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Abstract: Energy metabolism is closely related to the development of various diseases. With the increasing prevalence of

diabetes year by year, diabetic kidney disease (DKD), as a common vascular complication of diabetes, is also on the rise. In the

past, glomerular injury was considered as the main pathogenesis of DKD, but more and more evidence shows that renal

tubular injury is an important factor that causes DKD. There is aberrant cellular energy metabolism in renal tubular injury in

diabetes, suggesting that aberrant energy metabolism may play a potential role in the development and progression of renal

tubular injury in diabetes. This article reviews the pathophysiological mechanism of aberrant energy metabolism in diabetic

renal tubular injury in recent years.
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According to data released by the International
Diabetes Federation (IDF) in 2021, approximately 537
million adults aged 20-79 years worldwide live with
diabetes, and this number is projected to rise to 783 million
by 2045 [1]. Diabetic kidney disease (DKD) is one of the
common microvascular complications of diabetes and a
primary cause of chronic kidney disease and end-stage
renal disease.

Current studies have shown that renal tubular injury may
precede early glomerular changes in DKD [2]. In the urine of
patients with early-stage diabetes, several biomarkers of
proximal tubular cell injury can be detected, while there is no
obvious glomerular damage at this stage, indicating that
proximal tubular injury is an early lesion [3]. Animal
experimental studies have found that downregulated
expression of silent information regulator 1 (SIRTI) in
proximal tubules exacerbates glomerular changes and impairs
glomerular function in diabetic mice [4].

The proximal tubule is the primary site of
reabsorption and requires a large amount of adenosine
triphosphate (ATP) to maintain normal physiological
functions, making it more susceptible to various metabolic
and hemodynamic factors associated with diabetes. In the
context of diabetes, mitochondrial function is impaired,
and the aerobic glycolysis pathway is enhanced to provide
sufficient energy for maintaining tubular function [5].
Currently, the abnormal energy metabolism processes in
diabetic tubular injury have gradually become a research
focus. This article reviews the pathophysiological
mechanisms of abnormal energy metabolism in diabetic
tubular injury in recent years.

1 Energy metabolism of renal tubular cells under
normal physiological conditions

Normal physiological activities of cells require a large
amount of energy to drive, and mitochondria serve as the

structural basis for cellular energy production. Most of the
mitochondria in the kidney are concentrated in the renal
cortical region where renal tubular epithelial cells are
located [6]. Therefore, tubular epithelial cells (TECs) are
the core site of energy metabolism in the kidney. Under
normal physiological conditions, the energy metabolism of
TECs mainly relies on fatty acid oxidation (FAO) in
mitochondria to generate adenosine triphosphate (ATP),
rather than producing ATP through the glycolytic pathway
to meet their energy demands. This may be attributed to the
abundant content of enzymes related to FAO in TECs,
while the content of key enzymes regulating glycolysis is
very low, and this method is also more efficient than
glucose oxidation [7-8].

2 Energy metabolism of renal tubular cells in
diabetic conditions

In a hyperglycemic state, increased glucose enters the
mitochondrial oxidative respiratory chain of tubular
epithelial cells (TECs), promoting the production and
release of reactive oxygen species (ROS), which further
accelerates cell apoptosis. Hyperglycemia can also activate
the polyol pathway and induce excessive sorbitol
production, further leading to TEC injury, mitochondrial
dysfunction, and alterations in cellular energy metabolism
[9]. Transcriptomic studies have shown that in a
hyperglycemic state, the expression of genes related to
fatty acid, glucose, and amino acid metabolism in TECs is
reduced, with particularly downregulated expression of
enzymes and regulatory factors involved in fatty acid
metabolism, thereby leading to impaired FAO in renal
tubular cells [10]. The energy source of renal tubular cells
shifts from mitochondrial oxidative phosphorylation to
aerobic glycolysis of glucose to adapt to energy
metabolism disorders in TECs. This process is termed
metabolic reprogramming, first proposed by Warburg [11]
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and initially discovered in tumor cells. This phenomenon
has also been found to play important roles in various
non-tumor cells. However, metabolic reprogramming of
TECs under hyperglycemic conditions may promote the
progression of renal fibrosis. Therefore, early restoration of
normal energy metabolism in TECs has emerged as a novel
strategy for treating DKD [12].

2.1 Glucose metabolism in renal tubular cells

In a hyperglycemic state, renal tubular cells can
metabolize glucose through aerobic glycolysis to produce
ATP and maintain normal physiological functions.
However, abnormal expression of related enzymes and
regulatory factors during this process can also exacerbate
TEC damage and mitochondrial dysfunction [13].
Currently, the most extensively studied protein are
adenosine monophosphate (AMP)-activated protein kinase
(AMPK) and pyruvate kinase isozyme type M2 (PKM2).

