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The Failure of Storage and Retrieval

rograde amnesia, an impairment in forming new memories,
This was not HM’s only memory deficit; the surgery also caused
ber events prior to impairment. His retrograde amnesia

HM's symptoms are referred to as ante
(Anterograde means “moving forward.”)

retrograde amnesia, the inability to remem
extended from the time of surgery back to about the age of 16; he had a few memories from that period,

but he did not remember the end of World War I1 or his own graduation, and when he returned for his
35th high school reunion, he recognized none of his classmates. Better memory for earlier events than
for recent ones may seem implausible, but it is typical of patients who have brain damage like HMs. How
far back the retrograde amnesia extends depends on how much damage there is and which specific struc-
tures are damaged.

i rfnﬂ\i s Surf}frz Fiamaged or destroyed the hippocampus, nearby structures that along with the hippocan-
gecaujeet}lffy : :e ;l:lpgfifzfrﬂg‘”f”“f(’i"”j ar;d the amygdala. Figure 12.1 shows the location of these structues

x e inside sur
medial temporal lobe (remember that mediaz;(rﬁeo fth“e i lobe) ol uhatiskoom s i
sive, it is impossible to tell which structures are reasn S to‘vg?rd e UG Because S e
et il varyog e A nf;)ns}ll e for the memory functions that were lost. Studies of
amnesia and, therefore, in memory, Henry died in 2%%83"6 peloddternine yhihstrctures el
accompanying Application explaing, atthe age of 82, but he continues to contribute, 3 %
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v ides [’h) "I xp A p g Ofseveral SubStruCtureS

ides the primary output from the hippocampus tooff
results in ,f'l’fi(,‘z('i(; rate ant ;

erograde amnegig and only

Wlith 'diﬂ?er.ent functions, The part known as CALpI®
rIelr | Tain areas; damage in that part of both hippocarp
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Jmm\a’ of ’\ei;v’o@/cLeO:ce LE‘?S“OH- F\Y;dmgs From Magnetic Resonance Imaging,” by S. Corkin, D. G. Amaral, R. G. Genzalez, K. A. Johnson,
-D‘g{q:‘em‘“’){a”ﬁe 5: T\ er.) - /" Pp: ‘3”64’39794 Copyright © 1997 by the Society for Neuroscience. Used with permission. (b) Adapted
; A e ce of Things Past,” by D. L. Schacter and A. D. Wagner, Science, 285, pp. 1603-1504. lllustration: K. Sutliff. © 1999
american Association for the Advancement of Science. Reprinted with permission from AAAS.

with permission fron

therest of the hippocampus, anterograde amnesia is severe. Damage to the entire hippocampal formation
results in retrograde amnesia extending back 15 years or more (J.]. Reed & Squire, 1998; Rempel-Clower,
Iola, Squire, & Amaral, 1996; Zola-Morgan, Squire, & Amaral, 1986). More extensive retrograde impairment
occurs with broader damage or deterioration, like that seen in Alzheimer’s disease, Huntington’s dis§ase,
and Parkinson’s disease, apparently because memory storage areas in the cortex are compromlsed (Squire &

Alvarez, 1995).
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it were, patients like FM would not

remember anything that happened before their damage occurred. According to most researchers, the hip-

Pocampus stores information temporarily in the hippocampal formation; then, over time, a more Permanent
memory is consolidated elsewhere i the brain. A study of mice that had learned a Spatial discrimination task
supported the hypothesis: Over 25 days of retention testing, metabolic activity progressively decreased in the
hippocampus and Increased in the cortjca] areas (Bontempi, Laurent-Demir. Destrade, & Jaffard 1999)
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Two Kinds o Learni

