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ABSTRACT

Regenerative Medicine is the process of creatiigdj functional tissues to repair or replace tssu
or organ function lost due to age, disease, danmgmngenital defects. Regenerative medicine efspowers
scientists to grow tissues and organs in the laborand safely implant them when the body caneat iiself.
Importantly, regenerative medicine has the potétdigolve the problem of the shortage of orgareslable for
donation compared to the number of patients tt@tire life-saving organ transplantation, as welkakve the
problem of organ transplant rejection, since thganois cells will match that of the patient. It refeo a group of
biomedical approaches to clinical therapies thay maolve the use of stem cells. Examples incluithe
injection of stem cells or progenitor cells (céletapies); another the induction of regeneratiombibiogically
active molecules; and a third is transplantatiomaftro grown organs and tissues (Tissue engineering).
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INTRODUCTION Clinical procedures that aim to repair damagediéiss
“Regenerative Medicine is an emerging or organs, most often by using tissue engln_eered
interdisciplinary field of research and clinical scaffolds and stem cells to replace cells and essu

applications focused on the repair, replacement of@maged by aging and by disease. It includes tissue

regeneration of cells, tissues or organs to restor@n?'n‘fe”r[‘l’ Rgenetlc tengllr\}lezr_lr!g and I’T|1(Q|eCltJ|al’
impaired function resulting from any cause, inchgdi 2ctvators =. Regeneralive vedicine IS working 1o

congenital defects, disease, trauma and aging.” improve t_he _quality of Ii_fe fo_r patients all ovemet
Importantly, regenerative medicine has the potentiaVrld. Scientists work with this powerful technojog
0 create new body parts from a patient’'s own cells

to solve the problem of the shortage of organ X ) R
available for donation compared to the number offNd tissues. The goal of regenerative medicine is t
patients that require life-saving organ transpliaoma
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one day be capable of maintaining the body in such for in vitro diagnosis (IVD) of disease and other
way there will be no need to replace whole organs. medical

HISTORYVY 2. Tissue engineering and biomaterials:

This report features chapters written by experts iThe definition of tissue engineering is attributied

; . 'Drs. Langer and Vacanti who stated it to be "an
several areas of enormous potential for regenerativ.

- : interdisciplinary field that applies the principle$
medlqne. Drs. ‘_]unylng Yu and James_ A. Thomso ngineering and life sciences toward the developmen
explain the basic features of embryonic stem cells

how they are being used in research, and how theOf biologi_cal substit_utes that restore, maintaim, o
. ’ |¥nprove tissue function or a whole organ”.
may lead to human therapies. Drs. Jos Domen, Amy
Wagers, and Irving Weissman describe the historicay ~q,1ar Therapies:
origins of blood-forming stem cell research, basic
features of these adult stem cells, progress amgusi
these cells for human therapies, and futur
possibilities. Dr. David Panchision explores wags t
use cell-based therapies to restore lost functiaghe

human nervous system. Dr. Thomas Zwaka explainf

Stem cell research offers unprecedented opporésniti
efor developing new medical therapies for debilitgti
diseases and a new way to explore fundamental
guestions of biology. Stem cells are unspecialized
ells that can self-renew indefinitely and also
ifferentiate into more mature cells with speciadiz
unctions. Cellular therapies are used mostly as
regenerative medicine.

4. Clinical Translation:

Clinical translation puts promising therapies into

how stem cells may be used for gene therapy, and D
Mark L. Rohrbaugh explains the current state o
intellectual property issues associated with resear
using human embryonic stem céfls

active trials. The Clinical Translation Team prasd
FIELDS OF RfEGiE.’NRﬂ’]TVfE a seamless transition from bench top to bedside wit
MEDICINE the goal of providing excellence in clinical caw f
1. Medical devices and artificial organs: patients with end-stage, end-organ disease through

mechanisms of repair, recovery and replacefient
According to the FDA a medical device is defined, i

part, as any health care product that does noeeehi STEM CELL TREATMENTS

its primary intended purposes by chemical action or

by being metabolized. Medical devices include, Stem cell treatments are a type of cell therapy

among other things, surgical lasers, wheelchairsthat introduces new cells into damaged tissue dieror

sutures, pacemakers, vascular grafts, intraoculao treat a disease or injury. Many medical resesrsch

lenses, and orthopedic pins. Medical devices als@elieve that stem cell treatments have the potetatia

include diagnostic aids such as reagents and itsst kchange the face of human disease and alleviate
suffering. The ability of stem cells to self-renawd
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give rise to subsequent generations that can replac - Secretion of growth factors, rather than
diseased and damaged tissues in the body, without actually incorporating into the heart
the risk of rejection and side effects. + Assistance via some other mechanism

Stem cells are distinguished from other cell Artificial Blood:
types by two important characteristics. First, theg
unspecialized cells capable of renewing themselve€urrently research is being conducted to examine
through cell division, sometimes after long periofls blood soluble drag-reducing polymers and their
inactivity. Second, under certain physiologic orpotential clinical applications. Such polymers ninay
experimental conditions, they can be induced taused in substances such as artificial blood/tramsifu
become tissue- or organ-specific cells with speciafluids for critical care medicine, surgery and arga

functions. preservation, blood additive for improvement of
microcirculation impaired by diabetes,
Bio artificial Liver: atherosclerosis and sickle cell disease.

