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Abstract: Regenerative medicine has shown great potential for treatment of various disabling orthopaedic disorders. Major research is on
bone healing, where various osteoconductive molecules, semcells, gene therapy have shown potentially beneficial role. Genetic disorderslike
ogtengenesisimperfecta are also being explored for an effective cure through regenerative medicine. Regenerative medicine has also shown a
promising future treatment modality for spinal cord injury. Various inflammatory disorders like osteoarthritis and rheumatoid arthritis can
also be treated through regenerative medicine. A sgnificant opportunity exists to improve the cancer therapy beyond the capabilities of
traditional cancer treatments such as chemotherapy and radiation. Regenerative medicine is shaping these new therapiesthrough the integra-
tion of its genomics, gene and cdll therapy, small molecule drug discovery, and protein therapeutic capabilities.

The human body has a remarkable capacity to repair itself.
Regenerative medicine seeks to support, stimulate, and enhance the
body’s natura repair mechanismsto help them hedl defectsthat they
could not normally heal on their own. Regenerative medical
treatments aim to either encourage the regeneration of healthy tissue
at the ste of injury itself or begin to grow new tissue outside the
body (in a hioreactor, for instance) for implantation into the defect
site at a later date. Regenerative medicine has offered an
unprecedented opportunity for developing new medical therapies
for debilitating orthopaedic conditions and anew way to explore the
fundamental orthopaedic biology. The impact of regenerative
medicine in orthopedics can be summarized as follows:

1) Bone healing- Bone is a specialized connective tissue with a
mineralized collagenous framework for skeletal support of the body.
Bone is a unique tissue in that its ability to regenerate is more
predictable than any other tissue in the body. However certain
conditionslikerevisionjoint replacement, fracture nonunion, tumour
reconstruction, spinal fusion present difficult Situations where bone
healing is a problem. Autogenous graft is considered gold standard
but has got limited supply. Next available solution is alograft but
they lack the osteogenic potential. Next came the synthetic bone
graft substituteswhich provide ascaffold for boneto grow but provide
no osteoinductive propertiesto “induce” boneto grow. Regenerative
medicine aims to explore the full potential of osteoprogenitor cells,
osteoi nductive matrix and osteogenic growth factorsfor bonehealing
and is currently based on uses of recombinant growth factors like
bone morphogenic proteins, bone marrow, stem cells, gene therapy
etc. INFUSE (BMP-2) was truly the first off-the-shelf osteobiologic
that was osteoinductive, i.e. you can put it in acell culture and bone
will grow. Thiswas clearly arevolutionary invention in theworld of
orthopedics and represented the first time that regenerative medicine
hit the orthopedic market. Stem cells, when mixed with biomaterias
known as scaffolds, can help regenerate bone growth. Approach
involves either expansion of stem cells in monolayer and loading
them into a porous scaffold prior to surgery or direct cell expansion
within the scaffold, and implanting this novel construct back into
the donor patient. Krebshach PH et al (1997)*used bone marrow
derived stem cells loaded on extra cellular matrices such as
hydroxyapetite-trical cium phosphate. After in vivo implantation into
NOD/SCID mice bone formation was observed. Schecroun N et al
(2003)? aso reported formation of specifically mineralized bone-
like nodules through stem cells under optimal environment. Gene
therapy is based on the philosophy that by transferring genes into
cells at a specific anatomic site, the osteoinductive properties of

growth factors can be used at physiol ogic dosesfor asustained period
of timefor amore significant healing response. Demineralised bone
matrix, coraline calcium phosphate, ceramics are commonly used
carrierswhich enhancethedelivery of genesor vectorsat theanatomic
site. Future research is focusing on development of novel products,
such as micro patterned surfaces by bioengineering using
nanotechnology for stem-cell growth.

2)Genetic Disorders- This is another potential area of work for
regenerative medicine. Osteogenesis imperfecta® and osteoporosis
are two common disorders which are being researched upon and can
be considered the prototype of smple mendalian genetic disorders
and multifactorial disorders respectively. Stem cells are very
promising in osteogenesisimperfecta as they are capable of homing
to the bone marrow and differentiation into osteoblasts. Retionaeis
that mutant osteoblasts asthey turnover can be replaced with normal
osteobl asts derived from transplanted stem cells. Stem cellsnot only
provide osteoblasts, they also self renew, thus providing treatment
for life. Transplanted stem cells also have a survival advantage over
abnormal endogenous cells. Another promising strategy isAntisense
gene therapy based on over expression of exogenously supplied
normal gene. Variouspolymorphismsin vitamin D receptors, estrogen
binding proteins, various growth factors like IL-6, osteocalcin can
be linked with osteoporosis. Gene therapy approaches that result in
expression of atherapeutic agent ( atranscription factor, growth or
morphogenic factor) selectively to bone for stimulation of osteoblast
proliferation and differentiation provide the potential to increasethe
skeletal mass in skeleton. Future research is focusing upon
introduction of therapeutic genes into cells without altering their
biologic properties, physiologic responsiveness, engraftment
properties and differentiation program.

