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Background Methods Results: In Vitro Conclusions and Future Directions
*  Reactive oxygen species (ROS) are Primary Hippocampal Neuron Culture and Analysis NRF2KO neurons have reduced dendritic arborization and decreased : L
free radicals or molecules with an j) . Embr.yonic7hip.pocampal neurons were isolated as previously W * In this study we demonstrate that the antioxidant
unpaired valence electron. They S8 described . Briefly breeding pairs of NRF2KO and C57B16 GG Synaplic SENE EXPression. regulatory transcription factor NRF2 plays an important
are tvpically highly reactive and ~—— — o mice were acquired from Jackson Laboratories and embryos _ . . . o o
shor’zlrl)' edy snly ATONS RADICALS were harvested at 18 days of gestation. Hippocampi were * We found that after three weeks in culture role in modulatlng synaptic plaStICIty and cognitive
-lived. : . g
dissected, gently minced, and trypsinized to generate ” : : : . .
* ROS are critical signaling molecules suspensions of dispersed neurons, which were then plated Isolatec embryonlc NRFZKO hlppocampal neurons performance n agEd mice.
but in excess can cause damage to Physiological conditions onto glass coverslips. \N&ia had reduced dendritic arborization relative to C e " .
cellular macromolecules (i.e. lipids e For Sholl anal f dendriti lexity, 30,000 = AwT * Loss of NRF2 resulted in diminished dendritic compIeX|ty
. 11p ) [ ROS ] [Antiaxidant] or Oll analyses or aendritic complexity, ’ « WT Rietveld. 2015 CU|tU red WT neurons. [ NRF2KO . . . . . .
proteins and DNA) which is known production | (_defences hippocampal neurons were plated on coverslips in 60 mm 0 s NRF2KO 15 and a reduction in synaptic gene expression in isolated
as oxidative stress. A dishes containing glial feeder cells. At 19 days in vitro, 2 : = :
+  As the body ages ROS accumulate coverslips were fixed with paraformaldahyde stained witt ; * NRF2KO neurons also displayed reduced £ | hippocampal neurons.
: : Aging nti- and Goat anti-mouse 1gG1-Cy3. 2 : : s . : : : .
_(F;]/er tlll’pe Catl{Sll’Tg cetIIuIar damage. o [ﬁﬂf}gﬁgggtﬂ + Immunostained neurons were imaged with a Zeiss . ﬂgaae. expression O'.f the synaptic genes % g e A similar reduction in Synapt|c gene expression was also
© CeTlS antioHTant Fesponse production ApoTome2 microscope and blinded Sholl analyses were o - — T synaptophysin and PSD95 as compared &7 observed in the hippocampus and frontal cortex of aged
Capa.c'ty also diminishes W'th E.;\glng performed using the Fiji platform with the plug-in created Distance from cell body (um) to WT neurons .
leading to even greater oxidative by Ferreira et al. 810 Thirty isolated, non-overlapping cells ' 00 Synaptophsyin * NRF2KO mice.
damage. e The brain i ticularl were analyzed per coverslip. Statistical differences between - . ] L . .
Synaptic Density in Normal Aging € brain 15 particuiarly treatment groups were calculated using Student’s unpaired . ° Aged NRF2KO mice also dlsplayed Slgnlflca nt iImpairments
E o L. 708,123 =0 003 Susceptible to oxidative stress as trtests. Results: In Vivo in contextual memory as well as learning and executive
I ‘ | it is a high energy consuming Animale Y g
5t organ with a high lipid content. + NRF2KO mice were generated from homozygous NRF2KO Aged NRF2KO animals have reduced hippocampal and cortical synaptic gene expression function.
