Antimicrobial Peptides as a Solution for Atopic Dermatitis | Encyclopedia.pub

Antimicrobial Peptides as a Solution for
Atopic Dermatitis

Subjects: Dermatology

Contributor: Manuela Machado , Sara Silva , Eduardo M. Costa

Atopic dermatitis (AD) is a chronic inflammatory skin disorder that is the result of various environmental, bacterial
and genetic stimuli, which culminate in the disruption of the skin’s barrier function. Characterized by highly pruritic
skin lesions, xerosis and an array of comorbidities among which skin infections are the most common, this
condition results in both a significant loss of quality of life and in the need for life-long treatments (e.g.,
corticosteroids, monoclonal antibodies and regular antibiotic intake), all of which may have harmful secondary
effects. This, in conjunction with AD’s rising prevalence, made the development of alternative treatment strategies
the focus of both the scientific community and the pharmaceutical industry. Given their potential to both manage
the skin microbiome, fight infections and even modulate the local immune response, the use of antimicrobial
peptides (AMPs) from more diverse origins has become one of the most promising alternative solutions for AD

management, with some being already used with some success towards this end.

AMPs atopic dermatitis chronic inflammatory disease skin infection barrier disruption

skin microbiome

| 1. Introduction

To understand the dos and don’ts of peptide applications in human skin one must first understand not only the
skin’s role and characteristics, but also what makes skin diseases, such as atopic dermatitis, so hard to treat and

manage.

Considered by most to be the largest organ in the human body (as it possesses a surface area of approximately 2
m?) the skin’s main function is to be a physical barrier, which protects us from the external surrounding
environment . While this barrier function is mostly physical, there is also a “gatekeeper” aspect to it, as the
combination of the cells and matrix elements that constitute the skin acts as a “custom agent” that permits or
denies microorganism colonization of the skin surface and determines which compounds can migrate through the
various layers and either reach the bloodstream or leave the body [2.

From a structural perspective, the skin is constituted of three major layers, which are, from inside out, the
hypodermis, the dermis and the epidermis (Figure 1). As can be seen from Table 1, each layer comprises different

cellular constituents having different functions and is home to different structures, such as blood vessels in the
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hypodermis and dermis, mechanoreceptors in the dermis, and a stratified keratinized epithelium in the epidermis 1!
2
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Figure 1. Schematic 3D representation of the human skin. Image produced using Biorender.

Table 1. Major constituents and functions of the different skin layers.

Layer Major cellular Constituents Major Functions References
) Adipocytes, fibroblasts, Insulation, mechanical integrity, support, 12
Hypodermis _ . a2
endothelial and muscle cells conductance of vascular and neural signals
] Endothelial cells, fibroblasts, Mechanical integrity, support, thermal barrier, o3
Dermis . L (23]
Langerhans and muscle cells energy storage, protection from physical injury
) ) Keratinocytes, melanocytes, Outermost barrier, immune function, protection s
Epidermis o . (4]
Langerhans and Markel cells from oxidative and mechanical stress

| 2. Atopic Dermatitis

B&T?'&@Rﬁﬁ@ is one of the most common and recurrent chronic non-infectious skin inflammatory diseases,
IR AR P B SRICRAIENTRY PRIRAEATSIAANMORIL B AP R ASRHPI e Sy ARRRS I early
childhenehisb eHAeiSiie S 450 AIliSatrHRECR o A TSAhlmEASP. YoBWIER7 AfEqN §g/ 0% of paediatric

patients outgrow the disease, the prevalence in adults remains around 1-3%, although the figures vary greatly

