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Abstract 
Diabetic peripheral neuropathy (DPN) is the most common neuropathy in the world, mainly manifested as bilateral symmetry 
numbness, pain or paresthesia, with a high rate of disability and mortality. Schwann cells (SCs), derived from neural ridge cells, are 
the largest number of glial cells in the peripheral nervous system, and play an important role in DPN. Studies have found that SCs 
are closely related to the pathogenesis of DPN, such as oxidative stress, endoplasmic reticulum stress, inflammation, impaired 
neurotrophic support and dyslipidemia. This article reviews the mechanism of SCs in DPN.

Abbreviations: AGE = advanced glycation end products, Akt = protein kinase B, AR = aldose reductase, BDNF = brain-derived 
neurotrophic factor, CHOP = CAAT/enhanced binding protein homologous protein, DNA = deoxyribonucleic acid, DPN = diabetic 
peripheral neuropathy, ER = endoplasmic reticulum, ERS = ER stress, GA = glycolaldehyde, GLU = glucose, IL = interleukin, LC3-II 
= light chain 3, miR = microribonucleic acid, mTORC = mammalian target of rapamycin complex, NF-κB = nuclear factor-κB, 
NGF = nerve growth factor, NLRP3 = NOD-like receptor protein 3, PA = palmitate, ROS = reactive oxygen species, RSC96 = rat 
SCs, SCs = Schwann cells, SREBP = sterol response element binding protein, TNF-α = tumor necrosis factor, TSH = thyroid-
stimulating hormone, XBP-1 = X-box binding protein-1.
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1. Introduction
Diabetes is a global epidemic affecting about 463 million peo-
ple worldwide and is expected to affect >700 million people 
by 2045.[1] Diabetic peripheral neuropathy (DPN) is one of the 
most common complications of diabetes, with a prevalence of 30 
to 50% in diabetic patients,[2] characterized by myelin defects, 
impaired nerve conduction velocity, sensory and proprioceptive 
abnormalities, and associated with axonal atrophy and dimin-
ished regenerative potential, ultimately leading to problems 
such as nerve fiber loss, pain, foot ulceration, and amputation.[3] 
Schwann cells (SCs) are the most abundant cells in peripheral 
nerve tissue and play an important role in the pathogenesis of 
DPN. However, most of the clinical and basic studies of dia-
betic neuropathy focus on the effects on neurons, and there are 
few studies on the mechanism of SCs in DPN. Therefore, we 
conducted a literature search in PubMed and CNKI electronic 
database from November to December 2022 according to the 
title and abstract, and the keywords used included “diabetic 
peripheral neuropathy” and “Schwann cell,” as well as “diabetic 
peripheral neuropathy” and “Schwann cell apoptosis.” Studies 

related to the mechanism of action of SCs in DPN were included, 
and the mechanism of action of SCs in DPN was reviewed. To 
help understand and identify more effective treatment strategies 
for DPN.

1.1. The structure and function of SCs

SCs are the major glial cells in the peripheral nervous system. 
SCs can be divided into myelinated cells and non-myelinated 
cells according to the way they interact with axons. Myelinated 
nerve fibers are composed of a single axon and sheathed SCs. 
While unmyelinated nerve fibers have multiple axons wrapped 
by a single Schwann cell. These 2 types of cells are linked to 
axons during development through physical support and the 
release of various neurotrophic factors and signaling molecules. 
SCs have the ability of immunomodulation, inflammation and 
regeneration. As the main component of peripheral nerve, SCs 
maintain the homeostasis of the peripheral nervous system 
and regulate neuronal function and repair. After nerve injury, 
SCs around the injured axon will immediately secrete several 
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neurotrophic factors, which bind to the corresponding recep-
tors in the axon membrane and produce pathological signals. 
Pathological signals are transmitted retrogradely to the cell 
body and induce gene expression. In addition to providing 
chemical mediators, SCs themselves are directly involved in 
axonal regeneration. To this end, SCs undergo a series of trans-
formation processes, including dedifferentiation, proliferation, 
and redifferentiation. Thus, the role of SCs in axonal function is 
critical under physiological and pathological conditions, leading 
to increasing attempts to prevent Schwann cell dysfunction or 
to supply SCs for the treatment of peripheral nerve diseases.[4,5]

