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ABSTRACT
Objective: Obstructive sleep apnea (OSA) is associated with severity of pneumonia; however, the
mechanism by which OSA promotes lung cancer progression is unclear.
Methods: Twenty-five lung cancer patients were recruited to investigate the relationship between
OSA and cancer-associated fibroblast (CAFs) activation. Lung cancer cells (A549) and WI38
fibroblast cells were used to explore the hypoxia-induced TGFβ expression using qPCR, Western
blot, and ELISA. Wound healing and transwell assays were performed to evaluate cancer cell
migration and invasion. A549 or A549-Luc +WI38 xenograft mouse models were established to
detect the intermittent hypoxia (IH) associated with lung tumor growth and epithelial–
mesenchymal transition (EMT) in vivo.
Results: OSA promotes CAF activation and enrichment in lung cancer patients. Hypoxia (OSA-like
treatment) activated TGFβ signaling in both lung cancer cells and fibroblasts, which promoted
cancer cell migration and invasion, and enriched CAFs. IH promoted the progression and EMT
process of lung cancer xenograft tumor. Co-inoculation of lung cancer cells and fibroblast cells
could further promote lung cancer progression.
Conclusions: IH promotes lung cancer progression by upregulating TGFβ signaling, promoting lung
cancer cell migration, and increasing the CAF activation and proportion of lung tumors.

KEYWORDS
OSA; intermittent hypoxia;
TGFβ; CAFs; lung cancer;
inflammation; cancer
progression; migration

Introduction

Obstructive sleep apnea (OSA) is one of the most common
respiratory disorders, which is characterized by recurrent epi-
sodes of complete or partial upper airway obstruction during
sleep, associated with intermittent hypoxemia, increased
inspiratory effort, and disrupted sleep [1,2]. Recent epidemio-
logical surveys indicate that 14–49% of adults have clinically
significant OSA in Europe and the United States [3]. Obesity,
type 2 diabetes, and metabolic disease are the stronger risk
factors of OSA [4,5]. OSA prevalence is high and is rising
worldwide, which may be due to the growing prevalence of
obesity and overweight [6]. Apnea-hypopnoea index (AHI)
is used to assess the severity of OSA, which represents how
many times of apneas (complete) and hypopneas (incom-
plete) obstructive events happen during one hour of sleep,
and AHI≥ 5 is defined as OSA [7].

Experimental and clinical data suggest that OSA may be
associated with higher cancer incidence, tumor aggressive-
ness, and cancer mortality [8,9]. One 22-year mortality

follow-up data suggested that OSA is associated with
increased cancer mortality in a community-based sample
[10]. Heinzer et al. performed a HypnoLaus study based on
3043 consecutive participants and found that OSA was
highly prevalent, with important public health outcomes,
and might be correlated with cancer incidence and mortality
[11]. In addition, OSA is associated with the severity of pneu-
monia. Chiner et al. performed a case-control study to inves-
tigate the association between community-acquired
pneumonia and OSA. In comparison with patients with non-
respiratory infections, OSA is closely associated with the
severity of community-acquired pneumonia [12].

Cancer-associated fibroblasts (CAFs) are activated fibro-
blasts with significant plasticity and heterogeneity in the
tumor microenvironment [13]. CAFs proliferation and expan-
sion enhance extracellular matrix (ECM) remodeling and
growth factor production, and then promote tumor growth,
metastasis, and progression [14]. OSA is associated with the
severity of pneumonia; however, the mechanism by which
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OSA promotes lung cancer progression is unclear. Using clini-
cal sample analysis, in vitro experiments, and tumor models,
this study found that OSA promoted lung cancer progression
by upregulating TGFβ signaling, promoting lung cancer cell
migration, and increasing the CAF activation and proportion
lung tumors.

Materials and methods

Patient samples

Lung cancer tissues were collected from 25 lung adenocarci-
noma patients, among them 14 patients had OSA (OSA, n =
14) and 11 patients without OSA (WO, n = 11). OSA was
defined as the presence of an AHI of ≥5 events/h [15]. The sur-
gically excised tumor samples were prepared as protein
samples and paraffin samples for Western blot and immuno-
histochemistry (IHC) analysis, respectively. OSA was diagnosed
by using respiratory polygraphy and visually scoring the elec-
troencephalography and electrooculography by a physician
with the polysomnography device. All the participants
obtained informed consent, and this study was approved by
the ethics committee of Xinhua Hospital Affiliated to Shanghai
Jiao Tong University School of Medicine.

