Check for
updates

s

ELSEVIER

()

®wo

Canadian Journal of Cardiology 35 (2019) 1278—1280

Editorial

Paracrine Heart Repair Comes of Age
Darryl R. Davis, MD
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See article by Marvasti et al., pages 1311—1321 of this issue.

For almost 20 years, cell therapy has been touted as a natural
solution to replace heart muscle lost at the time of myocardial
infarction.'® But recent scandals® and failed clinical trials’
have done little to inspire confidence in a jaded medical
community. Although a portion of the blame lies in the early
hype and hyperbole raising unrealistic expectations, some of
the initial mechanisms that assumed how transplanted cells
would modify heart function have proved to be spectacularly
wrong and prompted many to consider new directions to
restore injured tissue.

Inidally, cell therapy was considered as a tissue replacement
strategy.” Skeletal muscle progenitors were one of the first cell
products injected and had several early successes in small
studies.”” These hardy cells formed contractile islands of
skeletal tissue between myocytes. But these gains came at a
price. Electrically uncoupled skeletal muscle provided the ideal
substrate for wavelet re-entry and resulted in many patients
experigncing serious ventricular arrhythmias after cell treat-
ment.” Despite efforts to overcome the electrical isolation of
skeletal myoblasts, equivocal clinical benefits’ and ongoing
concerns related to serious proarthythmia'® arrested any
progress toward clinical implementation. Embryonic stem
cells have since become the unfortunate heirs of the skeletal
myoblast legacy. Despite Promising early studies in several
small animal models,"" " proof of concept work in
nonhuman primates has shown the electrical immaturity of
transplanted embryonic or partially differentiated cells
increases ventricular pro-arrhythmia as cells engraft within the
larger hearts.'® It is hoped that this problem can be corrected
by re-engineering, but, at present, the prospect of post-
transplant arrhythmias threatens to derail therapies directed
toward replacement of lost heart tissue with primitive car-
diomyocytes. Reflecting on the overall strategy, it occurs that
the myoblast and embryonic cell solutions are not so very
different from a surgical cut to cure mindset, as this strategy

Received for publication July 3, 2019. Accepted July 7, 2019.

Corresponding author: Dr Darryl R. Davis, H3214 40 Ruskin Street,
Ottawa Ontario K1Y 4W7, Canada. Tel.: +1-613-696-7298; fax: +1-613-
696-7136.

E-mail: ddavis@ottawaheart.ca

See page 1279 for disclosure information.

https://doi.org/10.1016/j.cjca.2019.07.006

dogmatically states transplanted cells must engraft to replace
lost tissue.

As outlined in this issue of the Canadian Journal of Car-
diology,"” more nuanced means of restoring cardiac function
that are not reliant on the straightforward replacement of lost
tissue by transplanted cells have since emerged. In their
review, Marvasti et al. outline the evidence supporting the
ability of CD34+ hematopoietic cells to promote new vessel
growth within ischemic tissue. Although the function of the
CD34 protein has yet to be “definitively ascertained,”"” it
appears to play an important role in the migration and pro-
liferation of many cells while serving as a reliable indicator of
proangiogenic potency. Preclinical studies have shown that
intramyocardial injection of CD34+ cells improves heart
function after injury and, although such studies are rare,
CD34+ cells appear to be superior to other hematological
progenitor cells. Of note, these salutary effects are not
mechanistically linked to engraftment, differentiation, and
creation of new blood vessels to ischemic territory by trans-
planted cells. Rather, transplanted cells are ephemeral, and few
persist in treated tissue beyond a few days. During that short
residency, CD34+ cells secrete cytokines and extracellular
vesicles that stimulate endogenous cells to proliferate and in-
crease blood vessel density within treated areas. Conceptually,
this realization was one of the first to identify critical
anomalies with the engraft and function cell treatment
paradigm. Long-term engraftment and differentiation of any
transplanted cell into working tissue is now recognized to be a
rare event and has led to a growing consensus that all thera-
peutically potent cells work through paracrine secretion of
cytokines and extracellular vesicles that stimulate endogenous
growth of new tissue and the salvage of reversibly injured
tissue.'® A key tenet within this paradigm lies in the obser-
vation that transient retention of transplanted cells is enough
to promote repair of injured tissue and long term engraftment
of transplanted cells is not required.

Marvasti and colleagues also outline several of the impor-
tant differences between murine and human CD34+ cells
that include differences in transcriptional control and cell
function. These differences may have important implications
on the mechanisms underlying CD34+ cell-based repair. It
follows that understanding these mechanisms may open
avenues to improve the efficacy or potency of cell therapy.
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However, work remains to identify which differences in the
paracrine signature of transplanted cells are important.
Techniques such as humanized mouse models (ie, human
CD34+ cells endogenously expressed within mice) will shed
insights into how human cells interact with injured tissue and
may help to identify which combination of the 20,000 mol-
ecules contained within secreted extracellular vesicles are
needed to provide maximal benefit."”

