ijhighschoolresearch.org

[JHSR

B RESEARCH ARTICLE

Transcriptomic Analysis Reveals Conserved Inflammatory
Gene Upregulation in Human Lung Cells Exposed to PM2.5

from China and South Korea
Hyunsoo Kim

Saint Paul Preparatory Seoul, 14-8, Seochojungang-ro 31-gil, Seocho-gu, Seoul, Republic of Korea; gosyber1@gmail.com

B Introduction

These days, air pollution has become a significant concern
due to producing harmful substances, particularly particulate
matter (PM2.5), with an aerodynamic diameter equal to or
less than 2.5 micrometers." PM2.5 in the atmosphere has been
linked to various detrimental health effects. Epidemiological
studies have consistently demonstrated a strong correlation be-
tween exposure to PM2.5 and respiratory diseases.”

One of the concerning aspects of PM2.5 is its ability to pen-
etrate deep into the respiratory system, reaching the lungs and
even entering the bloodstream.? This characteristic raises the
possibility of PM2.5 particles affecting various body organs.*
Consequently, the adverse health impacts associated with
PM2.5 extend beyond the respiratory system, making it a mat-
ter of utmost importance to understand and address this issue.®

Acknowledging air pollution as a significant determinant of
public health, numerous countries have adopted measures to
address this pressing issue.® However, in various regions, partic-
ularly those with robust economic development, air pollutants
have exhibited fluctuating patterns of increase and decrease in
recent decades.” Therefore, it is imperative to assess whether

previous endeavors to mitigate air pollution have resulted in
tangible enhancements to public health while also endeavoring
to forecast the potential impact of future initiatives. By docu-
menting these outcomes, we can gain valuable insights to guide
future interventions and safeguard the population's well-being.

Prolonged exposure to PM2.5 has been linked to an elevat-
ed risk of developing lung cancer and cardiovascular disease.®
Short-term exposure to PM2.5 has been associated with var-
ious cardiopulmonary ailments, including asthma, bronchitis,
and arrhythmia.” Previous studies have suggested that oxida-
tive stress and inflammatory responses induced by PM2.5 may
contribute to the development of diverse lung diseases.'® How-
ever, the precise mechanisms through which PM2.5 exerts its
detrimental health effects remain unclear.!!

While PM 2.5 may seem to cause short-term effects, it may
lead to severe health issues, mainly cancer. To investigate the
impact of PM2.5 on inducing cancer, RNA-seq and gene ex-
pression analyses were performed using two previous RNA-seq
studies.
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B Methods

Data Collection:

Two RNA-seq studies were selected for analysis: one involv-
ing human bronchial epithelial cells exposed to PM2.5 and
the other involving mouse lung tissue exposed to PM2.5. Raw
RNA-seq data from both studies were obtained. Standard
quality control measures were applied to the raw RNA-seq
data to ensure data integrity and reliability.

Difterential Gene Expression Analysis:

Differential gene expression analysis techniques were used
to identify genes significantly altered in response to PM2.5 ex-
posure in each dataset. A list of differentially expressed genes
was generated for each dataset.

Network Analysis:

Network analysis methods were employed to construct
gene networks based on the identified differentially expressed
genes. GeneMania was used for network analysis. The top 10
upregulated genes in human bronchial epithelial cells exposed
to PM2.5 were identified. Gene-specific functional analysis
was conducted for each of these genes.

Word Cloud Analysis:

A word cloud analysis was performed to visually represent
key terms describing the findings associated with PM2.5 ex-
posure. The top 10 upregulated genes and their associated
functions were highlighted in the word cloud. Terms related to
immune response, cell functions, leukocytes, lymphocytes, and
cytokines were identified, indicating their potential involve-
ment in the effects of PM2.5 exposure.

Sample Preparation and Treatment:

Human lung cell line MRC5 was selected for the study. A
range of PM2.5 concentrations (0.1%, 2%, 5%, 8%, 10%) and
a control group with no PM2.5 treatment were prepared. Cell
morphology and viability were assessed in each group.

