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Collal) . 1A 545 M alpha 2 %% (collagen type 1
alpha 2 chain gene, Col2al) J Ji VH§ & H
(tenomodulin, Tnmd) ZFHUEFRGEY IR FRIL, HE
MTEAUEAR T . RS Mt ie 5 rh A F 2k
FH 220 {EL g IR 250RT 52 e JUL e 240 P 2 < DR 3R
ik, dEm TR R A . WudE DY IRIE, &
Bl 28 JI% H R BTG HE A BB (AMP-activated
AMPK) /A 3] 2R K B AT L
(early growth responsive gene-1, Egrl) il 5] iz
UUBEANBEL T 3% Sex . Ak KA F-B (transforming
growth factor-B, TGF-p1). Collal, Colla2 FIXUkH
B (biglycan, Bgn) Fik TR, RSO0 R
Ji 26 A s R U AR S e A o AR B 58 TR IE
5%, DM fig i & il A BRI S )55 i BE 7T . Yang
A YT R BRI 244 43 S T SRR . R i D-A%
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it D-AZWE S B0 R 1R AR 1 B AR
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Ha5HE 5. s, a8 E A w2 (matrix
metalloproteinase, MMP-2) 52141 4 )& 25 FH B 4]
il ¥ 2 (tissue inhibitor of metalloproteinase 2,
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SPTE2. 4. 8 K 12 JEIRT ] 5 44 i 25 5 Tk T2DM X
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TDSCs i & W & 4E K A+ (vascularendothelial
growth factor, VEGF) ik T [, Fb 4K miR-
181b-5p B3 A, M0 [y 4 A2 4 SR R 40 &R 2
AHFAF2 (nuclear factor-erythroid 2-related factor 2,
Nif2) /4L R A AH#1 (heme oxygenase-1, HO-1)
P, IR P R 2R A s B R, AT R L
R AR . BEAh, DML REINH] VEGF A
YA R, SRR A A A L. i, DM AL
4 7 J5 VEGF J g it % B4 (thymosin B4, Tp4)
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HERAZBH, XA RESE DM S BUUUER A H &
FEIR (PSR 0

[F]H, DM i B & J4 7% VEGF L i s 4 il
PRl R BOLRIA T iadlis, DM U
JINBROHPAZ O e SRR T F Yes #H R R (yes-
YAP) /5% 5% Bk & WO N T
(transcriptional activator with PDZ-binding motif,
TAZ) FRELRZetr, SR T I RS54 H4UE K
F (connective tissue growth factor, CTGF) 5
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angiogenic inducer 61, CYR61) ik [, X AL
RE TR LS 44k, LB — 2538 4 miR-130a-3p
kA VEGFR1 ik, BEMFZNT VEGF 5%, (8]
FEPRTLIAE AR . Lin s Y WA R B, mbEs
1% TDSCs [X] 2k R A4 1% 1% 428 (reactive oxygen
species, ROS) T #k, % AMPK/MiFL 3h%) & A
HFEZRMEEHE AW 1 (mammalian target of
rapamycin complex 1, mTORC1) i, FELEFE
FH¥-1a (hypoxia-inducible factor 1-alpha, HIF-1a)
BRI, TIEHIERNIER, AieAREs
& VEGF Ji s FIX A& e v oo (hypoxia response
clement, HRE) J¥%1, &M VEGF & WibHAr , Zfif
JUUREE 10048 A B . X R, DM Al ik B AT il A8
A ARG 3835, U AR s A b, 3L
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24 FRAREEHERE

P RGE N SRR NLR IS sl 2 . A
T Bl R R s s, D RS, T A DX sl A AR
SR R A DR EA T WUBERI e . KT, DM FRkE
WU B 2 s e A e, TS e LD RE .
G R Z I, S i 2 2 i 5 2 2 BB B AR
UitemiiR , R Kz shE=HEE IR R,
A UL T 58 2= ARSI UL 2 X
B s XA UM RIS kA, I
U E R . Xuds Y RES 5N E
ot FEh R 2N, R BN e vl 2 5
SIEM A B ST, 2 WU S FE b oy &
SE M A AT SRR S0 G, A B
SRR E RO R SRl . I, MRS
Y SERANEXS T BIR IUBRZE 2 OCH B AR X
KRG RIPEFREHNM AN T, SR RS0
SERNERHERL . AFPRRD, WU RHOAEE & S sk
Z KK (nerve growth factor, NGF) . FiiilitE

associated protein,

fh 2275 3£ I F  (brain-derived neurotrophic factor,
BDNF) SMIZ A1, nl b LI g 2 g 15 57
SCRE, PRBECAE WUIZ Sh P RE A IE A 4% 4,