2.1.1 AMPK

AMPK is a key cellular energy sensor that can be
activated under conditions of energy depletion. In renal
models of diabetic mice, decreased AMPK activity has been
observed, with its downstream peroxisome
proliferator-activated receptor y coactivator-la. (PGC-1a) in
an inhibited state [14]. This may be due to diabetes-induced
accelerated rate of ATP production via aerobic glycolysis in
renal tubular cells, thereby reducing AMPK activity and
inhibiting PGC-1la expression [15]. This animal study also
found reduced renal mitochondrial biogenesis and superoxide
production in diabetic mice, consistent with decreased glucose
oxidation. In contrast, activation of AMPK enhanced
superoxide production and mitochondrial function, while
alleviating renal injury. On the other hand, sphingomyelin and
its metabolites play important roles in cellular activities. In
diabetic mouse models, sphingomyelin accumulated in
mesangial cells was found to inhibit the activity of AMPK and
PGC-1a, and increase lactate and ATP production [16]. This
suggests that in DKD, anabolic metabolism of sphingomyelin
promotes the aerobic glycolysis pathway and rapid ATP
synthesis, thereby inhibiting the AMPK and PGC-la
pathways, leading to mitochondrial dysfunction and oxidative
stress, and ultimately exacerbating renal tissue damage.

2.1.2 PKM2

PKM2 is a rate-limiting enzyme in glycolysis, which
can exist in cells in an inactive tetrameric state or active
monomeric or dimeric states [17]. In the context of DKD,
PKM?2 undergoes phosphorylation, and its tetrameric state
is isomerized into a dimeric state. This promotes the
phosphorylation of signal transducer and activator of
transcription 3 (STAT3) and nuclear factor kappa-B
(NF-kB), as well as the expression of intercellular adhesion
molecule-1, thereby initiating inflammatory cell infiltration
and promoting the progression of DKD. PKM2 can also
promote the phosphorylation of eukaryotic translation
initiation factor 2-alpha kinase 2, which in turn activates
the Nod-like receptor protein 3 (NLRP3) and absent in
melanoma 2 (AIM2)-mediated inflammasome, thereby

promoting macrophage activation and the release of
inflammatory factors, playing an important role in the
progression of DKD [18]. Researchers have also
confirmed that inhibiting PKM2 phosphorylation can
suppress renal inflammatory responses, thereby
preventing the development of DKD [19]. A study by Qi
et al. [20] found that PKM2 activation increases
glycolytic flux, reduces the levels of toxic glucose
metabolites such as sorbitol and methylglyoxal, enhances
mitochondrial biogenesis and mitochondrial metabolism
to improve or even reverse mitochondrial dysfunction,
thereby delaying DKD progression. Therefore, PKM?2
may become an important target for interfering with the
occurrence and development of DKD.

2.2 Lipid metabolism in renal tubular cells

In the renal pathological tissues of patients with DKD,
massive lipid accumulation is observed in cells. Alterations
in regulatory factors related to lipid metabolism lead to
abnormal lipid accumulation, thereby affecting renal
function [21]. A lipidomic analysis of the early renal cortex
in DKD rats revealed distinct lipidomic profiles in the
kidney. In the renal cortex of DKD rats, levels of neutral
lipids (including triacylglycerols, diacylglycerols, free fatty
acids, and cholesteryl esters) and lysophospholipids are
increased, while most phospholipids—predominantly
phosphatidylethanolamine (PE)—show a decreasing trend.
Most sphingolipids, including ceramides and their
derivatives, exhibit an increasing trend [22]. In a
hyperglycemic environment, dysregulation of lipid
metabolism in renal tubular cells further impairs tubular
epithelial cell (TEC) function, which is primarily
associated with imbalances in lipid uptake, metabolism,
and synthesis, lipid accumulation, and dysregulation of
related phospholipid metabolism.

2.2.1 Increased fatty acid uptake

TECs primarily take up fatty acids via the fatty acid
transporter CD36 located on the cell surface. Studies have
shown that hyperglycemia induces upregulation of CD36
mRNA and protein expression in the renal proximal
tubules of DKD patients, enhancing fatty acid uptake and
causing lipid accumulation that impairs renal function [23].
Upregulated CD36 activates the NLR family pyrin domain
containing 3 (NLRP3) and NF-kB signaling pathways,
promoting inflammatory responses and exacerbating renal
injury [24-27]. Therefore, it is reasonable to hypothesize
that inhibiting CD36 expression in the early stages of
diabetes could reduce fatty acid uptake by TECs, suppress
inflammatory activation, decrease lipid accumulation, and
ameliorate tubular injury.

