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ABSTRACT

Background: Tauopathies are a class of neurodegenerative illnesses associated with the aberrant
accumulation of the tau protein in the brain. The best known out of these diseases is Alzheimer’s disease,
a disorder where the microtubule associated tau protein becomes hyperphosphorylated (which lowers
its binding affinity to microtubules) and accumulates inside neurons in the form of tangles. In this study,
we attempt to find out whether brain ischemia may play an important role in tau protein gene alterations.
Methods: We have investigated the relationship between hippocampal ischemia and Alzheimer’s disease
by means of a transient 10-min global brain ischemia in rats and determining the effect on Alzheimer’s
disease tau protein gene expression during 2, 7 and 30 days post injury.
Results: We found the significant overexpression of tau protein gene on the 2nd day, but on day’s 7 and 30
post-ischemia there a significant opposite tendency was observed.
Conclusion: The obtained results offer a novel insight into tau protein gene in regulating delayed neuronal
death in the ischemic hippocampus. Finally, these findings further elucidate the long-term impact of
brain ischemia on Alzheimer’s disease development.

© 2018 Institute of Pharmacology, Polish Academy of Sciences. Published by Elsevier B.V. All rights

reserved.

Introduction

Alzheimer’s disease [10,11]. The aberrant phosphorylation of
tau protein inhibits microtubule stability and development,

The incidence of dementia increases dramatically as a result
of transient brain ischemia in humans and animals [1-8]. There
is strong evidence that brain ischemia increases the risk of both
ischemic dementia with Alzheimer’'s phenotype and Alz-
heimer’s disease dementia [9]. In fact, the Alzheimer’s patho-
logical changes start in hippocampus [10,11] as well as in post-
ischemic brain injury dementia [4,6,12,13]. Both, amyloid plaque
and neurofibrillary tangles are mainly restricted to hippocam-
pus, the most pronounced brain structure impacted by
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axonal transport and finally compromise cognitive function [14].
In all neurodegenerative diseases, in which tau protein is
implicated, it is in a hyperphosphorylated form, which is
responsible for its aggregation, leading eventually to neuronal
dysfunction and death [15-17].

The reasons for ischemic dementia with Alzheimer’s phenotype
and Alzheimer’s disease dementia have not been clearly identified,
but one possible contributor, from several different factors, is the
tau protein aberrant phosphorylation response to ischemic brain
injury, which compromises microtubule function and develop-
ment [18], an effect known to lead to apoptosis [17] and
contributing significantly to subsequent neurodegeneration in
both ischemia [19,20] and Alzheimer’s disease [21,22]. Circulating
elevated levels of tau protein are associated with Alzheimer’s
disease neuropathology [23] and ischemic brain injury in humans
[24,25]. Additionally, tau protein, elevated in the extracellular
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space, predicted adverse clinical outcome following experimental
brain injury [26]. Phosphorylated tau protein has been shown to
accumulate inside neurons in brain areas of specific vulnerability
like hippocampus after ischemic damage [19,20,27-29] or in
Alzheimer’s disease [10,14,15]. Tau protein is strong pro-death
protein both in ischemic brain injury and Alzheimer’s disease and
it is likely to contribute to the death of neurons by apoptosis in
which it is aggregated after phosphorylation [15,19,20,29]. This
was associated with the increased activity of the tau protein
phosphorylating enzyme Cdk5, and the consequent development
of filaments similar to those present in human tauopathies such as
Alzheimer’s disease [19]. It has been demonstrated that g-amyloid
peptide generation in brain ischemia [30-32] can lead to increased
apoptosis [33] but by induction of high level of tau protein
phosphorylation it can additionally potentiate amyloid neurotox-
icity and finally promote progression of the neurodegenerative
diseases [13,20]. There is a strong support for the ischemia-
reperfusion theory suggesting that the earliest pathological
process in sporadic Alzheimer’s disease may be an ischemic
episodic damage to hippocampus [12,34,35]. Subsequent brain
ischemia generates further production of p-amyloid peptide, a
degradation product of amyloid protein precursor, and induction of
tau protein phosphorylation, neuronal dysfunction, and finally
neuronal death [13,19,20,27,36]. Though, despite the suggested
phosphorylated tau protein role in ischemia-induced apoptotic cell
death, as yet, there is no definitive data or published work
describing the effect of ischemic brain injury on neuronal tau
protein gene expression. This study presents time course of the
expression of tau protein gene by RT-qPCR in CA1 subfield of rat
hippocampus following transient ischemic injury with survival
time 2, 7 and 30 days.

