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ABSTRACT

Here,we employeda “senolytic” assaysystemasa screeningtool, with the goal of identifying and repurposing
FDArapprovedantibiotics, for the targeting of the senescentcell population. Briefly, we usedtwo established
human fibroblast cell lines (MRCr5and/or BJ)as model systemsto induce senescenceyia chronic treatment

with a DNAdamagingagent, namely BrdU (at a concentration of 100 M..for 8 days). Cell viability was then

monitored by usingthe SRBassayto measureprotein content. Aa consequencef this streamlinedscreening
strategy, we identified Azithromycin and Roxithromycin as two novel clinicallyrapprovedsenolytic drugs.
However, Erythromycin— the very closelyrelated parent compound — did not show any senolytic activity,

highlighting the dramatic specificity of these interactions. Interestingly, we also show that Azithromycin
treatment of humanfibroblastswasindeed sufficientto stronglyinduce both aerobicglycolysisand autophagy.
However, the effects of Azithromycin on mitochondrial oxygen consumption rates (OCR)were bi rplasic,
showinginhibitory activity at 50 M. and stimulatory activity at 100 M. Theseautophagic/metabolicchanges
induced by Azithromycin could mechanisticallyexplainits senolyticactivity. We alsoindependently validated

our findings using the XCELLigenceeal rtime assaysystem, which measureselectrical impedance.Using this

approach,we see that Azithromycin preferentially targets senescentcells removing approximately 97% of

them with great efficiency. Thisrepresents a near 25 rfoldreduction in senescentcells. Finally,we also discuss
our current resultsin the context of previousclinical findingsthat specificallydocumentthe anti rinflammatory
activity of Azithromycinin patients with cystic fibrosis — a genetic lung disorder that results in protein misr
folding mutations that causeprotein aggregation.

INTRODUCTION cycle arrest, via the induction of CDK-inhibitors, such
as pl6-INK4A, p19-ARF, p21-WAF and p27-KIP1, as
As a diversity of organism(s) undergo chronological Wwell as the onset of the SASP (senescence-associated
aging, many genetic, phenotypic and metabolic defects secretory phenotype) [4], and the induction of key
accumulate, including the onset of senescence in a lysosomal enzymes (e.g.Beta-Galactosidase) and
variety of cell types [1]. This overall view is consistent ~ Lipofuscin, an established aging-pigment [5].
with the “accumulated damayjhypothesis of aging [2, Interestingly, SASP results in the secretion of a wide
3]. array of inflammatory cytokies, such as IL-1-beta and
IL-6, allowing senescent celts “contagiously” spread
Senescence is a clear hallmark of normal chronological the senescence phenotype from one cell type to another,
aging. Senescence involves potentialiseversible cell systemically throughout the body, via chronic
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inflammation. Such chronic inflammation can also
promote the onset of cancer, as well as drive tumor
recurrence and metastasis [6, 7].

Using the promoter of p16-IN4KA as a transgenic probe
to detect and mark senescent cells, several research
groups have now created murine models of aging in
which senescent cells can be genetically eliminated in a
real-time temporal fashion [8, 9]. Although this cannot
be used as an anti-aging therapy, it can give us an
indication whether the removal of senescent cells can
potentially have therapeutic benefits to the organism.
Results to date show great promise, indicating that the
genetic removal of senescent cells can indeed prolong
healthspan and lifespan [10, 11].

As a consequence of this exciting genetic data, a large
number of pharmaceutical companies are now actively
engaged in the discovery of “senolytic” drugs that can
target senescent cells. However, we believe that many
FDA-approved drugs may also possess senolytic
activity and this would dramatically accelerate the
clinical use of these senolytic drugs in any anti-aging
drug trials.

Here, we have used controlled DNA-damage as a tool to
induce senescence in human fibroblasts, which then can
be employed as an efficieplatform for drug screening.
More specifically, we employed BrdU-treatment, which
has a long history of being used as a DNA-damaging
agent, to reproducibly induce senescence in cultured
cells, with high efficiency [12-17].

