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Background: Acute lung injury (ALI) represents a critical respiratory syndrome
involving extensive alveolar injury and uncontrolled in�ammation, yet it continues
to exhibit high mortality rates in the absence of effective treatments. Here we
evaluate TG101209, a selective Janus kinase 2 (JAK2) inhibitor, as a modulator of
macrophage polarization and a candidate intervention for ALI.
Methods: This study employed both in vivo and in vitro models to investigate the
protective effects of TG101209 against ALI. Using lipopolysaccharide (LPS)-
induced ALI mice and RAW264.7 in�ammatory injury models, the JAK2/STAT3
signaling axis was validated by western blotting and immuno�uorescence.
Results: TG101209 alleviated pulmonary in�ammation, improved lung function,
inhibited M1 polarization, and promoted M2 polarization. Speci�cally, TG101209
downregulated CD80 and iNOS while upregulating CD163 and Arg1 at both
mRNA and protein levels. TG101209 treatment markedly decreased the
phosphorylation levels of JAK2 and STAT3 at Ser727 and Tyr705.
Conclusion: TG101209 promotes macrophage polarization toward the M2
phenotype by blocking JAK2/STAT3 activation, indicating its therapeutic value
in ALI.

KEYWORDS
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1 Introduction

Acute lung injury (ALI), also known as acute respiratory distress syndrome (ARDS),
represents a critical clinical condition characterized by severe respiratory insuf�ciency,
impaired oxygen exchange, and extensive pulmonary in�ammation accompanied by edema.
Despite advances in supportive treatment, the mortality rate remains unacceptably high (1–
3). The underlying mechanisms of ALI are multifaceted, involving interactions among
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immune cells, in�ammatory mediators, endothelial barrier
disruption, and epithelial cell injury (4). Both direct causes, such
as pulmonary infections, and indirect factors, including sepsis, can
initiate an overwhelming in�ammatory cascade. This response is
marked by neutrophil accumulation, elevated secretion of pro-
in�ammatory cytokines such as TNF-a, IL-1b, and IL-6, and
excessive production of reactive oxygen species, which collectively
damage the alveolar–capillary interface and contribute to
widespread tissue injury (5). These pathological processes are
further aggravated by microvascular coagulation and defective
repair responses, often progressing into a �broproliferative stage
that leads to irreversible lung remodeling and poor clinical
prognosis (4, 5). Although signi�cant progress has been made in
elucidating disease mechanisms, effective pharmacological
interventions remain lacking, highlighting the pressing need for
novel therapeutic strategies for ALI (6).

Macrophages are key regulators of the immune response in ALI,
primarily through the secretion of cytokines and chemokines that
control the recruitment of immune cells and the ampli�cation of
local in�ammation (7). Their functional state is highly dependent
on environmental cues, enabling them to adopt distinct polarization
patterns. Among these, the M1 phenotype drives pro-in�ammatory
responses, whereas the M2 phenotype promotes anti-in�ammatory
and reparative processes, exerting contrasting in�uences on disease
outcomes (8). Aberrant polarization of macrophages has been
identi�ed as a major contributor to the immunopathology of ALI
and other in�ammatory disorders, suggesting that strategies aimed
at redirecting macrophage polarization may hold therapeutic
potential (9).

Recent evidence indicates that the JAK2/STAT3 signaling
cascade plays a crucial role in the development of ALI, as its
activation has been shown to drive excessive in�ammatory
reactions and promote macrophage polarization toward the M1
phenotype (10, 11). Conversely, JAK2 inhibition has been reported
to suppress M1 polarization and enhance M2-associated anti-
in�ammatory effects, thereby alleviating lung injury (12–15). This
evidence suggests that targeting JAK2-mediated macrophage
polarization could offer a new therapeutic approach for ALI.