Materials and methods
Animals

Global 10-min brain ischemia was induced in female Wistar rats
(n=49, 2 month old, 160-180 g) by cardiac arrest [37]. The animals
were housed paired in cages in a room with a controlled
temperature of 24 42 °C, humidity of 55 + 5%, and a 12 h light-
dark cycle. They had unlimited access to commercial laboratory
chow pellets and tap water. The experiments were carried out in
the light phase and the animals were treated according to the NIH
Guide for Care and Use of Laboratory Animals and European
Communities Council Directive 142. The Local Ethical Committee
approved all the scheduled experimental procedures. Following
brain ischemia, the animal survival periods were 2 (n=11), 7
(n=18) and 30 (n=20) days. Sham-operated rats (n =49, survival
2 daysn=11,7 days n =18, and 30 days n = 20) underwent the same
experimental procedures as these after global brain ischemia and
served as respective control groups.

Hippocampal samples

Before taking hippocampal samples, a cold 0.9% NaCl was used
for the brain perfusion via the left ventricle in order to flush blood
vessels. Next, the brains were dissected from the skulls and
transferred to an ice chilled Petri dish. The samples taken from
ischemic and control hippocampi with a narrow scalpel (CA1 area
of bilateral hippocampi of circa 1 mm?® volume) were immediately
placed in RNALater solution (Life Technologies, USA) [33,38-40].

Procedures

Isolation of total cellular RNA was brought about according to
the method elaborated by Chomczynski and Sacchi [41]. NanoDrop

2000 spectrophotometer (Thermo Scientific, USA) was used for the
assessment of the RNA quality and quantity [33,38-40]. Subse-
quently, the isolated RNA was stored in 80% ethanol at —20 °C for
further analysis [33,38-40]. One microgram of the total RNA was
reverse transcribed to cDNA using High-Capacity cDNA Reverse
Transcription Kit, according to manufacturer’s instructions (Ap-
plied Biosystems, USA). Synthesis of the cDNA was carried out on
Veriti Dx (Applied Biosystems, USA) under the following con-
ditions: stage I: 25°C, 10 min, stage II: 37°C, 120 min, stage III:
85°C, 5 min, stage IV: 4 °C. The cDNA, obtained by this procedure,
was amplified by real-time gene expression analysis (qPCR) on
7900HT Real-Time Fast System (Applied Biosystems, USA) with
power SYBR-green PCR master mix reagent, with the use of the
manufacturer’s SDS software [38]. Amplification protocol com-
prised the following cycles: initial denaturation: 95 °C, 10 min and
40 cycles, each under two different temperatures: 95 °C, 15 s and
60 °C, 1 min. Monitoring and calculation of the number of copies of
DNA molecules was performed on 7900HT Real-Time Fast System
(Applied Biosystems, USA) in each amplification cycle. The number
of PCR cycles after which the level of fluorescence exceeded the
defined threshold cycle (Cy) relative expression Study Software
(Applied Biosystems, USA) was used in order to calculate the
number of examined DNA molecules present in the mixture at the
onset of reaction. Normalization was achieved against endogenous
control gene (Rpl13a) [42] and relative quantity (RQ) of gene
expression was analyzed based on ACr method and the results
were calculated as RQ = 2 22¢[38,43]. The RQ values were finally
analyzed following their logarithmic conversion into logarithm of
RQ (LogRQ) [38]. LogRQ =0 indicates that gene expressions in the
calibrated and ischemic samples do not differ. LogRQ <0 means
that there is a reduced gene expression in the ischemic sample,
whilst LogRQ > 0 is indicative of an increased gene expression in
the ischemic sample in comparison to the calibrated one.

