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Abstract: Daptomycin is active against Gram-positive bacteria, including methicillin-resistant Staphy-
lococcus aureus (MRSA) and the on-label indications for its use include complicated skin and skin
structure infections (cSSSI). We performed a narrative review of the literature with the aim to evaluate
the role of daptomycin in the skin wound healing process, proposing our point of view on the possible
association with other molecules that could improve the skin healing process. Daptomycin may
improve wound healing in MRSA-infected burns, surgical wounds, and diabetic feet, but further
studies in humans with histological examination are needed. In the future, the combination of
daptomycin with other molecules with synergistic action, such as vitamin E and derivates, IB-367,
RNA III-inhibiting peptide (RIP), and palladium nanoflowers, may help to improve wound healing
and overcome forms of antibiotic resistance.

Keywords: daptomycin; wound healing; staphylococcal skin infection; Vitamin E; IB-367; RNA
III-inhibiting peptide

1. Introduction

Daptomycin is a cyclic lipopeptide that is active against Gram-positive bacteria, includ-
ing vancomycin-resistant Enterococci (VRE) and methicillin-resistant Staphylococcus aureus
(MRSA) [1,2]. The on-label indications include, in addition to bacteremia and endocarditis,
complicated skin and skin structure infections (cSSSI) [2,3].

The mechanism of action of daptomycin disrupts the functions of the Gram-positive
bacterial cell membrane, causing membrane depolarization through ion leakage [4]. Dapto-
mycin forms a unique complex with calcium ions and phosphatidylglycerol molecules in
bacterial membranes which are supposed to allow the formation of transient ionophores
and lead to bacterial death by intracellular inhibition of DNA and RNA [4–6]. This occurs
since adenosine tri-phosphate (ATP) regeneration through oxidative phosphorylation stops
when the membrane potential collapses. In addition, the loss of cellular Mg2+, which nor-
mally stabilizes ATP, should contribute to ATP depletion, which impairs macromolecular
biosynthesis, including the DNA, RNA, protein, and peptidoglycan synthesis pathways [6].

Recent evidence suggests an action on actively dividing regions of bacterial mem-
branes, causing a re-organization in the distribution of membrane lipids and proteins,
which secondarily results in membrane leakage and depolarization [7–9].

In terms of the pharmacokinetics, the gastrointestinal tract is not able to absorb dap-
tomycin, for this reason intravenous administration is recommended. Since daptomycin
binds with plasma proteins to 90% and has a negative charge at a physiological pH, the
volume of distribution is limited, 0.1 l/Kg in healthy subjects. Elimination is predominantly
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renal, with 50% being excreted unmodified in the urine. This explains the need for dosage
adjustment in patients with renal insufficiency [10,11].

However, emerging evidence of MRSA that is resistant to daptomycin after repetitive
antibiotic exposure suggests that we should evaluate the combination of daptomycin with
other molecules both to overcome possible bacterial resistance and to achieve a synergistic
action, improving wound healing [12–14].

Most SSTIs in adults are caused by staphylococci, including MRSA, or β-haemolytic
streptococci [15]. Vancomycin is the antibiotic of first choice for SSTIs when β-lactams
are contraindicated or ineffective [16]. However, the increasing prevalence of resistance
to vancomycin requires other options of treatment. Among these, daptomycin is a valid
alternative that is approved for the treatment of cSSSIs (4 mg/kg die for 7–14 days) [17],
and various meta-analyses confirm that there are no significant differences in the efficacy
of daptomycin compared to standard drugs [18–20].

CSSSIs are also common in children [21–24], and guidelines recommend vancomycin
as parenteral therapy or clindamycin as an alternative [25–27]. However, vancomycin
requires monitoring of its blood concentration and renal function [25,28–30]. Clindamycin
may be ineffective as empirical therapy against MRSA when the resistance rate exceeds
10% [25–27]. Linezolid is also a viable alternative, although, especially with treatments
that are longer than 28 days, it may be associated with the risk of neurotoxicity and
myelosuppression [31–34]. In a recent randomized trial [35], daptomycin was not inferior
to vancomycin and clindamycin in pediatric patients, with a comparable safety profile, as
confirmed in the study by Iwata et al. [2]. However, the clinician must be careful when
using daptomycin, considering the risk of side effects such as acute eosinophilic pneumonia
and increased creatine phosphokinase [20,36].

To the best of our knowledge, there are no reviews in the literature that provide an
overview of the action of daptomycin in wound healing. For this reason, we performed a
review of the literature to evaluate the role of daptomycin in cutaneous wound healing.
(Table 1)

Table 1. Summary of the main evidence on the role of daptomycin in wound healing. EGFR:
epidermal growth factor receptor FGF-2: fibroblast growth factor-2 IL-6: interleukin-6. MMP-9:
matrix metalloproteinase-9 TIMP-1: metallopeptidase inhibitor.

Main Evidence References

Burns
Higher risk of MRSA infection in burn patients hospitalized
MRSA-soluble products impair wound healing by apoptosis and
disorganization of fibroblasts

Kirker et al. [37]

Murine model, MRSA-infected burn wounds.
Groups: one control not infected, one not infected +
intraperitoneal daptomycin, one infected no treatment, one
infected + intraperitoneal daptomycin, one infected +
intraperitoneal teicoplanin.
Daptomycin with greater antimicrobial effect than teicoplanin.
(p < 0.01)
Daptomycin groups with better epithelialization and significantly
higher collagen scores, higher expression of EGFR and FGF-2
Daptomycin reduced hypertrophic burn scar formation.

Simonetti et al. [38]

Infected wounds and SSSIs, including burns (134).
Eradication of infection in 98.5% of cases
Lack of histological assessment of wound healing

Friedman et al. [39]

Surgical
Site
Infections

23 patients deep sternal wound infection by S. aureus after cardiac
surgery.
All patients with complete wound healing after 22 ± 13.4 days.
Lack of histological assessment of wound healing

Popov, A.F. et al. [40]
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Table 1. Cont.

Main Evidence References

Murine model, skin wounds infected with S. aureus and
Enterococcus spp.
Tigecycline + daptomycin with synergic bactericidal action
compared to single treatment
Lack of histological assessment of wound healing

Silvestri et al. [41]

Diabetic Foot

Pilot study, 8 patients with MRSA-infected diabetic feet treated
with daptomycin
IL-6 decreased in the first 3 days
MMP-9 decreased
TIMP-1 increased
Reduction in wound size and eradication of MRSA after 14-day
therapy
Lack of histological assessment of wound healing

Ambrosch et al. [42]

Daptomycin in association with other molecules

Daptomycin(Dap)
micelles-stabilized palladium
nanoflowers(Dap-PdNFs)

In vitro, S. Aureus Dap-PdNFs + 808 nm laser
S. aureus viability reduced after 10 min of laser to 30.93%
In vivo, diabetic mice with S. Aureus-infected wounds.
Five groups: saline group, saline + laser irradiation, Dap-PdNFs
(topical application), Dap-PdNFs + laser irradiation.
Dap-PdNFs + laser group showed the best reduction in wound
area, 6.5%.
Histological examination (heart, liver, spleen, lung, and kidney)
with no alterations
Dap-PdNFs + 808 nm light were effective against bacteria around
the wound, promoted local angiogenesis, epithelial tissue growth,
and accelerated wound healing
Lack of histological assessment of wound healing

He et al. [43]

