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ROWAN UNIVERSITY Lipoxin A, (LxA,) Promotes Reduction and Antibiotic m

Abstract LxA, and RvD, Reduce Two LxA, Does Not Affect Imipenem Efficacy
Pseudomonas aeruginosa (P. aeruginosa) is an opportunistic bacterium commonly found in wound QUOrum'SenSing Genes’ Expression AgainSt BiOﬁIm FormatiOn

infections and airways of cystic fibrosis patients. P. aeruginosa readily forms biofilms which can reduce _ 2 : _ _
Fig. 4. Effects of SPMs on Pseudomonas aeruginosa quorum-sensing virulence gene expression. (a)

the efficac.y of anti.biotics used to. era.dicate the pa’Fhogen. We have previgusly- shown-that a Specialized 1/ACT of two virulence genes’ expression when treated with 1 nM LxA,. LxA, significantly reduced BUt Enhances SUpprSSlon Of Planktonlc GrOWth
Pro-resolving Mediator (SPM), Lipoxin A4 (LxA,) is a quorum sensing inhibitor which can reduce P.

aeruginosa virulence. In this study, we examined the direct actions of LxA, and RvD, on P. aeruginosa
biofilm formation and virulence gene expression. The influence of LxA, on antibiotic efficacy and the
combined effects on biofilm formation were also investigated. LxA, and RvD, reduced P. aeruginosa
biofilm formation and virulence gene expression. LxA, increased ciprofloxacin inhibition on biofilm

both genes’ expression at 4.5 hr. (b) 1/ACT of two virulence genes’ expression when treated with 1 nM Fig. 6. LxA, in combination with imipenem significantly decreased non-adherent cell growth but not biofilm
RvD,. RvD, significantly reduced pgsA gene expression at 4.5 hr. Data are mean + s.e.m., with p-values formation. Cultures were treated in a 96-well plate overnight with multiple concentrations of imipenem and
determined by unpaired t-test comparing untreated control to treatment group of same timepoint. * LxA,. The cultures and apical biofilm were washed away, and the remaining apical biofilm rings were stained
p <0.05, ** p<0.01. n =3 independent experiments. with 0.1% crystal violet. Absorbance was measured at 600 nm. Some cultures were recovered from a 96-well

formation but did not affect ciprofloxacin’s action on non-adherent bacteria. On the other hand, LxA, A pa2- Iil ILI b 0.12- ; plate, diluted and spread on trypt?c >0y agar p.lat.es to Incubate overni.ght' ?t 37°C. Colonies were counted the
increased bacterial killing action of imipenem but did not affect imipenem’s action on biofilm. We also é next day. (a) LxA, (10 nM) in combination with imipenem (0.1 pg/mL) significantly decreased non-adherent cel
found that LxA, can increase ciprofloxacin’s bacterial killing ability in established biofilm. Together these 0107 growth. (b) LxA, does not significantly affect the efficacy of imipenem against biofilm formation. These data
results suggest that LxA, has direct effects on P. aeruginosa biofilm formation and can increase antibiotic combined with the C|profloxa-C|.n fjata (Fie. .4) sugges’Fs the syr?erglstlc action of LxA, with antibiotics s

0.08- dependent on the class of antibiotics and their mechanism of action. CFU data are mean + s.e.m. of percent

efficacy directly.

change from control adjusted to zero. Biofilm data are mean + s.e.m. percent of control. * =p <0.05; CFUsn=4
0.06- . . e . .
‘Il . . : independent experiments; biofilm n =3 (LxA, 1 nM) and n =4 (LxA, 10 nM) independent experiments.
Specialized Pro-Resolving Mediators g periment (XA, M) (XA, 10 nM) indlep g

Fig. 1. Chemical structures of specialized pro-resolving ?" 0.04- 3 ey Imipenfrii:_r:ff:srhﬂ::nfg;iigg?; ﬁgjﬁt N b
mediators RvD,, RvD,, RvD,, and LxA,. ' 0.0 100- - - 100-
All three resolvins are 22C chains; RvD, has hydroxyl groups at ' . 80-
C7, 8 and 17; RvD, has hydroxyl groups at C7, 16 and 17; and 0.004LLL, . Al . | 1l il 1l g 80- * o
RvD; has hydroxyl groups at C7 and 17. LxA, is a 20C chain T8% ® T8% ks 8 T8 §383= §%8°= T 60- — £ 60-
with hydroxyl groups on C5, 6 and 15. § } E § ok § E § = § = E o @ 3

0 oH Ho 5% 5 £E3 5 5 52 5z 5% & 40- < 40-

: 2.5h 4.5 2.5h 4.5 5 4.5h 2.5h 4.5h -
pPgsA pgsA " 920- -~ |mipenem ..
201 _g. Imipenem+LxA; 1nM
( LxA, ) 0 .A- Imipenem+LxA,; 10nM
C20H3,05 ; . i 00 01 05 1.0 100 0 — T/ - - 1
. Hypotheses: How LxA, Can Assist _ S e o o4 o o 10 & ¢ & 1o
° ° ° ° ° ° mipenem )
i Imipenem (ng/mL
RVD, (C,,H,,0,) RVD, (C,,H,,0,) Antibiotics Against Biofilms m= Imipenerm+LxA, 10NN penem (ug/mL)

Biofilm Formation: LxA, antagonizes the LasR  Established Biofilm: LxA,, as a lipid, can integrate

receptor, blocking the quorum-sensing auto-  With the biofilm matrix, weakening its integrity. LXA4 Can Increase the Efﬁcacy of CiprOfloxaCin

