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Abstract: M1 macrophages play a critical role in tumorigenesis and development. Insufficient infiltration of
M1 macrophages can lead to inadequate CD8" T cell activation, impairing immune surveillance and thereby
promoting immune escape. This study investigated the mechanism by which baicalin induces the polarization of
RAW264.7 cells towards the M1 phenotype using an in vitro cell model. Cell viability was assessed by the CCK-8
assay. The expression of the M1 surface marker CD86 was analyzed by flow cytometry and immunofluorescence.
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Cytokine tumor necrosis factor-alpha (TNF-a) levels were measured by ELISA. Lactate levels were detected using
a lactate assay kit. Western blot was used to determine the protein expression of key components of the PI3K/Akt/
HIF-1a glycolytic pathway and the key rate-limiting glycolytic enzymes lactate dehydrogenase A (LDHA) and
pyruvate kinase M2 (PKM2) in RAW264.7 cells. The PI3K inhibitor LY294002 and the glycolytic inhibitor 2-DG
were employed to validate the mechanism of action of baicalin. The results showed that baicalin at concentrations of
12.5-100 umol-L™" had no significant effect on the viability of RAW264.7 cells. At 100 pmol-L™, baicalin significantly
up-regulated the expression of the M1 surface marker CD86 and the cytokine TNF- a, increased the protein
expression of p-PI3K, p-Akt, HIF-1a, LDHA, and PKM2, and elevated lactate levels. However, the up-regulatory
effects of baicalin on CD86 were inhibited, and the expression of related pathway proteins was reversed, upon
addition of LY294002 or 2-DG. This study reveals for the first time that baicalin drives macrophage polarization
towards the M1 phenotype by activating the PI3K/Akt/HIF-1a signaling axis and enhancing glycolytic metabolism.
This finding provides new mechanistic evidence based on metabolism for its therapeutic potential in tumor immune
regulation and inflammation-related diseases.
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The effect of baicalin on the viability of RAW264.7

cells. RAW264.7 cells were treated with different concentrations of

Figure 1

baicalin for 48 h, and cell viability was measured by CCK8 method.
n=06,x+s. P<0.05. DMSO: Dimethyl sulfoxide (< 0.1%); HQG:

Baicalin
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Figure 2 Effect of baicalin on the expression of markers in
RAW264.7 macrophages assayed by flow cytometry. A: Flow
cytometry detection of the proportion of CD86* cells in RAW264.7
macrophages after 48 h treatment with baicalin; B: Flow cytometry
detection of the proportion of CD206" cells in RAW264.7 macro-
phages after 48 h treatment with baicalin. n = 4, x £ 5. "P < 0.05,

“P<0.01
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Figure 3 Effects of baicalin on the expression of M1/M2 polarization markers in RAW264.7 macrophages. RAW264.7 cells were treated
with or without baicalin (100 umol-L™") for 48 h. Nuclei were stained with 4',6-diamidino-2-phenylindole (DAPI, blue); M1 marker CD86

(red); M2 marker CD206 (green). Scale bar: 20 pm
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Figure 4 Effects of baicalin on tumor necrosis factor-alpha

(TNF-a, A) and interleukin-10 (IL-10, B) levels in the supernatant
of RAW264.7 cells detected by ELISA kit. RAW264.7 cells were
treated with 100 pmol-L™" baicalin for 18 h. n = 5, x+s. 'P<0.05,
“P<0.01
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Figure 5 M1 polarization induced by baicalein in RAW264.7 cells is associated with glycolysis. A: 2-DG reversed baicalin-induced M1

polarization of macrophages; B: Baicalin up-regulates hypoxia-inducible factor 1-alpha (HIF-1a) expression in a dose-dependent manner; C:

2-DG down-regulates HIF-1a expression; D: Baicalin up-regulates the protein expression of lactate dehydrogenase A (LDHA) and pyruvate
kinase M2 (PKM2); E: Baicalin increases the level of L-lactate dehydrogenase (L-LD). GADPH: Glyceraldehyde-3-phosphate dehydro-
genase.n=3,x+s. P<0.05 "P<0.01,""P<0.001, " P<0.000 1
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Figure 6 Baicalin induces M1 polarization of RAW264.7 cells via activation of the PI3K/Akt glycolytic pathway. A: Baicalin upregulates

the protein expression of p-PI3K and p-Akt; B: LY294002 reverses the upregulation of CD86 expression; C: LY294002 reverses the
up-regulated protein expression of p-PI3K, p-Akt and HIF-la. n =3, x £5. P < 0.05, "P < 0.01, ""P < 0.001, ™""P < 0.000 1 vs control.
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Figure 7 Baicalin induces M1 polarization of RAW264.7 cells by activating the PI3K/Akt/HIF-1a-mediated glycolytic pathway. Baicalin

promotes the phosphorylation of the PI3K/Akt pathway and activates the key downstream transcription factor HIF-1a, thereby initiating

glycolytic metabolic reprogramming. This process is characterized by increased protein expression of the glycolytic rate-limiting enzymes

LDHA and PKM2, along with elevated lactate production. Consequently, baicalin-driven glycolysis activation induces M1 polarization in

RAW264.7 cells, as demonstrated by the upregulation of CD86 and increased secretion of TNF-a, which ultimately contributes to T cell

recruitment and activation for antitumor effects
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