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  Why did I do that!? What was I thinking? Behavior is a curious phenomenon and we may often wonder why we do the things we do. In short, it’s because of our cells.




  



  Our behavior, the decisions we make and the actions we take, are nothing more than cellular responses. How our cells are interpreting their immediate environment dictates how we respond to our environment. Studies of behavior show that often we are unaware of why we make the decisions we do, and that these decisions can be easily manipulated and influenced by subtle environmental cues. What may seem like a decision made freely may indeed not be so. My cells made me do it, explains the phenomenon of behavior as a matter of cellular determinism.




   




  “Why do people do what they do? This wonderful book explains the science and shows why it matters. We are our cells and this book helps explain the diversity of the human experience by starting with the cell.”—Paul J. Zak, author, The Moral Molecule.




   




  "In the age-old debate over human free will, Robin Hayes presents an empirically based argument for deterministically fated behaviors. Insightfully drawing upon discoveries in molecular biology, his compelling case merges biology and philosophy to a new level in our pursuit to understand the human condition."—Erik Gergus, Ph.D. Biology, Glendale Community College.




  "An answer to the age-old Problem of Freewill that demonstrates how and why our behaviors are inextricably determined by their biology and why freewill—or at least the illusion of free will—is necessary."—Terry D. Jones, Professor of Anatomy, California State University, Stanislaus.
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  My Cells Made




  Me Do It




  Introduction




  “Things are the way they are, because they were the way they were.”




  —Fred Hoyle




   




  This is my friend…




   




  One night I was channel surfing when I paused for a moment on the situation comedy, Mike and Molly. Though having never seen the show, because of the commercials promoting it, I was familiar with the premise. Both Mike and Molly, heavy set people, were in a new and budding relationship. This particular scene caught my attention because of the subject matter unfolding. The scene has Mike holding a small plate of food while picking items from a snack table: Molly is standing to his left watching. From the stage set-up it is apparent they are attending an over-eater’s or dieter’s seminar. While Mike is completing his selections of snacks, a very pretty, full-sized woman approaches Mike and starts to flirt with him. Mike, flattered by the attention, clumsily flirts back. Just then we hear Molly clear her throat in an uh-umm “don’t-forget-who-is-standing-next-to-you” kind of way. Mike, remembering Molly is there, turns to the very pretty lady and says, “This is my friend, Molly.”1




  For guys, when a woman calls you a “friend” it can be the death nail in the proverbial coffin for any hope of a romantic relationship. The same can be true for women; calling them a friend, when they clearly think otherwise, can end any hopes of a romantic coupling. Being introduced as Mike’s friend did not sit well with Molly. Mike finds himself in hot water and ends up trying to make amends for a mistake he may or may not completely understand. Mike’s mistake, of course, is introducing Molly as a friend in an attempt to portray himself as available; just in case the pretty woman was interested. Mike’s response seems almost automatic, instinctive, a reflex response. Clearly, little thought went into Mike’s behavior. He did not think about the consequences until after the fact, even though, as revealed later in the show, he realizes he is lucky to be in a relationship with Molly.




  The reason this scene caught my attention is it was not that much different from a scene in my own life some many years before. My wife and I met in college and had been dating during the fall semester. When the winter break rolled around we each went home for Christmas, but a couple weeks later she decided to visit me in my hometown. As I was showing her around town, one of the places we stopped was a restaurant I had worked at during the summer. Shortly after walking in, I realized I had to introduce this gal I was with, and, I wasn’t sure what to call her. Of course, it’s not that I didn’t know her name; it’s that people were going to expect some kind of title, a clarifier of the relationship. This restaurant, in particular, was an old stomping ground. If I introduce her as my girlfriend will I be hurting my chances with one of the other potential (unlikely, is probably more accurate) mates? I am not sure I was consciously thinking this; I just knew, even though, like Mike, I was in a pretty good relationship, that if I introduced her as my girlfriend it would imply I was off the market. Again, at the time, I do not believe I was consciously thinking this, only in retrospect. So, I did as Mike, and introduced my future wife as my “friend.” As one might expect, this did not go over well! She did not say anything immediately, but by the time the new semester started I was single and we were just “friends.” I spent the rest of the spring semester making up for this, as it turned out, not-so-minor faux pas.