Statistical analysis

Statistical evaluation of the results was performed by Statistica
software v. 12 with the help of the non-parametric Kruskal-Wallis
test with “z” test — multiple analyzes of differences between
groups. Data were presented as means +SEM. The statistical
significance was accepted at p < 0.05.

Results

The expression of tau protein gene was elevated to a maximum
of 3.297-fold change at 2nd day after brain ischemia but the mean
expression level was 1.297 + 0.369. At 7 days after ischemic brain
injury, a maximum expression was 0.235 and a minimum —0.492
fold change. The mean expression level was —0.087 + 0.053. When
evaluated at thirty days after brain ischemia, tau protein gene
expression was reduced to a minimum of —0.351 and the mean
expression level was —0.193 + 0.022. Fig. 1 shows alterations in the
mean expression levels of tau protein gene, statistical significance,
following 10-min brain ischemia in rats, being observed between 2
and 7 as well as between 2 and 30 days.

Discussion

The assumed hypothesis of this study was focused on
identifying the responsiveness of the tau protein gene in CAl
area of hippocampus to brain ischemia. It has been revealed that
hippocampal ischemia significantly up-regulates tau protein gene
2 days after injury which is in accordance with the increase in both
total tau protein level in human serum [24,25] and extracellular
space of injured brain after global brain ischemia [26] as well as
with tau protein phosphorylation levels in animal ischemic brain
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Fig 1. The mean expression level of tau protein gene in the hippocampal CA1 areain
rats 2 (n=11), 7 (n=18), and 30 (n=20) days after 10-min global brain ischemia.
Marked SEM-standard error of the mean. Indicated statistically significant
differences in levels of gene expression between 2 and 7 (z=3.253, p=0.0034)
and between 2 and 30 days (z=4.862, p=0.00003) after 10-min brain ischemia
(Kruskal-Wallis test). *p < 0.01, **p < 0.001.

[19]. The early overexpression of the tau protein gene was
accompanied by late downregulation of this gene during 7-
30days. It has been documented that tau protein gene is
significantly upregulated 2 days post-ischemia when delayed
neuronal death is induced [12,13,35]. At that time, tau protein
gene overexpression appears to be a critical trigger for the
hippocampal CA1 subfield neuronal death being completed on 7-
30days after ischemia [12,13,35].

The observations from this study have clearly illustrated that
ischemic hippocampus indeed has an influence on the tau protein
gene induction, reflected in its huge overexpression, beginning
within a stage-specific neuronal CA1 death window (2 days after
ischemia) and then followed by downregulation when neuronal
death is completed (7-30 days after ischemia) [12,13,35]. As already
mentioned, the overexpression of the tau protein gene was
associated with early histological signs of acute neuronal death in
the CA1 hippocampal area within 2 days after ischemia [13,35].
Within this particular time, the substrate for p-amyloid peptide,
amyloid protein precursor, was downregulated [38], being to some
extent delayed for 7 days, and this is in accordance with observations
by Magnoni etal.[26]. They have noted that an increase in tau protein
level in extracellular space of the injured brain correlates with the
reduced p-amyloid peptide level, predicting worse clinical outcomes.
It can be also noted that ischemia induces the expression of tau
protein gene during onset of acute neuronal death in the CA1
hippocampal area, this effect being parallel with the apoptotic
caspase 3 gene upregulation involved in neuronal death [44]. The
precise mechanism, by which caspase 3 and tau protein together
execute CA1 hippocampal neuronal death, is not fully understood.
Caspase can use tau protein as a substrate and finally can cut it [45-
48]. The existing data clearly point to a correlation between the
elevated level of activated caspase and increased concentrations of
truncated tau protein and formation of neurofibrillary tangles [21
49]. Also, the cognitive decline was significantly negatively
correlated with the increased caspase activity and tau protein
truncated by caspase 3 [48].

