Matrix therapy has new branch of regenerative medicine and its applications in burned
treatment: From fundamental to clinic.
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Abstract:

RGTA®, for Regenerating Agents, form a new class of therapeutics. These molecules are
polysaccharides substituted by functionalized groups selected to protect signal proteins called
natural growth factors, cytokines, interleukins, chemokines,... against proteolytic degradation
These proteins play a key role in cellular communication and are naturally stored in the
extracellular matrix via interactions with sulfated polysaccharides such as heparan sulfate.
During tissue damage as burning, enzymes called heparanases degrade heparans sulfates,
releasing these cytokines, which are then degraded. RGTA® could protect these cytokines or
growth factors. This protection will extend their action and therefore their effectiveness. In the
case of burns, this action would result in a modification of the collagen synthesis. This change
allows a better repair of the lesion quickly visible on the appearance of tissues. This review
presents the first experimental results of the use of RGTA® to treat burns in animal models by
showing these actions at the molecular and histological level. Then a case of a human treatment
with a medical device CACIPLIQ20® based on RGTA® technology is exposed in the
treatment of a burn.

The RGTA® for Regenerating Agents form a new class of therapeutics that increases the speed
and quality of tissue repair and in some cases, lead to a real tissue regeneration. The RGTA®
are initially defined as polymers functionalized with carboxylic groups, sulfates and
substitutions [1-2] promoting properties of penetration or anchoring in tissues (alkyl chains,
lipids, aromatic) or other therapeutic agents (corticosteroids, antibiotics etc.).

They have the ability to mimic heparan sulfates, which are naturally present especially in the
extracellular matrix and bind natural protein signals such as growth factors, cytokines,
interleukins, etc... Their structure makes them resistant to proteolytic degradation [1]. They
may as well as heparan sulfate ensure protection mission of different growth factors such as
FGF-1 and -2 and TGF-f even in heparanase rich environments such as tissue injury area [3].
They have already shown their regenerative capacity in various animal models but also in
clinical trials [4-8].

During a tissue injury, of any kind (physical, chemical, viral, bacterial, ischemic...), a massive
cell death occurs and the entire matrix architecture is destroyed. Heparan sulfates are rapidly
degraded resulting in the destruction of growth factors that are no longer protected. Circulating
and inflammatory cells are very quickly recruited at the site of injury and provide enzymes and
growth factors that are totally different of those originally present in the tissue. Their action is
to repair the injury as quickly as possible without attempting to comply with the local
organization of cells. This action explains the appearance of a scar or fibrosis [9].



In case of burns, the activity increase of cytokines such as TGF-f 1 leads to change the network
of collagen fibers with an overproduction of type III collagen [10-11] and then persistence of
this expression for at least 10 months indicating long-term dysfunction in the healing process.
The use of heparin in the treatment of burns is limited by the risk of adverse effects, including
severe bleeding associated with anticoagulant activity, thrombocytopenia, or allergies [12-13].
The RGTA® nearly have no anticoagulant activity [14] and can therefore, by their action,
restore the normal processes of collagen synthesis and avoid the appearance of scar while
accelerating the process of tissue reconstruction.

Evolution of collagens during healing process.