  I chuckled at the similarities of Mike’s situation and mine so many years ago. But then I began to wonder, why would we respond so similarly? This must be a fairly common response if it is being used in a situation comedy. It is unlikely Mike and I had many common childhood experiences. Besides, our response seems more reactionary, without much thought. The simple answer then is it is in our genes. Years of evolution has programmed men to behave as pigs. Well, not really, but kind of; everyone understands that men are genetically programmed to spread our genes, to mate with as many different females as we can. At least that is what our biology instructs. Sperm is cheap to produce and once we start producing them, we do so for life. This is a very different strategy than females employ. Women have a limited number of eggs that are expensive to produce (relatively), and a limited number of years in which they are fertile.2




  But what does it mean to be “in our genes”? When scientists talk about there being a gene for this trait, or a gene for that trait, they are rarely being literal. It is rare that a trait can be linked to a specific gene. Generally, traits and characteristics are influenced by many genes. But, again, how do genes influence traits and characteristics? Each gene is a sequence of DNA that codes for a specific protein. These proteins can be structural or enzymatic. They can turn on genes or turn off genes. They can cause reactions in the cell to occur, form surface receptors on the cell membrane, or communicate with other cells. Our genes are the language of protein synthesis. So, when men behave similarly, as dictated by millions of years of evolution, it’s because their cells are producing the same proteins. These same proteins then operate on a similar level in most (we won’t say all because there are always exceptions) men to produce a behavior that, at best, is frowned upon by women and, at worst, leaves one single.3




  The proteins being produced by our genes operate at the cellular level. The response of the organism, in this case, men, begins at the cellular level. Across time, cultures, and experiences, the genes we share lead to similar cellular activity which in turn leads to similar organismal behavior. The other commonality here, of course, is the situation: Mike’s and my immediate perception of what was going on, i.e., pretty girl saying hi. The behavior of the organism is being determined by cellular responses to its immediate environment, both on the micro, and as we will see, on the macro scale. Could either of us have behaved differently? Given the situation, could we have made a different choice? Exercised our “freewill” to act counter to our biology? Were we already exercising our “freewill?”




   




  Cellular Determinism




   




  All of our thoughts and actions, moods and behaviors are the result of events that happen at the cellular level. These cellular events are determined by the environment of the cell and the cell’s genetic makeup. No cell ever decides to respond to what is going on around it, it simply responds based on its programming (think billions of years of evolution). Therefore, our reactions to our surroundings are determined by the response of the trillions of cells we have, all responding in a determined manner to their individual environments. In fact, cells from near and far work to influence the environment of other cells in order to illicit a specific behavior.




  Though we believe we are freely making choices, a careful study of biology will show we are only reacting as we can, as we must. A choice implies that we can do one thing or another with equal probability, or maybe there is a greater probability that we’ll do one thing over another, but there is still a chance we could do the other. This is only an illusion. Choice is only an illusion. We react based on our cells programmed response to their environment. Our actions are determined and we take the only path we can.




  This process of thought is not to suggest that the future is necessarily pre-determined; Quantum Mechanics and The Uncertainty Principle have shown there is enough randomness and uncertainty in the physical world to make the future unknowable. However, I’m arguing that our response to the physical world and the events going on around us are determined, but done so at the cellular level. What this also means is that every experience potentially influences the cells response, and therefore, our response.




  We should also consider that anything that happens in the physical world that the organism does not perceive has no influence on the cell and therefore no influence on the organism. Understand, of course, our senses are limited and environmental conditions may affect cells directly without the organism necessarily aware. That said, while the organism is responding to the physical world, it does not necessarily respond to everything going on. Still, everything the organism perceives influences the organism’s path. Everything we see, hear, touch, feel, smell alters our nerve cells in some way causing a change at the cellular level that will forever influence our path. We call this experience and it is what gives us our illusion of choice.




