The uniquely human
hippocampus?
A high resolution perspective
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Hippocampal memory deficit

Loss of the continuity of consciousness--lost in time
Described by human attributes: self-awareness,
conscious recollection, reference to specific episodes,
“declarative” implies a language component

Rodents: Novelty detection; navigation including cell-
specific functions (place, grid, time cells); associative
learning (food locations; fear acquisition)
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Questions

ow can we reconcile the uniquely human

|_
characterization of episodic memory with rat
|_

C function?

Hippocampal circuitry

High resolution fMRI of the human HC
Single unit recording in human HC

the HC Is so critical to what makes us

uniquely human, then why is the HC so
vulnerable-encephalitis; anoxia; stress;
seizures, aging?

These questions are not unrelated
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Architecture of the HC
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Hippocampal anatomy suggests
functional heterogeneity

PRC Sub < CA
t \ ‘A////'
ERC
- \
PHG DG » CA 3 —— fornix

Based on tracer studies in
monkeys, rats, and the cat.
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Using fMRI to examine
hippocampal function

Challenges

- Functional heterogeneity within HC sub-regions
-insufficient spatial resolution to resolve

- HC has an oddly rolled architecture- “Jelly roll”
A




The hippocampus as Cinnabon

Smaller- need high resolution to visualize sub-regions
Unrolled- see functional patterns more readily



Little heterogeneity on long axis




Little heterogeneity on long axis




Segmentation and Unfolding
of the Hippocampal Complex

Michael Zeineh, MD, Ph.D.
Stanford University




Unfolding methods

T2 FSE pulse sequence: high

gray—white contrast, high in-
plane resolution, and low
susceptibility artifact. e
Voxel size 0.391x0.391x

3.00 mm thickness

Perpendicular to HC long axis



Solution: Higher resolution, HC unfolding
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High Resolution fMRI of the
Human Hippocampus
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Novelty encoding

Rodent data show HC response to novelty
Evidence of sub-regional heterogeneity In
dentate, CA3- where the reverberating circuits
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Functional methods

3-Tesla

EPI GE TR=3400 ms, TE= 30 ms, FOV
20, 128x128, 11slices, 3 mm thick, 0 mm
spacing: 1.5 mm voxel size in-plane
Normalized each block against
neighboring blocks to account for drift
Simple contrast of new vs. old blocks
Extracted times series from each region in
the flat map
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activity pétterns ianC sub-
regions

Sustained | ate Activation No Activation

Parahippocampal CA2, 3,DG CAl




Learning associations
Zeineh et al, Science, 2003

Learn Face-Name Pair Covert Name Distractor
Recall

S 2 & 2 & > Q& >
N & & 4 & 4 &
= ¢ & o <&
Rest D D D D Rest
Time > 7 minutes



Results
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1. Inside HC, dissociation between encoding (CA23/DG) and retrieval (subiculum)
2. Outside of HC- process independent but content specific activation (face area)




Time series

Encoding - CA 2, 3, DG Retrieval - Post. Subiculum Priming - Fusiform Gyrus
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Learn

I Recall Anterior/posterior and regional dissociations
Encoding: Anterior CA23DG

Retrieval: Posterior subiculum- encoding to a lesser extent



Differentiating CA3/DG with 7 T

Suthana et al, Turner lab at

Lelpzig

Reduced fMRI voxel size to

1x1x2 mm :

Differentiate DG from CA2,3 aon oo vora o
Similar face-name

encoding/retrieval paradigm
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Conscious recollection of
episodes In humans

Remembering vs. Knowing

(R) Remember - re-experience the encoding
event at the time of recall, true episodic
memory

- Can provide explicit details of learning episode

(K) - Know - the feeling of familiarity that
you've seen something before, but not
remembering the exact encoding event
- Not implicit because it is conscious

Both are declarative memories



Conscious recollection

Eldridge (Knowlton lab) used
remember- know paradigm
and measured fMRI during
encoding and retrieval of _.
Obj@Ct-ObjeCt or ObjeCt'Word Laura Eldridge Furmanski
pairs

Event related design




Remember - know task

b + P
Qg !!.. !

5 seconds 12.5 seconds

dinosaur dinosaur
+

recognition (y/n) Remember Know

3 seconds 2 seconds 12.5 seconds




Remember Know Forgotten Correct Re'!ections R e t rl e V a l
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RH differences in encoding
vS. retrieval in navigation

Ret > Enc Enc > Ret
= [ .
Right 7 47 24\ 24 47 7

PRC
o
P@' /
Sub

CA2. 3. Fusiform Gyrus

Dentate CA1 PHC
Gyrus
Sub

Posterior Posterior
Lateral 20 20 Lateral

Encoding: Anterior CA3/DG — RH lateralized
Retrieval: Mid-posterior subiculum



AVeragea nippocampal maps







Single unit recording in human
hippocampus






Place cell maps

A. Spikes on trajectory B. Rate maps
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Place Cells in humans
Y \

Arne Ekstrom, Ph.D.
Assoc. Prof, UC Davis

(b)

{ [Electrode

implanted | | [contacts

Region |

Ekstrom, Kahana, Caplan, Fields, Isham,
Newman, Fried I. Nature, 2003



Specific responses of human hippocampal neurons §
are associated with better memory ~

Nanthia A. Suthana®®', Neelroop N. Parikshak®, Arne D. Ekstrom", Matias J. Ison®, Barbara J. Knowlton®,
Susan Y. Bookheimer®®, and Itzhak Fried*"’
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Fig. 1.