{HDM 2 FEH A E SR N TRIB TR, s
Wi JULIEE J] L o 2245 36 5 B 3R D BE . Ahmed 55 ' F
GERIL, 75 T2DM K ERUERBE i i a b, T 24
Pitild AR 0, FER @ NGF &85 TR,
BDNF ik MITCH] A5 4k . NGF 3552 B 5200
EE U PN Ay ISR E I = PSS N & [
SCRCRERS, HET T DM A AT 2 15 S UL
iz shiis . Besh, DM SR MENFIRZ, &
FELRSHUBE AL FA R 22 A SR BT iE AR, — T s
2 U R SCRCRE Sy, S — T X 2T s
FEHE, BT YA A A AU ZH 21
AABEE N AN, B A AR A R R AT 2 A
B (calcitonin gene-related peptide, CGRP)
5PYF (substance P, SP) FiZE ikAE N CHE5
g F, TENUE D BA e R m s A nl . S0 20
FSE L N P 1 8 B A ST 4 A P 3 R 1Y)
ifg, X TR RS EXHE Y, HDM
PRI X S 22 R o 1) 3 At /L, DT 32 L
JFIth A6 5E SRR, 5E s 2 D) Re b
3, e 25 ) WL Jie I &1 4 3 A 5 AR {4 JB 3 g
J1 9, PR, DM i I R 2 PR BORE DG 22
Y BRS, BARR R E A R 518 T, RN
JARIRh 29572, HIS5z sl 3Che, U
EVUIEE A2 XU (1) .
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ECM "1 AGEs 5 RAGE 254, FEUARAE S
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e, U AR & L ds s AT DA A
SRR B AU, dERRIMMERRES, A A0 AGEs
5 RAGE %5 &, B AR WURE 2 i 52 N, 2 i 417 11
AGEs 5 I 5 IR sc e R, e e URGE b O o
AN ECM AR Y, A5 442 Sk RGP R B 1%
REAR LRI A 7R b (14 10385 B UBEE S RE K SF-, e AL
i ECM R . BFSEIERT, 4 JE vk I 25 0T d 2
IR R i 5 A v BRI R BRUIML ¥ TNF-o0, IL-1B
Foik, BERETIL-10 33k, B0 IR
KA RAE @, i Smith 4 5 R ERE &N
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Fig.1 Diagram of the pathogenesis of diabetic tendinopathy
E1 DMALRRZHARHLE

DM FAGEsTRR , 5 SAE S W AR, IF5 | A eI 4H 73 % |

AR AE

. MNZRRAE, BZOAADMAERAE &4, AGEs: Mt

A K=Y, RAGE: $RS1E 214 NF-xB: #% K F-xkB; NLRP3: #iFRR4S & 45 Mtk & & 50 & R T & 7 50 Al & PR 11 45 0 kA2 1435
TNF-o: BERIEH F-a; IL-1B: FMNEK-1B; M1: fERBIENEGIM; M2: PLR/ABEREWEANAE; Scx: BREIRE- IR -1 e 4 S K 7
VEGF: M&WNEEKREF; HIF-la: REAFESEF-1a; NGF: #1484 KHEF; CGRP: MG FEEA M.

JE A T TR AT I 238 i U 70 £ar LA A 22 LR A5
A, ﬂﬁﬁﬂ%Jﬁﬁﬁ‘“%ﬁ?f‘“ﬁﬁﬁﬂﬂ?ﬁﬁ%.?
IL-18. TNF-a/KF, FhE$iR T i, 1L-10
KV, IR U R IEFERE . thAh, Iramff st B
SERIL, 507 B R S AR AT AR B L IJH?}'EE,
A5 15 B B Ab TN % (malondialdehyde, MDA)
A FEREAR, TNF-a 2R3k R, SAARI S RAE RN
i, BERIIEERE 14 . [FIAE, Gundogdu
A A e D S S 1 R BB AR A R A B, 8
H% 23 (5 d/J#, 30 min/d) T G 2 R R R
HA D P AL fE T (total antioxidant capacity,
mmm,%ﬁﬁxﬂ¥uA&Tmm%¢,&%
IR A AP N SAE . IR R, 6 HR A
Fus B Al R IE RO, 4ER U ECM AR
165 P HLAR SR A A ] 400 ) LB R S AR 28 PR
ik, B ECMARA; (H i m HLA G A AU RE
R AU A AE K-, B BUE & R4, i
IR JIUBE 94 A ECM AR A . fiidil, 8% AL
R B Pt 2 R AU 2T 48 240 e TL- 1B 03 1 B
FJINEME-2 (cyclooxygenase-2, COX-2)., MMP-1
LIk, R RIEAREY TSR E2 (prostaglandin