@o%i%ﬁnéﬁz?cggggﬁﬁy%m@Rﬁ’g%ﬁ&WhH%r%%?&?c%siéﬂgr%i,qmﬁq\ﬁﬁ% fRE PR EQE8 RAelence
FL, USA, 2018,
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i8.ikchiriajpdrolvhtrielabesd rgportddSoMNioy & sindsataainis msvoigmianbbth hgrasstalbnlyith skinti@sat@ere its
preimigteeity. HigtesD@EHatolc @2 80mbdBdicidi®Diseases, AD has a high social and economic impact. The
ic .skin \infl tj ith ti itching leads to skin thickenigg, lichenificati Il di fort.
O VAR KA SORIRA R e ANE10 sy o the SRS M BYsiS By A e R s IReakis”
T A A S iR g B RS TR IR VB SRy, 56 igences and create economic burdens,
All of these social and economic impacts are what makes AD a disease with a high toll on patients and their
fanficil; Pageon, H.; Le Blay, H.; Brizion, S.; Bastien, P.; Bornschlogl, T.; Domanov, Y. A
mechanistic view on the aging human skin through ex vivo layer-by-layer analysis of mechanics
Froand rliciastetatdpeiof, fabiadenchsnamheaspeenmsoSaioRe pisdddits 12u@48s allergic asthma or food
lergies. Cojncidently, t i [ £ A ients d h I inated “gtppi
B R r RN S N RSe S eameR B P aie T K AW PAE R e BB SR ITAa S S SRS, 3PP
! ioys d inati iven to th f allergic di that, in later. ifest in A tient
e R e PN 7 L e R LTS LB LarRG, BEg A R AR ey
. Atapic d titis clini ' i terized b -lik ti les, dati
eczentiTREARMANE RUARE: BRsl s fL AP AIEL R B SSAMGS 5T LPURcs BRYISS e
IesiEns, ar%dzézzjé)uié?gj}%?_o;ﬁm dryness. In addition, there are several comorbidities, such as skin infections

ance
and cardiovascular and neuropsychiatric disorders, which have also recently been associated with AD, despite the

hebHaHRM Seriiariedersatitigo2!BPRLERIAGKIRING LoDl RISHIBRAOS wAR I NYHME @R AR 5HER: is
a s(@HBF@n\‘ﬁr@‘urﬁeﬁlﬁl- link with immunoglobulin E (IgE)-related environmental responses, with this factor being

el s AN aAnAHDTErS, 05 AR AUIRETRYR. FGifdRIRGHI AD IPRiIGOTPI ALERCR IR dfisRgeIBaranngebe
attrigigd-(weNe sINgle E_RRt, L. Epidemiology of atopic dermatitis in adults: Results from an

international survey. Allergy 2018, 73, 1284-1293.
From a pathophysiologic standpoint, AD results from several genetic defects that potentiate the immune response

chd@uafkalRAZEREr: Frearmaskepdhe BriaBidhsERIdaRIQ R At ARG SR ISR EIERRC which
haVebbASEESHhi AL s 8ot 8 most relevant, with various authors reporting that up to 60% of Europeans
VAR DICHRRIONS Jo i WS RS0 Mafeles dxest Whick igna e KevrrieiRaasighs iurgiats
(TIRS A TR ARG RN E NS o) 71 SRS 9S HERL AN CRYIB A S {RIthREIWe AN &|J(5H, exist in every
huwag&t%ﬁm%{eﬁri?gg gejes depending on the tissue they are located in (e.g., homeostasis control in

the central nervous system or impeding the penetration of pathogens in the intestine) 22231, |n healthy skin, TJs

Lire 9K 3r IRENARZRYRLR e SRS SIA MM OtRRHA T MBS BRIRDIZ R ARR CRLINR R ERNRRIRNFR in

ma*rﬂ%ir‘?ih&’lgrli r%lein%%?n]g’ s%<2m %%%%’ostasis and permeability 2425, On the other hand, in AD patients, TJs are

Irorgwdlii dpsiincvora rsohc dvtriieoiath el isregiignihariePhunation Mitheisidn dBrayeabasaniiciovbide stratum
corpeytideS athpotettiaiosideype ufidhdareatdarivisle fonatitisn Fientolinpneassid 202 3atuds la@568%Nng other
effects, affect the processing of polar lipids and profillagrin, both of which are critical for SC formation. All these

13. Kulthanan, K.; Samutrapong, P.; Jiamton, S.; Tuchinda, P. Adult-onset atopic dermatitis: A cross-
alterations lead to increased Fer_meabmty to exogenous material and bacteria, which results in an increased
~sectional study of natural history and clinical manifestation. Asian Pac. J. AIIerI%]y Immunol. 2007,
|nflsém5mé316o7ry condition and a vicious~circle, where the barrier dysfunction potentiates thé skin's inflammatory

response. Interestingly, the TJ dysfunction is not directly affected by the FLG mutation, with both mechanisms
14 pelviagenge ihtepéapindediaatitis in adults. Med. Clin. 2020, 104, 157-176.