Encoding
“Learn these Photographs”

" Foil
. Target
Recognition  ure 2
“Did you see this photograph?” Wie = ~
Press ‘1’for YES and ‘2’for NO Lure 3




1000
Time (msec)




g

" Low Performers ®High Performers

o=
[ =

| L ] 1

g

o
=]

]
L]
i

£
E
®
S
g
&
.
i

0 :
CA3DG Subiculum ERC PHC Amygdala

High memory performance is associated with more HC activity

- Activity has to do with the learning episode in real time- the
sensory input of Leno at testing episode

- Consistent with remapping, found in rodent and human place
cells

- Suggests that “place cells” also reflect the episode



Within the encoding/retrieval domain, human
fMRI data appear to replicate the circuit
functions hypothesized in rodents:

PRC Sub-« CA1l
| \ V
ERC
. \
PHG DG » CA 3—— fornix
O O

Pre-ERC: content-specific activation



CAl

PHG DG NS ol

« DG/CAS: Novelty, association formation

« Consistent with general encoding processes

* Recurrent collateral circuits in CA3 and DG appear
optimized to encode novel items and associations



Subiculum, CA1: Direct pathway from ERC involved

In episodic retrieval processes
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The HC processes content

Indiscriminately

Other processes in HC circuit
- Pattern separation/ completion

- Partial cue reconstruction

- Remapping

- |Item vs. source memory

- Gradient along ERC that sends different content into
HC along the long axis

Within the HC, same functional circuitry
regardless of task content

The difference between animal and human
HC is not in how the HC works, but in the
uniqgue information entering the HC



Why Is the hippocampus so
vulnerable?

Viral encephalitis (herpes) and fever
Anoxia

Epilepsy- predominant in MTL



Hippocampal vulnerability- Stress

Stress
- Stress impacts HC structure and function
- Plus: Learned fear responses are essential for survival

- Serotonin receptors in HC respond to stress
throughout lifespan
- Plus: Associated with superior memory
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Hippocampal vulnerability - Aging,

AD-risk
Cognitively normal, older APOE-4
carriers have reduced thickness in =
ERC and subiculum b7

i

Alison Burggren, Ph.D.




Network structure in healthy older
APOE-4 carriers with DT

HC is part of the DMN, affected in AD
DMN clustering coefficient decreases more
rapidly with age in APOE-4 carriers

‘v (42
Jesse Brown, Ph.D.

APOE-4 Carriers
Regional Clustering Coefficients

Significant negative APOE-4 x age interaction:
() p <.05(FDR corrected)
@ p < 005 (uncorrected)




/ /Unique network connectivity in young
APOE-4 carriers
Tessa Harrison

T e — L3

S

Dissertation orals OHBM, Hamburg OHBM, Honolulu LA Science Center




Unigue network connectivity in young
APQOE-4 carriers

Resting state fMRI In ‘
570 subjects from the }
Duke Genetics Study

ages 18-22
Seed-Based Analysis
of DMN, sensory
motor networks

RH Lateral Aspect Anterior Aspect

() =Seed
Noncarriers > Carriers
Carriers > Noncarriers

Ventral Aspect




APOE¢e4 carriers have relatively greater
segregation between networks

Inter-network

Task Pos - DMN Task Control - DMN

' C NC |l C NC
p=0.012
5 > Cohen's d=

0.21
p=0.005

Cohen's d=
0.24




Neurolmage

Volume 65, 15 January 2013, Pages 364373
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APOE e4 polymorphism in young adults is associated with
improved attention and indexed by distinct neural signatures

J.M. Rusted= &. B 5| Evans?, S.L. King?, N. Dowellt, N. Tabet®, P.5. Tofts®

RESEARCH ARTICLE MNEUROSCIENCE

Differential splicing and glycosylation of Apoer?2
alters synaptic plasticity and fear learning

Catherine R. Wasser~"1, Irene Masiulis®!, Murat S. Durakoglugil-¢, Courtney Lane-Donovan’-¢, Xunde
XianZ, Uwe Beffert?, Anandita AgarwalaZ, Robert E. Hammer?, and Joachim Herz!-%%>"

+ Author Affiliations
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Benefits of a vulnerable
hippocampus?

Vulnerable to anoxia

- High oxygen utilization = higher baseline activity

- Pre-exposure to mild hypoxia is protective of later
hypoxia (Gidday et al 1994)

Epilepsy- HC remembers new firing patterns
- Kindling model is a primary means to study LTP

Sensitive to stress
- Facilitates memory for emotionally salient events that
may increase survivability
Aging and genetic risk for memory loss

- APOE-4 may confer unigue (unknown) advantages in
Information processing; may enhance LTP
(antagonistic pleiotropy)



Conclusions

Using HR fMRI with similar tasks/methods, we see
heterogeneity in HC sub-regions just as in rodent

Across content areas, same processes (encoding
and retrieval) have same sub-regional anatomy

HC anatomy is process-determined, but content-

promiscuous
- Permits tremendous plasticity and response flexibility

What is unique about the human HC is not how it
functions, but the content it receives

The same feature of input flexibility creates an
iInevitable vulnerability in the HC
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Correlating fMRI, Neural firing and local
fleld potentials Ekstrom et al,. 2007
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BOLD correlates with LFP in theta band
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