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GeneTransfer & Stem Cdlls:

Recent advancesfor treating Diabetic Foot.

Ashok Damir
MD, Foot Fellowship,Chicago, USA, S.Diabetic Foot Specialist & Stem Cells Therapist
Fortis C-DOC, Chirag Enclave, New Delhi, India

INTRODUCTION

Latest developmentsin molecular and cdll biology help to understand
and treat many of the Chronic diseases including wound heding. The
different events in progress of wound heding like inflammation,
proliferation and remodeling nesdsthe coordinated and sequentid activation
and inactivation of gene expression programmes in response to Sgnas
from the cdlular environment. There are few genetic defects thet are
directly linked to dtered wound heding. Thereversegenetic goproachin
recombinant mice and other species has identified many genes whose
over or under expression leads, in part, to awound hedling phenotype
These studies, together with detalled, descriptive sudies of patterns of
geneexpressoninnorma and abnormaheding,! haveleadtothesdection
of leading candidates for potentid therapeutic application.

Stem cdlsareimmature, unprogrammed cdlsthat havetheability togrow
into different kinds of tissue and can be sourced from people of dl ages.
Thefirsd mammalian stem cdlls to be studied in detail were those of the
hematopoietic system, and much is understood about conditions that
cause these marrow precursors to differentiate dong different pathways
in order to maintain appropriate concentrations of a variety of cell
populaionsin circulating blood. Characterigti-caly, these marrow stem
cdls, divide much more dowly than their surrounding, derived cell
population, and they remain in ardatively undifferentiated sate aslong
asthey resde in an gopropriate environment (niche).2 The third type of
precursor cdll to be conddered is the marrow-derived tissue progenitor
that circulatesin the bloodstream, waiting to be called into Sites of injury
to participate in the repair process.?®

GENE TRANSFER TO WOUNDS

Many investigators had clearly established by 1990,both anintrinsic
and a therapeutic role for peptide growth factors in wound healing,
and many biotechnology groups had succeeded in expressing the
recombinant proteins as potential therapeutic agents.* However, as
clinical triaswith agents such as epidermal growth factor, fibroblast
growth factor 2,platelet-derived growth factor, and transforming
growth factor proceeded, it was quickly appreciated that very high
levels of exogenous peptides would be needed in chronic, human-
wounds to mimic the effects of very small amounts of similar or
identical proteins expressed by the resident cells>” Thus, severa
groups developed strategies to augment the putative deficiencies of
peptide growth factors by introducing cDNA copies of the growth
factor genesinto target cells at the wound site.

HOW TO TRANSFER GENES?

There are several potentia methods, to. transfer genes into skin or
wounds*® Physical methodsinvolvedriving the DNA vector (apurified
becterid plasmid) intotissuecdlswithmechanica dectricd for Successul
introduction of biologicaly active DNA into wounds has been achieved

with the “gene gun”, a device that propels smal, DNA-coated gold/
tungsten particlesinto thetissuein ashotgun pattern’® aneedlearay that
functionsmuch likeatattooing insrument and an ectrodearray that uses
atrain of high-voltage pulses to create temporary pores in nearby cdls
122 Chemical methods of DNA ddivery are less efficient but less
expensive and they have included liposomes, nano particles, dried
methylcellulose discs and collagen gels or sceffolds. Virusesare natur al
gene delivery systems.** DNA viruses. such as adenovirus do not insart
vird DNA intothehost genome, and sothey act astrandent geneddlivery-
systems Adenovirusdoesexpressproteinsthat caninciteaninflammatory
response, and newer vectorshave been engineered to minimizethisreaction,
abeit aminor consideration for wound infection. Adeno-associated virus
produces less inflammeatory response, dthough it has limitations in the
amount of genetic materid it can carry and the cell types that can be
infected™*> RNA viruses (retroviruses) such as Moloney sarcomavirus
and the lenti viruses act by stable insertion of their genome into the host
genome; thus they are more useful for gene therapy applications, in
combinationwith atissueengineering subgtitutethat hasalimited lifespan
inthe hog, or by placing the gene under regulation of adrug. Traditiona
retroviruses infect only dividing cdls, but derivetives of HIV-like lenti
viruses are able to infect a wide variety of cell types.*® Transient
transformation of woundswith candidate genescanresultin 1-3weeksof
expresson, depending on the delivery method and the choice of DNA
regulatory sequence. In practice, most current protocols for wound gene
transfer employ a strong, promiscuous promoter of gene expression that
is derived from cytomegdovirus (CMV). Greater selectivity of gene,
action canreedily beachieved by using generegulation sequencesthet are
tissue specific or that respond to a drug/hormone such as RU-486 or
tamoxifen'”1,

Gene trandfer has achieved a successful outcome in many pre-clinica
models, using cDNAs for EGE-TGF-BI, PDGF, FGF-2 vascular
endothdlia growth factor (VEGF) hepatocyte growth factor (HGF) and
other peptidesin the delivery-systems descrihexlabove® A potentidly
attractive aspect of genetransfer isthe ease of combining two genesinto
one DNA vector Thismay be away to develop, with aless complicated
regulatory pathway, athergpy that capitaises upon the synergidtic effects
of growth fartor or cytoking combinations®2 as another strategy, gene
trandfer studies have dso shown that (wound) cells may benefit from
added expression of not only the stimulus, but the receptor for that
stimulus and the machinery that tranamits sgnas from the receptor to
other cdlular machinery.