15. Silv_erberg%ﬁ\].l. Comorbidities and the impact of atopic dermatitis. Ann. Allergy Asthma Immunol.

In addition to these two_main alterations, several other structural proteins have been described as downregulated
- 2019, 123, 144-151. o _ _ _ _
in AD, such as desmogleins, desmocolins, involucrin and keratins [281129[80)[31]32] These alterations to expression

14 dNgUEBn$agaln RemgidzormpidHasE aehel skin ¥ ididil flikdtRm anfReadakaasbhiddrindimeharsy.ji.e.,
highekWany@ation LV gauvan hcriseda, eRposti@l td etémtimixiabiahd amsiderd MRt IBRISIIP MRSs&N ation of

the local immune system.
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Of Bletmeatitistiike tesigas, itha Mouseitstactekad AtojiclDyrmatitisitigrongwtiea lseekibge nsityyderstand the
casciueprbpetarfRaqepbirriialtateatiBy diain alsRgleaptodtitnt. (1) MdibrGes RO280A4HBR@0moisturizing factors
19 R Bl gRR e B e biagalers ot secietiy i ook BRI RO R of the
SCfild! Bk, B Bl BB AR B SRS /0B BRES Sl fRibelies. Ths
rengRiy G SRiARHA R St bl e AR ! BErERSRol BN Y geei (nereased
desquamation) and the proliferation of Staphylococcus aureus (S. aureus), a bacterial species whose

1§ edbvnntRe nRkin koM hasiaBm oG Res SiskasPRiteAD. i o hamgiAudssessment of major

comorbidities in adults with atopic dermatitis using the Charlson comorbidity index. J. Am. Acad.
Col3ermatohepdiopieysid@B-df0g2. & MBI be natural to expect that its treatment would involve a multifaceted
{RPPUGE55, SARERIA . ating of anaglioraing several facpts of the disease, with g multiyde of aparpaches pnd
opt|r ns.{or atent% How%/er tBsér%%)gl%lr.]%eb& %tfs?’r g?glsr_(ﬂltty. As AD is considered as being only a skin

INitis and asthma. Curt.
disorder, the treatments follow the paradigm “one-size-fits-all’, with solutions being very limited, and an almost

2QcpEvRDESBroddn GeRlitpRiloned\MRTR RN BOSINIGW RSN RNRE S dstAD BRRYARM MAtRe PR, as
a fiRYinE YraPEFdACantiMRSANalerl tIMARRIKEMER! RIGRGHISS B RN ARXiSHY BN RENGISIR rin
inhiBESHe UsedrinRiapiaar At iicasitiSoid eI ey fin-WinsINglre2R1& kP 1BBA3Ror more severe
2PSBTeP P RAEPAG I IRYRHLIAR X PR AHeIEH S AP RR B R & B ERBHEQS YR RESATR NM S,
sucb%cﬁlgéwi@ézmeﬁlqt%gwognd mycophenolate mofetil (21](361(38] These regimens, while mostly effective,
are not without costs, as several side-effects related to cutaneous application of immunosuppressants are well-
2827550 e Wi artive B8MuoB KRR Qs FOR YN MheR8HCHe G 19 DRI HLuBe SHGERR 05D
ting, G.; Dzikowski, R. Nano-scale architecture of blood-brain barrier tight-junctions. Elife 2021,

trea\{l%en
10, e63253.