2.2.2 Increased fatty acid synthesis

Fatty acid synthesis is regulated by sterol regulatory
element-binding proteins (SREBPs), which play a crucial
role in lipid homeostasis. SREBPs have three isoforms:
SREBP-1a, SREBP-1c, and SREBP-2, associated with the
synthesis of fatty acids, triacylglycerols, and cholesterol,
respectively [28]. Under hyperglycemic conditions,
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SREBP expression is activated, promoting the expression
of acetyl-CoA carboxylase (ACC) and fatty acid synthase,
ultimately increasing fatty acid synthesis [29]. In
transgenic mice with renal overexpression of SREBP-1a,
increased SREBP expression upregulates transforming
growth factor-p (TGF-B) and vascular endothelial growth
factor, leading to enhanced lipid synthesis and
accumulation [30]. SREBPs also induce TGF-B
transcriptional activity and activate the TGF-f/small
mothers against decapentaplegic (SMAD) fibrotic
signaling pathway by binding to the promoter region of
fibrosis-related genes (e.g., TGF-B), further exacerbating
renal injury [31].

Increased cholesterol uptake and synthesis also promote
DKD progression. SREBP2 enhances cholesterol uptake via
receptors such as low-density lipoprotein receptor, CD36,
scavenger receptor A, and lectin-like oxidized low-density
lipoprotein receptor-1 (LOX-1), and stimulates cholesterol
synthesis through hydroxymethylglutaryl coenzyme A
(HMG-CoA) reductase [31]. Reverse cholesterol transport—a
key cholesterol clearance mechanism that transports excess
cholesterol from peripheral tissues to the liver for metabolism
and excretion—is dysregulated in DKD patients and diabetic
mouse models, as evidenced by downregulated expression of
genes related to reverse cholesterol transport, indicating its
association with DKD [32].

2.2.3 Abnormal fatty acid oxidation metabolism

Patients with DKD exhibit significantly impaired
renal FAO (Fatty Acid Oxidation) capacity. In both DKD
patients and DKD mouse models, significantly
downregulated expression of enzymes and regulatory
factors related to fatty acid metabolism has been observed
[32]. Inhibition of fatty acid oxidation in TECs can lead to
ATP depletion, cell death, dedifferentiation, and
intracellular lipid accumulation, with the observation of a
fibrotic phenotype [33]. Lipid accumulation caused by
reduced FAO is inseparable from the progression of DKD,
and several enzymes and regulatory factors play important
roles in this process.

AMPK, a heterotrimeric protein kinase, is involved in
regulating lipid metabolism pathways in addition to its role
in DKD glucose metabolism mentioned above, with
phosphorylation of its subunits playing a key role [34].
Carnitine palmitoyl transferase 1 (CPT-1), a critical
rate-limiting enzyme in FAO, has its activity regulated by
the AMPK-ACC-malonyl-CoA axis. AMPK activation
inactivates ACC by inhibiting its phosphorylation;
inactivation of ACC reduces downstream malonyl-CoA
production, thereby weakening its inhibitory effect on
CPT-1, promoting FAO, and reducing lipotoxicity [35]. In
addition, other targets of AMPK in inhibiting lipid
metabolism include phosphorylating SREBPlc (a
transcription factor encoding ACC) and suppressing
SREBPIc expression [36]. Therefore, it is hypothesized
that enhancing AMPK activation may serve as a novel
target for DKD treatment.

Peroxisome  proliferator-activated  receptor
(PPAR-a), a member of the nuclear receptor family of
ligand-activated  transcription factors, is primarily

expressed in proximal renal tubules and the ascending limb
of the loop of Henle [37]. Most enzymes involved in FAO
are regulated by PPAR-a, which is currently recognized as
a key transcriptional regulator maintaining the balance of
fatty acid oxidation metabolism. Under hyperglycemic
conditions, PPAR-a expression may be suppressed, leading
to reduced FAO and potentially exacerbating TEC injury
and inflammatory responses. Animal studies have
demonstrated that STAT6 transcriptionally inhibits
PPAR-a and its FAO-related target genes via sis-inducible
elements in the protein promoter region, thereby promoting
renal fibrosis [38]. The PPAR-a agonist fenofibrate
reduces inflammatory factor expression in DKD rats by
activating PPAR-a, inhibits the NF-kB pro-inflammatory
pathway, ameliorates lipid accumulation, prevents
tubulointerstitial fibrosis, and exerts renal protective effects
[39]. Another study showed that proximal tubular PPAR-a
alleviates renal fibrosis and inflammation in mice with
unilateral ureteral obstruction by reducing intraepithelial
TGF-B and extracellular matrix protein production [40].
Since DKD and obstructive nephropathy are major causes
of renal fibrosis, further research is needed to determine
whether proximal tubular PPAR-a can alleviate
DKD-related renal fibrosis through these pathways. Thus,
activating PPAR-o may represent an effective strategy to
reduce renal inflammation and fibrosis in DKD, thereby
controlling renal injury.

