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HHcy. b4, 2 T 5 IE DAz i 1K, Bt Hey
FR) 73 fe AU A G T JbE B 7k B- 5 B (cy stathionine  B-
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ASUNF 43 4 5 A U R A i LG 42 &40 i O 12 6 R 7
RAONAE P+ EE, SmiEmMRs Ry S8R
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ADM2)7K P I 25 FRAR, BRI 5 S g 7 41 23 D e 2
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AU B i B A RS ORI R gl T i, 59— T
ADM 2 3% £ W0 g T HIF 205 5 AT INHIF 2068 52
PE, A2 Mg 7 400 ok 22 Bk i 7 R B ACER2 IR 3R, Dk
D77 gl A 28 T A RSRT fi  JE JE  CT; IRE y
FEAR T S B il AMIP RIS 1175 3 G 7 4L 40K (0 Ak F 7
AHCHE R [ 3Ra%, 873 K € 15 I 44t o 2 b 4 5 i %
AN D) Re G5, P 7 ERBAEALIG N, AT I8AR 1A
Je 0 9 A AN Bl K R AR R Ak DA KRR W B BB T UL, e
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U7 4 AR LA P F A A R e e 4 DO,

LR P 5 VR R 7 4 i JR 2 4 e IS e i {4y
&8 H Jx M (unfolded protein response, UPR)V i 4l iy
R SRS B2, AR 240 A Y 3R 9 6 24T
FOMURR (0 Dy e LAE LR D7 AU AH ¢ 1) B A B 43 ih
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WCHSHIF 1o R B 20 e, DRL bt el R g P R R TS 344 o,
Tk i 0 R AR O DR R B S 8 OB LE I RN
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5. HAE R L ZYLH] 2 — 2 (2 2 e RE T
RS S ()42 SE AL B SR R T ER O 1 aff) 22 34 AT in HL 3%
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CL 20 H VH = 5 5 A= W S 1ol 4 A A Qs [ A7 7 B 7
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PLA2IX — 55 3 Jik 346 AL A0 i 1 0 i 1t 285 905 A %
HIBEBEAL 5] IS BT &4k, 7EOXPLsHIsn-2052 V) E &4k g
IR, 7 AT B e T R AILPC 2, R AR A AR Sk

=2

vy (1) 7 2 i 1R I S 3 457 09 L 4 A3 3 e i O R A 0 3 I G 5 ARE AR

Figure 1 Immunometabolism and vascular remodeling—the novel mechanisms for HHcy to promote immune inflammation by damaging cell
membranes and promoting phospholipid metabolism unbalance in vascular cells
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HHLHRIE T MM 44 Fallbp3 5244,
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RN I UIN K, L D G B 4 P A AN AR5 v fi
JiE AR oA, sl 1 hnZm i A IR TR pAAUAL, B
5 o R o R BT, B i R DUAR AT
XTBEAR K&, BE T i HHey 51 2 ) S 2 AR R,
R YR 50 Pk A AP AR A R SEL o I LA 4 i ) B
SRS

1 Sabatine M S, Giugliano R P, Keech A C, et al. Evolocumab and clinical outcomes in patients with cardiovascular disease. N Engl J Med, 2017,

376: 1713-1722

2 Huo Y, LilJ, Qin X, et al. Efficacy of folic acid therapy in primary prevention of stroke among adults with hypertension in China. JAMA, 2015,

313: 1325

3 Zhang Q, Zeng X, Guo J. Effects of homocysteine on murine splenic B lymphocyte proliferation and its signal transduction mechanism.

Cardiovasc Res, 2001, 52: 328-336

4 Zhang Q, Zeng X, Guo J. Oxidant stress mechanism of homocysteine potentiating Con A-induced proliferation in murine splenic T lymphocytes.

