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Respiratory diseases represent the major cause of morbidity and
mortality worldwide, and for them a definitive cure is not included in
the pharmacopeia. For example, despite improvements in mechanical
ventilation, acute lung injury and its severe form, acute respiratory
distress syndrome, are the leading cause of death in critical care, with
mortality rates of 40 to 60%. In the field of chronic lung diseases,
treatment with antibiotics and other medicals has prolonged the life
span of individuals with cystic fibrosis, the most lethal diseases of the
Caucasian population with autosomal recessive inheritance, but this
is still limited to 40 years. There is urgent and desperate need of novel
effective therapies for these patients.

A growing body of evidence strongly supports the notion that
stem cells can be used to treat different pathologies stemming from
the respiratory system [1], including acute [2] and chronic [3] lung
diseases. Many of these disorders are characterized by tissue injury
due to the inflammatory response and ensuing remodelling of
the airways. Thus, at first, the rationale for using stem cells in lung
diseases is that their application to the injured lung could allow their
engraftment into the airways and replenish a niche with defined
progenitor and true stem cell characteristics. Secondly, they might
provide the lung microenvironment with paracrine effectors which
act on the different cellular structural components of the lung, i.e.
epithelial cells, fibroblasts, and endothelial cells.

Diverse approaches have focussed on either endogenous or
exogenous stem cells. The respiratory tract contains several sources of
endogenous stem cells residing in the many anatomical regions of the
lung. However, these progenitor/stem cell niches are poorly known
in their functional properties (meaning that their differentiation
capacities have not been fully elucidated) and most of this knowledge
has been obtained in animal models, such as the mouse which does
not perfectly reproduce human anatomy and physiology. However,
it is well recognized that the damaged lung epithelium is repaired
by resident lung progenitor cells serving as the source of the new
epithelial cell population [4], with only a possible minor contribution
from circulating or bone marrow-derived stem/progenitor cells.
Nevertheless, it is known that the regenerative potential of the lung
declines with age and furthermore an extensive damage may not
properly be repaired by the endogenous stem/progenitor niches.

Exogenous stem cells can be originated either from the embryo,
extra-embryonic fetal tissues, or from adult tissues. Embryonic Stem
Cells (ESC) are pluripotent cells derived from the inner cell mass of
the blastocyst within the first 5-7 days after an egg is fertilized by
sperm. They can produce derivatives of all three embryonic germ
layers: endoderm, ectoderm and mesoderm [5]. Although ESC could
be used in principle for the treatment of lung diseases arising from the
alveolar region, such as acute lung injury [1,6], the enthusiasm about
their use has faded away with time, for ethical issues (destruction
of embryos), immune rejection [7], and the possibility of tumour

formation [8]. Fetal stem cells are derived from extra-embryonic
tissues (amniotic fluid, placenta, umbilical cord blood and Wharton’s
jelly), exhibit less growth capacities than ESC, demonstrate low
immunogenicity in vivo [9], and do not give rise to tumours. These
cells are still poorly characterized and are being presently evaluated
in the field of regenerative medicine. Recent reports show that fetal
stem cells from amnion can be used for their anti-inflammatory and
anti-fibrotic effects in a bleomycin-induced fibrosis mouse model
[10]. Adult stem cells for the purpose of regenerative medicine can
be obtained from various sources, including the bone marrow and
the adipose tissue. The bone marrow harbors Hematopoietic Stem
Cells (HSC), Mesenchymal Stromal Stem Cells (MSC), Multipotent
Adult Progenitor Cells (MAPC), and progenitor cells of endothelium
(endothelial progenitor cells, EPC) and of fibroblasts/myofibroblasts
(fibrocytes), which have been used in the context of pulmonary
medicine [11]. The adipose tissue, which exists in various places
throughout the human body, contains pluripotent stem cells called
Adipose tissue-derived Stromal Cells (ASC) [12]. Autologous ASC have
also been considered for the treatment of a rat model of pulmonary
emphysema [13]. Although adult stem cells can be directly isolated
from the patient and are therefore immunologically compatible with
the patient. They are generally hard to isolate and grow in culture;
and moreover, transplantation of a sufficient number of cells to adult
tissue needs a large-scale cell supply.