Cell lines and cell culture

Human lung adenocarcinoma cell line (A549), A549-Lucifer-
ase (A549-Luc) cells, and human fibroblast cell line (WI38)
were purchased from ATCC (Manassas, USA). A549 cells
were cultured in F-12 K Medium with 10% fetal bovine
serum (FBS, Gibco), and WI38 cells were cultured in Eagle’s
Minimum Essential Medium with 10% FBS. Cells were
placed in an incubator at 37°C with 95% air and 5% CO2.

Hypoxic treatment in vitro

The in vitro hypoxic treatment was performed by using
Hypoxia Workstation Invivo2 400 chamber (Ruskinn Technol-
ogy Ltd, Bridgend, UK) as described previously [16]. Briefly,
A549 cells were seeded in a complete medium in the
density of 1 × 106 cells/ml and placed in a hypoxia chamber
(0.1% O2 with 5% CO2) for 24 h. After incubation, cells and
medium were harvested for the following analysis.

Wound healing and transwell invasion assays

To detect the cell migration, 5 × 106 cells were seeded in 6-
well plates. The cell monolayer was scratched a 1 mm wide
crack using a sterile tip (200 µl) when cells reached 85% of
confluence. Cell migration was monitored by using a micro-
scope every day to calculate wound healing. The BD transwell
chamber (BD, Franklin, TN, USA) was used to detect cell
migration and invasiveness as described previously [17].
The migrated cells were stained with crystal violet and
imaged using an Olympus microscope.

Subcutaneous xenograft mouse model and
intermittent hypoxic (IH) treatment

Eight-week-old BALB/c nude mice were obtained from Labora-
tory Animal Center (Shanghai, China). Mice were randomly
divided into two groups (n = 10 per group). 1 × 106 A549

cells or A549-Luc +WI38 mixed cells (A549-Luc: WI38 = 1:3)
were implanted subcutaneously into the flanks of BALB/c
nude mice. Half of the transplanted mice of each group were
exposed to IH in a plexiglas chamber for 6 h per day, as
described previously [18]. Oxygen concentration was moni-
tored using a CY-12C O2 analyzer (Chizhou, China). In the
hypoxia phase, the oxygen concentration was decreased to
5% by infusion of nitrogen, and mice were maintained in this
condition for 30 s. In the post-hypoxic re-oxygenation phase,
the oxygen concentration was increased to 21% by infusion
of clean air, and mice were maintained in this condition for
60 s. One hundred and sixty IH cycles were run each day,
and mice were exposed to IH until day 20. Control mice
were maintained in clean air without IH cycles. Biolumines-
cence imaging (BLI) was performed using the Xenogeny-IVIS
imaging system (Perkin Elmer, Waltham, MA, USA), and all
mice were imaged every 5 days after the transplantation.
Tumor volume was calculated using the following formula: V
= 0.5×a × b2 (a: length of the tumor; b: short diameter of the
tumor). Animal experimental protocols were approved by
the Animal Care and Use Committee at Xinhua Hospital
Affiliated to Shanghai Jiao Tong University School of Medicine.

Immunoblotting

Cells or tissues were homogenized and lysed by whole cell
extraction buffer that includes 10% glycerol, 2% sodium dode-
cylsulfate, and 62.5 mM Tris-HCl (pH 7.0). Protein concen-
trations were determined usinga BCA protein assay kit
(Thermo Fisher Scientific Inc., Waltham, MA, USA). The final
protein concentration was normalized to 3 µg/µl and all
samples were denatured in 3× SDS loading buffer (Thermo
Fisher Scientific Inc., Waltham, MA, USA) at 96°C for 5 min.
Each sample was loaded at 12 µl/well into 12% Bis-Tris gels
and proteins were separated at 80–100 volts for 90 min.
Protein samples were then transferred to PVDF membranes
(Sigma–Aldrich, St. Louis, MO, USA) for 120 min at 100 volts.
Membranes were blocked in 5% Gibco skim milk (Thermo
Fisher Scientific Inc., Waltham, MA, USA) in TBST buffer for
2 h at RT, then incubated with the primary antibodies over-
night at 4°C. The following day, membranes were washed in
TBST (3×) and then placed in second antibodies (1:5000) for
1–2 h at RT. The blots were washed 3 times by TBST buffer
and placed ECL detection solution (Thermo Fisher Scientific
Inc., Waltham, MA, USA), and then imaged using ImageQuant
biomolecular imager and target bands were quantified by
Image J. Antibodies included the antibodies against GAPDH
(CST), p-SMAD2 (CST), SMAD2 (CST), E-Cadherin (CST), N-Cad-
herin (CST), Fibronectin (Abcam), α-SMA (Abcam), FAP (Abcam).