Vitamin E (VE) and derivates

Murine model with MRSA-infected wounds
Tocotrienols (T3s) + daptomycin, best antibacterial action vs.
single treatment or placebo, better markers of wound healing
(fibronectin type III expression and IL-24 mRNAs).
Lack of histological assessment of wound healing

Pierpaoli et al. [44]

Murine model with MRSA-infected wounds
VE pre-treatment + daptomycin showed the highest antibacterial
efficacy.
VE enhancer of the antimicrobial activity of both daptomycin and
tigecycline.
Lack of histological assessment of wound healing

Provinciali et al. [45]

IB-367

Murine model with MRSA-infected wounds
IB-367 + daptomycin the most effective in bactericidal activity vs.
single therapies and IB-367 + teicoplanin.
Lack of histological assessment of wound healing

Cirioni et al. [46]

RNA III-inhibiting peptide
(RIP)

Patient with a diabetic foot ulcer
RIP topical 1 mg/cc in combination with daptomycin 6 mg/kg
intravenously
Complete closure in 24 weeks, avoiding amputation
Example of the potential of combining new topical molecules +
daptomycin, increased antibacterial and improved wound
healing

Lopez-Leban et al. [47]

Dap@Au/Ag
nanorods
(Dap@Au/Ag NRs)

In vitro and in vivo murine models,
After exposure to 808 nm, 0.8 W/cm2, 40–60 s laser, Dap@Au/Ag
NRs increased its antibacterial activity with a good photothermal
effect.
Dap@Au/Ag NRs significantly inhibit MRSA, prevent wound
ulceration, promoting wound healing.

Dong et al. [48]
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2. Results and Discussion
2.1. Burns

The role of daptomycin in wound healing was evaluated in burns. Burn patients
requiring hospitalization are often at a higher risk of MRSA infection and appropriate
antibiotic therapy must be administered [49–51]. In addition, MRSA can produce soluble
products that can induce apoptosis of fibroblasts and prevent their proper organization in
the tissue repair process [37].

In a murine model with MRSA-infected burn wounds [38], daptomycin was found to
have a greater antimicrobial effect than teicoplanin. This can be explained in part by the
greater penetration of daptomycin into soft tissues, with 70% of the plasma concentration
found in the tissues that were examined [52]. Interestingly, a higher dose of 4 mg/kg may
be more effective in patients with cSSSI as daptomycin has a dose-dependent bactericidal
action and 7 mg/kg may help both to maximize the bactericidal action and avoid the
development of bacterial resistance [38]. A recent study of Chinese patients with severe
burns and MRSA infection also found that high doses of daptomycin (from 6 mg/kg/day
up to 12 mg/kg/day) were more effective than the standard dose [53]. Even if this dosage
is higher than what is recommended, no significant differences of endogenous creatinine
clearance rate (Ccr), blood urea nitrogen (BUN), and total protein (TP) were found in
patients before and 7 days after high-dose daptomycin treatment. The mean concentration
of albumin on day 7 after high-dose daptomycin treatment was significantly higher than
the baseline value (40.5 ± 4.6 vs. 35.0 ± 6.5, respectively, p = 0.006). [53] We recommend
that the physician should always assess the risk-benefit ratio in the individual patient
before considering high doses of daptomycin.

In addition, the group of mice that were treated with daptomycin showed improved
wound healing with better collagen organization and faster re-epithelization. After 21 days,
the skin repair in this group was similar to that of the group with a non-infected burn.
Immunohistochemically, it was also seen that in the daptomycin group there was higher
expression of wound healing markers such as epidermal growth factor receptor (EGFR)
and fibroblast growth factor (FGF-2) [38].

Skin wound healing is a complex, multifactorial process involving inflammation, cell
proliferation and migration, extracellular matrix deposition, re-epithelialization, angiogen-
esis, and remodeling. [54,55] In particular, growth factors, such as FGF-2 and epidermal
growth factor (EGF), play key roles in fibroblast and keratinocyte proliferation [56]. The
increased expression of EGFR accelerates re-epithelialization, angiogenesis, keratinocyte
proliferation, and migration from the wound edges [57–59].

FGF-2 is a polypeptide that is involved in wound healing by regulating the synthesis
and degradation of the extracellular matrix and stimulates the formation of granulation
tissue [60–63]. It has been shown that exogenous FGF-2 can be used to treat keloids and
hypertrophic scars [64–66]. This explains the results of daptomycin in murine wound
healing of MRSA-infected burns with improved scar quality and well-organized, non-
hypertrophic re-epithelialization [38].

Finally, a review assessed the efficacy of daptomycin in treating infected wounds and
SSSIs, including burns (n = 134), with an eradication of infection in 98.5% of cases, but
lacking a histological assessment of wound healing [39].

2.2. Surgical Site Infections

Popov et al. reported [40], in an observational study on 23 patients, the efficacy of dap-
tomycin in the wound healing of deep sternal wound infection (DSWI) that was sustained
by S. aureus after cardiac surgery. All the patients resolved the infection and achieved
complete wound healing after 22 ± 13.4 days. Again, there was a lack of histological data
specifically confirming the action of daptomycin.

Silvestri et al. reported a murine model with skin wounds that were infected with
strains of S. aureus and Enterococcus spp. that were taken from patients’ surgical wounds [41].
The combination of tigecycline with rifampicin and daptomycin has a synergic bactericidal
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action compared to single treatment, confirming that the combination with daptomycin and
other antibiotics can be very effective and overcome potential problems of multi-resistant
species. Chamberlain et al. also demonstrated the efficacy of daptomycin in the treatment
of chirurgic wounds that were infected with S. aureus, MRSA, and enterococci even when
previous antibiotic therapy, including vancomycin, failed. However, evaluations on wound
healing are lacking [67].

In our opinion, the effects of daptomycin in surgical site-related SSSIs may potentially
be optimal, allowing better wound healing.

2.3. Diabetic Foot

In a pilot study on eight patients with MRSA-infected diabetic feet Ambrosch et al.
evaluated the effect of daptomycin in both eradicating the infection and wound healing [42].
The concentration of interleukin-6 (IL-6), matrix metalloproteinase-9 (MMP-9), and metal-
lopeptidase inhibitor 1 (TIMP-1) was assessed from wound secretions. Local IL-6 decreased
in the first three days of therapy, MMP-9 decreased in the following days, and TIMP-1
increased, with a reduction in wound size and eradication of MRSA at the end of the
14-day therapy.

An increase in TIMP-1, an anti-protease, and a reduction in MMP-9, a protease, was
seen before wound reduction on day 14. The latter is the predominant collagenase in normal
wound healing, but, if over-expressed, may be associated with chronic ulcers that do not
heal due to excessive collagenase activity [68–73]. This may also result in an imbalance
with TIMP-1, which is reduced.

A limitation of this study is the lack of histological assessment of wound healing,
although this is difficult in the diabetic foot. Wound fluid analysis is a good indicator of
IL-6, MMP-9, and TIMP-1 expression [74–77].

We believe that daptomycin may be an excellent therapeutic option in patients with
MRSA-infected diabetic foot or diabetic ulcers with difficult wound healing.