PGC-lo, a transcription factor that regulates
mitochondrial biogenesis and the expression of most
rate-limiting enzymes in the FAO pathway, shows
significantly reduced mRNA expression in the renal
tubules of DKD patients [17]. In addition to PPAR-a,
PGC-1a is a key regulator of genes involved in
mitochondrial FAO [41]. Increased PGC-la expression
protects TECs and delays renal interstitial fibrosis
progression through mechanisms such as reducing ROS
and inhibiting NLRP3 inflammasome activation [42-43].
Studies have shown that SIRT1 enhances its transcriptional
coactivator function by deacetylating PGC-1a, thereby
promoting  mitochondrial ~ biogenesis and  energy
metabolism; SIRT1 is also regulated by AMPK [44].
Furthermore, PGC-la inhibits apoptosis and alleviates
TEC injury by regulating the expression of mitochondrial
dynamics-related proteins and apoptosis-related proteins
[45]. Current research indicates that PGC-1a acts through
multiple mechanisms in diabetic tubular injury, including
mitochondrial protection, antioxidant effects, energy
metabolism regulation, anti-inflammation, and apoptosis
inhibition, making it a potential target for DKD treatment.

2.2.4 Lipid accumulation

In diabetes, renal tubular cells exhibit an
imbalance in fatty acid uptake, oxidation, and
anabolic metabolism, leading to excessive fatty acid
production that exceeds the tubular utilization
capacity. Excess fatty acids are accompanied by
triacylglycerol formation and deposition in renal
tubules. Such abnormal lipid accumulation in
non-adipose tissues, which can cause dysregulation of
cellular homeostasis and cell damage, is termed



of W% Faf

Chin J Clin Res, September 2025, Vol.38, No.9

lipotoxicity [46]. Excessive lipid accumulation results
in mitochondrial dysfunction in TECs, abnormal
cellular energy metabolism, and subsequent renal
injury manifestations including oxidative stress,
inflammatory responses, TEC apoptosis, and
tubulointerstitial fibrosis [47].

Lipid accumulation induces renal injury through
multiple mechanisms. First, lipid accumulation disrupts the
mitochondrial structure of tubular cells, impairs enzyme
activity in the mitochondrial respiratory chain, increases
oxygen free radicals, and generates large amounts of ROS.
As signaling molecules, ROS can activate extracellular
regulated protein kinases (ERK) and p38 mitogen-activated
protein kinase (MAPK) pathways, regulate NF-kB activation,
and initiate transcription of genes encoding inflammatory
factors such as cyclooxygenase 2, tumor necrosis factor-a,
interleukin  (IL)-1B, and IL-18, thereby promoting
inflammatory cell infiltration and inducing inflammatory
responses. Second, ROS can also activate the
phosphatidylinositol-3-kinase (PI3K) pathway and its
downstream protein kinase B (Akt) and ERK1/2, leading to
activation of the NLRP3 inflammasome and caspase-1,
which results in inflammatory cell death [48-49]. Third,
mitochondrial ~ structural damage impairs oxidative
phosphorylation, reduces ATP production, activates
AMPK-y, and further triggers downstream P53 protein,
inducing cellular expression of Bax and Bak. This regulates
mitochondrial release of cytochrome C, ultimately leading to
cell apoptosis with the involvement of ROS [50]. In addition,
ROS can induce the expression of fibro genic factors such as
TGF-B and plasminogen activator inhibitor-1 (PAI-1),
thereby  promoting tubulointerstitial  fibrosis  and
exacerbating tubular injury [51].

3 Abnormal phospholipid metabolism

In recent years, the role of phospholipids and their
metabolites in kidney diseases has attracted attention.
Phospholipids are widely present in nature and perform
important physiological functions, playing a crucial role in
maintaining cell membrane stability and regulating cell
signal transduction.

Lipidomic analysis of the renal cortex in early DKD
rats revealed significant alterations in phospholipid
metabolism, characterized by a decrease in most
phospholipids, predominantly PE. PE collectively
influences the progression of DKD by regulating lipid
metabolism, participating in cell signal transduction,
affecting the process of renal fibrosis, and maintaining cell
membrane stability and function [22]. Lysophosphatidic
acid (LPA), a naturally occurring glycerophospholipid, can
regulate various biological responses by binding to
lysophosphatidic acid receptors (LPARs). Studies have
found that LPAR1 expression is significantly upregulated
in diabetic mouse models, while inhibiting LPARI
expression alleviates diabetic renal injury [52].

