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lvan Pavlov, portrait by Mikhail Nesterov
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Ivan Pavloy, "Natural Science of the Brain”,
Moscow 1909:

"As a part of nature, every animal
organism represents a very complicated,
closed system, the internal forces of which,
at any given moment, as long as it exists as
such, are at the equilibrium with the
external forces of its environment... The
time will come, be it ever so distant, when
mathematical analysis, based on natural
science, will include in majestic formulae
all these equilibrations and, finally, itself”

Babkin B.P., Pavlov: A Biography. The University of Chicago
Press, Chicago and London, 1946, p. 85.
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reduction

v Identifying the clinical determinants of the disease at bedside

Y Reproducing the symptoms of the disease in an animal model and
identifying a potential therapy in this model

v Evaluating the safety and efficacy of the therapy in clinical trails



Result of B10med1ca1 Research
| The R1se of US Lite Expectancy (1958 2010)
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Compared with 1958, this is a reduction of
38 deaths per 10,000.

Cancer — 2010 cancer death rate: 17 per 10,000.
down 10%

fom 0% s 100 ok LT

Compared with 1958, a reduction of 2,

2010 stroke death rate: 4 per 10,000.

Compared with 1958, a reduction of 14,




EPG AAD therapy
without ICD

No antiarrhythmic
therapy
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I_'— EPG therapy with
ICD
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Time after enrollment, years

5 ICD reduces sudden death in MUSTT The MUSTT trial enrolled 704 patients with

~ coronary artery disease, nonsustained ventricular tachycardia (¥T) and a left

- ventricular ejection fraction <40 percent who had sustained YT induced during
electrophysiologic (EP) study. Kaplan-Meier estimates show that the incidence of

| cardiac arrest or death from arrhythmia is significantly lower in those receiving an
| implantable cardioverter-defibrillator {ICD) compared to those receiving no therapy
. or those with EP-guided (EPG) antiarrhythmic drug {(AAD) therapy. (Data from Buxton,
| AE, Lee, KL, Fisher, JD, et al, N Engl J Med 1999; 341:1852).
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Normal Heartbeat

A normal “sinus rhythm” starts

in the sinoatrial (SA) node

and spreads down 1o the
atnoventncular (AV) node as the
atra contract and force blood
INMo the ventricles. The ventricles
then contract and pumg blood
out of the hoart as electrical
signals reach ventrichular

muscle cells

Represented here is a noemal
rhythm of 60 beats per minute.
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Normal Rhythm Restored

Electrical signals
from the device are
coliverad through the
Implanted lead
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Normal Heartbeat Restored

The pacemaker device
delvers rhythmic electrical
sgnals to stmulate

the ventricies to contract

CRT device

Aftor sensing the arrhythmea,
the CRT dovice sends signals
through the same leads 1o
“resynchronize” ventnoular
COMractions, or in other words,
make them contract

at the same tme.
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Normal Heartbeat Restored

When the ICD detects
an arrhythmia, ke Vib,
a shock is astomatically
delivered to restore

the normal heartbeat
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Normal Heartbeat
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Atrial FRbrillation

Commonly called Afib, this irregular
heartbeat causes the atria to
qQuiver and prevents them from
effectively moving blood into the
ventricles. It can lead to stroke or
other heart-related complications.

« Antiarrhythmic drug therapy: efficacy 15% and side effects
« Ablation: high recurrence, less effective in persistent






http://www.nature.com.beckerproxy.wustl.edu/nature/journal/v491/n7422/full/491031a.html#auth-1
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Opportumtles tfor Human Heart
- Research: Organ Procurement Orgs

American Journal of Transplantation 2015; XX: 1-8 © 2015 The Authors. American Jownal of Transplantation Published
Wiley Penodicals Inc. by Wiley FPeriodicals, Inc. on behalf of American Sociery of
Transplant Swrgeons

doi: 10.1111/a1.13055

National Decline in Donor Heart Utilization
With Regional Variability: 1995-2010

K. K. Khush'*, J. G. Zaroff?, J. Nguyen®, criteria for donor heart evaluation and acceptance for
R. Menza® and B. A. Goldstein® transplantation.

' Division of Cardiovascular Medicine, Department of Abbreviations: INTERMACS, Interagency Registry for

3 9 . s 3 Mm"y A‘.M Nivsilataru Qunnast: | VAN Llake 3
m, Stanford University School of Medicine, Palo ventricular assis!

