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Table 1 The change of microcirculation in AD
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Fig. 1 Formaldehyde triggers abnormal modification of amyloid 3 and Tau protein
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Fig. 2 Ribosylation inducing cognitive impairment
through RAGE-dependent astrocytic inflammation
and dysfunction of microcirculation
B2 #HEEELET RAGE KR 2R
YRR R AEFI B IR FERT I AN FIR 15
S TG BTAR LA /N U N AGE AR FH i S5 B 5 51 AGE 3%
G, 550 RAGE HHY) NF-kB R0, B ) 40 0 S0 oG
MR AR, DR 2R 4% 5T 5 A T B B ),

4 NESRE

SN RIS O R AR, 82 il
Jiso B PRI P ol LA 0 > A oL 950 3 i 2>
E IR TN PENA L, R YA e 2
IR, PR REAR RS, ik Ay R Al A
AU R R, SRR R, Bk
P 0 7RE, ISt B, B
BRAGET. FHRE . BB n] i A4 Tau B I EwE
PR AR VERFEDTRR,  LARN RN 405 S AL i) /K
DCHEBRI HREARTO™. P BL, A R0 B & B
[N 3 RN 7/ e o C RN A G SRV G R
Bz —. PR, WA BOK . 8
S S G W A AN 7 ST EZ N AWk 7/ TR A

2, B ASGE AR D fE.

BUs R E RS A BT SRR R T TS
PESE TR SO RE P 28 T IR ).

2 % X W

[1] Brown W R, Thore C R. Review: cerebral microvascular pathology
in ageing and neurodegeneration. Neuropathol Appl Neurobiol,
2010, 37(1): 56-74

[2] Craggs L J, Yamamoto Y, Deramecourt V, et al. Microvascular
pathology and morphometrics of sporadic and hereditary small
vessel diseases of the brain. Brain Pathol, 2014, 24(5): 495-509

[3] Thal D R, Attems J, Ewers M. Spreading of amyloid, tau, and
microvascular pathology in Alzheimer's disease: findings from
neuropathological and neuroimaging studies. J Alzheimers Dis,
2014, 42(Suppl 4): S421-429

[4] Kalaria R N. Neurodegenerative disease: Diabetes, microvascular
pathology and Alzheimer disease. Nat Rev Neurol, 2009, 5 (6):
305-306

[5] LuJ, Li T, He R, et al. Visualizing the microtubule-associated
protein tau in the nucleus. Sci China Life Sci, 2014, 57(4): 422-431

[6] Farkas E, Luiten P G. Cerebral microvascular pathology in aging
and Alzheimer's disease. Prog Neurobiol, 2001, 64(6): 575-611

[7] Cullen K M, Kocsi Z, Stone J. Microvascular pathology in the aging
human brain: evidence that senile plaques are sites of
microhaemorrhages. Neurobiol Aging, 2006, 27(12): 1786-1796

[8] Vriens E M, Kraaier V, Musbach M, et al. Transcranial pulsed
Doppler measurements of blood velocity in the middle cerebral
artery: reference values at rest and during hyperventilation in
healthy volunteers in relation to age and sex. Ultrasound Med Biol,
1989, 15(1): 1-8

[9] Brouwers P J, Vriens E M, Musbach M, e¢ al. Transcranial pulsed
Doppler measurements of blood flow velocity in the middle
cerebral artery: reference values at rest and during hyperventilation
in healthy children and adolescents in relation to age and sex.
Ultrasound Med Biol, 1990, 16(1): 1-8

[10] Tachibana H, Meyer J S, Okayasu H, et al. Changing topographic
patterns of human cerebral blood flow with age measured by xenon
CT. AJR Am J Roentgenol, 1984, 142(5): 1027-1034

[11] Chen J, Sun M, Wang X, et al. The herbal compound geniposide
rescues formaldehyde-induced apoptosis in N2a neuroblastoma
cells. Sci China Life Sci, 2014, 57(4): 412-421

[12] Hunter J M, Kwan J, Malek-Ahmadi M, et al. Morphological and
pathological evolution of the brain microcirculation in aging and
Alzheimer's disease. PLoS One, 2012, 7(5): e36893

[13] Perlmutter L S. Microvascular pathology and vascular basement
membrane components in Alzheimer's disease. Mol Neurobiol,
1994, 9(1-3): 33-40

[14] Panza J A. Coronary atherosclerosis: extending to the
microcirculation? European Heart Journal, 2010, 31(8): 905-907