Using this approach, we nowport the identification of
two macrolide antibiotics of the Erythromycin family,
specifically Azithromycin androxithromycin, as new

clinically-approved senolytic drugs. In direct support of
the high specificity of these complex interactions, the
parent macrolide compound — Erythromycin itself — has
no senolytic activity in our assay system.

RESULTS

Detection and characterization of “senolytic”
activity during the screening of clinically-approved
therapeutics

Here, we used a simplified screening assay to identify
and repurpose clinically-approved therapeutics with
“senolytic” activity for the treatment of aging and
aging-associated disorders (Figure 1).

Drug Re-purposing

Clinically-Approved Drugs

4

Targeting the Elimination of
Senescent Cells

4

Extension of Healthspan
and Lifespan

Figure 1. Targeting senescent cells with clinicallyr
approved drugs. Here,we proposeto use clinicallyapproved
drugs, including antibiotics, to target and eliminate senescent
cells,with the goalof increasinghealthspanandlifespan.

“Senolytic” Drug Screening Strategy

BrdU

Drug
Normal ‘ Senescent ‘ Screening
Fibroblasts Fibroblasts (Antibiotics)
* MRC-5 (lung)
* BIJ1 (skin)

BrdU induces controlled DNA damage,
driving senescence with high-efficiency

SRB

Figure2. “Senolytic” drug screeningstrategy. Here,normalfibroblasts(MRCB and BJ) originallyderivedfrom human
lung and skintissues were subjectedto prolongedculture (8 days)in the presenceof BrdU(100 M) to inducecontrolled
DNAdamageand senescenceThen,isogenicallymatchedculturesof normaland senescenfibroblastswere employedfor
drug screeningto identify the potential senolyticactivity of clinicallyapproveddrugs, suchas antibiotics (Erythromycin,

Azithromycinand Roxithromycinamongothers).

Senolytactivity wasdetectedusingthe SRBassaywhich measureshe

amountof protein remainingattachedto the tissueculture dishes whichis a surrogatemarkerfor cellviability.
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More specifically, we employed two independent
normal, non-immortalized, human fibroblast cell lines,
namely i) MCR-5 for screening and ii) BJ for validation
(Figure 2). Mechanistically, the responses of “normal”
fibroblasts and “senescent” fibroblasts were directly
compared, side-by-side. Drugsat preferentially killed
senescent fibroblasts, but not normal fibroblasts, were
considered as a positive hit. Using this approach, we
identified two Erythromycin-familymembers, Azithro-

mycin and Roxithromycin that preferentially targeted
senescent fibroblasts (Table 1). However, Erythromycin
itself did not show any senolytic activity.

Figure 3 shows a comparison of the precise chemical
structures of the Erythromycin family members we

tested. Note that the compounds are nearly identical,
suggesting highly specific interactions must underpin the
senolytic activity of Azithromycin and Roxithromycin.

Tablel. Theeffectsof macrolideantibiotics on BrdU treated senescent

MRCSb fibroblasts.

Erythromycin 100 100
Azithromycin 56.01 100
Roxithromycin 30.99 100

Thistable briefly summarizeghe biologicaleffects of three antibiotics, namely Erythromycin,
Azithromycin and Roxithromycin, on cell viability. While Erythromycin was completely
ineffective, Roxithromycinand Azithromycinselectivelyeliminatedlarge numbersof senescent
cellsat 100 uM, but had no effect at a lower dose (50 uM). Azithromycinwasfound to be the

mostsdectivecompound,asit eliminated senescentells,without affectingcontrol cells.

Figure3. Chemicalstructuresof Erythromycinand related compounds.Note that Erythromycin Azithromycin
and Roxithromycirall havevery similarchemicalstructures,but differ mainlyin their sidegroups.All three compounds
are macrolideantibioticsand consistof a largecore macrocyclidactonering, with two deoxy sugarsattachedto it.
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Figure4. BrdUtreatment of MRCBb cellseffectively inhibits
DNAsynthesis and induces BetaGalactosidase.Twoday
treatment with BrdUsignificantlyreducedDNAsynthesisn MRCB
fibroblasts by ~70%,as measuredwith the Muse cell cycle kit.
MRCEb cellsafter 8 daysof BrdUtreatment were positivelystained
for BetaGalactosidasen=3;* p <0.05.

