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HIF-1α axis plays a key role in HG-induced angiogenesis. 
Initially, we confirmed that HG treatment time-dependently 
upregulated HIF-1α protein expression in HRMECs (Figure 
6A). Immunofluorescence analysis demonstrated notable 
nuclear translocation of both PKM2 and HIF-1α following HG 
exposure, with clear co-localization observed in the nucleus 
(Figure 6B), suggesting a potential interaction. To test this 
directly, we performed co-immunoprecipitation (Co-IP) assays 
using nuclear extracts. PKM2 specifically co-precipitated with 
HIF-1α under HG conditions, confirming a direct physical 
interaction within the nuclear compartment (Figure 6C). We 
next investigated whether PKM2 regulates HIF-1α signaling. 
WB analysis showed that PKM2 silencing significantly 
attenuated HG-induced HIF-1α protein expression (Figure 6D). 
Furthermore, qPCR analysis revealed that PKM2 knockdown 
specifically reduced HG-induced VEGFA mRNA levels without 
affecting HIF-1α transcription (Figure 6E-6F), indicating that 
PKM2 acts downstream of HIF-1α to regulate its target genes. 
Consistent with this, treatment with the PKM2 activator TEPP-46, 
which promotes tetramerization, effectively suppressed HG-

induced upregulation of HIF-1α protein expression (Figure 6G). 
Collectively, these outcomes suggested that HG enhanced the 
PKM2 nuclear translocate and the interaction with HIF-1α, 
thereby amplifying VEGFA-mediated angiogenic signaling in 
HRMECs.
DISCUSSION
Our study unveils a novel mechanism whereby HG drives 
retinal angiogenesis by reprogramming the functional state 
of PKM2 in HRMECs. We demonstrate that HG induces a 
conformational switch in PKM2, shifting it from a tetrameric 
glycolytic enzyme to a dimeric form that translocates to the 
nucleus and exerts non-metabolic functions. Crucially, this 
conformational change is not merely correlative but essential 
for HG-induced angiogenic activation, as evidenced by both 
genetic knockdown and pharmacological stabilization of the 
tetrameric form.
A key finding of our work is the central role of PKM2’s nuclear, 
non-metabolic function. While PKM2-mediated glycolytic ATP 
production supports endothelial cell anabolism[13-14], our data 
suggest that its pro-angiogenic effect in DR primarily relies on 

Figure 5 TEPP-46 attenuates HG-induced proliferation, migration, and angiogenesis in HRMECs  HRMECs were exposed to NG, HG, and HG 

with TEPP-46 (10 μmol/L) for 48h. A: Cell viability was assessed by CCK-8 assay; B: Cell migration was evaluated by scratch-wound healing assay 

(scale bar=100 μm); C: Cell migration was further analyzed using Transwell chambers (scale bar=100 μm); D: Angiogenic capacity was examined 

by tube formation assay on Matrigel (scale bar=500 μm); E: Transcriptional regulation of pro-angiogenic genes. mRNA levels of VEGFA and 

VEGFR2 were determined by qRT-PCR. Data were normalized to β-actin; F: Protein expression levels and quantitative analysis protein levels of 

VEGFA and VEGFR2 were detected by WB. All data are presented as mean±SD (n=3). aP<0.05, bP<0.01, cP<0.001 compared to the control group. 

All micrographs are representative of three biological replicates. HG: High glucose; HRMECs: Human retinal microvascular endothelial cells; NG: 

Normal glucose; CCK-8: Cell counting kit-8; qRT-PCR: Quantitative real-time polymerase chain reaction; VEGFA: Vascular endothelial growth 

factor A; VEGFR2: Vascular endothelial growth factor receptor 2; WB: Western blotting; SD: Standard deviation.
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its nuclear role. This is strongly supported by the observation 
that TEPP-46, which promotes PKM2 tetramerization and 
cytosolic retention, effectively suppressed angiogenesis without 
compromising overall glycolytic flux. This paradigm—from 
metabolic enzyme to nuclear transcriptional co-regulator—
aligns with its documented role in cancer[36-37] and highlights a 
targetable pathogenic mechanism in DR that is distinct from its 
metabolic function.
Further elucidating the nuclear mechanism, we identified the 
PKM2/HIF-1α axis as a critical signaling node. Our results 
position nuclear PKM2 as a key co-activator for HIF-1α, 
enhancing the expression of its target gene, VEGFA, under 
HG conditions. This is consistent with the established feed-
forward loop between PKM2 and HIF-1α in cancer[33,38] and 
confirms its relevance in diabetic microvascular complications. 
The fact that PKM2 knockdown or TEPP-46 treatment 
attenuated HIF-1α protein levels and its downstream signaling 
without affecting HIF1A mRNA transcription suggests a post-
translational regulatory mechanism, potentially involving 