[15] Fiolaki A, Tsamis K I, Milionis H J, et al. Atherosclerosis,



2015; 42 (12) PR, & MEAENRRERFLAELZRPIIER

+ 1081 -

biomarkers of atherosclerosis and Alzheimer's disease. International
Journal of Neuroscience, 2014, 124(1): 1-11

[16] Nobutoki T, Ihara T. Early disruption of neurovascular units and
microcirculatory dysfunction in the spinal cord in spinal muscular
atrophy type 1. Med Hypotheses, 2015, 85(6): 842-845

[17] Nguyen T H, Qiu X, Sun J, et al. Bulk endocytosis at neuronal
synapses. Sci China Life Sci, 2014, 57(4): 378-383

[18] Strobel C, Hunt S, Sullivan R, et al. Emotional regulation of pain:
the role of noradrenaline in the amygdala. Sci China Life Sci, 2014,
57(4): 384-390

[19] Jiang T. Brainnetome and related projects. Sci China Life Sci, 2014,
57(4): 462-466

[20] X <eH, mF BIF, R, 45, JLRUHIX 0 s BAOK ) BER A %
AR 2o i, B S g Rk, 2012, 29(10): 942-944
Zhao J H, Ye Y, Chen H J, et al. Journal of Environment and
Health, 2012, 29(10): 942-944

[21]1 % e, 3R M BRI AR MK 5 2 AE N NS B AKOK T T
L2 2EIR, 2012, 2(3): 43-51
Li T, Qiang M, He R Q. Acta Neuropharmacologica, 2012, 2(3):
43-51

[22] Woodman R, Playford D, Croft K, ez al. Basal production of nitric
oxide is increased in the microcirculation in type 2 diabetes despite
endothelial dysfunction: association with oxidative stress and blood
pressure. Atherosclerosis Supplements, 2003, 4(2): 307-308

[23] Woodman R J, Playford D A, Watts G F. Basal production of nitric
oxide(NO) and non-NO vasodilators in the forearm microcirculation
in type 2 diabetes: Associations with blood pressure and HDL
cholesterol. Diabetes Research and Clinical Practice, 2006, 71 (1):
59-67

[24] Lester-Coll N, Rivera E J, Soscia S J, et al. Intracerebral
streptozotocin model of type 3 diabetes: Relevance to sporadic
Alzheimer's disease. Journal of Alzheimers Disease, 2006, 9 (1):
13-33

[25] Boomsma F, Hut H, Bagghoe U, et al. Semicarbazide-sensitive
amine oxidase (SSAO): from cell to circulation. Med Sci Monit,
2005, 11(4): RA122-126

[26] Obata T. Diabetes and semicarbazide-sensitive amine oxidase
(SSAO) activity: a review. Life Sci, 2006, 79(5): 417-422

[27] Mar Hernandez M, Esteban M, Szabo P, et al. Human plasma
semicarbazide sensitive amine oxidase (SSAO), beta-amyloid
protein and aging. Neurosci Lett, 2005, 384(1-2): 183-187

[28] Somfai G M, Knippel B, Ruzicska E, et al. Soluble semicarbazide-
sensitive amine oxidase (SSAO) activity is related to oxidative
stress and subchronic inflammation in streptozotocin-induced
diabetic rats. Neurochem Int, 2006, 48(8): 746-752

[29] Gubisne-Haberle D, Hill W, Kazachkov M, et al. Protein
cross-linkage  induced by formaldehyde derived from
semicarbazide-sensitive amine oxidase-mediated deamination of
methylamine. J Pharmacol Exp Ther, 2004, 310(3): 1125-1132

[30] Yu P H, Lu L X, Fan H, et al. Involvement of semicarbazide-
sensitive amine oxidase-mediated deamination in lipopolysaccharide-
induced pulmonary inflammation. Am J Pathol, 2006, 168 (3):

718-726

[31] Boor P J, Trent M B, Lyles G A, et al. Methylamine metabolism to
formaldehyde by vascular semicarbazide-sensitive amine oxidase.
Toxicology, 1992, 73(3): 251-258

[32] Yu P H, Zuo D M. Formaldehyde produced endogenously via
deamination of methylamine. A potential risk factor for initiation of
endothelial injury. Atherosclerosis, 1996, 120(1-2): 189-197

[33] Yu P H, Deng Y L. Endogenous formaldehyde as a potential factor
of vulnerability of atherosclerosis: involvement of semicarbazide-
sensitive amine  oxidase-mediated turnover.
Atherosclerosis, 1998, 140(2): 357-363

