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FRANKENSTEIN IN THE 20TH 
CENTURY

ORBLOOD TRANSFUSIONS AND



TISSUE AND ORGAN 
TRANSPLANTS



ALLOGENEIC TRANSPLANT

A TRANSPLANT BETWEEN TWO DIFFERENT 
INDIVIDUALS OF THE SAME SPECIES



BLUNDELL’S GRAVITATOR, 1828



KARL LANDSTEINER

1900

A, B, O, AB BLOOD
GROUPS







HEART TRANSPLANT HISTORY

• 1964--JAMES HARDY, UNIVERSITY OF MISSISSIPPI 
(CHIMPANZEE DONOR)

• 1967--CHRISTIAN BARNARD, CAPE TOWN, SOUTH 
AFRICA;  ADRIAN KANTROWITZ, COLUMBIA UNIVERSITY

• 1968--MORE THAN 100 TRANSPLANTS PERFORMED
• 1980S--SIGNIFICANT CLINICAL SUCCESS WITH 

INTRODUCTION OF CYCLOSPORINE AS 
IMMUNOSUPPRESSANT



SURVIVAL RATES OF HEART 
RECIPIENTS

• 1 YEAR---78.3%
• 5 YEAR--66.8%
• 10 YEAR--52.5%



XENOTRANSPLANT

A TRANSPLANT FROM ONE SPECIES TO ANOTHER 
(E.G., PIG TO HUMAN)



ORGAN DONORS





NATURE 415:103, 2002



RECOMBINANT DNA





RESURRECTION: CRYOGENIC 
PRESERVATION







ASSISTED REPRODUCTIVE 
TECHNOLOGY

IN VITRO FERTILIZATION



FROM B.M. CARLSON  (1994) HUMAN EMBRYOLOGY
AND DEVELOPMENTAL BIOLOGY





FRANKENSTEIN IN THE  21ST 
CENTURY





REPRODUCTIVE CLONING



NUCLEAR TRANSFER



SOMATIC CELL NUCLEUS TRANSFERRED  INTO ENUCLEATED EGG

Somatic cell Enucleated egg

Divide to Blastocyst

Implant in Uterus



8-CELL STAGE



BLASTOCYSTS











WHY NOT CLONE PEOPLE?
• CLONING DOES NOT PROVIDE GENETIC 

VARIATION
• LESS THAN 3% OF ANIMAL CLONES 

DEVELOP TO LIVE BIRTH (PRIMATES = 0%)
• MANY, IF NOT MOST, CLONES THAT ARE 

BORN HAVE ABNORMALITIES. 
• EVEN MORE EVIL EXPERIMENTS ARE 

POSSIBLE



REGENERATION: THE ABILITY TO 
REPRODUCE THE ORIGNAL 
STRUCTURE OF A TISSUE, 
ORGAN OR APPENDAGE



HUMAN TISSUES THAT 
REGENERATE VIA STEM CELLS

• BLOOD
• EPITHELIA (SKIN, DIGESTIVE SYSTEM, 

RESPIRATORY SYSTEM, SMALL BLOOD 
VESSELS)

• PERIPHERAL NERVES
• OLFACTORY NERVE AND BULB
• BONE
• MUSCLE
• HAIR
• FINGERTIPS





HUMAN TISSUES THAT SCAR

• BRAIN APPENDAGES
• SPINAL CORD ENDOCRINE TISSUES
• DERMIS OF THE SKIN TENDON
• ARTICULAR CARTILAGE INTESTINE
• LIGAMENTS LARGE BLOOD VESSELS
• MENISCUS OF KNEE INNER EAR TISSUE
• LUNG TISSUE REPRODUCTIVE TISSUES
• HEART MUSCLE STOMACH
• KIDNEY TISSUE ESOPHAGUS
• PANCREAS
• LENS AND RETINA OF EYE



FROM  H. A.  LINARES  (1996)  BURNS 22: 339-352



STSTEM CELL TRANSPLANTS



FETAL CELL TRANSPLANTS
FOR PARKINSON’S
DISEASE



EMBRYONIC STEM CELLS





EMBRYONIC 
STEM CELL

DERIVATIVES
TRANSPLANT



THERAPEUTIC CLONING



SOMATIC CELL NUCLEUS  TRANFERRED  INTO ENUCLEATED EGG

Somatic cell Enucleated egg

Divide

ESC Line

NO IMMUNOREJECTION!



ADULT BONE MARROW STEM CELLS

• PLURIPOTENT
• NO IMMUNOREJECTION
• NO BIOETHICAL CONCERNS



CHIMERIC EMBRYO ASSAY
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ISSUES ON USE OF BONE MARROW STEM CELLS 
IN REGENERATIVE MEDICINE

• PAINFUL TO HARVEST
• PLURIPOTENCY EXHIBITED ONLY AFTER MANY 

DOUBLINGS IN VITRO
• FREQUENCY OF CONVERSION TO OTHER CELL TYPES IS 

VARIABLE AND RELATIVELY LOW
• NOT TESTED IN A VARIETY OF INJURY ENVIRONMENTS
• DON’T KNOW HOW LONG THEY REMAIN FUNCTIONAL
• RESULTS NOT REPRODUCIBLE
• EXPENSIVE!



CHEMICAL 
INDUCTION OF 
REGENERATION 
FROM THE 
BODY’S  OWN 
CELLS

THE FUTURE OF REGENERATIVE MEDICINE

•NO CELL TRANSPLANTATION REQUIRED
•NO CELL CULTURING REQUIRED
•SIMPLE INJECTION OF REGENERATION-PROMOTING / SCAR 

INHIBITING MOLECULES 
•INEXPENSIVE!



THE AMPHIBIANS: STRONG 
REGENERATORS



JAWSJAWSJAWS

HEART
LIMB

LENS
RETINA

SPINAL CORD

COURTESY OF JEREMY BROCKES



FROM R.J. GOSS 
(1969) PRINCIPLES 
OF REGENERATION



David Stocum



David Stocum



David Stocum



FRANKENSTEIN’S STRATEGY 

1. IDENTIFY ALL THE GENES AND PROTEINS 
RESPONSIBLE FOR REGENERATION  IN SPECIFIC  
AMPHIBIAN TISSUES
2.  IDENTIFY THE HUMAN COUNTERPARTS
3. USE THE GENES AS GENE THERAPY OR THE 
PROTEINS AS MOLECULAR COCKTAILS TO 
STIMULATE REGENERATION IN NON-
REGENERATING HUMAN TISSUES





THE LEGACY (AND LESSON)  OF 
FRANKENSTEIN

• THE HUMAN DRIVE TO KNOW PITS 
ADVANCE VS. THE STATUS QUO

• THE UNACCEPTABLE BECOMES THE 
STATUS QUO OR GENERATES AN 
ALTERNATIVE

• THIS CYCLE NEVER ENDS
• FRANKENSTEIN IS A SYMBOL OF BOTH 

FEAR  AND HOPE



SELECTED CAST OF FRANKENSTEINS

JOHN BLUNDELL
KARL LANDSTEINER
CHRISTIAN BARNARD
DAVID WHITE
JAMES WILSON
PATRICK STEPTOE
IAN WILMUT
MICHAEL WEST
JAMES THOMSON
AKIRA ONISHI
TERUHIKO WAKAYAMA

EVERYONE AT THIS WORKSHOP