Figure5. Azithromycinshowssenolyticactivity in senescentMRCB humanlung fibroblasts. MRCB cellswere
pre treated with BrdUfor 8 days(to induce senescencehefore they were exposedto Azithromycinfor another5 days.
After that, the SRBassaywas performedto determinethe effectsof the drug on cell viability.  Azithromyinad a potent
and selectiveeffect on MRCB, asit eliminated ~50%of senescentellswithout affectingcontrol cellsafter 5 days,at a
concentrationof 100 uM. However,Azithromycinhad no effect at 50 uM. Theseexperimentswere repeatedat least3
timesindependently with very similarresults.Note that the scalebar represents20 um in the images** p <0.01
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Furthermore, we validated previous findings that BrdU-
induced DNA-damage is indeed sufficient to induce
cellular senescence. Figure 4 shows that MRC-5
fibroblasts treated with BrdU underwent cell cycle
arrest, as evidenced by § ~70% reduction in the
number of cells in S-phase and ii) the induction of Beta-
Galactosidase activity.

Figures 5 directly shows that Azithromycin, at 1849,

had no effect on the viability of normal MRC-5 lung
fibroblasts, but selectively killed only senescent MCR-5
fibroblasts. In comparison, Roxithromycin, at the same
concentration, more effectly killed senescent MCR-5
fibroblasts (~70%), but also had a small effect on the
viability of normal MRC-5 fibroblasts (Figure 6).
Neither drug showed any significant effects on viability
at 50 M, indicating that the effects we observed were
concentration-dependent. As such, Azithromycin
toxicity showed the highest specificity for selectively
targeting the senescent cell phenotype.

Phenotypic and metabolic &ects of Azithromycin in
MRC-5 human fibroblasts

To better mechanistically understand the phenotypic
and metabolic effects of Azithromycin, we employed
normal MRC-5 fibroblasts.

Figure 7 shows that Azithromycin is an inducer of the
autophagic phenotype. Autophagy was quantitatively
measured by detection of autophagic LC3 proteins,
using the Muse Autophagy LC3-antibody based Kit.
Note that Azithromycin treatment resulted in a > 3-fold
elevation in autophagy in MRC-5 cells.

We next measured the effects of Azithromycin on i)
aerobic glycolysis and ii) mitochondrial metabolism,
using the Seahorse XFe96 metabolic flux analyzer.
Figure 8 shows that evefow concentrations of
Azithromycin (25 M) effectively induced glycolytic
flux in MRC-5 fibroblasts, in the presence of oxygen.

Moreover, the effects of Azithromycin on mitochondrial
oxygen consumption rate (OCR) are highlighted in
Figure 9A,B. Note that the mitochondrial effects of
Azithromycin were concentration-dependent and bi-
phasic. At 25mM, Azithromycin did not show any effects
on OCR. However, at 56M, the effects of Azithromy-

cin clearly inhibited mitochondrial metabolism,
especially effecting maximal respiration and spare res-
piratory capacity. In contrast, at 1081, Azithromycin
actually stimulated maximal respiration and more than
doubled spare respiratory capacity. This may represent a
cellular compensatory response to Azithromycin treat-
ment, to overcome its mitochondrial inhibitory effects.