More recently, great attention has been given to induced
Pluripotent Stem Cells (iPSC), which were first generated from
adult somatic cells (mouse fibroblasts) through retroviral-mediated
expression of four “stemness” genes (KLF4, SOX2, OCT4, and cMYC)
[14]. Subsequently, cMYC was omitted as its contribution concerned
only accelerated proliferation and in further works, iPSC were
obtained after using LIN28 as the fourth gene [15,16]. These iPSC
showed similar function and molecular phenotype characteristics
to ESC and many methods employing viral and nonviral vectors
have been used to obtain iPSC [17,18]. Since constitutive expression
of reprogramming transgenes interferes with iPSC differentiation
into lineages of all three primary germ layers [19], and aberrant
expression of some or all of the reprogramming factors could lead to
tumorigenesis in vivo [20] and may affect global gene expression [21].
Methods to obtain iPSC free of reprogramming transgenes have been

*Corresponding author: Prof. Massimo Conese, Department of Medical and
Surgical Sciences, University of Foggia, c/o Ospedali Riuniti, Viale L. Pinto 1,
Foggia 71122, ltaly, Tel: +39-0881-588019; Fax: +39-0881-588037; E-mail:
m.conese@unifg.it

Received October 06, 2012; Accepted October 13, 2012; Published October 15,
2012

Citation: Conese M (2012) Towards a Combined Gene and Cell Therapy for Lung
Diseases: The Case of Induced Pluripotent Stem Cells. Adv Genet Eng. 1:103.
doi:10.4172/2169-0111.1000103

Copyright: © 2012 Conese M. This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and
source are credited.

Adv Genet Eng

ISSN: 2169-0111  AGE, an open access journal

Volume 1 ¢ Issue 1+ 1000103


http://dx.doi.org/10.4172/2169-0111.1000103

Citation: Conese M (2012) Towards a Combined Gene and Cell Therapy for Lung Diseases: The Case of Induced Pluripotent Stem Cells. Adv Genet

Eng. 1:103. doi:10.4172/2169-0111.1000103

Page 2 of 3

searched. This could be achievable using non-integrating vectors, or
even direct protein delivery, but the efficiencies were exceedingly low
that prevent reliable application for reprogramming disease-specific
adult human somatic cells [22-25].

Lentiviral Vectors (LV), such as those obtained from engineering
of Human Immunodeficiency Virus (HIV) type 1, have been
considered for pulmonary medicine in the context of gene therapy.
They are endowed with interesting properties, including the ability to
efficiently transduce dividing and nondividing cells, including stem
cells [26]. Since they stably integrate within the host genome, the risk
of insertional mutagenesis, as in the case of retroviral vectors, can be
envisioned. However, while the Moloney murine leukemia virus and
its derived vectors integrate preferentially in transcriptionally active
promoters and regulatory regions, HIV and its derived LVs target
gene-dense regions and the transcribed portion of expressed genes,
away from regulatory elements [27]. Thus, LVs may have a safer profile
of retroviruses for clinical applications.