stabilization or enhanced transactivation, which warrants 
further investigation.
Our study delineates a pathway wherein HG promotes PKM2 
phosphorylation, nuclear translocation, and interaction 
with HIF-1α to drive angiogenesis in retinal endothelial 
cells. While our in vitro findings are supported by genetic 
and pharmacological evidence, several avenues for future 
validation and mechanistic deepening should be noted. 
First, the pathophysiological relevance of this axis requires 
confirmation in more complex systems. Future studies utilizing 
tissue-specific PKM2 knockout models or established diabetic 
animal models will be crucial to validate this pathway in 
vivo. Second, while we have demonstrated the physical 
interaction between nuclear PKM2 and HIF-1α, establishing 
a direct causal link from this complex to transcriptional 
activation would strengthen our model. Future chromatin 
immunoprecipitation (ChIP) assays could directly map 
PKM2 occupancy at the promoters of HIF-1α target genes 
such as VEGFA and VEGFR2. Furthermore, genetic or 

Figure 6 HG-induced angiogenesis of HRMECs through PKM2/HIF-1α axis  A: HIF-1α expression in HRMECs exposure to HG for the indicated 

time periods, assessed by WB; B: Representative images of double immunofluorescence showing subcellular localization of PKM2 (green) and 

HIF-1α (red) in HRMECs cultured under NG or HG conditions. Nuclei were visualized by DAPI (blue) staining (scale bar=100 μm); C: Co-IP analysis 

of the interaction between PKM2 and HIF-1α. Nuclear extracts from HRMECs treated with NG or HG for 48h were immunoprecipitated with 

an antibody against PKM2 or control IgG. The immunoprecipitates and input lysates (5%) were immunoblotted with the indicated antibodies; 

D: WB analysis of HIF-1α expression in HRMECs infected with non-targeting control shRNA or PKM2-specific shRNA for 6h, followed by HG 

treatment for 48h; E, F: mRNA levels of HIF-1α and VEGFA in HRMECs treated as in (C), determined by qRT-PCR; G: WB analysis of HIF-1α expression in 

HRMECs treated with NG, HG, and HG with TEPP-46 (10 μmol/L) for 48h. All data are presented as mean±SD (n=3). bP<0.01, cP<0.001 compared 

to the control group. All micrographs are representative of three biological replicates. HG: High glucose; HRMECs: Human retinal microvascular 

endothelial cells; PKM2: Pyruvate kinase M2; HIF-1α: Hypoxia-inducible factor 1 alpha; WB: Western blotting; NG: Normal glucose; DAPI: 

4’,6-diamidino-2-phenylindole; Co-IP: Co-immunoprecipitation; IP: Immunoprecipitation; IgG: Immunoglobulin G; IB: Immunoblotting; qRT-PCR: 

Quantitative real-time polymerase chain reaction; VEGFA: Vascular endothelial growth factor A; SD: Standard deviation.
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pharmacological disruption of the PKM2-HIF-1α interaction, 
coupled with transcriptomic analysis, would help definitively 
attribute the pro-angiogenic gene program to this specific 
complex. Finally, to conclusively rule out potential off-target 
effects of our interventions, the most rigorous genetic approach 
would involve rescue experiments in which a nuclear-localized 
PKM2 mutant is re-expressed in a PKM2-knockdown 
background. Such experiments would unequivocally establish 
whether the angiogenic defects observed upon PKM2 depletion 
are specifically attributable to the loss of its nuclear function.
In conclusion, our findings propose a working model (Figure 7) 
for HG-induced angiogenesis in DR: HG promotes PKM2 
phosphorylation at Y105, leading to its dimerization and 
nuclear translocation. Within the nucleus, PKM2 partners 
with HIF-1α to amplify the transcription of pro-angiogenic 
genes like VEGFA. Pharmacological stabilization of PKM2 
in its tetrameric form by TEPP-46 disrupts this entire cascade. 
Therefore, targeting the conformational dynamics of PKM2 
presents a promising therapeutic strategy for mitigating 
pathological neovascularization in DR.
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