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THE LEGACY OF FRANKENSTEIN

By

David L. Stocum

INTRODUCTION

Mary Wollstonecraft Godwin Shelly wrote her first novel,  Frankenstein; or, The Modern Prometheus  (SLIDE), in 1818 when she was 21 years old.   The idea grew out of a summer night in 1816 of making up horror stories with Percy Shelly, Lord Byron and his physician, John Polidori, in  the Villa Diodoti, rented by Byron on the shores of Lake Geneva, Switzerland.  The story is about a gifted surgeon, Victor Frankenstein, who is obsessed with the idea of creating life by reanimating a corpse cobbled together from body parts procured from “the unhallowed damps of the grave”.  He succeeds, thus becoming a “Modern Prometheus”, after the god Prometheus, who in Greek mythology created the human race from mud. Prometheus, of course, is also associated with regeneration in the myth recounting his theft of fire from the gods to give to humans.  For this misdeed, Zeus punishes  Prometheus by chaining him to a rock, where an eagle eats his liver during the day, only to have it regenerate during the night, insuring eternal torture.   

Shelly’s novel became immensely popular.  With the invention of moving pictures in the early 20th century, the story was repeatedly made into a  screen drama, with Boris Karloff being the most famous actor to portray the creature. 

In the story, Victor Frankenstein takes the idea of resurrection beyond the bounds of legitimate scientific inquiry and medical practice into the forbidden realm of playing God.  Having eaten the fruit of the Tree of Knowledge and been expelled from the Garden of Eden before he can eat the fruit of the Tree of Life, man, in the person of Frankenstein, now seeks to create this forbidden fruit from the clay of dead body parts.  But having accomplished what he set out to do, Frankenstein fails in his responsibilities to his creation and abandons him, setting off a chain of terrible consequences.  Although physically ugly, the monster is sensitive and intelligent.  In the anguish and bitterness of abandonment, he kills Frankenstein’s younger brother.  In exchange for killing no more, the monster demands that a  mate be assembled, which Frankenstein agrees to do. But in the middle of construction, overcome by fears that this female will be thousands of times more malignant than the male, and that the two of them might produce a horde of monsters, he stops and disposes of the parts.  The monster retaliates  by killing Frankenstein’s best friend, his fiancée, and a small boy.  Frankenstein does nothing, and lets the boy’s nanny hang for that crime.   At last, his life irrevocably destroyed, Frankenstein seeks to undo what he has done, and pursues the monster to the Arctic, where they both meet their end. 

The story of Victor Frankenstein reflects people’s distrust and fear of a science and technology that goes beyond the boundaries of religious, ethical and cultural norms.  We face the same moral and ethical dilemmas and uncertainties today that were described in Mary Shelly’s captivating novel.  But this has not stopped our quest for understanding the secrets of life and death.  Frankenstein lives today through the discipline of regenerative biology and medicine!   Let us trace his legacy from the 19th to the 21st centuries. 

FRANKENSTEIN IN THE 20TH CENTURY

Tissue and Organ Transplants 

Despite his horrible experience with the assembly of whole human beings, Frankenstein cannot leave body parts alone.  He begins experimenting with transplanting these parts to save the lives of people who have lost vital tissues, organs or appendages.   In the early 19th century, Frankenstein performs the first allogeneic transplants—transplants of tissue from one individual to another within the same species ---in the form of blood transfusions .  These transfusions frequently meet with disastrous results due to the high frequency of incompatibility between donor and recipient blood types.   Frankenstein’s transfusions meet with significant success only after Karl Landsteiner’s discovery in 1900, of the A B O blood group antigens, which allows blood from donors to be immunologically matched, or typed, to recipients. 

In the mid 20th century, Frankenstein performs the first successful allogeneic organ transplant, a cadaver kidney.   Hearts, livers, lungs and intestines follow from the 1960s to the 1990s.  At first, his work is met with fear and loathing.  Implanting cadaver organs into living people is not natural.  Fears of a black market organ trade are always present. Furthermore, success rates are low.  

But gradually, allogeneic organ transplants become acceptable.  This is because success rates go up significantly with the advent of immunosuppressive drugs.  Recipients have their lives extended, sometimes for decades.  The history of heart transplants is a good example.