The overexpression of tau protein gene after ischemia
correlated with the same pattern of the total blood tau protein
level in patients after global brain ischemia [24,25] and
extracellular space concentration in experimental brain injury
[26] and finally follows the hyperphosphorylated tau protein level
[19]. The total tau protein mRNA level illustrates that the
upregulation of transcription results in excessive protein transla-
tion and subsequent phosphorylation and the transcriptional
levels are similar in pattern to the protein levels [19,29]. The above
observations are in agreement with tau protein rephosphorylation
level during reperfusion in the hippocampus after global cerebral
ischemia due to four-vessel occlusion model in rats [50] and in the
frontal cerebral cortex after global cerebral ischemia due to cardiac
arrest in beagles [51]. Additionally, hyperphosphorylation of tau
protein in the hippocampus has been reported in response to
reperfusion after transient global brain ischemia due to bilateral
common carotid artery occlusion in Mongolian gerbils [52].
Additional data showed consistent elevated concentrations of
Cdk5 in rats exposed to focal brain ischemia compared to controls
[19]. Hyperphosphorylation of tau protein may alter its degrada-
tion (through the proteasome or autophagy) and its truncation by
proteases [53].

Conclusions

Taken together, the data from this study provide evidence that the
exposure to ischemia causes a significant increase in the hippocam-
pal expression of tau protein gene during neuronal death in the CA1
sector [54]. Noteworthy, this might create a novel insight into tau
protein gene in regulating delayed neuronal death in the ischemic
hippocampus. As a consequence of the above effect, there was
observed an elevated concentration of tau protein in blood and
extracellular space of brain with aberrant phosphorylation [26,29].
These results support the earlier data by Wen et al. [19] who
demonstrated that Cdk5 was involved in neurofibrillary tangle-like
tauopathy induced by transient brain ischemia in female rats.

Conflict of interests

S.J. Czuczwar declares financial support from UCB, GlaxoS-
mithKline, Bayer, Novartis, Sanofi-Aventis, Janssen for lecturing. He
has also received an unrestricted grant from GlaxoSmithKline.
Other authors report no conflict of interests.

References

[1] Desmond D.W., Moroney JT, Sano M, Stern Y. Incidence of dementia after
ischemic stroke: results of a longitudinal study. Stroke 2002;33:2254-60.

[2] Leys D, Henon H, Mackowiak-Cordoliani MA, Pasquier F. Poststroke dementia.
Lancet Neurol 2005;4:752-9.

[3] Barra de la Tremblaye P, Plamondon H. Impaired conditioned emotional
response and object recognition are concomitant to neuronal damage in the
amygdale and perirhinal cortex in middle-aged ischemic rats. Behav Brain Res
2011;219:227-33.

[4] Kiryk A, Pluta R, Figiel I, Mikosz M, Utamek M, Niewiadomska G, et al. Transient
brain ischemia due to cardiac arrest causes irreversible long-lasting cognitive
injury. Behav Brain Res 2011;219:1-7.

[5] Li J, Wang Y], Zhang M, Fang CQ, Zhou HD. Cerebral ischemia aggravates
cognitive impairment in a rat model of Alzheimer's disease. Life Sci
2011;89:86-92.

[6] Gemmell E, Bosomworth H, Allan L, Hall R, Khundakar A, Oakley AE, et al.
Hippocampal neuronal atrophy and cognitive function in delayed poststroke
and aging-related dementias. Stroke 2012;43:808-14.

[7] Cohan CH, Neumann JT, Dave KR, Alekseyenko A, Binkert M, Stransky K, et al.
Effect of cardiac arrest on cognitive impairment and hippocampal plasticity in
middle-aged rats. PLoS One 2015;10:e0124918.