1.2. SCs and DPN

Recent studies have found that SCs are involved in multiple path-
ways of DPN development. During DPN, some key signaling 
pathways in SCs are activated, such as high polyalcohol path-
way flux driven by hyperglycemia, oxidative stress, mitochon-
drial dysfunction, dyslipidemia, and inflammation. Activation of 
these pathways and subsequent transcriptional changes lead to 
sustained increases in glycolysis, reactive oxygen species (ROS) 
formation, cellular nicotinamide adenine dinucleotide consump-
tion, and deoxyribonucleic acid (DNA) methylation alterations 
that induce diabetic neuropathy, ultimately leading to myelin 
destruction, demyelination, axonal conduction abnormalities, 
and impaired neuronal regeneration.[6] The injury of SCs is an 
important factor in the development of DPN, and taking SCs 
as a research target can provide a new idea for the treatment 
of DPN.

1.3. SCs and oxidative stress

Oxidative stress is caused by an imbalance between the produc-
tion of ROS and the antioxidant system. In the state of diabetes, 
hyperglycemia stimulates SCs mitochondria to produce a large 
number of ROS, resulting in mitochondrial DNA damage and 
mitochondrial gene mutation, eventually leading to the death 
of SCs and axonal degeneration.[7] Yanzhuo Zhang et al found 
that the expression of microribonucleic acid (miR)-25 decreased 
and the expression of ROS increased in SCs of diabetic mice, 
and the mechanism was related to the reduced ability of miR-
25 to inhibit protein kinase C phosphorylation. miR-25 reduces 
ROS in diabetic peripheral nerves by inhibiting phosphorylation 
of protein kinase C, thereby modulating neurological dysfunc-
tion.[8] Aldose reductase (AR) is highly expressed by SCs in the 
peripheral nervous system. Under hyperglycemic conditions, 
AR activity increases and catalyzes the conversion of glucose 
(GLU) to sorbitol. The increase in sorbitol content leads to the 
depletion of other osmotic hormones, such as inositol and tau-
rine. Taurine acts as an antioxidant, and its decrease leads to 
oxidative and nitrosative stress in SCs. Increased AR activity 
also causes inhibition of glutathione reductase, leading to a 
decrease in reduced glutathione, resulting in excessive produc-
tion of free radicals and increased oxidative stress.[9] SCs also 
express functional thyroid-stimulating hormone (TSH) receptor. 
TSH is an independent risk factor for DPN. Jingwen Fan et al 
found that elevated TSH levels increased ROS production in 
rat SCs (RSC96). The possible mechanism is that the functional 
TSH receptor palmitoylation expressed by SCs enhances the 
oxidative stress induced by high GLU/palmitate (PA) in RSC96 
cells.[10]

1.4. SCs and endoplasmic reticulum (ER) stress (ERS)

SCs must produce abundant myelin proteins through the ER 
to assemble and maintain the myelin structure. ERS impairs 
the synthesis of SCs myelin, and actively myelinated SCs are 
more susceptible to ERS than mature SCs. Lin-12-like suppres-
sor/enhancer deficiency in SCs leads to ERS, while inactivation 