TG101209, a selective JAK2 inhibitor, has been widely investigated
in cancer research for its potent anti-proliferative effects (16–18).
However, its potential protective role in ALI and the underlying
mechanisms remain largely unexplored. Given the essential role of
JAK2/STAT3 signaling and macrophage polarization in the
progression of ALI, this study was designed to investigate the
therapeutic potential of TG101209 and to clarify its underlying
molecular mechanisms using both in vivo and in vitro models.
2 Results

2.1 TG101209 attenuates LPS-induced ALI
in mice

Multiple in vivo assays were conducted to assess the therapeutic
role of TG101209 against LPS- triggered ALI. Evans blue staining
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revealed extensive vascular leakage in the lungs of LPS-treated mice,
indicated by intense blue coloration. Treatment with TG101209
markedly reduced the Evans blue signal, approaching levels
observed in control mice, suggesting improved vascular integrity
(Figures 1A, B). Survival analysis further demonstrated that
TG101209 signi�cantly increased ALI mouse survival in
comparison with the LPS group, and notably, its effect was
superior to that of dexamethasone (DXM) (Figure 1C).
Consistent with these �ndings, the lung wet-to-dry (W/D) weight
ratio, which was elevated in ALI mice, was restored to near-normal
levels following TG101209 treatment (Figure 1D). Histological
analysis using H&E staining showed that LPS induced substantial
pathological changes, including neutrophil in�ltration, thickened
alveolar walls, deposition of hyaline membranes, loss of cellular
integrity and irregular cell morphology. TG101209 treatment
markedly alleviated these abnormalities, reducing in�ammatory
cell in�ltration and normalizing alveolar structure (Figure 1E).
Quantitative analysis of lung injury scores con�rmed the
signi�cant protective effect of TG101209 (Figure 1F). As shown in
Figures 1G, LPS administration induced pronounced lung
in�ammation, as indicated by elevated numbers of neutrophils,
macrophages, and lymphocytes in BALF, whereas treatment with
TG101209 signi�cantly attenuated this in�ammatory cell
in�ltration. Additionally, pulmonary function testing using the
Buxco system demonstrated that LPS impaired multiple
respiratory parameters, including tidal volume, minute volume,
peak expiratory �ow, FEV100 (forced expiratory volume for the
�rst 100 milliseconds), FEV100/FVC (forced vital capacity) and lung
resistance. TG101209 treatment effectively reversed these functional
de�cits (Supplementary Figure 1). Importantly, no signi�cant
histopathological abnormalities were detected in the liver, heart,
spleen, or kidney by H&E staining (Supplementary Figure 2),
indicating a favorable safety pro�le at the therapeutic dose.
Collectively, these results indicate that TG101209 signi�cantly
alleviates LPS-induced pathological and functional lung injury
in mice.
2.2 TG101209 promotes macrophage
reprogramming from M1 to M2 phenotype

Macrophages are critical regulators of the immune-
in�ammatory process and serve as key mediators in ALI
pathogenesis. We examined the impact of TG101209 on
macrophage polarization and in�ammatory cytokine production.
LPS stimulation prominently enhanced iNOS expression in M1
macrophages while suppressing the M2 marker Arg1, as revealed by
immuno�uorescence (Figures 2A–C). Correspondingly, pro-
in�ammatory cytokines TNF-a and IL-6 rose signi�cantly,
accompanied by a decrease in the anti-in�ammatory cytokine IL-
10 (Figures 2D–F).

Western blotting corroborated these results, showing that LPS
markedly elevated the protein expression of M1 markers CD80 and
iNOS, whereas TG101209 treatment signi�cantly suppressed these
increases (Figures 3A–C). Conversely, M2 markers CD163 and
Arg1, which were suppressed by LPS, were restored upon
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FIGURE 1