Today, large numbers of people are on transplant waiting lists because of a shortage of donor organs.  Xenotransplants--- transplants to humans from a non-human species --- would solve this problem.  Pigs would be the prime donors, because their organs are anatomically similar to ours, and they are plentiful.  But such transplants are not yet feasible, because pig organs are strongly rejected within minutes to hours, a phenomenon called hyper-rejection.   The reason is that the cells lining the blood vessels of pig organs display a sugar, (-galactose, which we do not have, but is displayed by the bacteria that come to populate our intestine after birth.  Our immune system generates natural antibodies to this sugar that circulate in the bloodstream.  If a pig organ is transplanted into the human body these antibodies trigger an attack on the pig blood vessels that results in massive blood clots and death by oxygen starvation of the organ within a few minutes.  Research to genetically engineer pigs that lack the enzyme which produces the (-galactose sugar is intense.  Pigs have ben engineered in which one copy of gene for this enzyme is missing, but to avoid hyper-rejection, we need pigs with both copies of the gene deleted.  So we are half-way there.  Even then, we do not know whether there might not be other pig  cell surface antigens that could trigger hyper-rejection, and beyond hyper-rejection there are the layers of  chronic and acute rejection to be overcome.   So it may be a while before we become porco-humanoids.   

Recombinant DNA 

DNA is the hereditary material  that is replicated and passed on from generation to generation.   In the 1970s, scientists discovered how to slice, dice and splice DNA using enzymes as scissors and glue. Frankenstein is there, dreaming about replacing faulty genes of human cells and contemplating how to introduce genes into plants and animals that increase yields of food.  

At first, there is tremendous opposition to these recombinant DNA experiments.  There are fears of potentially negative effects of genetically altered  “Frankenfood” on the body and of unanticipated consequences of gene therapy to treat disease.   Calls for regulatory oversight of genetically altered foods are legion.  Liaisons between recombinant DNA experts and biotech companies are questioned.  But the power of recombinant DNA technology to solve basic biological problems and the potential applications of the technology are too great to resist.  The experiments go ahead.  New pest-resistant and drought-resistant plants are designed, and clinical trials to cure genetic diseases are done with modest success.  That success, however, is largely negated in 2001 by a disastrous trial in which a patient at the University of Pennsylvania dies, and by the revelation two years later that recipients of genes via viral vectors have a high incidence of cancer.  These problems teach us that we don’t know enough yet about the side effects of these treatments.     Nevertheless, the potential (and profit) for designing effective gene therapies is enormous, and Frankenstein will continue to pursue his research in this area.

Resurrection:  Cryogenic Preservation   

In the 19th century, the possibility of bringing the dead back to life was a serious scientific question.  Life became associated with electricity when Luigi Galvani demonstrated in the 1790s that the leg muscles of dead frogs could be made to twitch by stimulating them with an electric current.  In the early 1800s, physicians used electricity in attempts to revive drowning victims, sometimes successfully.  Coordinated contractility of the chambers of the heart depends on an orderly cascade of electrical propagation across the heart muscle, and today we treat persons whose hearts have stopped with defibrillators, which shock the heart muscle back into activity.  This focus on electricity as a vital physical force is probably the reason that Frankenstein films use electricity as the force that is used to animate the creature.  Mary Shelly herself never specified the life-giving force, only that a “terrible engine” was used.    

But what about true resurrection of the dead, as opposed to resuscitation or animation of a patchwork  creature?  The question of resurrection was very much alive in the first half of the 20th century, and was featured in a 1935 issue of Popular Science. Frankenstein was of course interested, and in the last quarter of that century became heavily involved in the field of human cryopreservation, in which the dead are frozen in liquid nitrogen until medical science finds a way to cure what killed them.  In some cases, only heads are frozen, in hopes that they can be sewn back onto a host body, or that a body can be regenerated from the head.  Companies have sprung up that cater to those who wish to be frozen and later resurrected.  

On one level, cryogenic preservation is a serious science.  We freeze plant seeds, sperm of valuable animals and humans, and early human embryos resulting from in vitro fertilization.  But when it comes to cryopreserving dead people, this aspect of Frankenstein’s research is viewed by the public as more of a curiosity than a threat.  No one really believes these frozen bodies can be reanimated or regenerated.  The notion of resurrection, however, does spawn a few television tales of the cryocrypt.   In one story, a wealthy woman has her dead son resurrected from his cryogenic chamber and his fatal illness cured, only to find that, having once died, he cannot regain his soul and is capable only of evil.  Once again the message is, those who play God will pay for their defiance of His natural order.           

In Vitro Fertilization 

In the 1980s Frankenstein begins to develop assisted reproductive technologies.  He learns how to help infertile couples have children by fertilizing the womans’s eggs in vitro and implanting the resultant embryos into her uterus.   