?Kaiser North ifornia Division of Researc fraction; MPSC, American Journal of Transplntation 2014; 14: 615-620 © Copyright 2014 The American Society of Transplantati
CA I o of % Oakdand, Comnint’to.; OE, Wiley gm Inc. “ OPI"‘C.J the American Society of T:u,-ph: ane::'s
*California Transplant Donor Network, Oakland, CA Procurement an doi: 10.1111/ajt.12607
“Graduate School of Nursing, Midwifery, and Health, United Network

;’mUmmtyodehngton Waellington, New Received 31 Aug

“Department of Biostatistics and Bioinformarics, Duke  2cceptedforput A Nlgye| Organ Donor Facility: A Decade of Experience
UnmrsuySchoolof Medicine, Durham, NC

— * - \ith Liver Donors

M. B. M. Doyle'*, N. Vachharajani’, Introduction
J. R. Wellen', J. A. Lowell’, S. Shenoy’,
G. Ridolfi', M. D. Jendrisak?, J. Coleman®, Inthe United States, the experienceof donor procurement is
M. Maher®, D. Brockmeier®, D. KQP‘" often time consuming and logistically challenging for organ
and W. C. Chapman’ procurement organizations (OPOs) and organ recipient
centers. Typically, transplant surgeons from the recipient
' . L center travel to the organ donor’'s hospital and perform
om g{ ?gz'y,{lgmm University School complex, time-sensitive procedures with inexperienced |
2Gift of Hope, Chicago, IL staff in unfamilar surroundings. Most donor recoveries
3Mid America Transplant Services, St. Louis, MO require multiple teams to travel to the recovery hospital (1).
*Corresponding author: M. B. Majella Doyle, On average, brain-dead donors lead to three solid organ |
doylem@wusti.edu transplants (US average) but may lead to as many assixor |
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J;""'\-"The Human Heart Physmlogy Program
"“(~4OO human hearts)
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Bl Ischemic CMY
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' Human Hearts by Weekday |
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The Human Heart Physiology Program
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The Human Heart Phy Slblogy i
 Program: Workflow Chart

Patient/Donor Clinical
Figure 1. Human heart Data

physiology study flowchart
highlighting organ
procurement processes and

. - Harvesting Heart in OR
experimental preparations.

Heart Delivery to Basic
Research Lab
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——Gene Expression

——Protein Expression

| Transmembrane Potential | Transmembrane Potential —Immunohistochemistry
Optical Imaging Optical Imaging

Dual Voltage and Ca?* | Dual Voltage and Co**
Optical Imaging Optical Imaging

——Microelectrode Recording ——Microelectrode Recording

— Opto-electric Recording “——Opto-electric Recording




The Efimov L.ab Human Heart Team
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Hucker WJ, McCain ML, Laughner JI, laizzo PA, Efimov IR, Connexin 43 Expression Delineates Two Discrete Pathways in the Human Atrioventricular Junction,
Anat. Rec., 2008, 291(2): 204-15. ' ’ s 2 :

Hucker WJ, Fedorov Vv, Foyﬂ KV, Moazami N, Efimov IR, Optical Mapping of the Human Atrioventricular Junction, Circulation, 2008, 117(11): 1474-7.

Ambr081 CM Moazam1 N, Rol]ms AM, Eflmov IR, Virtual Hlstology of the Human Heart Usmg Optlcal Cohe,rence Tomography, JBO, 2099 Sep-Oct; 14(5): 054002

1schem1c cardlomyopathy, Channels, 2010 18,4(2)

Kurian T, Ambrosi C, Hucker W, Fedorov VV, Efimov IR, Anatomy and Electrophyswlogy of the Human AV Node, Pacing Clin. Electrophysiol. Review. 2010, 33(6):
754- 62

Glukhov AV, Fedorov VV, Lou Q, Ravikumar VK, Kalish PW, Schuessler RB, Moazami N, Efimov IR, Transmural Dispersion Of Repolarization In Failing And Non
Faﬂmg Human Ventncle Circ Res. 2010 106(5) 981-91.

Fedorov VV, Glukhov AV, Chang R, Kostecki G, Aferol H, Hucker WJ, Wuskell J, Loew LM, Schuessler RB; Moazami N, Efimov IR. Optical mapping of the isolated
coronary—perfused human sinus node, ]ACC 2010; 56 (17), 1386-1394.