Cell Morphology and Viability Assessment:

Human lung cell morphology and viability were analyzed
under different PM2.5 concentration conditions. The control
group served as the baseline for normal cell morphology and
viability. Alterations in cell morphology and changes in viabil-
ity were observed and recorded.

RT-PCR Gene Expression Analysis:

Reverse Transcription Polymerase Chain Reaction (RT-
PCR) was employed to analyze gene expression in human lung
cells treated with 0.1% PM2.5. A specific set of genes was test-
ed, and their expression levels were measured.

B Results and Discussion
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Figure 1: Schematic illustration of differentially expressed gene network
analysis using two previous RNA-seq data: 1) A study with the human
bronchial epithelial cells exposed to PM2.5, 2) A study with the mouse
lung tissue exposed to PM 2.5. This figure demonstrates the differential
gene expression patterns identified between human bronchial epithelial
cells and mouse lung tissue upon PM2.5 exposure. The shared and unique
gene networks suggest species-specific responses with notable overlap in
inflammation-related pathways.

This study comprehensively analyzed differentially expressed
gene networks using two previously conducted RNA-seq
studies. The first study involved human bronchial epithelial
cells exposed to PM2.5, while the second used mouse lung
tissue exposed to PM2.5 (Figure 1).'>'* We aimed to examine
the shared and unique gene expression patterns in response to
PM2.5 exposure between these two species.

To perform the analysis, we first obtained the raw RNA-seq
data from both studies and processed it using standard quality
control measures. We then applied differential gene expression
analysis techniques to identify genes significantly altered in re-
sponse to PM2.5 exposure in each dataset. Next, we employed
network analysis methods to construct gene networks based on
the identified differentially expressed genes.

Table 1: Top 10 up-regulated genes in PM2.5 treated 16HHBE cells. The
table highlights key genes significantly upregulated in response to PM2.5

exposure, including CYP1A1, INHBA, and TNF, indicating activation of
detoxification pathways and inflammatory responses.

Gene Gene length log2(FC) Description
CYP1A1 2608 9.54| Cytochrome P450, Family 1, Subfamily A, Polypeptide 1
INHBA 2175 6.88|inhibin beta A chain precursor
TNF 1669 6.57 | tumor necrosis factor
SERPINB2 2180 6.46| plasminogen activator inhibitor 2 precursor
IL6 1201 6.28|interleukin-6 precursor
IL8 1718 5.75|interleukin 8
CXCL3 1166 5.39| C-X-C motif chemokine 3
CCL20 851 5.31|C-C motif chemokine 20 isoform 1
TNFAIP3 4446 5.29| tumor necrosis factor alpha-induced protein 3
KIAA1644 6741 5.11|Uncharacterized Protein

After analyzing the gene expression data from human
bronchial epithelial cells exposed to PM2.5, we identified
overexpressed genes that exhibited significant upregulation
compared to control samples. These genes included CYP1A1,
INHBA, TNEF, SERPINB2, I $L6, IL8, CXCL3, CCL20,
TNFAIP3, and KIAA1644 (Table 1).

Among these gene $s, CYP1A1, a member of the cyto-
chrome P450 enzyme family, showed a robust increase in
expression. This finding is consistent with previous studies
linking CYP1A1 induction to exposure to environmental
pollutants, including particulate matter. The upregulation of
CYP1A1 suggests activating detoxification pathways as a re-
sponse to PM2.5 exposure.

INHBA, another overexpressed gene, encodes a protein
belonging to the transforming growth factor beta (TGF-)
superfamily. The upregulation of INHBA indicates the in-
volvement of TGF-f signaling in the cellular response to
PM2.5 exposure. TGF-p signaling pathways regulate various
cellular processes, including inflammation and tissue repair.

We also observed the upregulation of pro-inflammatory cy-
tokines, such as TNF, IL6, IL8, and chemokines, such as
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CXCL3 and CCL20. These findings suggest an inflammatory
response from PM2.5 exposure in human bronchial epithelial
cells. The upregulation of these cytokines and chemokines in-
dicates the activation of immune cells and the recruitment of
inflammatory cells to the exposure site.