2.4. Daptomycin in Association with Other Molecules
2.4.1. Daptomycin (Dap) Micelles-Stabilized Palladium Nanoflowers (Dap-PdNFs)

A new method consists of including daptomycin in micelles-stabilized palladium
nanoflowers by exploiting the photothermal action to convert laser light (808nm) into
thermal energy [43]. This method (Dap-PdNFs + laser group) was proven to be effective
in vitro against S. Aureus, reducing its viability after 10 min of laser to 30.93% (vs. 79.76%,
Dap + laser group, vs. 85.14% PdNPs + laser group). The effect on wound healing was
studied on diabetic mice with S. aureus-infected wounds. The mice were then randomly
divided into five groups: saline group, saline + laser irradiation (1.75 W/cm2 for 5 min),
Dap-PdNFs (topical application), and Dap-PdNFs + laser irradiation. After 14 days the
Dap-PdNFs + laser group showed the best reduction in wound area, 6.5%, vs. the laser
alone group, 34.04%, vs. Dap + laser group, 25%, and vs. PdNPs + laser group, 17.36%.
A histological examination of the main organs (heart, liver, spleen, lung, and kidney)
was performed, showing no alterations, thus confirming the good biocompatibility of the
method. In conclusion, Dap-PdNFs irradiated with 808 nm light was effective against
bacteria around the wound, prevented wound infection, promoted local angiogenesis
and epithelial tissue growth, and accelerated wound healing in diabetic mice. This may
be an interesting method that deserves to be evaluated with larger sample size studies,
considering the topical application and the good tolerability.

2.4.2. Vitamin E and Derivates

Tocotrienols (T3s) is a vitamin E isomer with immunomodulatory activity. In a study
by Pierpaoli et al., the action of T3s in combination with daptomycin was evaluated in a
mouse model with MRSA-infected wounds [44]. The T3s and daptomycin combination
group showed the best antibacterial action compared to the single treatment or placebo,
and the markers of wound healing were also better (fibronectin type III expression and
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IL-24 mRNAs). Again, the histological aspects of wound healing are lacking, but this study
suggests that the combination of daptomycin with T3s may further improve the tissue
repair process.

Vitamin E (VE) is a known immunomodulator and was observed in a study by Provin-
ciali et al. to play a role as an enhancer of the antimicrobial activity of both daptomycin
and tigecycline in a murine model with MRSA-infected wounds [45]. The group with VE
pre-treatment and daptomycin showed the highest antibacterial efficacy. An assessment of
wound healing is lacking here, but this study could be a starting point for evaluating VE
supplementation in those patients with a high risk of MRSA-infected ulcers or wounds, in
order to enhance the action of daptomycin and to benefit from VE possible effect on wound
healing [78–80].

In addition, an interesting aspect of daptomycin is its possible immunomodulatory
action. In an in vitro model on mononuclear cells from peripheral blood, S. aureus stimulates
the production of several inflammatory cytokines, such as IL-1β, IL-6, IL-8, interferon-γ
(INF-γ), and tumor necrosis factor alpha (TNF-α). Daptomycin suppresses the levels of
these proinflammatory cytokines in vitro, independently of dose, but in vivo this does
not seem to be confirmed [81]. However, if VE was provided prior to wound infection
with MRSA, the animals showed a significant increase in CD49b+ lymphocytes after
daptomycin treatment, whereas this did not occur with daptomycin alone, suggesting its
role of immunomodulator enhancer [81].

2.4.3. IB-367

IB-367 is a synthetic protegrin (RGGLCYCRGRFCVCVGRCONH2) with both fungici-
dal [82] and bactericidal [83] activity. In a murine model with MRSA-infected wounds, the
combination of IB-367 with daptomycin was the most effective in bactericidal activity com-
pared to single therapies and the combination of IB-367 with teicoplanin. The antimicrobial
effect of IB-367 was associated with increased cytotoxicity of Natural Killer (NK), without
a higher cell count. IB-367 correlated with increased CD11b and Gr-1 cells 3 days after
MRSA challenge, whereas both of these leukocyte populations were reduced at 10 days
after. Again, there is no histological reference to wound healing, but this is an excellent
example of how the combination of daptomycin with new peptides can help overcome
bacterial resistance [46].

2.4.4. RNA III-Inhibiting Peptide

RNA III-inhibiting peptide (RIP) is a seven-amino acid molecule that is capable of
blocking RNA III synthesis. RNA III is a transcriptional unit of the staphylococcal accessory
gene regulator (Agr) system and can regulate bacterial quorum sensing, as well as biofilm
formation [84].

This molecule, topically applied at the concentration of 1 mg/mL, was used in com-
bination with daptomycin, 6 mg/kg intravenously, in a subject with a diabetic foot ulcer,
achieving complete wound closure in 24 weeks and above all avoiding amputation [47].
This is an excellent example of the potential of combining new topical molecules with
systemic therapy with daptomycin, exploiting not only the antibacterial action but also that
of improving wound healing.

2.4.5. Dap@Au/Ag Nanorods

Dong et al. show that a nanometric antimicrobial system Dap@Au/Ag nanorods
(Dap@Au/Ag NRs), consisting of daptomycin bound to silver-coated gold nanorods, is
effective against MRSA [48]. In vitro and in vivo models showed that after exposure to a
laser at 808 nm, 0.8 W/cm2, 40–60 s, Dap@Au/Ag NRs increased its antibacterial activity
with a good photothermal effect. In comparison to conventional photothermal therapy
(PTT), laser irradiation that was administered at the early stage of infection with a controlled
temperature below 47 ◦C, not only significantly inhibits MRSA, but also prevents a large
area of wound ulceration and promotes wound healing without any thermal damage to
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the wound surface. Dap@Au/Ag NRs are a promising potential antimicrobial agent with
a good effect on wound healing, providing a new strategy to overcome drug-resistant
bacterial infections.

3. Materials and Methods

We performed a narrative review of the literature by searching the PubMed database
for the following keywords: daptomycin, wound healing, burn, skin infections, SSSI, and
skin and soft tissue infections. We selected articles showing the effect of daptomycin
on wound heraling first in humans and then in animal models, preferring those with
histological evidence. In vitro studies have been reported for completeness. The aim of this
review is to evaluate the role of daptomycin in the skin wound healing process, proposing
our point of view on the possible association with other molecules that could improve the
skin healing process. We did not consider time limits in the selection of the literature.

4. Conclusions

Some findings support that daptomycin is an important modulator of wound healing
in MRSA-infected wounds, (Figure 1) allowing better organization of fibroblasts and
keratinocytes, although human studies with histological evidence to confirm this are
still required. In our opinion, in the future, the combination of daptomycin and other
molecules with synergistic action may help to improve wound healing and overcome forms
of antibiotic resistance, in particular the combination with topical RIP also appears to be
promising in diabetic patients with MRSA-infected wounds [84].
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factor-2 IL-6: interleukin-6. MMP-9: matrix metalloproteinase-9 TIMP-1: metallopeptidase inhibitor.

A further issue emerging from this review is the possibility of using a high dose (HD)
of daptomycin for the treatment of complicated skin and soft tissue infections (cSSTIs).
In a study of 155 Chinese patients, 108 were treated with standard dose (SD) (4 mg/kg)
and 47 with HD (≥6 mg/kg) and it was shown that the group with HD achieved clinical
stabilization earlier (72.34% vs. 52.78%, p = 0.023), with an equal distribution of adverse
effects in the two groups [85]. From our point of view, this may be a therapeutic option that
the clinician should be aware of in the treatment of cSSSIs, always considering the patient’s
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clinical condition and his comorbidities, but further studies with histological assessment
are necessary to evaluate the impact on wound healing.