  When faced with making a decision, we generally scan our memory and then decide on the best action. However, we don’t really decide; our brain cells review all the incoming information and all the information on file (experience) and then the appropriate nerve cells fire. Our response to what is going on is happening at the cellular level and we have little control over those reactions. Our response is determined by what happens at the cellular level and what happens at the cellular level is influenced by experiences.




  Some may find this revelation disturbing, that our paths are determined by our cellular responses to our environment, because it suggests we do not have free will. While it may be true that loss of choice seems to be the implication and that personal responsibility is diminished, this is not the case. Reality is subjective and so is illusion. Our freewill is both illusionary and real; a dualism we must acknowledge. Knowing that our every action, while determined by our experiences (and reading these words are now part of that experience) will have influence on all those around us, empowers us to be both freer with who we are and more active in our interactions with others. This information can help guide our behavior as we navigate the path put before us. Cellular Determinism is the biological process by which our behavior is derived. Recognizing this can aid us in understanding both our own behavior and the behavior of those around us.




  



  Part One: Responding to the Environment




  Chapter 1: The Cell’s Environment




  “Timing has a lot to do with the outcome of a rain dance”




  —Cowboy proverb




   




  Crowding




   




  In 2012, the San Francisco Giants won the World Series for the second time in three years. Even before my daughter was a year old I began taking her to games at old, windy Candlestick Park. Over the years, she and I attended many games together. Now, at seventeen, she was a big fan, very excited about them winning and wanted to go to the championship parade being held in San Francisco. So, blowing off class for the day, the two off us jumped on a very crowded train headed to the city.




  On this day, San Francisco was being inundated by thousands and thousands of adoring fans. While we were able to move around easily enough initially, as the crowd grew our movements became more and more restricted. Soon, all we were able to see and hear was being dictated by those around us. If you have ever lived in a big city, been to a sporting event, or attended a concert, you have likely experienced a large crowd. When crowds get really large, the individuals within those crowds become restricted by the crowd. That day in San Francisco started with us being able to walk around looking for a good spot from which to watch the parade, finding one, and settling in. As the day wore on and the crowd increased in size we found our view of the parade route being narrowed; we found our personal space being breached as people crammed together; we found ourselves being exposed to odors that other individuals were producing. Much of what we were able to see, our movement, and the smells we were experiencing, were the result of those around us. Our experiences were being dictated by those in our environment and whether we realized it or not, so were our responses.




   




  It’s All about Timing




   




  Bacteria, when grown in a laboratory, behave in a very predictable manner. They start out, upon first being introduced to a new medium, such as food source or anything bacteria use for energy, just hanging out and synthesizing proteins. You can think of this as a getting-used-to-your-new-neighborhood period. The microbes don’t start growing immediately, they assess the available food source and start making the enzymes that will be necessary to break down and use this fuel. When we say growing, in reference to bacteria, we’re not necessarily talking about increase in size, although that does happen, we are mainly talking about an increase in number, a multiplication of cells. Not all bacteria can use all fuel sources and so the type of medium will dictate the kind of bacteria that will grow. That being said, any bacterium being transferred to a new, suitable medium will experience this lag phase in growth.4




  After some time has passed, the bacteria will begin to divide. How much time? That will depend on the growth conditions established and the microbe itself, but divide they will. Initially, bacteria, while not growing, are actually very busy making energy and macromolecules that will be used for the building of news cells. Once the lag period has passed, bacterial growth sky rockets! This phase of the bacterial growth curve sees the microbes growing exponentially. Their doubling time, a measure of how fast the cells are dividing, is at its fastest pace. Known as the logarithmic phase, the bacteria are utilizing the available food stuff at a rapid pace in their efforts to divide. Of course, this level of growth can only continue if the energy source is unlimited. In a test tube or on a petri dish of solid medium, the nutrients are limited and so this phase of growth will come to an end as the nutrients become depleted.