[34] Su T, Monte W C, Hu X, et . Formaldehyde as a trigger for

protein aggregation and potential target for mitigation of

methylamine

age-related, progressive cognitive impairment. Curr Top Med
Chem, 2015, 16(5): 472-484

[35] Tong Z, Han C, Luo W, et al. Accumulated hippocampal
formaldehyde induces age-dependent memory decline. Age
(Dordr), 2012, 35(3): 583-596

[36] 75 V&, R R A& 85, A RZIRUB) R IR RN
405, S S E YRR RS, 2015, 42(3): 211-219
Su T, Song D, Li T, et al. Prog Biochem Biophys, 2015, 42 (3):
211-219

[37] Nie C L, Wang X S, Liu Y, et ol. Amyloid-like aggregates of
neuronal tau induced by formaldehyde promote apoptosis of
neuronal cells. BMC Neurosci, 2007, 8: 9 (DOI: 10.1186/1471-
2202-8-9)

[38] Nie C L, Wei Y, Chen X, et al. Formaldehyde at low concentration
induces protein tau into globular amyloid-like aggregates in vitro
and in vivo. PLOS One, 2007, 2(7): €629

[39] Lu J, Miao J, Su T, et a. Formaldehyde induces
hyperphosphorylation and polymerization of Tau protein both in
vitro and in vive. Biochim Biophys Acta, 2013, 1830 (8): 4102-
4116

[40] B, i, 0 ZROIRRIN R Tau & A BRI RERAL. R
Wit 5 A Rt i, 2012, 39(8): 778-784
Wei Y, Miao J Y, Liu Y. Prog Biochem Biophys, 2012, 39 (8):
778-784

[41] Yang M, Lu J, Miao J, et al. Alzheimer's disease and methanol
toxicity (part 1): chronic methanol feeding led to memory
impairments and tau hyperphosphorylation in mice. J Alzheimers
Dis, 2014, 41(4): 1117-1129

[42] Yang M, Miao J, Rizak J, et al. Alzheimer's disease and methanol
toxicity (part 2): lessons from four rhesus macaques (Macaca
mulatta) chronically fed methanol. J Alzheimers Dis, 2014, 41(4):
1131-1147

[43] Tong Z, Han C, Luo W, et al. Aging-associated excess formaldehyde
leads to spatial memory deficits. Sci Rep, 2013, 3: 1807 (DOI: 10.
1038/srep01807)

[44] Yu J, Su T, Zhou T, et al. Uric formaldehyde levels are negatively
correlated with cognitive abilities in healthy older adults. Neurosci
Bull, 2014, 30(2): 172-184

[45] Tong Z, Zhang J, Luo W, et ol. Urine formaldehyde level is



+ 1082 - SN FESE IR THR

Prog. Biochem. Biophys. 2015; 42 (12)

inversely correlated to mini mental state examination scores in
senile dementia. Neurobiol Aging, 2009, 32(1): 31-41

[46] 7 W&, BE HO, BRORTT. SO 2, 4- AEIE IR MR I 2 v IR F
., AWt 5 A i ik g, 2011, 38(12): 1171-1177
Su T, Wei Y, He R Q. Prog Biochem Biophys, 2011, 38 (12):
1171-1177

[47] Bonnardel-Phu E, Wautier J L, Schmidt a M, e «l. Acute
modulation of albumin microvascular leakage by advanced
glycation end products in microcirculation of diabetic rats in vivo.
Diabetes, 1999, 48(10): 2052-2058

[48] Jaap a J, Tooke J E. Pathophysiology of microvascular disease in
non-insulin-dependent diabetes. Clin Sci (Lond), 1995, 89(1): 3-12

[49] Krentz a J, Clough G, Byrne C D. Interactions between
microvascular and  macrovascular  disease in  diabetes:
pathophysiology and therapeutic implications. Diabetes Obes
Metab, 2007, 9(6): 781-791

[50] Wei Y, Han C S, Zhou J, et al. D-ribose in glycation and protein
aggregation. Biochim Biophys Acta, 2012, 1820(4): 488-494

[51] Wei Y, Han C, Wang Y, et al. Ribosylation triggering Alzheimer's
disease-like Tau hyperphosphorylation via activation of CaMKII.
Aging Cell, 2015, 14(5): 754-763

[52] Peppa M, Uribarri J, Vlassara H. The role of advanced glycation
end products in the development of atherosclerosis. Curr Diab Rep,
2004, 4(1): 31-36

[53] Stirban A, Negrean M, Stratmann B, e: al. Benfotiamine prevents
macro- and microvascular endothelial dysfunction and oxidative
stress following a meal rich in advanced glycation end products in
individuals with type 2 diabetes. Diabetes Care, 2006, 29 (9):
2064-2071