E2, PGE2) =, {H 4% /INoii B Bt 00 fak 22 410 1
IR, D WL RS ET A A P9 R E R
IXHRMT, 3 BUHUAHO far 38 400 ) SRR 58 A Sk e WL
JEECM AR, A U 07 8 5 S DM LIRS 22 &
FRGHERE T 107 240, T H R
32 EIHREREERBERRET

JULIE 3= 22y TR It 2 1 1 2 e i A
oo, H A R 32 W IR BE UL BE 3 W
(phosphoinositide3-kinase, PI3K) /& [ ¥ i B
(protein kinase B, Akt) il @ ', #I% PI3K/
Akt 38 F AT HE I TR R S AR R as (R R WU A
B>, DM 5K LI 22 i AL I AT BE 5 PI3KY
Akt 38 5 | A A LA 178 AR A BT R
oK 2038 i iz 2y AT A A R R S B A AR R -1
(msuhn-hke growth factor 1, IGF-1) ik, #Emig
i PISK/AKt I, 42 e LI TR 5 7
Ak, DM 2: [ MMPs 5 TIMPs %3k, 38/ Ui
Sex. Mohawk #£[H (Mkx) A1 Tnmd =4, FHIL
R SR A R, SR U AR = iz
@%%ﬁMMRSHM%%ﬁ,%%M%%%¥
iy, P ECM45H 5068 >, RN, Bahikhe -
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JH Sex. Mkx 1 Tnmd 45 UBERF 5 PEAR S W) 3R 0%
P U A e 1) o1k 5 B B B 1, B Lk JLE
Bk R A

AR Az sh e i e m A
o S GV s A (BN 231 KBS 2 P S e
By ik 5 9 U A0 M RO AR S St 2 FE LA s K
JIRE, AR R R A AL, 4ERENUREAE B
RE AR I LB & o deOliveira 55 'V BFFTIIE
Sz, 3 A A I ZkGE B3 LR DM BRI 1A
TR B 1Y B ek, T T JRE Ji . MIMP-3
MMP-13 4585 [ T R IR A TC oo . Xt A
Az BhRe A R A TR R A R, AR I L
i, e NUBESSH EH I S5 Thig k&, 6 DM
VLI 2 it 2 11 L A1) 2K 8 K i DM 463 43 LR 7 A4
PURHYINZR P L AU fr VR T LR AR,
G 22 34 TG AL B P (mitogen-activated protein
kinase, MAPK) /MISME S 815 4§ (extracellular
signal-regulated kinase, ERK) Al PI3K/Akt 55 Ji¢ J it
B IR SN, A 4 M R R Rk FTECM L9
P UG A2 A A S i U B, BH1E DM
| RES A) FTUIE o B i S 2 3 el A 1o g e T
Yl % (high-intensity interval training, HIIT) J&—
368 3 7 ST [ e i P 3 2 55 IR (R R S R i 7ok
UCE VARG B =0, Hia ol , HIT o] 1M
PR B A2 B AR 1 XB (tenascin XB, TNXB) . ‘B
1 (osteopontin, OPN) Fl TGF-p1 KR % ik,
e 1k SRR IR i B 45 A . HINT i RE 422 w55 JUL
IGF-1Ea $: N33k, R b B B WLAE MCIGE-1, Jf#
I PI3K/AKCIE %, s s 18 S o B g
DL EWFSEUESE, ANy s shigia o Z R L e ik
JUUREE IS Jir 2 1 B, A T ) DMTUREES 22 .
33 EER#EFMEAER LA ME s

I8 AR DG AR R AT G I AE N e 454 5 1)
fig, REENUAELUVE TS5 H WAL . 75 DM
T, MM KT (U1 VEGF) #ikeZ
FHEL, NS A URE R RS, R A
JEIEHEIE | ISz R, S BV Sk AR
AL, B 2] & WU s A8 5% HE 22 52 401 LI A & 3
i Bo 2 B Z RN R] Ty 2 iz 2 1T i R i
FAHRAERKE T, BeE s N g 5206Re,
X TR i A5 7 A= R A5

