MBlEAmp FERE§REFTHY D

_ARTE ¢ A -
.A@-(J{‘rr J‘%hl_'—’-ﬁ ‘m‘c

AU erg i (HE) =) N
OB#(F 5 14 % » "L 2 it d 0 % A8 B 4 C002 2 C004 2 C009)

- A g O 8= 5 2+

Gl ) w(ﬁfs‘%’). e iv‘ﬁ FHFLTR
e * RFisd 04w

e ) g MBS O &4+ 3%

AR ke (E ) R A R FFRML T2 LAEP

I SR R A S B F o BTG

e

N I EF R T RSN N

S

_ |Development of functional probiotics to alleviate air pollution-related respiratory

inflammation

g U R ST Lom R

> M 7 O L pAR__115 & 1 3 1 P23 ARW__115 & 12 3 31

TR g op x @ |f MR REE G FEBEM)

Aot A OB B )

=5 o Pl AR D% A#F Ok* 3% Dlptis &
A2z i@msierd P O & eRRl > Fte 8L & 1001~1003

S R S R Wz O FiaesEni C0l4-

T oF @ % A dRAF 0 FE 0 (2)03-2118800ext. 5116 (/% )

i L P BEFCET & LR 20— B 259 B

L4 E 5. #B| 03-2118700 E-MAIL chlai@mail.cgu.edu.tw




ZNABRFEEAA
() laifa, ~ TEpisFs, ~ TREFLAR 2 TELEFEY ) 2479

Lnlgﬁ_;}v_},]ﬁ% o

EAF TP EMNEETZE | TE TR

; Yt | RIFBHE/ k| B
| < TS - WLl R TP 2 BB |1 iEpE s F (%)

AL R LA F/FE R Fr2 83z b~ F %K |[70%

IR G EREGCERET
75 A Rk R

MR F T A o 1 RN K B RS A B T A g 1 (b H E i 220

IFREF N F s UE AW AT (G4 50% T A FEAT AR F R AR

g

T
T2 FHcib E A 22 LT L) o




Abstract

Ambient fine particulate matter with an aerodynamic diameter of < 2.5 um (PM2.5) is a
significant environmental pollutant that contributes to the development of respiratory diseases.
Exposure to PM2.5 induces airway inflammation and compromises innate immune defenses,
increasing susceptibility to microbial infections. Given the important role of macrophages in
respiratory immunity, this project aims to evaluate probiotic candidates for their potential to
attenuate PM2.5-induced inflammatory responses. The study will (i) screen probiotic strains using
macrophage-based models, (ii) validate their protective efficacy and underlying mechanisms in
PM2.5-exposed murine models, and (iii) establish Drosophila models to assess probiotics in
reducing PM2.5 accumulation. Through an extensive study, this research aims to identify probiotic
interventions that can ameliorate PM2.5-associated respiratory inflammation and enhance host

defense, ultimately facilitating their translational and industrial applications.
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1. Introduction
1.1. Air pollution and particulate matter

Particulate matter (PM) with aerodynamic diameter < 2.5 um (PM2.5) is known to significantly
contribute to airway inflammation [1]. A recent study from Taiwan reported that the traffic-related
emissions and coal combustion were the major sources of PM2.5, which particularly spread in the
western coastal area of central Taiwan [2]. Most importantly, a recent longitudinal study in Taiwan
has demonstrated that long-term exposure to PM2.5 is associated with an increased risk of chronic
obstructive pulmonary disease (COPD) [3]. Even low PM2.5 exposure levels also pose certain
public health risks [4]. Therefore, understanding the effects of PM2.5 on respiratory diseases will be
invaluable for developing novel strategies to improve human health.
1.2. PM2.5 exposure exacerbates respiratory inflammation

Mounting evidence suggests that exposure to ambient pollution particles impairs pulmonary
function and increases the risk of infectious diseases [4]. Furthermore, ambient particles have been
detected in airway macrophages within the septum of healthy individuals [5], and their impact on
human immune responses has been reported [6]. Exposure to PM2.5 imbalanced M1 and M2
macrophage polarizations, which in turn dysregulated immune response and caused airway
inflammation [7]. These lines of evidence suggest that ambient particles impact the respiratory
innate defense, increasing susceptibility to bacterial infections.
1.3. Significance

Despite the evidence that PM2.5 poses adverse health risks, new treatments for alleviating
PM2.5-induced impairment of the innate immune defense remain to be studied. This study
proposes the following experiments to develop novel probiotics to mitigate PM2.5-induced
respiratory inflammation. The results from this research will undoubtedly be important for
the development of potent products that protect against PM2.5-associated airway

inflammation, promoting their industrial and translational applications.