[54] Singh R, Barden A, Mori T, et al. Advanced glycation
end-products: a review. Diabetologia, 2001, 44(2): 129-146

[55] Goh S Y, Cooper M E. Clinical review: The role of advanced
glycation end products in progression and complications of
diabetes. J Clin Endocrinol Metab, 2008, 93(4): 1143-1152

[56] Cai W, Ramdas M, Zhu L, et al. Oral advanced glycation
endproducts (AGEs) promote insulin resistance and diabetes by
depleting the antioxidant defenses AGE receptor-1 and sirtuin 1.
Proc Natl Acad Sci USA, 2012, 109(39): 15888-15893

[57] Chen L, Wei Y, Wang X, et al. D-Ribosylated Tau forms globular
aggregates with high cytotoxicity. Cell Mol Life Sci, 2009, 66(15):
2559-2571

[58] Chen L, Wei Y, Wang X, et al. Ribosylation rapidly induces

alpha-synuclein to form highly cytotoxic molten globules of
advanced glycation end products. PLoS One, 2010, 5(2): €9052

[59] Wei Y, Chen L, Chen J, et «l. Rapid glycation with D-ribose
induces globular amyloid-like aggregations of BSA with high
cytotoxicity to SH-SY5Y cells. BMC Cell Biol, 2009, 10: 10(DOI:
10. 1186/1471-2121-10-10)

[60] Su T, He R. D-ribose, an overlooked player in type 2 diabetes
mellitus?. Sci China Life Sci, 2014, 57(3): 361

[61] 75 V&, ¢ 58, BROE, 55, 2 BUBE DR R PRI IR B
FIEH. A2 5 B, 2013, 40(9): 816-825
Su T, Xin L, He Y G, et al. Prog Biochem Biophys, 2013, 40(9):
816-825

[62] Sousa M M, Yan S D, Stern D, ez al. Interaction of the receptor for
advanced glycation end products (RAGE) with transthyretin
triggers nuclear transcription factor kB (NF-kB) activation. Lab
Invest, 2000, 80(7): 1101-1110

[63] Tobon-Velasco J C, Cuevas E, Torres-Ramos M A. Receptor for
AGEs (RAGE) as mediator of NF-kB pathway activation in
neuroinflammation and oxidative stress. CNS Neurol Disord Drug
Targets, 2014, 13(9): 1615-1626

[64] Han C, Lu Y, Wei Y, et al. D-ribose induces cellular protein
glycation and impairs mouse spatial cognition. PLoS One, 2011,
6(9): 24623

[65] Han C, Lu Y, Wei Y, et al. D-ribosylation induces cognitive
impairment through RAGE-dependent astrocytic inflammation.
Cell Death Dis, 2014, 5: €1117

[66] Kong a P, Chan J C. Hypoglycemia and comorbidities in type 2
diabetes. Curr Diab Rep, 2015, 15(10): 646-652

[67] Mizutani K, lkeda K, Tsuda K, et . Inhibitor for advanced
glycation end products formation attenuates hypertension and
oxidative damage in genetic hypertensive rats. J Hypertens, 2002,
20(8): 1607-1614

[68] Mcnulty M, Mahmud A, Feely J. Advanced glycation end-products
and arterial stiffness in hypertension. Am J Hypertens, 2007, 20(3):
242-247

[69] He R, Lu J, Miao J. Formaldehyde stress. Sci China Life Sci, 2010,
53(12): 1399-1404

[70] Hua Q, He R. Alzheimer's disease - mechanisms, drug targets and
alternative treatments. Curr Top Med Chem, 2016, 16(5): 470-471

[71] Bartlett P F, He R. Introduction to the thematic issue "From brain
function to therapy". Sci China Life Sci, 2014, 57(4): 363-365



2015; 42 (12) MREE, & REARENRRERFREELZRPIMERA - 1083 -

Microcirculation Dysfunction in Age-related Cognitive Impairment”
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Abstract Microcirculation dysfunction is regarded as one of important pathologies of senility, degeneration,
immune disorder and many other diseases. Cerebral circulation insufficiency, energetic dysmetabolism,
hypoxia-ischemia and metabolites accumulation in Alzheimer's disease (AD) have a close relation with
microcirculation dysfunction. Here, we review microcirculation dysfunction playing an important role in
hyperphosphorylation of Tau, AB aggregation and cognitive impairment induced by accumulation of formaldehyde
and D-ribose.
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