotid atherosclerosis.
Cardiol Cardiovasc Med 6 (2022): 137-156.

23.	Brenner DA, Rippe RA, Rhodes K, et al. Fibrogenesis
and type I collagen gene regulation. J Lab Clin Med 124
(1994): 755-760.

24.	Rossi P, Karsenty G, Roberts AB, et al. A nuclear factor
1 binding site mediates the transcriptional activation of a
type I collagen promoter by transforming growth factor-
beta. Cell 52 (1988): 405-414.

25.	Overall CM, Wrana JL, Sodek J. Transcriptional and
post-transcriptional regulation of 72-kDa gelatinase/
type IV collagenase by transforming growth factor-beta
1 in human fibroblasts. Comparisons with collagenase
and tissue inhibitor of matrix metalloproteinase gene
expression. J Biol Chem 266 (1991): 14064-14071.

26.	Woessner JF, Jr. Matrix metalloproteinases and their
inhibitors in connective tissue remodeling. FASEB J 5
(1991): 2145-2154.

27.	Laurent GJ. Dynamic state of collagen: pathways of
collagen degradation in vivo and their possible role in
regulation of collagen mass. Am J Physiol 252 (1987):
C1-9.

28.	Wynn TA. Cellular and molecular mechanisms of fibrosis.
J Pathol 214 (2008): 199-210.

29.	Van Linthout S, Miteva K, Tschope C. Crosstalk between
fibroblasts and inflammatory cells. Cardiovasc Res 102
(2014): 258-269.

30.	Porter KE, Turner NA. Cardiac fibroblasts: at the heart
of myocardial remodeling. Pharmacol Ther 123 (2009):
255-278.

31.	Goldsmith EC, Bradshaw AD, Zile MR, et al. Myocardial
fibroblast-matrix interactions and potential therapeutic
targets. J Mol Cell Cardiol 70 (2014): 92-99.

32.	Nielsen SH, Mouton AJ, DeLeon-Pennell KY, et al.
Understanding cardiac extracellular matrix remodeling to
develop biomarkers of myocardial infarction outcomes.
Matrix Biol 75-76 (2019): 43-57.

33.	Sinha M, Sen CK, Singh K, et al. Direct conversion
of injury-site myeloid cells to fibroblast-like cells of
granulation tissue. Nat Commun 9 (2018): 936.

34.	Lamande SR, Bateman JF. Procollagen folding and
assembly: the role of endoplasmic reticulum enzymes and
molecular chaperones. Semin Cell Dev Biol 10 (1999):
455-464.

35.	Yu Z, An B, Ramshaw JA, et al. Bacterial collagen-like
proteins that form triple-helical structures. J Struct Biol
186 (2014): 451-461.

36.	Yuda A, McCulloch CA. A Screening System for
Evaluating Cell Extension Formation, Collagen
Compaction, and Degradation in Drug Discovery. SLAS
Discov 23 (2018): 132-143.

37.	Yang L, van der Werf KO, Dijkstra PJ, et al.
Micromechanical analysis of native and cross-linked
collagen type I fibrils supports the existence of microfibrils.
J Mech Behav Biomed Mater 6 (2012): 148-158.

38.	Mor-Cohen R. Disulfide Bonds as Regulators of Integrin
Function in Thrombosis and Hemostasis. Antioxid Redox
Signal 24 (2016): 16-31.

39.	Gautieri A, Passini FS, Silvan U, et al. Advanced glycation 
end-products: Mechanics of aged collagen from molecule
to tissue. Matrix Biol 59 (2017): 95-108.

40.	Liu X, Zheng C, Luo X, et al. Recent advances of
collagen-based biomaterials: Multi-hierarchical structure,
modification and biomedical applications. Mater Sci Eng
C Mater Biol Appl 99 (2019): 1509-1522.

41.	Burr DB. Changes in bone matrix properties with aging.
Bone 120 (2019): 85-93.

42.	Mani K, Mani A. The significance of plasma collagen
degradation products as biomarkers for advanced
hypertensive heart disease. J Clin Hypertens (Greenwich)
23 (2021): 1017-1019.

43.	Lopez B, Gonzalez A, Diez J. Circulating biomarkers of
collagen metabolism in cardiac diseases. Circulation 121
(2010): 1645-1654.



