Treating Tumors with Gold
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Organization:  Museum of Science, Boston



Contact person:  Lisa Regalla


General Description

Stage presentation

“Treating Tumors with Gold” is a public presentation that covers a research story on nanomedicine from scientists at Rice University. The presentation addresses the following questions:  What is a tumor and what causes it to spread?  what is a gold nanoshell and how does it kill tumor cells? and what does the future hold for targeted cancer therapies?  During the program, visitors are engaged in conversation, watch videos, and see demonstrations modeling how this innovative therapy might work.

Program Objectives

Big idea:  Nanomedicine could lead to innovative ways to treat cancer.

Learning goals:

As a result of participating in this program, visitors will learn:

1. Scientists are using gold nanoshells to target and destroy cancer cells.

2. Gold nanoshells have unique properties due to their size. 

3. Nanotechnology involves scientists from different fields working together on new applications.

NISE Network Main Messages:

[ x ] 
1. Nanoscale effects occur in many places.  Some are natural, everyday occurrences; others are the result of cutting-edge research.

[ x ] 
2. Many materials exhibit startling properties at the nanoscale.
[ x ]
3. Nanotechnology means working at small size scales, manipulating materials to exhibit new properties.
[ x ] 
4. Nanoscale research is a people story.
[    ]  5. No one knows what nanoscale research may discover, or how it may be applied.
[ x ]  6. How will nano affect you?
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Background Information

Definition of terms

Nano is the scientific term meaning one-billionth (1/1,000,000,000)  It comes from a Greek word meaning “dwarf.”

A nanometer is one one-billionth of a meter. One inch equals 25.4 million nanometers. A sheet of paper is about 100,000 nanometers thick. A human hair measures roughly 50,000 to 100,000 nanometers across. Your fingernails grow one nanometer every second.

(Other units can also be divided by one billion. A single blink of an eye is about one-billionth of a year. An eyeblink is to a year what a nanometer is to a yardstick.)

Nanoscale refers to measurements of 1 – 100 nanometers.  A virus is about 70 nm long. A cell membrane is about 9 nm thick. Ten hydrogen atoms are about 1 nm.

At the nanoscale, many common materials exhibit unusual properties, such as remarkably lower resistance to electricity, or faster chemical reactions. 

Nanotechnology is the manipulation of material at the nanoscale to take advantage of these properties. This often means working with individual molecules.

Nanoscience, nanoengineering and other such terms refer to those activities applied to the nanoscale. “Nano,” by itself, is often used as short-hand to refer to any or all of these activities.

Program-specific background

There is a wealth of great resources available on this topic. For information on:

Tumor growth:

http://www.cancer.gov/cancertopics/what-is-cancer
http://coep.pharmacy.arizona.edu/curriculum/goodcells/good_cells.html

Gold nanoshell therapy:

http://www.nanoed.org/concepts_apps/AuNanoShells/
http://www.ece.rice.edu/~halas/articles.html

Angiogenesis (leaky blood vessels formation around tumors):

http://www.cancer.gov/cancertopics/understandingcancer/angiogenesis
Materials

PowerPoint, including associated video files.

For tumor model:

Self-stick Velcro dots (~1/2” diameter) – craft store

White ping pong balls (~ 30)

Orange ping pong balls (~ 10)

Red pipe cleaners (~ 4)

For infrared light demonstration:

Video camera with IR filter removed

IR light

Other colored light

.
For leaky blood vessel demonstration:

Large bin 

Kitchen strainer

Basket/colander with a larger weave than the strainer

Small metallic beads – craft store

Clear cup

Set Up

Time:  5 minutes (Prior to first use, allow 45 minutes to assemble props.) 

Prior to each presentation:
Check that the PowerPoint and videos are functioning properly with appropriate sound levels. Link the camera to the computer and check that the infrared light demonstration is working properly.

Instructions for creating models:

1: tumor model

Place self-stick Velcro circles on the orange ping pong balls one at a time until you have a mass of about ten balls stuck together. It is best to connect each ball to multiple neighbors for a more stable structure. (This represents the core of the tumor). Continue using Velcro circles to surround the orange ping pong balls with a layer of white ones. You should still be able to see some orange color through the spaces between the white ping pong balls. Make sure that one of the white balls can easily be pulled on and off without disturbing the rest of the model.  Depending on your audience, you can make the model as large or small as you see fit.