Finally, Blasco et al. recently identified a new daptomycin analogue, kynomycin,
which showed higher activity against MRSA and lower cytotoxicity than daptomycin [86].
This new cyclic lipopeptide could represent a further option for overcoming resistance to
daptomycin, but its action on wound healing still needs to be assessed.

Author Contributions: Conceptualization, O.S. and G.R. (Giulio Rizzetto); methodology, O.C. and
G.R.; software, G.R. (Giulia Radi); validation, O.C., L.B. and G.R. (Giulia Radi); data curation,
G.R. (Giulia Radi) and E.M.; writing—original draft preparation, G.R. (Giulio Rizzetto); writing—
review and editing, E.M. and F.D.; visualization, O.S.; supervision, O.S., A.O. and A.G.; project
administration, A.O. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Patel, S.; Saw, S. Daptomycin. StatPearls. 2022. Available online: https://www.ncbi.nlm.nih.gov/books/NBK470407/ (accessed

on 30 March 2022).
2. Iwata, S.; Koyama, H.; Murata, Y. Efficacy and safety of daptomycin in Japanese pediatric participants with complicated skin and

soft tissue infections or bacteremia caused by gram-positive cocci. J. Infect. Chemother. 2022, 28, 406–412. [CrossRef] [PubMed]
3. Osorio, C.; Garzón, L.; Jaimes, D.; Silva, E.; Bustos, R.-H. Impact on Antibiotic Resistance, Therapeutic Success, and Control of

Side Effects in Therapeutic Drug Monitoring (TDM) of Daptomycin: A Scoping Review. Antibiotics 2021, 10, 263. [CrossRef]
[PubMed]

4. Huang, H.W. DAPTOMYCIN, its membrane-active mechanism vs. that of other antimicrobial peptides. Biochim. Biophys. Acta
Biomembr. 2020, 1862, 183395. [CrossRef]

5. Karas, J.A.; Carter, G.P.; Howden, B.P.; Turner, A.M.; Paulin, O.K.A.; Swarbrick, J.D.; Baker, M.A.; Li, J.; Velkov, T. Structure–
Activity Relationships of Daptomycin Lipopeptides. J. Med. Chem. 2020, 63, 13266–13290. [CrossRef] [PubMed]

6. Taylor, S.D.; Palmer, M. The action mechanism of daptomycin. Bioorg. Med. Chem. 2016, 24, 6253–6268. [CrossRef]
7. Pokorny, A.; Almeida, P.F. The Antibiotic Peptide Daptomycin Functions by Reorganizing the Membrane. J. Membr. Biol. 2021,

254, 97–108. [CrossRef]
8. Howe, A.; Sofou, S. Daptomycin-Induced Lipid Phases on Model Lipid Bilayers: Effect of Lipid Type and of Lipid Leaflet Order

on Membrane Permeability. J. Phys. Chem. B 2021, 125, 5775–5785. [CrossRef]
9. Grein, F.; Müller, A.; Scherer, K.M.; Liu, X.; Ludwig, K.C.; Klöckner, A.; Strach, M.; Sahl, H.-G.; Kubitscheck, U.; Schneider, T.

Ca2+-Daptomycin targets cell wall biosynthesis by forming a tripartite complex with undecaprenyl-coupled intermediates and
membrane lipids. Nat. Commun. 2020, 11, 1–11. [CrossRef]

10. Gregoire, N.; Chauzy, A.; Buyck, J.; Rammaert, B.; Couet, W.; Marchand, S. Clinical Pharmacokinetics of Daptomycin. Clin.
Pharmacokinet. 2021, 60, 271–281. [CrossRef]

11. Tsukada, H.; Tsuji, Y.; Yamashina, T.; Tsuruta, M.; Hiraki, Y.; Tsuruyama, M.; Ogami, C.; Kawasuji, H.; Sakamaki, I.; Yamamoto, Y.
Pharmacokinetics and pharmacodynamics of daptomycin in a clinical setting. J. Infect. Chemother. 2020, 26, 230–235. [CrossRef]

12. Sulaiman, J.E.; Lam, H. Novel Daptomycin Tolerance and Resistance Mutations in Methicillin-Resistant Staphylococcus aureus
from Adaptive Laboratory Evolution. mSphere 2021, 6, e0069221. [CrossRef] [PubMed]

13. Atshan, S.; Hamat, R.; Coolen, M.; Dykes, G.; Sekawi, Z.; Mullins, B.; Than, L.; Abduljaleel, S.; Kicic, A. The Role of Subinhibitory
Concentrations of Daptomycin and Tigecycline in Modulating Virulence in Staphylococcus aureus. Antibiotics 2021, 10, 39.
[CrossRef] [PubMed]

14. Li, L.; Higgs, C.; Turner, A.M.; Nong, Y.; Gorrie, C.L.; Sherry, N.L.; Dyet, K.H.; Seemann, T.; Williamson, D.A.; Stinear, T.P.; et al.
Daptomycin Resistance Occurs Predominantly in vanA-Type Vancomycin-Resistant Enterococcus faecium in Australasia and Is
Associated with Heterogeneous and Novel Mutations. Front. Microbiol. 2021, 12, 749935. [CrossRef] [PubMed]

15. Dryden, M.S. Alternative clinical indications for novel antibiotics licensed for skin and soft tissue infection? Curr. Opin. Infect.
Dis. 2015, 28, 117–124. [CrossRef]

16. O’Brien, D.J.; Gould, I.M. Does vancomycin have a future in the treatment of skin infections? Curr. Opin. Infect. Dis. 2014, 27,
146–154. [CrossRef]

17. Humphries, R.M.; Pollett, S.; Sakoulas, G. A current perspective on daptomycin for the clinical microbiologist. Clin. Microbiol.
Rev. 2013, 26, 759–780. [CrossRef]

https://www.ncbi.nlm.nih.gov/books/NBK470407/
http://doi.org/10.1016/j.jiac.2021.11.019
http://www.ncbi.nlm.nih.gov/pubmed/34920946
http://doi.org/10.3390/antibiotics10030263
http://www.ncbi.nlm.nih.gov/pubmed/33807617
http://doi.org/10.1016/j.bbamem.2020.183395
http://doi.org/10.1021/acs.jmedchem.0c00780
http://www.ncbi.nlm.nih.gov/pubmed/32687352
http://doi.org/10.1016/j.bmc.2016.05.052
http://doi.org/10.1007/s00232-021-00175-0
http://doi.org/10.1021/acs.jpcb.1c02047
http://doi.org/10.1038/s41467-020-15257-1
http://doi.org/10.1007/s40262-020-00968-x
http://doi.org/10.1016/j.jiac.2019.08.017
http://doi.org/10.1128/mSphere.00692-21
http://www.ncbi.nlm.nih.gov/pubmed/34585959
http://doi.org/10.3390/antibiotics10010039
http://www.ncbi.nlm.nih.gov/pubmed/33401579
http://doi.org/10.3389/fmicb.2021.749935
http://www.ncbi.nlm.nih.gov/pubmed/34745054
http://doi.org/10.1097/QCO.0000000000000142
http://doi.org/10.1097/QCO.0000000000000048
http://doi.org/10.1128/CMR.00030-13