3) Cartilage repair- Repair of the cartilage poses a particular
challenge for regenerative medicine. Because it is largely isolated
from ablood supply, it does not have ready accessto the repair cells
that help skin, bone and other tissue types hea themselves more
effectively; even small defects can therefore grow rapidly, leading to
large-scale degeneration and instability around the site of injury. The
use of stem cells to generate a suitable matrix for repair has gained
recent popularity with the use of marrow stromal stem cells and
perichondrial / periosteal progenitors most commonly employed’.
They generateahyalinematrix but little evidence of articular cartilage
architecture. Current research is exploring the potential use of
mesenchymal stem cells as a source for tissue engineering, as well
as the combination of cells with biodegradable scaffolds. Various
gene products eg. IGF-1, bcl-2, IL-4, BMP-2 & 7 are being studied
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to enhance the cartilage regenerative potentid. Strategies are being
devel oped to deliver appropriate bioactive factors that may optimize
this regenerative process. These involve either direct delivery of the
factors or delivery of the transgene coding for the factors. Cartilage
tissue engineering is another promising approach of regenerative
medicine to tackle this problem.
4) Ligament and Tendon healing- they have a high incidence of
injuries and usualy lead to instability and loss of function. With
surgical intervention, the grafts (eg. In ACL reconstruction) are
gradually replaced by scar tissue which is of mechanical inferior
quality. In case of tendon injuries, problem of hedling as well as
complication of adhesion development is aso there. Regenerative
medicine aims to potentiate the healing of natural ligaments and
tendons with a more biologic plausible tissue and to prevent the
above complications. Meniscus engineering® is another field which
is promising for treatment of meniscal injuries.

5) Spine- There are three main fields:

0 Intervertebral disc degeneration- It is characterized by
progressive loss of matrix proteoglycans rendering disc more
susceptibletoinjury and degeneration. Genetherapy hasfocused
on up regulating the matrix synthesis utilizing BMPs, IGF-1,
TGF-R etc.

o0 Spinal fuson- spinal fusion isacommonly performed yet often
unsuccessful procedure. Strategies to enhance spina fusion
include use of extracted and partialy purified proteinsincluding
BMPs, recombinant BMP-2 & 7 and gene therapy i.e. delivery
of gene or osteoinductive factor itself.

0 Spinal cord injury- Ability of stem cells to incorporate into the
spinal cord, differentiate, and to improve locomotor recovery
hold promisefor acure. Stem cellshavetheability to remyelinate
the demyelinated injured neurons. SCshave neurotrophic, ECM,
and cell adhesion properties that are favorable to axonal
regeneration in the peripheral nervous system® °. Akiyama Y
(2001)€ reported functionally significant extensiveremyelination
of the cord after neural stem cells were transplanted into the
demyelinated adult rat spina cord. lwanami A et al (2005)’
showed that the bar grip power and the spontaneous motor
activity of the stem cells transplanted animals were significantly
higher than those of sham-operated control animals. Sykova
(2004)8 reported varying degrees of improvement in spinal cord
injury patients after autologous MSCs were intravenously
delivered to nine people who had sustained spina cord injury.

6) Osteoarthritis’- The treatment of osteoarthritis includes a wide

spectrum of approaches. At present, with the exception of surgery,

all other treatments are palliative. That is to say that many of these
treatmentsrelieve pain and increase function. However, onthe basis
of medical evidence, these trestments do not change the course of
the disease. Surgica interventions, including joint replacement and
osteotomy, reverse the progress of osteoarthritis and provide long-
term improved function and pain relief for specific joints. The goal
of treating osteoarthritisisto arrest and reverseits progressregionaly
or globally through biologic methodology. Meaningful progress for
biologicintervention accumul atesannually. Pluripotent mesenchymal
cellscan be coaxed into chondrocytesor stem cells. Cytokines, growth
factors, chemokines, protease inhibitors, kinases, apoptosis,
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mechanics, and geneticsareincreasingly recognizedto play key roles
in the control of the articular cartilage behavior. Modulating IL-1is
apromising strategy to retard the progression of osteoarthritis. Gene
replacement, gene control and gene addition arenew areasof research
for gene therapy for osteoarthritis.