Lou Q, Fedorov VV, Glukhov AV, Fast VG, Moazami N, Efimov IR, Heterogeneity and Remodeling of Transmural Ventricular Excitation-Contraction Coupling in
Human Heart Failure. Clrculatlon 2011, 123(17): 1881-90. :

Fedorov VV, Glukhov AV, Kosteckl G, Chang R, Janks D, Schuessler RB, Moazami N, Nichols CG, Efimov IR. Effects of KATP channel openers diazoxide and
pmac1d11 in coronary-perfused atria and ventricles from failing and non—faﬂmg human hearts. JMCC, 2011, Aug; 51(2):215-25.

Fedorov VV, Ambrosi CM, Kosteckl G, Hucker W], Glukhov AV, Wuskell J, Loew LM, Moazami N, Efimov IR, Anatomic Localization and Autonomic Modulation of
AV ]uncnonal Rhythm in Falhng Human Hearts, Circ Arrhythm Electrophysiol. 2011; 4(4): 515-25. '

Glukhov AV, Fedorov VYV, Kalish PW, Ravikumar VK, Lou Q, Janks D, Schuessler RB, Moazami N, Efimov IR, Arrhythmogenic remodeling in human end-stage non-
1schem1c left ventricular cal:dlomyopathy, Circulation. 2012; 125(15): 1835-47.

Lou Q, Janks DL, Holzem K, Lang D, Onal B, Ambrosi CM, Fedorov VV, Wang IW, Efimov IR. Right Ventricular Arrthythmogenesis in Failing Human Heart: The
Role of Conduction and Repolarization Remodehng 'AJP: Heart and Clrculatory Physiology; 2012 Dec;303(12):H1426-34.

Liu M, Gu L, Sulkin M, Liu H, Jeong EM,, Greener I, Xie A, Efimov IR, Dudley SC, “Mitochondrial Dysfunction Causing Cardiac Sodium Channel Downregulation in ¥ "

Cardiomyopathy” JMCC, 2013 Jan; 54:25-34.

Ambrosi CM, Yamada KA, Nerbonne M, Eﬁmov IR, Gender Dependent Differences in Molecular Electrophysiological Targets in Failing and Nonfailing Human
Hearts, PLOS ONE; 2013; 8(1) 854635

Takasu O, Gaut JP, Wata.nabe E, TQ K, Fagley E, Sato B, Jarman S, Efimov IR, Janks DL, Srivastava A, ‘Bhayani SB, Drewry A, Swanson PE, Hotchkiss RS, Mechanisms
of Cardiac and Renal Dysfunctlon in Patients. Dymg of Sepsis. Am. J. of Respiratory and Critical Care Medicine. 2013, in press.

Walmsley J, Rodriguez JF, Mirams GR, Burrage K, Efimov IR, Rodrlguez B, mRNA expxesswn levels in falhng human hearts predict cellular electrophys1olog1cal
remodeling: Apopulatmn—based 51mulat1Qn study PLO§ Qne 2013 8(2): e56359
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Actlon Potentlals and Underlymg Iomc Currents .
m Human and Mouse Ventricular Myocytes '
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‘%"::"'Ventrlcular Remodelmg of Ma]or Ion‘
" Channel Subumts in I—Ieart Fa1lure
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Non-Failing Heart Failing Heart
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I—IF remodelmg of APD endocardmm L)
m1d myocardlum and ep1card1um

-~ Circ. Res. 2010
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Pseudo-
ECGs

Optical
Recordings

A.

Control

Ln

Nonfailing
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- Holzem,
JMCC 2015

B Oonor M Failing

Donor: n=5. Failing:n=5




Human mRNA expr ession le\:fféllé
pred1ct EP Phenotype In heart fa1lure
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Table 1. Parameters undef wivestlgatlon
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IGene Current Parameter Regulation in HF [3]
 KChiP2 ko leat @) Gro Geat |

NOX Inaca T ®

Serca2A SERCA !

Kva3 ko L@

4 Kv11.1/HERG | @

jxvm -

IGr2 1 1y -

Membrane Potential (mV)

a) KChIP2 has recently been shown to form an accessory subunit of Icy [40).
b) NCX1 was downregulated in non-ischamic cardiac myopathy patients but
1 ' showed no difference from the non-failing group in ischaemic cardiac

- myopathy.

- €) Kv4.3 and HERG tended to be downregulated relative to the non-failing group
however the difference was not statistically significant.