Cardiovasc Res, 2002, 53: 1035-1042

5 Zeng X, Dai J, Remick D G, et al. Homocysteine mediated expression and secretion of monocyte chemoattractant protein-1 and interleukin-8 in

human monocytes. Circ Res, 2003, 93: 311-320

6 Liu Z, Luo H, Zhang L, et al. Hyperhomocysteinemia exaggerates adventitial inflammation and angiotensin II-induced abdominal aortic

aneurysm in mice. Circ Res, 2012, 111: 1261-1273

7 Sun W, Pang Y, Liu Z, et al. Macrophage inflammasome mediates hyperhomocysteinemia-aggravated abdominal aortic aneurysm. J Mol Cell

Cardiol, 2015, 81: 96-106

8 Luo Y, Feng J, Xu Q, et al. NSun2 deficiency protects endothelium from inflammation via mRNA methylation of ICAM-1. Circ Res, 2016, 118:

944-956

9 Ahadi S, Zhou W, Schiissler-Fiorenza Rose S M, et al. Personal aging markers and ageotypes revealed by deep longitudinal profiling. Nat Med,

2020, 26: 83-90

10 Hotamisligil G S. Inflammation, metaflammation and immunometabolic disorders. Nature, 2017, 542: 177-185
11 Buck M D, Sowell R T, Kaech S M, et al. Metabolic instruction of immunity. Cell, 2017, 169: 570-586
12 Cheng S. Biofilm and Medicine (in Chinese). 3rd ed. Beijing: Peking University Medical Press, 2013 [F2. AWE- 5 E2CGE =), dbat: dbx

KA A, 2013]

13 DailJ, Li W, Chang L, et al. Role of redox factor-1 in hyperhomocysteinemia-accelerated atherosclerosis. Free Radic Biol Med, 2006, 41: 1566—

745


https://doi.org/10.1056/NEJMoa1615664
https://doi.org/10.1001/jama.2015.2274
https://doi.org/10.1016/S0008-6363(01)00376-5
https://doi.org/10.1016/S0008-6363(01)00541-7
https://doi.org/10.1161/01.RES.0000087642.01082.E4
https://doi.org/10.1161/CIRCRESAHA.112.270520
https://doi.org/10.1016/j.yjmcc.2015.02.005
https://doi.org/10.1016/j.yjmcc.2015.02.005
https://doi.org/10.1161/CIRCRESAHA.115.307674
https://doi.org/10.1038/s41591-019-0719-5
https://doi.org/10.1038/nature21363
https://doi.org/10.1016/j.cell.2017.04.004
https://doi.org/10.1016/j.freeradbiomed.2006.08.020

F IS G B A5 A E - vy () 2R~ i R I ) 4

14

15

17

18

19

20

21

22

23

24

25

26
27

28

29

30

31

32

33

34

35

36

746

1577

Ma K, Lv S, Liu B, et al. CTLA4-IgG ameliorates homocysteine-accelerated atherosclerosis by inhibiting T-cell overactivation in apoE_/_ mice.
Cardiovasc Res, 2013, 97: 349-359

Pang Y,LiY,LvY, et al. Intermedin restores hyperhomocysteinemia-induced macrophage polarization and improves insulin resistance in mice. J
Biol Chem, 2016, 291: 12336-12345

Li J, Zhang Y, Zhang Y, et al. GSNOR modulates hyperhomocysteinemia-induced T cell activation and atherosclerosis by switching Akt S-
nitrosylation to phosphorylation. Redox Biol, 2018, 17: 386-399

Feng J, Li S, Ding Y, et al. Homocysteine activates T cells by enhancing endoplasmic reticulum-mitochondria coupling and increasing
mitochondrial respiration. Protein Cell, 2016, 7: 391-402

Lii S, Deng J, Liu H, et al. PKM2-dependent metabolic reprogramming in CD4" T cells is crucial for hyperhomocysteinemia-accelerated
atherosclerosis. J Mol Med, 2018, 96: 585-600

Lii S L, Dang G H, Deng J C, et al. Shikonin attenuates hyperhomocysteinemia-induced CD4" T cell inflammatory activation and atherosclerosis
in ApoE_/_ mice by metabolic suppression. Acta Pharmacol Sin, 2020, 41: 47-55

Deng J, Lu S, Liu H, et al. Homocysteine activates B cells via regulating PKM2-dependent metabolic reprogramming. J Immunol, 2017, 198:
170-183

