Global Challenges/Chemistry Solutions 

Combating Disease

Combating disease . . . providing clean water and safe food . . . developing new sources of energy . . . confronting climate change.  Hello, from Washington, DC, this is “Global Challenges,” a special podcast from the American Chemical Society — whose 160,000 members make up the world’s largest scientific society.  Today’s headlines are a drumbeat of dilemmas that affect the everyday lives of people everywhere. “Global Challenges” takes you behind those headlines for eye-opening glimpses of how chemistry is responding to those challenges — improving and sometimes saving people’s lives.  You’ll hear the stories and meet the scientists whose discoveries are helping to make life longer, healthier, and happier for millions of people. Today’s global challenge in this ongoing saga of chemistry for life: Developing new ways to diagnose disease earlier and treat it better. 

The Magic Bullet
Almost 100 years ago, in 1909, the great German biochemist and Nobel Laureate Paul Ehrlich conducted a series of experiments that ushered in the era of modern medicine. In his laboratory at the Royal Institute of Experimental Therapy in Frankfurt, Ehrlich and his colleagues tested more than 900 different chemicals.  They were searching for what Ehrlich called a “magic bullet,” a medicine that would kill the microbe that caused sleeping sickness but not the patient suffering from the disease.

These experiments failed to produce a treatment for sleeping sickness.  However, chemical number 606 in their search proved to have a remarkable effect on the then newly discovered microbe that caused syphilis. After testing this drug — in rabbits, mice, and then humans — compound 606, which Dr. Ehrlich named Salvarsan, became the first chemotherapy agent in medicine’s arsenal.

Chemotherapy today means anti-cancer medicine.  Originally, it meant any chemical treatment.  Salvarsan was the first chemical compound designed specifically to treat a human disease.  And Erhlich became the founder of modern chemotherapy.

Ehrlich task wasn’t finished, however. Salvarsan produced a number of toxic side  effects. Undaunted, Dr. Ehrlich and a team of chemists determined the correct structure of Salvarsan and then modified the chemical structure to make Salvarsan more harmful to the syphilis microbe and less harmful to patients.

Living 30 Years Longer
Today, pharmaceuticals are the keystone of modern medicine. Their development, along with other improvements in public health, have helped expand human life expectancy by almost 30 years since the turn of the 20th century.

Think of where we would be without penicillin and cephalosporin, Lipitor and lisinopril, doxorubicin and Dilantin. A half century ago, cancer was a death sentence. Today, there are over 10 million cancer survivors. Twenty years ago, AIDS was invariably fatal. Today, people infected with HIV take a single pill containing three drugs and are more likely to die of old age than of AIDS. 
Great Advances/Great Challenges
But as great as the advances in medicine have been over the past century, enormous challenges remain if we are to make further substantial progress in the fight against disease and its toll on society.

Take cancer, for example. Cancer is a largely a disease of aging, and the population of the U.S., Canada, Europe, Japan, and other developed nations is aging. Indeed, unless researchers develop radically different kinds of anticancer therapy, cancer will soon surpass heart disease as the leading cause of death in the industrialized world. 

Fortunately, as in Ehrlich’s day, chemists are poised to bring about a second revolution in medicine. This 21st Century revolution promises an age of more effective therapies with fewer side effects, and perhaps most importantly, one that won’t bankrupt the national treasury. 
Lab on a Chip
The best way to get a jump on disease is by preventing it in the first place – eating a healthy diet, exercising regularly, staying up to date on vaccinations,  and so on. But not all diseases are preventable – yet – so the next best option is to detect disease as early as possible.

That was Dr. Reginald Beer of the Lawrence Livermore National Laboratory.  This chemist is developing a disposable device about the size of a packet of sugar that would detect specific DNA and RNA molecules associated with specific diseases or infections. In a paper that published in the ACS journal Analytical Chemistry, Dr. Beer and his colleagues describe their use of microfluidics to detect the genetic material – the RNA – of single virus particles.

What is microfluidics? Think laboratory on a chip, where liquid samples of blood or saliva flow through microscopic pipes about the thickness of coarse hair.  Think mixing chambers smaller than a comma.  And it’s all built with essentially the same technology used to create computer chips.

Imagine your doctor taking a tiny fraction of a drop of blood or saliva, injecting it into a microfluidic pipe, or channel, and within minutes taking an optical measure that provides critical diagnostic information. That’s the promise of microfluidic devices such as the ones that Dr. Beer is building. And then imagine doing that on hundreds or even thousands of samples, one right after the other.
The Golden Touch
Microfluidic devices represent one powerful new technology that is about to change the way doctors diagnose disease. Dr. Weihong Tan, of the University of Florida, is taking another approach, one that relies on some clever chemistry combined with gold nanoparticles, to find the molecules, known as biomarkers, that distinguish diseased cells from healthy ones.

Dr. Tan’s research relies on molecules known as aptamers. Aptamers are small pieces of synthetic RNA that recognize and bind to very specific molecular markers, acting very much like artificial antibodies. 

Earlier in 2008, Dr. Tan and his colleagues described their work with aptamers as diagnostic agents in the ACS’ Analytical Chemistry. In this report, the researchers showed that they could create aptamers that would stick to distinct types of cancer cells. One aptamer, for example, recognized lung cancer cells, while another would bind only to liver cancer cells, and a third stuck to a specific type of leukemia cell.

Dr. Tan then showed that he could spot those aptamers – and the cancer cells they were sticking to - by linking them to gold nanoparticles, which emit powerful optical signals. If the results of these experiments are confirmed in larger studies, physicians could diagnose cancer within minutes of taking a blood sample or biopsy. 