Learning researchers were in for a revelation when they
discovered that HM could readily learn some kinds of
tasks (Corkin, 1984). One was mirror drawing, in which

the individual uses a pencil to trace a path around a pattern, r¢
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Source: From “Memory’s Echo: Vivid Remembering Reactivates Sensory-Specific
Cortex,” by M. E. Wheeler et al., Proceedings of the National Academy of Sciences,
USA, 97, pp- 11125-11129, fig. 1¢, d, €, i, [0, AT © 2000 National Academy.
of Sciences, USA.
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lying solely on a view of the work surface

inamirror. HM improved in mirror-drawing ability over three days of training, and he learned to solve What are the
the Tower of Hanoi problem (Figure 12.8). Buthe could not remember Jearning either task, and on each two kinds of
fore (N. J. Cohen, Fichenbaum, Deacedo, & ® \eaming?

day of practice he denied even having seen the Tower puzzle be

Corkin, 1985; Corkin, 1984). What this means, researchers realized, is that there are two categories of
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dicated by different

particular part of
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The recordings are from seven gifferent place cells, 1

colors. Note that each cell responds penthgrztie ? s, cells o
the runway. (Due to cué similarities in @ circular apparatus,

respond on the opposite side of the circle.)
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“Neural plasticity in

Source: Reprinted by permissi Neuroscience: 7

the Ageing Brain,” by S. N. Burke and C. A, Bames,
pp. 30-40, Nature Publishing Group-
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The brain stores & t ‘ous amount of information
3 t just i L : i qh g 3

he avallﬂbl?, not j _ !.u is being recalled AT Evivesys n thatis merely stored is useless. It must

task- Lol e BT PEIOVIE S temporary “register”

or)'h‘)ldS apassword you justlooked up long enough fo

fromilong-teIm INEIN oLy while it is integrated with ot sitalso holds information retrieved

her infor i
i i ki ormation fo i
i / m G - I us : 3
sion makl_ng. Without working memory, we could not do long division, pl 1se in problem solving and deci-
conversation. 5 > plan a chess move, or even carryona

Think of working memory as like the RAM j Y
whileitis being processed or used, but the informl;i)(’)(l’luils Zto(?rqepduetlesre.‘zll;xe RAM holds inf@'mﬂion temporarily
take any analogy too far. Working memory has a very limited capacit (e;e.t(}’l“ the hard drive. But we shou*d not
mation in working memory fades within seconds. So, if you make aymisltalbeoelilligr_adesli\vallable), and 1n'f0r—
Jooked up, you'll probably have to look it up again. sringthe passrordh oLl EEs
The delayed matCP-l—tofsample task described in Chapter 11 provides an excellent means of studying
working memory. During the delay period, cells remain active in one or more of the association areas in the
temporal and parietal lobes, depending on the nature of the stimulus (Constantinidis & Steinmetz, 1996;
Fuster & Jervey, 1981; Miyashita & Chang, 1988). Cells in these areas apparently help maintain the memory
ofthe stimulus, but they are not the location of working memory. If a distracting stimulus is introduced
during the delay period, the altered firing in these locations ceases abruptly, but the animals are still able
tomake the correct choice (Constantinidis & Steinmetz, 1996:; E. K. Miller, Erickson, & Desimone, 1996).
Cells in the prefrontal cortex have several attributes that make them better candidates as working memory
specialists. Not only do they increase firing during a delay, but they also maintain the increase despite a dis-
tracting stimulus (E. K. Miller et al., 1996). Some respond selectively to the correct stimulus (di Qel]egring &
Wise, 1993; E. K. Miller et al.). Others respond to the correct stimulus, but only if it is presented in a spe.aﬁc
position in the visual field; they apparently integrate information fr(?m cells tl.1at respond only to the stimu-
lus with information from cells that respond to the location (Rao, R:,nner, & Miller, 1997). greffﬁltt;l dar;la%le
impairs humans’ ability to remember a stimulus during a delay. (D’Esposito & Postle, 19 2 et
ings suggest that the prefrontal area plays the Dlionigle s worklnrizr;err;zg}ir;ter its function is apparently
Al (o prefrontal CortexSErve g temporzrg “:; learyned that ;iamage to the frontal lobes

more than that of a neural blackboard. In Chapters 3 and o,y

: rchers believe that the
Impai 2 15 3 :or in several ways. Many resea that
B conaibiligiopbi Al Beles ral executive. Thatis, it manages certain kinds

