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Sperm meets egg, begetting an embryo. The cells divide, 
divide, divide, and you get a person. During develop-
ment, stem cells—undifferentiated lumps of genetic 

information—become heart, brain, lung, skin, bone, cartilage, 
whatever they like (pending the infl uence of all sorts of genetic 
and chemical signaling in the developing embryo, of course).

A prevailing theory posits that cancers may be driven by a 
sort of stem cell, as well—one that is seemingly immune to con-
ventional cancer therapies. Scientists would like to study these 
cancer stem cells, but there’s a problem: They don’t stay stem 
cells for long. As they rapidly spin off conventional cancer cells, 
what’s left is their offspring.

It seems that if investigators could fi gure out a way to kill can-
cer stem cells, they would be on the path to killing cancer itself. 
But how do you capture the ephemeral?
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John Lazo, a PhD and the Allegheny 
Foundation Professor of Pharmacology at 
the University of Pittsburgh, also directs the 
University’s Drug Discovery Institute. There, 
he has access to a library of 200,000 com-
pounds and the equipment, knowledge, and 
staff to quickly screen these compounds against 
possible drug targets. Though it’s a bit more 
complicated than this, the process is some-
thing like throwing a whole bunch of stuff at a 
wall, seeing what sticks, and then studying why 
whatever stuck, stuck.

“We’ve actually had several faculty mem-
bers at the University of Pittsburgh come to 
us with the same question: How can we selec-
tively kill cancer stem cells?” Lazo says. 

The question, obviously, is a good one. But 
Lazo’s drug-discovery 
team came up against 
the same problem again 
and again. Cancer stem 
cells are transitory, eva-
nescent, and prone to 
differentiate quickly.

No one had met 
with success in arrest-
ing cancer stem cells, 
Lazo says, making it 
more diffi cult to study 
how to combat them. 

“If you’re attempt-
ing to develop 
approaches that would 
use high-throughput 
screening [automated 
systems that test how 
a certain biologi-
cal process reacts to 
a library of candidate 
compounds] or high-

content screening [automated optical systems 
that permit measuring the levels or location of 
substances in cells],” he says, “the one thing 
you absolutely have to have is a stable cell 
line so that you can conduct experiments over 
weeks or months or maybe years.”

Then one day in mid-2007, Lazo got a 
call from Edward Prochownik, director of 
oncology research at Children’s Hospital of 
Pittsburgh of UPMC. The two had been talk-
ing about a project they had been working on 
for a couple of years. Prochownik said that 
maybe there was something else they should 
talk about. It appeared he had created a stable 
cell line—of cancer stem cells. No one had 
ever said that to Lazo before. This is the kind 
of news that can get a drug researcher excited.

Lazo recalls, “Ed mentioned that he made 
this observation. Of course I’m interested in 
it!” 

Prochownik had, Lazo says, “the missing 
piece of this big puzzle.”

The existence of stem cells was posit-
ed—and their name was coined—by 
Alexander Maksimov in 1908. More 

than 50 years after Maksimov advanced this 
theory, James Till and Ernest McCulloch were 
pursuing cancer research in Toronto with 
the help of irradiated mice. They found that 
bone-marrow cells injected into their subjects 
formed colonies of new cells within the mice, 
in fact replacing their entire decimated hema-
topoietic system—the organs and tissues (pri-
marily the bone marrow, spleen, tonsils, and 
lymph nodes) that help make blood. What 
Till and McCulloch called “spleen colonies” 
are now known as adult stem cells. 

Then, at the University of California, San 
Francisco in the early 1980s, Gail Martin and 
colleagues peeked into the mouse embryo and 
found what would be called an “embryonic 
stem cell,” the kind that can become anything 
and everything. For most of that century, sci-
entists had thought these cells existed. Martin 
was the fi rst to fi nd, extract, and isolate them.

Since that time, reams of scientifi c research 
have been generated with the hope that 
these two basic kinds of stem cells might be 
employed to mend injured hearts and brains, 
generate new cartilage and ligaments and 
nerves and bone, and just about anything else 
that needs to be replaced.

That’s the positive stuff with stem cells.
Cancer stem cells, though, are not so 

helpful. 
Although the debate is far from over, a 

growing population of investigators is sure 
that cancer stem cells are to blame for tumor 
regeneration and metastasis. The idea is this: 
Chemotherapy and radiation kill rapidly divid-
ing cells, like the ones that make up the bulk 
of a tumor. Cancer stem cells do not divide 
rapidly, escaping the murderous intent of these 
therapies. Then, when it appears all is well—
that the tumor has been eliminated—cancer 
stem cells kick into gear, and cancer begins 
afresh.

