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Lance Liotta, M.D., Ph.D. is one of the pioneers who opened, in the
1970s, a major new alley of investigation in the field of cancer
research: the study of the mechanisms which sustain tumor
invasion and metastasis. Using his outstanding creative mind and
his expertise in biomedical engineering, he has proposed over the
years powerful, innovative concepts which have inspired the whole
scientific community in the field of cancer. He is the author of the
three step model for tumor invasion (degradation, adhesion and
migration of cancer cells) which has guided and enlightened tens
if not hundreds of researchers, leading to incredible progress in our
understanding of the mechanisms used by malignant cells to
progress during their walk from the primary tumor to the deadly
secondary colonies. With his colleagues, he invented Laser Cap-
ture Microdissection (LCM), an ingenious apparatus used today in
more than 500 laboratories worldwide, which has enabled re-
searchers to explore for the first time, the real time events occurring
during cancer progression. One of his last achievements, among
many, is a novel Drosophila model which can be genetically
manipulated to study the key genetic events underlying tumor
invasion and metastases.

Cancer invasion and metastasis are the major causes of the
failure of cancer treatment. Targeting these processes in an attempt
to find a cure for cancer appears nowadays a sound and logical

approach. This was not the case back in the 1970s, a time when the
major efforts in cancer research aimed to stop the uncontrolled
proliferation of malignant cells. Lance Liotta, M.D., PhD is a major
pioneer who initiated and opened new alleys of research by studying
the molecular mechanisms which lead a cancer cell to leave the
primary tumor, successfully invade and cross the barriers encoun-
tered during its progression, penetrate the blood stream to be
transported to a distant location where it can seed and develop into
a secondary colony, a metastases.  Dr. Liotta is chief of the Labora-
tory of Pathology and chief of the section of Tumor Invasion and
Metastases in the Center for Cancer Research, at the National
Cancer Institute (NCI) of the national Institutes of Health (NIH). He is
the former deputy director for Intramural Research, NIH. He received
his undergraduate degree at Hiram College in 1969 and went on to
complete an M.D./PhD. program at Case Western Reserve Univer-
sity in 1976. Dr. Liotta’s Ph.D. was in biomedical engineering with
cancer metastasis as his Ph.D. topic. He served his residency
training in anatomic pathology at the NIH in the Laboratory of
Pathology and became chief of the same laboratory in 1982. Dr.
Liotta is chair of the NIH Radiation Safety Committee. He is the author
or co-author of 424 peer-reviewed publications to date.

I had the great chance and privilege to work as a post-doctoral
fellow in the laboratory of Dr Lance Liotta, at the Laboratory of
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Pathology at the National Cancer Institute in Bethesda (MD, USA)
from 1987 to 1992. My project was to study the 67 kDa laminin
receptor, initially identified by Dr Liotta’s group and involved during
cancer progression, under the wonderful supervision of Dr Mark
Sobel. During this period, one of the best so far in my professional
carrier, I had the honor to work with Dr Lance Liotta. Enthusiasm,
creativity, brightness, humbleness, friendship are among the sev-
eral qualities that best define Lance Liotta. He really has a natural
talent to communicate his research enthusiasm to the youngest
and has launched the carrier of many successful scientists. He has
the unique capability to merge his scientific knowledge with the
latest state of the art technologies to create new concepts, new
approaches that are always incredibly powerful to help his leading
objective: contributing to find new effective approaches to help
cancer patients.

Lance Liotta and colleagues invented Laser Capture Microdis-
section (LCM), which is commercialized by Arcturus and used
today in more than 500 laboratories worldwide. This potent tech-
nology has conducted scientists to develop cDNA libraries of
normal tissues, premalignant precursor lesions, invasive cancer,
adjacent stroma and metastasis, all from the same patient. In
collaboration with Dr. Emanuel Petricoin of the Food and Drug
Administration (FDA), he has initiated the first joint initiative be-
tween the FDA and the NCI to develop new technologies for the
discovery of proteins and the profiling of signal pathways in human
tissue. Their project is to use, for the first time, “artificial intelli-
gence” type learning algorithms to discover disease-associated
proteomic patterns. They have proposed that LCM combined with
protein microarrays constitutes a new paradigm for studying the
mechanism of action of candidate pharmaceuticals. For clinical
trials, the technology is being applied to patient tissue biopsies
conducted before, during and after experimental therapy.