Figure 6. Roxithromycin shows senolytic activity in senescentMRCB human lung fibroblasts.
MRCEb cellswere pre treated with BrdU for 8 days(to induce senescence)before they were exposedto
Roxithromycinfor another 5 days.After that, the SRBassaywas performedto determine the effects of the
drugon cellviability. Roxithromychrad a potent and selectiveeffect on MRCB, asit eliminated more than
50%o0f senescentellsafter 5 days,at a concentrationof 100 uM. However,Roxithromycinhad no effect at
50 uM. Theseexperimentswere repeatedat least3 timesindependently with verysimilarresults.* p <0.05.
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Figure7. Azithromycinstrongly inducesautophagyin MRCB cells. MRCB cellswere
treated with Azithromycinat 50 pM for 72 hours. Then, autophagy was monitored by
detection of autophagicLC3proteins with the Muse Autophagy LC3antibody based Kit.
Azithromycintreatment resultedin more than a 3 fold elevationin autophagyin MRC6 cells.

Figure8. Azithromycimducesglycolyticactivity in MRCB cells. After 72 hours of treatment with Azithromycin
(25to 100 pM), MRCb cellswere subjectedto metabolicflux analysiswith the SeahorseXFe96 which measuresECAR
(extracellularacidificationrate). Note that all concentrationslevatedglycolysisn=3;** p <0.01,*** p<0.001.

Validating the selectivity and potency of more potent in BJ skin fibroblasts, showing significant
Azithromycin using BJ human fibroblasts “senolytic” activity at only 50 M. Remarkably,

Azithromycin also increased the viability of normal BJ
To further validate the senolytic activity of skin fibroblasts, by > 25 %. As such, Azithromycin
Azithromycin, we also assessed its selective effects by shows comparable selectively and senolytic activity in
employing normal, non-immortalized, BJ human skin  human fibroblasts derived from two different anatomic
fibroblasts. Figure 10 shows that Azithromycin was sites (lung tissue and skin).
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Figure9. Azithromycihas biphasiceffects on oxygenconsumptionin MRCBb cells. After 72 hours of treatment with
Azithromycin(25to 100 uM), MRCEb cellswere subjectedto metabolicflux analysiswith the SeahorseXFe96whichmeasure<OCR
(the oxygenconsumptionrate). Note that the highestdose(100uM) triggeredincreasedmitochondrialrespiration,while the lower
concentrationg50 uM) significantlyreducedit. However, 25 phlid not haveany significanéffectson OCRn=3;* p <0.05.

Other drug candidates tested do not show any other drug candidates showed any specific senolytic

senolytic activity activity, while sparing their normal fibroblast counter-
parts. These findings furthenighlight the specificity

In parallel, we also tested a number of other drug and selectivity of Azithromycin and Roxithromycin in

candidates, using this senolytic assay system employing the targeting of senescent cells. These results are

MRC-5 or BJ fibroblasts. Unfortunately, none thiese included as Supplementary Table S1.
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Figure 10. Azithromycin also shows senolytic activity in senescent BJ human skin
fibroblasts. BJcellswere pretreated with BrdU for 8 days(to induce senescence)pefore they were
exposedto Azithromycinfor another 5 days. After that, SRBassaywas performed to determine the
effects of Azithromycinon cell viability. Azithromyinhad a potent and selectiveeffect on BJcells,asit
eliminated> 50%o0f senescentellswithout reducingthe viability of control cellsafter 5 daysat 50 M.
Theseexperimentswere repeatedat least3 timesndependentlywith verysimilarresults. *p<0.01.

Independent validation of the high selectivity of
Azithromycin for targeting senescent cells using the
XCELLigence system

Because senescent cells undergo the so-called
senescence-associated secretory phenotype (SASP),
which involves dramatic increases in the synthesis and
secretion of proteins [1-7], we were concerned that our
assay system — which measures protein — might be
actually under-estimating the ability of Azithromycin to
target senescent cells.

To address this issue directly, we used another
independent assay system (called xCELLigence) that
does not depend on proteins, but instead uses electrical
impedance to continuouslyeasure cell proliferation, in

a real-time fashion. Using ith approach, we see that
Azithromycin preferentially targets senescent cells,
removing approximately 97% of them with great
efficiency (Figure 11). This represents a near 25-fold
reduction in senescent cells (p < 0.001).

