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Transplanted stem cells survive a long time: do they make

you sick?

Greg Maguire ®

BioRegenerative Sciences Inc., San Diego, La Jolla, CA 92037, USA

Corresponding author: Greg Maguire. Email: gregmaguire5@gmail.com

Adult stem cell transplants have been used for over
40 years' to save the lives of those with severe blood
diseases. Success with this procedure has given wide-
spread optimism for developing additional stem cell-
based therapies for a wide range of diseases. Scientists
have even made progress in repairing organs or gen-
erating new organs from stem cells, including, for
example, kidney tissue.> While we have learned
much about stem cell biology, and indeed stem cell
therapeutics in the last decade, disappointments in
translating this knowledge into approved medical
therapies are many.’ The many mechanisms of
action arising from stem cell transplants, including
those leading to adverse events, are still poorly under-
stood. For example, even in well-controlled clinical
trials when transarterial administration of autologous
bone marrow stem cells were administered, an inflam-
matory response, including macrophage expansion,
was observed when compared to control patients.*
Haematopoietic stem and progenitor cells are respon-
sible for generating and maintaining the extremely
diverse pool of blood cells, everything from red
blood cells to T-cells, for our lifetime. For treating
blood diseases such as acute myeloid leukaemia,
HSPC transplantation, also known as bone marrow
transplantation, remains the only approved stem cell
therapy, even though unapproved stem cell trans-
plants for a variety of other indications continue to
burgeon, especially in the USA.’ often with disastrous
results including loss of vision.® The approved, clinical
transplantation of human haematopoietic stem and
progenitor cells from an allogeneic healthy donor
can effectively replenish defective blood cell produc-
tion caused by congenital or acquired disorders, but,
as with most medical products or procedures, there
are risks involved. Many case studies have reported
the approved stem cell transplants to be associated
with the later development of cancer,” and unap-
proved stem cell transplant procedures are notorious
for adverse side effects, including the development of
cancer.® Recent studies show that the transplanted

stem cells may survive for years in the transplanted
patient,” presenting a long-term source of potential
adverse side effects. Unfortunately, with most drugs
and many medical procedures, the long-term conse-
quences to health are unknown. Often, when con-
sidering drugs, not until phase IV, post-market
approval are the long-term consequences of a drug
discovered. There are many drugs pulled from the
market or with newly discovered safety issues three
to four years after their original approval.'®'! Even
more unfortunate, the problem is worse with medical
procedures.'? Such is the case with approved stem cell
transplants. The effects of approved stem cell trans-
plants in causing, or being involved, in cancer relapse
are not well understood but are thought to involve
epigenetic factors in the stem cells used for the trans-
plant.'® In addition, any type of stem cell transplant
may cause ageing of the tissue as measured in T-cells
using a p16 biomarker,'* indicating the increased level
of cellular senescence in the surrounding tissue.

So what are some of the possible mechanisms for
stem cells to cause these untoward and unpropitious
side effects? First, a new study shows that trans-
planted stem cells (haematopoietic stem and progeni-
tor cells) can survive a long time in human patients,
such that they can be maintained independently of
their continuous production from endogenous hae-
matopoietic stem and progenitor cells.” Second, we
know that processed stem cells can carry an increasing
number of genetic mutations as they are expanded,
particularly the p53 mutation associated with many
cancer phenotypes.'” Furthermore, stem cells have
memory and change their phenotype, for at least
many months, when they have experienced a wound-
ing, inflammatory event.'® The new phenotype that
Naik et al.'® measured was one of an increased prob-
ability to proliferate, a cancer-like cellular behaviour.
An underlying mechanism for the increased probabil-
ity of proliferation appeared to be epigenetic, where
the DNA was less tightly bound around its histone
protein. If we synthesise these data, stem cell
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transplants using cells that have genotypic, epigenoty-
pic and phenotypic changes conducive to prolifer-
ation, and given the cells ability to engraft, survive
and remain viable for long periods means that the
cells may be a cause of cancer. Furthermore, consider
that the differentiated state of a cell, normal or malig-
nant, is unstable and that the state is dependent on the
cell’s extracellular matrix and microenvironment,'’
such that, for example, p53 is regulated by laminin
and the basement membrane in the cell’s microenvir-
onment.'® These mechanisms underlie, in part, the
ability of the extracellular matrix acting though
mechanical forces to revert the cancerous phenotype
to a normal somatic phenotype.'® Therefore, if the
stem cells transplanted into the patient implant and
survive in a dysregulated extracellular matrix/micro-
environment, the cancerous phenotype may be
expressed. The aforementioned factors, coupled
with the possible induction of ageing in the sur-
rounding tissue,'* another risk factor for cancer,
suggest that stem cell transplants may pose a signifi-
cant risk for cancer as well as other potential prob-
lems because of the way they are processed.?
Problems, such as genetic instability of the stem
cells to be transplanted, can likely be overcome
with further study. For example, adipose-derived
mesenchymal stem cells possess better genetic stabil-
ity than do bone marrow stem cells as they age and
replicate. Adipose-derived mesenchymal stem cells
cultures retained the normal diploid (2n) karyo-
type better than did bone marrow stem cells up to
passage 20 for human bone marrow stem cells and
passage 30 for human adipose-derived mesenchymal
stem cells.>! Furthermore, as mesenchymal stem cells
double in culture, adipose-derived mesenchymal stem
cells are less inclined to express the senescent pheno-
type than are bone marrow stem cells.”” Thus, a better
understanding of stem cell types and their various
phenotypes, providing a knowledge base for use in
cell selection, may very well overcome many of the
current challenges in stem cell transplantation.
The problems with stem cell transplants also leads
to the argument for the development of a ‘systems
therapeutic’ using stem cell released molecules,”
instead of the cells,”* for many indications, such
as amytrophic lateral sclerosis and other neurodegen-
erative diseases.”> While the promise of stem cell
therapeutics is currently being realised with approved
stem cell transplants for blood diseases, and a wide
array of treatments are on the horizon, as wide ran-
ging as oesophageal replacement”® and central ner-
vous system repair,”’ the current problems with stem
cell transplants means that they should be carefully
used in life-threatening conditions or where their
benefits clearly outweigh the risks.