RUEAIYeigIere BEgHEEa]Y: BAURMHESIARSTULC, RIANRA e BBANE: [PRIPH:jHERGHS REWwKEYRS PRiRbyers9-
DelgReiith anthe&tdidplhefiareraderteraraol n&119E24¢- 92, S4sgborole and Difamilast) and aryl

hydrocarbon receptor agonists (e.g., Tapinarof), all of which, through topical application, target the inhibition of
2EANEMBe st Y BN 3D e it AT SHERRN R oGt HR D Hsitl MYl U8 i RI T Bt human
mor@o%%vr\{gl’al_r']tfb%(cﬁgsa (r‘nSAlc-)rsr)],e WWC %rr]ecgfggealpeigicﬂl lﬁléfr?’g?a%%ﬁééj Ff\wf%\rbspe)aggr%tsidv?aus%rs?%llg taepspﬁ.c%lrtllton [44][45]
HoWEIEH UGS G ARINTAN NG GaSE AN 30 SRid Rl S SR ERC YIS LRI A o s INABHE for
evc=,~|rr)pcr£1]3l/J %p%%ﬁor% Z[—81.9'TFZL153::’,)'alternatives are still required for the daily management of AD. Among the natural
28 eattiea® oIty dlerixg MgivekanignEroidararptides GAMPe) ReleoofelifHtelunstiposmisirtopic
Dermatitis: A Systematic Review. J. Clin. Med. 2023, 12, 1538.

2'3.3u|6ﬂ1kﬂﬂli%ﬂbll@ga%,e&tlldﬁﬁ.; Sugiyama, Y.; Inoue, S. Impaired tight junctions
obstruct stratum corneum formation by altering polar lipid and profilaggrin processing. J.

By Beéclr%gpdlAglgs Qbelér’ngg wi%c_uiqosgt.hat are widely present in nature and are part of the immune response of

most human inflammatory responses. They are generally constituted by 100 amino acid residues or less and have
2 pSakeuIaBE b JEUPRL AmpKiBWiRS slicklre YRBIRIEBr dSiddshHe ke ihdikbsR s MhihAnbed Bio VbGP IREMAI due
to tHER LMD QR iR EensHAN SRS BSLBY: Skithillammatiam dhdsnat by flaggunadaliciani QBRI
AMBRIBEYRE dividelimateldPe 1@ 8er dfuct®e3B-helical, B-sheets, extended peptides and loop peptides) and

%9valegipidy (erahi %) B2 Kusuda, S.; Takahashi, M.; Aisu, K.; Tezuka, T. Decreased expression
of filaggrin in atopic skin. Arch. Dermatol. Res. 1996, 288, 442—-446.
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29. thensarexd sMhd-épitemtitoIsatiRa)yB pradaes RS, [Banarckcitd .[owimotee Mhaib@aahn&. olNe tekdihg, skin
mictabhiGhitzeydh. nfornksiain & then pédrelol e plorgomiyie inpsdifactivityaad depiderm ahdiffersmtigtienrate in
theatemodiersnatitiacdd Inyeing. Predovaid w0 4he 2Ridedais1484rily in keratinocytes, this family of ca. 20

eptides only exhibj ntibacterial activity, byt thes jdes also exert, immynomodulatory effects as the
3[6). m, §O|I:_, yeung, Ef\?;tg)ogunlewmz, K/I.;Lf—tloweﬁ, Rﬁpﬂ.ioncnn ana involucrin expression Is own-y

S Ry T BRI R0 S S A T e 400 o9 p1e384014ac producton and help
maintain the skin’s barrier function, and play critical roles in both innate and adaptative immunity 22, In this family,
Sthe (¥ st dii ClOMMBErd 18RS, R HalRkHSEm2Bsbriahoama dRrnfealh, withGREder Heseaiiiatdig
expfes$e@PBaYalor R NETRISKn \WedRnSPEGH UBR O tHEaG ) IRsREBIBM IR IHE BIRRHSERTAMEYSWhich are
crubighiighise diffarsncassRebreRRIRNGRPOERBNE RRSQIGN A& aP fRL RQRUIEDIORS, Bie Jofd8riatolre
exp?égs%djeﬁfbagga@;éllé,- their production is normally induced in injury, inflammation or infection scenarios 121149

ﬁg'Elias, P.; Schmuth, M. Abnormal skin barrier in the etiopathogenesis of atopic dermatitis. Curr.