This real-time analysis also revealed that the population
of normal control MRC-5 cells are also transiently
affected by Azithromycin, but that they rapidly recover
through additional cell prokfration (Figure 11), exceed-

ing vehicle-alone control cell levels by > 30% (p <
0.001).

Therefore, this real-time assaystem is superior to our
static SRB assay, for mordirectly visualizing the
potential “senolytic” effects of compounds, during drug
screening.

DISCUSSION

New  senolytic and

Roxithromycin

drugs:  Azithromycin

In this report, we used a “senolytic” screening approach
to systematically identify clinically-approved drugs to
target the senescence phempet of human fibroblasts.
For this purpose, we employed MCR-5 and BJ cells
(two well-established non-immortalized human fibro-
blast cell lines), treated with BrdU - a DNA-damaging
agent. Briefly, to induce cell cycle arrest and
senescence, fibroblasts were exposed to BrdU (M)O

to an 8-day period. After drug treatment for another 5
days, cell attachment wassessed via the SRB assay
system, using a plate-reader, allowing high throughput
analysis. As a result, using this screening approach, we
discovered that two clinically-approved macrolide
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antibodies (namely, Azithromycin and Roxithromycin)
preferentially exhibited “senolytic activity”. In contrast,
the nearly identical drug, Erythromycin, did not show
any toxicity towards senescent fibroblasts, directly
demonstrating the high-spécity of the actions of
Azithromycin and Roxithromycin. Metabolic analysis
of the chemical effects of Azithromycin showed that it
induced the onset of i) autophagy and ii) glycolysis.
Moreover, Azithromycin increased mitochondrial
activity at high dose (100M), but had the opposite

effect at a lower dose (5M), demonstrating clear bi-
phasic effects. We believe that these metabolic effects
of Azithromycin could underpin its highly specific
senolytic activity.

Interestingly, Azithromycin is used clinically to
chronically treat patients with cystic fibrosis [18], a
genetic disease of the chloride-transporter, that
generates a hyper-inflammatory state in lung tissue [19].
This is due to mutations that result ihe mis-folding of

Figurell. Assessinghe efficacyof Azithromycinin the selectivetargeting of senescentMRCB cells, using
the xCELLigencsystem. The xCELLigencsystemallows for the real time, labelfree, monitoring of cell health and
behavior,via high frequencymeasuremenbf cell inducedelectricalimpedance. Panél) A representativecelltracingis
shown.Note that senescentells(BrdUtreated/MRCE fibroblasts)were effectivelykilled; directly comparethe red curve
(BrdU only) versusthe green curve (BrdU plus Azithromycin).For normal MRCS fibroblasts,comparethe black curve
(Control)with the brown curve (Azithromycin).Panel(B) Bar graphshighlightingthe final cell index, are shown as the
average the SEM Approximately97%of the senescenMRCE cellsare targeted by Azithromycintreatment. In contrast,
normal control MRCb cellsare only transiently affected by Azithromycin,and they rapidly recovervia cell proliferation,
exceedingrehiclealonecontrol celllevelsby greaterthan 30%.**** p <0.001.
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the chloride transporter, followed by its degradation by
proteases (most commonly the CFTR508 mutation)

[20]. In this context, Azithromycin extends patient
lifespan by acting as an anti-inflammatory drug that
prevents the onset of lung fibrosis by targeting and
somehow eliminating “pro-inflammatory” lung fibro-

blasts [21, 22]. Therefore, the efficacy of Azithromycin
in cystic fibrosis patients provides supporting clinical
evidence for our current findings, as these lung
fibroblasts are pro-inflammatory most likely because they
are senescent. Although this remains to be formally
proven, it is well-known that the SASP generate a
plethora of pro-inflammatory cytokines that rapidly