With further research, the development of stem
cell-based therapeutics will likely benefit many med-
ical issues, including, for example, solid organ trans-
plantation that provides life-saving therapy for
patients with end-stage organ disease but lifelong
requirements for immunosuppressive drugs that
increase the risk of infections, cancer and toxicity.
Already, normothermic machine perfusion, a tech-
nique for repairing marginal organs before trans-
plantation,?® has been successfully used to reduce
delayed graft function and to improve renal function
at one-year post-transplantation.” Given that adi-
pose-derived mesenchymal stem cells, and their
released molecules acting as a ‘systems therapeutic’,
may induce host tolerance to alloantigens associated
with the graft versus host disease,*® machine perfu-
sion of the donor organ with stem cells or their mol-
ecules as well as the recipient patient may provide a
new means to increase the success rate of organ trans-
plants, even when marginal organs are used.
Furthermore, the need for immunosuppressive
drugs may be eliminated or reduced using these com-
bined methodologies. In time with more research and
development, the risk versus reward of stem cell ther-
apy will be better understood, and the ratio more
skewed toward reward.

Declarations

Competing Interests: GM has equity in BioRegenerative
Sciences Inc.

Funding: None declared.

Ethics approval: Not applicable.

Guarantor: GM.

Contributorship: Sole authorship.

Acknowledgements: None.

Provenance: Not commissioned; peer-reviewed by Maria Irene
Bellini.

ORCID iD
Greg Maguire @ https://orcid.org/0000-0001-5484-6157

References

1. Thomas ED, Lochte HL, Cannon JH, Sahler OD and
Ferrebee JW. Supralethal whole body irradiation and
isologous marrow transplantation in man. J Clin Invest
1959; 3: 1709-1716.

2. Bantounas I, Ranjzad P, Tengku F, Silajdzi¢ E, Forster
D, Asselin MC, Lewis P, et al. Generation of function-
ing nephrons by implanting human pluripotent stem cell
derived-kidney progenitors. Stem Cell Rep 2018; 10:
766-779.

3. Dimmeler S, Ding S, Rando TA and Trounson A.
Translational strategies and challenges in regenerative
medicine. Nat Med 2014; 20: 814-821.


https://orcid.org/0000-0001-5484-6157

Maguire 3
4. Lanthier N, Lin-Marq N, Rubbia-Brandt L, Clément 17. Bissell MJ. The differentiated state of normal and
S, Goossens N and Spahr L. Autologous bone marrow- malignant cells or how to define a “normal” cell in
derived cell transplantation in decompensated alcoholic culture. Int Rev Cytol 1981; 70: 27-100.
liver disease: what is the impact on liver histology 18. Furuta S, Ren G, Mao JH and Bissell MJ. Laminin
and gene expression patterns? Stem Cell Res Ther signals initiate the reciprocal loop that informs
2017; 8: 88. breast-specific gene expression and homeostasis by

5. Turner L and Knoepfler P. Selling stem cells in the activating NO, p53 and microRNAs. eLife 2018; 7:
USA: assessing the direct-to-consumer industry. Cell €26148.

Stem Cell 2016; 19: 154-157. 19. Ricca BL, Venugopalan G, Furuta S, Tanner K,

6. Kuriyan AE, Albini TA, Townsend JH, Rodriguez M, Orellana WA, Reber CD, et al. Transient external
Pandya HK, Leonard RE, et al. Vision loss after intra- f_OTCC induces PheHOFYPiC reyersipn ofmalignant epithe-
vitreal injection of autologous “‘stem cells” for AMD. lial structures via nitric oxide signaling. eLife 2018; 7:
N Engl J Med 2017; 376: 1047-1053. e26l61.