Real-time quantitative reverse transcription PCR
(qRT-PCR)

Total RNA was isolated by using Trizol (Invitrogen, Waltham,
MA, USA) and then incubated by DNase (Thermo Fisher Scien-
tific Inc., Waltham, MA, USA) to remove single- and double-
stranded DNA. The cDNA was synthesized using PrimeScript
1st strand cDNA Synthesis Kit (Takara Bio, Kusatsu, Japan)
and cDNA samples were diluted 1:10 with double-distilled
water. qRT-PCR was performed by using Applied Biosystems™
StepOne™ Real-Time PCR System, and GAPDHwas used as the
internal control to normalize the fold change of the target
gene. Sequences of qPCR primers are listed in the Table 1.
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Immunohistochemistry (IHC)

Lung tissues were prepared with formalin-fixed, and paraffin-
embedded techniques. IHC staining and scoring were per-
formed as previously described [19]. Slides were incubated
with the primary antibody anti-α-SMA (Abcam, ab230458,
1:1000) or anti-Collagen type 1 (Proteintech, 67288-1-Ig,
1:1000) and second antibody. After antibody incubation,
slides were incubated with DAPI and mounted with a mount-
ing medium. Images were taken using an Olympus micro-
scope and analyzed by Image-Pro Plus 6.0 software.

Enzyme-linked immunosorbent assay (ELISA)

Cells were harvested and lysed by the lysis buffer provided in
the ELISA kit (#DY240, R&D Systems, Inc., Minneapolis, USA),
then were centrifuged at 12000rpm for getting supernatant.
The culture medium was also harvested and centrifuged at
12000rpm for getting supernatant and determining the
TGFβ1 level by ELISA. The protein concentration of TGFβ1
was determined by Human TGF-beta 1 DuoSet ELISA kit
(#DY240, R&D Systems, Inc., Minneapolis, USA) following the
manufacturer’s instructions. The absorbance at 450 nm was
measured by using an Infinite M1000 microplate reader
(Tecan, Männedorf, Switzerland).

Statistical analysis

All statistical analyses in this study were carried out by using
Prism 8.0 (GraphPad). The significance between the two
column groups was analyzed by T-test if the data was
normal distribution in the normalcy test or by Mann
Whitney test (non-parametric test) if the data was not

normal distribution. The significance between the two
curves was analyzed by a two-way ANOVA test. The error
bar represents the mean ± standard deviation (SD).

Results

CAFs are enriched in tumor of lung adenocarcinoma
patients with OSA

To explore the relationship between OSA and lung adenocar-
cinoma, first, we detected the enrichment of cancer-associ-
ated fibroblasts, a key promoter of tumor growth [13], in
lung adenocarcinoma patients with (LC-OSA, n = 14) and
without OSA (LC-WO, n = 11). Western blot data showed
that two traditional CAFs biomarkers, FAP and α-SMA, were
significantly increased in lung adenocarcinoma patients
with OSA (Figure 1(A–C)). We further performed IHC staining
of α-SMA using lung tissue sections from LC-OSA and LC-WO
patients and observed a remarkable increase of α-SMA posi-
tive area in LC-OSA patients (Figure 1(D)). These results
suggested that OSA might promote CAF proliferation and
expansion in lung adenocarcinoma.

Hypoxia upregulates TGFβ1 expression and promotes
lung cancer cells progression in vitro

TGFβ1 is the key regulator that activates and promotes CAF
proliferation [20]. To investigate whether TGFβ1 expression
is altered during hypoxia, we detected TGFβ1 mRNA and
protein levels in A549 cells with or without hypoxic treat-
ment. As shown in Figure 2(A), in comparison with nor-
moxia control, TGFβ1 mRNA level was significantly
increased in A549 cells after 24 h of hypoxia, accordingly,

Table 1. Primers used in this study.