Furthermore, the overexpression of SERPINB2, TNFAIP3,
and KIAA1644 suggests the involvement of additional regula-
tory mechanisms in response to PM2.5 exposure. SERPINB2
regulates protease activity and has been implicated in various
physiological processes, including inflammation and tissue
remodeling. TNFAIP3 is a negative regulator of NF-xB sig-
naling and has a crucial role in modulating inflammatory
responses. The upregulation of KIAA1644, a gene with poorly
characterized function, indicates a potential novel pathway or
mechanism involved in the cellular response to PM2.5 expo-
sure.

In summary, our analysis of the overexpressed genes in hu-
man bronchial epithelial cells exposed to PM2.5 revealed the
activation of various pathways and processes related to detox-
ification, inflammation, and immune response. These findings
provide insights into the molecular mechanisms underlying
the adverse effects of PM2.5 on respiratory health and high-
light potential targets for future studies to mitigate the harmful
impacts of air pollution on human health.
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Figure 2: Gene network analysis results using the top 10 up-regulated
genes. Network analysis shows that PM2.5 exposure leads to upregulation of
genes associated with the cellular response to molecules of bacterial origin,
particularly involving chemokines and cytokines crucial in inflammation and
immune responses.

Gene network analysis was employed to predict the function
of genes of interest, revealing valuable insights. To this end,

the top 10 upregulated genes were analyzed using GeneMa-
nia. The analysis indicated that the most prominent predicted

function associated with these genes was "cellular response to
molecule of bacterial origin" (highlighted in red, as depicted
in Figure 2). Notably, this gene set includes CXCL3, CXCLS,
TNE, IL6, and TNFAIP3, among the top 10 upregulated
genes. Furthermore, closely related genes such as CXCL2,
CXCL1, IL1B, and CCL2 were also found to be involved in
the cellular response to molecules of bacterial origin. The data
strongly suggest that cells treated with PM2.5 exhibited an
upregulation of genes associated with bacterial response, indi-
cating a significant correlation.
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Figure 3: Word cloud analysis result using predicted top 10 up-regulated
gene function. The word cloud analysis visually emphasizes the key
functional roles of upregulated genes, focusing on immune response,
inflammation, and cytokine signaling, underscoring the biological impact of
PM2.5 exposure.

Additionally, a word cloud analysis was conducted to visual-
ly depict the key terms describing the findings associated with
PM2.5. The size and prominence of words in the cloud corre-
spond to their relevance and significance. The larger font size
represents the top 10 upregulated genes and their associated
functions, which were found to be upregulated in response to
PM2.5 exposure (Figure 3). Notably, this analysis facilitated
the identification of cell functions such as immune response
production, migration, and differentiation, all of which were
strongly linked to PM2.5 exposure. Furthermore, terms like
leukocyte, lymphocyte, and cytokine emerged, highlighting
their potential involvement in the ultimate effects of P2.5 ex-
posure.
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Table 3: Top ten upregulated genes in PM2.5 inhaled mouse lung for
three months with low concentration. This table presents genes significantly
upregulated in mouse lung tissue after prolonged exposure to low
concentrations of PM2.5, suggesting the involvement of pathways linked to
immune response, energy metabolism, and cellular stress.

Gene Gene length log2(FC) Description
Prok2 2608 7.77| Prokineticin 2
Rps27rt 2175 7.35| Ribosomal Protein S27 RNA Pseudogene
Ccl19 1669 6.41| C-C Motif Chemokine Ligand 19
LOC108168952| 2180 5.89| Locus 108168952
Gm13278 1201 5.60| Gene Model 13278
Gm40369 1718 5.34| Gene Model 40369
Gm21320 1166 5.13| Gene Model 21320
Ucp1 851 4.58| Uncoupling Protein 1
Ugt2b34 4446 4.56| UDP Glucuronosyltransferase Family 2 Member B34
Gm5639 6741 4.55| Gene Model 5639