2. Research design
2.1. Macrophage-based models for screening potential probiotics

Macrophage cell models will be employed to evaluate candidate samples for their potential to
inhibit PM2.5-induced inflammation. The probiotic samples provided by GenMont Biotech Inc. will
be screened using RAW264.7 macrophages (ATCC TIB-71). Cells will be pretreated with each
sample, followed by exposure to PM2.5 (5 or 20 pg/mL; < 2.5 um, National Institute of Standards
and Technology, MD, USA) for 24 h. Cell viability will be determined to exclude cytotoxic effects.
The levels of proinflammatory cytokines (IL-1p and TNF-a) in the culture supernatant will be
quantified using ELISA (R&D Systems) [8]. Nitric oxide production will be measured with Griess
reagent (Sigma-Aldrich), and inducible nitric oxide synthase (iNOS) protein expression will be
analyzed by western blotting [9]. This screening will identify probiotic candidates capable of
reducing PM2.5-induced inflammatory responses in macrophages, paving the way for subsequent in

vivo validation.



2.2. Translational study by using murine models

We will then select the most promising candidates to investigate their protective activity in
PM2.5-exposed murine models (Fig. 1). In this study, male BALB/c mice aged 4-6 weeks will be
used and maintained at the animal center. Bronchoalveolar lavage fluid (BALF) will be collected
for analysis of inflammatory cell infiltration and cytokine production (IL-1B and TNF-a) using
ELISA. Lung tissues will be harvested for histopathological examination (H&E staining) and
immunohistochemical analysis of iNOS and macrophage markers (F4/80). Total protein extracts
from lung tissues will be subjected to western blot analysis to assess the expression of key
inflammatory mediators. PM2.5 exposure is reported to alter bacterial composition in the nasal
pathway, airway, and gut. We recently reported that exposure to PM2.5 causes bacterial community
dysbiosis and exacerbates inflammatory diseases in the respiratory tract [10]. However, whether the
potent candidates that alter PM2.5 levels influence the gut microbiota community is unclear. For
this purpose, stool samples will be collected from each group, and their microbiota profiles will be

analyzed.
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Fig. 1. Experimental design and establishment of murine models for evaluating probiotic effects. Mice
will receive intratracheal administrations of PM2.5 from day 1 to day 25 (total dose: 200 pg). In parallel,
probiotics (1.5 mg/mouse) will be administered orally once daily for 27 days. On day 28, mice will be
euthanized, and bronchoalveolar lavage fluid (BALF) will be collected for cytokine analysis. Lung tissues
will be harvested for histopathological examination.
2.3. Establishing Drosophila models to assess probiotics in reducing PM2.5 accumulation

To evaluate the potential of probiotic candidates to reduce PM2.5 accumulation in vivo,
Drosophila melanogaster will be used as a model organism by collaborating with co-PI (Professor
Chia-Lin Wu X 2‘;% ##2). Adult flies will be exposed to PM2.5 via food supplementation or
inhalation for a defined period. Concurrently, selected probiotic candidates identified from murine

studies will be administered through the diet, as described in our recent study [11]. The



experimental design will include control (no probiotic) and treatment groups
(probiotic-administered) to assess the effects on PM2.5 accumulation and clearance. Quantitative
measurement of PM2.5 in the flies will be performed using inductively coupled plasma mass
spectrometry (ICP-MS) or equivalent particle detection methods. In addition, oxidative stress and
inflammation markers in the flies will be evaluated to assess physiological responses to PM2.5
exposure and probiotic intervention. This Drosophila model will provide rapid, cost-effective
insights into the capacity of probiotic candidates to reduce PM2.5 accumulation and mitigate

associated systemic stress, supporting translational relevance for mammalian models.