of the pancreatic ER kinase branch also leads to enhanced 
ERS and apoptosis of mature SCs in SCs-specific suppressor/
enhancer-deficient mice.[11] ERS of SCs can be induced by high 
GLU, inflammation and lipotoxicity. Palmitic acid and GLU 
play a synergistic role in inducing ERS-related apoptosis of 
RSC96. RuiLi et al evaluated the expression level of ERS-
related proteins in SCs under high GLU conditions in vitro, 
and cultured SCs in 30 mM high GLU. The expression levels 
of the ERS-related proteins GLU-regulated protein-78, X-box 
binding protein-1 (XBP-1), activating transcription factor-6, 
activating transcription factor-4, and CAAT/enhanced binding 
protein homologous protein (CHOP) were significantly upreg-
ulated after 24 hours. The activity of SCs decreased, and the 
above trends were significantly reversed after treatment, indi-
cating that ERS mediated by high GLU is very important in the 
injury of SCs.[12] After SCs were treated with PA or PA +  GLU 
for 24 hours, the phosphorylation levels of GLU-regulated 
protein-78, XBP-1, CHOP and eukaryotic initiation factor 2α 
increased, most of the cells became small, round and floating, 
and the apoptotic events increased 100% significantly. These 
results suggest that GLU and PA may inhibit SCS proliferation 
and promote SCS apoptosis by inducing ERS in RSC96 cells.[11] 
Keisuke Sato et al found that glycolaldehyde (GA) may induce 
ERS of SCs. When RSC96 were treated with 500 μM GA for 
24 hours, it was observed that GA increased the number of 
early apoptotic cells and late apoptotic cells in a time-depen-
dent manner. At the same time, pancreatic ER kinase, eukary-
otic initiation factor 2α, and ER inositol-requiring enzyme 1α 
were phosphorylated, and the protein and messenger ribonu-
cleic acid levels of CHOP were also increased. These results 
suggest that ERS induced by GA may trigger the apoptosis of 
SCs.[13]

1.5. SCs and inflammatory reaction

SCs are closely related to the inflammatory reaction. Under the 
condition of high GLU, the levels of tumor necrosis factor-α 
(TNF-α), interleukin (IL)-6, IL-1β, nuclear factor-κB (NF-κB) 
and Toll-like receptors in SCs were significantly increased. It 
may lead to axonal degeneration and axon-SCs contact disor-
der. Toll-like receptors and receptors for advanced glycation end 
products (AGE) expressed by SCs can bind to modified low-den-
sity lipoproteins and drive inflammatory responses.[6] ShiqingXu 
et al found that when SCs were treated with different concentra-
tions of AGEs, the oxidative stress level in cells increased after 
AGEs combined with receptors for AGE in SCs, NF-κB was 
activated and secreted various cytokines, thus causing inflam-
matory response and inducing apoptosis of SCs. The key factor 
in the injury of SCs may be the inflammation caused by AGEs.[14] 
NF-κB can also initiate the activation of NOD-like receptor pro-
tein 3 (NLRP3) inflammasome by inducing the expression of 
IL-1β precursor and NLRP3. Yu-Chi Cheng et al found that the 
viability of RSC96 cells cultured in vitro under high GLU condi-
tions was lost, and the expression of NF-κB-P2RX7-TNXIP was 
increased. NLRP3 inflammasome activation, IL-1β and IL-18 
maturation, and ultimately inflammatory programmed cell 
death; NLRP3 inflammasome activation and apoptosis can be 
inhibited by loganin, which has anti-inflammatory and antiox-
idant effects. NLRP3 may be a new target for DPN therapy.[15] 
Interferon-γ is also involved in the damage of SCs. WeiDu et 
al showed that interferon-γ could reduce the proliferation of 
SCs in DPN, and its mechanism was related to the inhibition 
of mammalian target of rapamycin complex (mTORC) 1 sig-
naling pathway, the reduction of Rab11 expression, and the 
further downregulation of GLU transporter 1. Overexpression 
of Rab11 can reverse the decreased cell survival and prolifera-
tion induced by IFN-γ. The mTORC1 signaling pathway may 
mediate the expression of Rab11, a circulating endosome-as-
sociated protein, in IFN-γ-damaged SCs. Therefore, mTORC1/
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Rab11/GLU transporter 1 cascade pathway is an effective way 
to improve the function of SCs and prevent the onset of DPN.[16]