Currently in a Phase | Trial, the bio artificial Haematopoiesis (Blood cell formation):
liver support system employs a hollow-fiber
bioreactor cartridge that is loaded with hepatomyte Diseases of haematopoietic cells are called
In one version of the reactor the hollow fibers agst hematopathology. The specificity of one's immune
an immunoisolation barrier, serving to prevent ctire cell repertoire, which allows it to recognize faei

contact of patient blood flowing on the interiorthe  antigen, causes further challenges in the treatiwient
fibers with the hepatocytes on the exterior of thdmmune disease. Identical matches between donor

fiberst, and recipient must be made for successful
transplantation treatments, while matches are
Heart damage: uncommon, even between first-degree relatives.

Research using both hematopoietic adult stem cells

Several clinical trials targeting heart diseaseand embryonic stem cells has contributed great
have shown that adult stem cell therapy is safe antfsight into possible mechanisms and methods of
effective, and is equally efficient in old as wets treatment for many of these ailmefits
recent infarcts.

Bio hybrid Lung:
Generation of heart muscle celf: This bio hybrid oxygenator has the potential to
provide functionality and durability unachievable
. Stimulation of growth of new blood vessels With its fully synthetic predecessors. Endothetiells
that repopu|ate the heart tissue and micro fabrication technology as used in the
semiconductor industry to develop artificial aleel
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capillary modules, which may become the buildingnot only kill the leukemia or neoplastic cells, lalgéo
blocks of bio hybrid artificial Iungg]. the haematopoietic stem cells within the bone
[10]
marrow" .
Brain damage:

Deafness:
Healthy adult brains contain neural stem cellss¢he

divide and act to maintain general stem cell nusberThere has been success in re-growing cochlea hair
or become progenitor cells. Stem cells may also beells with the use of stem celtd! .

used to treat brain degeneration, such as in

Parkinson's and Alzheimer's disease. Blindness and vision impairment

Spinal cord injury: Researchers have successfully transplanted retinal
stem cells into damaged eyes to restore visiomdJsi

Multipotent adult stem cells from an umbilical cord embryonic stem cells, scientists are able to grow a

blood can be transplanted to a patient sufferiognfr  thin sheet of totipotent stem cells in the labamato

a spinal cord injury without difficulty. Also When these sheets are transplanted over the damaged

researchers injected human embryonic stem cellgetina, the stem cells stimulate renewed repair,
human blastocyst stem cells into neural stem cellssventually restoring visioh?l.

then into the beginnings of motor neurons, and
finally into spinal motor neuron cells were us8d Amyotrophic lateral sclerosis

Diabetes: Stem cells have cured rats with an Amyotrophic
lateral sclerosis-like disease. The rats were fagec

Diabetes patients lose the function of their insuli With a virus to kill the spinal cord motor nerves
producing beta cells of their pancreas. Humar€lated to leg movement, succeeded by injections of
embryonic stem cells may be grown in cell culturestem cells into their spinal cords. These migrated
and stimulated to form insulin-groducing cells that(passed through many layers of tissues) to the sfte

can be transplanted into the pati€ht injury where they were able to regenerate the dead
nerve cells restoring the rats which were oncemgai
Cancer: able to walk*®,

Bone marrow, and more recently, umbilical cordBaldness:

blood stem cells have been used to treat cancer

patients with conditions such as leukemia and‘lair follicles also contain stem Ce”S, and reskars
lymphoma. During chemotherapy, most growingPredict research on these follicle stem cells nezyl|
cells are killed by the cytotoxic agents. Thesentge t0 successes in treating baldness through “hair
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multiplication”, also known as "hair cloning". This cells to stimulate differentiation in the tissuellwells
treatment is expected to work through taking stent™®.
cells from existing follicles, multiplying them in
cultures, and implanting the new follicles into the Neural and behavioral birth defects:
scalp™.
This was done by direct neural stem cell
Missing teeth: transplantation into the brains of the offsprindgneT
scientists found that before they die the neuramnst
Stem cells taken from the patient could be coared icells succeed in inducing the host brain to produce
the lab into turning into a tooth bud which, whenlarge numbers of stem cells which repair the damage
implanted in the gums, will give rise to a new tgot Researchers also developed the methods to talke cell
which would be expected to take two months tofrom the patient's own body, turn them into stem
grow. It will fuse with the jawbone and release cells, and then transplant them back into the ptsie
chemicals that encourage nerves and blood vessels blood via the blood strealf’.
connect with it. The process is similar to what
H%ppens when humans grow their original adult teetl®rthopedics:
Clinical case reports in the treatment of orthopedi
Graft vs. host disease and Crohn's disease: conditions have been reported. Centeno et al. have
published MRI evidence of increased cartilage and
Prochymal, derived from adult bone marrow. Themeniscus volume in individual human subjects,
target disorders of this therapeutic are graftwers though it is unclear how the MRI results compare to
host disease and Crohn's disease. clinical responsé&®!.