Genetrandfer hasrecently taken onarolein drug development, Snceitis
ardatively efficient method to screen for genesthat havewound-hedling
properties, independent of a requirement that they act on cdls from the
outside. Indeed, nuclear transcription factors such as HoxA3,2 Smads 3
and 722 Egr-1,% engineered zinc finger proteins?2 and cardiac ankyrin
repeat protein (CARP)® aswell assignd transduction moleculessuch as
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epsB, which act insde of cdls are active in wounds of ether normd or
digbetic animd, after gene transfer. Gene trandfer is thus a powerful
screening method for the mogt effective thergpeutic genes.

I would liketomention Two genethergpy dlinical tria sfor wound heding.
OneisaNaiond Indituteof Hedth sponsoredtrid of PDGFBB ddivered
by an adenovirus in diabetic foot ulcers®. A second, trid completed by
Tissue Repair Company, which administersadenovira PDGFto digbetic
foot ulcers. Pogtive findings of the later trid were reported at the 2005
annud meeting of theWound Hedling Society. Thereared somany efforts
to use EGF-2 andVEGF28,31 in gene transfer experiments to improve
(lower extremity) circulation. Itislikely that successin thesetrid swould
have an important influence on the management and prognos's of the
digbeticfoot ulcer. Additiond trialswith FGF-2 and Vascular Endothelium
Growth Factor genesor proteinsfor thedeve opment of collaterd circulation
(usudly cardiovascular) may eventudly have an impact on improving
collaterd circulationinthediabeticlimbaso.

STEM CELLS

In 1908 - The term “stem cdl” was proposed for scientific use by
the Russian histologist Alexander Maksmov (1874-1928) at congress
of hematologic society in Berlin. It postul ated existence of haematopoietic
gemcdls.

Stem cellsare basc cdlsthat can divide and differentiateinto diverse
specidized cdl types and can sdf-renew to produce more gem cdls. In
mammdss, there are two broad types of sem cdls embryonic gemcdlls,
which areisolated fromtheinner call mass of blastocysts, and adult stem
cdls, which are found in various tissues. Inadult organisms, stem cells
and progenitor cellsact asarepar sysem for the body, replenishing adult
tissues. In adeveloping embryo, stem cdlls can differentiate into al the

What is a stem cell?
replicate itself, or...
A single cell that can
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specidized cdls, but dso maintain the norma turnover of regenerative
organs, such asblood, skin, or intestinal tissues.

Therehasbeen anexplosvegrowthof informationand speculationregarding
the therapeutic potentia of stem cdlls derived from adult and embryonic
tissues*

A more consarvaive pergpectivefocuseson therole of adult semcdllsin
wound repair. The present concept of sem cdll differentiationisevolving,
however, since progenitor cellsfrom any tissues seem to be ableto trans
differentiateinto other cell typeswhen placeinan gppropriateenvironment.
DNA transfer must be carefully ruled out to vaidate these findings.
Therearethree categoriesof bone-marrow-derived cdllsthet participatein
therepair of connectivetissue: (1) theangioblast or endothelia precursor
cdl (EPC): (2) the fibrocyte; (3) the marrow/mesenchyma stem cell
(MSC). Epithdlid layers, ingenerd, harbour resdent gem cdlls.
1EPC-The Endothedlial precursor cdl is derived from a primitive
haematopaietic cdl in the bone marrow, prior to differentiation into the
leucocytelineage. It wasfirg reported in 1997 asacdll typethat could be
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( How Stem Cells Work: Cultivation )

In Vitro Fertilized Egg
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isolated from circulating blood, cultivated in vitro, transplanted in into
syngenic host and locdised to vascular structures™ Further work has
decisvely demongrated that EPCs are recruited from the bloodstream at
many sitesof vasculogenes's thetisthedenovoformationof new capillaries
Endothdlid precursor cell are recruited to Stes of repair or vessd growth
by Vascular endothdlid growth factor® and stroma-cell-derived factor
(SDF).® These factors may dso be involved in the mohilisation of the
precursorsfrom the marrow.® EPCsarenot truesem cdlls, sincethey are
goparently committed to the endothelid lineage whilein circulation. For
this reason, such cells can be purified from whole blood, based on ther
expresson of theVEGF receptor 2 (flk-1) and theangiopoietin 1 receptor
(tie-2). The haemangio blast and a more primitive progenitor, the
multipotent adult progenitor cdl (MAPC) have been suggested as the
marrow-based precursors.®

2.The Fibrocyte- Firg, described in 1994, is aleucocyte-like cell from
bone marrow that infiltrates wounds during the inflammatory phase,
producescollagen and hasmany characterigticsof theantigen-presenting,
dendritic cell.® Thiscdl type can produce many cytokines, collagen and
growth factors, and its presence has been associated with fibrotic
conditions.