Accession number Forward primer (5′-3′) Reverse primer (5′-3′)

TGFB1 NM_000660.7 GGCCAGATCCTGTCCAAGC GTGGGTTTCCACCATTAGCAC
GAPDH NM_001256799.3 TCAACGACCACTTTGTCAAGCTCA GCTGGTGGTCCAGGGGTCTTACT

Figure 1. Cancer-associated fibroblasts are enriched in tumor of lung adenocarcinoma patients with OSA. The protein level of FAP (A and B) and α-SMA (A and C)
in tumors from lung adenocarcinoma patients with OSA (n = 14) or without OSA (WO, n = 11). (D) The area percentage of cancer-associated fibroblast (α-SMA+)
(indicated by red arrows) in tumors from lung adenocarcinoma patients with (OSA, n = 14) or without OSA (WO, n = 11).

REDOX REPORT 3



TGFβ1 protein level also remarkedly elevated in cell lysate
(Figure 2(B)). Interestingly, ELISA data showed that secreted
TGFβ1 in the conditional medium of A549 cells was signifi-
cantly increased after 24 h of hypoxic treatment (Figure 2
(C)). Moreover, the expression of CAFs biomarkers, FAP
and α-SMA, was also significantly elevated in hypoxia
treated A549 cells compared to those in normoxic con-
ditions (Figure 2(D)).

Next, we investigated the tumor migration and invasion of
A549 cells using wound healing and transwell invasion
assays. Upon 24 h of hypoxic treatment, the wound closure
rate of lung cancer cells was significantly higher than that
in normoxia (Figure 3(A)). Transwell assay results are consist-
ent with the above data, hypoxia remarkedly promoted A549
cell invasion relative to that in normoxia (Figure 3(B)). More-
over, the protein levels of N-Cadherin and fibronectin, both
promote epithelial–mesenchymal transition (EMT) transition

in tumor progression [21,22], were significantly increased in
hypoxia-treated lung cancer cells (Figure 3(C, E, F)). In con-
trast, the expression of E-Cadherin, a tumor suppressor
protein that can inhibit EMT transition [23], was significantly
decreased in A549 cells after 24 h of hypoxic treatment
(Figure 3(C and D)). The above data indicated that hypoxia
upregulates TGFβ1 expression and promotes lung cancer
cell migration, invasion, and EMT.

Hypoxia induces fibroblast activation in vitro

To explore the interaction between lung cancer cells and
fibroblast cells under normoxia and hypoxia conditions, we
treated WI38 cells by using a conditional medium derived
from A549 cells with or without hypoxia, and then examined
the activation of CAF makers. After 24 h of hypoxia (HX) con-
ditional medium treatment, FAP and α-SMA protein levels

Figure 2. Hypoxia upregulates TGFβ1 levels in lung cancer cells in vitro. (A) The mRNA level of TGFβ1 in A549 cells under normoxia (NX) and hypoxia (HX) con-
ditions for 24 h. B–C, The protein level of TGFβ1 in cell body (B) and culture medium (C) of A549 cells under normoxia (NX) and hypoxia (HX) condition for 24 h. (D)
The protein level of p-SMAD2 in A549 cells under normoxia (NX) and hypoxia (HX) conditions for 24 h. n = 3 wells.

Figure 3. Hypoxia promotes the migration and invasion of A549 cells in vitro. Wound closure rate (A) and cell invasion number (B) of A549 cells in wound healing
assay and transwell invasion assay under normoxia (NX) and hypoxia (HX) conditions for the first 24 h. C–F, The protein level of EMT-related protein E-Cadherin (C
and D), N-Cadherin (C and E), and Fibronectin (C and F) in A549 cells under normoxia (NX) and hypoxia (HX) condition for 24 h. n = 3 wells.
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were significantly increased in fibroblast cells compared to
those in normoxia (NX) medium (Figure 4(A–C)). Interestingly,
similar promoting effects on FAP and α-SMA expression were
observed after the hypoxic treatment of WI38 cells (Figure 4
(D–F)). Moreover, upon hypoxia treatment, the wound

closure rate of fibroblast cells was remarkedly elevated com-
pared to that in normoxia condition (Figure 4(G)). These
results indicated that hypoxic lung cancer cell secretions
(such as TGFβ) or direct hypoxia can induce fibroblast
activation.

Figure 4. Hypoxia induces fibroblast activation in vitro. (A–C) WI38 fibroblast cells were treated with conditioned A549 culture medium under normoxia (NX) and
hypoxia (HX) conditions for 24 h, then were harvested for analyzing the protein levels of FAP (A and B) and α-SMA (A and C) by Western blot. (D-F) The protein level
of FAP (D and E) and α-SMA (D and F) in WI38 cells under normoxia (NX) and hypoxia (HX) conditions for 24 h. G, Wound closure rate of WI38 cells in wound
healing assay under normoxia (NX) and hypoxia (HX) condition for the first 24 h. n = 3 wells.