1.6. SCs and impaired neurotrophic support

SCs secrete a variety of neurotrophic factors, which play an 
important role in the interaction of axons and neurons with 
SCs. Insufficient secretion of neurotrophic factors in SCs is a 
very important reason for diabetic neuropathy. Animal exper-
iments showed that the expression of brain-derived neuro-
trophic factor (BDNF) in the sciatic nerve of diabetic mice was 
decreased compared with that of non-diabetic mice. Consistent 
with this, hyperglycemia in mouse SCs cultured in vitro also 
downregulated BDNF expression by mechanisms related to 
inhibition of dephosphorylation of the protein kinase B (Akt)/
mTOR pathway, DNA methyltransferase 1 overexpression, and 
DNA hypermethylation of the BDNF promoter[17]; trichostatin 
A can increase BDNF expression to improve DPN by improv-
ing the XBP-1s/ activating transcription factor-6/GRP78 axis in 
SCs.[18] Nerve growth factor (NGF) plays a key role in nerve 
regeneration in the peripheral nervous system. Insufficient secre-
tion of NGF from SCs leads to a decrease in neurite outgrowth 
of dorsal root ganglion neurons. 1,25(OH)2D3 can increase the 
ability of SCs to secrete NGF. In vitro experiments have shown 
that high GLU weakens the 1. 25(OH)2D3 increases the ability 
of SCs to secrete NGF, and the upregulation of the cytochrome 
P450 family member 24A1 gene plays an important role in the 
attenuation of the ability of 1,25(OH)2D3 to increase NGF 
secretion by SCs induced by high GLU.[19] Other studies have 
found that neurin may be a potential new neurotrophic factor 
expressed in SCs, and the downregulation of neurin in SCs can 
reduce the survival rate of SCs. Moreover, exogenous neurin can 
improve the survival rate of diabetic SCs by increasing the level 
of B-cell lymphoma-2 and inhibiting the activity of caspase-3. It 
can also improve the neurite outgrowth of neurons in diabetic 
SCs co-culture. If neuroprotein metabolism is fully understood, 
neuroprotein supplementation can be used for the actual in vivo 
treatment of diabetic neuropathy.[20]

1.7. SCs and dyslipidemia

A high rate of GLU metabolism through the polyol pathway leads 
to dysregulation of lipid metabolism in SCs, and it is not fully 
understood that the accumulation of triglycerides, cholesterol, 
and free fatty acids in the plasma of diabetic patients appears 
to drive lipid-mediated neuropathology through mechanisms of 
oxidative and inflammatory pathways in SCs. The disruption of 
mitochondria in SCs leads to a shift in lipid metabolism from 
fatty acid synthesis to lipid oxidation, causing early depletion 
of the lipid components of myelin and accumulation of acyl-
carnitine lipid intermediates, resulting in axonal degeneration 
and neuropathy.[6] Lipin1 is an enzyme closely related to GLU 
and lipid metabolism. Lipin1 expression was downregulated in 
DPN rats, and hyperglycemia also decreased Lipin1 expression 
in RSC96 cells in vitro. Downregulation of lipin1 expression 
prevents the synthesis of diacylglycerol, which further leads to 
lipid metabolism disorders and enhanced autophagy. Excessive 
autophagy leads to increased apoptosis of SCs and exacerbates 
diabetic neuropathy. Overexpression of lipin1 attenuates auto-
phagy dysfunction and improves DPN. Lipin1 may be a potential 
target for the future treatment of DPN by improving autophagy 
disorders.[21] Plasma levels of deoxysphingolipid, a newly dis-
covered sphingolipid, are higher in high-density lipoprotein 2 in 
diabetic patients with neuropathy compared to patients without 
neuropathy. Deoxysphingolipid specifically stimulated the secre-
tion of matrix metalloproteinase-1 and inhibited the secretion 
of tissue inhibitor of metalloproteinase-1 of SCs, which signifi-
cantly reduced the viability of SCs and induced cytotoxicity.[22] 
Sterol response element binding protein (SREBP)-1 is a key 

transcription factor that regulates lipid metabolism in a variety 
of tissues, and observations in diabetic rats have shown that 
decreased expression of SREBP-1c in SCs is accompanied by 
decreased MNCV. Phosphatidylinositol 3-kinase/Akt signaling 
pathway blockade mediates the downregulation of SREBP-1 
expression by high GLU. Therefore, activating the phosphati-
dylinositol 3-kinase/Akt pathway or overexpressing SREBP-1 in 
SCs may be an effective way to treat DPN by improving lipid 
content.[23]