Analysis of PM2.5-inhaled mouse lung tissue revealed
several upregulated genes, including Prok2, Rps27rt, Ccl19,
LOC108168952, Gm13278, Gm40369, Gm21320, Ucpl,
Ugt2b34, and Gm5639. Prok2, known as Prokineticin 2, plays
arole in various physiological processes. Rps27rt, a pseudogene
of Ribosomal Protein 527, may have regulatory functions (Ta-
ble 3). Ccl19, or C-C Motif Chemokine Ligand 19, is involved
in immune responses and inflammation. LOC108168952,
Gm13278, Gm40369, and Gm21320 are gene loci that might
not yet have been assigned official names. Ucp1, or Uncoupling
Protein 1, is associated with energy expenditure and thermo-
genesis. Ugt2b34, or UDP Glucuronosyltransferase Family 2
Member B34, metabolizes various substances. Gm5639 rep-
resents another gene locus that might not have an assigned
official name. The upregulation of these genes in PM2.5-in-
haled mouse lung tissue suggests their potential involvement
in the biological response to PM2.5 exposure. Further inves-
tigations are warranted to elucidate their specific roles and
mechanisms in the context of PM2.5-induced lung effects.
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Figure 4: Gene network analysis results using upregulated genes in PM2.5-
inhaled mouse lung tissue after three months of low-concentration exposure.
Network analysis of upregulated genes reveals associations with fatty acid
metabolism and oxidative stress responses, indicating that prolonged PM2.5
exposure affects metabolic and inflammatory processes in the lungs.

The functional prediction analysis using GeneMania re-
vealed that upregulated genes in PM2.5-inhaled mouse lung
tissue, after three months of low-concentration exposure, were
prominently associated with functions related to fatty acid re-
sponse, lipid oxidation, and fatty acid oxidation. Notably, the
genes Ucpl and Ccl19 are significantly associated with the
reaction to fatty acids (Figure 4). These findings are consis-
tent with previous studies that have reported the induction of
the fatty acid pathway by PM2.5. The figure also suggests that
Ptgfr was affected by PM2.5. This gene is linked with inflam-
mation and urine contraction of the cell, which we can observe
a correlation back to Figure 2 and Table 1. These results sug-
gest that PM2.5 exposure elicits a specific response to fatty
acid metabolism in the mouse lung. Further investigations are
warranted to understand better the mechanistic links between

PM2.5 exposure and fatty acid-related processes in the lung.
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Figure 5: Effect of PM2.5 treatment on human lung cell morphology and
viability MRC5. No treatment control, 0.1%, 2%, 5%, 8%, and 10% PM2.5
treated samples were analyzed. The cell viability is indicated at the bottom
of the image. This figure illustrates the dose-dependent toxic effect of PM2.5
on lung cell viability and morphology, with higher PM2.5 concentrations
significantly reducing cell survival and altering cell structure.

Next, our investigation revealed a clear concentration-de-
pendent relationship between PM2.5 exposure and human
lung cell viability. Without PM2.5 treatment (control), the
cells exhibited normal morphology and maintained high vi-
ability. As the concentration of PM2.5 increased, alterations
in cell morphology became evident. Furthermore, a notable
reduction in cell viability was observed in samples treated with
higher concentrations of PM2.5 (Figure 5).

The quantitative analysis of cell viability corroborated these
observations. The control group exhibited a cell viability of
99.5%, indicating the live cells. In contrast, the cell viability
progressively decreased with increasing PM2.5 concentra-
tions: 0.1% (51.5%), 2% (21.3%), 5% (0.5%), 8% (0%), and
10% (0%). These results demonstrated a significant and con-
centration-dependent decline in cell viability upon exposure
to PM2.5. For the downstream experiment, we selected 0.1%
PM2.5 condition to find the upregulated genes in the human
lung cells.
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Figure 6: RT-PCR gene expression analysis reveals upregulation of

five genes in lung cells treated with PM2.5 collected from South Korea:
INHBA, CCL20, CXCL3, KIAA1644, IL-8. RT-PCR analysis confirms the
upregulation of genes involved in inflammatory and immune responses in
lung cells treated with PM2.5 from South Korea, highlighting the potential
for shared molecular pathways triggered by particulate matter exposure from
different regions.