B0 1 B RERRB WA 52 43 JUREE 5 2o 8 R 1T A
b, RN VEGF B R IRTER 55 1 Rl T+
fJFRESE R, R A3 1 (angiopoietin 1,

Angl) FiEWEETE, i Angl REfEUE IS Fa e
PR, B 2D R U M8 A2 B AR IR TE A, 3k
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Abstract Diabetic tendinopathy is a common and disabling musculoskeletal complication of diabetes, clinically
characterized by tendon thickening, pain, impaired healing capacity and compromised biomechanical
performance, collectively undermining joint function and quality of life. Its pathogenesis is multifactorial. On the
one hand, chronic hyperglycaemia promotes the abnormal accumulation of advanced glycation end products
(AGESs) within tendon collagen, leading to non-enzymatic crosslinking and engagement of the receptor for AGEs
(RAGE), which in turn triggers inflammasome activation and sustains inflammatory responses. On the other hand,
the diabetic milieu disrupts collagen metabolic homeostasis, impairs microvascular function and induces

peripheral neuropathy; together, these alterations drive extracellular matrix degeneration and weaken the
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mechanical properties of tendon. Exercise, as a non-pharmacological intervention, can ameliorate these
pathological changes through multiple integrated mechanisms. First, exercise attenuates tendon inflammation and
restores microenvironmental homeostasis. Regular physical activity reduces AGE-RAGE signalling, thereby
suppressing downstream expression of tumour necrosis factor (TNF) and interleukin-1p (IL-1pB), while
upregulating the anti-inflammatory cytokine interleukin-10 (IL-10). This shift from a pro-inflammatory to a pro-
resolving milieu not only restrains chronic inflammation but may also limit excessive inflammasome activation in
tenocytes and tissue-resident immune cells. Second, exercise enhances local expression of insulin-like growth
factor 1 (IGF-1), thereby activating the phosphoinositide 3-kinase (PI3K) -protein kinase B (Akt) signalling
pathway. This axis stimulates tenocyte proliferation, augments synthesis of type I collagen —— the principal load-
bearing component of tendon —— and thereby promotes tissue repair, preserves tensile strength and supports
matrix synthesis and structural integrity. In addition, exercise improves blood supply and nutrient delivery to
tendon by increasing the expression of vascular endothelial growth factor (VEGF), connective tissue growth
factor (CTGF) and the small leucine-rich proteoglycan decorin (DCN), thereby enhancing capillary growth,
coordinating collagen fibrillogenesis and actively suppressing pathological vascular calcification. Exercise also
increases the expression of angiopoietin-like 4 (ANGPTLA4), fibroblast growth factor 2 (FGF-2) and CD34.
Through the concerted actions of these factors, exercise promotes angiogenesis, restores the microvascular
network and ensures adequate oxygen and nutrient supply to relatively ischaemic tendon tissue. Finally, exercise
elevates levels of brain-derived neurotrophic factor (BDNF) and nerve growth factor (NGF), supporting neuronal
survival, axonal growth and the function of sensory and sympathetic nerve endings within tendon, thereby
exerting neurotrophic and neuromodulatory effects and improving tendon innervation and neuromuscular control.
Moreover, exercise upregulates collapsin response mediator protein 2 (CRMP-2), a molecule involved in axonal
guidance and regeneration, and moderately increases the activity of substance P (SP), thereby helping to regulate
neurogenic inflammation, pain perception and trophic support for tenocytes. Drawing together current evidence,
this review systematically summarizes the mechanisms underlying diabetic tendinopathy and examines the
mechanistic basis of exercise intervention, with the aim of providing a theoretical framework for the development
of precise exercise strategies for affected individuals. However, several key issues remain unresolved: the
therapeutic efficacy and mechanistic specificity of different exercise modalities in diabetic tendinopathy have yet
to be defined, and early diagnostic biomarkers remain insufficiently characterized. Future studies should apply
multi-omics approaches to profile AGE subtypes, miRNA signatures and collagen metabolic products, and should
also clarify the adverse effects and underlying mechanisms of excessive exercise or mechanical overloading in
diabetic tendinopathy. Such efforts will further elucidate the therapeutic effects and mechanisms of exercise in
diabetic tendinopathy and provide a stronger basis for precision exercise prescription and fitness guidance in

patients with diabetes.
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