But beyond its importance for disease detection, Dr. Tan’s work also promises to help researchers better understand the molecular basis of a wide variety of diseases, including cancer. 
Quicker. . .Faster. . .

If the first step in building the foundations for 21st century medicine is to develop quicker, more accurate, and less expensive ways to diagnose illness, then the second step is to discover medicines that more effectively target the molecular basis of disease while leaving healthy cells alone. And while Paul Ehrlich managed to accomplish this task by largely by trial and error, today’s researchers are taking advantage of the accelerating expansion of biochemical knowledge that has occurred over the past several decades.

Dr. Peter Wipf of the University of Pittsburgh is one such chemist. His focus is on targeting mitochondria, the cell’s energy factories, to prevent degenerative diseases such as Alzheimer’s disease, Parkinson’s disease, and the damage that results from stroke and heart attack.
The Cell’s Power Plants 

Mitochondria are like small cells within a cell. Like the larger cell that houses them, mitochondria are surrounded by a two-sided membrane designed to keep what’s inside of the membrane separate from what’s outside of it. However, both the cell and the mitochondria would die if those membranes were impenetrable. Nature’s solution is a set of molecular passwords that can gain passage through those membranes. Some of those passwords work for with cell membrane, others with the mitochondria. 

In the ACS’s Accounts of Chemical Research, Dr. Wipf describes some of the work that he and his collaborators have done to create a series of small molecules that mimic those entry signals. The goal of this work has been to develop a way of targeting only those mitochondria that are functioning poorly as a result of some degenerative disease process.

So far, Dr. Wipf and his colleagues have shown that their molecular passwords do indeed target mitochondria. They have also demonstrated that these targeting agents can transport an attached drug molecule into mitochondria, and most importantly, that the drug molecule can exert the desired protective effect within the mitochondria. Based on these initial results, Dr. Wipf is now developing mitochondrial drugs for specific diseases, particularly those that plague us as we age. 
Shutting Off Inflammation
In general, degenerative diseases work slowly, destroying the human body molecule-by-molecule, cell by cell. At the other end of the disease spectrum are so-called acute diseases that do that do their damage more quickly – shock and awe versus slow and stealthy. Acute lung injury and acute liver failure are two such diseases, and both are caused, at least in large part, when immune system cells called macrophages release a group of chemical signals that trigger inflammation.

Macrophages are the body’s scavengers. They patrol the body, engulfing invading microbes and the debris released by dying cells. They also release chemicals called cytokines that act as an alarm call, triggering a mass migration of other immune system cells to the site of an infection or injury.

Normally, this is a welcome response, but in some instances, the immune system reacts far too aggressively to a macrophage’s call to arms. When that happens, the immune system can actually damage, rather than protect, the body. And that is exactly what happens in acute inflammatory diseases such as acute lung injury and acute liver damage.

Dr. Niren Murthy, of the Georgia Institute of Technology, may have a solution to the problem of reining in an over-responsive immune response by specifically targeting macrophages. His approach involves creating microparticles made of polymers called polyketals.

Polyketals are unusual in that they are very stable when they are in the neutral environment of the blood stream, but they fall apart rapidly when exposed to a low-pH, or acidic, environment. Why might that be important for targeting macrophages? Because while the blood stream’s pH is typically 7.4, the inside of a macrophage is pH 4.5.

In one set of experiments, which Dr. Murthy describes in the ACS journal Bioconjugate Chemistry, he and his collaborators created polyketal microparticles containing a powerful anti-inflammatory drug that at its normal dose would be too toxic to use with patients suffering from acute liver failure, for example. However, when Dr. Murthy and his collaborators loaded this drug into their polyketal microparticles and injected this formulation into mice suffering from liver failure, the results were dramatic – measures of liver disease dropped precipitously with a mere one-tenth of the dose of drug normally needed to produce this effect. 
Delivering a One-Two Punch
One of the most severe limitations of modern drug therapy is that some very good drugs lose their effectiveness over time. Many microbes, for example, have evolved the ability to detoxify even the most powerful antibiotics.  Some pump antibiotics out of the cell. And cancer cells are notorious for their ability to evolve into resistant forms that shake off the effects of anti-cancer drugs and radiation. This ability to develop drug resistance is one  reason why anti-cancer drugs loose their effectiveness and patients relapse.  

Almost all anticancer drugs work by triggering a process that causes cells to commit suicide when they suffer some kind of severe damage. This process, known as apoptosis, occurs naturally as cells age or if they develop some defect that prevents them from functioning normally.

Apoptosis is one way in which the body renews itself.  But one of the hallmarks of a cancer cell is its ability to avoid apoptosis, and researchers have discovered that cancer cells can do this because they can destroy the cell’s major suicide signal, molecules known as ceramides. 


That was Dr. Mansoor Amiji of Northeastern University, who has developed a new type of nanoparticle capable of releasing an anticancer drug and ceramide at separate times inside a cancer cell. In the ACS journal Molecular Pharmaceutics, Dr. Amiji described the new particle. 

In fact, that’s exactly what Dr. Amiji and his colleagues developed – one nanoparticle that can be taken up by a cancer cell and provide a quick blast of an anticancer drug, followed hours later by a second blast of ceramide. So far, tests results with this nanoparticle are encouraging, and the impact on cancer therapy could be huge.

Conclusion
Smart chemists.  Innovative thinking.  That’s the key to solving global challenges of the 21st Century. Please join us at the American Chemical Society for the next chapter in this ongoing saga of chemistry for life. In our next special Global Challenges podcast, we’ll examine how chemists are developing the new fuels that will power society in the 21st Century.


Today's podcast was written by Joe Alper. Our editor is Michael Woods. I'm Adam Dylewski at the American Chemical Society in Washington.