  Soon, bacterial growth slows; fewer and fewer new cells are being born and those alive are now dying at a steady rate. You see, in addition to there being less to eat, bacteria in a closed system like this also have to deal with their own waste products piling up. They have no garbage man to carry away end products, many of which can be toxic to the microbes as the levels increase. Before long the number of viable cells is greatly reduced. Eventually the culture will die. No viable cells will remain.




  This growth pattern, or growth curve, is essentially the same for all bacteria in a laboratory setting. If growth conditions are right, i.e. medium, temperature, etc., all bacteria, after being transferred to a new medium, experience a lag phase followed by a log phase followed by a stationary phase followed, finally, by a death phase. The pattern is highly ordered and predictable.




  When bacteria multiply, they do so by a process known as binary fission. They simply increase in size, replicate their genetic material and then split in half. The two resulting daughter cells are genetically identical. In fact, all the cells that make up an isolated colony, growing on an agar plate or in a test tube, are genetically identical. They are all descendants of the original cell by this process of binary fission, an asexual form of reproduction. They all have the same DNA, they code for the same enzymes and generally will behave similarly. That is, depending on environmental conditions, they will utilize the same nutrients and produce the same products.




  Now, of course, mutations occur and it is quite possible, even likely, that the specific nucleotide sequences for any two cells might not be exactly the same. However, mutation, as a result of nucleotides being substituted one for another, resulting in new protein products, is a rare occasion. We will see later where such an event, new protein products from spontaneous mutation, has been observed, but for the most part, it is safe to assume all cells of a colony are identical with regards to their enzyme and protein capabilities.




  Imagine now, a bacterial cell being “born” into a colony on a solid agar medium. The type of environment will vary significantly for each cell of the colony depending on when one is born. Remembering that a colony consists of millions of cells, all derived from a single cell and all genetically identical, the eighth cell of that colony will experience very different conditions than the one millionth cell. The eighth cell being born is entering when conditions are optimal for growth. There are lots of nutrients, plenty of space and not much waste. Also, remembering our bacterial growth curve, these early cells will start feeding on the available nutrients and begin dividing. Conditions being ideal, these early cells may divide many times.




  On the other hand, if you are the one millionth cell being born, conditions might be slightly less than wonderful, depending on where in the colony you are born. If you’re on the edge of the colony nutrients may still be abundant as you move away from the colony. Additionally, waste products will be minimal here on the edge. Cells on the edge may continue to divide as the colony grows. However, their number of division may be substantially less than that of the early cells.




  If you are the millionth cell being born somewhere in the middle of the colony, conditions could be horrible. You may find yourself where nutrients have been depleted and there is a high concentration of waste products. Some bacteria produce acid as waste, ultimately, completely changing the pH of their environment. A cell being born here may not be able to survive, let alone divide.




  Therefore, although the cells of a colony are all equipped with the same raw materials, the cells themselves are going to respond very differently based upon the environment they are being born into. The early cells go straight to growing and dividing. Cells on the edge put less energy into dividing and more into moving to better pastures. Those in the interior of the colony are likely to not divide at all and may actually start forming resting stages such as endospores or cysts.




  Why the different responses from these genetically identical cells? Well, obviously because the environments are different, specifically, the molecular environment immediately surrounding the cell. We call this the microenvironment and it is of great significance to the microbe. It is these immediate molecules that influence how the cell is going to respond. This molecular world around the cell will determine what the cell does. In good times the cell will divide; in areas of depleting nutrients and increasing waste the cell may become mobile; and, in places of no nutrients and high waste, the cell may sporulate or die.