Figure 5. Hypoxia upregulates TGFβ1 level in WI38 fibroblast cells in vitro. (A) The mRNA level of TGFβ1 in WI38 cells under normoxia (NX) and hypoxia (HX)
conditions for 24 h. (B–C) The protein level of TGFβ1 in cell body (B) and culture medium (C) of WI38 cells under normoxia (NX) and hypoxia (HX) conditions
for 24 h. (D) The protein level of p-SMAD2 in WI38 cells under normoxia (NX) and hypoxia (HX) conditions for 24 h. n = 3 wells.
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Hypoxia upregulates TGFβ1 level in WI38 fibroblast
cells in vitro

Hypoxia induces TGFβ1 expression and promotes fibroblast
activation, next, we ask if hypoxia can alter fibroblast cells
status directly. To this end, WI38 cells were exposed under nor-
moxiaorhypoxia conditions for 24 hand thenTGFβ1mRNAand
protein levels were analyzed using qRT-PCR and ELISA. Hypoxia
significantly increased TGFβ1 mRNA level compared to that in
normoxia condition (Figure 5(A)). Accordingly, TGFβ1 protein
levels in both cell body and culture medium were remarkedly
elevated after hypoxic treatment (Figure 5(B and C)). Moreover,
the phosphorylation level of SMAD2, the downstream effector
of the TGFβ signaling pathway was significantly increased in
WI38 cells under hypoxia conditions (Figure 5(D)).

IH promotes the progression and EMT process of lung
cancer in vivo

To further investigate the role of IH on lung cancer pro-
gression and EMT transition, we established a xenograft
tumor mouse model using A549 cells and then performed
IH treatment. Tumor volume was monitored every 5 days.
As shown in Figure 6(A), the A549 xenograft tumor size in
IH-treated mice was significantly bigger than that in control
mice. Western blot analysis indicated that EMT makers (N-
Cadherin, Fibronectin) and TGFβ signaling (p-SMAD2) were
remarkedly increased in xenograft tumor of mice under
hypoxia, conversely, C-Cadherin protein level was signifi-
cantly reduced in xenograft tumor after hypoxic treatment
(Figure 6(B–F)).

Figure 6. Intermittent hypoxia promotes the progression and EMT process of lung cancer xenograft tumor in mice. (A) Tumor size of A549 xenograft tumor on
mice in normal air (NA) or treated with intermittent hypoxia (IH). (B–F) The protein level of E-Cadherin (B and C), N-Cadherin (B and D), fibronectin (B and E), and p-
SMAD2 (B and F) in tumor from mice in normal air (NA) or treated with intermittent hypoxia (IH) on day 20. n = 5 mice.

6 Z. CUI ET AL.



To explore whether hypoxia can increase the abundance
of fibroblast in tumors in vivo, we established a xenograft
tumor mouse model by inoculating A549-Luc and WI38
cells together (Figure 7(A)). To detect the burden of A549
and avoid the interference of WI38, we used BLI to detect
the amount of A549 in the tumor, the result showed that IH
indeed accelerated tumor growth significantly (Figure 7(B)).
Moreover, IHC data indicated that IH further promotes CAFs
formation (Figure 7(C)), and the expression levels of CAFs
markers, FAP and α-SMA, are also increased remarkedly
(Figure 7(D–F)), and fibrogenesis indicated by a high level
of Collagen type 1 (Figure 7(G)). All these data indicated
that IH promotes the proliferation and activation of tumor
CAFs in vivo.

Discussion

The prevalence of OSA is increasing worldwide due to the
continuously growing of overweight and obese individuals
[4,5]. Patients with OSA have a higher risk of developing car-
diovascular diseases, heart failure, strokes, and cancer [24].
Recent epidemiological studies showed that OSA is associ-
ated with higher cancer incidence, tumor aggressiveness,
and cancer mortality [10,11]. Although OSA has been
reported to be associated with the severity of pneumonia
[12], the mechanism by which OSA promotes lung cancer
progression is unclear. Here, we demonstrated that OSA can
promote CAF activation and enrichment in patients with
lung adenocarcinoma. Using an in vitro hypoxia analysis