The RGTA® OTR4120 was evaluated through matrix remodeling quality in an animal model
of experimental skin burns in rats [15]. The burn was induced by a copper disk previously
heated in boiling water for 5 seconds and applied on the dorsal skin of hairless rats. The wound
was immediately flushed with saline or with a solution of 0.1 mg / ml OTR4120 diluted in
saline buffer. The animals also received saline or OTR4120 (100mg/100g body weight)
intramuscularly. Subsequently, the dermal application of saline or OTR4120 were repeated as
before every three day during the first month then once a week for the next month.
Intramuscular were repeated once a week for 3 months then once a month throughout the entire
duration of the study namely 10 months after the burn. The animals were divided into 4 groups:
healthy (unburned skin), healthy treated (unburned skin and treated by OTR4120), control
(burned skin and treated with saline) and treated (burned skin and treated by OTR4120).
Fibrotic index, which is the ratio of collagen III and collagen I, is an index to monitor quality
of scar tissue. In the healthy group any action of RGTA is visible because lack of penetration
of the product due to the absence of injury. During the healing of burned skin treated with
saline, fibrotic index increases significantly compared to healthy skin during the first week after
the induction of the burn. It remains high throughout the 10-month study (Figure 1). Another
good marker in the evolution of wound healing was followed: matrix metalloproteinases
(MMPs) which are a family of proteases involved in proteolytic degradation of many proteins
of the extracellular matrix [16]. They can degrade all structural components of the extracellular
matrix and thus the dermis, but also growth factors. Treatment with OTR4120 allows to keep
an index close to that of healthy skin. (Figure 1). The abnormal increase in the synthesis of type
IIT collagen observed in control animals is definitely not found when the animal is treated by
OTR4120 (Figure 1). This specific effect of RGTA® on the type III collagen synthesis has
already been described [17-18] and may involve an interaction with FGF-2 (fibroblast growth
factors). It would be the result of better tissue reconstruction since the increased synthesis of
type III collagen is often associated with fibrosis and excessive scarring. It has also been shown
in previous studies that treatment with RGTA® decreases the production of type III collagen in
the intestinal tissues of patients with Crohn's disease [19].

In this study, the expression of metalloproteinases MMP-2 and MMP-9 increased significantly
in the burned skin, in agreement with data from human studies [10, 20]. They are key players
in extracellular matrix remodeling such as the formation of vascular neointima. MMP-2, which
is constitutively expressed, participates in the regulation of the constant degradation of collagen,
whereas the expression of MMP-9 is induced during significant degradation of the extracellular
matrix. OTR4120 can improve the activation of proMMP-2 and therefore the activity of MMP-
2. Such as MMP-9 plays a crucial role in the remodeling of scar tissue [16], with his induction
of a significant increasing of the both enzymes activity, OTR4120 may allow rapid and
appropriate tissue remodeling.



Another possible explanation of the effects of OTR4120 lies in its ability to interact specifically
with TGF-B1 (transforming growth factor) and improve its bioavailability [17, 21]. TGF-B1 is
involved in the production and regeneration of the extracellular matrix under physiological
conditions as in pathological conditions [22] and plays an essential role in control of fibrotic
index by stimulating the production of type I collagen but also of type III collagen. In addition,
TGF-B1 induces the production of MMP-2 and also stimulates the expression of MMP-9.

Histological changes during burns treatment

In the same model of thermal injury induced in rats, histological analysis of the burned skin
treated or not by OTR4120 was conducted [23]. It appears that OTR4120 stimulates the
production of new vessels from the early days. In addition, skin is more mature in the group
treated with OTR4120 that in the control group, where three layers of granulomatous cells were
visible, compared to four in the control group seven days after the burn. On each day during the
first week, the stage of epidermal repair was approximately one day earlier in the RGTA group.
In fact, the number of layers of keratinocytes is ever more important in the group treated with
OTR4120 compared with the control group (Figure 2). Between 7 and 30 days, the epidermis
is constantly thicker in the group OTR4120. However the quality of the newly formed epidermis
appears to be similar in both groups. On day 14, the density of fibroblasts is higher in the group
OTR4120. This effect could be attributed to the protective effect of OTR4120 on the FGF-2,
which is chemotactic and mitogenic for fibroblasts in vitro and in vivo. The early development
of a myofibroblastic appearance after treatment with OTR4120 can also be explained by the
protection of FGF-2.

Keratin 14 was followed due to its properties as marker of keratinocyte division and epithelium
during the skin restoration [24]. Indeed when the basal cells stop dividing and engage in the
process of terminal differentiation that resulted in scales production, genes for keratin 5 and 14
are no longer expressed and are replaced by the expression of genes of keratin 1 and 10. In this
model of burned skin, the presence of keratin 14 is greater in the group treated with OTR4120
that in the control group 3 days after burn induction. On day 4, the gene expression of keratin
14 peaked in the treated group larger than in the control group. On day 5, keratin 14 is found
mainly in the epithelium in the OTR4120 group while she is confined to the granular layer and
stratum spinosum in the control group. Thus, treatment with OTR4120 induces faster evolution
kinetics of keratin 14 expression, in line with the histological elements showing an accelerated
re-epithelialization.