[8] Portegies ML, Wolters F], Hofman A, Ikram MK, Koudstaal PJ, Ikram MA.
Prestroke vascular pathology and the risk of recurrent stroke and poststroke
dementia. Stroke 2016;47:2119-22.

[9] Kudo T, Imaizumi K, Tanimukai H, Katayama T, Sato N, Nakamura Y, et al. Are
cerebrovascular factors involved in Alzheimer’s disease? Neurobiol Aging
2000;21:215-24.



884 R. Pluta et al./ Pharmacological Reports 70 (2018) 881-884

[10] Delacourte A, Sergeant N, Wattez A, Maurage CA, Lebert F, Pasquier F, et al. Tau
aggregation in the hippocampal formation: an ageing or a pathological
process. Exp Gerontol 2002;37:1291-6.

[11] German DC, Eisch A]. Mouse models of Alzheimer's disease: insight into
treatment. Rev Neurosci 2004;15:353-69.

[12] Pluta R. Resuscitation of the rabbit brain after acute complete ischemia lasting
up to 1 h. Pathophysiological and pathomorphological observations.
Resuscitation 1987;15:267-87.

[13] Pluta R, Ulamek M, Jabtonski M. Alzheimer’s mechanisms in ischemic brain
degeneration. Anat Rec 2009;292:1863-81.

[14] Gendron TF, Petrucelli L. The role of tau in neurodegeneration. Mol
Neurodegener 2009;4:13.

[15] Dani M, Brooks DJ, Edison P. Tau imaging in neurodegenerative diseases. Eur J
Nucl Med Mol Imaging 2016;43:1139-50.

[16] Bekris LM, Yu CE, Bird TD, Tsuang DW. Genetics of Alzheimer disease. ] Geriatr
Psychiatr Neurol 2010;23:213-27.

[17] Alzheimer’s Association. Alzheimer’s disease facts and figures. Alzheimers
Dement 2015;2015(11):332-84.

[18] Pooler AM, Usardi A, Evans CJ, Philpott KL, Noble W, Hanger DP. Dynamic
association of tau with neuronal membranes is regulated by phosphorylation.
Neurobiol Aging 2012;33:27-38.

[19] Wen Y, Yang SH, Liu R, Perez EJ, Brun-Zinkernagel AM, Koulen P, et al. Cdk5 is
involved in NFT-like tauopathy induced by transient cerebral ischemia in
female rats. Biochim Biophys Acta 2007;1772:473-83.

[20] ZhaoJK, Guan FL, Duan SR, Zhao JW, Sun RH, Zhang LM, et al. Effect of focal mild
hypothermia on expression of MMP-9, TIMP-1, Tau-1 and beta-APP in rats with
cerebral ischaemia/reperfusion injury. Brain Inj 2013;27:1190-8.

[21] Hanger DP, Wray S. Tau cleavage and tau aggregation in neurodegenerative
disease. Biochem Soc Trans 2010;38:1016-20.

[22] Marchesi VT. Alzheimer’s dementia begins as a disease of small blood vessels,
damaged by oxidative-induced inflammation and dysregulated amyloid
metabolism: implications for early detection and therapy. FASEB ] 2011;25:5-
13.

[23] Henriksen K, Byrjalsen I, Christiansen C, Karsdal MA. Relationship between
serum levels of tau fragments and clinical progression of Alzheimer's disease. ]
Alzheimers Dis 2015;43:1331-41.

[24] Mortberg E, Zetterberg H, Nordmark J, Blennow K, Catry C, Decraemer H, et al.
Plasma tau protein in comatose patients after cardiac arrest treated with
therapeutic hypothermia. Acta Anaesthesiol Scand 2011;55:1132-8.

[25] Randall ], Moértberg E, Provuncher GK, Fournier DR, Duffy DC, Rubertsson S,
et al. Tau proteins in serum predict neurological outcome after hypoxic brain
injury from cardiac arrest: results of a pilot study. Resuscitation 2013;84:351-
6.