  How does the cell know what to do? How does it choose to divide versus not divide? Each action requires the synthesis of very specific enzymes, enzymes that are coded for by the genes all these cells share. The response from the cell has everything to do with the types of proteins found on the surface of the cells. If these cells are genetically identical, shouldn’t they all have the same surface proteins? Initially, they may have, but these proteins will interact with the molecules of their surroundings and, because molecules are not necessarily evenly distributed, it is likely more of one type of receptor, over another, may become bound. For instance, a cell may have equal numbers of receptors for glucose and lactose initially, but if no lactose is present in the environment than those receptors do not become attached to anything. So the cell will be responding to both the presence of glucose, because receptors are being bound, and the absence of lactose, because receptors are not being bound. These interactions will determine what types of enzymes the cell will produce. The environment is dictating which genes are active and which genes are not.




  Let’s pause for a moment and consider the make-up of a bacterial cell. The outer structure, the cell wall, is composed of molecules that are uniquely bacterial. This structure is somewhat rigid (providing the cell its shape and preventing the cell from bursting) and permeable (allowing water and other molecules to pass freely). There are two fundamentally different cell wall types, each with their own uniqueness regarding molecular structure and interactions with the surroundings.




  Just inside the cell wall is the cell membrane. This structure is very similar in most cells. The cell membrane is a two layered structure formed from molecules called phospholipids. These molecules have water-loving heads and water-hating tails and are arranged such that the water-hating tails face each other. This creates a very fluid, dynamic structure that serves to allow water to pass freely, but regulates the movement of other molecules across this barrier. Embedded within the cell membrane are lots of different proteins and enzymes with various functions. Some proteins serve as channels to allow molecules to pass in and out of the cell, facilitating the transport of nutrients in and waste out. Many other proteins combine with sugar to form glycoproteins that serve as receptors.




  Receptors for what, though? Well, receptors for the molecules in their immediate environment. How does the cell know what molecules will be in its immediate environment? It doesn’t. Its genes code for specific types of receptors that will be specific for certain molecules. If those molecules are present they will bind to these glycoproteins, which through a series of chemical reactions will relay information to the cell’s DNA. This information, in turn, will determine which genes may be active and, subsequently, what type of proteins might be on the surface.




  The cell membrane surrounds the gel-like cytoplasm containing the genetic material of the cell in addition to the machinery necessary for the surviving, growing, and dividing of the cell. The genetic material of bacteria comes as a single circular piece of DNA. In addition to this single chromosome, many bacteria have extra circular fragments called plasmids. Plasmids will often impart special capabilities to a cell it might not otherwise be able to do. For instance, plasmids may code for an enzyme allowing the cell to destroy certain antibiotics that those without the plasmid would be susceptible to. Sometimes plasmids can lead to toxin production.




  The compilation of the cell’s single chromosome and any plasmids it might have are responsible for the types of receptors found on the cell’s surface and the enzymes it produces. So, it is this genetic material providing the proteins to which the environment will interact, and this interaction will lead the cell to respond by producing and releasing certain proteins. Some of these proteins may be increases in specific types of surface receptors, allowing the cell to better respond to environmental changes; others will be enzymes likely designed to take advantage of the present environment.




  Let’s return to the cells of our colony. If you are one of the early cells, say the eighth, you are coming from a mother cell that has been living in good conditions. Since you will be getting half of her cell membrane when she divides, the surface receptors you start with will be the ones she was synthesizing at the time. If conditions are good, you probably have many receptors or protein channels for the type of food stuff available. You are also probably producing the enzymes necessary to breakdown this available nutrient. You still have the genes that code for enzymes and surface receptors to take advantage of different food stuffs, but those genes are not active and the surface receptors are fewer.




  Suppose, for a moment, you were lifted, shortly after being born, from the medium your mother had been growing on to a medium very different. Maybe your mother was growing on a medium rich in glucose and now you are on a medium rich in lactose. None of your glucose receiving surface receptors are being bound. Instead, the few lactose receiving surface receptors you have are now being bound by the lactose in the media. This environmental change is going to be relayed to your genetic material and you are going to respond by synthesizing more lactose receiving surface receptors and more lactose metabolizing enzymes. Of course, if you do not have the genes for lactose utilization then you likely die.