These structures normally sequester dangerous proteases,
including the cathepsins (B, S and L). However, during
an acute stress, lysosomes in autophagic cells can
become “leaky”, resulting in the release of the cathepsins
into the cytosol, secondrary to lysosome rupture or
defects in the lysosomal membrane [29]. Once in the
cytosol, the cathepsins can proteolytically cleave the
sirtuins, such as SIRT1, driving the senescence pheno-
type [29]. Interestingly, we show here that Azithromycin,

a weak autophagy inducer, preferentially targets
senescent cells. Thus, we speculate that the induction of
autophagy in senescent cells can drive cell death (Figure
12). Undoubtedly, further experimentation will be

spread the senescence phenotype to other neighboring required to test this attractive new hypothesis directly.

cells and tissues, a phenomenon known as “inflamm-
aging”. Therefore, in the future, it may be useful to thin
about cystic fibrosis as a pagting disease, because of it
genetic association with protein mis-folding, resulting i
chronic inflammation and thereby driving shortene
lifespan..

In accordance with our current findings, Azithromycir
treatment is also protective against radiation-induct
lung damage in mice. Radiation is considered as a p
aging stimulus, as it accelerates DNA damage, RC
production and oxidative stress, as well as inflammatic
and fibrosis. In this model system, Azithromycir
treatment morphologically inhibited the onset of lun
inflammation and fibrosis, as well as quantitativel
prevented the accumulation of markers of i) oxidativ
stress (MDA, malondialdehyde), ii) inflammation (IL1-
beta, IL-6, TNA-alpha) and iii) fibrosis (TGF-beta-1,
Alpha-SMA, Collagen 1) [23]. In the context of TGF-
beta-1, Collagen | and Alpha-SMA, it has also been
proposed that Azithromycin prevents the onset of the
myo-fibroblast phenotype [24]. However, in light of our
current data, we suggest instead that myo-fibroblasts are
actually senescent cells, which are rapidly and
effectively eliminated by Azithromycin.

In addition, Roxithromycin has been shown to effectively
promote hair re-growth [25-27], possibly by stimulating
the production of normal hair follicle stem cells.
Mechanistically, this hair re-growth phenomenon could
be due to the highly efficient removal of neighboring
senescent skin fibroblasts. Moreover, Roxithromycin has
also been reported to have stronger anti-inflammatory
effects, than both Azithromycin and Erythromycin [28].

Does autophagy confer “senolytic” activity?

It is now well-established that autophagic cells have an
increased likelihood of becoming senescent. This is
called the autophagy-senescence transition (AST). More
specifically, during autophagy, cells accumulate auto-
phagic organelles (lysosomes and auto-phagosomes).

Figure 12. Potential role of autophagy in conferring
“senolytic” activity. Autophagiccells have an increasedten r
dency to become senescent. Mechanistically,autophagiccells
accumulatelarge numbers of lysosomesand auto phagosomes.
These organelles contain high levels of proteases, such as
cathepsins(B, S and L). Interestingiy, has been previously
demonstratedthat lysosomesin authophagiccells can become
“leaky” due to an acute stress, ultimately resulting in stressr
inducedsenescencgSIS)As a consequencecathepsindeakinto
the cytoplasmwhere they canthen cleavesirtuin family members
(e.g.,SIRT1)pavingthe way for the onset of senescence. Here,
we show that a weak autophagy inducer, Azithromycin (AZ),
selectivelytargets senescentcells. We speculatethat the weak
inductionof autophagyin senescentcellscanresultin celldeath.

CONCLUSIONS

In summary, we conclude that it is possible to identify
pre-existing clinically-approved antibiotics  with
senolytic activity, for drug repurposing as anti-aging
drugs that can be used to target senescent fibroblasts.
The specific examples we provide are Azithromycin
and Roxithromycin, two well-known macrolide anti-
biotics.
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MATERIALS AND METHODS
Materials

MRC-5 (ATCC® CCL-171) human lung fibroblast cells
and BJ (ATCE CRL2522) human skin fibroblasteere
purchased from the ATCQAmerican Type Culture
Collection). Gibco-brand cell culture media (MEM) was
purchased from Life Technologies. Bromodeoxyuridine,
Azithromycin, Roxithromycin and Erythromycin were
purchased from Sigma-Aldrich. Azithromycin (from
Pfizer) is FDA-approved. Roxithromycin (from GSK
and Sandoz) is not available in the United States, but is
clinically-approved in New Zealand, Australia and
Israel.