Primary role of the prefrontal cortex in learning is as @ cent Sl o
ofbehavioral strategies and decision making
Perception and response functions of a task, al
(Wickelgren, 1997).
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The graphs show excitatory postsynaptic
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(a) 100-hertz (Hz) stimulation produced plasticity is retained in the mature ll?dl\'lfiulll. Rese?értc}l:ers ha\;g ﬁ)ng believed
LTP (b) 1-Hz stimulation produced LTD, that to understand learning as a physiological process, they would have to figure
which blocked the potentiation established out what happens at the level of the neuron gnd, particularly, gt the synapse,

alies Long-term potentiation (LTP) is a persistent strengthening of synapses that

results from the simultaneous activation of presynaptic neurons and postsynaptic
neurons (Cooke & Bliss, 2006). LTP can be induced in the laboratory by stimulat-
N ing both neurons at the same time, or by stimulating the presynaptic neuron ade-

;\J‘ \ quately to cause the postsynaptic neuron to fire. As you can see in Figure 12.10a,

Before 25 Minutes After

the postsynaptic neuron’s response to a test stimulus is much stronger following
(a) 100-Hz stimulation induction of LTP. What is remarkable about LTP is that it can last for hours in tissue
cultures and months in laboratory animals (Cooke & Bliss). LTP has been studied
mostly in the hippocampus, but it also occurs in several other areas, including the
visual, auditory, and motor cortex. So LTP appears to be a characteristic of much of
S _/\‘\& neural tissue, at least in the areas most likely to be involved in learning.

Neural functioning requires weakening synapses as well as strengthening them.
Long-term depression (LTD)is a decrease in the strength of synapses that occurs when
stimulation of presynaptic neurons is insufficient to activate the postsynaptic neurons
(Cooke &Bliss, 2006). Potentiation can be depressed in a postsynaptic neuron byapply-
ingalow-frequency pulse to the presynaptic neuron for a few minutes, causing the pre-
synaptic neuron to fire but not the postsynaptic neuron (Figure 12.10b). LTD is believed
to be the mechanism the brain uses to modify memories and to clear old memories to

Sitha) make rogrl} for new information (Stickgold, Hobson, Fosse, & Fosse, 2001).
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asis of classjcal itioni anetals

) : , and associatiy, ical conditioning, and Rogan
together wire together” e LTP canall be sumymeg up in the expression “Cells that fir¢
How LTP Happens
LTP has been studied mos i

: toften i
those findings as oy model here :/;?}foneum.ns connecting CA | and CA3 : illuse
2 i,x-xduced through . A sut g01ng int the Variationg th;u’ : ¢ J-alppocampus, and we \.w o
e e g dete;t (tlhe SYnapse. In c4 | ( S Otcurin other areas of the brain. g
S-methyl-4-isoxazole Propionic ed by two types of r, ! Most locations) the neurotranst

glutamate activates AMPA rece 88 recepror and the N cheptors; the Anvipa (alpha-amino-3-hydr o
' (N'methyl'd-aspartic acid) receptor. Initially

Ptors byt not N
DA
. Teceptorg, becauge they are blocked by magnesium jons



Chapter 12. Learning and Memory 355

s

a FIGURE 12.11 Associati\reLTp o A

a) Initially. the weak synapse
< ; v DFOdUCeS on|
(b) Simutaneous activation of a stron N vt & BELGL BN
associa <) Following associatg SLy [apse along wit, aczf,(i)trypostsy'ﬁaptic potential. Figures
indicate weak s € LTP, the Much |gry Y In the weak synapse induces
YNnapse has been Potentiat arger eXxcitatory Postsynaptic potential Brought
1ated. otentia to Life
A\
) Strong
g i
Weak
1 synapse Weak
synapse
(a) Stimulation by weak
b) Sti i
synapse (test) ( )st Mulation by weak and (c) Stimulation by strengthened
rong synapse (induction) synapse (test)