Initially, there is an outcry against this un-natural and ungodly method of creating new human life.  Fears arise of a black market for eggs.  Coupled with recombinant DNA technology, the specter of a genetically designed society is raised.  This theme is creatively explored in the film “GATTACA”, in which two brothers, one a genetically engineered perfect specimen, the other un-engineered and flawed, compete with one another.  I highly recommend this film—it has an unusual twist at the end.  

But these fears have not been realized.  Since the birth in 1978 of the first child conceived  in vitro, Louise Brown, over a million normal children have been created in this way, and it has become an acceptable way to help infertile couples.  Frankenstein is feared and loathed for only a short time.  

FRANKENSTEIN IN THE 21ST CENTURY  

The 21st century ushers in unprecedented opportunities for Frankenstein to conduct research that will revolutionize biology and medicine, but which raises the public’s level of fear and distrust to new heights.   So high, in fact, that Frankenstein’s research has no chance of being funded by the NIH, the MRC, the Wellcome Trust, or the Japan Research and Technology Corporation.  No university oversight committee will approve his “use of human materials” and “human subjects” protocols.  So Frankenstein moves to the island nation of Oblivia, where he establishes his own start-up biotechnology company, FrankenLabs, Inc.  Oblivia is a country with lax scientific oversight and it provides an attractive tax structure for companies bringing high tech jobs and “tourist” dollars from patients in residence who are using the services of FrankenLabs.   Oblivia is also near the island home of his old colleague, Dr. Moreau, and the two serve as paid consultants to each other’s enterprises.  What is Frankenstein doing that is so loathsome?  He has once again begun creating new life, not by putting dead body parts together, but by putting cellular parts together through a process called reproductive cloning.  

Reproductive cloning is a technique by which a physical copy of an organism, identical to the original, can be made.  The technique involves transferring the nucleus of an adult somatic (i.e., body) cell into an egg from which the nucleus has been removed, or destroyed by ultraviolet radiation.   The nucleus is transferred either by injection with a fine pipette or by apposing the membranes of the somatic cell and egg and pulsing a current of electricity through them, as shown in this diagram.  This causes the membranes to fuse, and the somatic cell nucleus becomes part of the egg.  Entry of the nucleus is the equivalent of in vitro fertilization and the egg divides.  At the 8-cell  STAGE or blastocyst stage, when there are around 64- 128 cells, the embryo is implanted into a uterus, where it is brought to term.   This procedure has already been successful for mice, sheep, cows, and cats (there is a company that will clone your favorite cat; the procedure hasn’t yet been successful for dogs).   It has been used to save an endangered species of Southeast Asian cow, the gaur, from potential extinction.  We might even be able to reverse extinction and bring back prehistoric beasts such as the woolly mammoth or mastodon, by transplanting a nucleus—or DNA—from a specimen that has remained frozen in the ice since the last ice age, into a living relative, the elephant.  

If reproductive cloning could be accomplished in humans, the child born would be a physical copy of the nuclear donor --a clone, a twin, just like natural twins, but much younger!  The donor nucleus can be taken from a woman’s skin or a man’s skin (do you want a girl or a boy?).  Or, it could be taken from any physically and mentally desirable person (for a price).  Frankenstein has lined up a number of infertile couples who wish to give birth to a reproductive clone.  But the opposition to reproductive cloning is enormous, even from scientists and physicians, and human cloning is banned.  What’s the big deal?  After all, this is a technology that can give a couple a child if they are both infertile and cannot resort to in vitro fertilization.  

There are several reasons for not doing so at the moment.  First, there is the innate sense that our natural reproductive process—even in vitro fertilization--is non-clonal, that is, it allows for genetic recombination, which is essential to minimize the consequences of individual genetic errors.  Unlike sexual reproduction, cloning does not provide genetic recombination and thus perpetuates any defects of the donor genome.   Thus it is the worst possible form of in-breeding.  Second, reproductive cloning in animals currently succeeds in less than 3% of attempts.  The success rate for cloning primates is even lower---zero--- despite the claims of the Raelians to have cloned a human being.  Frankenstein, at least, has done the research on monkeys, and finds that no nuclear transfers  develop successfully  because mitotic spindles do not form properly as the eggs divide and chromosomes are misaligned and do not separate normally.   Third, even when successful, animal clones often have abnormalities that reduce quality of life or lead to premature death.  Thus even if it were possible for a cloned human to develop to birth, it would be immoral from a bioethical point of view to allow it, given such a high risk of defects.  Fourth, even more evil experiments can be imagined:  clones made from a human nucleus and the egg of a (name your animal), or beings made by mixing the cells from human and chimpanzee blastocysts and implanting the hybrid into a surrogate mother.    