The role of sphingomyelin and its metabolites in
kidney diseases has also been extensively studied.
Sphingosine-1-phosphate (S1P), an important regulatory
factor in fibrotic diseases, is generated by phosphorylation

of sphingosine by sphingosine kinase (SPHK) and exerts
its effects by acting on SIP receptors (SIPRs). The
SPHK1-SIP-S1PRs axis plays a vital role in the
occurrence and development of renal interstitial fibrosis.
S1P activates Rho kinase by acting on S1PR2, induces the
differentiation of TECs into a myofibroblast phenotype,
and promotes the progression of renal interstitial fibrosis
during DKD [53]. However, current research on the
mechanisms underlying the role of abnormal phospholipid
metabolism in DKD-induced tubular injury still has many
issues to be further explored to identify new targets for
DKD treatment.

4 Summary

TECs are the center of renal energy metabolism.
Under hyperglycemic conditions, TECs are injured, and
their energy metabolism mode shifts from FAO to aerobic
glycolysis to maintain the normal physiological functions
of renal tubules. The expression of the fatty acid
transporter CD36 in TECs is significantly upregulated,
leading to increased fatty acid uptake. The expression of
SREBPs that regulate fatty acid synthesis is increased,
while the expression and activity of key regulatory factors
(AMPK, PPAR-a, PGC-1a) involved in FAO of TECs
are decreased. These changes result in reduced FAO,
exacerbate renal lipid accumulation, cause mitochondrial
dysfunction and cellular energy metabolism imbalance,
and induce a series of injuries such as oxidative stress,
inflammatory responses, renal tubular cell apoptosis, and
renal interstitial fibrosis, further aggravating tubular
injury. Meanwhile, PKM2, an enzyme related to aerobic
glycolysis, is activated and improves mitochondrial
biogenesis and function by regulating the downstream
signal PGC-1a, maintaining the balance of cellular energy
metabolism. Currently, the mechanisms by which
abnormal phospholipid metabolism induces diabetic
tubular injury remain to be further investigated, aiming to
provide new therapeutic insights for preventing and
treating the occurrence and development of diabetic
tubular injury.
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Aberrant energy metabolism in diabetic renal tubular injury
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Abstract: Energy metabolism is closely related to the development of various diseases. With the increasing prevalence of diabetes
year by year, diabetic kidney disease (DKD) , as a common vascular complication of diabetes, is also on the rise. In the past,
glomerular injury was considered as the main pathogenesis of DKD, but more and more evidence shows that renal tubular injury is an
important factor that causes DKD. There is aberrant cellular energy metabolism in renal tubular injury in diabetes, suggesting that
aberrant energy metabolism may play a potential role in the development and progression of renal tubular injury in diabetes. This
article reviews the pathophysiological mechanism of aberrant energy metabolism in diabetic renal tubular injury in recent years.
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B, PEIESE A AR A SRR, HE A IR T,
BT LA B TR AR S I 7 A R LA, 2
FUTECs 240, SR KT REFR A , A M RE A Rt A A e ™, %
SEA A R TE R REIRAS T TECs MR IR A1 A0 LA s SR
ARISAR I HE D Rk Py /b, ELAR My 1 A3 R DG i B i 9 ) 7
AT, R BCR NS A FAO BB o /INVE
20060 P9 RE Ry 2R R S A IR T2 718 S i e W A S
fil A%, DL IV TECs RE AU BT, i R i B o A0 T
T2, e Pl Warburg "V $2 H T 2 BT PR 40 i b, iz 4
PR BT Z FlE MR A0 b R AR SR, Rk S
I TECs A5 25 72 1] RE 2 fle ik B R 2T 4R AL 0 S0 i, R
TR TECs 1EH Y RERACEICY 17677 DKD BT s
2.1 BB s R RH TERRRIRE R /MBS Al
LA O T AR AT A ATP 25 IE R BT AR L (HX
T TR G R PR TR S L 2 N TECs 195 5
MR REREDE S H RIS A2 0 2 PRl R IR
(adenosine monophosphate , AMP) 7% £k i) 25 [ % i ( AMP-acti-
vated protein kinase , AMPK) FI TN il iR 8 il M2 (pyruvate kinase
isozyme type M2,PKM2) .