B FIGURE12.12 Participation of Glutamate Receptors in LTP,

(a) ,l_r‘ntiaHy, gl.Ltha rnate'act‘ivat‘es the AMPA receptors but not the NMDA receptors, which are blocked by magnesium ions.
(b) However, if the activation is stroqg enough to partially depolarize the postsynaptic membrane, the magnesium ions are ejected.
The NMDA receptor can then be activated, allowing sodium and calcium ions to enter.
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(Figure 12.13: Frankland, O’Brien, Ohno, Kirkwood, & Silva, 2001 ). Several. [;}aStICIItY re'lated genes flre
activated as well (Kelleher, Govindarajan, & Tonagawa, 2004); they along with new Y activated Proteipg
begin producing structural changes in the synapse (Liischer & Malenka). S :

Within 4560 minutes after LTP, pPostsynaptic neurons develop dramatica Y Increase Numbers of

brain grow dendritic spines, outgrowths from the dendrites that partially bridge the Synaptic cleft agd.make.the syn-
during learning? dpse more sensitive (Figure 12.14; N. Toni, Buchs, Nikonenko, Bron, & Muller, 1999). Existing Spines also
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N FIGURE 12.14 Increase in Dendritic Spines
Following LTP.
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terminal (red). (b) The Same spine spljt into two foHowing LTP
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Ashard as the brain works to make memories “permanent,” it is still important that these records not be
iscribed in stone. Things change; the waterhole we learned was reliable over several visits is now becom-
ing progressively more stagnant, so we must range in other directions until we find a new source of water.
And sometimes erroneous learning must be corrected; the first two redheads we knew were hot tem-
pered, and it will take meeting additional redheads to change what we have learned. A memory nee('is
obe stable to be useful, but at the same time it must remain malleable; there are several ways the brain

accomplishes this.
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the transgenic mice had forgotten very little. You may remember from you.r mtroductory psychol(')gy
course that for most tasks, spreading out practice sessions (distributed practice) leads to better learning
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of electrically activating parts of the ne“’e Asthod
system by stimulating nerves through tr}jsu]:

(B. Wang, 2017). Helms Tillery’s work will fsoc]\i1

on stimulating the trigeminal nerve to activates

\ brain nucleus called the locus coeruleus Whicha
releases the neurotransmitter norepinep’hrine
Scientists know that norepinephrine is activat'ed

i as part of the “fight or flight” response and people
\ show enhanced sensory functioning as part of
their response to stress. Participants in Helms
Tillery’s studies will receive neuromodulation
while performing a variety of perceptual and

‘ decision-making tasks, with the goal of increasing

i activity in related brain areas and improving
‘ performance on these tasks. Eventually, the
military plans to use trigeminal nerve stimulation

ITH NEUROSTIM%JELI;STLEARNING

ION

to enh. Ak
pﬂOts_?ec:e;afmg of marksmen and drone
stimulating t}? ers at other institutions will be
Gl ele vagus nerve, either through
ey e(;:trlcal neuromodulation or using
e 0ds, to promote language learning;
s inii iicould be useful, for example, in
Affaire 2018) gence experts (DARPA Public
neuroeynhaz . Because military applications of
g cements are controversial, the TNT
?mp%ic;iojz ikgrtlsfed a workshop' on thg etl'qical
is and related investigations.

THOUGHT QUESTIONS

How might neuromodulation impact the
performance of military personnel in
combat or noncombat roles?

2. How can electrical stimulation through

the skin be used to activate portions of the
brain?