There is a fifth reason for objecting to human nuclear transfers that is part of Frankenstein’s  final biological legacy --  his attempts to regenerate  tissues damaged by injury or disease.   Regeneration is the ability to reproduce the original structure of a tissue or organ.  Frankenstein knows that many cell types are being constantly lost and regenerated by stem cells—blood in the bone marrow, skin epidermis, hair, linings of the digestive and respiratory tracts, even the olfactory nerve and certain other neurons in the brain.  Other tissues are being constantly injured, and stem cells respond to the injury by regenerating—a cut in the epidermis, a fractured bone, a torn muscle, a damaged liver.   Humans can even regenerate the tips of the fingers when they are amputated.

But most of our tissues don’t regenerate when damaged by injury or disease, even though stem cells have been isolated from a lot of them that will form new tissue in vitro —lung, heart, spinal cord, most regions of the brain, retina, intestine, limbs, etc.  This tells us that such tissues have the potential to regenerate, but instead repair themselves by the formation of scar tissue.  Scar tissue has a lot of fibrous collagen and is a non-functional patch that, depending on the size of the injury, compromises the function of the remaining healthy tissue. 

Frankenstein hits on the idea of harvesting stem cells and using them as transplants to restore tissue structure and function.   In the 1980s and 90s, he tries experimental therapies transplanting stem cells from the brains of spontaneously aborted fetuses into the brains of patients suffering from Parkinson’s disease.  These stem cells differentiate into dopamine-producing neurons within the recipient brains, and the patients symptoms are greatly alleviated in several cases.  But such transplants can never be a cure for the disease.  There isn’t enough fetal brain tissue from spontaneous abortions to treat many patients, and the idea of using tissue from purposely aborted fetuses is abhorrent to many people, because of religious principles, as well as fears that abortion could become an economic industry for this purpose.  

Then, in 1998, another type of human stem cell becomes available for potential use as an unlimited source of transplantable cells.  These are the embryonic stem cells derived from leftover blastocysts created by in vitro fertilization.   Embryonic stem cell lines have unlimited growth potential and are pluripotent, meaning they can differentiate into virtually any one of the more than 200 cell types that make up the human body.   Thus they could be made to differentiate in vitro into any desired cell type that would then be transplanted into the body to replace tissues or organs damaged by injury or disease.  

But for most transplant sites, cells derived from embryonic stem cells would be seen as foreign, and thus subject to acute or chronic immunorejection, like organ transplants.    Frankenstein solves this problem by using a variation of reproductive cloning, called therapeutic cloning.    As in reproductive cloning, he injects a nucleus from an adult donor somatic cell into an enucleated host egg.  The egg divides to form a blastocyst, but instead of implanting it into a woman’s uterus, Frankenstein removes the inner cell mass and uses it to make cultures of embryonic stem cells.  These cells will differentiate under the control of the donor nucleus, and so have the “self” properties of the donor.  They can therefore be transplanted into the donor without fear of immunorejection.  Frankenstein’s plan is to create these “personal embryonic stem cell lines” for anyone who has need of tissue regeneration and can pay the price.  

But therapeutic cloning is viewed as even more evil than reproductive cloning and is the fifth reason to ban human cloning. Making blastocysts by in vitro fertilization for the purpose of deriving embryonic stem cell lines is considered by many to be murder—the making and taking of a life that would have been fulfilled had the blastocyst been implanted into a uterus.  Governments in several countries decree that no human stem cell lines can be made in this way—in fact, they ban the creation of any new stem cell lines, period, at least using government funding.

But many scientists agree with Frankenstein that research on human embryonic stem cells should continue.  They believe that new stem cell lines should be produced for study from in vitro fertilizations and that the generation of embryonic stem cells via therapeutic cloning should be pursued.  They argue that a human blastocyst is a non-sentient ball of cells and therefore does not have the moral status of personhood.  Thus making a blastocyst into embryonic stem cell cultures does not constitute murder.   Furthermore, Frankenstein points out correctly that, though it is illegal to “kill” blastocysts in vitro to make stem cells, it is perfectly legal to kill them to prevent pregnancy, through the use of the intrauterine device, or IUD, which does not prevent fertilization, but prevents implantation of the blastocyst into the uterine wall. 

Adding to the controversy is the fact that adult bone marrow stem cells appear to be as pluripotent as embryonic stem cells when tested in various assays and to undergo transdifferentiation when exposed to signals they would normally not see. If true, the problems of immunorejection, therapeutic cloning and making of new stem cell lines disappear. One such assay is called the chimeric embryo assay.  Labeled bone marrow cells are injected into blastocysts and are thus subjected to all the developmental signals used to build the embryo.   The bone marrow cells differentiate into virtually every cell type of the body in this assay.  But there are major issues regarding the use of these cells as well, among them being whether transdifferentiation is a real, reproducible phenomenon and, if so, can stem cells transdifferentiate in sufficient numbers to replaced damaged tissue and do they function with the same efficiency and duration as the cells of the original tissue?