Shao F, Miao Y, Zhang Y, et al. B cell-derived anti-beta 2 glycoprotein I antibody contributes to hyperhomocysteinaemia-aggravated abdominal
aortic aneurysm. Cardiovasc Res, 2020, 116: 1897-1909

Zhang S Y, Dong Y Q, Wang P, et al. Adipocyte-derived lysophosphatidylcholine activates adipocyte and adipose tissue macrophage nod-like
receptor protein 3 inflammasomes mediating homocysteine-induced insulin resistance. Ebiomedicine, 2018, 31: 202-216

Lian G, Li X, Zhang L, et al. Macrophage metabolic reprogramming aggravates aortic dissection through the HIF1a-ADAMI17 pathway.
Ebiomedicine, 2019, 49: 291-304

Yang J, Dang G, Lii S, et al. T-cell-derived extracellular vesicles regulate B-cell IgG production via pyruvate kinase muscle isozyme 2. FASEB J,
2019, 33: 12780-12799

Gregor M F, Hotamisligil G S. Thematic review series: Adipocyte Biology. Adipocyte stress: the endoplasmic reticulum and metabolic disease. J
Lipid Res, 2007, 48: 1905-1914

Li Y, Jiang C, Xu G, et al. Homocysteine upregulates resistin production from adipocytes in vivo and in vitro. Diabetes, 2008, 57: 817-827
Jiang C, Zhang H, Zhang W, et al. Homocysteine promotes vascular smooth muscle cell migration by induction of the adipokine resistin. Am J
Physiol Cell Physiol, 2009, 297: C1466-C1476

Li Y, Zhang H, Jiang C, et al. Hyperhomocysteinemia promotes insulin resistance by inducing endoplasmic reticulum stress in adipose tissue. J
Biol Chem, 2013, 288: 9583-9592

Zhang H, Zhang S Y, Jiang C, et al. Intermedin/adrenomedullin 2 polypeptide promotes adipose tissue browning and reduces high-fat diet-
induced obesity and insulin resistance in mice. Int J Obes, 2016, 40: 852-860

Dai X Y, Cai Y, Sun W, et al. Intermedin inhibits macrophage foam-cell formation via tristetraprolin-mediated decay of CD36 mRNA.
Cardiovasc Res, 2014, 101: 297-305

Zhang SY, Lv Y, Zhang H, et al. Adrenomedullin 2 improves early obesity-induced adipose insulin resistance by inhibiting the class I MHC in
adipocytes. Diabetes, 2016, 65: 2342-2355

Lv Y, Zhang S Y, Liang X, et al. Adrenomedullin 2 enhances beiging in white adipose tissue directly in an adipocyte-autonomous manner and
indirectly through activation of M2 macrophages. J Biol Chem, 2016, 291: 23390-23402

Zhang S'Y, Xu M J, Wang X. Adrenomedullin 2/intermedin: a putative drug candidate for treatment of cardiometabolic diseases. Br J Pharmacol,
2018, 175: 1230-1240

Zhang X, Zhang Y, Wang P, et al. Adipocyte hypoxia-inducible factor 2o suppresses atherosclerosis by promoting adipose ceramide catabolism.
Cell Metab, 2019, 30: 937-951.e5

Hu Y R, Chen Y, Liu Y. Role of endoplasmic reticulum stress response in regulation of adipose tissue metabolism. Acta Physiol Sin, 2021, 73:
115-125