3. What is one ethical issue that you think
should be considered in these types of
neuroscience applications?

For the news story, visit edge.sagepub.com/
garrettse and select the Chapter 12 study resources.

than massed practice. When the inhibitor genes were tur
peared, which suggests that the reason distr :
over massed practice trials. Another gene involved in forgettin

auses memory to decay after learning. Interestingly, continue

thatadditional practice has a dual benefit (Shuai et al., 2010)-
Efficient memory involves a balance between

how devastating memory impairment can b
the coin as well.
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Take a Minute to Check Your Knowledge and Understanding

Make a list of the changes that occur in neurons during learning.

L] Describe LTP, LTD, and associative LTP.
Consolidated memory is both stable and vulnerable. Explain.

Learning Deficiencies and Disorders

.Lcarning may be the most complex of human functions. Not surprisingly, it is also one of the most fre uent]

impaired. Learning can be compromised by accidents and violence that damage the structures we hag b .
studying. But more subtle threats to learning ability come from aging and from disorders of the brai o
ing Alzheimer’s disease and Korsakoff syndrome, which we will discuss in this section e

ging on Memory

Old Man: Ah, memory. It’s the second thing to go.
Young Man: So what’s first?

Old Man: IRfonc TR,
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in this old joke, b S

the elderly. The older per T Joke, but declining mem i ;
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nitive performa nce in the elderly through training,

Alzheimer’s Disease

Substantial loss of memory and other cognitive abilities (usually, but not necessarily, in the elderly) is referred
toas dementia. The most common cause of dementia is Alzheimer’s disease, a disorder characterized by pro-
gressive brain deterioration and impaired memory and other cognitive abilities. Alzheimer’s disease was
first described by the neuroanatomist and neurologist Alois Alzheimer in 1906, after autopsying the brain
of a 56-year-old patient with memory problems. Alzheimer’s is primarily a disorder of the aged, but it can
strike early in life. Of the nearly 5 million people in the United States with Alzheimer’s, 4.7 million are over the
age of 65 (Hebert, Weuve, Scherr, & Evans, 2013). The earliest and most severe symptom is usually impaired
declarative memory. Initially, the person is indistinguishable from a normally aging individual, though the
symptoms may start earlier; the person has trouble remembering events from the day before, mislays items,
forgets names, and must search for the right word in a conversation. Later, the person repeats questions and
tells the same story again during a conversation. As time and the disease progress, the person eventually fails
torecognize acquaintances and even family members. Alzheimer’s disease is not just a learn'%ng disorder but
adisorder of the brain, so ultimately most behaviors suffer. Language, visual-spatial fum.:tiomng, and reason-
ingare particularly affected, and there are often behavioral problems such as aggressiveness an_d wander)-
ingaway from home. Alzheimer’s researcher Zaven Khachaturian (.1997) eloquently df.:scrlbed his mother’s
decline: “The disease quietly loots the brain, nerve cell by nerve cell, hk.e aburglar rfe:lur n}lln.g tt(;l thlej 53_‘?1:{ Islf‘ise
each night” (p. 21). Eventually, Alzheimer's is fatal; itis the sixth leading cause of deathinithe UniteEotates

(8.L. Murphy, Xu, & Kochanek, 2013).

The Diseased Brai dT les
rain: Plagues and lang ; : ; -
There are two notable characteristics of the Alzheimer’s brain, though they are not unique to the disease.

Plagues are clumps of beta amyloid (AB),atype of protein, that_cluster amonﬁgezx&i;elfs?il:iiliza ziiﬁfﬁz
With neural transmission (Figure 12.16a)- The main componentis A[’342, SO Ica S e R
t?: 4 Af[342 is particularly “sticky;” so it slumbs ealsﬂyl;cgifl(lr:zthf;l]’l“g;f;l'(‘:l :;e associ,ated with the death of
s of the protei ofibrillary tangles1 T edictable succession of stages,
"ain cells (gigolii:lltzalll;g;r;lzce;;sﬁand tan);;les move througb the bf Luf1 1::;111)’: :liltct:;l:; ; (1>campus, o t%\ &
“ginning with the m'edial-cortex and progressing to the limbic ar?ais, p.lnf lmc;ions L
‘e neocortex, the outer layers of cortex responsible for our highes