EE 80- * Increased oxidati.ve stress is breading pairs (on a C57BL6 background). Aged C57BL6 . . - T — ne— oo NRESKO . Th " It t that NRF2 rticinates in
P thought to contribute to the control mice (WT) were obtained through the NIA aged * Synaptic gene expression was also ‘ €5€ results suggest tha Participates |
% % & & mw  Synapticlossand cognitive rodent colony. reduced in the hippocampus (A) and Hippacampys Frontal Cartax maintaining synaptic plasticity and cognitive function in
e oo Agelyears) impairment that occurs during * Mice were maintained in a climate-controlled environment _ : :
| P aging?. with a 12-hr light/12-hr dark cycle. Diet and water were frontal cortex (B) of aged NRF2KO mice o = normal aging and SuggeSt that ta rgetlng NRF2
e The endogenous antioxidant response pathway protects cells Zupplield ad Lilk?iu:)mr,] ex.cep’lc duri.ng behavioraolI tes;i(;\g. i as compared to age-matched WT c | .§ 15 on pha rmacologically could be an effective cognitive
from oxidative stress by increasing transcription of * Animals usead in behavioral testing were aged to 20 months : 5 15 S T & —E s, :
- - - - - animals. S | e ., e = T _
cytoprotective genes through the binding of the transcription prior tlo testing, fo_'}lf’wc'j”g 3d";’_eeks C: beh‘j‘c‘”;’ral testing Sirmi dJucti . 4 = T 1 g 0 _ _ enhancing strategy
. 1o animals were sacrificed and tissue harvested. . imilar reductions were observed in = _ © 2 7 _ ] _ .
fact.or.NRFZ (nuclear factor erythroid 2. related factor 2) to | | . | E oy B = - < S os| T % | e Because oxidative stress accompanies cognitive
antioxidant response elements (AREs) in the promoters of Behavioral Testing both brain regions for male and § \§ // // : : : : : -
antioxidant genes2*. . OdoPr D]iscritmlinatifn Revgrs:l(;_earning Tes;c ((f)|DRL):- | famale NRE2KO animals. R — — PSD95 %9 Synaptophysin psi:g:% Impairment In a variety of neurodegeneratlve conditions
e o SO DTEATIG A as well, the findings of this study suggest that NRF2
- N Y + Animals are exposed to two cups containing one of two Aged NRF2KO mice have impaired learning, memory and executive function activation may be a more broadly relevant therapeutic
%5 el / s digging materials (dried beans or string) with one of two Odor=Mint  Odor = Vanill strate bevond healthv agin
gy o B odors (peppermint or vanilla). Odor Discrimination Reversal Learning Test (ODRL) s - sy DEY y dgins.
iy * Acquisition phase: Animals learn to dig for a food . ey b1+02 p2+01 @ : . . ..
= reward paired with one odor regardless of the digging ’ Aged.NRFZKO mice .ShOWEd OdEfICItS in the ODRL test of = o101 ‘ * Research in our lab is ongoing to explore the beneficial
s P material is associated with that odor. The number of learning and executive function. T = = effects of NRF2 activating plant-derived compounds in
N2 — trials necessary to reach criteria (8/10 correct in a set of : P o : it o : : :
XXX 10 trials) isrecorded. * Male NR.FZKO.mlce tooK ?I.gr.“flcantly more trials to e B e Lo ot ol e U mouse models of aging and Alzheimer’s disease
. - Shift phase: The food reward is now paired with a reach criteria in the acquisition phase of the ODRL than sl s = . L
’ specific digging material irrespective of odor. The age matched WT. The same trend was evident in S IS I e S e * Future studies are planned to look at whether activation
* Activation of.NRF2 has been shown t? improve nse_gronal heal.th in number of trials to learn the new association is famale mice 5 of NRE2 in young animals could slow or prevent age-
models of aging and neurodegenerative diseases>® although its recorded. - g s, —3 o _
exact role in maintaining synaptic and cognitive function has not * Conditioned Fear Response (CFR): * Both male and female NRF2KO mice performed £ i related cognitive decline.