Table 1 presents a list of ten genes identified as upregulated
due to exposure to PM2.5 collected from China. To compre-
hensively explore the impact of particulate matter on gene
expression, we conducted a parallel analysis utilizing PM2.5
samples collected from South Korea. Upon scrutinizing the
Korean PM2.5 dataset, we tested the same gene set as in Table
1. Our investigation showed that five specific genes exhibit-
ed upregulation: INHBA, CCL20, CXCL3, KIAA1644, and
IL-8 (Figure 6).

The identified genes—INHBA, CCL20, CXCLS3,
KIAA1644, and IL-8—are strongly associated with inflam-
matory processes, underscoring their pivotal role in regulating
cellular responses to PM2.5 exposure. Their upregulation
suggests a shared molecular mechanism linking PM2.5 ex-
posure to the activation of inflammation-related pathways in
lung cells. These genes likely contribute to PM2.5-induced
inflammation through a network of cytokine signaling, chemo-
kine-mediated immune cell recruitment, and cellular stress
responses. Specifically, they are hypothesized to activate critical
regulators of inflammation, including the nuclear factor kap-
pa B (NF-kB) and mitogen-activated protein kinase (MAPK)
pathways, which drive the expression of inflammatory me-
diators and amplify the immune response. Collectively, these
findings highlight the potential for these genes to mediate the
adverse health effects of PM2.5 exposure, providing insights
into therapeutic targets for mitigating air pollution-induced
inflammation.

Our study adds a critical layer of understanding to the com-
plex interplay between environmental pollutants and cellular
responses by uncovering the conserved upregulation of inflam-
matory genes triggered by PM2.5 exposure. The identification
of INHBA, CCL20, CXCL3, KIAA1644, and 1L-8 as key
players in PM2.5-induced inflammation provides a molecular
foundation for exploring how fine particulate matter disrupts
lung homeostasis. These genes are central to the activation of
cytokine and chemokine pathways, suggesting they orchestrate
immune cell recruitment, tissue remodeling, and inflamma-
tory cascades. Their robust and consistent upregulation not

only highlights their pivotal role in driving the inflammatory
response but also positions them as promising therapeutic tar-
gets for mitigating the adverse health effects associated with
air pollution.

Interestingly, this research also highlights a remarkable sim-
ilarity in the effects induced by PM2.5 collected from South
Korea and China. Theconserved upregulation of these
specific genes across different geographical origins of PM2.5
underscores the robustness and universality of the cellular
response to particulate matter exposure. This observation fur-
ther strengthens the notion of a shared mechanism of action,
transcending geographical boundaries and reinforcing the
significance of these genes in the context of PM2.5-induced
inflammation.

INHBA

ccL20
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Figure 7: The upregulated five genes were associated with various
alterations in human cancers. This figure demonstrates the frequent genetic
alterations of five key upregulated genes across multiple cancers, suggesting
that PM2.5 exposure may contribute to oncogenic pathways, particularly in
lung and other cancer types.

Next, we analyzed the genetic changes in five genes—IN-
HBA, CCLC20, CXCL3, KIAA1664, and IL.8—related to
human cancer. Our findings showed that these genes are fre-
quently altered across various cancer types, such as lung cancer,
breast cancer, colorectal cancer, prostate cancer, and melanoma
(Figure 7). These results indicate that PM2.5 could potentially
cause changes in these genes, leading to the development of
other forms of human cancer.