Prochownik, an MD/PhD, has spent 
decades treating children with cancer and, as 
an investigator, learning the ins and outs of 
what are known as myc oncoproteins. When 
these proteins go berserk, they can cause dis-
eases such as lymphoma, breast cancer, neuro-

blastoma, and lung cancer. Most of his research 
career has been spent quietly probing the basic 
science that governs how oncoproteins work 
and fi nding important clues to stop them from 
doing harm. 

Prochownik has also been interested in fi nd-
ing out how cancer stem cells work. Although 
not a sideline, this has not been the major thrust 
of his career.

About two years ago, his lab tried to fi gure 
out a way to follow cancer stem cells as they 
differentiated, using a certain breast cancer cell 
line—“It’s an established cell line, one that peo-
ple had been working with for years.” Nothing 
unusual, he says. 

Cancer stem cells, once removed from a 
body, don’t stay stem cells for long—they spin 
off millions of “conventional” cancer cells and 
become lost in the forest of rapid reproduction. 
It’s kind of like taking a tray of a few needles, 
turning around, and fi nding that the needles 
had generated a massive haystack. 

Prochownik, the Paul C. Gaffney Professor of 
Pediatrics and a professor of microbiology and 
molecular genetics in Pitt’s School of Medicine, 
knew this and was trying to fi nd a way to follow 
the needle-to-haystack development.

That’s when something odd—and poten-
tially groundbreaking—happened.

Prochownik found something that may allow 
doctors to specifi cally target cancer stem cells 
with drugs. Being able to kill these stem cells 
while also applying conventional chemo and 
radiation therapies to treat the bulk of a tumor 
opens up the possibility that cancers could be 
eliminated. Cured.

But that’s not exactly what he was trying 
to do. Prochownik’s original plan was this: 
Genetically engineer a breast cancer cell line to 
express a gene only seen in cancer stem cells. 

“We were looking for a way to be able to 
rapidly and easily follow these cells as they dif-
ferentiated,” he says. 

By tagging the stem cells with green fl uo-
rescent protein (GFP), Prochownik expected 
his cells to glow under UV light. As the cell 
population increased, a smaller and smaller per-
centage of them would fl uoresce as the stem cells 
spawned their daughter cells.

“The prediction was that it’s only going to 
be a small population of cells that will express 
GFP; and the other prediction was that after 
you isolate this stem cell GFP-positive popula-
tion and put it back into culture, within days or 
weeks it will lose the expression of GFP,” he says. 
“Eventually you’ll end up with a population of 
cells that are 99 percent GFP-negative and 1 
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Cancer stem cells like the 
ones seen above (bright 
green) are thought to be 
responsible for the recurrence 
and virulence of cancers.
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percent GFP-positive—just like the start-
ing population.”

But something went wrong. 
Try as he might, Prochownik couldn’t 

make the cancer cells do what logic and 
every single scrap of research on the sub-
ject dictated they should do. 

“What we saw was that all the stem 
cells remained GFP-positive. They never 
differentiated, and we still don’t know 
why,” he says. “But we’ve done this mul-
tiple times in four cell lines, so it’s a real 
fi nd—not a fl uke.”

That’s what Prochownik says today. 
Two years ago, he was hoping this was a 
fl uke. 

“We didn’t really appreciate what we 
had. We were expecting to be able to 
show that these cells can differentiate and 
were frustrated that it didn’t happen. We 
said, ‘We’ve got to make these cells differ-
entiate! How come they’re not differentiating?! 
There’s got to be something wrong with these 
cells. They can’t even possibly be stem cells.’”

So the cells weren’t differentiating like stem 
cells should. And nothing Prochownik tried 
altered this fact. But one thing nearly every-
one suspects—and in some quarters, is certain 
of—is that if cancer stem cells are put into an 
animal, even in small populations, they’ll gener-
ate tumors. 

Some investigators have shown that just a 
couple-hundred cancer stem cells can initiate a 
tumor in mice; yet it takes millions of conven-
tional cancer cells to do the same. 

So Prochownik took 100 of his maybe-stem 
cells and injected them into a mouse.

Tumors. Served up quickly and easily.
“When we grew these tumors up and isolated 

the cells, they were 100 percent GFP-positive 
and stained 100 percent for cancer stem cell 
markers,” Prochownik says. “Even after you 
put them into an animal and grew them up as 
a tumor, they never differentiated.” The cancer 
stem cells begot cancer stem cells.

Prochownik had grown tumors that were 
composed exclusively of stem cells. Usually, stem 
cells make up between 1 and 25 percent of a 
tumor. (The larger the population of stem cells 
inside a tumor, the more virulent it is and the 
more likely it is to metastasize.) 

Now Prochownik had on his hands a stable 
cancer stem cell population that never changed. 
This, he thought, could be valuable.