Experimental design

MRC-5 or BJ cells were platadto 24-well plates. Next
day, half of the plate was treated with 100 pM of
Bromodeoxyuridine (BrdU) while control wells were
treated with vehicle only (DMSO) and incubated for 8
days at 37°C in a 5% CO2 humidified atmosphere.
After 8 days of BrdU treatment cells were treated with
various compounds (Azithromycin, Roxithromycin or
Erythromycin) for another 3-5 days. BrdU or vehicle
treatments were continued during the drug treatments as
well.

Sulphorhodamine B assay

After the incubation of the plates cell viability was
measured by Sulphorhodamine B assay (SRB). The
assay is based on the measurement of cellular protein
contents. Cells were fixed with 10% Trichloroacetic
acid (TCA) for 1 hour at%, and were dried overnight

at room temperature. Then, plates were incubated with
SRB for 30 min, washed twice with 1% acetic acid and
air dried for at least 1h. Finally, the protein-bound dye
was dissolved in a 10 mM Tris, pH 8.8, solution and
read using a plate reader at 540-nm.

Autophagy and Cell cycle analysis

Autophagy (using Muse™Autophagy LC3-antibody
based Kit, Merck Millipore) and cell cycle (Muse® Cell
Cycle Kit, Merck Millipore) experiments were
performed according to manufacturer's instructions.

Beta-Gal staining

Beta-Galactosidase staining of BrdU-treated MRC-5
cells was performed by Senescencé&alactosidase
Staining Kit (#9860, Cell Signaling Technology Inc.)
and was done according to manufacturer’s protocol.

Seahorse XFe96 metabolic flux analysis

Extracellular acidification rates (ECAR) and real-time
oxygen consumption rates (OCR) for MCF7 cells were
determined using the Seahorse Extracellular Flux
(XF96) analyzer (Seahorse Bioscience, MA, USA) [30].
MRC-5 cells were maintained in MEM supplemented
with 10% FBS (foetal bovine serum), 2 mM
GlutaMAX, and 1% Pen- Strep. 40,000 cells per well
were seeded into XF96-well cell culture plates, and
incubated overnight at 37°C in a 5% CO2 humidified
atmosphere. Next day, cells were treated with
Azithromycin for 72 hours. Before the experiment, plate
was washed with pre-warmed XF assay media (for OCR
measurement, XF assay media was supplemented with
10mM glucose, 1mM Pyruvate and adjusted at pH 7.4).
Cells were then maintained in 17&/well of XF assay
media at 37°C, in a non-CO2 incubator for 1h. During
incubation, 25 L of of 80mM glucose, 9M
Oligomycin, 1M 2-deoxyglucose (for ECAR measure-
ment) and 25L of 10 M Oligomycin, 9 M FCCP, 10

M Rotenone, 10 M Antimycin A (for OCR
measurement) in XF assay media was loaded into the
injection ports of the XFe-96 sensor cartridge. During
the experiment, the instrument injected these inhibitors
into the wells at a given time point, while ECAR/OCR
was measured continuously. ECAR and OCR mea-
surements were normalized by protein content
(Sulphorhodamine B assay). Data sets were analyzed by
XFe-96 software, using one-way ANOVA and
Student’s t-test calculations. All experiments were
performed in triplicate.

XCELLigence RTCA System (ACEA Biosciences Inc.)

Briefly, MRC-5 lung fibroblasts (vehicle alone and/or
treated with 100 BrdU) were seeded in each well
and employed to assess tbficacy of Azithromycin,
using RTCA (real-time cell analysis), via the
measurement of cell-inducecketrical impedance. This
approach allows the quantification of the onset and
kinetics of the cellular response. Experiments were
repeated several times independently, using
guadruplicate samples for each condition.

Statistical analyses
Statistical significance was determined using the

Student’s t-test; values of less than 0.05 were considered
significant. Data are shown as the mean + SEM.
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