2.1.1 AMPK  AMPK J&—Fh 3= 210 40 U RE e A2 B , nT7ERE
HHAE RIS T BT o 7EWE PR /N B0 W JEASE Y v 4 B
AMPK G PEREAR , T 0 (0 00 S0Py A L AT 2 Ry
P4 T~ La (peroxisome proliferator-activated receptor «y coacti-
vator-lor, PGC-1o) SEMAHPIRAS ", W B2 B T PRI 350 /N
UM AT SRR IR 7 £ ATP BRI DR, AT R AR T AMPK
PRI PGC-1a iy FRIK ", BT IEIA K UBE PRI /)N
SR M R R A 5 1 R A AR A 7 A 0D, 5 A AR AL
B3/ AH —ER, T AMPK B30T M 18 A0 19 72 A AL
WRIIRE, IR 1 B MR o 55— T, B AR
YIAE A i sl b A 45 E B LR DR /N SRR B v R B R
TES200 M i AR R B B T4 6] AMPK I PGC- 135 1 , 94
JNFLRRFNATP (97741, 3§78 76 DKD o, B AR 19 G AR
WO IE T A SO I A A 4 N ATP PR A a3 T A A
AMPK 1 PGC-1 o it , T EAL 1A Ly RERR T A1 SR AL, e
e B A 24540

2.1.2 PKM2  PKM2 2 E R fff it 72 v i Bt , B LA TG 14
14 O SR AACIR 25 B P AR B — RARIRSATE T AN 7E
DKD # 35t &, PKM2 & AR AL , PO SRR S 574 — SR AR
A PRHEAF 55 2 IR R SR U0 IX 7 (signal transducer and
activator of transcription, STAT)3 Fl#% A «kB(nuclear factor kap-
pa-B, NF-kB) B AL LA K M [ R B 237 1 3R 3%, AT 3
RATANLENE , FLE DKD Bt . PKM2 38 i) LU E FLA% A4
B AR A 7 2-odffH 2 AOEIR AL , HE M AT RS 5 2Rk
ZE R IRE 3Z R K 1 (nucleotide-binding oligomerization domain-
like receptor protein, NLRP)3 FIEA A ZIAHL = 12/ S AU RIE
VA, TR W2 R , D PRI A AE P 7, 75 DKD kg v
RAFEEAER . WA GARIESE T Rl ] PKM2 B 1L
T B RS AE SR , T DKD (1 & A s Qi 45 ) —J5ifi

FERIN, PKV2 ST HE e, AR L ALl Y e 2 —
SR AR GO I AR W R A BRI,
IR ke L 2 U 2O (R D) RERR A, JE T SE 2% DKD JEJ
1, PKM2 AT RERCA T4 DKD A K A — > B A5
22 BNEmAeE R AR fE DKD BUE 9 E MR B 2
RN A R R TR AR, 5 AR BB AR DG A — S 55 A
TR S BUIR B S HERR, E M e D AR . — k)
DKD U B BB S o B BO W5 2 B0 U P A A B A
MYAR BT ARFAAE . 72 DKD R BUE B2 BT, A4S =k i — ik
90 A 1 LT P A ) P PR B R AR
JKAET i, T LARE RS Bk 2 e (phosphatidylethanolamine , PE)
N FE MR BN 5T R BRI Gl 22 e b
MY BT R H> . R T, B NVE AR B
R ZE ALK — 2520 TECs DIAE , H 3228 S5 AR BT At
FHE AT JR BT 2R LB AROCHE IR s R A A G
22,1 JREFERAERASG N TECs 3 5358 i 7 40 i 3% 11 (19 i
WilRliz 1 CD36 FEMUIRITRR . WFFE A3, bl vl 75 DKD
AR T /N T CD36 mRNA FIER 15k L, 358 1 i
JUT R P BB, 5 AR B B AU i ' DR . B CD36 Tl 3
FUNLRP3 R NF-kB {5538 B ) 30 , S dE S0 SO, e 5
P R, T LAE BRI, 70 B R4 AT DL A 4 )
CD36 FY 23k 1 TECs 19 5 197 19 8 HBe S OB HTT vl /b
BRI R, Bt B /INVE B
222 fRWTRRE RGN ARTIR G R A2 [ RS A5 TS
4 % M (sterol regulatory-element binding proteins , SREBPs) [
P9, SREBPs fE IR B A 1 rh A A HL 2R, SREBPs 47 =
FHR[FE L, B SREBP-1a.SREBP-1c 1 SREBP-2, 4351 55 i
PR =T AR RS ARG ™ ZERTIEARIT T, SREBPs 1Y
FABWRAT , PLIE L LA A PR AL (acetyl-CoA carboxylase,
ACC) FE iR A U 1) 323K | e 2 T BB Wi R 4 1 =
E ' MERS 2635 SREBP- Ta B 56 5 DI/ U & B, SREBP 32K 1Y
B8 B LAk A= K I F B (transforming growth factor-§3,
TGF-B) A A J AR R F i 3R3E , S BUIR L6 iU A
JRAHER™ s SREBPs i i LU & TGF-B#e s 1 L Kt i 5
A AEAAR S (BRI TGF-B) 1) 8+ X3RS &, S TGF-B/
S A BT A A T (small mother against decapentaplegic,
Smad ) EFAEALAE T il i, HE— D S ECE B