Recently, LVs have been applied to the generation of iPSC. It has
been reported the use of a single LV bearing a “stem cell cassette”
encoding all four reprogramming factors, OCT4, SOX2, KLF4, and
c¢MYC in a single polycistronic vector [28]. This vector accomplished
reprogramming of postnatal mouse fibroblasts with high efficiency
and allowed the derivation of mouse iPSC containing a single
viral integration. An excisable version of the LV based on Cre/loxP
technology was generated and allowed the derivation of murine iPSC
free of exogenous transgenes [19]. The same technology was used to
generate a humanized version of the single LV flanked by loxP sites
to achieve reprogramming of normal or diseased postnatal human
skin fibroblasts [29]. This vector efficiently reprogrammed fibroblasts
obtained from humans with either of the two most common inherited
lung diseases: cystic fibrosis, which affects the airway epithelium, or
alphal-antitrypsin deficiency-related emphysema, which affects the
lung interstitium and epithelium. The generation of patient-derived
iPSC clones was independent of the age of individuals from which the
cells originated. Moreover, reliable and robust reprogramming was
obtained from either fresh or banked clinical samples, a finding of
particular importance if iPSC are to be used to generate progenitors
from historical specimens. Finally, iPSC obtained from patients
were differentiated in serum-free culture conditions into definitive
endoderm, the developmental precursor lineage of lung and liver
epithelia. Although the iPSC were free of exogenous transgenes, a
200 bp of the inactive viral LTR (Long Terminal Repeat, i.e. the viral
promoter) remained in the host genome after excision, and hence,
the theoretical risk of insertional mutagenesis is not completely
eliminated. This risk could be further reduced by targeting of LV into
a safe genomic locus, as has been described [30].

Once safe transgene-free iPSC have been generated, they should
be delivered to the lung. This is possible either via the intravenous
route or the direct intratracheal administration. Previous studies
demonstrated that systemic administration of stem cells resulted
mainly in the alveolar region with levels of engraftment ranging from
0.01 to 0.1% [31,32]. Upon intratracheal dosing, stem cell engraftment
either remained very low (maximum 1%) [33] or was enhanced as
compared to the intravenous route, leading to 5-10% level, depending
on the animal model of disease used. This low level of engraftment
is not likely useful to obtain meaningful therapeutic outcomes. In
alternative to delivery of naked stem cells, increasing expectation is
given to the possibility of bioengineering lung tissue [6,34]. In this
case, three components are necessary: 1) the stem cells; 2) the scaffold
supporting formation of tissue architecture and cell function; 3) the
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Figure 1: Schematic drawing illustrating the ideal clinical setting employing
induced Pluripotent Stem Cells (iPSC) for patients with acute and chronic lung
diseases. To obtain clinically useful iPSC, somatic cells obtained from skin or
lung biopsies of the patient should be transduced with a lentiviral vector (LV)
bearing an excisable “stem cell” cassette which, through the cre/lox strategy,
generates transgene-free iPSC. In case of genetically determined lung
diseases, such as cystic fibrosis, the LV should also correct the gene defect (see
text for details). Once iPSC have been obtained by this procedure, they should
be embedded in an appropriate scaffold matrix together with morphogens and
other factors derived from mesenchymal cells and such engineered lung should
be implanted back in the patient.

appropriate cocktail of growth factors and other molecules with
trophic, surviving and pro-angiogenic properties [35,36]. Recently,
some progresses in the lung tissue engineering have been done,
although much work has to be performed as to the biomaterials used
for scaffolds and interaction of soluble factors with the extracellular
matrix. Moreover, although the trachea was successfully engineered
by Macchiarini et al. [37] producing the first treatment of a patient
with bronchomalacia secondary to tuberculosis, the lung is a much
more complex organ than trachea. In the latter years, nevertheless,
whole lung decellularization and formation of a new epithelium has
been reported [38,39].

Ultimately, in the most ideal clinical setting, patient specific and
transgene free-iPSC should be embedded in a biomimetic scaffold,
containing the appropriate factors and allowing angiogenesis, and
delivered to the patient’s lung (Figure 1). In case of genetic lung
disease, such as cystic fibrosis, iPSC should be also corrected in their
gene defect. This can be achieved with the same LV used to reprogram
them and, in principle, there are different methods. One is gene
adding, i.e. transduction of iPSC with the wild-type gene, but this
could bring to undesired over-expression and subsequent abnormal
function. Another is genome engineering, i.e. in situ correction of
the defect through the use of TALE or zinc-finger nucleases, with the
obvious advantage of not altering the physiological gene expression
[40]. The disadvantage of using this technique is the induction of off-
target DNA-cleavage activity and ensuing genotoxicity, and this side
effect should be worked out before introducing this novel technology
in the clinic.