Singh D, et al., Cardiol Cardiovasc Med 2023
DOI:10.26502/fccm.92920302

Citation:	Drishtant Singh, Vikrant Rai and Devendra K Agrawal. Regulation of Collagen I and Collagen III in Tissue Injury and Regeneration. 
Cardiology and Cardiovascular Medicine 7 (2023): 5-16.

Volume 7 • Issue 1 14 

44.	Querejeta R, Lopez B, Gonzalez A, et al. Increased
collagen type I synthesis in patients with heart failure
of hypertensive origin: relation to myocardial fibrosis.
Circulation 110 (2004): 1263-1268.

45.	Lopez B, Gonzalez A, Querejeta R, et al. The use
of collagen-derived serum peptides for the clinical
assessment of hypertensive heart disease. J Hypertens 23
(2005): 1445-1451.

46.	Martos R., Baugh J, Ledwidge M, et al. Diastolic heart
failure: evidence of increased myocardial collagen
turnover linked to diastolic dysfunction. Circulation 115
(2007): 888-895.

47.	Lopez B, Gonzalez A, Ravassa S, et al. Circulating
Biomarkers of Myocardial Fibrosis: The Need for a
Reappraisal. J Am Coll Cardiol 65 (2015): 2449-2456.

48.	Swartz MF, Fink GW, Sarwar MF, et al. Elevated pre-
operative serum peptides for collagen I and III synthesis
result in post-surgical atrial fibrillation. J Am Coll Cardiol
60 (2012): 1799-1806.

49.	Chalikias GK, Tziakas DN. Biomarkers of the extracellular
matrix and of collagen fragments. Clin Chim Acta 443
(2015): 39-47.

50.	Sprangers S, Everts V. Molecular pathways of cell-
mediated degradation of fibrillar collagen. Matrix Biol
75-76 (2019): 190-200.

51.	Goldberg SR, Diegelmann RF. What Makes Wounds
Chronic. Surg Clin North Am 100 (2020): 681-693.

52.	Guo S, Dipietro LA. Factors affecting wound healing. J
Dent Res 89 (2010): 219-229.

53.	Gurtner GC, Werner S, Barrandon Y, et al. Wound repair
and regeneration. Nature 453 (2008): 314-321.

54.	Govindaraju P, Todd L, Shetye S, et al. CD44-dependent
inflammation, fibrogenesis, and collagenolysis regulates
extracellular matrix remodeling and tensile strength
during cutaneous wound healing. Matrix Biol 75-76
(2019): 314-330.

55.	Zeltz C, Gullberg D. The integrin-collagen connection--a
glue for tissue repair? J Cell Sci 129 (2016): 653-664.

56.	Klein T, Bischoff R. Physiology and pathophysiology of
matrix metalloproteases. Amino Acids 41 (2011): 271-290.

57.	Amalinei C, Caruntu ID, Giusca SE, et al. Matrix
metalloproteinases involvement in pathologic conditions.
Rom J Morphol Embryol 51 (2010): 215-228.

58.	Ricard-Blum S, Ballut L. Matricryptins derived from
collagens and proteoglycans. Front Biosci (Landmark Ed)
16 (2011): 674-697.

59.	Wenzel D, Schmidt A, Reimann K, et al. Endostatin,
the proteolytic fragment of collagen XVIII, induces
vasorelaxation. Circ Res 98 (2006): 1203-1211.

60.	Schmidt A, Wenzel D, Thorey I, et al. Endostatin
influences endothelial morphology via the activated
ERK1/2-kinase endothelial morphology and signal
transduction. Microvasc Res 71 (2006): 152-162.

61.	Azevedo A, Prado AF, Antonio RC, et al. Matrix
metalloproteinases are involved in cardiovascular
diseases. Basic Clin Pharmacol Toxicol 115 (2014): 301-
314.

62.	El Hajj EC, El Hajj MC, Ninh VK, et al. Inhibitor of lysyl
oxidase improves cardiac function and the collagen/MMP
profile in response to volume overload. Am J Physiol
Heart Circ Physiol 315 (2018): H463-H473.

63.	Ottl J, Gabriel D, Murphy G, et al. Recognition and
catabolism of synthetic heterotrimeric collagen peptides
by matrix metalloproteinases. Chem Biol 7 (2000): 119-
132.