3. Preliminary results
3.1. Characterization of PM2.5 and its effects on innate immune response

To examine the potential effects of PM2.5 on macrophage activity, we utilized standard
reference material obtained from the National Institute of Standards and Technology (MD, USA)
[7]. The particle size of PM2.5 was first characterized using a field-emission scanning electron
microscope (JSM-7500F, JEOL, Japan). As shown in Fig. 2A, the majority of the particles
displayed diameters smaller than 2.5 pm, confirming their classification as fine particulate matter.
Next, cells were treated with low (5 pg/mL) or high (20 ug/mL) concentrations of PM2.5 for 2 h. As
shown in Fig. 2B, neither concentration significantly affected cell viability. When macrophages
were exposed to 20 pg/mL PM2.5 for 24 h, light microscopy revealed visible particulate deposits
within the cytoplasm, indicating successful cellular uptake and embedding of PM2.5 (Fig. 3). Based
on these findings, PM2.5 concentrations of 5 pg/mL and 20 pg/mL will be selected for subsequent

experiments to assess macrophage responses.

Fig. 2. Characterization of PM2.5 and its
effects on macrophage viability. (A)
Field-emission scanning electron microscopy
(FE-SEM) image showing the morphology and
size distribution of PM2.5 particles (< 2.5 pm).
(B) Effects of PM2.5 exposure on RAW264.7
macrophage viability after 2 h treatment with 5
pug/mL or 20 pg/mL. Scale bar: 1 um.
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Fig. 3. Deposition of PM2.5 in the cytoplasm of
macrophages. RAW264.7 cells were (A)
mock-treated or (B) treated with 20 pg/mL PM2.5
for 24 h and observed under light microscopy.
Arrowheads indicate macrophages containing
phagocytosed PM2.5 particles. Scale bar: 5 pm.




3.2 PMzs impairs phagocytosis of bacteria by macrophages

To assess whether PM2.5 exposure affects macrophage phagocytic function, we evaluated
phagocytosis using antibody-coated fluorescent latex beads. As shown in Fig. 4A, treatment with a
low concentration of PM2.5 (5 pg/mL) slightly reduced the internalization of FITC-conjugated
latex beads by RAW264.7 macrophages, whereas exposure to a higher concentration (20 ug/mL)
markedly suppressed bead uptake. These findings indicate that PM2.5 compromises macrophage
phagocytic capacity in a dose-dependent manner. To further confirm this effect using a biologically
relevant target, bacterial internalization was assessed by gentamicin protection assay. Consistently,
macrophages treated with PM2.5 exhibited significantly reduced bacterial uptake compared with
untreated controls (Fig. 4B). These results collectively demonstrate that exposure to PM2.5 impairs

macrophage phagocytic activity and diminishes bacterial clearance efficiency.
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Fig. 4. PM2.S suppresses macrophage
phagocytosis during bacterial infection.
(A) RAW264.7 cells were pretreated with 5
or 20 pg/mL PM2.5 for 2 h, then incubated
with fluorescent latex beads for 3 h. Nuclei
were stained with Hoechst 33342 and imaged
by confocal microscopy. Scale bar: 10 um.
(B) Macrophages were exposed to PM2.5 for

£ 2 h and infected with pneumococci (MOI =
E 100) for 2 h. Intracellular bacteria were
& S quantified using a gentamicin protection
* Mok L M assay and expressed as CFU (P < 0.05).
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4. Anticipative results

The primary objective of this study is to identify probiotics that can mitigate PM2.5-induced
respiratory inflammation. The findings are expected to inform the development of strategies to
mitigate air pollution, particularly PM2.5. The anticipated outcomes are as follows:

4.1. Our results will first screen the tested samples and demonstrate that the potential
candidates inhibit inflammatory mediators, alleviating PM2.5-elicited inflammation.

4.2. Using PM2.5-exposed murine models, the protective efficacy of selected candidates will be
confirmed, translating in vitro results into physiologically relevant outcomes.

4.3. These results from performing Drosophila studies will identify potent probiotic strains
capable of mitigating PM2.5 accumulation and validating their biological impacts.

This study is expected to generate -2 high-quality publications. Furthermore, the identified
probiotic candidates will have potential for industrial development to alleviate PM2.5-induced
respiratory inflammation. With the strong support of Tomorrow Medical Foundation, this project
will advance both preventive strategies and the development of effective interventions for
respiratory diseases associated with air pollution, promoting translational and industrial
applications.
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