Wound healing: Stem cell usein animals:

Stem cells are used to stimulate the growth of lumaVeterinary applications Veterinary research can
tissues. In an adult, wounded tissue is most oftecontribute to human medicine:

replaced by scar tissue, which is characterizefién Research currently conducted on horses, dogs, and
skin by disorganized collagen structure, loss of ha cats can benefit the development of stem-cell
follicles and irregl."ar vascular structure. In ttese treatments in Veterinary medicine, but may also
of wounded fetal tissue, however, wounded tissue igontribute to developing those in human medicine fo
replaced with normal tissue through the activity ofa range injuries and diseases such as myocardial
stem cells. A pOSSible method for tissue regemati infarction, stroke, tendon and |igament damage’
in adults is to place adult stem cell "seeds” iesid osteoarthritis, osteochondrosis and  muscular
tissue bed "soil" in a wound bed and allow the Sterrdystrophy. Companion animals may be Superior
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models than typical mouse models for humanenvironmental conditions of the internal body, such
disease!™®! as perfusing it with blood and a proprietary

_ _ maintenance solutidf’.
Veterinary research has developed regenerative

treatment models, particularly involving FE ' ATURES OF ZRZEQTE.’NTEMTIVT
mesenchymal stem cells:
MEDICINE

Veterinary applications of stem cell therapy as
means of regenerating new tissue as an alternttive past:
scar (less functional tissue) formation have degwedb

from research that has been conducted since 1998 Successful transplantation of borzrc]a, soft tissue,

using adult-derived mesenchymal stem cells to treat and corneas occurred early in the 28ntury.
animals with injuries or defects affecting bone, = Real progress in organ transplantation began
cartilage, ligaments and/or tendons. Because in 1954 with the first successful kidney
mesenchymal stem cells can differentiate into the transplant.

cells that make up bone, cartilage, tendons, and = During the 1960s, successful transplantation
ligaments. (as well as muscle, fat, and possibtgot of pancreas/kidney, liver, isolated pancreas
tissues) The two main sources of mesenchymal stem and heart occurred.

cells used are adipose tissue or bone malfftw = Transplant surgery success continued into the
There is scientific evidence supporting that steffsc 1980s with successful heart-lung, single lung,
can improve healing by five main means: double lung, living-donor liver, and living-
1) providing an anti-inflammatory effect, 2) homing donor lung transplartd 24 .

to damaged tissues and recruiting other cells, asch Tggay:
endothelial progenitor cells, that are necessary fo
tissue growth, 3) supporting tissue remodeling over

scar formation, 4) inhibiting apoptosis, and 5)
differentiating into bone, cartilage, tendon, and
ligament tissu&™ .

The rapid development of transplant medicine
along with the aging of the baby boomer
generation has caused an increased demand
for tissues and organs far exceeding the
available donor organs.

PRESSERVATION OF PRTABLE = Approximately 500,000 Americans benefit

from a transplant each year.

ORGANS = As of May 2006, there were over 90,000

people on the waiting list for donor organs.
Using current technology, prior to transplant organ Many of these individuals will die before a
are packed in coolers filled with ice and special suitable organ can be found.

solutions and can only be preserved safely fortéchi
periods of time. However, POPS preserves the heart
and other organs by mimicking the actions and
6
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Tissue-engineered skin has been used for skihuman disease through the development of
replacement, temporary wound cover for burnsjnnovative new therapies that offer a faster, more
and treatment for diabetic leg and foot ulcers.  complete recovery with significantly fewer side
Tissue-engineered bladder, derived from ageffects or risk of complications.

patient's own cells, can be grown outside the
body and successfully transplanted.

A material developed from the small intestines

of pigs is increasingly used by surgeons toaythors wish to thanks Principal Dr. C. D. Upasani
restore damaged tissues and support the bodyg, yegular guidance. Also wish to thanks UICT

own healing processes. Physicians rely on the ympaj institute for providing necessary library
material, called small intestinal submucosasygijities.

(SIS), for everything from reconstructing
ligaments to treating incontinence. Today, SIS is
most commonly used to help the body cIoseRff FRENCES
hard-to-heal wounds such as second-degree
burns, chronic pressure ulcers, diabetic skin!-
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CONCLUSION

By providing tissues and organs “on
demand,” regenerative medicine will improve the
quality of life for individuals and reduce healthea
costs. Imagine a world where there is no donor
organ shortage, where victims of spinal cord
injuries can walk, where weakened hearts are
replaced. This is the
regenerative medicine, a rapidly developing field
with the potential to transform the treatment of
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