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Our Experience with Adult Stem Cell Trials



Fernandez‐Aviles F. Eur Heart J 2017

To date, more than 7,000 cardio‐vascular patients injected with different 
adult stem cells in randomized clinical trials. However, overall data 
show neutral or minimal benefits. 



How Do We Design Trials Better?



Why Significant Variability Among Different 
Trials and Even Patients Within the Same Trials?

1) Bad delivery?

FOCUS‐CCTRN (JAMA 2012): “Among patients with chronic ischemic heart 
failure, transendocardial injection of autologous BMCs compared with placebo did 
not improve LVESV, maximal oxygen consumption, or reversibility on SPECT.”



Cardiologists

Cardiac surgeons

Stem Cell Delivery to the Heart



Why Significant Variability Among Different 
Trials and Even Patients Within the Same Trials?

1) Bad delivery?

2) Bad cellular engraftment?

FOCUS‐CCTRN (JAMA 2012): “Among patients with chronic ischemic heart 
failure, transendocardial injection of autologous BMCs compared with placebo did 
not improve LVESV, maximal oxygen consumption, or reversibility on SPECT.”
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Vrtovec et al, Circulation 2013

4.4±1.2% 19.2±4.8%

Biodistribution of CD34+ Stem Cells 18 Hours After 
Intracoronary vs. Transendocardial Delivery in Patients



Vrtovec et al, Circulation 2013

Functional Outcomes 6 Months After Delivery
(↑ Early Engraftment = ↑ Late LVEF)



Why Significant Variability Among Different 
Trials and Even Patients Within the Same Trials?

1) Bad delivery?

2) Bad cellular engraftment?

3) Bad dosing?

FOCUS‐CCTRN (JAMA 2012): “Among patients with chronic ischemic heart 
failure, transendocardial injection of autologous BMCs compared with placebo did 
not improve LVESV, maximal oxygen consumption, or reversibility on SPECT.”



‐‐Most adult cardiac stem cell 
therapy is one time dosing at 
~20M to 200M cells.

‐‐Assuming 100M cell dosing, 
95% gone in 24‐48 hours due 
to cell migration. 

‐‐Among 5M cells engrafted, 
another 99% dead by 4‐6 
weeks.

‐‐Left with 50k cells that 
home/engraft in the heart (vs. 
human heart has 2‐3 billion 
cardiac cells and 4‐5 billion 
fibroblasts).
Nguyen PK et al, JAMA Cardiol 2016

Dosing for Cardiac Stem Cell Therapy



Why Significant Variability Among Different 
Trials and Even Patients Within the Same Trials?

1) Bad delivery?

2) Bad cellular engraftment?

3) Bad dosing?

4) Bad patient population?

FOCUS‐CCTRN (JAMA 2012): “Among patients with chronic ischemic heart 
failure, transendocardial injection of autologous BMCs compared with placebo did 
not improve LVESV, maximal oxygen consumption, or reversibility on SPECT.”



Bad Patient Population
Your typical 70 yo patient with 
HTN, DM, CAD s/p stents, and 
prior EtOh or smoking hx.

Mice 
studies

Human studies



Why Significant Variability Among Different 
Trials and Even Patients Within the Same Trials?

1) Bad delivery?

2) Bad cellular engraftment?

3) Bad dosing? 

4) Bad patient population?

5) Bad cell type?

FOCUS‐CCTRN (JAMA 2012): “Among patients with chronic ischemic heart 
failure, transendocardial injection of autologous BMCs compared with placebo did 
not improve LVESV, maximal oxygen consumption, or reversibility on SPECT.”



Bad Patient Population
Your typical 70 yo patient with 
HTN, DM, CAD s/p stents, and 
prior EtOh or smoking hx.

Autologous adult stem cells Pluripotent stem cells (iPSC/ESC)



Human Induced Pluripotent Stem Cells

**Shinya Yamanaka at the Kyoto University in Japan created the first 
iPSCs from mouse in 2006 and from human in 2007. He shared the 
Nobel Prize in Medicine & Physiology in 2012with Sir John Gurdon.

**iPSCs can be 
generated from the 
patient’s blood, skin, 
hair, or fat and then 
reprogrammed. 

**Human iPSCs are 
essentially the same as 
human ESCs or SCNT 
and can “self‐renew” 
and are “pluripotent”.

Wilson, Wu. JAMA 2015
Shi, Inoue, Wu, Yamanaka. Nat Rev Drug Discov 2016



2018 (90%+ efficiency)

PBMC  iPSC

2004 (5% efficiency)

Differentiation of Human Cardiomyocytes

PNAS 2008, PNAS 2009, Nature Methods 2010, Cell Stem Cell 2011, JCI 2011, Nature Biotech 2011, Cell 
Stem Cell 2012, Science Transl Med 2012, Nature Medicine 2013, Science 2013, Science Transl Med 2013, 
JAMA 2013, Nature Materials 2014, Nature Methods 2014, Science Transl Med 2014, Cell Stem Cell 2015, 
JAMA 2015, Science Translational Med 2016, Nature Medicine 2016, Cell Stem Cell 2016, Cell 2016, Cell 
Report 2017, PNAS 2017, Science Transl Med 2017, Cell Stem Cell 2018, Nature Biomed Eng 2018



One Size Does Not Fit All: Genetic vs. Acquired 
vs. Multifactorial Causes of Heart Diseases



Stanford Cardiovascular Institute Cardiac iPSC Biobank: 
Creating 1,000 iPSC Lines to Accelerate Drug Discovery

1) Create a biorepository of 1,000 iPSC lines from patients with different CV 
history, ethnicity, sex, and also isogenic lines using CRISPR genome editing.

