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Biomaterial-associated infection (BAI)

=  BAI mostly caused by staphylococci
= Mainly Staphylococcus aureus

=  Biofilm formation on the implant
=  “Race for the surface” (Gristina)

=  Colonization of the peri-implant tissue
= [ntracellular survival

= |ncrease of multidrug-resistant bacteria

Adapted from Riool et al., Acta Biomater., 2014
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Antimicrobial coating strategies to prevent BAI

. .Antimicr.obial fun.ctionality @
\/ \' '.;:‘..:.:I..- AMPs

Non-adhesive Tissue-integrating

Implant surface

= |deal situation: Multifunctional coating (killing & tissue-integration)

Adapted from Busscher et al., Sci. Transl. Med., 2012
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Design of Synthetic Antimicrobial and Antibiofilm Peptides (SAAPS) s
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helix-1 helix-2

= SAAPs derived from the human cathelicidin LL-37 == 1 |
K12 9 0 T o

= OP-145 (P60.4Ac): 24 amino acid synthetic peptide AV ‘o - wa
derived from P60 (LL-37 5 ) With improved helicity | "R i b
and amphipathicity

N-ter P60

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

LL-37 LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVPRTES
OP-145 IGKEFKRIVERIKRFLRELVRPLR

Hydrophobic

\ )
/ NoF

Negatively charged

Positively charged

Polar, neutral

Hydrophobic

Hydrophobic
Hydrophilic

Hydrophilic
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Antimicrobial and antibiofilm activity of OP-145
= (OP-145 active at low yM concentrations against S. aureus JARO60131 (2h, CFUs)
= Plasma inhibits activity of OP-145
- PBS
10% plasma
-o- 25% plasma
? -o- 50% plasma
P
(& ]
H
2
:
(7))
0 08 32 128 512 20438
OP-145 (M)
de Breij, Riool et al., J. Control. Release, 2016
ukr.de
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Antimicrobial and antibiofilm activity of OP-145
= (OP-145 active at low yM concentrations against S. aureus JARO60131 (2h, CFUs)

= Plasma inhibits activity of OP-145
=  OP-145 prevents biofilm formation (24h, BM2 medium, CV), no influence of plasma (20% pre-coated)

-e- PBS

10% plasma 100-
—_ ~&~ 25% plasma E :Elcs(r’:;?goated
< -o— 50% plasma . :
5 <)
D & 75
o E
S S
: .
2 S
8 &
7 =

0 08 32 128 51.2 2048 0 16 3.2 6.4 1238
OP-145 (uM) OP-145 (uM)

de Breij, Riool et al., J. Control. Release, 2016
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PLEX-OP-145 controlled release coating
= Biodegradable Polymer-Lipid Encapsulation MatriX technology (PLEX) coating
= Composed of PLGA / DPPC / DSPC / cholesterol / OP-145 (10 wt%) @
o POLYPID
ﬂ 80+ /" E o “—--"‘-1""! ------ ]
S . o 5- e = |nitial burst release (55% in
O% 61 % 4- -~ OP-145 first 48h)
= 8 —
S ;f 40+ o 31 =  First order Kinetic release
E . £ .. (~1% per day) for 30 days
o 20- %
17 =  QOP-145 released from
od e . . 04 e—e. 00—0o—0 coating Kills S. aureus
012 10 20 30 0 1 2 46 8101214
days days

de Breij, Riool et al., J. Control. Release, 2016
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PLEX-OP-145 controlled release coating

= Intramedullary (IM) nail infection model
= New Zealand White rabbits
= Right humerus
= 6x10% CFU S. aureus JAR0O60131

= TAN IM nail group 1: No coating
= TAN IM nail group 2: OP-145-PLEX coating

= Evaluation at 28 days
= Quantitative culture
= (Clinical parameters

= Contact radiographs AO

Research Institute Davos
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PLEX-OP-145: prevents rabbit intramedullary nail infection

' : C
Culture pos./ 57 2/6 717 2/6 57 115 0.5+
Total no. (%) (71) (33) (100) (33) (71) (20) 5
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Cultured from: Implant Bone Soft tissue 0-

de Breij, Riool et al., J. Control. Release, 2016
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= Trend: reduction in no. of CFU in all samples