Antibiotics 2022, 11, 944 9 of 11

18. Wang, F.Y.; Hu, J.T.; Zhang, C.; Zhou, W.; Chen, X.F.; Jiang, L.Y.; Tang, Z.H. The safety and efficacy of daptomycin versus
other antibiotics for skin and soft-tissue infections: A meta-analysis of randomised controlled trials. BMJ Open 2014, 4, e004744.
[CrossRef]

19. Bliziotis, L.A.; Plessa, E.; Peppas, G.; E Falagas, M. Daptomycin Versus Other Antimicrobial Agents for the Treatment of Skin and
Soft Tissue Infections: A Meta-Analysis. Ann. Pharmacother. 2010, 44, 97–106. [CrossRef]

20. Zhou, F.; Liu, C.; Mao, Z.; Yang, M.; Kang, H.; Liu, H.; Pan, L.; Hu, J.; Luo, J. Efficacy and safety of daptomycin for skin and soft
tissue infections: A systematic review with trial sequential analysis. Ther. Clin. Risk Manag. 2016, 12, 1455–1466. [CrossRef]

21. Iwamoto, M.; Mu, Y.; Lynfield, R.; Bulens, S.N.; Nadle, J.; Aragon, D.; Petit, S.; Ray, S.M.; Harrison, L.H.; Dumyati, G.; et al.
Trends in Invasive Methicillin-Resistant Staphylococcus aureus Infections. Pediatrics 2013, 132, e817–e824. Available online:
www.pediatrics.org/cgi/content/full/132/4/e817 (accessed on 30 March 2022). [CrossRef]

22. Dukic, V.; Lauderdale, D.S.; Wilder, J.; Daum, R.S.; David, M.Z. Epidemics of Community-Associated Methicillin-Resistant
Staphylococcus aureus in the United States: A Meta-Analysis. PLoS ONE 2013, 8, e52722. [CrossRef] [PubMed]

23. Lopez, M.A.; Cruz, A.T.; Kowalkowski, M.A.; Raphael, J.L. Trends in resource utilization for hospitalized children with skin
and soft tissue infections. Pediatrics 2013, 131, e718–e725. Available online: www.pediatrics.org/cgi/content/full/131/3/e718
(accessed on 30 March 2022). [CrossRef] [PubMed]

24. Sutter, D.E.; Milburn, E.; Chukwuma, U.; Dzialowy, N.; Maranich, A.M.; Hospenthal, D.R. Changing susceptibility of Staphylococ-
cus aureus in a US pediatric population. Pediatrics 2016, 137, e20153099. [CrossRef]

25. Liu, C.; Bayer, A.; Cosgrove, S.E.; Fridkin, S.K.; Gorwitz, R.J.; Kaplan, S.L.; Karchmer, A.W.; Levine, D.P.; Murray, B.E.; Rybak,
M.; et al. Infectious Diseases Society of America. Clinical practice guidelines by the infectious diseases society of America for
the treatment of methicillin-resistant Staphylococcus aureus infections in adults and children. Clin. Infect. Dis. 2011, 52, e18–e55.
[CrossRef] [PubMed]

26. Stevens, D.L.; Bisno, A.L.; Chambers, H.F.; Dellinger, E.P.; Goldstein, E.J.; Gorbach, S.L.; Hirschmann, J.V.; Kaplan, S.L.; Montoya,
J.G.; Wade, J.C. Infectious Diseases Society of America. Practice guidelines for the diagnosis and management of skin and soft
tissue infections: 2014 update by the Infectious Diseases Society of America. [published correction appears in Clin. Infect. Dis.
2015, 60,1448]. Clin. Infect. Dis. 2014, 59, e10–e52. [CrossRef] [PubMed]

27. American Academy of Pediatrics Committee on Infectious Disease. Red Book: 2015 Report of the Committee on Infectious Disease,
30th ed.; American Academy of Pediatrics: Elk Grove Village, IL, USA, 2015.

28. Le, J.; Ny, P.; Capparelli, E.; Lane, J.; Ngu, B.; Muus, R.; Romanowski, G.; Vo, T.; Bradley, J. Pharmacodynamic characteristics of
nephrotoxicity associated with vancomycin use in children. J. Paediatr. Infect. Dis. Soc. 2015, 4, e109–e116. [CrossRef]

29. Kaplan, S.L. Treatment of community- associated methicillin-resistant Staphylococcus aureus infections. Pediatr. Infect. Dis. J. 2005,
24, 457–458. [CrossRef]

30. Garau, J.; Ostermann, H.; Medina, J.; Avila, M.; McBride, K.; Blasi, F. Current management of patients hospitalized with
complicated skin and soft tissue infections across Europe (2010–2011): Assessment of clinical practice patterns and real-life
effectiveness of antibiotics from the REACH study. Clin. Microbiol. Infect. 2013, 19, E377–E385. [CrossRef]

31. Douros, A.; Grabowski, K.; Stahlmann, R. Drug-drug interactions and safety of linezolid, tedizolid, and other oxazolidinones.
Expert Opin. Drug Metab. Toxicol. 2015, 11, 1849–1859. [CrossRef]

32. Chiappini, E.; Conti, C.; Galli, L.; de Martino, M. Clinical efficacy and tolerability of linezolid in pediatric patients: A systematic
review. Clin. Ther. 2010, 32, 66–88. [CrossRef]

33. Nambiar, S.; Rellosa, N.; Wassel, R.T.; Borders-Hemphill, V.; Bradley, J.S. Linezolid-associated peripheral and optic neuropathy in
children. Pediatrics 2011, 127, e1528–e1532. [CrossRef]

34. Yue, J.; Dong, B.R.; Yang, M.; Chen, X.; Wu, T.; Liu, G.J. Linezolid versus vancomycin for skin and soft tissue infections. Cochrane
Database Syst. Rev. 2014, 7, CD008056. [CrossRef] [PubMed]

35. Bradley, J.; Glasser, C.; Patino, H.; Arnold, S.R.; Arrieta, A.; Congeni, B.; Daum, R.S.; Kojaoghlanian, T.; Yoon, M.; Anastasiou, D.;
et al. Daptomycin for Complicated Skin Infections: A Randomized Trial. Pediatrics 2017, 139, e20162477. [CrossRef] [PubMed]

36. Akcaer, M.; Karakas, A.; Tok, D.; Coskun, O.; Sari, S. Eosinophilic pneumonia: Daptomycin-induced lung complication. Med. Mal.
Infect. 2016, 46, 166–168. [CrossRef] [PubMed]

37. Kirker, K.R.; James, G.A.; Fleckman, P.; Olerud, J.E.; Stewart, P.S. Differential effects of planktonic and biofilm MRSA on human
fibroblasts. Wound Repair Regen. 2012, 20, 253–261. [CrossRef]

38. Simonetti, O.; Lucarini, G.; Orlando, F.; Pierpaoli, E.; Ghiselli, R.; Provinciali, M.; Castelli, P.; Guerrieri, M.; Di Primio, R.; Offidani,
A.; et al. Role of Daptomycin on Burn Wound Healing in an Animal Methicillin-Resistant Staphylococcus aureus Infection Model.
Antimicrob. Agents Chemother. 2017, 24, e00606-17. [CrossRef]

39. Friedman, B.C.; Mendez-Vigo, L.; Wilson, J.; Yankelev, S. A retrospective review of clinical experience with daptomycin for a
variety of wound types in a burn and wound care facility. South. Med. J. 2010, 103, 748–752. [CrossRef]