- - uances Recentl we've learned that this
Saccounts for the pattern of changing symptoms as the dlsm:’% ‘d'(lvl‘:l: ;:* :ul~eLaS: thg’ relative level of expres-
Seque BE S At significant factors in those areas: - L
Sion Iflce parallels a progressive variation in fwo~ 5 teins that promote or inhibit the aggrega 2
0 rote€1I1s LAAe

inﬂamrl’latory genes and the balance between p

s atials 2016)8 Interestingly, this differential
dtionand clumping) of plagues and tangles (Figure 12.17; Freer etal. )
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: : ins. Studying the progress of the disease can be
vulnerability among brain areas was discovered in hea}ith}’:;&‘;?:jn urlt}i’l1 tl%e disease is well advanced and, a5
difficult; we don’t get a chance to look at the afflicted hum s e o
the Research Spotlight explains, the Jaboratory models have .een ’ess ot writh 4 ntm e S

Figure 12.18 compares the brain of a deceased Alzhel.rr'lers pa' ien i en] p e
decreased size of the gyri and the increased width of the sulci m the dls.ease Tain. i ly), arg ven
tricles tell a similar story of severe neuron 1oss. Many of the lesions are in the temPor obes; ecz}use of their
location, they effectively isolate the hippocampus from its inputs and outputs, which partly explains the early
memory loss (B. T. Hyman, Van Horsen, Damasio, & Barnes, 1984). However, Plaques and tang}es als? attack
the frontal lobes, accounting for additional memory problems as well as attention and motor difficulties. The
occipital lobes and parietal lobes may be involved as well; disrupted communication between the primary
visual area and the visual association areas in the parietal and temporal lobes explains the visual deficits that
plague some Alzheimer’s sufferers.

Although amyloid plaques have been considered the hallmark of Alzheimer’s disease, the number
of amyloid deposits is only moderately related to the degree of cognitive impairment (Selkoe, 1997), and
about 25% of the elderly have plaques but suffer no dementia (Mintun et al., 2006). Researchers, however, are
beginning to distinguish between insoluble forms of amyloid and soluble forms, which reach 70-fold higher
levels in the brains of people with Alzheimer’s (M. E. Larson & Lesné, 2012), and in mice have been linked

W FIGURE12.17 Alzheimer’s Disease Progression of Alzheimer’s Disease Aggregation Difference Score

Progress Parallels Aggregation

Difference Scores.

In (2), the darker the colors, the earlier plagues
and tangles appear in that area; gray areas
are unaffected. In (b), the darker the colors,
the more aggregation promoters exceed
aggregationrinhibiting proteins. Note the
similarity in the images.

Source: Excerpled from Figure 3 from “A Protein Ho
P. Sorroanny, G. Yeceni, P. Ciryam, C. M. Dobson, &
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Stu(!yir_"".i Alzheimer’s disease ip the lal
besD & ik "Jh' because the models usead B Doy gel to :
duplicate the pathology completely, M‘SO far don’t o }G;Irow th'elr cultures; to this they added stem
gen ‘ngineered to produyce tAh 1ce can be CauS B carried two gene variants known to
plaqu t not the neuroﬁbrillary t ; ainy}Oid WeeSL;E P&]Zhelrlner’s (S. H. Choi et al, 2014). After six
: et : angles; S, the culture had b i i
T e lnes S e Sl disel e e
. P (éngle}; <;1 and tau, byt not the ‘ with plaques and tangles. Wh’en they blocked the
gen{ lospital ree;li::;i:;dzelr—ls at Massachusetts for.rcrllation of plaques, they obtained the first direct
att ol } : eviden 4 .
liquid cultures used in the 1abor:tot:_\]yo dimensional develo;::r?tt ffletlgue fom’latlzn b precursolf to’;}}ie
. o 3 are v e synapse-damaging tangles. €
glf‘ff 1 I »‘ tile Ezlatmous environment (jfythe researchers say that the 3-D culturzzJ wgl allow them
ain, so they star 3
i ed using a three-dimensiOna] zﬁscre.en hfundreds of thousands of potential new
gs in a tew months’ time.
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o memory failure, loss of synapses, and failure of LTP in the hippo