The combination of gene therapy vectors and iPSC may result in
a novel source of stem cells for the treatment of lung diseases such as
cystic fibrosis and alphal-antitrypsin. However, it will be imperative
to identify the correct lung stem cell niche for each disease, to be
able to purify stem cells sufficiently for transplantation studies, to
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find the safer vector to be applied to, and last, but not least, to tissue
engineering this novel therapeutic tool for delivery to the patient’s

a

irways.

Author Disclosure Statement

No competing financial interests exist.

References

1.

Sueblinvong V, Weiss DJ (2010) Stem cells and cell therapy approaches in
lung biology and diseases. Transl Res 156: 188-205.

Hayes M, Curley G, Ansari B, Laffey JG (2012) Clinical review: Stem cell
therapies for acute lung injury/acute respiratory distress syndrome - hope or
hype? Crit Care 16: 205.

Gomperts BN, Strieter RM (2007) Stem cells and chronic lung disease. Annu
Rev Med 58: 285-298.

Giangreco A, Arwert EN, Rosewell IR, Snyder J, Watt FM, et al. (2009) Stem
cells are dispensable for lung homeostasis but restore airways after injury.
Proc Natl Acad Sci U S A 106: 9286-9291.

Thomson JA, Itskovitz-Eldor J, Shapiro SS, Waknitz MA, Swiergiel JJ, et al.
(1998) Embryonic stem cell lines derived from human blastocysts. Science
282: 1145-1147.

Wetsel RA, Wang D, Calame DG (2011) Therapeutic potential of lung
epithelial progenitor cells derived from embryonic and induced pluripotent
stem cells. Annu Rev Med 62: 95-105.

English K, Wood KJ (2010) Immunogenicity of embryonic stem cell-derived
progenitors after transplantation. Curr Opin Organ Transplant.

Blum B, Benvenisty N (2008) The tumorigenicity of human embryonic stem
cells. Adv Cancer Res 100: 133-158.

Magatti M, De Munari S, Vertua E, Gibelli L, Wengler GS, et al. (2008) Human
amnion mesenchyme harbors cells with allogeneic T-cell suppression and
stimulation capabilities. Stem Cells 26: 182-192.

10. Moodley Y, llancheran S, Samuel C, Vaghjiani V, Atienza D, et al. (2010)

Human amnion epithelial cell transplantation abrogates lung fibrosis and
augments repair. Am J Respir Crit Care Med 182: 643-651.

1. Piro D, Lepore S, Maffione AB, Conese M (2008) Hematopoietic Stem Cell

Transplantation Research Advances. Nova Publishers.

12. Zuk PA, Zhu M, Mizuno H, Huang J, Futrell JW, et al. (2001) Multilineage cells

from human adipose tissue: implications for cell-based therapies. Tissue Eng
7:211-228.

13. Shigemura N, Okumura M, Mizuno S, Imanishi Y, Nakamura T, et al.

(2006) Autologous transplantation of adipose tissue-derived stromal cells
ameliorates pulmonary emphysema. Am J Transplant 6: 2592-2600.

14. Takahashi K, Yamanaka S (2006) Induction of pluripotent stem cells from

mouse embryonic and adult fibroblast cultures by defined factors. Cell 126:
663-676.

15. Takahashi K, Tanabe K, Ohnuki M, Narita M, Ichisaka T, et al. (2007)

Induction of pluripotent stem cells from adult human fibroblasts by defined
factors. Cell 131: 861-872.

16. Yu J, Vodyanik MA, Smuga-Otto K, Antosiewicz-Bourget J, Frane JL, et al.

(2007) Induced pluripotent stem cell lines derived from human somatic cells.
Science 318: 1917-1920.

17. Mostoslavsky G (2012) Concise review: The magic act of generating induced

pluripotent stem cells: many rabbits in the hat. Stem Cells 30: 28-32.

18. Drews K, Jozefczuk J, Prigione A, Adjaye J (2012) Human induced pluripotent

stem cells--from mechanisms to clinical applications. J Mol Med (Berl) 90:
735-745.