64.	Takahashi S, Geenen D, Nieves E, et al. Collagenase
degrades collagen in vivo in the ischemic heart. Biochim
Biophys Acta 1428 (1999): 251-259.

65.	Varo N, Iraburu MJ, Varela M, et al. Chronic AT(1)
blockade stimulates extracellular collagen type I
degradation and reverses myocardial fibrosis in
spontaneously hypertensive rats. Hypertension 35 (2000):
1197-1202.

66.	Barasch E, Gottdiener JS. Aurigemma G, et al. The
relationship between serum markers of collagen
turnover and cardiovascular outcome in the elderly: the
Cardiovascular Health Study. Circ Heart Fail 4 (2011):
733-739.

67.	Diez J, Gonzalez A, Kovacic JC. Myocardial Interstitial
Fibrosis in Nonischemic Heart Disease, Part 3/4: JACC
Focus Seminar. J Am Coll Cardiol 75 (2020): 2204-2218.

68.	Zamilpa R, Lindsey ML. Extracellular matrix turnover
and signaling during cardiac remodeling following MI:
causes and consequences. J Mol Cell Cardiol 48 (2010):
558-563.

69.	de Jong S, van Veen TA, de Bakker JM, et al. Biomarkers
of myocardial fibrosis. J Cardiovasc Pharmacol 57 (2011):
522-535.

70.	Wells JM, Gaggar A, Blalock JE. MMP generated
matrikines. Matrix Biol 44-46 (2015): 122-129.

71.	Chulia-Peris L, Carreres-Rey C, Gabasa M, et al. Matrix
Metalloproteinases and Their Inhibitors in Pulmonary
Fibrosis: EMMPRIN/CD147 Comes into Play. Int J Mol
Sci 23 (2022).

72.	Fan D, Takawale A, Lee J, et al. Cardiac fibroblasts,
fibrosis and extracellular matrix remodeling in heart
disease. Fibrogenesis Tissue Repair 5 (2012): 15.

73.	Jarvelainen H, Sainio A, Koulu M, et al. Extracellular



Singh D, et al., Cardiol Cardiovasc Med 2023
DOI:10.26502/fccm.92920302

Citation:	Drishtant Singh, Vikrant Rai and Devendra K Agrawal. Regulation of Collagen I and Collagen III in Tissue Injury and Regeneration. 
Cardiology and Cardiovascular Medicine 7 (2023): 5-16.

Volume 7 • Issue 1 15 

matrix molecules: potential targets in pharmacotherapy. 
Pharmacol Rev 61 (2009): 198-223.

74.	Burgstaller G, Oehrle B, Gerckens M, et al. The instructive
extracellular matrix of the lung: basic composition and
alterations in chronic lung disease. Eur Respir J 50 (2017).

75.	Li L, Zhao Q, Kong W. Extracellular matrix remodeling
and cardiac fibrosis. Matrix Biol 68-69 (2018): 490-506.

76.	Arseni L, Lombardi A, Orioli D. From Structure to
Phenotype: Impact of Collagen Alterations on Human
Health. Int J Mol Sci 19 (2018).

77.	Zitnay JL, Jung GS, Lin AH, et al. Accumulation of
collagen molecular unfolding is the mechanism of cyclic
fatigue damage and failure in collagenous tissues. Sci
Adv 6 (2020): eaba2795.

78.	Daskalopoulos EP, Dufeys C, Bertrand L, et al. AMPK
in cardiac fibrosis and repair: Actions beyond metabolic
regulation. J Mol Cell Cardiol 91 (2016): 188-200.

79.	Shimizu I., Minamino T. Physiological and pathological
cardiac hypertrophy. J Mol Cell Cardiol 97 (2016): 245-262.

80.	Frangogiannis NG. The Extracellular Matrix in Ischemic
and Nonischemic Heart Failure. Circ Res 125 (2019):
117-146.

81.	Karamitsos TD, Arvanitaki A, Karvounis H, et al.
Myocardial Tissue Characterization and Fibrosis by
Imaging. JACC Cardiovasc Imaging 13 (2020): 1221-
1234.