7) Rheumatoid arthritis- Haematopoietic stem cell transplantation
(HSCT) is now being investigated as a potential therapy. It is
especially useful in severe refractory rheumatoid arthritis
unresponsive to conventional therapies®?, including tumor necrosis
factor-alphablockadeandiswell tolerated in patientswith rheumatoid
arthritis. Level of diseaseactivity and progression of joint destruction
in rheumatoid arthritis closely parallels the IL-1 levels in plasma
and joint fluid. IL-1 receptor antagonist (IL-1ra) is a potential
therapeutic agent for use in treatment of rheumatoid arthritis which
is the focus for gene therapy for rheumatoid arthritis.

8) Orthopaedic oncology- A significant opportunity existstoimprove
the cancer therapy beyond the capabilities of traditional cancer
treatments such as chemotherapy and radiation. It focuses on the
development of cancer vaccines and angiogenesis inhibitors.
Regenerative medicine is shaping these new therapies through the
integration of its genomics, gene and cell therapy, smal molecule
drug discovery, and protein therapeutic capabilities.

9) Other potential areas- Avascular necrosis, Cystic lesions of bone,
revision arthroplasties, tumor reconstruction surgeries are being
explored as potential areas of research for regenerative medicine.
Although the prospect of growing entire new knees, hips and
shouldersisgtill decadesfrom becoming aclinicd redity, regenerative
medicine holdsreal potential toimprovethequality of carecurrently
available to patients suffering from various orthopaedic problems.
Surgeons, scientists and engineers are using a variety of tools,
including advanced materials, cells, and biomolecules and
engineering design tools to develop and refine new treatments,
making regenerative medicineatruly interdisciplinary areaof research
and development in orthopedics.

REFERENCES

1. Krebshach, Paul H.; Kuznetsov, etal. Bone formation in vivo: comparison of osteogenesis by
transplanted mouse and human marrow stromal fibroblasts. Transplantation. 63(8):1059-
1069, April 27, 1997.

2. N. Schecroun. Bone-like nodules formed by human bone marrow stromal cells: comparative study
and characterization. Bone, Vblume 32, Issue 3, Page 252

3. Edwin M. Horwitz, Darwin J. Prockop, LorraineA. Fitzpatrick. Transplantability and therapeutic
effects of bone marrow-derived mesenchymal cellsin children with osteogenesisimperfecta. Nature
Medicine 5, 309 — 313, 1999.

4. Wakitani Set al. Human autol ogous cul ture expanded bone marrow cell transplanta-
tion for repair of cartilage defects in osteoarthritic knees Osteoarthritis Cartilage 2002;10:199—

206

5. Abdd-Hamid M et al. Enhancement of therepair of meniscal woundsin thered—white zone (middle
third) by the injection of bone marrow cells in canine animal model Int J Exp Pathol. 2005
Apr;86(2):117-23

6. Akiyama Y, Honmou O, Kato T, et al. Transplantation of clonal neural precursor cells derived
fromadult human brain establishes functional peripheral myeinintherat spinal cord. Exp Neurol
2001; 167: 27-39

7. Iwanami A et al. Transplantation of human neural stem cells for spinal cord injury in primates. J
Neurosci Res. 2005 Apr 15;80(2):182-90

8. SykovaE, Jendelova P, GlogarovaK, Urzloval, Herynek V, Hajek M. Bone marrow stromel cells
—apromising tool for therapy of brain and spinal cord injury. Exp Neurol 187: 220, 2004

9. SchultzSS. Adult semcell applicationin spinal cord injury. Curr Drug Targets. 2005 Feb;6(1):63-
73

10. Myckatyn TM, Mackinnon SE, McDonald JW. Sem cdll transplantation and other novel tech-
niquesfor promoting recovery fromspinal cord injury. Transpl Immunol. 2004 Apr; 12(3-4):343-58

11.  Abdel-Hamid M et al. Enhancement of therepair of meniscal woundsin the red—white zone (middle
third) by the injection of bone marrow cells in canine animal model Int J Exp Pathol. 2005
Apr;86(2):117-23

12.  Snowden JAet al. Autologous hemopoietic stemcell transplantation in severerheumatoid arthritis:
areport fromthe EBMT and ABMTR. J Rheumatol. 2004 Mar; 31(3):482-8

Special |ssues

Endourology Update

Constipation: Emerging Horizons

Imaging in the 21st Century

Advances in Pediatric Surgery

HIV/AIDS: Emerging Trends

Recent Advances & Future Trends in Healthcare

Future Special |ssuses Symposia

Symposia

® Anorectal Disorders: Current Management
® Diabetic Foot: Newer Dimensions

® Common Pysychiatric Disorders

® Sleep Disorders: Current Perspective