TG101209 alleviates LPS-triggered ALI. (A) Representative images showing the distribution of Evans blue dye in lung tissues from mice subjected
to different treatments, indicating pulmonary vascular permeability. Evans blue dye was intravenously injected prior to sacri�ce. Scale bar = 1 cm.
(B) Quantitative analysis of Evans blue extravasation in lung tissues, measured by absorbance at 620 nm after formamide extraction. (C) Kaplan–
Meier survival curves of mice monitored for 7 days following LPS challenge. Mice were treated as indicated, and survival was recorded daily. (D) Lung
wet-to-dry (W/D) weight ratios used to assess pulmonary edema. Lung tissues were weighed immediately after collection (wet weight) and again
after drying at 60 °C for 48 h. (E) Representative histological images of lung sections stained with H&E to evaluate lung tissue injury, including
alveolar structure disruption, in�ammatory cell in�ltration, and interstitial edema. Scale bar = 50 mm. (F) Quanti�cation of lung injury scores based
on H&E-stained sections using a standardized scoring system evaluating alveolar congestion, hemorrhage, in�ammatory cell in�ltration, and alveolar
wall thickness. (G) BALF cell counts, including total cells, neutrophils, macrophages, and lymphocytes, determined using a hemocytometer followed
by Giemsa staining. For each bar, n = 5 mice per group. For the survival curve, n = 7 mice per group. Data are presented as mean ± SD. *P < 0.05,
**P < 0.01, ***P < 0.001, ****P < 0.0001 vs LPS group.
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TG101209 treatment. The extent of macrophage reprogramming
induced by TG101209 was comparable to that observed with
dexamethasone (DXM) (Figures 3A, D, E). Consistent with
protein data, RT-qPCR results demonstrated that TG101209
decreased Cd80 and Nos2 mRNA expression while restoring
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Cd163 and Arg1 transcription to levels similar to the control
group (Figures 3F–I).

Flow cytometric assessment demonstrated a marked increase in
the proportion of M1 macrophages after LPS exposure, which was
notably attenuated by TG101209 treatment (Figures 4A, B).
FIGURE 2

Immuno�uorescence staining of pulmonary tissues and in�ammatory cytokine levels in LPS-induced ALI. (A) Representative immuno�uorescence
images of lung tissue sections showing M1 macrophages labeled with iNOS (red) and M2 macrophages labeled with Arg1 (green); nuclei were
counterstained with DAPI (blue). Lung tissues were collected 72 h after intratracheal LPS administration. Scale bar = 100 mm. (B, C) Quantitative
analysis of iNOS (B) and Arg1 (C) �uorescence intensity in lung sections. Fluorescence intensity was quanti�ed using ImageJ software. (D–F) Levels
of TNF-a (D), IL-6 (E), and IL-10 (F) in BALF, measured by ELISA according to the manufacturer’s instructions. For each bar, n = 5 mice per group.
Data are presented as mean ± SD. ****P < 0.0001 vs LPS group.
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Conversely, the M2 macrophage fraction, which was decreased by
LPS, was signi�cantly increased by TG101209 (Figures 4A, C).

Overall, these �ndings suggest that TG101209 alleviates LPS-
induced ALI through macrophage reprogramming toward an M2
phenotype, thereby suppressing in�ammatory responses and
facilitating pulmonary tissue recovery.
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2.3 TG101209 regulates macrophage
polarization in vitro

In vitro experiments with RAW264.7 macrophages were
performed to clarify the underlying mechanism of TG101209.
The CCK-8 assay demonstrated that TG101209 exhibited no
FIGURE 3

TG101209 regulates protein and mRNA expression of macrophage polarization markers in vivo. (A) Representative Western blot images of lung
tissues showing M1 macrophage markers CD80 and iNOS, and M2 macrophage markers CD163 and Arg1. Lung tissues were collected 72 h after
intratracheal LPS administration. GAPDH was used as the loading control. (B-E) Quanti�cation of protein levels for CD80 (B), iNOS (C), CD163 (D),
and Arg1 (E). Band intensities were measured using ImageJ software and normalized to GAPDH. (F-I) Quantitative RT-qPCR analysis of mRNA
expression levels of Cd80 (F), Nos2 (G), Cd163 (H), and Arg1 (I) in lung tissues. Total RNA was extracted from lung tissue, reverse-transcribed to
cDNA, and ampli�ed using gene-speci�c primers. Expression levels were normalized to Gapdh. For each bar, n = 5 mice per group. Data are
presented as mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 vs LPS group.
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signi�cant cytotoxicity at concentrations below 5 mM within 24
hours (Supplementary Figure 3). Therefore, 1 mM was selected as a
safe and effective concentration for subsequent mechanistic studies.