2: infrared light demonstration
3: leaky blood vessel demonstration

The biggest challenge is finding the right props. Start with a kitchen strainer.  Find metallic beads at a craft store that are just big enough to pour inside the strainer without falling through. Look for another colander, basket, strainer, etc. that has a slightly larger weave so the beads WILL fall through. The strainer represents a normal blood vessel with tightly knit and well-constructed walls that the beads (gold nanoshells) cannot fit through. The second basket represents the “leaky” blood vessels surrounding the tumor that have holes large enough for the nanoshells to fall through and enter the tumor. 

Use the clear cup as a holder for the beads during the presentation. The plastic bin is used collect the beads as they fall through the second basket. Use a deep bin or place a layer of foam or cotton at the bottom so the metallic beads don’t bounce out.

Program Delivery

Time:  20 minutes

Safety:

There are no safety concerns for this program.

Procedure and Discussion:

<SLIDE 1>

This presentation is entitled “Treating Tumors with Gold”. We are going to start by talking about tumors: what they are and how they form in the body. Then, I am going to introduce you to two scientists who have been working really hard to find a unique way to treat tumors. We’ll describe this new therapy and why it involves gold. So, let’s get started!

<SLIDE 2>

First, we want to talk about how tumors form in the body. To do this, we need to talk about cells, the building blocks of our bodies. Your cells divide and make new cells all the time. Sometimes something goes wrong inside of a cell, but that’s okay because your body has a kind of  “checks and balance” system in place. If something goes wrong inside of a cell, your body says, “Hey! That cell is bad. I am going to remove it from the body”. This is a perfectly normal process that happens all the time. 

In some cases, something goes wrong inside of a cell, but it bypasses the “checks and balance” system and keeps multiplying and making more cells. When you get a collection of these abnormal cells somewhere in the body, that is what we call a tumor.

[Show model of tumor.]

I have a model of a tumor here. These ping-pong balls represent the mass of abnormal cells. You can see there are some orange ping-pong balls in the center. They represent the core of the tumor. The core is going to be really important when we talk about how this therapy works. We are going to come back to this model later in the presentation. 

<SLIDE 3>

When we hear the word “tumor,” bad thoughts usually come to mind; but it turns out that not all tumors are necessarily bad. If you have heard of a tumor, you may have heard of these two words:  benign and malignant. (Poll audience) Has anyone ever heard these words before?

Benign tumors are NOT cancerous. They’re not trying to spread or invade to a different part of the body. An example of a benign tumor is a mole. Many of us have moles. We live with these benign tumors on our bodies and lead healthy, long lives. Sometimes benign tumors have to be removed (whether it’s for cosmetic reasons or discomfort); yet they are not cancerous and are not trying to invade.

This is very different from malignant tumors, which are trying to spread out, invade and start new tumors elsewhere in the body. Malignant tumors ARE cancerous and that’s the type of tumor that we are going to focus on today. 

<SLIDE 4>

Of course, we want to prevent this spreading. When tumors start to grow, they emit signals that say, “Hey, we need more food and oxygen!”.  As they become larger, they become starved. They send out these signals to recruit blood vessels to come to the site of the tumor and provide the necessary blood and oxygen they need to keep growing.

[Show tumor model and break off one outer “cell” to demonstrate the next section. You can even hold the tumor model next to Slide 5 to reinforce the direct correlation.]

The problem is that those blood vessels provide a great pathway for cells to break off of the tumor and enter your bloodstream. They can move to another part of your body and start making a new tumor elsewhere. Obviously, that is something we want to avoid, the spreading of cancerous cells. 

[Poll audience]
Has anyone here ever known someone who has had a tumor? Has anyone known someone who has suffered from cancer? 

Unfortunately, it is a disease that is affecting many of our friends and families in this country and throughout the world. If you know someone who has had a tumor or cancer, you might be familiar with some of the common ways we use now to treat them:  things like surgery, radiation treatment or chemotherapy. These treatments are effective, but they tend to affect some good cells of your body as well as the cancer cells. This leads to side effects because we are killing some good cells as well as the bad. 