  Let’s get back to being the eighth cell on some nutrient rich medium. Since your mother was already adjusted to these great conditions you were born with the surface receptors and enzymes ready to take advantage of such conditions. You may start dividing very shortly after being born because you are already equipped to do so and the environment is right. In fact, all the cells of these early generations are likely dividing and at their greatest rate. This is why we see the exponential growth described in the bacterial growth curve.




  If you are the millionth cell being born, be it on the edge of the colony or in the middle, environmental conditions will be quite different than what the very early cells encountered. Additionally, your surface receptors and enzyme production are also different than what the very early cells might have had. The concentration of certain receptor types may have changed; you may have more receptors for one type of molecule (lactose) and less for another (glucose). You may have new receptors, coding for specific molecules that the earlier cells might not have encountered. The presence of specific surface receptors allows the microbe to detect where the food is and where the waste is coming from. Known as chemotaxis, this allows your movement to be somewhat directional. So, while still wanting to divide the cell has to spend a little more energy getting food, and thus the number of divisions will be far fewer than the eighth cell.




  Each of the cells described above share the same genetic material but each responds in very different ways. Their behavior, if you will, is determined by the interaction between the environmental conditions and the genetic material. None of these cells choose to divide or move or form endospores, they do so because the environment dictates it. Of course the environment has to work in concert with the genetic material; if you don’t have genes that code for the surface receptors to bind to environmental molecules then those molecules do not influence your response. That said, as a cell, your only possible response is the one that is determined by your microenvironment. No decisions are being made; you are just reacting, responding to what is going on all around you. You only have one path.




  This type of determinism, not entirely environmental and not entirely genetic, is what guides all cells in their behavior. I call it cellular determinism; it applies to not just bacterial cells of a colony growing on an agar medium in a laboratory, but to all bacterial cells, worldwide. Bacteria of the ocean, bacteria inhabiting soil, bacteria living within our intestines, are all assessing their immediate environment using surface receptors to respond to existing conditions. These factors do not apply to just bacterial cells (prokaryotes) but also to eukaryotic cells – those with a nucleus. Although more complicated than bacteria, single-celled organisms like algae and protozoa also have surface receptors they use to respond to the environment. Certainly one wouldn’t suggest that these simple, single-celled organisms are considering options with potential outcomes when they swim or feed or divide. No, these single-celled eukaryotes are responding as determined by their environment and the current surface receptors they possess.




  However, it doesn’t stop there; Cellular Determinism applies not only to single-celled organism like bacteria and protozoa, but also to multicellular organisms. The cells that make up any organism; fungi, fish, frogs, ferns and humans are responding to cues from their microenvironment. Again, one wouldn’t suggest that an individual cell of a multicellular organism is giving any thought to how it should respond to existing conditions. All each cell does is assess the environment based on the molecules present and then respond accordingly.




  Evolution has led to cells of multicellular organisms responding in a coordinated fashion such that one would assume choice is being made. A frog chooses to jump, a dog chooses to chase a ball, and a woman chooses a mate. But, at the cellular level, no choice is being made, each cell is responding to the molecules surrounding it. The cell’s path is determined. The path for all the billions or trillions of cells an organism may have is determined. The path of the organism is determined by the coordinated response of these trillions of cells. The organism does not choose how it will respond, it simply responds. 




  Chapter 2: The Autonomous Cell




  “Any living cell carries with it the experience of a billion years of experimentation by its ancestors.”




  —Max Ludwig Henning Delbrück (1949)




   




  Individuals in a Crowd




   




  Going back to parade day in San Francisco, my daughter and I found ourselves, in many ways, at the mercy of the crowd. Many times, if there was a push or surge in the crowd, we would be moved with it. Bumping into people and rubbing against them was common and became even more so as the crowd grew. Various aromas from the activity of individuals around us filled our olfactory sense. Much of what was happening to us had everything to do with the fact that we were part of this much larger group.