Allergy Asthma Rep. 2009, 9, 265-272.
Disruptions to AMP production or activity have been shown to contribute significantly to the increased susceptibility

3t ATAFRRING D sk RiRB e bR by SiFRM-KaviahsomaKlirfse LRRD tNus RO pElodirs 22-Bn IRBHYR FAdr in AD
patRHMGURIES: BY; franepheh o phiieRBWRIS dulrole MamliGas:; At iancliryaiann hibarcasesmaksed,
a fRAFS HIOHREL RGERI b afif-a) RiRIcRERARPOING JasHPETRD ATRRIGAR B IHE s AN K2 Hafly 2R
nurﬁér%ﬁéda@aptative and innate immune responses (through the recruitment of a broad range of leukocytes)
AW TR (RIK &59¢280n gk ia IFR SRISERANC (HaRaGtife, 9. isatid o Paskaalls Mdupsdidicl-
defensing 200 WK Wik JORE B X RieEg AP I 094EST- YA LA SHRIRSHE L d A SR Afa GGMR K &d AHIGHS

killigggp e&@iRoRytas p1§ ihtOwibs SOBI AR AR MNACTERAILONS. BOMALNE TR s8RdpsUCh as
Rnwo’l@g,i@@gmbpé%_ces in the skin microbiota. There is also the curious case of B-defensins and LL-37,

which can be the cause of their own inhibition, as they recruit and activate a broad range of leukocytes. This leads
3B (s el or DRV PafdNPSSHe RS SRR R i o SHAT R dSo AP o ABP IV EASEHS a
perfGH SHRRARLAN IR ARIG SRR SRR S AR RPR YL iR gese mutations. Br. J.
Dermatol. 2017, 177, 1394—-1400.
W trH)issElgan InffeeeryHBRa, Eiqya SR AT dRCISFRIMVRNAEr MATBRABRIIGNCPe AMES SBMRJHeA, ©
ProfqingRa& af vaph alterhatpigh O & (RAYESRRRIEIRSE G AL 'BRSThEERS (ESPRAB): MAresgRierd on
thet4igetd AMPESHRRBIETraRsAEHIBINE R FALNLOAS P ASa8. HBFTRGBHICRIRGEH. 2p2p/e s xeiBng

imnagpsnodulatory activity, with several natural and synthetic sources being explored. A total of 3324 AMPs has
now been registered with the Antimicrobial Peptide Database from sources of the six traditional kingdoms (bacteria,

3s?r'c ﬁe{'e%(f%%tgfsgThﬁg?,'%ﬁ‘an%;amtéh% aSQH%*E.“rE'z?t&lz Staphylococcus aureus antibiotic susceptibility

patterns in pediatric atopic dermatitis. Pediatr. Dermatol. 2019, 36, 482—485.

38. Schwartz, D.M.; Kanno, Y.; Villarino, A.; Ward, M.; Gadina, M.; O’Shea, J.J. JAK inhibition as a
therapeutic strategy for immune and inflammatory diseases. Nat. Rev. Drug Discov. 2017, 16,
843-862.

39. Otero, M.E.; van den Reek, J.M.; Seyger, M.M.; van de Kerkhof, P.C.; Kievit, W.; de Jong, E.M.
Determinants for drug survival of methotrexate in patients with psoriasis, split according to
different reasons for discontinuation: Results of the prospective MTX-CAPTURE. Br. J. Dermatol.
2017, 177, 497-504.
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40. Chen, Y.; Yan, Y.; Liu, H.; Qiu, F.; Liang, CZZ-.;_\BD@Q, Q.; Huang, R.Y.; Han, L.; Lu, C.; Dal, Z.
Dihydroartemisinin ameliorates psoriati in tion and its relapse by diminishing CD8(+)
T-cell memory in wild-type and 2020, 10, 10466—-10482.