40. Popov, A.F.; Schmitto, J.D.; Jebran, A.F.; Bireta, C.; Friedrich, M.; Rajaruthnam, D.; Coskun, K.O.; Braeuer, A.; Hinz, J.; Tirilomis, T.;
et al. Treatment of gram-positive deep sternal wound infections in cardiac surgery—experiences with daptomycin. J. Cardiothorac.
Surg. 2011, 6, 112. [CrossRef]

41. Silvestri, C.; Cirioni, O.; Arzeni, D.; Ghiselli, R.; Simonetti, O.; Orlando, F.; Ganzetti, G.; Staffolani, S.; Brescini, L.; Provinciali,
M.; et al. In vitro activity and in vivo efficacy of tigecycline alone and in combination with daptomycin and rifampin against
Gram-positive cocci isolated from surgical wound infection. Eur. J. Clin. Microbiol. Infect. Dis. 2012, 31, 1759–1764. [CrossRef]

http://doi.org/10.1136/bmjopen-2013-004744
http://doi.org/10.1345/aph.1M264
http://doi.org/10.2147/TCRM.S115175
www.pediatrics.org/cgi/content/full/132/4/e817
http://doi.org/10.1542/peds.2013-1112
http://doi.org/10.1371/journal.pone.0052722
http://www.ncbi.nlm.nih.gov/pubmed/23300988
www.pediatrics.org/cgi/content/full/131/3/e718
http://doi.org/10.1542/peds.2012-0746
http://www.ncbi.nlm.nih.gov/pubmed/23439899
http://doi.org/10.1542/peds.2015-3099
http://doi.org/10.1093/cid/ciq146
http://www.ncbi.nlm.nih.gov/pubmed/21208910
http://doi.org/10.1093/cid/ciu296
http://www.ncbi.nlm.nih.gov/pubmed/24973422
http://doi.org/10.1093/jpids/piu110
http://doi.org/10.1097/01.inf.0000164162.00163.9d
http://doi.org/10.1111/1469-0691.12235
http://doi.org/10.1517/17425255.2015.1098617
http://doi.org/10.1016/j.clinthera.2010.01.019
http://doi.org/10.1542/peds.2010-2125
http://doi.org/10.1002/ebch.1961
http://www.ncbi.nlm.nih.gov/pubmed/25404579
http://doi.org/10.1542/peds.2016-2477
http://www.ncbi.nlm.nih.gov/pubmed/28202770
http://doi.org/10.1016/j.medmal.2016.01.006
http://www.ncbi.nlm.nih.gov/pubmed/26965755
http://doi.org/10.1111/j.1524-475X.2012.00769.x
http://doi.org/10.1128/AAC.00606-17
http://doi.org/10.1097/SMJ.0b013e3181e6361e
http://doi.org/10.1186/1749-8090-6-112
http://doi.org/10.1007/s10096-011-1498-1


Antibiotics 2022, 11, 944 10 of 11

42. Ambrosch, A.; Halevy, D.; Fwity, B.; Brin, T.; Lobmann, R. Effect of Daptomycin on Local Interleukin-6, Matrix Metalloproteinase-
9, and Metallopeptidase Inhibitor 1 in Patients With MRSA-Infected Diabetic Foot. Int. J. Low. Extrem. Wounds 2013, 12, 100–105.
[CrossRef]

43. He, J.; Wang, J.; Gao, S.; Cui, Y.; Ji, X.; Zhang, X.; Wang, L. Biomineralized synthesis of palladium nanoflowers for photothermal
treatment of cancer and wound healing. Int. J. Pharm. 2022, 615, 121489. [CrossRef] [PubMed]

44. Pierpaoli, E.; Orlando, F.; Cirioni, O.; Simonetti, O.; Giacometti, A.; Provinciali, M. Supplementation with tocotrienols from Bixa
orellana improves the in vivo efficacy of daptomycin against methicillin-resistant Staphylococcus aureus in a mouse model of
infected wound. Phytomedicine 2017, 36, 50–53. [CrossRef]

45. Provinciali, M.; Cirioni, O.; Orlando, F.; Pierpaoli, E.; Barucca, A.; Silvestri, C.; Ghiselli, R.; Scalise, A.; Brescini, L.; Guerrieri,
M.; et al. Vitamin E improves the in vivo efficacy of tigecycline and daptomycin in an animal model of wounds infected with
meticillin-resistant Staphylococcus aureus. J. Med. Microbiol. 2011, 60, 1806–1812. [CrossRef] [PubMed]

46. Cirioni, O.; Silvestri, C.; Pierpaoli, E.; Barucca, A.; Kamysz, W.; Ghiselli, R.; Scalise, A.; Brescini, L.; Castelli, P.; Orlando, F.; et al.
IB-367 pre-treatment improves the in vivo efficacy of teicoplanin and daptomycin in an animal model of wounds infected with
meticillin-resistant Staphylococcus aureus. J. Med. Microbiol. 2013, 62, 1552–1558. [CrossRef] [PubMed]

47. Lopez-Leban, F.; Kiran, M.D.; Wolcott, R.; Balaban, N. Molecular mechanisms of RIP, an effective inhibitor of chronic infections.
Int, J. Artif Organs 2010, 33, 582–589. [CrossRef] [PubMed]

48. Dong, X.; Ye, J.; Chen, Y.; Tanziela, T.; Jiang, H.; Wang, X. Intelligent peptide-nanorods against drug-resistant bacterial infection
and promote wound healing by mild-temperature photothermal therapy. Chem. Eng. J. 2022, 432, 134061. [CrossRef]

49. Ben-David, D.; Mermel, L.A.; Parenteau, S. Methicillin-resistant Staphylococcus aureus transmission: The possible importance of
unrecognized health care worker carriage. Am. J. Infect. Control. 2007, 36, 93–97. [CrossRef]

50. Abbasi-Montazeri, E.; Khosravi, A.D.; Feizabadi, M.M.; Goodarzi, H.; Khoramrooz, S.S.; Mirzaii, M.; Kalantar, E.; Darban-
Sarokhalil, D. The prevalence of methicillin-resistant Staphylococcus aureus (MRSA) isolates with high-level mupirocin resistance
from patients and personnel in a burn center. Burns 2013, 39, 650–654. [CrossRef]

51. Wearn, C.M.; Hardwicke, J.; Moiemen, N. Burns in the elderly: Mortality is still a relevant outcome. Burns 2015, 41, 1617–1618.
[CrossRef]

52. Seaton, R.A. Daptomycin: Rationale and role in the management of skin and soft tissue infections. J. Antimicrob. Chemother. 2017,
61, iii15–iii23. [CrossRef]

53. Huang, Y.; Lv, G.; Hu, L.; Wu, Y.; Guo, N.; Zhu, Y.; Ding, L.; Li, Q.; Liu, S.; Yang, Y.; et al. Efficacy and Safety of High Vs Standard
Daptomycin Doses Examined in Chinese Patients with Severe Burn Injuries by Pharmacokinetic Evaluation. J. Burn Care Res.
2020, 2, 705–713. [CrossRef] [PubMed]

54. Simonetti, O.; Rizzetto, G.; Radi, G.; Molinelli, E.; Cirioni, O.; Giacometti, A.; Offidani, A. New Perspectives on Old and New
Therapies of Staphylococcal Skin Infections: The Role of Biofilm Targeting in Wound Healing. Antibiotics 2021, 10, 1377. [CrossRef]