=  50% of rabbits infection free

= (Clinical signs of infection prevented with PLEX-OP-145
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Design of Synthetic Antimicrobial and Antibiofilm Peptides (SAAPS) s

= 24-mer SAAPs derived from the human cathelicidin LL-37

helix-1 helix-2
= Random substitutions in P60 (LL-37 5 54) — !
K12 ‘-"“
= -helical structure intact, increase hydrophobicity and cationic 4 % A 4 ¥
charge L C-ter
= Screening: improved activity in plasma against S. aureus N-ter
= Lead peptides: SAAP-145, SAAP-148 and SAAP-276
P60
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
LL-37 LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVPRTES
SAAP-145 LKRLYKRLAKLIXKRLYRYLKKPVR
SAAP-148 LKRVWKRVFKLLKRYWRQLKEKPVR
SAAP-276 LKRVWKAVFKLLKRYWRQLKKPVR

Porcelli et al., Biochemistry, 2008; de Breij & Riool et al., Sci. Transl. Med., 2018; Riool & de Breij et al., Adv. Funct. Mater., 2017
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Design of Synthetic Antimicrobial and Antibiofilm Peptides (SAAPS)
= 24-mer SAAPs derived from the human cathelicidin LL-37
helix-1 helix-2
= Random substitutions in P60 (LL-37 5 54) — *
K12 o S T o
= «-helical structure intact, increase hydrophobicity and cationic e A ad %
~120°
charge Cter &
= Screening: improved activity in plasma against S. aureus N-ter
= Lead peptides: SAAP-145, SAAP-148 and SAAP-276
LC99.9 (uM)

Peptide PBS 50% plasma

OP-145 1.6 >204.8

SAAP-145 1.6 12.8

SAAP-148 1.6 12.8

SAAP-276 1.6 6.4
Porcelli et al., Biochemistry, 2008; de Breij & Riool et al., Sci. Transl. Med., 2018; Riool & de Breij et al., Adv. Funct. Mater., 2017
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Broad antimicrobial activity of SAAP-148
= SAAP-148 kills MDR ESKAPE pathogens and colistin-resistant E. coli (LC99.9, 24h)

Antibiotic resistance

4=
" 8
8 8 2
S} v o = »n
= LES 838, o2 ©n
8xe59 TESG,HS 234
SESREgESES B8 aEtE
. . >0 652885822=2E 580
Species Strain % g§§ g% SHLage %jg §§ <_:3’ LC99.9 P148 (uM)
a§§§éa%ﬁ€§§§§éaaa§ PBS 50% plasma
E. faecium ~ LUHI5122 BB R BB BB 6 6.4
S. aureus LUuH14616 [l B B 16 3.2
K. pneumoniae LUH8995 . . . 0.4 3.2
A. baumannii RUHS75 [ | | EE 1.6
P. aeruginosa  LUH15103 || B 6.4 12.8
E. cloacae LuHisS114 |l T B ]| ] 12.8 3.2
E. coli LuHis117 | TR ] 0.8 6.4

de Breij & Riool et al., Sci. Trans. Med., 2018
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Broad antimicrobial activity of SAAP-148 etorore
= SAAP-148 kills MDR ESKAPE pathogens and colistin-resistant E. coli (LC99.9, 24h)

S. aureus
. > 4096+ ® poq o .
= No resistance development &P rifampicin
O 1024+ o'\ ¢
= [ ¥
- @
Antibiotic resistance £ 256 »
S  64- :
o c ’
S < N
- A S r< 16 i
3 - 2 o : !
= LES 838, o2 ©n - ‘
2. =0 E=Rol fo] wn O . o 4+ ”\ "
SRR * Seeece
H88522088EE RS E8T 1- SAAP-148
Species Strain % ggg g% SHLage §j§ §§ <_:3’ LC99.9 P148 (uM)
= ®» RZ IS ) === r T T T 1
< g § @é&?ﬁ?ﬁggg g é 8 8- 3 5 PBS 50%plasma 0 5 10 15 20
E. faecium ~ LUHI5122 BB R BB BB 6 6.4 -
S. aureus LUH14616 .. . . 1.6 3.2 256+ A. baumannii
K. pneumoniae LUH8995 . . . 0.4 3.2 o0 . .
A. baumannii RUH875 | | X 1.6 Q 77 ciprofloxacin
P. aeruginosa  LUH15103 [ N 6.4 12.8 =
E. cloacae LuHisS114 |l T B ]| ] 12.8 3.2 ®
E. coli LuHis117 | TR ] 0.8 6.4 -4
2
Q
2
S SAAP-148

de Breij & Riool et al., Sci. Trans. Med., 2018
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Supramolecular multifunctional biomaterials

with antimicrobial and regenerative activity regensbure
Y g{f ; D $ ®
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Antimicrobial cues