we have Jearned that a modified form of tau, called acetylated t?t)l (;ampus ;
; i rtant because i ; ki

ticularly nngm .al i L (l}rdepletes KIBRA, a protein required for inserting extra receptors into the neuronal
mnembrane during garnmg racyet fﬂ.., 2016). Increasing KIBRA levels in cultured neurons reversed the effects
ofacetylated tauan restored their ability to strengthen connections, suggesting a new therapeutic approach

Gongetal., 2003). More recently
of an added acetyl group), is par-

Heredity and Environment
Heredlt)’. is ar} 1mp0rtar1t factor in Alzheimer’ disease. The first clue to a gene location came from a comparison
of MzhelmerSIWIth Down syndror'ne (LOttf 1982). Down syndrome individuals also have plaques and tangles,
and they invariably develop Alzheimer’s disease if they live to the age of 50. Because Down syndrome is caused
by an extra chromosome 21, researchers zeroed in on that chromosome; there they found mutations in the
amyloid precursor protein (APP) gene (Goate etal., 1991). When aged mice were genetically engineered with
anAPP mutation that increased plaques, both LTP and spatial learning were impaired (Chapman etal,, 1999).
Three additional genes that influence Alzheimer’s had
been confirmed by the end of the 1990s; all of those
affectamyloid production or its deposit in the brain B FIGURE12.18 NormalBrain (Left) and Alzheimer’s Brain
(Selkoe, 1997). As you can see in Table 12.1, the genes ' ; ! : :

; : : The illustration shows the most obvious differences, the reduced size of
fallinto two classes, those associated with early—onset ri and increased size of sulci produced by cell loss in the diseased brain
Alzheimer’s disease (often before the age of 60) and &y 1
onefound in patients with late-onset Alzheimer’s. The
#allele of the APOE gene is particularly interesting
because it contributes to so many Alzheimer’s cases.
Itincreases risk by three- to eightfold and is associ-
ated with plaques and tangles, but how it contributes
o pathology is not well understood. Two studies indi-
ate that carriers without dementia have lower cerebral
blood flow (Thambisetty, Beason-Held, An, Kragt,
&Resnick, 2010) and that 2- to 25-month-old chil-
dren with the allele have reduced growth in temporal

and parietal areas, which are affected in patients with

Alzheimer’s (Deanetal.,2014). ’
- Thefour genes in the table account for justa little
O%erhalf the cases of Alzheimer’s disease, SO thereire "

ly many rare or small-effect genes as well as envi- 60Uf0e REUTERS/DenlsBalibouse:

"onmenta] influences. Discovery of additional genest b S
{0 await whole-genome studies with large numbers
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rches without the need for a Preconceiveq

inlivi lix“ was able to add 11 additional gene locations (Lambert et al., 2013). AIthough the BEHES themselyeg
141 . viduails a 5 ¢ = .
<= not been identified yet, genes near the loci are involved in amyloid and tau pathways, inflammation, Immupe

nav

response, cell migration, and cellular functions. s : ‘
. Geno:ne—wiz studies have also made it possible to do broad searches for epigenetic changes, and i