<SLIDE 5>

I am about to introduce you to two scientists who set out to find a targeted way to treat cancer. We want a way to get rid of these tumor cells without affecting any other healthy cells of the body. These two scientists are Jennifer West, a bioengineer, and Naomi Halas, a physicist. They are two scientists at Rice University in Texas. They are two very different types of scientists. They speak very different scientific languages (so to speak), but they really came together to work on this project.

Naomi Halas invented what are called gold nanoshells (thus, the word “gold” in the title of this presentation). Naomi invented these really cool things and then she said, “Mmm… I’m not really sure what I’m going to do with them!”. She took her invention to Jennifer West, who had a really good understanding of how things interact with the human body. It was Jennifer who really helped her fine-tune her invention so it could be used as a cancer therapy.

We are going to start by talking about what Naomi invented, gold nanoshells, and learn what they are. Then, we’ll move on to how Jennifer helped her fine-tune her invention.

<SLIDE 6>

When you hear the word gold, what probably pops into your head is some of the images I have here:  a gold bar, gold nugget, or gold jewelry. This is gold at the macroscale: a scale that we can see with our eyes and touch with our hands. Naomi is working with gold at the nanoscale. 

[Poll audience]
Has anyone heard the word nano before? Does anyone want to venture a guess as to what it means? 

Nano means one billionth of something. It is really, really, really, really small. Imagine with me for a second. If we took a bar of gold and chopped it in half, we’d have two slightly smaller bars of gold. If we chopped that bar in half, we would still have a nice chunk of gold. Imagine we kept chopping that bar of gold in half again and again and again. Eventually, that piece of gold would get so small it would be hard to see. We’d pull out a microscope and keep chopping it in half again and again. Eventually, it would get so small that an ordinary microscope wouldn’t work and we would need a more sophisticated microscope. We want to continue chopping that bar of gold in half again and again, all the way down to the nanoscale. We now have a cluster of only about 50 -100 atoms of gold. It’s really, really small. It’s too small for us to see with our eyes. 

<SLIDE 7>

At this really small scale, things behave differently. One of the things that change about gold at this small scale is its color. It turns out that medieval artists took advantage of this a long time ago. They were our first nanotechnologists (so to speak). They didn’t realize they were doing nanotechnology. What they did know is if they took large molten vats of glass and dumped gold metal into it, they would get these beautiful ruby red colors that we enjoy in stained glass windows around the world today. 

<SLIDE 8>

Today, scientists can make gold look red and a variety of other colors  because they have greater control over particles at this small scale. Gold nanoshells are not completely made of gold. They have a core that is basically a piece of glass. This core is coated with a thin layer of gold. It is similar to a piece of glass candy with a gold wrapper. Depending on how thin or how thick that layer of gold is, we get the variety of colors you see here. These are all solutions of gold nanoshells. They can look red, green, blue, etc. 

I am going to show you a little video clip from the lab on how these gold nanoshells are made. You are going to see a solution that has those little spheres of glass floating around in it. Then, someone from the lab is going to dump a yellow gold solution in there. I want you to watch what happens.

<SLIDE 9>

<VIDEO gold nanoshell color change>

[Show video and explain each step.]

The glass spheres are spinning in that beaker. There is the solution of gold being poured in. There is a dramatic color change, right?  As soon the little glass spheres are covered with gold, we see the color change to a deep red-brown color. 

Now we have the gold nanoshells, but how is that going to help us treat cancer? This is where Naomi took her invention to Jennifer West to help her finetune it for use as a cancer therapy. Jennifer told Naomi that if she could tune the gold nanoshells so they could absorb light in the infrared part of the spectrum, then she would really have something!

<SLIDE 10>

Why infrared light?  Light travels in waves. There’s only a small portion of the spectrum of waves that we can see with our eyes:  the visible spectrum or ROYGBIV.  If we stretch out those waves and make them a little bit fatter than they are in the red part of the spectrum, we get to what’s called the infrared part of the spectrum. This is what comes from your remote control and controls your television. 

[Advance through 2 clicks of slide animation during the following text.]

We can’t see it with our eyes, but if we hit those gold nanoshells with infrared light, it actually causes them to heat up. If we can get those gold nanoshells into the site of the tumor and cause them to heat up, we can use heat to kill the cells of the tumor.