41. Gutiérrez-Vazquez, C.; Qui
hydrocarbon receptor. |

onse by the aryl

42. Schlessinger, J.; She
Takiya, L.; Werth, J.
to< 24 months with
CARE 1). Am. J. Clin

orts, W.C.; Purohit, V,;
orole in infants aged 3
el study (CrisADe

43. Lin, C.M.; Cooles, F.
2020, 31, 100.

diterr. J. Rheumatol.

44, Blair, H.A. Tralokinuma
365-374.

g Investig. 2022, 42,

45. Agboola, F.; Atlas, S.J.; Brou
Rind, D.M.; Pearson, S.D. JAK inh
dermatitis: Effectiveness and value. J. Man

erron-Smith, S.; Nhan, E.;
odies for the treatment of atopic
pec. Pharm. 2022, 28, 108-114.

46. Gisondi, P.; Maurelli, M.; Costanzo, A.; Esposito, M.; Girolomoni, G. The Combination of
m Animals m Bacteria = Plants Fungi = Protista ® Archae

Dupilumab with Other Monoclonal Antibodies. Dermatol. Ther. 2023, 13, 7-12.

4FigHrR 2. Rigristion o evn AMRrRRRosVARGIferaisnttebiRpM asrasierornitmisar Impigi Csntre
Prospects of AntimidPaisieaseepinsdanganses Ry faoepssed op 35 August 2023).

oK A SNALER Soint AR GhIER N JRIENBL &skSndriMcSdiRamingie s iapmab R dr I AHERHY:
racRF N EAIHCRErRERTE hEFRBGHH, AQURIGELIBhPRRIAES ORI RUREIRYER: TIRJESOMIRRRN) that one
muPeERERE AL AEUA0 M RIFS TGN BASRAI POk RAALANGR! RPRGEIeBS \IRfe B are some
dis%@gﬁ%@' ?Q%diﬁéstrﬂe35mﬂréﬁr application of AMPs, like their rapid degradation by esterases or

JINNRRBREHAPES. ANAT RN OlPRERRIIY. iU YEmatkery, aveidls. AEawES faateifayemohese include their
capebiliso SIpRIPEAHNPIESBRIGSHN: lDeimasERTTRYANRY, PIesenes. IRBRDIE SiiRviRRGH A FEpsmpeticaiion,
andstp [k ibRRAMER SRS IWHEVIdERieRDBRyRIRE fantintevriTtioss. thapdopaly 7eggmble natural

é)athways and reEresent more of a replacement therapy than conventional treatment. In this regard, they

0. Clausen, Slotv -C.; Krogfelt, K.A.; Andersen, P.S.; Agner, T. In viyo expression of
supplement prents wit A?/ﬂjsl_lm %calﬁong where %ef?\en ogenous ?evelg are low or aY)sent %n , consequently,

antimjcrobial peptides in atopic dermatitis; Exp, Dermatol. 2016, 25, 3-9. _ ,
are IessrrI]lLer to pr% ote adverse responses @ﬁ@ Fuﬁhermore, even the previously mentioned disadvantages do

Sdotkemdacit.a Hauaton Tada)PY afpiitatiGh ; ivatanabagSn&ecesasedsysmthdre3 drandwitansiniRges to
enHenedstiriabigcaiabiistiisl KRelatorsthigrietiteend FT8dsardcanie patardfioA baergyn @03 2o cap8aldtion,

or 8&8.chemical modification to increase AMP permeability through the skin B2,

52. Mahlapuu, M.; Bjorn, C.; Ekblom, J. Antimicrobial peptides as therapeutic agents: Opportunities
| 4. AMRs dn Clinicabdrial$020, 20, 978-992.
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58s RililedimhaivihpBarian; Bat€happlicaigniarbscdl tidisracg theHassam] MucBhsapnhalvh Morcdativmyniost
passltbasdiBiotipshAMBdicresialgpepti ded AAM Fepd sine: Xirge Ageat iiRDeg tappndvied &idmanahsaiplission
(561 jriectiomobiet . of tHelkannal 62806212 1iR3,1169/alidate in vivo the biological activity verified in vitro; second, to
2 0N A WA PSS B h e T A RERER IS K BRERH, B35 iRG  Ho e €SS e R oPin GO RR Y
asc rtriu'ned (571, . . . . . .
ationic membrane-active peptides—anticancer and antifungal activity as well as penetration into