RVD and LXA REduce P, aeru inosa BiOfilm Formation inducer 3-0OC12 HSL, reducing biofilm This provides an opportunity for antibiotics (ABX) . . . e fo
2 4 g formation. Antibiotics (ABX) are then able to to access the bacteria within the biofilm and kill AgaInSt BaCterla Of an EStabIIShEd BlOfIIm

access the bacteria and kill them. them. Fig. 7. Effects of LxA, on ciprofloxacin action in pre-formed biofilms. (a) LxA, (1 nM) significantly increased the
efficacy of ciprofloxacin (0.5 pg/mL) to reduce the amount of metabolically active bacterial cells associated
with the biofilm, determined by MTT assay. (b) LxA, does not significantly alter the efficacy of ciprofloxacin to
reduce biofilm biomass, determined by crystal violet staining. This suggests that LxA, treatment can aid the
o . . . . ciprofloxacin in accessing the bacteria associated with a pre-formed biofilm. Viability data are mean * s.e.m. of
biofilm rings were stained with 0.1% crystal violet. percent change from control adjusted to zero. Biofilm data are mean + s.e.m. percent of control. * = p < 0.05;

Atbsc?r-bance was measu.re.d at 600 _ nm. RvD, 1 viability n = 5 independent experiments; biomass n =5 independent experiments.
significantly reduced biofilm formation at all a b

Fig. 2. RvD, and LxA, reduce P. aeruginosa biofilm a
formation. (a) In a 96-well plate, cultures were
treated with multiple concentrations of each SPM and
incubated at 37°C overnight. The cultures and apical
biofilm were washed away, and the remaining apical

concentrations, with treatment at 0.1 nM less 0 011010 011010 011010 011010 10- I % 120

Ll l | [
0

effective than at 1 nM or 10 nM. LxA, significantly Control RvD,(nM) RvD,(nM) RvDs(nM)  LxA,(nM)
reduced biofilm formation, though 0.1 nM and 10 nM b 100
were less effective than 1 nM. (b) Effects of FPR2 el 10- \T 80-
receptor peptide agonist on P. aeruginosa biofilm 20-

formation. Cultures were treated with multiple -20+ 60-

| | . LxA, Enhances Ciprofloxacin Effects on Biofilm
concentrations of the peptide agonist WKYMVm. | ; . .
Peptide agonist WKYMVm did not significantly affect Formation But Has No Affect on Planktonic Cell Growth

the formation of biofilm at either concentration 3 ICs0 Cipro = 0.025+0.004 ug/mL |y = Ciprofloxacin 20- -e- Ciprofloxacin
tested. Data are mean * s.e.m. of percent Change ICgq Cipro+LxA4 1nM = 0.040+0.019 ng/mL 120 - [ CipfﬂleIEEiH+LKA4 1nM 0 -H - CiprDﬂUKaEiH+LXA41nM
- 1

I 1004 B 0.0 0.5 1.0 0.0 0.5
- Ciprofloxacin (ng/mL) Ciprofloxacin (ung/mL)

-30+ 40 -

% Change

from control adjusted to zero. * = p < 0.05; ** = p < .

0.01; n = 3 independent experiments for all Contral W':T‘“:nvm WKST":'"W" 80+
treatments. 60-

Non-adherent cell growth of P. aeruginosa was 40- Conclusions
20+ = In summary, our results show that LxA, and RvD, can directly reduce P. aeruginosa biofilm formation. LxA, and
unaffected by LXA4 or RVDZ RvD, can also downregulate virulence gene expression. LxA, enhances the efficacy of antibiotics directly against
b
1.2- -20-

0 _ _
T ~9= Ciprofioxacin P. aeruginosa biofilm formation and bacterial cells within existing biofilm. These studies also provide evidence
-40 0 1 I I f’f 1 ||

=3 Ciprofloxacin -m- Ciprofloxacin+LxA4 1nM _ S _ o : _ :
mm Ciprofloxacin+LxA, 1nM .- Ciprofloxacin+LxA, 10nM that further investigation into the antimicrobial mechanisms of RvD, is warranted. The results suggest that there
107 0.0 0.1 0.5 1.0 00 02 04 06 08 10 4 6
Ciprofloxacin (ng/mL) Ciprofloxacin (pg/mL)

Fig. 5. LxA, treatment can aid the efficacy of the antibiotic ciprofloxacin in reducing biofilm _ FUture DlrECthnS . .
0.64 formation. Cultures were treated in a 96-well plate overnight with multiple concentrations of SPM treatment of P. aeruginosa to evaluate the effects of SPMs on quorum-sensing gene expression and

ciprofloxacin and LxA,. The cultures and apical biofilm were washed away, and the remaining apical regulation
biofilm rings were stained with 0.1% crystal violet. Absorbance was measured at 600 hm. Some 2-hit treatments of SPMs * antibiotics on established biofilms to assess the effects of SPMs on antibiotic

% CFUs Killed

is relative selectivity in SPM inhibition of biofilm formation.

0.8+

Control 0.4+ ! Control
LxA4 0.1nM )
. RvD, 0.1nM

AN 0.2- RvD, 1nM cultures were recovered from the 96-well plate, diluted and spread on tryptic soy agar plates to ability to kill biofilm-associated persister cells
LxA4 10nM RvD, 10nM

LxA4 100nM 0.0l RvD, 100nM incubate overnight at 37°C. Colonies were counted the next day. (a) LxA, does not have an effect Pre?treatm'ent of THP-1 monocytes Wi'fh SPMs again.st established biofilm
180 360 540 220 900 1T 480 360 540 290 900 when combined with ciprofloxacin on non-adherent cell growth, determined by colony forming Co-incubation of THP-1 monocytes with SPMs against established biofilm to assess the effects of SPMs on

A Absorbance 600nm
A Absorbance 600nm

Time (min) Time (min) units (CFUs). (b) When combined with LxA,, biofilm formation is significantly reduced in immune cell ability to phagocytose biofilm
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