B Conclusion

Air pollution worldwide, PM2.5, threatens modern human
health by causing various diseases and inflammatory responses.
Current studies and efforts to minimize such deadly pollutants
have been ineffective due to a lack of understanding of the
apparent effect of PM2.5 on human health. To gain deeper
insights into PM2.5, transcriptomic analyses were conducted
using RNA-seq data from two studies involving human bron-
chial epithelial cells and mouse lung tissue exposed to PM2.5.
Furthermore, this research focused on twenty upregulated and
downregulated genes affected by PM2.5 collected in China.
To comprehensively explore the impact of particulate matter
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on gene expression, we conducted a parallel analysis utiliz-
ing PM2.5 samples collected from South Korea. The results
suggested that PM2.5 upregulated five overlapping genes:
NHBA, CCL20, CXCL3, KIAA1644, and 1L-8. These genes
showed close associations with inflammatory processes and
cellular responses in lung cells, suggesting that PM2.5 directly
affects molecular mechanisms in human biology.

To address the limitations mentioned in the conclusion of
this study, we propose conducting experiments using multi-
ple human lung cell types, including alveolar epithelial cells
(A549) and bronchial epithelial cells (BEAS-2B), to validate
the conserved upregulation of the five genes (INHBA, CCL20,
CXCL3, KIAA1644, and IL-8) in response to PM2.5 expo-
sure. Additionally, iz vivo studies involving animal models, such
as mice or rats, should be implemented to observe the system-
ic effects of PM2.5 exposure under controlled conditions. To
better understand the chemical composition of PM2.5 from
different geographical locations, comprehensive chemical pro-
filing should be conducted using mass spectrometry and gas
chromatography. This will enable the identification of specific
toxicants or mutagens and their contribution to observed gene
expression changes. Lastly, longitudinal studies assessing the
chronic impact of low-dose PM2.5 exposure on inflammatory
pathways and potential oncogenic mechanisms in vivo would
provide insights into long-term health risks, bridging the gap
between in vitro findings and real-world health outcomes.

Moreover, biological responses and effects induced by
PM2.5 from China and South Korea showed remarkable sim-
ilarities. The conserved upregulation of these specific genes
across different geographical origins of PM2.5 underscores the
robustness and universality of the cellular response to partic-
ulate matter exposure. Consequently, this research contributes
to identifying potential therapeutic targets and strategies for
mitigating the health risks associated with air pollution. How-
ever, this research was limited to only one type of human lung
cell, thus requiring future research with various types of lung
cells in the human body. Also, this research was not conducted
from a living organism but in a lab culture cell model, which
may differ in reality. Lastly, the particulate matters from China
and Korea were not analyzed thoroughly. They might contain
perfectly different toxins or mutagens, which should be con-
sidered in future research to effectively analyze the effects of
PM2.5 on different geographical locations.

m Acknowledgments
I thank my parents for their support and Dr. Lee for the
research advice.

B References

1.Xing, Y.-F; Xu, Y.-H.; Shi, M.-H.; Lian, Y.-X. The Impact of PM
2.5 on the Human Respiratory System. J. Thorac. Dis. 2016, 8 (1),
E69-74. DOLI: 10.3978/j.issn.2072-1439.2016.01.19.

2.Lo,W.-C,; Ho, C.-C.; Tseng, E.; Hwang, ].-S.; Chan, C.-C,; Lin,
H.-H. Long-Term Exposure to Ambient Fine Particulate Matter
(PM2.5) and Associations with Cardiopulmonary Diseases and Lu
ng Cancer in Taiwan: A Nationwide Longitudinal Cohort Study.
Int. ]. Epidemiol. 2022, 51 (4),1230-1242. DOL 10.1093/ije/dya
c082.

3. Krittanawong, C.; Qadeer, Y. K.; Hayes, R. B.; Wang, Z.; Virani,
S.; Thurston, G. D.; Lavie, C.]J. PM2.5 and Cardiovascular Health

Risks. Curr. Probl. Cardiol. 2023, 48 (6),101670. DOI: 10.1016/j.
cpeardiol.2023.101670.