3.The Marrow/mesenchymal s¢em cel (M SC)- The MSC is another
circulating, marrow-derived cdll whichisapluripotentia semcdll inthat
it can beisolated from marrow and grown for many generationsin vitro,
and M SC can beinduced to differentiateinto many types of mesodermal
derivatives, including bone, cartilage, skeletd muscleand adiposetissue®
M SCstraffic to many different connective tissues and recent sudiesina
mouse modd from this laboratory have shown that M SCs condtitute a
sgnificant proportion of the collagen producing, fibroblastic population
inaheding wound.®

At present, it is not known whether these circulaing sources of senV
precursor cdllsmay beratelimiting for wound-heding processes. Patients
undergoing immunosuppressive therapy are cartainly e risk for heding
problems due to infection, but marrow-derived mesenchyma cells may
be more resstant. Ageing may affect the availability and regenerative
cgpacity of gem cdlls. Itisconceivablethat wewill beabletoidentify the
factors that mobilize stem/precursor cells from the marrow and that
gimulatether recruitment to sites of injury. Thereis not agreat ded of
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evidencethat these marrow-derived cdllstake up permanent residencein
tissues. They may be largely important during phases of acute repair
wherelocd proliferation cannot meet tissue needs.®° It has recently come
to light that many connective tissues do harbour pluripotentid stem cell
populations, including dermis42adipose © and skeletd musdle* These
may be dternative sources of stem cdlls for thergpeutic applications.
Many epithelid tissues have much higher rates of cdlular turnover and
renewd, and resdent sem cells are locdisad to specific aress. In, the
epidermis, stlem cell popul ations have been identified in the bulge region
of the hair fallide® and in the inter fallicular zone* The interfallicular
cells represent a subset of the epidermal basal cells that undergo
differentiation asthey detach from thebasd laminaand movetowardsthe
gtratum corneum. While it has been difficult to identify specific surface
characterigtics that could aid in epidermd stem cdll purification,” It is
likely that these cells provide a significant fraction of the dividing
keratinocytesin culturesthat have been used to generate skin subdtitutes.
There are saverd reports that indicate that these stem cells may be
multipotent, and there are also reports that marrow-derived cells can he
recruited through the bloodstream and participatein epidermd structure®®
Thedinica gpplication of sem cellsiswell advanced for thetrestment of
corned semcdll deficiency, chemicd burnsand severd disease states %
Both unfractionated bone marrow aswell as purified M SC from marrow
and connective tissue sources have been evauated in many forms of
tissue repair: skin, bone, teeth, cartilage and tendon. There have been
attempts to apply MSC to wounds: one study smply used whole
marrow populations on three non-healing wounds with a favourable
outcome®; another study reportedimproved healing on systemicinjection
of adermd MSC population®?; there is dso a report of MSC effectsin
desgpburnwoundsinrats. Favourablerepair resultshavebeen obtainedin
bone and catilage, and there is every reason to expect that living skin
equivaents so engineered could enhance wound hedling. Strategies that
improve recruitment or growth of MSC may be effective.

Since the vascular supply is often rate limiting for repair, Endothelia
Precursor Cell§(EPC) dso offer therapeutic potentid 52 Agentsthat recruit
Endothelid Precursor Cdls, such as VEGF® dso increase vascularity
and other aspects of wound heding.* EPCs are readily purified from
wholeblood by apheresistechniques. Studies suggest thet these cellsand
the factors that recruit them can reverse tissue ischemia. A study reports
that purified human EPCs enhanced wound repair in the athymic nude
mouse, increased vascularity and macrophege influx and occasiondly
became incorporated into patent, hCD-31 positive vessas®

SUMMARY

Gene transfer and applications of progenitor stem cells are two
advanced technologies with grest promise in wound hedling and tissue
repair goplications Safety issueshaved owed thecommercia development
of genetrander, but active trids are underway. This srategy islikely to
overcome many of the drawbacks of recombinant proteins at potentialy
lower cogt. Stem cdll therapies with autologous grafting are likely to be
acoepted moreeasily by themedica and regulatory communities. Factors
thet regulatethemobilization, recruitment and differentiation of progenitor
cdlswill dso play an important role. Many of these findings will find
theirway intothedevel opment of moreeffectivetissueengineering devices.
The combination of genetransfer and gpplications of sem cdllshaseven
grester potentid, sSinceit lead tothedesign of medica devicesthat contain
multipotentia cellsthat are capable of delivering specific gene products.
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