In line with the in vivo observations, exposure to LPS strongly
enhanced the protein expression of M1-related markers such as CD80
and iNOS, while simultaneously downregulating M2-associated
proteins CD163 and Arg1. Administration of TG101209 effectively
counteracted these effects, leading to a marked reduction of CD80 and
iNOS expression and a recovery of CD163 and Arg1 levels toward
normal conditions (Figures 5A–E).

At the transcriptional level, RT-qPCR analysis demonstrated
that LPS signi�cantly elevated the mRNA expression of the M1
genes Cd80 and Nos2, whereas TG101209 treatment notably
suppressed this induction. Conversely, the LPS-mediated decrease
in Cd163 and Arg1 mRNA expression was substantially reversed
following TG101209 exposure (Figures 5F–I), indicating its role in
driving macrophages toward an anti-in�ammatory phenotype.

Furthermore, TG101209 markedly reduced LPS-stimulated TNF-
a and IL-6 production and restored IL-10 in culture supernatants
(Figures 5J–L). Collectively, these �ndings demonstrate that TG101209
Frontiers in Immunology 06
exerts potent immunomodulatory effects by promoting macrophage
polarization from the M1 to the M2 phenotype.

2.4 TG101209 attenuates ALI by blocking
JAK2/STAT3 signaling

To further elucidate the molecular mechanism of TG101209, we
assessed the activity of the JAK2/STAT3 signaling pathway.
Phosphorylation of JAK2 and STAT3 at Ser727 and Tyr705 was
evaluated using western blot analysis. As shown in Figures 6A–D,
LPS exposure signi�cantly elevated the p-JAK2/JAK2 and p-
STAT3/STAT3 ratios at Ser727 and Tyr705 sites relative to
controls. Administration of TG101209 markedly reduced these
phosphorylation levels.

In addition, immuno�uorescence staining was used to visualize the
intracellular localization of phosphorylated STAT3. Consistent with
the western blot �ndings, LPS treatment induced prominent nuclear
translocation of p-STAT3 in RAW264.7 cells (Figures 6E, F). Notably,
TG101209 administration effectively reduced nuclear accumulation of
p-STAT3, suggesting that blockade of STAT3 activation occurs.
4FIGURE

The evaluation of M1 and M2 macrophage subsets in lung tissues by �ow cytometry following TG101209 treatment. (A) Representative �ow
cytometry plots showing the distribution of M1 and M2 macrophage subsets in lung tissues from different experimental groups. M1 macrophages
were identi�ed as F4/80+CD80+ cells, and M2 macrophages were identi�ed as F4/80+CD206+ cells. (B, C) Quantitative analysis of the percentages
of M1 and M2 macrophages, respectively, among total lung macrophages. For each bar, n = 5 mice per group. Data are presented as mean ± SD.
***P < 0.001, ****P < 0.0001 vs LPS group.
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Importantly, similar inhibitory effects on JAK2/STAT3
phosphorylation were also observed in lung tissues isolated
from LPS-challenged mice treated with TG101209, further
suppor t ing the i n v i vo re l evance o f these �nd ings
(Figures 6G–J). Taken together, these results demonstrate that
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TG101209 attenuates LPS-induced macrophage activation
partially by inhibiting the JAK2/STAT3 signaling cascade,
thereby preventing excessive in�ammatory responses and
contributing to the macrophages reprogramming from M1 to
M2 phenotype.
FIGURE 5

TG101209 regulates macrophage polarization in vitro. (A) Representative Western blot images showing the protein expression of CD80, CD163,
iNOS, and Arg1 in RAW264.7 cells under different treatment conditions. (B–E) Quantitative analysis of CD80, CD163, iNOS, and Arg1 protein levels,
normalized to GAPDH and expressed relative to the control group. (F–I) Relative mRNA expression levels of Arg1, Cd80, Cd163, and Nos2 in
RAW264.7 cells, as determined by RT-qPCR and normalized to Gapdh. (J–L) Concentrations of TNF-a, IL-6, and IL-10 in the culture supernatant,
measured by ELISA. For in vitro cell experiments, n = 3 independent replicates per group. Data are presented as mean ± SD. *P < 0.05, **P < 0.01,
***P < 0.001, ****P < 0.0001 vs LPS group.
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