[26] Magnoni S, Esparza TJ, Conte V, Carbonara M, Carrabba G, Holtzman DM, et al.
Tau elevations in the brain extracellular space correlate with reduced amyloid-
B levels and predict adverse clinical outcomes after severe traumatic brain
injury. Brain 2012;135:1268-80.

[27] Utamek-Koziot M, Pluta R, Bogucka-Kocka A, Januszewski S, Kocki J, Czuczwar
SJ. Brain ischemia with Alzheimer phenotype dysregulates Alzheimer’s
disease-related proteins. Pharmacol Rep 2016;68:582-91.

[28] Utamek-Koziot M, Pluta R, Januszewski S, Kocki ], Bogucka-Kocka A, Czuczwar
SJ. Expression of Alzheimer's disease risk genes in ischemic brain
degeneration. Pharmacol Rep 2016;68:1345-9.

[29] Yang SH, Simpkins JW. Ischemia-reperfusion promotes tau and beta-amyloid
pathology and a progressive cognitive impairment. In: Pluta R, editor.
Ischemia-reperfusion pathways in Alzheimer’s disease. New York: Nova
Science Publishers; 2007 p. 113.

[30] Pluta R, Misicka A, Barcikowska M, Spisacka S, Lipkowski AW, Januszewski S.
Possible reverse transport of B-amyloid peptide across the blood-brain barrier.
Acta Neurochir (Suppl) 2000;76:73-7.

[31] Pluta R. Blood-brain barrier dysfunction and amyloid precursor protein
accumulation in microvascular compartment following ischemia-reperfusion
brain injury with 1-year survival. Acta Neurochir Suppl 2003;86:117-22.

[32] Pluta R, Utamek M, Januszewski S. Micro-blood-brain barrier openings and
cytotoxic fragments of amyloid precursor protein accumulation in white
matter after ischemic brain injury in long-lived rats. Acta Neurochir Suppl
2006;96:267-71.

[33] Utamek-Koziot M, Kocki ], Bogucka-Kocka A, Petniak A, Gil-Kulik P,
Januszewski S, et al. Dysregulation of autophagy, mitophagy, and apoptotic

genes in the medial temporal lobe cortex in an ischemic model of Alzheimer's
disease. ] Alzheimers Dis 2016;54:113-21.

[34] Wisniewski HM, Pluta R, Lossinsky AS, Mossakowski M]. Ultrastructural
studies of cerebral vascular spasm after cardiac arrest-related global cerebral
ischemia in rats. Acta Neuropathol 1995;90:432-40.

[35] Pluta R. The role of apolipoprotein E in the deposition of g-amyloid peptide
during ischemia-reperfusion brain injury. A model of early Alzheimer’s
disease. Ann NY Acad Sci 2000;903:324-34.

[36] Pluta R, Jabtonski M, Utamek-Koziot M, Kocki J, Brzozowska ], Januszewski S,
et al. Sporadic Alzheimer's disease begins as episodes of brain ischemia and
ischemically dysregulated Alzheimer's disease genes. Mol Neurobiol
2013;48:500-15.

[37] Pluta R, Lossinsky AS, Mossakowski M], Faso L, Wisniewski HM. Reassessment
of a new model of complete cerebral ischemia in rats Method of induction of
clinical death, pathophysiology and cerebrovascular pathology. Acta
Neuropathol 1991;83:1-11.

[38] Kocki ], Utamek-Koziot M, Bogucka-Kocka A, Januszewski S, Jabtoniski M, Gil-
Kulik P, et al. Dysregulation of amyloid-p protein precursor, p-secretase,
presenilin 1 and 2 genes in the rat selectively vulnerable CA1 subfield of
hippocampus following transient global brain ischemia. ] Alzheimers Dis
2015;47:1047-56.