JE BRI 4E nds 23 e/ DKD it . SREBP2
Al LR SEAIC B G R 11 32 4 \CD36 I 1 S 32 14 A LI E R
FALEMIR S R 2 32 1 (lectin-like oxidized low-density li-
poprotein receptor-1, LOX-1) %532 PR35 A JH [ BT 3 5 PP O
I L4 A (hydroxy methylglutaryl coenzyme A, HMG-CoA )
A PR FIEL TP L TP 0 e as ] LK SR L 2 A Y
JIELT el i 22 I , o J 2 AR R AR A, 2 — M 22 R I
B R AL L 76 DKD £ 3% Kbl P /) BRURSE S o ke B 1 I [
i 471 3 A AR JIE [ 5230 2 s A DG 10 kPR 8 T 9], SR WA R
AR Y82 15 DD A

223 JEWIRAAC R DKD B B FAO BE I W] 2
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Uk, 7F DKD A8 L K& DKD /N BRUSRL rp 4 % 80 55 AR e A it
A S RN Y PR F B 2R W R R U, I TECs (49 5 107 AR
FALTT 51 ATP #E3 AAE T ot FAn e o g A 21
FEMEER LT YL 2 (K FAO WS i S 2UIR B 5 DKD
KRBT oy 1% f vh— Sl S B & AR

AMPK J&—F S5 = RAKE FHEEE , B2 55 3R DKD (46
R FRIL 382 5 8 B G S R (L e
Ho R EAEA . FAO i 78 v H 2 A0 B i —— A Al
HiE) B8t %% B2 1§ 1 (carnitine palmityl transferase 1, CPT-1) , %%
% AMPK-ACC-TH T Afi g A Sl 815 . AMPK 035 38 1 417
il ACC R B HAG 1T, ACC 261 5 S ECH R U AY N it
G A AR D, O T CPT-1 A/ 808 , AT & 45 412
HEFAO WIFEH /D BREEMES . LKA, AMPK S IR B A8 1
HABKE S A AE TR 1L SREBP1c (405 ACC I K1) Al
SREBP1c [y2RRAE . PRt , #HEII N 5 AMPK 300 1T 6 i
i DKD A7 H B s

I S A T A 1 B ) 984 32 AR o (peroxisome proliferator-
activated receptor o, PPAR-o) J2& AR I % 3% R 7 14 A2 32 AR
R —, FEAE i B NS KT X h RSB, 25
FAO i3 72 i ik 4352 PPAR-o 5, HATIA N , PPAR-a
SR LR N I R SR A A R 1 F B SRR T R T e AR
T, PPAR-a IR A RESSSZ B, B FAO B D, HE AT
RE IR TECs A5 R 9 i SN o B4 S B0 5% 2 B STAT6
AL T8 B 8T X sis 75 T/ SR §] PPAR-o
FHFAOAMSCHUIL A 1) 3638 SR E B A AEAb ) & ™, PPAR-a
W FNAE T UUERTT DL LS PPAR - I DKD K B i A
Tk IR0 NF-B 2 R4, OGN FUELR , IR 1k
B IV )£ Ak, 6 B IR B R4 ) — Tk gE &
I, S B /NG PPAR-odl b /b | 52 4 i P TGF-B A A A
LR AR Vel BN i DR A LA TR /N BRIP4 Ak
MRAE . o T DKD M AEREE B & 175 & 5 W 2F ek i) 3=
T[N 22— , VT B/ VE PPAR-oJ& 75 1T LUl iE B iR A 2%
DKD ' LR 4T Feit— 25098 . BRI, 0% PPAR-oom] fiE 1
R DKD B IE A AE B 27 A Ak i 5 ) B AR 0 1A 07

PGC- 1o —Fi e S A 7, WT IR 2ok (A 1) 2 4 2 26 DA L
FAO i 45 ' 2 B R 1) 2235 , 76 DKD R 1 B /N oh & B0
PGC-laf) mRNA FRA/K T WFEFEIL . LRAFAO S/
1) 3 R B 32 PPAR- ol 75 40, PGC- 1oty 2 H: o 22 A 91 4 [
T PGC- 1R IRIE AT AU/ 5 1 4 A 7 A R ) NIL-
RP3 G /IMARITE SFHL] 97 TECs IFHELE 1 1] R 2 fhist
JR L BEgE B, SIRT 3l i 25 2 Ak PGC- 1o, LR ¢
T D Rg , HE L SRR A A ORIRE S AR, 1T SIRT1
A 32 AMPK R, I Ah , PGC- 1ol 5 5 2R 5 1 2%
FSCER 1 DA S T DG ER (1 I ek, R I 4 i 7, el
TECs #15i*. HATIPTFR R, PCC- 1aTERE R 5/ NEH 4
HpE ot 2 FIL AAEAE T ARG AR LAk AR R
PAYT AR NI T4, ATRERLA DKD YA T RE A
224 JRIEER MR B/ NE AT IR DT IR A