7. Cooley LD, Sears DA, Udden MM, Harrison WR and 20. Maguire G. Therapeutics from adult stem cells and the
Baker KR. Donor cell leukemia: report of a case occur- hype curve. ACS Med Chem .Letl 2016; .7: 441-443.
ring 11 years after allogeneic bone marrow transplant- 21. Izadpanah R, Kaushal D, .Krl?dt G, Tswp F, Patel B,
ation and review of the literature. Am J Hematol 2000; Dufour J, et al. Long-term in vitro expansion alters the
63: 46-53. biology of adult mesenchymal stem cells. Cancer Res

8. Dlouhy BJ, Awe O, Rao RC, Kirby PA and Hitchon 2008; 68: 4229-4238. i .

PW. Autograft-derived spinal cord mass following 22. Kern S, E1'chler H, Stoeve J, Kliiter H and Bieback K.
olfactory mucosal cell transplantation in a spinal cord Comparative ana1y§1§ of mesenchymal sterp cells .from
injury patient. J Neurosurgery Spine 2014; 24: 618-622. bone marrow, u.mbl.llcdl cord blood, or adipose tissue.

9. Scala S, Basso-Ricci L, Dionisio F, Pellin D, Giannelli Stem 'Cells 2009; 24: 15,94;1301' n develoni
S, Salerio FA, et al. Dynamics of genetically engineered 23. }Ylagulre C}}l S’.ysten.ls ”1?406%2’, ;;I;r(?hc t([)J evzeocl)zlmsg.
hematopoietic stem and progenitor cells after autolo- systems therapeutics . e em Lett >

. Ao 453-455.
gous transplantation in humans. Nat Med 2018; 24: . .
16331690 24. Maguire G. Stem cell therapy without the cells.
: .. Commun Integr Biol 2013; 6: €26631.
10. ProCon. 35 FDA-approved prescription drugs later . ; . .
25. Maguire G. Amyotrophic lateral sclerosis as a protein
pulled from the market. ProCon, 30 January 2014. NS .
. . level, non-genomic disease: therapy with S2RM exo-
11. Downing NS, Shah ND, Aminawung JA, Pease AM,
. some released molecules. World J Stem Cells 2017; 9:
Zeitoun JD, Krumholz HM, et al. Postmarket safety 187-202
events among novel thce.rqpeut{cs approved by the US 26. Trisno SL, Philo KE. McCracken KW, Catd EM.,
Food and Drug Administration between 2001 and . . .
Ruiz-Torres S, Rankin SA, et al. Esophageal organoids
2010. JAMA 2017; 317: 1854-1863. . - .
. from human pluripotent stem cells delineate Sox 2
12. Kumar S and Nash DB. Health care myth busters: is . e )
. e . . during esophageal specification. Cell Stem Cell 2018;
there a high degree of scientific certainty in modern 23: 501-515
med.lcme‘.’ Scientific American, 25 March 2011.. 27. Muguruma K, Nishiyama A, Kawakami H,
13. Christopher AMJ’ Petti AA, Rettig MP, Miller CA, Hashimoto K and Sasai Y. Self-organization of polar-
Chendamarai E, Duncavage EJ, et 2}1‘ Immune escape ized cerebellar tissue in 3D culture of human pluripo-
of relapsed AML cells after allogeneic transplantation. tent stem cells. Cell Rep 2015; 10: 537-550.
N Eng J Med 2018; 379: 2330-2341. ) 28. Di Rito JR, Hosgood SA, Tietjen GT and Nicholson
14. Wood WA, Krishnamurthy J, Mitin N, Torrice C, ML. The future of marginal kidney repair in the con-
Parker JS, Snavely AC, Shea TC, et al text of normothermic machine perfusion. Am J
Chemotherapy anq stem CC.H transplantation incrc?ase Transplant 2018; 18: 2400-2408.
PI6INK4a expression, a biomarker of T-cell aging. 29. Bellini MI, Charalampidis S, Herbert PE, Bonatsos V,
EBioMedicine 2016; 11: 22.7*23.8- ) ) Crane J, Muthusamy A, et al. Cold pulsatile machine
15. Merkle FT, Ghosh S, Kamltal.q N, Mitchell J, Avior Y, perfusion versus static cold storage in kidney trans-
Mello C, et al. Human pluripotent stem cells recur- plantation: a single centre experience. Biomed Res Int
rently acquire and expand dominant negative P53 2019; 2019: 7435248.
mu.tations. Nature 2017; 545: 229-233. 30. Jurado M, De La Mata C, Ruiz-Garcia A, Lopez-
16. Naik S, Larsen SB, Gomez NC, Alaverdyan K, Fernandez E, Espinosa O, Remigia MJ, et al.

Sendoel A, Yuan S, et al. Inflammatory memory sen-
sitizes skin epithelial stem cells to tissue damage.
Nature 2017; 550: 475-480.

Adipose tissue-derived mesenchymal stromal cells as
part of therapy for chronic graft-versus-host disease:
a phase I/II study. Cytotherapy 2017; 19: 927-936.