19. Sommer CA, Sommer AG, Longmire TA, Christodoulou C, Thomas DD, et

al. (2010) Excision of reprogramming transgenes improves the differentiation
potential of iPS cells generated with a single excisable vector. Stem Cells
28:64-74.

2

=

22.

23.

24.

25.

26.

2

28.

29.

3

o

3

=

3

N

33.

34.

3

(5]

36.

37.

3

©

3

©

40.

~

. Okita K, Ichisaka T, Yamanaka S (2007) Generation of germline-competent

induced pluripotent stem cells. Nature 448: 313-317.

. Soldner F, Hockemeyer D, Beard C, Gao Q, Bell GW, et al. (2009) Parkinson’s

disease patient-derived induced pluripotent stem cells free of viral
reprogramming factors. Cell 136: 964-977.

Zhou H, Wu S, Joo JY, Zhu S, Han DW, et al. (2009) Generation of induced
pluripotent stem cells using recombinant proteins. Cell Stem Cell 4: 381-384.

Okita K, Nakagawa M, Hyenjong H, Ichisaka T, Yamanaka S (2008)
Generation of mouse induced pluripotent stem cells without viral vectors.
Science 322: 949-953.

Stadtfeld M, Nagaya M, Utikal J, Weir G, Hochedlinger K (2008) Induced
pluripotent stem cells generated without viral integration. Science 322: 945-
949.

Kaji K, Norrby K, Paca A, Mileikovsky M, Mohseni P, et al. (2009) Virus-free
induction of pluripotency and subsequent excision of reprogramming factors.
Nature 458: 771-775.

Copreni E, Penzo M, Carrabino S, Conese M (2004) Lentivirus-mediated
gene transfer to the respiratory epithelium: a promising approach to gene
therapy of cystic fibrosis. Gene Ther 1: S67-75.

Cattoglio C, Facchini G, Sartori D, Antonelli A, Miccio A, et al. (2007) Hot
spots of retroviral integration in human CD34+ hematopoietic cells. Blood
110: 1770-1778.

Sommer CA, Stadtfeld M, Murphy GJ, Hochedlinger K, Kotton DN, et al.
(2009) Induced pluripotent stem cell generation using a single lentiviral stem
cell cassette. Stem Cells 27: 543-549.

Somers A, Jean JC, Sommer CA, Omari A, Ford CC, et al. (2010) Generation
of transgene-free lung disease-specific human induced pluripotent stem cells
using a single excisable lentiviral stem cell cassette. Stem Cells 28: 1728-
1740.

. Stadtfeld M, Maherali N, Borkent M, Hochedlinger K (2010) A reprogrammable

mouse strain from gene-targeted embryonic stem cells. Nat Methods 7: 53-
55.

. Krause DS (2005) Engraftment of bone marrow-derived epithelial cells. Ann

N'Y Acad Sci 1044: 117-124.

.Bruscia EM, Price JE, Cheng EC, Weiner S, Caputo C, et al. (2006)

Assessment of cystic fibrosis transmembrane conductance regulator (CFTR)
activity in CFTR-null mice after bone marrow transplantation. Proc Natl Acad
Sci U S A 103: 2965-2970.

Rejman J, Colombo C, Conese M (2009) Engraftment of bone marrow-
derived stem cells to the lung in a model of acute respiratory infection by
Pseudomonas aeruginosa. Mol Ther 17: 1257-1265.

Roomans GM (2010) Tissue engineering and the use of stem/progenitor cells
for airway epithelium repair. Eur Cell Mater 19: 284-299.

.Nichols JE, Cortiella J (2008) Engineering of a complex organ: progress

toward development of a tissue-engineered lung. Proc Am Thorac Soc 5:
723-730.

Lee K, Silva EA, Mooney DJ (2011) Growth factor delivery-based tissue
engineering: general approaches and a review of recent developments. J R
Soc Interface 8: 153-170.