PR AR R A , S BRI ™ e R, 3 /N o AR
PR A, 3 i 1 B I 1R e B =t H a2 O R TURR T /N
b B FEENR T 2 Y i B & BT S B AR S
RIS ZIHNEAR I NRTEE o L AR R R
FUTECs LR A RERE S , 40 A e AR, 2 i i A A
IV ARAE SV TECs P8 1 LA K B /INE 18] BT £F 2 Ak 25— 52571
HER R

&R Rl i Z AL S BOS e . B IRy
ST /N 20 M P 2R R S5 R BB | S MR SR PR I I
SRR CGI RN S NSRS E AN PN R e =Ny e =R (B
IG5 4 RO AL A MG 5 08 T 8 (extracellular regula-
ted protein kinases, ERK) . 22 %4 J5i % Ak 8 (3 (p38 mitogen-
activated protein kinase , MAPK) i 1% , #75 NF-xB 197& 1k, JA
By S AE K FL 45 PR A T 2 R RS F o A A 3R
(interleukin, TL)-1BFI TL-18 %53 K (55 5% , 1 S IE AN R 4 ,
Wi RAE SN o FEUR, 15 1 S0A 7T LAY AL B i 15 JUL e 3 -3l
(phosphatidylinositol-3-kinase , PI3K ) il # J% HF i 85 1146 B
FERK1/2, 8035 48 4E B A NLRP3, i 4k caspasel 304 iE
PEAIREAE T 1 SRS ROR , SRR i 732
BEL, ATP AE B8 /0 , S AMPK -y , 17T 8006 2 R i PS3 & 1
V5 AN 235 Bax Fl Bak o 5 LR AR RN (43R C, 7676
PWANS 5 NREFEEAME T A, R v 5
TGF-B £ 7 50 )4 i X -1 (plasminogen activator in-
hibitor-1, PAI-1) S5 {2 £F 4EHE s N 5 2215 , 2 4t 1k 5 /i
[F) BT AeAk , Il /NE A

3 BiERBHIRE

VEAFER , Wi i B HA ™ W7 B b A 5 TR G
TE o BENRTE A AR S rh i A7 1, RAHE 20 AR BRI RE , 78
R A0 L AR S M L R R AR S e el AR rh R P
.

XL DKD R B B BB S LA T 0 T, 2 SRR AR
R EUE , R LA PE T BRI FEAR 107 PE 7] 1L
ALV R B 25 AR S A S R AT Ak AL
T A5 A0 M R S TR AN B 45 S W] 52 DKD (o Jg ™ ¥
I NERR (lysophosphatidic acids , LPA)YE —Fh RARAEAERTH
TBERE , T LA A 5 % 10w IR 2 3Z 44 (Iysophosphatidic acids
receptor, LPAR) &5 G 2R JH W S M A sOns . F9% 2 B, 7E M PR
/N USRS o LPART Y 3K 1 25 T, i i LPART f %
IRV T OB PR B AR B AR A R
I T A T 2 A AT, Y 4 - 1- W R (sphingosine-1-
phosphate , S1P) &£ 4E A 55 4 F 2855 P 7, oy i 2 e it
(sphingosine kinase , SPHK) B & fb. 5 &l = A=, /E FH F S1P 3%
A (S1P receptors, S1PRs) Z#A/EH . SPHK1-SI1P-SIPRs il
W IR 2T A B K A R T rp R 136 T SR, S1P ik /R H]
T SIPR2 J#1% Rho W , 1755 TECs 7316 > LIS 2T 4k 20 ffa %
B fE i DKD R i B (] 2F A A i J ™ {8 B T T ik

BACIHAE DKD B /NG 43 Hh i 7 LR B 24754 R &[]
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CD36 M3k W35 1, e W R I 2, W E B8 IR & i
SREBPs ik i1, 2 5 TECs A FAO Y SCHE 7 A F AMPK
PPAR-a \PGC- 1o 8T8 B iib 4 T B, FELFAO Wl b, il
R & R, B RR T RERE AT , 40 e A QI O, 5 13k
SRR ST RN B /INE AN T )R ) ST AL A —
RN, e — 20 I B INET . RIS AR A DG
PRI PKM2 Bl H a5 N ilEE 5 PGC- Lol Mt 4 b ik
HILE & A T T Re , AR A Re A QI - . R, DG T
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