1.8. SCs and autophagy dysfunction

Autophagy is a dynamic process that maintains cellular homeo-
stasis by recycling damaged organelles and unfolded proteins, 
and is considered as a protective response to maintain normal 
cell growth and function under physiological or pathological 
conditions, especially stress and metabolic disorders.[24,25] High 
GLU is the main feature of DM, which affects the autophagy 
of various types of tissues and cells, such as brain, retina, renal 
tubular cells, podocytes and cardiac myocytes. The inhibition 
of autophagy has also been found in peripheral nerves of dia-
betic models and SCs cultured in high GLU in vitro.[26,27] Zhong 
et al reported that LC3 expression was significantly reduced in 
SRY-box10 positive cells (a marker of SCs) in sciatic nerves of 
diabetic mice compared with non-diabetic mice. The ratio of 
microtubule-associated protein light chain 3 (LC3-II)/LC3-I 
was decreased in the sciatic nerve of diabetic mice compared 
with normal mice. Qu et al also showed that under high GLU 
conditions, autophagosomes in immortalized RSC96 cells 
and primary rat SCs were less than those under control con-
ditions. Wei Du et al found that LC3-II/LC3-I and P62 were 
also significantly reduced in rat RSC96 cells treated with high 
GLU compared to normal GLU treated cells, and that LC3-II/
LC3-I in RSC96 cells treated with high GLU was significantly 
improved by trichostatin A, but had no effect on P62 expres-
sion. Their results suggest that hyperglycemia inhibits LC3-II/
LC3-I in an histone deacetylase 1-Atg3-dependent manner, and 
reduce P62 expression in a histone deacetylase-independent 
manner through the Janus kinase-signal transducer and activa-
tor of transcription proteins signaling pathway in DPN SCs.[28] 
Modern pharmacological studies have shown that Tangbikang 
medicated serum can significantly increase the proliferation of 
SCs, upregulate the expression of yeast Atg6 homolog (Beclin1) 
and LC3II, which are the key molecules of autophagy, promote 
autophagy of RSC cells in high GLU environment, and reduce 
apoptosis.[29] These studies suggest that the prevention of DPN 
by improving autophagy is a promising treatment.

2. Discussion
The pathogenesis of DPN is complex. As the most important 
myelin cells in the peripheral nervous system, SCs can main-
tain the structure and function of neurons, nourish axons, 
and promote survival and growth after injury. As shown in 
Figure 1, SCs are closely related to the pathogenesis of DPN. 
The apoptosis of SCs induced by hyperglycemia is involved in 
the pathogenesis of DPN, including oxidative stress, inflam-
matory response, autophagy dysfunction, ERS and other 
pathological processes. Leung L et al found that apoptosis 
of SCs can increase the expression of TNF-α, and TNF-α, as 
a pro-inflammatory cytokine, plays an important role in the 
production and maintenance of pain,[30] suggesting that apop-
tosis of SCs may participate in the development of DPN by 
upregulating the expression of inflammatory cytokines. Rui Li 
et al found that GFs aggregate can counteract the morpho-
logical changes of sciatic nerve related to diabetic neuropathy, 
including improving the unclear boundary of myelin sheath 
and reducing the loss of nerve fibers, and effectively promote 
the recovery of motor and sensory functions in DPN rats. 
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Inhibiting the apoptosis of SCs is the molecular mechanism of 
the protective effect of GFs aggregators on DPN. It is suggested 
that apoptosis of SCs may be involved in the development of 
DPN by destroying nerve fibers, myelin sheath boundaries, and 
affecting motor and sensory functions.[31] The pathogenesy of 
DPN is still not clear. The study of the pathological process of 
SCs apoptosis under high GLU and the effect of apoptosis on 
DPN can be an important entry point for the study of DPN. 
It has a very positive effect on the pathogenesis of DPN, the 
treatment of clinical drugs, and the research and development 
of targeted drugs.