Figure 7. Intermittent hypoxia promotes the growth of fibroblasts in lung cancer xenograft tumor in mice. (A) Tumor size of co-inoculation of A549-Luc and WI38
fibroblast cells (1: 3) on mice in normal air (NA) or treated with intermittent hypoxia (IH). (B) The tumor burden of A549-Luc was determined by BLI. (C) The
enrichment of fibroblast in co-inoculation tumors was determined by IHC on α-SMA (indicated by red arrows) on day 15. (D-F) The protein level of FAP (D
and E) and α-SMA (D and F) in co-inoculation tumor from mice in normal air (NA) or treated with intermittent hypoxia (IH) on day 15. (G) The fibrogenesis in
co-inoculation tumors was determined by IHC on Collagen type 1 (indicated by red arrows) on day 15. n = 5 mice.
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and in vivo intermittent hypoxia mouse model, we revealed
that OSA promotes lung cancer progression by upregulating
TGFβ signaling, promoting migration of lung cancer cells and
activation of CAFs, and increasing the proportion of CAFs in
lung tumor.

Dysfunction of TGFβ signaling promotes the formation of
a pro-fibrotic environment by acting on fibroblasts, immune
cells, and epithelial cells, finally causing fibrotic diseases,
expansion of CAFs, and cancer metastasis [25]. Accumulative
evidence indicated that TGFβ signaling promotes tumor
microenvironment and induces EMT in lung cancer [26,27].
In the current study, we observed significant upregulation
of TGFβ and downstream signaling pathways after hypoxia
or intermittent hypoxia (OSA-like treatment) in vitro and in
vivo. Moreover, upon hypoxic condition, elevated TGFβ sig-
naling remarkedly promotes CAF enrichment, lung cancer
cell migration and invasion, and tumor growth. Accordingly,
lung adenocarcinoma patients who had OSA symptoms had
more severe CAF enrichment. Our findings reveal that OSA
promotes tumor-prone lung microenvironment by the acti-
vation of the TGFβ signaling pathway and then leads to
lung cancer metastasis and progression. Hanna et al. demon-
strated that hypoxia-inducible factors (HIF-αs) can interact
with TGFβ signaling and then promote glomerular fibrogen-
esis and blocking HIF-αs decrease TGFβ1-stimulated type I
collagen expression [28]. In clear cell renal cell carcinoma,
HIF-αs interact with the TGFβ1 receptor to induce poor prog-
nosis in patients [29]. The next interesting question we want
to address is whether HIF-αs are involved in TGFβ signaling
activation and CAF enrichment in lung cancer.

Both TGFβ signaling activation and CAF expansion can sig-
nificantly reprogram the tumor microenvironment [30].
Hypoxia-induced TGFβ elevation promoted migration and
invasion of lung cancer cells (A549 cells), which also
induced the activation of fibroblasts (WI38) through the para-
crine effect. Interestingly, hypoxia can stimulate TGFβ upre-
gulation in fibroblasts directly and then promote fibroblast
activation. These data suggest that hypoxia has dual tumor-
promoting effects via autocrine effect and paracrine effect.
Tumor microenvironment remodeling during cancer pro-
gression involves many types of cells, such as microphages,
T cells, CAFs, and extracellular matrix [31,32].

By integrating human specimens and in vivo experimen-
tation with cell lines, our study reveals a critical pathophy-
siological link between OSA and the progression of lung
cancer. By the activation of CAFs mediated by IH, we
demonstrate that OSA significantly upregulates the TGFβ
signaling pathway. This molecular cascade, observed in
both lung cancer cells and fibroblasts, not only fosters
cancer cell migration and invasion but also potentiates
the enrichment of CAFs within the tumor microenviron-
ment. Notably, our in vivo xenograft models underscore
the profound impact of IH on promoting epithelial–
mesenchymal transition (EMT) and accelerating lung
tumor growth, and collagen type 1 accumulation shows
the increase of fibrogenesis in tumor induced by IH. This
multifaceted evidence not only highlights the mechanistic
significance of TGFβ activation in OSA-driven lung cancer
progression but also emphasizes the critical role of CAFs
in this process and underscores the potential therapeutic
importance of targeting TGFβ signaling and CAFs for com-
bating OSA-associated lung cancer advancement. It will be
very interesting to explore the role and alteration of other

cells, such as immune cells, in OSA or intermittent hypoxia-
promoted lung cancer progression.

OSA and IH promote lung cancer progression by upregu-
lating TGFβ signaling, promoting lung cancer cell migration,
and increasing the CAF activation and proportion of lung
tumors.
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