Now there’s another really interesting thing about infrared light that I want to demonstrate here. I need a volunteer to help me out.  

[Choose your volunteer and direct them to stand facing the screen where the camera is being projected so they can see what happens.]

I have a little camera here. You can see my hand waving in front of it. I have two lights. 

[Flash the light onto a table or wall and ask the volunteer.]
What color is this? I’ll flash that into the camera so everyone can see we have a green light. The second one is… 

[You can pretend the light is broken since the audience will see no light.]
Let me try flashing it in front of the camera. There it is! It’s just giving off light in the infrared part of the spectrum, so we can’t see it with our eyes, but this camera can detect the infrared light. 

[Ask the volunteer to put their hand in front of the camera and squeeze their fingers together, nice and tight.]
I’m going to take the green light first and flash it onto your hand. Besides a little bit of light that is sneaking around the back of your hand, nothing very exciting happens, right? 

Now we’re going to do the same thing with the infrared light. Something very different happens. What’s going on? It’s shining through!  It turns out that infrared light can pass through human tissue! 

[Ask the volunteer.]
Does this hurt at all?  Infrared light passes harmlessly through human tissue. Give my volunteer a big round of applause.  

Infrared light can pass through human tissue, but once it reaches the gold nanoshells, it causes them to heat up. Great!   

[Volunteer can be excused.]

Now, these scientists want to test this and make sure it works. They don’t want to test it on people first, so they drove to the supermarket and bought some chicken breast. It turns out that chicken breast is a really good model for human tissue. What you are going to see next is a short video clip from the lab. They take chicken breast and inject some gold nanoshells into it. Then, they shine some infrared light on it. I want you to watch what happens.

<SLIDE 11> [play Naomi Halas clip]

< VIDEO  Halas Discusses Chicken Expt>

<SLIDE 12> [play first clip of chicken breast under normal light]

< VIDEO  LAB_Chicken>

We can see that the infrared light can pass right through the chicken breast. As soon as we put the infrared light on the area where the gold nanoshells are, it really starts to heat up, to the point that it’s almost catching on fire! This may not look like a very strong infrared light being used, but remember, we are only seeing a little bit of the light that’s bleeding over into the red part of the spectrum that we can see with our eyes. Let’s now take a look at that same video clip, but using a camera that can detect infrared light.

<play second clip of chicken breast under IR light>

< VIDEO IR chicken>

You’ll see there’s actually a huge amount of infrared light being shone on the chicken breast. I don’t want to alarm you. This was a “first-pass” attempt at the experiment. Obviously, we don’t want to burn through your tissue in order to reach the gold nanoshells. We only want to hurt the cells of the tumor. The scientists were surprised at how well it worked and realized they needed a much, much weaker laser to do the exact same job. The therapy should be just like similar to our volunteer demonstration:  the infrared light would pass harmlessly through the body and would only heat the gold nanoshells.  

One question that might be lingering in your mind is:  how are these gold nanoshells actually going to reach the site of the tumor?  I want to go back to the tumor model I showed you at the beginning. 

<SLIDE 13> [show tumor model]

As the tumor starts to grow, it sends out signals, because it becomes starved for oxygen and nutrients. It begins recruiting blood vessels to the site of the tumor.

[Add red pipe cleaners to represent blood vessels as you continue.]

Those blood vessels are only giving the food and supplies to those white cells on the outside; they are not penetrating to the core of the tumor (the orange cells). Those cells on the inside say, “Hey! We’re still starving!”. They keep sending out more and more signals to recruit more and more blood vessels to the site of the tumor.  

These blood vessels are a little bit different than the normal blood vessels of your body. I have a little demonstration to explain how. The walls of your normal blood vessels are a very tightly knit construction, similar to this strainer I have here. They are very well made and not much can get through. If you were injected with a solution of gold nanoshells, when they reached your normal blood vessels they would stay contained within the walls and keep circulating throughout your body. 

[Pour the metallic beads into the strainer]

On the contrary, these blood vessels surrounding the tumor were made really quickly. All of the signals were sent out really fast and the walls were not well constructed so they are kind of leaky. The walls of these blood vessels look a bit more like this.

[Hold up the basket with a larger weave.]

There are holes or pores where things can get through. When the gold nanoshells reach the blood vessels surrounding the tumor, they would be able to sneak through those little holes and enter the site of the tumor.  Let’s put this all together.