- doi:10.1371/joumal pone.0056359.t001
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Actlon Potent1als and Calcium Tran81ents in human
pat1ent—spec1f1c model based on mRNA expressmn
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: %Figun 2.Sample AP and CaT traces obtained from the non-failing (blue) and failing (red) populations. Traces are shown for BCL = 1500 |

(A,Q) and 300 ms (B,D). The AP for the standard ORd endocardial model is shown in black.
< doi:10.1371/journal.pone.0056359.9002




Hlstograms shong blomarker Values obtamed for the .
non—faﬂmg (blue) and fallmg (red) cell model populatlons
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A C'or’rélatfion plots of one biomarker against another

: e Non-Failing
ai | _ e Failing
I e Intersection

APD3080
N
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-
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x Figure 4. Correlation plots of one biomarker against another at 600 ms BCL. Red denotes the failing population, blue denotes the non-
failing population, and the darker shade represents cells lying in the intersection between the two populations. Points which develop altemans are
removed from these plots. Each biomarker is plotted against each other. £t

dot10.1371/journal pone.0056359.g004
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C
Healthy Early HF End-stage HF

V RV

RV -

Trygliceride

Carnitine Acylcarnitine Carnitine Acylcarnitine Carnitine Acylcarnitine

1 CT nv_m

(AR — Gy A
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\o 8 \o 9

CoAN i CoA CoA
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b B A S A S

_
Pyruvate Pyruvate Lactate

Pyruvate
— ‘ Y A
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Lionett et al, Cardiovasc. Res. 2011
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e SEM Resolution

e 0.9 nm at 15 keV
e 1.4 nm at 1 keV

« E beam energy: 350 eV - 30 keV
« E beam current: <= 22 nA
e | beam energy: 500 eV - 30 keV

e | beam current: 1.5 pA - 20 nA
« (optional up to 65 nA available)

e FIB Resolution
e« 5nm at 30 keV

e 5 axis, 6” piezo stage in x,y (+/-
Tum)




Electron Beam

Acquire images
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Align image stack

Reconstruct 3D Volume
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3D model
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4096 X 3536 X 220 Voxels

imension 3.6nm x 4.2nm x 10nm

)
1

. Sulkin, JSB, 2014
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m Simulation

® Simulation
W Observed v W Observed

# Lipid Droplets
# Lipid Droplets
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Intact T—tubular system Synchromzes
Metabol1sm—exc1tat10n—contractlon




Clancy et al., Mitochondrial reticulum for
cellular energy distribution in muscle. Nature,
2015.







Sources i Ati‘iélTaChycardiaand Fibrillation:
- Target for High-definition Mapping and Ablation

EEN AN YO RN, T PR N -—a — PEAESE S PN B,

~ Total RA 144 (73%) Total LA 52 (27%) |

RAA 3(0.6%)
: PV 35(19%)

CT 62(31%) 2(0.6%)

y

B
Perinodal |
22(11%) |

R.Septal 3 ?

CS os 16(8%) N . ¥ CS Body 3(2%)
L.Septum 3(0.6%)

Sup. MA 8(4%)
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Xu et al, Nature e
Communication, 2014

Integrate with heart




TAKE MRISCANS USE IMAGE-PROCESSINGTOOLS 3 WITH THAT DATA, construct a 3-D model
of the patient’s heart. to locate the walls of the heart's chambers. depicting that heart’s unique anatomy.

USEIMAGE-PROCESSINGTOOLS OVERLAY THAT UNIQUE pattern USINGANOTHER IMAGE-ANALY-
toidentify the heart's scar tissue [brown] of scar tissue on the 3-D model. SIS program, determine the orienta-
and the semifunctional adjacent tissue [blue). tion of the heart's muscle fibers.

Traganova NA, IEEE Spectrum, 2014



Trayanova NA, IEEE Spcc.trum, 2014

THEPERSONALIZED 3-D model

of apatient’s heart shows its
unique anatomy and pattern of scar tis-
sue, which determine how electrical sig-
nals move through the heart.

DOCTORS CAN SIMULATE anelec-

trical signal that produces an abnormal
heartbeat and can thus cause cardiac arrest. By
observing how it moves through the tissue, they
can determine where the signal must originate.

3 IN THE STANDARD form of treatment,
doctors use a catheter to probe for tissue
with abnormal electrical activity. They then burn
away alarge patch of that tissue [blue dotted
line] in hopes of destroying the point of origin.

HOWEVER, THE COMPUTER model

reveals that just one small piece of tissue
[red circle] is the key to the faulty signal. If doctors
base their treatment on the model, they can burn
less tissue and leave more of the heart intact.
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