55. Balaji, S.; Watson, C.L.; Ranjan, R.; King, A.; Bollyky, P.L.; Keswani, S.G. Chemokine involvement in fetal and adult wound
healing. Adv. Wound Care 2014, 4, 660–672. [CrossRef] [PubMed]

56. Werner, S.; Grose, R. Regulation of wound healing by growth factors and cytokines. Physiol. Rev. 2003, 83, 835–870. [CrossRef]
[PubMed]

57. Nanney, L.B.; Paulsen, S.; Davidson, M.K.; Cardwell, N.L.; Whitsitt, J.S.; Davidson, J.M. Boosting epidermal growth factor receptor
expression by gene gun transfection stimulates epidermal growth in vivo. Wound Repair Regen. 2000, 8, 117–127. [CrossRef]

58. Stoll, S.; Benedict, M.; Mitra, R.; Hiniker, A.; Elder, J.T.; Nuñez, G. EGF receptor signaling inhibits keratinocyte apoptosis: Evidence
for mediation by Bcl-XL. Oncogene 1998, 16, 1493–1499. [CrossRef] [PubMed]

59. Repertinger, S.K.; Campagnaro, E.; Fuhrman, J.; El-Abaseri, T.; Yuspa, S.H.; Hansen, L.A. EGFR enhances early healing after
cutaneous incisional wounding. J. Investig. Dermatol. 2004, 123, 982–989. [CrossRef]

60. O’Keefe, E.J.; Chiu, M.L.; Payne, R.E. Stimulation of growth of keratinocytes by basic fibroblast growth factor. J. Investig. Dermatol.
1988, 90, 767–769. [CrossRef]

61. Xie, J.L.; Bian, H.N.; Qi, S.; De Chen, H.; Li, H.D.; Bin Xu, Y.; Li, T.Z.; Liu, X.S.; Liang, H.Z.; Xin, B.R.; et al. Basic fibroblast growth
factor (bFGF) alleviates the scar of the rabbit ear model in wound healing. Wound Repair Regen. 2008, 16, 576–581. [CrossRef]

62. Sogabe, Y.; Abe, M.; Yokoyama, Y.; Ishikawa, O. 2006. Basic fibroblast growth factor stimulates human keratinocyte motility by
Rac activation. Wound Repair Regen 2006, 14, 457–462. [CrossRef]

63. Nagayasu-Tanaka, T.; Anzai, J.; Takaki, S.; Shiraishi, N.; Terashima, A.; Asano, T.; Nozaki, T.; Kitamura, M.; Murakami, S. Action
Mechanism of Fibroblast Growth Factor-2 (FGF-2) in the Promotion of Periodontal Regeneration in Beagle Dogs. PLoS ONE 2015,
10, e0131870. [CrossRef] [PubMed]

64. Shi, H.X.; Lin, C.; Lin, B.B.; Wang, Z.G.; Zhang, H.Y.; Wu, F.Z.; Cheng, Y.; Xiang, L.J.; Guo, D.J.; Luo, X.; et al. The anti-scar effects
of basic fibroblast growth factor on the wound repair in vitro and in vivo. PLoS ONE 2013, 8, e59966. [CrossRef] [PubMed]

65. Eto, H.; Suga, H.; Aoi, N.; Kato, H.; Doi, K.; Kuno, S.; Tabata, Y.; Yoshimura, K. Therapeutic potential of fibroblast growth factor-2
for hypertrophic scars: Upregulation of MMP-1 and HGF expression. Lab. Investig. 2012, 92, 214–223. [CrossRef] [PubMed]

66. Ban, M.J.; Park, J.H.; Kim, J.W.; Park, K.N.; Lee, J.Y.; Kim, H.K.; Lee, S.W. The efficacy of fibroblast growth factor for the treatment
of chronic vocal fold scarring: From animal model to clinical application. Clin. Exp. Otorhinolaryngol. 2017, 10, 349–356. [CrossRef]

67. Chamberlain, R.S.; Culshaw, D.L.; Donovan, B.J.; Lamp, K.C. Daptomycin for the treatment of surgical site infections. Surgery
2009, 146, 316–324. [CrossRef]

http://doi.org/10.1177/1534734613490506
http://doi.org/10.1016/j.ijpharm.2022.121489
http://www.ncbi.nlm.nih.gov/pubmed/35063596
http://doi.org/10.1016/j.phymed.2017.09.011
http://doi.org/10.1099/jmm.0.032516-0
http://www.ncbi.nlm.nih.gov/pubmed/21835971
http://doi.org/10.1099/jmm.0.057414-0
http://www.ncbi.nlm.nih.gov/pubmed/23813277
http://doi.org/10.1177/039139881003300904
http://www.ncbi.nlm.nih.gov/pubmed/20963725
http://doi.org/10.1016/j.cej.2021.134061
http://doi.org/10.1016/j.ajic.2007.05.013
http://doi.org/10.1016/j.burns.2013.02.005
http://doi.org/10.1016/j.burns.2015.08.029
http://doi.org/10.1093/jac/dkn368
http://doi.org/10.1093/jbcr/iraa020
http://www.ncbi.nlm.nih.gov/pubmed/32006005
http://doi.org/10.3390/antibiotics10111377
http://doi.org/10.1089/wound.2014.0564
http://www.ncbi.nlm.nih.gov/pubmed/26543680
http://doi.org/10.1152/physrev.2003.83.3.835
http://www.ncbi.nlm.nih.gov/pubmed/12843410
http://doi.org/10.1046/j.1524-475x.2000.00117.x
http://doi.org/10.1038/sj.onc.1201657
http://www.ncbi.nlm.nih.gov/pubmed/9580112
http://doi.org/10.1111/j.0022-202X.2004.23478.x
http://doi.org/10.1111/1523-1747.ep12560956
http://doi.org/10.1111/j.1524-475X.2008.00405.x
http://doi.org/10.1111/j.1743-6109.2006.00143.x
http://doi.org/10.1371/journal.pone.0131870
http://www.ncbi.nlm.nih.gov/pubmed/26120833
http://doi.org/10.1371/journal.pone.0059966
http://www.ncbi.nlm.nih.gov/pubmed/23565178
http://doi.org/10.1038/labinvest.2011.127
http://www.ncbi.nlm.nih.gov/pubmed/21946856
http://doi.org/10.21053/ceo.2016.00941
http://doi.org/10.1016/j.surg.2009.03.037


Antibiotics 2022, 11, 944 11 of 11

68. Simonetti, O.; Lucarini, G.; Cirioni, O.; Zizzi, A.; Orlando, F.; Provinciali, M.; Di Primio, R.; Giacometti, A.; Offidani, A. Delayed
wound healing in aged skin rat models after thermal injury is associated with an increased MMP-9, K6 and CD44 expression.
Burns 2013, 39, 776–787. [CrossRef]

69. Lobmann, R.; Zemlin, C.; Motzkau, M.; Reschke, K.; Lehnert, H. Expression of matrix metalloproteinases and growth factors in
diabetic foot wounds treated with protease absorbent dressing. J. Diabetes Complicat. 2006, 20, 329–335. [CrossRef]

70. Lobmann, R.; Ambrosch, A.; Schultz, G.; Waldmann, K.; Schieweck, S.; Lehnert, H. Expression of matrix-metallopro-teinases and
their inhibitors in the wounds of diabetic and non-diabetic patients. Diabetologia 2002, 45, 26–37. [CrossRef]

