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Abstract

Keywords

Research progress on energy metabolism
reprogramming driving diabetic retinopathy

SUN Cheng, ZHU Shanshan, YAO Jin, BAI Wen

(Nanjing Medical University/The Fourth Clinical School of Medicine,
Nanjing Medical University, Nanjing 210029, China)

Diabetic retinopathy (DR) is the most common microvascular complication of diabetes and a leading cause of
blindness. Its pathogenesis is complex, primarily involving disruptions in the energy metabolism of the retinal
neurovascular unit. Recent studies indicate that metabolic reprogramming is a key driver of DR progression,
characterized by hyperglycemia-induced glycolytic overload, mitochondrial dysfunction, lactate shuttle system
disruption, and dysregulated lipid metabolism. Under hyperglycemic conditions, retinal cells-especially
endothelial and Miiller cells-exhibit an aberrant increase in glycolytic flux, leading to the accumulation of
glycolytic intermediates This accumulation triggers oxidative stress, inflammatory, apoptosis, and vascular
damage, ultimately driving blood-retinal barrier breakdown and neovascularization. Furthermore,
hyperglycemia impairs the mitochondrial electron transport chain, compromises oxidative phosphorylation, and
decreases ATP production while exacerbating reactive oxygen species (ROS). This results in mitochondrial DNA
damage and network fragmentation, further compromising retinal blood vessels, neurons, and glial cells.
Disruption of the lactate shuttle among Miiller cells, retinal pigment epithelial (RPE) cells, and photoreceptors
leads to an inadequate energy supply and impaired metabolic waste clearance in photoreceptors, resulting in
functional decline. Additionally, lactate accumulation promotes pathological angiogenesis and inflammation via
histone lactylation. Notably, endothelial cells in pathological retinal neovessels exhibit a metabolic shift toward
fatty acid oxidation (FAO). Conversely, impaired FAO leads to the accumulation of lipid peroxides, triggering
ferroptosis, which is particularly detrimental to RPE cells. In conclusion, metabolic reprogramming drives DR
progression through a complex interplay of multiple pathways. Elucidating this mechanism provides theoretical
basis and identifies potential targets for developing more effective and precise treatment strategies for DR.

diabetic retinopathy; energy metabolism; mitochondria; glycolysis; lipid metabolism

Cite this article as: SUN Cheng, ZHU Shanshan, YAO Jin, BAI Wen. Research progress on energy metabolism reprogramming
driving diabetic retinopathy[J]. Yan Ke Xue Bao, 2026, 41(8): 689-697. DOI: 10.12419/25071901.


https://doi.org/$articledoi
https://doi.org/10.12419/25071901
https://journal.gzzoc.org.cn

AE AU T 2 PR AR S HIE PR IR R B AL RO AP T BEJE MR, 46

691

R DR P 050 R 7 2 W PR 9 o i L™ 1Y)
O A I A RE, BB TAEAFEIR A O 184 0
IR E RPN, DR (5 2R B 5 R 28 25
R S 4 285 111 45 BA T (neurovascular unit, NVU) 45
PifEIF o NVU E—A m R A maii, i
R A B . R AR . PP ZR T . BT 4 A
Miiller 41 fifd ) F1 A ] i (2, 2 [ 7 (retinal pigment
epithelium, RPE) 4il il B # #i-5 M, HIhREFNR
T 14 oI ] 2 A A0 X B fe o P O 2

DR Il R _F 432 5 S A 1 GE M0 DR 400 19X S
A% (nonproliferative diabetic retinopathy, NPDR) #I
WSS AP RE DRI L X B 22 (proliferative diabetic
retinopathy, PDR)., £ NPDR BB, 352 fm Hlk
TEALIE BN DK RPN it . B8 LA K
I8 P SEVE CHETE X RO . e — B BE,
IMBES T 09 NVU 4 RS P A . PR 4n
mapgon) meeE RGN, 18
PDR [rB, FEGHERE, G FE25K3) 77,
SN N R A e, R BRI R AR
M4 AL, 76 DR B 22 R Bt R v, BB
R EFBEWEZMH 22N . EAUE DRYF
PRAEFRAYPEREIN S, SR IR PN E R, I

0 PO 8340 380 WG 300 7 B A8 AR oML . R R
BT, NVU & EZ R e P x
P e ga et vp e b IR Th e . BERE AR 1R . FLARAC
R BRACI A R AE o R, B AR O X o S
WIEE RS R gL, W TIFR AR, FA5UME
) DRIGYT MG 2 H 2,

1 DRE=THERERHTERE

Al e A QI g PR i A M T 3 R P A e oK
SRANARIR AL, TR A A ) 28 AT B 2 3
M. RatmEPSEY. EDRIE R T,
A ERERM T - HISHES, fE
E TSN (R s S NSl i oy VR VAU E 2
o BRI AT ML ARk, AR AN, RAE |
2R M O T ML AR R o RS R R A D —
MhamZUA AR, 38 NVU 8 24 Lt A T
REFE A B g P IR AR A7 o XM i 25 A 7 17 400 ]
REJE— M@ N PN, (RREE AR IERE, &
¥ 7z 9 3R 2 DR i B BE AR 051 5, AR SRR K
FCUR 20 oAy W T igp o BE TS . RBLIR I RERRAT . 7L
MR ZF R AR GO o IR s Qi S o DU AP (] 1)

© HBEAR ) B ® LK AT RERT T
s el -
I a)) AT DEICRETE # ROS’EL # M EE
DE LT - . — bl %k
% - UV M MY | wkdkmmi AsEEDNABE BiE%
T snen T UM DML - ‘
ﬁiﬁg"" — | ey . e 3
[ SATP T D EEIC g SR e, LIPS — %
wex? . 4 RPEZf)
N | @ - IS
HETA ®% L
i DY TR N
SRR HEPEREAG RGCHfiy
Pl
® SRR RGO ® JIRT I R
LR PPN .
et it It ! ‘
o ATP s i
FLARIZ i FLRRHERL (‘ P %w liﬁiintgcml ) BAET:
gUEF S— o
RGCA AR AT -
Miiller4fi g JRSZ AR AT MM — A
TR 2R SHEY

E1 #ERFEAMRFRESS TOMEERHERERXE

Figure 1 Schematic diagram of four energy metabolism reprogramming patterns in the context of diabetic retinopathy
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