“We got to thinking that perhaps we could 
actually use these cells to our benefi t. Maybe 
there’s something we can do with these,” he says. 

“And the obvious thing was, ‘Can we use these 
as a way to screen for drugs that selectively kill 
the stem cells?’”

Max Wicha, an MD, is a distinguished pro-
fessor of oncology at the University of Michigan 
and founding director of its Comprehensive 
Cancer Center. Prochownik describes him as 
“one of the top two or three people in the 
breast cancer stem cell world.” As such, Wicha, 
who delivered the 2010 Bernard Fisher Lecture 
for Pitt’s School of Medicine in February, has 
become a confi dant of Prochownik’s.

He considers Prochownik’s stem cell line 
a boon for cancer research and notes that 
many investigators might have just chucked 
the whole thing as a bollixed-up experiment. 
“Some of the best discoveries have been acci-
dental,” he says. “Some people would have 
thought [the cells] were contaminated, thrown 
them out, and started over. The best take 
what’s unexpected and go with it.”

Prochownik took his unexpected to Lazo.
“We went to him right after we made this 

discovery,” Prochownik says. “We said, ‘Can 
we use [high-throughput] screening to get an 
answer to [what might kill these cells]?’ He 
said, ‘Absolutely.’” 

Prochownik and Lazo have been working 
together on various projects in recent years. 
In their early meetings on the cancer stem cell 
project, they decided that it would be better to 
throw selected “stuff” at the metaphorical wall 
rather than going through each and every one 
of Lazo’s organic compounds.

If you used every resource available to the 
Drug Discovery Institute, Prochownik says, 

you wouldn’t exactly be wasting time, but 
you’d be taking a longer, harder path. That’s 
why he and Lazo chose to use only compounds 
already recognized as drugs (some of which 
already have FDA approval for treating diseases 
besides cancer). This method could speed a 
new, safe, and effi cacious stem cell –specifi c 
treatment for cancer to the clinic. 

“There’s actually quite a history on this 
going back several years. You can fi nd, for 
example, that drugs previously used to prevent 
seizures turn out to be pretty good antibiotics,” 
Prochownik says. “The advantage of using this 
approach is that [you are] screening for drugs 
that are already known to be active. You could 
conceivably fi nd something that was FDA-
approved and use it right away!”

Lazo is also screening Prochownik’s 
stem cell line against short interfering RNA 
(siRNA), segments of RNA that interfere 
with the expression of specifi c genes. Research 
related to siRNA won the 2006 Nobel Prize 
in Physiology or Medicine for Andrew Fire 
of Stanford University and Craig Mello of the 
University of Massachusetts. These RNA seg-
ments are not drugs; they are tools for fi nding 
genetic vulnerabilities within cancer stem cells.

“By virtue of them being specifi c for par-
ticular genes, they immediately give you a tar-
get,” Prochownik says. Let’s say that gene A is 
important for the survival of cancer stem cells. 
It might be possible to craft an inhibitor that 
will target the gene’s weak spot or, perhaps, 
there might be a molecule available to inter-
rupt the gene’s signaling pathway, rendering 
it impotent.

John Lazo, right, is looking for drugs that can kill the cancer stem cells that Edward Prochownik, 
left, has managed to keep in their stem cell state.
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Lazo adds, “By suppressing genes that are 
targets of or can be targeted by small mol-
ecules, you have an opportunity to relatively 
quickly identify future strategies for killing 
these cells.”

Their screening has produced a few hits.
With siRNA, Lazo says, he has found 

more than a dozen genes that could play a 
role in the viability of cancer stem cells. Many 
of these, he adds, do not have drugs that tar-
get them. “It’s a fabulous opportunity to seek 
new compounds,” he says. “It certainly gives 
you a rationale for going after compounds, 
though that’s obviously a longer process [than 
using extant compounds already approved by 
the FDA].”

Prochownik says he and Lazo have found 
seven compounds that seem to kill cancer 
stem cells. “Of the seven drugs we’ve identi-
fi ed, four fall into the same class, and they 
inhibit a common target. … We know that, 
at least in our cell line, the stem cells express 
higher levels of this target.” 

(Prochownik and Lazo are waiting to 
announce results in a peer-reviewed journal 
before they name these promising compounds 
to members of the news media.)

The next step, says Prochownik, is to 
demonstrate the same overexpression of the 
unnamed target in cancer stem cells taken 
directly from primary breast cancer tumors. 
He is working with Magee-Womens Hospital 
of UPMC to obtain the needed cell samples. 
If things work the same way in, as Prochownik 
puts it, “the real world” as they do in vitro, a 
clinical trial is likely to come next.

“This is all kind of pie in the sky right now, 
but that’s what the potential is,” Prochownik 
says.