71. Vaalamo, M.; Weckroth, M.; Puolakkainen, P.; Kere, J.; Saarinen, P.; Lauharanta, J.; Saarialho-Kere, U.K. Patterns of matrix
metalloproteinases and TIMP-1 expression in chronic and normally healing human cutaneous wounds. Br. J. Dermatol. 1996, 135,
52–59. [CrossRef]

72. Liu, Y.; Min, D.; Bolton, T.; Nubé, V.; Twigg, S.M.; Yue, D.K.; McLennan, S.V. Increased Matrix Metalloproteinase-9 Predicts Poor
Wound Healing in Diabetic Foot Ulcers. Diabetes Care 2009, 32, 117–119. [CrossRef]

73. Falanga, V. Wound healing and its impairment in the diabetic foot. Lancet 2005, 366, 1736–1743. [CrossRef]
74. Trengove, N.J.; Bielefeldt-Ohmann, H.; Stacey, M.C. Mitogenic activity and cytokine levels in non-healing and healing chronic leg

ulcers. Wound Repair Regen. 2000, 8, 13–25. [CrossRef] [PubMed]
75. Wallace, H.J.; Stacey, M.C. Levels of tumor necrosis factor alpha (TNF-α) and soluble TNF receptors in chronic venous leg

ulcers—correlations to healing status. J. Investig. Dermatol. 1998, 110, 292–296. [CrossRef] [PubMed]
76. Chen, S.M.; Ward, S.I.; Olutoye, O.O.; Diegelmann, R.F.; Kelman, I. Ability of chronic wound fluids to degrade peptide growth

factors is associated with increased levels of elastases activity and diminished levels of proteinase inhibitors. Wound Repair Regen.
1997, 5, 23–32.

77. Barro, C.; Romaner, J.P.; Fdili, A.; Guillot, M.; Morel, F. Gelatinase concentration in tears of corneal-grafted patients. Curr. Eye Res.
1998, 17, 174–182. [CrossRef]

78. Kausar, H.; Bhasin, G.; Zargar, M.A.; Athar, M. Palm oil alleviates 12-O-tetradecanoyl-phorbol-13-acetate-induced tumor
promotion response in murine skin. Cancer Lett. 2003, 192, 151–160. [CrossRef]

79. Makpol, S.; Jam, F.A.; Khor, S.C.; Ismail, Z.; Mohd Yusof, Y.A.; Ngah, W.Z. Comparative Effects of Biodynes, Tocotrienol-Rich
Fraction, and Tocopherol in Enhancing Collagen Synthesis and Inhibiting Collagen Degradation in Stress- Induced Premature
Senescence Model of Human Diploid Fibroblasts. Oxid. Med. Cell. Longev. 2013, 2013, 298574. [CrossRef]

80. Pierpaoli, E.; Cirioni, O.; Barucca, A.; Orlando, F.; Silvestri, C.; Giacometti, A.; Provinciali, M. Vitamin E supplementation in
old mice induces antimicrobial activity and improves the efficacy of daptomycin in an animal model of wounds infected with
methicillin-resistant Staphylococcus aureus. J. Antimicrob. Chemother. 2011, 66, 2184–2185. [CrossRef]

81. Tirilomis, T. Daptomycin and Its Immunomodulatory Effect: Consequences for Antibiotic Treatment of Methicillin-Resistant
Staphylococcus aureus Wound Infections after Heart Surgery. Front Immunol. 2014, 5, 97. [CrossRef]

82. Simonetti, O.; Silvestri, C.; Arzeni, D.; Cirioni, O.; Kamysz, W.; Conte, I.; Staffolani, S.; Orsetti, E.; Morciano, A.; Castelli, P.;
et al. In vitro activity of the protegrin IB-367 alone and in combination compared with conventional antifungal agents against
dermatophytes. Mycoses 2014, 57, 233–239. [CrossRef]

83. Simonetti, O.; Cirioni, O.; Ghiselli, R.; Orlando, F.; Silvestri, C.; Mazzocato, S.; Kamysz, W.; Kamysz, E.; Provinciali, M.; Giacometti,
A.; et al. In vitro activity and in vivo animal model efficacy of IB-367 alone and in combination with imipenem and colistin
against Gram-negative bacteria. Peptides 2014, 55, 17–22. [CrossRef] [PubMed]

84. Simonetti, O.; Cirioni, O.; Ghiselli, R.; Goteri, G.; Scalise, A.; Orlando, F.; Silvestri, C.; Riva, A.; Saba, V.; Madanahally, K.D.; et al.
RNAIII-Inhibiting Peptide Enhances Healing of Wounds Infected with Methicillin-Resistant Staphylococcus aureus. Antimicrob.
Agents Chemother. 2008, 52, 2205–2211. [CrossRef] [PubMed]

85. Dong, X.-M.; Xu, N.-N.; Yao, Y.-Y.; Guan, Y.-Y.; Li, Q.-Y.; Zheng, F.; Chen, F.-Z.; Wang, G. The Efficacy and Safety of High-dose
Daptomycin in the Treatment of Complicated Skin and Soft Tissue Infections in Asians. Int. J. Infect. Dis. 2020, 95, 38–43.
[CrossRef] [PubMed]

86. Blasco, P.; Zhang, C.; Chow, H.Y.; Chen, G.; Wu, Y.; Li, X. An atomic perspective on improving daptomycin’s activity. Biochim. et
Biophys. Acta (BBA)-Gen. Subj. 2021, 1865, 129918. [CrossRef]

http://doi.org/10.1016/j.burns.2012.09.013
http://doi.org/10.1016/j.jdiacomp.2005.08.007
http://doi.org/10.1007/s00125-002-0868-8
http://doi.org/10.1111/j.1365-2133.1996.tb03607.x
http://doi.org/10.2337/dc08-0763
http://doi.org/10.1016/S0140-6736(05)67700-8
http://doi.org/10.1046/j.1524-475x.2000.00013.x
http://www.ncbi.nlm.nih.gov/pubmed/10760211
http://doi.org/10.1046/j.1523-1747.1998.00113.x
http://www.ncbi.nlm.nih.gov/pubmed/9506452
http://doi.org/10.1076/ceyr.17.2.174.5602
http://doi.org/10.1016/S0304-3835(02)00711-5
http://doi.org/10.1155/2013/298574
http://doi.org/10.1093/jac/dkr254
http://doi.org/10.3389/fimmu.2014.00097
http://doi.org/10.1111/myc.12148
http://doi.org/10.1016/j.peptides.2014.01.029
http://www.ncbi.nlm.nih.gov/pubmed/24531033
http://doi.org/10.1128/AAC.01340-07
http://www.ncbi.nlm.nih.gov/pubmed/18391046
http://doi.org/10.1016/j.ijid.2020.03.060
http://www.ncbi.nlm.nih.gov/pubmed/32251792
http://doi.org/10.1016/j.bbagen.2021.129918

	Introduction 
	Results and Discussion 
	Burns 
	Surgical Site Infections 
	Diabetic Foot 
	Daptomycin in Association with Other Molecules 
	Daptomycin (Dap) Micelles-Stabilized Palladium Nanoflowers (Dap-PdNFs) 
	Vitamin E and Derivates 
	IB-367 
	RNA III-Inhibiting Peptide 
	Dap@Au/Ag Nanorods 


	Materials and Methods 
	Conclusions 
	References