[39] Pluta R, Kocki ], Utamek-Koziot M, Bogucka-Kocka A, Gil-Kulik P, Januszewski S,
et al. Alzheimer-associated presenilin 2 gene is dysregulated in rat medial
temporal lobe cortex after complete brain ischemia due to cardiac arrest.
Pharmacol Rep 2016;68:155-61.

[40] Pluta R, Kocki ], Utamek-Koziot M, Petniak A, Gil-Kulik P, Januszewski S, et al.
Discrepancy in expression of p-secretase and amyloid-g protein precursor in
Alzheimer-related genes in the rat medial temporal lobe cortex following
transient global brain ischemia. ] Alzheimers Dis 2016;51:1023-31.

[41] Chomczynski P, Sacchi N. Single-step method of RNA isolation by acid
guanidinium thiocyanate-phenol-chloroform extraction. Anal Biochem
1987;162:156-9.

[42] Yao L, Chen X, Tian Y, Lu X, Zhang P, Shi Q, et al. Selection of housekeeping
genes for normalization of RT-PCR in hypoxic neural stem cells of rat in vitro.
Mol Biol Rep 2012;39:569-76.

[43] Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-
time quantitative PCR and the 222 method. Methods 2001;25:402-8.

[44] Utamek-Koziot M, Kocki ], Bogucka-Kocka A, Januszewski S, Bogucki ],
Czuczwar SJ, et al. Autophagy, mitophagy and apoptotic gene changes in the
hippocampal CA1 area in a rat ischemic model of Alzheimer's disease.
Pharmacol Rep 2017;69:1289-94.

[45] Quintanilla RA, Dolan PJ, Jin YN, Johnson GV. Truncated tau and A
(cooperatively impair mitochondria in primary neurons. Neurobiol Aging
2012;33(619):e25-35.

[46] Jarero-Basulto JJ, Luna-Munoz ], Mena R, Kristofikova Z, Ripova D, Perry G, et al.
Proteolytic cleavage of polymeric tau protein by caspase-3: implications for
Alzheimer’s disease. ] Neuropathol Exp Neurol 2013;72:1145-61.

[47] Mcllwain DR, Berger T, Mak TW. Caspase functions in cell death and disease.
Cold Spring Harb Perspect Biol 2013;5:a008656.

[48] Means JC, Venkatesan A, Gerdes B, Fan JY, Bjes ES, Price JL. Drosophila spaghetti
and double time link the circadian clock and light to caspases, apoptosis and
tauopathy. PLoS Genet 2015;7:e1005171.

[49] De Calignon A, Fox LM, Pitstick R, Carlson GA, Bacskai B], Spires-Jones TL, et al.
Caspase activation precedes and leads to tangles. Nature 2010;464:1201-4.

[50] Shackelford DA, Yeh RY. Dephosphorylation of tau during transient forebrain
ischemia in the rat. Mol Chem Neuropathol 1998;34:103-20.

[51] Mailliot C, Podevin-Dimster V, Rosenthal RE, Sergeant N, Delacourte A, Fiskum
G, et al. Rapid tau protein dephosphorylation and differential
rephosphorylation during cardiac arrest-induced cerebral ischemia and
reperfusion. ] Cereb Blood Flow Metab 2000;20:543-9.

[52] Morioka M, Kawano T, Yano S, Kai Y, Tsuiki H, Yoshinaga Y, et al
Hyperphosphorylation at serine 199/202 of tau factor in the gerbil
hippocampus after transient forebrain ischemia. Biochem Biophys Res
Commun 2006;347:273-8.

[53] Igbal K, Liu F, Gong CX, Grundke-Igbal I. Tau in Alzheimer disease and related
tauopathies. Curr Alzheimer Res 2010;7:656-64.

[54] Pluta R, Utamek-Koziot M, Januszewski S, Czuczwar S]. Dysregulation of
Alzheimer's disease-related genes and proteins following cardiac arrest. Folia
Neuropathol 2017;55:283-8.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