Finally, the authors readily acknowledge that translational
studies of preclinical work are a gamble, albeit an educated
bet. What may work in young disease-free models with sur-
gical injuries, using healthy young donor cells, may not
necessarily work using cells from aged human donors with
medical comorbidities injected back into aged recipients.
Exploring the impact of real-life conditioned cells in models of
disease or advanced aging may help identify caveats and
opportunities before clinical translation. However, even if all
the biological influences are considered, the design of clinical
trials may adversely affect study findings. Market pressures
often force clinical trials to deliver defined cell products into
the widest patient group possible, using the widest available
technique. As highlighted by the authors, these concessions
may not individually affect the cell product efficacy but do
have a cumulative influence. Cell preparation before injection
provides a ready example. Many of the major cardiovascular
cell therapy trials removed cells from cryogenic (—80°C
[—112°F]) storage, briskly warmed the cells and then diluted
with saline to limit the amount of cryopreservative injec-
ted.””?" Although this approach makes cell delivery easier, cell
recovery and function are obviously not optimal after forced
rewarming. Injection of cryopreservatives down disease coro-
naries may also have inadvertent effects that are not necessarily
well understood. As suggested, modelling real-life cell delivery
before clinical implementation may help to explain why the
findings from a well-designed preclinical study fail after
translation to the bedside.

The authors proffer the Efficacy and Safety of Targeted
Intramyocardial Delivery of Auto CD34+ Stem Cells for
Improving Exercise Capacity in Subjects With Refractory
Angina (RENEW) trial as an example of the impact that
translational challenges have on cell treatment effects, which
may not be strictly accurate. The RENEW trial was a phase 3
trial of autologous (self to self) blood-derived CD34+ cells
injected into the myocardium of patients with severe chronic
angina.”” These are patients without conventional revascu-
larization options who continue to live with chronic (often
severe) angina and repeated admissions for anginal episodes.
In this instance, a therapy that stimulates the growth of new
blood vessels to provide endogenous revascularization would
be very well received. The trial was terminated after enroll-
ment of 112 of the 444 planned patients but still showed
CD34+ cell therapy had a very promising trend to
improvement in the primary outcome (total exercise time) and
angina frequency when compared with placebo. Although the
RENEW trial represents the clinical translation of CD34+
cells, the decision to terminate the trial was based on the
strategic business priorities of the sponsor and does not appear
to reflect delivery of an attenuated or futile cell product.

As such, the future of blood-derived CD34+ cells in the
treatment of ischemic disease appears promising and, based on
the evidence to date, warrants investment. Fundamental work
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is still needed to optimize the potential of this readily available
cell source. This therapeutic focus reflects trends in the field of
cardiovascular cell therapy, which is increasingly adopting new
paracrine-based paradigms rather than cell replacement
strategies that have yet to show durable safe outcomes.
Ultimately, there may soon be a time when Canadians can
visit Canadian hospitals to receive biological products that
promote the growth of new endogenous heart tissue rather
than removing offending tissue or palliating with drugs and
mechanical devices.

Funding Sources

This work was supported by the Canadian Institutes of
Health Research (PJT-162088).

Disclosures
The author has no conflicts of interest to disclose.

References

1. Nadal-Ginard B, Kajstura J, Leri A, Anversa P. Myocyte death, growth,
and regeneration in cardiac hypertrophy and failure. Circ Res 2003;92:

139-50.

2. Urbanek K, Quaini F, Tasca G, et al. Intense myocyte formation from
cardiac stem cells in human cardiac hypertrophy. Proc Natl Acad Sci USA

2003;100:10440-5.

3. Orlic D, Kajstura J, Chimenti S, et al. Bone marrow cells regenerate
infarcted myocardium. Nature 2001;410:701-5.

4. Davis DR. Cardiac stem cells in the post-Anversa era. Eur Heart |
2019;40:1039-41.

5. Jeyaraman MM, Rabbani R, Copstein L, et al. Autologous bone marrow
stem cell therapy in patients with ST-elevation myocardial infarction: a
systematic review and meta-analysis. Can ] Cardiol 2017;33:1611-23.

6. Menasche P, Hagege AA, Scorsin M, et al. Myoblast transplantation for
heart failure. Lancet 2001;357:279-80.

7. Menasche P, Hagege AA, Vilquin JT, et al. Autologous skeletal myoblast
transplantation for severe postinfarction left ventricular dysfunction. ] Am
Coll Cardiol 2003;41:1078-83.