  Still, we were individuals among this crowd. While it was true that what we were experiencing was being influenced by those around us, we were still able to somewhat manipulate our experience by our reactions. It took some considerable effort, but we could push our way through the crowd to more open spaces. We could stand on our toes or lean forward to get a better view of some spectacle. And, if the odor was too offensive, we could hold our breath or nose until it passed. Yet, even these behaviors were being dictated by the crowd. A very similar situation exists for the cells of a multicellular organism. While the cell’s activities are greatly influence by the environment being created by neighboring cells, each cell is still functioning individually—growing, metabolizing, synthesizing.




   




  The Cellular Entity




   




  It’s amazing to realize that the human body is composed of trillions of cells, all genetically identical and all derived from a single cell – not unlike the cells of a bacterial colony. It’s just as amazing to realize these cells are each functioning in a specific and coordinated fashion to cause the organism to respond to its surroundings. While working in concert, each of these cells is still very much its own entity, responding to the immediate environment based on the types of surface receptors each possesses. If we manipulate the environment, we can manipulate cell behavior. Change the salt content, adjust the pH, add various chemicals to the environment and cells will respond to these changes. We are essentially a collection of trillions of cells, each reacting independently to their own microenvironment. Cells can influence each other based on chemical releases and physical contact – that’s how we respond in a coordinated manner – but each cell’s response is based on its own receptors and the molecules surrounding it. Our behavior is dependent on a collection of fully independent cells.




  If you doubt each cell is its own entity, consider for a moment the cells of Henrietta Lacks. You may be familiar with the story. In 1951, Henrietta Lacks was diagnosed with cervical cancer. During her treatment some of the cancerous cells were removed and sent to the lab for study. Surprisingly, the cells lived much longer than the normal few days most cells were able to survive at the time. In fact, these cells were easy to culture and grew well. Soon, cells from the HeLa (short for Henrietta Lacks) line were being sent to labs around the globe for research. For the next 60 years HeLa cells were used in labs all over the world for scientific study in areas such as polio, AIDS, gene mapping, and many more.5 These cells, long separated from the organism, many, likely never part of the organism, are still growing strong today. The cell line that was established when Henrietta’s parent’s sex cells fused together (egg and sperm combining) has essentially become immortal. Does the individual cell really need the organism?




  What causes a cell to become cancerous and why are they immortal? All cells have genes that control when that cell will divide. Cancer cells have essentially lost the ability to control cell division. As you might expect, these genes are influenced by surface receptors and what those receptors are bound to. Under normal conditions, contact with neighboring cells can be enough to inhibit a cell’s division. In cancer cells the genes that control when a cell will divide have mutated and cell division becomes unregulated. Along with this uncontrolled division generally comes a loss of function. As a result, there grows a clump of non-functional cells – a tumor.




  Cells that divide frequently, epithelial cells like skins cells and lung cells have a greater chance for mutations to occur during the replication of their DNA. The more times a cell replicates the more chances mistakes will happen. When a mutation to the oppressor gene, a gene that turns off cell division, occurs, it can cause the cell to lose what is called contact inhibition. Cell division is no longer influenced by the presence of other cells and uncontrolled division ensues. Mutations like this can occur randomly during the replication process, which is why cells that divide more often have a greater chance for developing cancer. These cells can also be environmentally influenced. In 1984, Harald zur Hausen, discovered that the Human Papilloma Virus (HPV) was the major agent for cervical cancer.6 The presence of the virus can cause a disruption in the cell’s replication process leading to the mutations that give rise to cancer. It is not surprising to learn that Henrietta Lacks was infected by HPV-18, a particularly harmful strain.7