2) Perform DNA‐seq of iPSCs and RNA‐seq on iPSC‐CMs and iPSC‐ECs.

3) Use PharmGK (http://www.pharmgkb.org) to create a database on how

human genetic variation impacts drug response phenotypes. 

4) Link to medical information using clinical database (STRIDE: Stanford 
Translational Research Integrated Database Environment)

5) Working with NHLBI and CIRM on iPSC biobanking and FDA on drug

safety testing. Established sharing resource plan with many investigators. 



Eur Heart Journal 2015





Stanford ESC‐CM Preclinical Study (2013‐2018)



Challenges: Tumorigenicity

Nat Biotech 2011

**How do you make sure no 
undifferentiated cells within 
50M -1B (?) cells that you 
plan to inject into patients?

**No data on long-term 
follow-up in small and large 
animal models (ie, years not 
months)

**Low risk, but needs to be 
absolutely 0% risk, o/w 
entire field is doomed.

**Because of significant 
improvement in cardiac 
differentiation protocol, we 
are actually less worried 
about this issue.

Nature Med 2013

Circulation 2006

Stem Cell Report 2016



PNAS 2008

Challenges: Immunogenicity
**ESC-based therapy is 
allogeneic and will require 
immunotolerance, which is 
not what our patients want 
b/c the whole point of stem 
cell therapy is to avoid 
immunosuppressive drugs 
from heart transplant.

**For many iPSC-based 
therapies, most likely will 
also be allogeneic therapy 
(not autologous) b/c of 
biotech company’s focus 
on “return on investment”.  

**Possibility of using 
universal iPSC lines that 
lack HLA I and II to avoid 
immune rejection?

Cell Report 2017

Cell Stem Cell 2011

Nature Comm 2014



J Biol Chem 2011  

Challenges: Costs of Product Development

**Expensive to do large 
animal studies (>$100/day 
housing), and difficult to get 
NIH funding b/c not 
“mechanistic enough” by 
most reviewers.

**Showing efficacy in 
randomized double-blinded 
study requires large patient 
# size, so difficult to get 
funding.

**What is the competitive 
advantage of ESC/iPSC-
based therapy vs. adult stem 
cell therapy vs. standard 
medical therapy or surgical 
mechanical devices?

Circ Res 2012

Cell Stem Cell 2014

J Clin Invest 2016  



Acknowledgment
Postdoc Fellows
Ilanit Itzhaki
Chun Liu 
Joe Zhang (TRDRP)
CK Lam (T32)
Edward Lau (K99)
David Paik (T32)
Ning Ma (AHA)
Huaxiao Guo (AHA)
Dilip Thomas
Ian Williams (T32)

Instructors
Nazish Sayed (K01) 
Oscar Abilez (K01)
Haodi Wu (K99)
Kitch Wilson (K08)
Xulei Qin (AHA CDA)
Mingtao Zhao (AHA CDA)
Ningyi Shao (AHA CDA)

Graduate Students
Mohamed Ameen (NSF)
A. Wnoroswki (NDSEG)

Collaborators
Michael Snyder
Tom Quertermous
Mark Mercola
Sean Wu
Marlene Rabinovitch
Matthew Porteus
Sam Gambhir
Kristy Red‐Horse
Beth Pruitt
Joseph Woo
Dan Bernstein
Euan Ashley
Russ Altman
Jay Rajadas
Francois Haddad
Patricia Nguyen  
Irving Weissman
Michael Longaker
Helen Blau
Beth Pruitt
Daria Mochley‐Rosen

Collaborators
Mohit Jain (UCSD)
Bjorn Knollmann  (VU)
Chaz Hong (VU)
Peter Schwartz (Italy)
Luisa Mestroni (UC Denver)
Li Ping (FDA)
Ksenia Blinova (FDA)
Jean Hulot (France)
Lior Gepstein (Technion)
Yoshinori Yoshida (Japan)
Donald Bers (UCD)
Colleen Clancy (UCD)
Andre Terzic (Mayo) 
Sian Harding (UK)
Shoukhrat Mitalipov (OHSU)
Larry Couture (COH)
Kevin Healy (UCB)
Wolfram Zimmermann (Ger)
John Solaro (UIC)
Jeff Saffitz (BIDMC)
Bojan Vrtovec (Slovenia)Email: joewu@stanford.edu

Cardiology Fellows
June Rhee (F32)
Mark Chandy (CSTP)
Ian Chen (AHA)
Masa Nishiga (JSP)
Karim Sallam (K08)