8. Mount S, Davis DR. Electrical effects of stem cell transplantation for
ischaemic cardiomyopathy: friend or foe? J Physiol 2016;594:2511-24.

9. Menasche P, Alfieri O, Janssens S, et al. The myoblast autologous
grafting in ischemic cardiomyopathy (MAGIC) trial: first randomized
placebo-controlled study of myoblast transplantation. Circulation
2008;117:1189-200.

10. Povsic TJ, O’Connor CM, Henry T, et al. A double-blind, randomized,
controlled, multicenter study to assess the safety and cardiovascular effects
of skeletal myoblast implantation by catheter delivery in patients with
chronic heart failure after myocardial infarction. Am Heart ] 2011;162:

654-62.

11. Kolossov E, Bostani T, Roell W, et al. Engraftment of engineered ES cell-
derived cardiomyocytes but not BM cells restores contractile function to
the infarcted myocardium. ] Exp Med 2006;203:2315-27.

12. Laflamme MA, Chen KY, Naumova AV, et al. Cardiomyocytes derived
from human embryonic stem cells in pro-survival factors enhance func-
tion of infarcted rat hearts. Nat Biotechnol 2007;25:1015-24.


http://refhub.elsevier.com/S0828-282X(19)30473-8/sref1
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref1
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref1
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref2
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref2
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref2
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref3
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref3
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref4
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref4
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref5
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref5
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref5
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref6
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref6
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref7
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref7
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref7
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref8
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref8
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref9
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref9
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref9
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref9
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref10
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref10
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref10
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref10
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref10
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref11
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref11
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref11
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref12
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref12
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref12

1280

13.

14.

15.

16.

17.

Ebert SN, Taylor DG, Nguyen HL, et al. Noninvasive tracking of cardiac
embryonic stem cells in vivo using magnetic resonance imaging tech-

niques. Stem Cells 2007;25:2936-44.

Robey TE, Saiget MK, Reinecke H, Murry CE. Systems approaches to
preventing transplanted cell death in cardiac repair. ] Mol Cell Cardiol
2008;45:567-81.

Shiba Y, Fernandes S, Zhu WZ, et al. Human ES-cell-derived car-
diomyocytes electrically couple and suppress arrhythmias in injured
hearts. Nature 2012;489:322-5.

Chong JJ, Yang X, Don CW, et al. Human embryonic-stem-cell-derived
cardiomyocytes regenerate non-human primate hearts. Nature 2014;510:

273-7.
Marvasti TB, Alibhai FJ, Weisel RD, Li R-K. CD34" stem cells:

promising roles in cardiac repair and regeneration. Can ] Cardiol

2019;35:1311-21.

18.

19.

20.

21.

22.

Canadian Journal of Cardiology
Volume 35 2019

Eschenhagen T, Bolli R, Braun T, et al. Cardiomyocyte regeneration: a
consensus statement. Circulation 2017;136:680-6.

Marban E. The secret life of exosomes: what bees can teach us about
next-generation therapeutics. ] Am Coll Cardiol 2018;71:193-200.

Hare JM, Traverse JH, Henry TD, et al. A randomized, double-blind,
placebo-controlled, dose-escalation study of intravenous adult human
mesenchymal stem cells (prochymal) after acute myocardial infarction.

J Am Coll Cardiol 2009;54:2277-86.

Chakravarty T, Makkar RR, Ascheim DD, et al. ALLogeneic Heart
STem Cells to Achieve Myocardial Regeneration (ALLSTAR) trial:
rationale and design. Cell Transplant 2017;26:205-14.

Povsic TJ, Henry TD, Traverse JH, et al. The RENEW trial: Efficacy
and Safety of Intramyocardial Autologous CD34(+) Cell Administration
in Patients With Refractory Angina. ] Am Coll Cardiol Cardiovasc Intv
2016;9:1576-85.


http://refhub.elsevier.com/S0828-282X(19)30473-8/sref13
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref13
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref13
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref14
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref14
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref14
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref15
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref15
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref15
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref16
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref16
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref16
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref17
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref17
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref17
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref17
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref18
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref18
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref19
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref19
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref20
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref20
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref20
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref20
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref21
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref21
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref21
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref22
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref22
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref22
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref22
http://refhub.elsevier.com/S0828-282X(19)30473-8/sref22

	Paracrine Heart Repair Comes of Age
	Funding Sources
	Disclosures
	References