82.	Perestrelo AR, Silva AC, Oliver-De La Cruz J, et al.
Multiscale Analysis of Extracellular Matrix Remodeling
in the Failing Heart. Circ Res 128 (2021): 24-38.

83.	Theocharis AD, Manou D, Karamanos NK. The
extracellular matrix as a multitasking player in disease.
FEBS J 286 (2019): 2830-2869.

84.	Zannad F, Dousset B, Alla F. Treatment of congestive heart
failure: interfering the aldosterone-cardiac extracellular
matrix relationship. Hypertension 38 (2001): 1227-1232.

85.	D'Armiento J. Matrix metalloproteinase disruption of
the extracellular matrix and cardiac dysfunction. Trends
Cardiovasc Med 12 (2002): 97-101.

86.	Visse R, Nagase H. Matrix metalloproteinases and tissue
inhibitors of metalloproteinases: structure, function, and
biochemistry. Circ Res 92 (2003): 827-839.

87.	Laviades C, Varo N, Fernandez J, et al. Abnormalities of
the extracellular degradation of collagen type I in essential 
hypertension. Circulation 98 (1998): 535-540.

88.	Ding Y, Wang Y, Zhang W, et al. Roles of Biomarkers
in Myocardial Fibrosis. Aging Dis 11 (2020): 1157-1174.

89.	Zannad F, Radauceanu A. Effect of MR blockade on
collagen formation and cardiovascular disease with

a specific emphasis on heart failure. Heart Fail Rev 10 
(2005): 71-78.

90.	Risteli J, Risteli L. Analysing connective tissue
metabolites in human serum. Biochemical, physiological
and methodological aspects. J Hepatol 22 (1995): 77-81.

91.	Querejeta R, Varo N, Lopez B, et al. Serum carboxy-
terminal propeptide of procollagen type I is a marker
of myocardial fibrosis in hypertensive heart disease.
Circulation 101 (2000): 1729-1735.

92.	Diez J, Querejeta R, Lopez B, et al. Losartan-dependent
regression of myocardial fibrosis is associated with
reduction of left ventricular chamber stiffness in
hypertensive patients. Circulation 105 (2002): 2512-2517. 

93.	Izawa H, Murohara T, Nagata K, et al. Mineralocorticoid
receptor antagonism ameliorates left ventricular diastolic
dysfunction and myocardial fibrosis in mildly symptomatic
patients with idiopathic dilated cardiomyopathy: a pilot
study. Circulation 112 (2005): 2940-2945.

94.	Passino C, Barison A, Vergaro G, et al. Markers of
fibrosis, inflammation, and remodeling pathways in heart
failure. Clin Chim Acta 443 (2015): 29-38.

95.	Heeneman S, Cleutjens JP, Faber BC, et al. The dynamic
extracellular matrix: intervention strategies during heart
failure and atherosclerosis. J Pathol 200 (2003): 516-525.

96.	Huxley RR, Lopez FL, MacLehose RF, et al. Novel
association between plasma matrix metalloproteinase-9
and risk of incident atrial fibrillation in a case-cohort
study: the Atherosclerosis Risk in Communities study.
PLoS One 8 (2013): e59052.

97.	Gonzalez A, Lopez B, Querejeta R, et al. Filling pressures
and collagen metabolism in hypertensive patients with
heart failure and normal ejection fraction. Hypertension
55 (2010): 1418-1424.

98.	Lopez B, Gonzalez A, Querejeta R, et al. Alterations in
the pattern of collagen deposition may contribute to the
deterioration of systolic function in hypertensive patients
with heart failure. J Am Coll Cardiol 48 (2006): 89-96.

99.	Rosique RG, Rosique MJ, Farina Junior JA. Curbing
Inflammation in Skin Wound Healing: A Review. Int J
Inflam 2015 (2015): 316235.

100. El Masry MS, Chaffee S, Das Ghatak P, et al. Stabilized
collagen matrix dressing improves wound macrophage
function and epithelialization. FASEB J 33 (2019):
2144-2155.

101. Das A, Abas M, Biswas N, et al. A Modified Collagen
Dressing Induces Transition of Inflammatory to
Reparative Phenotype of Wound Macrophages. Sci Rep
9 (2019): 14293.