the past few years the focus has been shifting in that direction. A recer.xt study conclusively ident.iﬁf':d seven
genes that were differentially methylated in Alzheimer’s patients by talfmg t.he unusua.-l step of ver lfylng t'heir
results in a second group of subjects (De Jager etal., 2014). If we could ldeptlfy the env1ronm<?nta.1 ’COndltlons
that trigger these changes, then preventive measures could reduce the incidence of Alz}.le.lmer S. A meta-
analysis identified several environmental risks for dementia, including exposure to pesticides, fertilizers,
herbicides, and insecticides; airborne particulate matter; second-hand smoke; and electromagnetic fields
(Killin, Starr, Shiue, & Russ, 2016). On the health side, we can add vitamin D deficiency (Killin et al.), seden-
tary lifestyle, diabetes, obesity, smoking, and hypertension (Baumgart et al., 2015). In addition, studies with
combat soldiers, football players, and boxers have established a strong link between traumatic brain injury

< ;uan \r to 2009, 11 genes had been associated with Alzheimers, but a whole-genome study 0f 74,000
>rior to 2009, 11 g

ey

Treatment of Alzheimer’s Disease

;I-he Atl-Zhiim' ert;s1 A[s]sqct:ie:itison (2017) estimates that the cost of earinefonAlzh eimer’s and other demens
'a patients in the United States in 2017 wi]] e 2501l 1o i 2o e ( |

; ; ->9 billion. By 2050, the U5 tion is expected to
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In their quest for more effective treatments, T P
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Source: Based on data from Hebert et al. (2013).

researchers are mounting efforts on three m ajor

fronts: removing beta amyloid or blocking its formation, preventing tau from forming tangles, and reducing
inflammation. However, no new drug has been approved by the FDA since 2003, and the disappointments
continue to accumulate. The failure of two large trials of anti-amyloid antibodies, one of which was at the
final phase 3 level, has some researchers now thinking that once symptoms have appeared the treatment
istoo late; they are shifting to pretreatment in asymptomatic individuals who are at genetic risk (Callaway,
2012). Similarly, a phase 3 trial attempting to treat inflammation with injections of immunoglobulin has
come up empty-handed (Weill Cornell Medical College, 2014). However, the tangle-preventing drug
LMTXis now in phase 3 clinical trials, after reducing symptom progression by 90% in phase 2 trials (TauRx
Therapeutics, n.d.).

Stem cell and gene therapy are obvious treatment possibilities, and although work is in Fhe early stages,
progress is being made. A Florida stem cell research company has a phase I human safety trial under way; if
nothing else, the researchers expect benefits from the anti-inflammatory effects of stem cells (Stem Cells Por.tal,
2017). On the gene therapy front, a Chinese team has demonstrated tha:tt neural stftm cells can b:l us.ze(;il? .d.ehv};er
KNA tosilence the gene responsible for the key enzyme in beta amyloid prOQuctlon (Z Igu‘et 2 )sin tf -
United States, researchers have increased axonal sprouting among degener: atingneuronspyinser 1ntI;]l\g];ne o
nerve : ; ients brains (Tuszynski et al., 2015). Brain-derived neurotrophic factor (. ) pre-

growth factor into patients’ brains (Tuszy.

i ioning; indivi ith the highest levels of BDNF were
9 i heir functioning; individuals wi E wer
o R eimer’s disease than those with the lowest levels (G. Weinstein

3% less likely to develop dementia and Alzh ; il
“tal, 2014), B};)N Fisin ;)hase 1 clinical trials; and nerve growth factor (I‘Ifou)s ‘(')V:;Z}Iln l:i/si rslgr;laZues et
Phase 2 trig] (Tuszynski & Nagahara, 2016). Researchers 2}180 coytlnue tf)thohumanS T
fén. After much promise from animal studies and multiple failures ;Nld e slow,ing i TR
been successful in reducing both soluble and inso;ubille b:(tzca}irgls;ﬂng promise inanimals is ultrasound
e e Gy
¢ brain; it cleared plaques in resulting in reversal of lost memory capability

(Lezhehnerh, apparently by stimulating glia to ingest the plaques,
"enga & Gitz, 2015).
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