It is too early to tell how all these issues will be resolved.  But the controversial, and sometimes acrimonious debate about the use of adult stem cells vs. embryonic stem cells for therapeutic purposes, as well as the questions surrounding the biology of adult stem cells, has still another effect, a positive one.  It galvanizes research on ways to bypass these issues .  So Frankenstein, while maintaining his stem cell work, begins to think in terms of chemically inducing regeneration from the body’s own cells.  In his heart, he believes this is the future of regenerative biology and medicine and his ultimate legacy.   

Frankenstein chooses the amphibians-- the salamanders, newts, frogs and toads-- for his research on how to chemically induce regeneration.   The reason he chooses these animals is because they can regenerate so many tissues that mammals cannot.  They can do this because they can perform a trick that mammals such as ourselves cannot—they can form stem cells by a process of turning back biological time---the differentiated cell types of these tissues can dedifferentiate--become younger, more embryonic, whereupon they recapitulate the original development of the tissue or appendage to replace the parts. 

Frankenstein’s goal is to make human cells behave like amphibian cells and form regeneration blastemas.  His research strategy is to identifiy a large number of genes involved in regeneration and then use the human counterparts of these genes and their proteins  to chemically induce the regeneration of tissues damaged by disease or injury.  

Having gained the ability to chemically induce tissue regeneration, Frankenstein will look for new mountains to climb.  I would like to predict an extension of his work that will occur deep into the 21st century —a future in which Frankenstein goes back to his past in the castle to once again create a new being, this time from artificial materials—plastic, metal, carbon nanotubes and fibers.   This is the making of androids, intelligent artificial constructs that can be made to look like people and perhaps even given the ability to feel  emotion.   Frankenstein is a fan of Lt. Commander Data of Star Trek fame.  If he succeeds in building an android, we will not only have to modify our view of what constitutes life, we will have to define what the civil rights of artificial beings are.   Are they entitled to the same rights granted to human beings?  If we put an android behind a screen, and cannot, in our interactions with it, distinguish it from a human being, should not this construct have all the rights and privileges of an organic human?  Or should it? Unlike people, androids theoretically would have an unlimited life span, because their parts can be replaced indefinitely.  Will we become jealous and decree that the plug must be pulled on these machines when they arrive at a certain age?    Will we fear that they might become the dominant life form on the planet and do them in?  We can only wait to find out. 

CONCLUSION

Each generation of Frankensteins is reviled for their activities.  People always ask, why does Frankenstein do what he does?  How can we stop him?   The answer is that he must do them, and we cannot stop him.   We are Frankenstein.  The nature of our species is such that there will always be individuals who, for whatever set of reasons, have an unquenchable desire to understand the secrets of the natural world and who are willing to risk failure and/or the moral condemnation of others in the process.  Fear and distrust are always generated when science tries to make leaps that go outside the social context in which it is imbedded.  

But history shows that we also embrace the utilitarian imperative.  Thus, if Frankenstein’s experiments result in technologies that are beneficial to a large enough number of people, and do not harm the rest, these technologies will eventually be accepted and adopted into the mainstream of our social and moral framework.  Returning to the cloning/stem cell debate:  regardless of what we think of therapeutic and reproductive cloning today, if this technology is improved and if it proves medically and/or agriculturally beneficial, it will become part of the framework of mainstream society.   But even if it never proves acceptable, controversial research is useful in that it forces new directions of research that  accomplish the original objectives in ways that are more acceptable to society, for example the induction of regeneration as an alternative to stem cell transplantation, or the construction of artificial tissues from biomimetic materials. 

What then, is the ultimate legacy and lesson of Frankenstein?  Regenerative biology and medicine, yes, but it is much more.  Frankenstein’s legacy is  that he is a symbol of the human drive for knowledge and mastery over the universe.  This is an innate biopsychological feature of our species  which serves to reduce uncertainty and attain stability in an inherently changing and uncertain world.  Always, however, what we seek to know far exceeds our grasp. This means that there will be a never-ending stream of individuals—Frankensteins-- pushing the envelope against the status quo.  The present monster will become the future benefactor.  The unacceptable will evolve into the status quo, or generate an alternative path, and the cycle will go on.  Mary Shelly’s Frankenstein is at once the symbol of our fear of the unknown and our and our hope for the future.  