One compound has already been the sub-
ject of a clinical trial as a cancer treatment. 
It failed. Prochownik, however, thinks that 
a couple of fl aws in the trial’s design could 
account for the undesirable result.

“Why did it fail?” he asks. 
“One possible reason is that it was tried 

in advanced pancreatic cancer. You could hit 
those cells with a hammer and nothing would 
happen. But I think a more appealing reason it 
failed is the way they measured success.”

In the trial, Prochownik says, investiga-
tors were measuring tumor shrinkage. But if 
the drug compound targets cancer stem cells 

rather than run-of-the-mill cancer cells, as he 
believes it does, you’re not going to see shrink-
age. “If a tumor is only 1 percent stem cells, 
and you kill that 1 percent, you’ll still have a 
tumor that hasn’t shrunk,” Prochownik says.

“The whole paradigm of how we assess 
drugs that are effective against cancer stem 
cells has to change.”

The potential created by work with 
Prochownik’s cancer stem cell line is huge, 
Lazo says. “These will knock out the stem 
cells, and other drugs that we have will take 
care of the rest of the cells.” 

Prochownik’s cell line may have an impact 
far beyond Pitt, Lazo suggests.

“This system [the cancer stem cell line] 
could be widely exploited in academia and 
industry for many years to come,” Lazo says. 
“Remember that Ed is just using breast cancer 
cells. If you think about the 100-plus kinds of 
cancer out there, this could mean full employ-
ment for some people for a long time.” 

Wicha agrees: “There will be a fl ood of 

new companies working on agents, and the 
fact that there’s a new model like this means 
that we could develop new treatments faster.”

It could. But then again, it might not. At 
least for a while. Prochownik and Lazo’s glee 
about the possibilities is tempered. Why? 
Because the how and why of Prochownik’s 
stable cancer stem cell line are unknown. 

By inserting DNA into breast cancer stem 
cells, Prochownik has frozen them in time. 
He’s done this repeatedly. The cells are serving 
as useful tools in the drug-discovery process. 
But how did they arise and stay stable? And 
why don’t they differentiate? 

That was a “major sticking point” in get-
ting a paper published, Prochownik says. 

“There are two philosophies. The fi rst 
one—and I don’t disagree with this—is that, 
‘Well, everything you guys described is really 
nice, but it’s just descriptive.’ That’s one 
approach, and it’s very defensible.

“The other approach is to say, ‘Look, in 
addition to being a basic scientist, I’m also an 
oncologist, and I take care of kids with cancer. 
There are other people out there who take care 
of women with breast cancer. This is working, 
so who cares why?’”

Prochownik then takes pains to say that 
the mechanism at work is indeed important. 
Very important, he says. But there may be 

multiple explanations, which could take a 
quarter-century to sort out. In the meantime, 
he would hate to see the use and study of his 
patented, arrested breast cancer stem cell lines 
“suffer because we don’t have a mechanism.”

As Prochownik hoped and expected, a 
prominent journal, Stem Cells, eventually did 
accept his lab’s paper on the cancer stem cell 
line for publication. The paper is slated to 
come out in the coming months. 

And a postdoc working on the project, 
Fang Zhang, is in the running for a Susan B. 
Komen Foundation fellowship award to sup-
port further research. 

The plus side of working in relatively unex-
plored territory is that you never know who 
will take the fi eld another leap forward. 

The pediatric oncology department of a 
children’s hospital, for example, “doesn’t seem 
like the traditional place this kind of stem cell 
work would come from,” says Prochownik. 

In praising Prochownik’s discovery, Arthur 
S. Levine, dean of the School of Medicine 

and senior vice chancellor for the health sci-
ences, said he found this aspect appealing. 
“Ed is a pediatrician, and this work comes 
out of Children’s Hospital. So this is another 
example of how really signifi cant research can 
come from unexpected quarters,” he says. He 
points to Leland Hartwell’s work on cell divi-
sion in yeast, which won the Nobel Prize for 
Physiology or Medicine for the University of 
Washington researcher in 2001.

“His is the most important work done in 
cancer biology in modern times,” Levine says 
of Hartwell, “Yet ... people looked on it as 
basic yeast biology.”

Levine considers Prochownik’s cell line 
to be “probably one of the most important 
pieces of research that’s unfolded here in 
recent years.”

Prochownik is confi dent that future work 
will reveal the mechanism that makes his stem 
cells durable and static. In the interim, he’s 
pushing forward with Lazo on the pragmatic 
and immediate aspects of his project.

“We’re going to try to use these things 
for practical purposes,” he says, “We’re going 
to take our limited resources and put them 
toward screening. We’re going to look for 
drugs.”

So says the pediatric oncologist from 
Pittsburgh.   �

Prochownik had grown tumors that were composed exclusively of  stem cells.
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