102. Schultz GS, Wysocki A. Interactions between



Singh D, et al., Cardiol Cardiovasc Med 2023
DOI:10.26502/fccm.92920302

Citation:	Drishtant Singh, Vikrant Rai and Devendra K Agrawal. Regulation of Collagen I and Collagen III in Tissue Injury and Regeneration. 
Cardiology and Cardiovascular Medicine 7 (2023): 5-16.

Volume 7 • Issue 1 16 

extracellular matrix and growth factors in wound 
healing. Wound Repair Regen 17 (2009): 153-162.

103. Profyris C, Tziotzios C, Do Vale I. Cutaneous scarring:
Pathophysiology, molecular mechanisms, and scar
reduction therapeutics Part I. The molecular basis of
scar formation. J Am Acad Dermatol 66 (2012): 1-10;
quiz 11-12,

104. Feng X, Tonnesen MG, Mousa SA, et al. Fibrin and
collagen differentially but synergistically regulate
sprout angiogenesis of human dermal microvascular
endothelial cells in 3-dimensional matrix. Int J Cell Biol
2013 (2013): 231279.

105. Elgharably H, Ganesh K, Dickerson J, et al. A modified
collagen gel dressing promotes angiogenesis in a
preclinical swine model of chronic ischemic wounds.
Wound Repair Regen 22 (2014): 720-729.

106. Twardowski T, Fertala A, Orgel JP, et al. Type I collagen 
and collagen mimetics as angiogenesis promoting
superpolymers. Curr Pharm Des 13 (2007): 3608-3621.

107. Planchart A, You Y, Schimenti JC. Physical mapping
of male fertility and meiotic drive quantitative trait loci
in the mouse t complex using chromosome deficiencies.
Genetics 155 (2000): 803-812.

108. Roy S, Santra S, Das A, et al. Staphylococcus aureus
Biofilm Infection Compromises Wound Healing by
Causing Deficiencies in Granulation Tissue Collagen.
Ann Surg 271 (2020): 1174-1185.

109. San Antonio JD, Jacenko O, Fertala A, et al. Collagen

Structure-Function Mapping Informs Applications for 
Regenerative Medicine. Bioengineering (Basel) 8 (2020).

110. Yeung DA, Kelly NH. The Role of Collagen-Based
Biomaterials in Chronic Wound Healing and Sports
Medicine Applications. Bioengineering (Basel) 8 (2021).

111. Steen EH, Wang X, Boochoon KS, et al. Wound Healing
and Wound Care in Neonates: Current Therapies
and Novel Options. Adv Skin Wound Care 33 (2020):
294-300.

112. Friedman DW, Boyd CD, Norton P, et al. Increases in
type III collagen gene expression and protein synthesis
in patients with inguinal hernias. Ann Surg 218 (1993):
754-760.

113. Klotz S, Foronjy RF, Dickstein ML, et al. Mechanical
unloading during left ventricular assist device support
increases left ventricular collagen cross-linking and
myocardial stiffness. Circulation 112 (2005): 364-374.

114. Tottoli EM, Dorati R, Genta I, et al. Skin Wound
Healing Process and New Emerging Technologies for
Skin Wound Care and Regeneration. Pharmaceutics 12
(2020).

115. Reese SP, Underwood CJ, Weiss JA. Effects of decorin
proteoglycan on fibrillogenesis, ultrastructure, and
mechanics of type I collagen gels. Matrix Biol 32
(2013): 414-423.

116. Revell CK, Jensen OE, Shearer T, et al. Collagen fibril
assembly: New approaches to unanswered questions.
Matrix Biol Plus 12 (2021): 100079.


	Title
	Abstract 
	Keywords
	Introduction
	Collagen Metabolism 
	Collagen Biosynthesis 
	Collagen Degradation 

	Significance of Col I and Col III Ratio and its Metabolic Regulation 
	Regulation of Col I/Col III in Cardiovascular Disorders 
	Col I/Col III Ratio in Inflammation 
	Col I/Col III ratio in ECM Remodeling 
	Col I/Col III Ratio in the Skin and Wound 

	Conclusion
	Future Directions 
	Author Contributions 
	Funding
	Institutional Review Board Statement 
	Informed Consent Statement 
	Data Availability Statement 
	Acknowledgments 
	Conflicts of Interest 
	Figure 1
	Figure 2
	Figure 3
	References 