human skin. Exp. Dermatol. 2014, 23, 326—-331. _ , ,
As can be seen E ?atl)?e 2, there are numerous examples of AMPs under consideration with a vast array of

SipdRtatizgrafeiAg raibeadungh knei\éeand! r&sgihgtimionaimaé Peplid 8 anat ddwsir il ef ajpessticido tentihk
podieriidaappticdtskirof iattiors ahdriideutind agEnanis Rhaaiamiacas, 204, he28lare currently several AMPs
SRR e Y T ARR AR BI B ALRTE I B SRR AL RIS RS e AN S B
NV?fOénrévhich have been discontinued as they failed in their clinical trials BEI758I59 The causes for these
failures are .usually unknown and unexpected as all AMPs are validated by various in vitro, in silico and in vivo
ShoH9 vEtdRe: reshing AMEIRlgROBRI BRPUdes MBRSGHRIcAL RYeSHIARAMIMERTARE . AldPwhi terminated
duee@ftdrvorable kinetics in healthy volunteers and another is the Murepavadin AMP as, in a stage lll trial of
Setis)icsteibl nes eSO MORENMRINEY 1 RAkRRSIIIST Ehamediestad KigneyHnurieeiw: Lessons Learned

From Clinical Trials Using Antimicrobial Peptides (AMPSs). Front. Microbiol. 2021, 12.
Table 2. Examples of AMPs which underwent and are undergoing clinical trials.

59. Divyashree, M.; Mani, M.K.; Reddy, D.; Kumavath, R.; Ghosh, P.; Azevedo, V.; Barh, D. Clinical

AMP Name Clinical Trial ID Phase Target Reference>tt.
€ AP-214 NCT00903604 [a Post-surgical organ failure [60]
stions.
C16G2 NCT03004365 IIe Streptococcus mutans [61]
€ 3.; Lux,
CZEN-002 NCT03145220 [a Antifungal 62 ypjal
NCT01922011; NCT00093067; ioni
€ Daptomycin v Skin infection/bacteremia ey lonic
NCT01104662; NCT02972983 ¢ i
ctive
€ Delmitide (RDP58) ISRCTN84220089 INe Inflammatory bowel disease [64] ial
€ Acute external otitis, topical ovel
DPK-060 NCT01447017; NCT01522391 I1¢ treatment of microbial = 13-719
infections '
€ yaum,
id in
EA-230 NCT03145220 I d Sepsis/renal failure ezl
. Infect.

Microbiol. 2019, 9, 174.
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€ AMP Name Clinical Trial ID Phase Target References. The
1 with
Friulimicin NCT00492271 | @ MRSA/pneumonia [66]
€ H.;
with
Ghrelin NCTO00763477 I Chronic respiratory infection (67](68] ase. J
€ Gramicidin NCTO00534391 I d Infected wounds and ulcers [69] ad
of
GSK1322322 NCT01209078 Il Bacterial skin infection (rol
€ v. Int. J.
hLF1-11 NCTO00430469 112 Bacterial/fungal infections izl
1 Z.
Iseganan (IB-367) NCT00118781; NCT00022373 e Pneumonia/oral mucositis (3] d skin
7 LFF571 NCT01232595 Il C. difficile [zl Nuijens,
LL-37 EUCTR2012-002100-41 1na Leg ulcers (=]
1 ;
LTX-109 NCT01803035; NCT01158235 I © MRSA/impetigo, antiviral 6] ghly
1-19.
L i o o 3es, 3rd
Mel4 ACTRN1261500072556 . Contact lenses antimicrobial
)
7 reds,
o c ; [78] .
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