Yan Y, Wu X, Wang P, et al. Homocysteine promotes hepatic steatosis by activating the adipocyte lipolysis in a HIF1o-ERO1la-dependent
oxidative stress manner. Redox Biol, 2020, 37: 101742


https://doi.org/10.1093/cvr/cvs330
https://doi.org/10.1074/jbc.M115.702654
https://doi.org/10.1074/jbc.M115.702654
https://doi.org/10.1016/j.redox.2018.04.021
https://doi.org/10.1007/s13238-016-0245-x
https://doi.org/10.1007/s00109-018-1645-6
https://doi.org/10.1038/s41401-019-0308-7
https://doi.org/10.4049/jimmunol.1600613
https://doi.org/10.1093/cvr/cvz288
https://doi.org/10.1016/j.ebiom.2018.04.022
https://doi.org/10.1016/j.ebiom.2019.09.041
https://doi.org/10.1096/fj.201900863R
https://doi.org/10.1194/jlr.R700007-JLR200
https://doi.org/10.1194/jlr.R700007-JLR200
https://doi.org/10.2337/db07-0617
https://doi.org/10.1152/ajpcell.00304.2009
https://doi.org/10.1152/ajpcell.00304.2009
https://doi.org/10.1074/jbc.M112.431627
https://doi.org/10.1074/jbc.M112.431627
https://doi.org/10.1038/ijo.2016.2
https://doi.org/10.1093/cvr/cvt254
https://doi.org/10.2337/db15-1626
https://doi.org/10.1074/jbc.M116.735563
https://doi.org/10.1111/bph.13814
https://doi.org/10.1016/j.cmet.2019.09.016
https://doi.org/10.1016/j.redox.2020.101742

PEBNE: ARl 20224 2% S5

37 Cheng X, Geng F, Pan M, et al. Targeting DGAT1 ameliorates glioblastoma by increasing fat catabolism and oxidative stress. Cell Metab, 2020,
32: 229-242.¢8

38 Zhao M, Liu B Y, Qin S C. Oxidized phospholipids and atherosclerosis. Acta Physiol Sin, 2021, 73: 69-81

39 Miao Y, Zhao Y, Han L, et al. NSun2 regulates aneurysm formation by promoting autotaxin expression and T cell recruitment. Cell Mol Life Sci,
2021, 78: 1709-1727

40 Han L, Miao Y, Zhao Y, et al. The binding of autotaxin to integrins mediates hyperhomocysteinemia-potentiated platelet activation and
thrombosis in mice and humans. Blood Adv, 2022, 6: 46-61

41 Li T, Yu B, Liu Z, et al. Homocysteine directly interacts and activates the angiotensin II type I receptor to aggravate vascular injury. Nat
Commun, 2018, 9: 11

Immunometabolism and vascular remodeling-role of
hyperhomocysteinemia

WANG Xian & FENG Juan

Key Laboratory of Molecular Cardiovascular Science, Ministry of Education, Department of Physiology and Pathophysiology,
School of Basic Medical Sciences, Peking University, Beijing 100191, China

Hyperhomocysteinemia (HHcy), which is caused by genetic defects on methionine metabolism or metabolic defects on trans-
sulfurization pathways, is an independent risk factor for cardiovascular diseases. Immune cells are highly dependent on oxidative
metabolism, and their mitochondrial pathogenic mutation threshold is low; therefore, immune cells are more sensitive to multiple
stresses. Adaptive responses of metabolic remodeling will be induced when immune cells are under stimulation with immunogenic
stimuli. While these responses are overwhelming, abnormally metabolic status will be induced and the immune system will be
reshaped. This process is called “immunometabolism”. In recent years, our group has continuously reported that HHecy induces
metabolic remodeling of T lymphocytes, B lymphocytes, macrophages, adipocytes and platelets with high metabolic rate by causing
cellular hypoxia and metabolic stress. HHcy significantly increases the decomposition of membrane phospholipids into
proinflammatory lysophosphatidylcholine and polyunsaturated fatty acids. HHcy also increases the oxidation or glycosylation
modification of membrane phospholipids, which ultimately accelerates the chronic inflammation in adipose tissues and blood vessels.
On the other hand, these cells can also significantly reduce the above-mentioned pathological changes by increasing mitochondrial §
oxidation or thermogenesis. The membrane phospholipid decomposition inhibitors, AMPK kinase agonists or peroxisome proliferator
activated receptor alpha (PPARe) agonists can significantly alleviate immunometabolism and chronic vascular inflammation.
Therefore, targeting immunometabolism is an important strategy for early prevention and treatment of metabolic cardiovascular
diseases.
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