8 C :
Regenerative cues Dr. Moniek Schmitz
T 7 Technical University
UPy-heparin binding peptide Base polymer L Eindhoven
UPy-cyclic RGD / - _
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PCL,, diUPy - base polymer
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UPy-functionalization of AMPs: SAAP-148 remains active

=  UPy-SAAP-148 kills (MDR) S. aureus, E. coli and A. baummanii (LC99.9, RPMI, 2/24h)

LC99.9 (uM)
MSSA MRSA E. coli ESBL A. baumannii
2 hours SAAP-148 1.4 0.46 3.75 0.93
UPy-SAAP-148 0.93 0.93 0.93 0.93
24 hours SAAP-148 0.93 0.46 1.88 0.93
UPy-SAAP-148 0.93 0.93 1.88 1.88

Schmitz & Riool et al., Adv. Mater. Technol., 2023
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Surface antimicrobial activity of UPy-AMP solid samples

Y Amsterdamume A o

University Hospital
Regensburg

=  Dropcasting of PCL,,-diUPy films with 1 and 5 mol% UPy-SAAP-148 4
o . . . /
=  Surface antimicrobial activity testing (JIS Z2801, 24h s
v testng ’ Lo . —
8- S. aureus JAR 060131 S. aureus LUH14616
7 ® ® )
6] semee o2, i SRE . JIS Z2801 assay
E 5 [ ] [ ] e® P " £
O 4- SR S
N K Incubation Sonication Quantitative
0- L 'Y —so00- (24h) (5 min) culture
8- IA. baun;annii RIUH375 | E.I coli ESIBL
E: v" Immobilized SAAP-148 (5%) has
by surface antimicrobial activity
o] — wiee

Glass 0mol?% 1mol% S mol%
Schmitz & Riool et al., Adv. Mater. Technol., 2023
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In vivo evaluation in murine subcutanneous BAI model

= Dipcoated in PCL,,-diUPy solution with 5 mol% UPy-SAAP-148

S
= Controls: I
= No coating (bare titanium) u‘
= PCL,,-diUPy coating (w/0 UPy-SAAP-148)
Gl — e

’
= Mouse BAI model: é:’q:. -~
= 2 (coated) implants per mouse
= |noculum of 2x10° CFU (in 6.25 pl) S. aureus JARO60131 (MSSA)
= |noculum applied on the surface prior to subcutaneous implantation
= 71 and 4 days incubation
= Evaluation: quantitative culture of both implant and surrounding tissue

Schmitz & Riool et al., Adv. Mater. Technol., 2023
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In vivo evaluation in murine subcutanneous BAI model

Culture pos./
Total no. (%)

8.

7.

Q

ok

log CFU per sample
® £

Schmitz & Riool et al., Adv. Mater. Technol., under review
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Antimicrobial peptides prediction using machine-learning (ML)

=  Prediction tool to discover novel AMPs: CalcAMP

= Accuracy CalcAMP:
= Gram+: 79%
=  Gram-: 80%

2
M STIMULUS
&

Gizem Babuccu Nikitha Vavilthota
ESR14 ESR15

Bournez, Riool et al., Antibiotics, 2023
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Summary: Novel SAAPs
v' Broad spectrum, including multidrug-resistant strains
v" Active in PBS and human plasma
v" Anti-biofilm activity
v" No resistance development
v" SAAP-releasing coating prevent S. aureus infection in vivo
v Incorporation of UPy-SAAP-148 into UPy-PCL solid materials, active in vitro & in vivo
v' CalcAMP, a new prediction tool for AMPs was developed

v" Promising novel generation of AMPs in the fight against
biomaterial-associated infection
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