Author contributions
Conceptualization: Jingjing Li.
Data curation: Jingjing Li, Ruiqian Guan, Limin Pan.
Formal analysis: Jingjing Li.
Funding acquisition: Jingjing Li.
Investigation: Jingjing Li.
Methodology: Jingjing Li.
Project administration: Jingjing Li.
Resources: Jingjing Li.
Software: Jingjing Li.
Supervision: Jingjing Li.
Validation: Jingjing Li.
Visualization: Jingjing Li.
Writing – original draft: Jingjing Li.
Writing – review & editing: Jingjing Li.

References
	 [1]	 Saeedi P, Petersohn I, Salpea P, et al. Global and regional diabetes prev-

alence estimates for 2019 and projections for 2030 and 2045: results 
from the International Diabetes Federation Diabetes Atlas, 9th edition. 
Diabetes Res Clin Pract. 2019;157:107843.

	 [2]	 Javed S, Hayat T, Menon L, et al. Diabetic peripheral neuropa-
thy in people with type 2 diabetes: too little too late. Diabet Med. 
2020;37:573–9.

	 [3]	 Eid SA, El Massry M, Hichor M, et al. Targeting the NADPH oxidase-4 
and liver X receptor pathway preserves Schwann cell integrity in dia-
betic mice. Diabetes. 2020;69:448–64.

	 [4]	 Namgung U. The role of Schwann cell-axon interaction in peripheral 
nerve regeneration. Cells Tissues Organs. 2014;200:6–12.

	 [5]	 Wang Q, Chen FY, Ling ZM, et al. The effect of Schwann cells/Schwann 
cell-like cells on cell therapy for peripheral neuropathy. Front Cell 
Neurosci. 2022;16:836931.

	 [6]	 Gonçalves NP, Vægter CB, Andersen H, et al. Schwann cell interactions 
with axons and microvessels in diabetic neuropathy. Nat Rev Neurol. 
2017;13:135–47.

	 [7]	 Pang L, Lian X, Liu H, et al. Understanding diabetic neuropathy: focus 
on oxidative stress. Oxid Med Cell Longev. 2020;2020:9524635.

	 [8]	 Zhang Y, Song C, Liu J, et al. Inhibition of miR-25 aggravates diabetic 
peripheral neuropathy. Neuroreport. 2018;29:945–53.

	 [9]	 Niimi N, Yako H, Takaku S, et al. Aldose reductase and the polyol 
pathway in Schwann cells: old and new problems. Int J Mol Sci. 
2021;22:1031.

	[10]	 Fan J, Pan Q, Gao Q, et al. TSH combined with TSHR aggravates dia-
betic peripheral neuropathy by promoting oxidative stress and apopto-
sis in Schwann cells. Oxid Med Cell Longev. 2021;2021:2482453.

	[11]	 Yang D, Xie J, Liang XC, et al. The synergistic effect of palmitic 
acid and glucose on inducing endoplasmic reticulum stress-associ-
ated apoptosis in rat Schwann cells. Eur Rev Med Pharmacol Sci. 
2022;26:148–57.

	[12]	 Li R, Wu Y, Zou S, et al. NGF attenuates high glucose-induced ER 
stress, preventing schwann cell apoptosis by activating the PI3K/Akt/
GSK3β and ERK1/2 pathways. Neurochem Res. 2017;42:3005–18.

	[13]	 Sato K, Tatsunami R, Yama K, et al. Glycolaldehyde induces endo-
plasmic reticulum stress and apoptosis in Schwann cells. Toxicol Rep. 
2015;2:1454–62.

	[14]	 Xu S, Bao W, Men X, et al. Interleukin-10 protects Schwann cells 
against advanced glycation end products-induced apoptosis via NF-κB 
suppression. Exp Clin Endocrinol Diabetes. 2020;128:89–96.

	[15]	 Cheng YC, Chu LW, Chen JY, et al. Loganin attenuates high glucose-in-
duced Schwann cells pyroptosis by inhibiting ROS generation and 
NLRP3 inflammasome activation. Cells. 2020;9:1948.

	[16]	 Du W, Zhao S, Gao F, et al. IFN-γ/mTORC1 decreased Rab11 in 
Schwann cells of diabetic peripheral neuropathy, inhibiting cell prolif-
eration via GLUT1 downregulation. J Cell Physiol. 2020;235:5764–76.