: * Contextual emory test mediated by the hippocampus . g : : A T
been fully elucidated. and the amvedala. YR TPPREAR significantly worse in the shift phase of the test s I
P ) Hhabltl;atlcf)n ?.hase:.An_:_'malé arel.exposed t?ttr_]fe_ttESt relatlve to WT mlce. " o cquisition Shift 1.Refe7\:g§ﬁ:hEet al. Quantitative synaptic alterations in the human neocortex during normal aging. Neurology. 1993 .43 (1): 192-7.
ur Ose champer 1Tor Tive minutes. bpaseline amount orT time *p<0.05 2. ;;atr:fnzsllsi;an;,Tanji, K.,\N_akabayashi, K., Matsuura, S., & Itoh, K. (2015). Role of the Keap1/Nrf2 pathway in neurodegenerative diseases. Pathology
p freezing is recorded. 3200' Cond itiOﬂEd Fea r Response 3. Ma,Q.and X/’ gifslbtpzliguﬁ?basis of electrophilic and oxidative defense: promises and perils of Nrf2. Pharmacol Rev, 2012. 64(4): p. 1055-81.
: + Conditioning phase: Immediately following habituation | . = s
The goal Of thls St“dy Was to 3 one Second ShOCkS (OSmA) are randomly DAY 1 DAY 2 %150' - [ NRFZ KO mice had Significa ntly impaired ) ;S)ossitcaj/efhérzgeuticda%pligalches.':’egox Bl:oI,LZ'(;VlRSIT-ZZI: gAll,(_;lKOBS9 it ’ / ’ 0 cisorders: Molecu! ! ’
o . . . Habituation Conditioning Testing E . o 6. Li:,;q\‘(;r?i: J,e V‘\//iznsj;v\;ol;o\r/)\/,o Wue ;,Ji_C,rCh_en G.S, inzrf’thyﬁfglcnrggzl;e alleviates ear/.y brain_injury and secondary cognitive deficits after experimental subarachnoid
determine how loss of NRF2 affects administered over a 3 minute period with no more than S e B 8y - = performance in the contextual conditioned fear . KeechS et Cultaing hippocampal Neurons. Nature Protecols. S006/1,2408 2415,
. . o . . one ShOCk per m|nUte. . E 8. Schindelin, J., Arganda-Ca!.r.reras |, Frise E, Kaynig V, Longair M, Ffiet;schT, Preibisch S, Rueden C, Saalfeld S, Schmid B, Tinevez JY, White DJ, Hartenstein V, Eliceiri K,
both synaptic plasticity in isolated + Test phase: 24 hours later mice are re-introduced to the TS = 8 a response test. B e e ooy Hossonal ooty el fom bitmap images Nture Mithods
° L WL teSt Chamber bUt WIthOUt the ShOCk StimUIUS. Amount *”‘“Tﬂ | 2 ¢ A Ed ma Ie a nd fema Ie N RF2 KO mice diS Ia Ed 10. ;(i)elt?/.elldl,:LF.).(SZ)gi-Sg).gg.free image analysis software tools for microscopy. (2015). Retrieved from https://www.stressmarg.com/5-free-image-analysis-software-
hlppocampal neurons and Cognltlve of time freezing is quantified and the difference A, Y o e e MaIe\N'RFZKO .g £ | : ‘no behavi ﬁ Y Grantt‘)sou':;j;tmi“OSCOpV/?V=7516gfd43ady’°‘a- i
performance in aged mice between time freezing in the test phase and time B criom Qoo musngerzo S BHICANtly reduced freezing behavior than aged | W oy wco oo sommy e
g ° free2ing in the habituation phase is recorded. #1<0.05, **p<0.01 WT mice. UL1GM118964, RL5GM118963, and TL4AGM118965, administered by the National Institute of General Medical Sciences. The work is solely the responsibility of the
authors and does not necessarily represent the official view of the National Institutes of Health.
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