Macchiarini P, Jungebluth P, Go T, Asnaghi MA, Rees LE, et al. (2008) Clinical
transplantation of a tissue-engineered airway. Lancet 372: 2023-2030.

.Cortiella J, Niles J, Cantu A, Brettler A, Pham A, et al. (2010) Influence of

acellular natural lung matrix on murine embryonic stem cell differentiation
and tissue formation. Tissue Eng Part A 16: 2565-2580.

.Petersen TH, Calle EA, Zhao L, Lee EJ, GuilL, etal. (2010) Tissue-engineered

lungs for in vivo implantation. Science 329: 538-541.

Rahman SH, Maeder ML, Joung JK, Cathomen T (2011) Zinc-finger nucleases
for somatic gene therapy: the next frontier. Hum Gene Ther 22: 925-933.

Adv Genet Eng

ISSN: 2169-0111 AGE, an open access journal

Volume 1 ¢ Issue 1+ 1000103


http://www.ncbi.nlm.nih.gov/pubmed/20801416
http://www.ncbi.nlm.nih.gov/pubmed/22424108
http://www.ncbi.nlm.nih.gov/pubmed/16886904
http://www.ncbi.nlm.nih.gov/pubmed/19478060
http://www.ncbi.nlm.nih.gov/pubmed/9804556
http://www.ncbi.nlm.nih.gov/pubmed/21226612
http://www.ncbi.nlm.nih.gov/pubmed/21150615
http://www.ncbi.nlm.nih.gov/pubmed/18620095
http://www.ncbi.nlm.nih.gov/pubmed/17901399
http://www.ncbi.nlm.nih.gov/pubmed/20522792
http://books.google.co.in/books?id=h80CNYKvgTsC&dq=Hematopoietic+Stem+Cell+Transplantation+Research+Advances.&source=gbs_navlinks_s
http://www.ncbi.nlm.nih.gov/pubmed/11304456
http://www.ncbi.nlm.nih.gov/pubmed/17049053
http://www.ncbi.nlm.nih.gov/pubmed/16904174
http://www.ncbi.nlm.nih.gov/pubmed/18035408
http://www.ncbi.nlm.nih.gov/pubmed/18029452
http://www.ncbi.nlm.nih.gov/pubmed/21948613
http://www.ncbi.nlm.nih.gov/pubmed/22643868
http://www.ncbi.nlm.nih.gov/pubmed/19904830
http://www.ncbi.nlm.nih.gov/pubmed/17554338
http://www.ncbi.nlm.nih.gov/pubmed/19269371
http://www.ncbi.nlm.nih.gov/pubmed/19398399
http://www.ncbi.nlm.nih.gov/pubmed/18845712
http://www.ncbi.nlm.nih.gov/pubmed/18818365
http://www.ncbi.nlm.nih.gov/pubmed/19252477
http://www.ncbi.nlm.nih.gov/pubmed/15454960
http://www.ncbi.nlm.nih.gov/pubmed/17507662
http://www.ncbi.nlm.nih.gov/pubmed/19096035
http://www.ncbi.nlm.nih.gov/pubmed/20715179
http://www.ncbi.nlm.nih.gov/pubmed/20010832
http://www.ncbi.nlm.nih.gov/pubmed/15958704
http://www.ncbi.nlm.nih.gov/pubmed/16481627
http://www.ncbi.nlm.nih.gov/pubmed/19417738
http://www.ncbi.nlm.nih.gov/pubmed/20571996
http://www.ncbi.nlm.nih.gov/pubmed/18684725
http://www.ncbi.nlm.nih.gov/pubmed/20719768
http://www.ncbi.nlm.nih.gov/pubmed/19022496
http://www.ncbi.nlm.nih.gov/pubmed/20408765
http://www.ncbi.nlm.nih.gov/pubmed/20576850
http://www.ncbi.nlm.nih.gov/pubmed/21631241

	Title

	Corresponding author
	Keywords
	Author Disclosure Statement
	Figure 1
	References