	[17]	 Zhang CH, Lv X, Du W, et al. The Akt/mTOR cascade mediates high 
glucose-induced reductions in BDNF via DNMT1 in Schwann cells in 
diabetic peripheral neuropathy. Exp Cell Res. 2019;383:111502.

	[18]	 An J, Zhang X, Jia K, et al. Trichostatin A increases BDNF protein expres-
sion by improving XBP-1s/ATF6/GRP78 axis in Schwann cells of dia-
betic peripheral neuropathy. Biomed Pharmacother. 2021;133:111062.

	[19]	 Zhou YK, Liang Z, Guo Y, et al. High glucose upregulates CYP24A1 
expression which attenuates the ability of 1,25(OH)2D3 to increase 
NGF secretion in a rat Schwann cell line RSC96. Mol Cell Endocrinol. 
2015;404:75–81.

	[20]	 Xi C, Zhang Y, Yan M, et al. Exogenous neuritin treatment improves 
survivability and functions of Schwann cells with improved out-
growth of neurons in rat diabetic neuropathy. J Cell Mol Med. 
2020;24:10166–76.

	[21]	 Wang M, Xie M, Yu S, et al. Lipin1 alleviates autophagy disorder 
in sciatic nerve and improves diabetic peripheral neuropathy. Mol 
Neurobiol. 2021;58:6049–61.

	[22]	 Semler A, Hammad S, Lopes-Virella MF, et al. Deoxysphingolipids 
upregulate MMP-1, downregulate TIMP-1, and induce cytotoxicity in 
human Schwann cells. Neuromolecular Med. 2022;24:352–62.

	[23]	 Zhu L, Du W, Liu Y, et al. Prolonged high-glucose exposure decreased 
SREBP-1/FASN/ACC in Schwann cells of diabetic mice via blocking 
PI3K/Akt pathway. J Cell Biochem. 2019;120:5777–89.

Figure 1.  Diagram of the role of Schwan cells in DPN. DPN = diabetic peripheral neuropathy.



5

Li et al.  •  Medicine (2023) 102:1� www.md-journal.com

	[24]	 Yerra VG, Gundu C, Bachewal P, et al. Autophagy: The missing link in 
diabetic neuropathy? Med Hypotheses. 2016;86:120–8.

	[25]	 Bai Y, Liu C, Fu L, et al. Mangiferin enhances endochondral ossifica-
tion-based bone repair in massive bone defect by inducing autophagy 
through activating AMP-activated protein kinase signaling pathway. 
FASEB J. 2018;32:4573–84.

	[26]	 Candeias E, Sebastião I, Cardoso S, et al. Brain GLP-1/IGF-1 signaling 
and autophagy mediate exendin-4 protection against apoptosis in type 
2 diabetic rats. Mol Neurobiol. 2018;55:4030–50.

	[27]	 Dehdashtian E, Mehrzadi S, Yousefi B, et al. Diabetic retinopathy patho-
genesis and the ameliorating effects of melatonin; involvement of auto-
phagy, inflammation and oxidative stress. Life Sci. 2018;193:20–33.

	[28]	 Du W, Wang N, Li F, et al. STAT3 phosphorylation mediates high 
glucose-impaired cell autophagy in an HDAC1-dependent and -inde-
pendent manner in Schwann cells of diabetic peripheral neuropathy. 
FASEB J. 2019;33:8008–21.

	[29]	 Xiaohong M, Liu T, Sun W, et al. Effect of Tangbikang on autopha-
gy-related proteins of Schwann cells cultured in high glucose. Chin J 
Exp Prescr. 2018;24:90–4.

	[30]	 Leung L, Cahill CM. TNF-alpha and neuropathic pain--a review. J 
Neuroinflammation. 2010;7:27.

	[31]	 Li R, Ma J, Wu Y, et al. Dual Delivery of NGF and bFGF coacervater 
ameliorates diabetic peripheral neuropathy via inhibiting Schwann cells 
apoptosis. Int J Biol Sci. 2017;13:640–51.