Most of heparin binding growth factors play a key role in the healing of burns. Among them,
VEGF (Vascular endothelial growth factor), a compound secreted by keratinocytes,
macrophages, fibroblasts, have potent angiogenic effects and is related to the induction of
endothelial cell division [25]. FGF-2 [26], also mediator of angiogenesis and epithelialization
[27], accelerates the division of keratinocytes by stimulating the synthesis of matrix
components such as collagen, fibronectin, and proteoglycans. It has been shown that topical
application accelerates the healing of burns in a pig model [28] and enhances epithelialization
of wounds in a diabetic mouse model [29]. In humans, topical application of FGF-2 on burns
and chronic dermal ulcers can accelerate healing [30-32]. In a wound model induced in rats,
administration clearly enhances the re-epithelialization and collagen synthesis by fibroblasts
[33-35]. In humans, TGF-f regulates angiogenesis and increases by actions on the synthesis of
extracellular matrix, activation of fibroblasts and collagen synthesis and fibronectin production
[36]. The OTR4120 seems to exert protective effects by maintaining the bioavailability of these
growth factors. These factors are typically stored on heparan sulfates of the extracellular matrix
but during a burn, the heparanases which are among the first enzymes activated, will destroy
them and release growth factors that are then rapidly degraded. As the heparan sulfate mimetic
OTR4120 can provide stable protection of these growth factors "heparin binding" [1], they



become less susceptible to be degraded despite the presence of heparanases. This protection
allows a better action of growth factors in the reconstruction of the structure of the extracellular
matrix and thus leads to a better repair of the injured area.

From laboratory to human applications:

RGTA® technology has resulted in several products that were developed in humans. Thus the
first product, marketed as Class III medical device under the trade name of CACIPLIQ20® is
indicated for the treatment of chronic skin wounds. A first clinical trial showed its effectiveness
on peripheral arterial ulcers refractory to conventional treatment for average 7 months in
patients with critical ischemia which could not or no longer have revascularization by vascular
surgery. Two months of treatment led to the closure of half of the ulcers [37]. In another trial
involving patients with pressure ulcers or venous ulcers towed for over two years, a reactivation
of healing by CACIPLIQ20® was observed within the first month of treatment.

Relating to burns, the indication has not yet been documented. Case below is an ulceration
caused by severe thermal injury in a neuropathic diabetic patient, stagnant for more than three
months. Amputation was planned since gangrene began to set in, which is the classical
evolution of this type of burn. Although CACIPLIQ20® is not indicated in the treatment of
burns, its use allowed to offer an alternative. In accordance with its normal usage,
CACIPLIQ20® was applied twice weekly using gauze, covering exposed areas visible on the
picture (Figure 3). The gauze wass left on the wound 5 minutes before being discarded. The
wound was then covered with a bandage with a conventional non-adherent dressing like
paraffin gauze dressing. The wound treated with RGTA ® has restored almost entirely with a
good quality skin after 4 months.

Several other patients with similar burns have been treated and cured without amputation. It
was the same with acid burns or water boiling whose evolution was pessimistic.
Thus the results seem to confirm on humans those obtained in animals models of burns. It
highlights a possible extension for the use of CACIPLIQ20® in chronic or not burn wounds.
Treatment by RGTA® or matrix therapy finds its place in brulology. Further investigations are
needed to get better evaluation of its potential as therapy matrix used alone or in combination
with matrix recovery system (for the protection of burned areas and exposed) or with cells from
in vitro expansion or even grafts.
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Figure 1: Distribution of the synthesis of three types of collagen in the skin sample taken from
mice that have not been burned (control) and burned (burned) with or without treatment with
RGTA ®, 7 days after burn (top ) or 10 months after burn (bottom).

Figure 2: Histological Study on days 3 and 4 at x100 magnification. 3 days after the burn, the
control group shows no layer of keratinocytes, a group 0TR4120. On day 4, two layers are
visible in the control group against five for the group treated with OTR4120.



Figure 3: Evolution of a burn patient treated with CACIPLIQ20 ® at the rate of application
every 3 days. The evolution accomplished virtually complete regeneration of healthy skin in 4
months (125 days).