  Why are Henrietta’s cells and cancer cells in general immortal? For most cells, at least those of the human body, it is suggested they undergo 50 divisions,8 more or less, during the life of the cell. Once the cell nears this number, it stops dividing. One of the reasons we grow old is our tissues stop renewing themselves via cell division. What causes a cell to lose the ability to divide? It turns out that at the end of our chromosomes is a string of nucleotides called telomeres. These segments of DNA are analogous to the little plastic coverings at the end of shoestrings; they serve to protect the end of chromosomes from degradation during replication. However, replication of the nucleotide sequence cannot go to the end of the DNA molecule, so the telomere nucleotides on the ends are lost. When a cell divides, its string of telomeres gets shorter. When all of the telomeres are gone, the chromosome can no longer be replicated without loss to the ends. This impairs those genes on the end and leads to the end of cell division and eventually cell death.9 With cancer cells we don’t see this same shortening of the string of telomeres. Most organisms are capable of producing the enzyme telomerase that can add telomeres back on to the end of chromosomes, but normally do not do so; however, cancer cells do.10 So, not only are they dividing uncontrollably, but they are also circumventing the programmed death built into the system. Imagine if we could turn on and off telomerase activity. Could we live forever?




  What this indicates is that such immortality is possible for each and every one of our cells. All of our cells have the same DNA with the same potential to become cancerous and the same potential to be immortal; it’s just a matter of turning on the right switches. Henrietta Lacks’ cells have been alive long after the organism has died. Will these cells live forever? Who’s to say? Theoretically, it’s possible, what we do know is they are going strong 60 years after Henrietta’s death.




  All of our cells respond to their external environment, being influenced by the molecules of other cells of the organism, they carry out their specific function to the benefit of the body. When the machinery malfunctions, each cell has the potential to go rogue, behaving selfishly to the detriment of the body.




   




  Cell Conversion




   




  As one more piece of evidence to the potential of any cell, consider the recent advancement in cell conversion. It has been a long and widely held idea that once cells differentiated into whatever they were to become, i.e., skin cells, nerve cells, fat cells, etc., they could not become something else. There are, however, some cells, called stem cells, with the ability to give rise to other types of cells. Embryonic stem cells have the most plasticity and can give rise to most other types of cells, but all stem cells have limits in what they can give rise to. Basically, at some point in development, a cell’s fate becomes determined and fixed. Even though they share the same DNA, skin cells do not become nerve cells, except when they do.




  In 2007, Dr. Kazutoshi Takahashi and his team were able to reprogram dermal fibroblast cells into induced pluripotent stem (iPS) cells.11 A pluripotent stem cell is one that can give rise to many types of other cells. By manipulating the environment of the cell, Takahashi’s team was able to convert the cell from its programmed fate to a cell with the same potential as embryonic stem cells. The researchers used what are known as transcription factors, proteins, to turn on or off certain genes. These induced pluripotent stem cells expressed similar telomerase activity and cell surface markers as embryonic stem cells. It shouldn’t be surprising that the cell’s surface markers would change to better resemble embryonic cells; if indeed conversion has taken place. Upon conversion, the cells must change from having receptors used by skin cells to do skin cell stuff, to cells having receptors that must read the environment in preparation to become whatever cell type the environment might dictate.




  The idea with induced pluripotent stem cells is that once you convert a cell to this pluripotent state, you can now manipulate the cell to become a liver cell, or a heart cell or even a brain cell. Flood these pluripotent cells with the right chemical bath and you can induce differentiation. In this way we can potentially repair tissue damage by inducing growth of iPS cells. In 2009, Dr. Thomas Vierbuchen took the technology a step further. Using the same concept as Takahasi, Vierbuchen wondered if transcription factors might be able to convert cells directly; that is, bypass the creation of pluripotent cells. After weeding through nineteen possible transcription factors, Vierbuchen and his team hit on a cocktail of just three factors that had the ability to change fibroblast cells directly into nerve cells. The combination of just three transcription factors was enough to convert a cell functioning to secrete intracellular connective tissue to one able to produce proteins specific to nerve cells, conduct electrical impulses, and form synaptic connections with other cells, becoming functionally a nerve cell.12,13
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