4. Priyankara, S.; Senarathna, M.; Jayaratne, R.; Morawska, L.; Abeys
undara, S.; Weerasooriya, R.; Knibbs, L. D.; Dharmage, S. C.; Yas
aratne, D.; Bowatte, G. Ambient PM2.5 and PM10 Exposure and
Respiratory Disease Hospitalization in Kandy, Sri Lanka. Inz. J. E
nviron. Res. Public Health 2021, 18 (18). DOI: 10.3390/ijerph181
89617.

5.Feng, S.; Gao, D.; Liao, F;; Zhou, F.; Wang, X. The Health Effects
of Ambient PM2.5 and Potential Mechanisms. Ecofoxicol. Environ.
Saf. 2016, 128, 67-74. DOI: 10.1016/j.ecoenv.2016.01.030.

6. Thangavel, P;; Park, D.; Lee, Y.-C. Recent Insights into Particulate
Matter (PM2.5)-Mediated Toxicity in Humans: An Overview.
Int. J. Environ. Res. Public Health 2022, 19 (12). DOI: 10.3390/ijer
ph19127511.

7. Rhew, S. H.; Kravchenko, J.; Lyerly, H. K. Exposure to Low-Dose
Ambient Fine Particulate Matter PM2.5 and Alzheimer’s Disease,
Non-Alzheimer’s Dementia, and Parkinson’s Disease in North Ca
rolina. PLoS ONE 2021, 16 (7),0253253. DOI: 10.1371/journal.
pone.0253253.

8. Wang, T.-H.; Huang, K.-Y_; Chen, C.-C.; Chang, Y.-H.; Chen, H.
-Y.; Hsueh, C.; Liu, Y.-T; Yang, S.-C.; Yang, P.-C.; Chen, C.-Y. P
M2.5 Promotes Lung Cancer Progression through Activation of t
he AhR-TMPRSS2-11.18 Pathway. EMBO Mol. Med. 2023, 15
(6),e17014. DOI: 10.15252/emmm.202217014.

9.Yang, L.; Zhang, Y.; Qi, W.; Zhao, T.; Zhang, L.; Zhou, L.; Ye, L.
Adverse Effects of PM2.5 on Cardiovascular Diseases. Rev. Envir
on. Health 2022, 37 (1),71-80. DOI: 10.1515/reveh-2020-0155.

10. Fu, H.; Liu, X; Li, W;; Zu, Y.; Zhou, F.; Shou, Q.; Ding, Z. PM
2.5 Exposure Induces Inflammatory Response in Macrophages via
the TLR4/COX-2/NF-KB Pathway. Inflammation 2020, 43 (5),
1948-1958. DOI: 10.1007/510753-020-01269-y.

11. Guan, L.; Geng, X,; Stone, C.; Cosky, E. E. P; Ji,Y.; Du, H.; Zh
ang, K.; Sun, Q,; Ding, Y. PM2.5 Exposure Induces Systemic Infl
ammation and Oxidative Stress in an Intracranial Atherosclerosis
Rat Model. Environ. Toxicol. 2019, 34 (4),530-538. DOI: 10.1002/
tox.22707.

12. Zhou, Z.; Liu, Y.; Duan, F,; Qin, M..; Wu, F; Sheng, W.; Yang, L.
; Liu, J.; He, K. Transcriptomic Analyses of the Biological Effects
of Airborne PM2.5 Exposure on Human Bronchial Epithelial Ce
ls. PLoS ONE 2015, 10 (9), 0138267. DOI: 10.1371/journal.pon
€.0138267.

13.Wang, H.; Shen, X; Liu, J.; Wu, C.; Gao, J.; Zhang, Z.; Zhang, F.;
Ding, W.; Lu, Z. The Effect of Exposure Time and Concentration
of Airborne PM2.5 on Lung Injury in Mice: A Transcriptome Ana
lysis. Redox Biol. 2019, 26,101264. DOI: 10.1016/j.redox.2019.
101264.

® Authors

Hyunsoo Kim is a rising high school junior attending Saint Paul
Preparatory Seoul, Korea. He plans to major in biotechnology in the
future. His inherent curiosity towards molecular and genetic biology
has led him to experiment and research various biological processes.

39

DOI: 10.36838/v7i1.34