<SLIDE 14> [Show the patient video clip and describe the video]

< VIDEO Cartoon Patient Sim>

If you were a patient receiving this gold nanoshell therapy, you would get injected with a solution of gold nanoshells. You would wait a period of time, probably a few hours, for the gold nanoshells to stay contained within the walls of your normal blood vessels, but fall through the holes in those blood vessels surrounding the tumor and enter the site of the tumor. We would shine some infrared light from the outside of your body onto that area. It causes the gold nanoshells to heat up just enough to kill the cells of the tumor before being dispersed and removed from your body. 

The real goal was to create a targeted therapy to affect just the cells of the tumor and not the other healthy cells of the body. 

I do want to stress that this is still in the research phase. You cannot go to your physician yet and request a gold nanoshell therapy, but these scientists are applying for clinical trials where it will be tested on human patients. That process can still take about 5-7 years, depending on how successful it is.  Regardless, this is something to keep your eyes and ears open about. 

Nanomedicine is actually a huge area of research, and there are lots of scientists working on this – I’ve just presented one story here today. There are scientists working on lots of different ways to treat various types of cancer in a targeted fashion. 

<SLIDE 15>

If you have any questions, please come up to the stage and I would be happy to answer them. Thank you very much for your attention.

Tips and Troubleshooting:

It’s difficult to get videos to play seamlessly in PowerPoint, so the videos for this program are also provided as separate files.  If the videos don’t play within PowerPoint on your computer, you’ll need to switch between PowerPoint and media player software to play the movies.  Each video is provided in two formats to accommodate typical PC and Mac media players.   

This show can be performed for many different age groups by adjusting the language. Almost everyone knows someone who has suffered from cancer, even children. However, the subject must be approached in a caring way. In many cases, someone in the audience is currently suffering from cancer. Since this therapy is currently not widely available as a treatment option, care must be taken to avoid giving the impression that the current methods of treatment are worthless. Nanomedicine merely provides hope that treatments methods will be improved for future generations.

In general, many people will approach you after this program and share their personal experiences with cancer. I’ve found the best thing to do is just listen.  You may need to emphasize that you are not a medical doctor and are only presenting the science.

Common Visitor Questions

When will this treatment be available?

The answer to this is constantly changing. Even since this presentation was written, the human clinical trials have begun. Refer to the following website for more information: http://nanospectra.com/
Why gold and not silver or other metals? Isn’t gold expensive?

The metal gold has some unique properties, especially when light interacts with it at the nanoscale. The amount of gold used is very small since the gold nanoshells are only coated with the metal and are so small in size.

What about other leaky blood vessels in the body? Do the gold nanoshells go there too?
New blood vessel formation is a rare occurrence in your body. This treatment would not be suitable for pregnant women since they do have new blood vessel formation. 

What happens to the gold afterwards?
Gold has been used for many years in medical treatments and is considered safe in small quantities. Scientists believe it is process and flushed from the body. 

Going Further…

Here are some resources you can share with your visitors:

http://www.pbs.org/wgbh/nova/sciencenow/3209/03-nanoshells.html
http://www.cancer.gov/

Clean Up

Time:  5 minutes

Collect the beads from the bin and disconnect the camera.

Universal Design

This program has been designed to be inclusive of visitors, including visitors of different ages, backgrounds, and different physical and cognitive abilities.  

The following features of the program’s design make it accessible:

[ x  ] 
1. Repeat and reinforce main ideas and concepts

Unfamiliar terms like gold nanoshells are repeated many times and placed as text on slides. The themes of targeted cancer treatments and the story of scientific discovery are also emphasized.
[ x  ] 
2. Provide multiple entry points and multiple ways of engagement

This program makes use of a volunteer and multiple points for audience participation through polling. It also uses video both with and without audio to engage the audience.
[ x  ]  3. Provide physical and sensory access to all aspects of the 
program
The tumor model, IR demonstration and blood vessel demonstration provide avenues for a multi-sensory experience.

To give an inclusive presentation of this program:

The tumor model could be passed around for audience members to feel. The blood vessel demonstration could also be a tactile experiment. Audience members can feel the difference between the two strainers and hear when the metallic beads fall through.
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