Always seeking for unexplored alleys of research, Lance Liotta’s
group has developed a novel Drosophila model which can be
genetically manipulated to switch on the malignant invasive pheno-
type in cell types that are the precursors of solid tumors. A large
number of mutants can be rapidly screened to evaluate phenotypic
alterations in the in vivo locomotion and invasion of genetically
altered cells. They have shown that loss of function of specific
Drosophila tumor suppressors leads to metastatic tumors. Three
such mutants are lethal giant larvae (lgl), discs large (dlg) and brain

tumor (brat). These Drosophila tumor suppressor mutants have
similar phenotypes and the proteins they encode may have related
functions. The Drosophila invasion model starts with flies that are
lacking one copy of a tumor suppressor gene such as lgl. Larvae
lacking both copies of the lgl gene can be generated from heterozy-
gous parents. Loss of function of both lgl genes produces neoplas-
tic growths. Brain fragments, or epithelial imaginal discs, when
transplanted into adult fly hosts, yield tumor cells which are highly
motile, invasive and metastatic. After screening thousands of
mutations that suppress or enhance the metastasis of lethal giant
larvae brain tissue, they have identified four genes that are func-
tionally required for different stages of the Drosophila phenotype of
invasion and metastasis. The genes provide new insights into the
mechanism of cancer invasion in humans.

I really appreciated the chance to interview Lance Liotta. The
interview for obvious practical reasons was conducted via elec-
tronic mail.

Lance, could you tell me some information regarding your life
as a kid, your parents, school and hobbies?

I was born in Cleveland, Ohio, USA. I have one brother and one
sister. My father was a high school science teacher in charge of the
local public school science department. Science and English
composition were my best subjects both at elementary and high
school. My hobbies were /are making things and inventing things.
In high school in the 60s, I made a hovercraft powered by a lawn
mower engine, a robot arm which could be taught to do tasks and
a roving robot that could survive on its own and plug itself in to the
charger. My sport was wrestling. I was undefeated as a senior in
high school. I am married to my college sweetheart and we have
two children and now two grandchildren.

When and why did you decide to go to medical school?
I was interested in cells as micro machines and I was interested

in biology and engineering. To cover all these areas I enrolled in a
PhD program in biomedical engineering concomitant with medical
school: MD PhD program at Case Western Reserve in Cleveland,
Ohio. When I was choosing my PhD subject, no one knew anything
about metastasis or invasion of cancer. Work at that time was
focused on cancer growth rates. I chose the topic because it was
uncharted territory and I could use both an engineering and biology
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approach. I had two PhD mentors: Dr. Kleinerman a
pathologist and Dr. Saidel a biomathematician.

You are one of the pioneers who initiated a major
shift in cancer research from the study of the
mechanisms of cancer cell proliferation to the
examination of the molecular mechanisms of tu-
mor invasion and metastasis. What inspired you
to orient your research toward this unexplored
direction?

I only want to work on new territory. In 1969-70 I
read a European book reporting some of the first EM
[ed. electron microscopic] pictures of blood vessels
and tumor cells invading the extracellular matrix. This
made me want to understand the connection between
these elements. Consequently I planned my PhD
research to develop an animal model of cancer dis-
semination in which I could measure the entry of tumor
cells in the circulation as the tumor grew and then
correlate the cell shedding with the development of
new blood vessels in the tumor. I read an article by
Kefalides in Philadelphia in the 1970s who proposed
that basement membrane collagen was different than

treatments based on the inhibition of these enzymes. For
many years, your personal interest was focused on these
enzymes? Why? Where do we stand today with the clinical
applications of this concept?

Inhibitors of metalloproteinases have been tested in patients
who already have advanced disease. Invasion and metastasis
already exists. Consequently it is too late in the disease to see if this
treatment prevents the transient processes of invasion. Now we
know from transgenic models that MMPs are important for angio-
genesis, invasion and local growth. The understanding of the
biological role of these enzymes has exploded in all directions.

Several years ago, you started a completely new, innovative
field of research: the exploration of gene and protein expres-
sion in specific cells isolated from tissues. Your claim was that
to know which genes and proteins were expressed in a
specific type of cancer cell in the process of doing a specific
task, you need to study exactly these cells and not adjacent
cells which might be engaged in a different process. This
thesis of yours led you to invent an incredible instrument
which enabled the collection of single cells from tissue: the
Laser Capture Microdissector. Can you tell us how you ma-
tured this new concept and what inspired you to create such
a fantastic new instrument? Was it easy? What were the
pitfalls?

As a pathologist I wanted to study what happens in the microen-
vironment of real human cancer during the transition from in situ to
invasive cancer. There was no way to study this in animal models
or in vitro. While sitting in a boring meeting I came up with the idea
of laser capture and I tested the concept in my basement using a
tissue section on a slide, some Japanese silk screen thermoplastic
film and an infrared flash lamp which I focused through a metal
aperture. The method worked perfectly so I filed an NIH patent
disclosure and set up a series of testing experiments for using the
method for DNA (LOH) and proteins. I wrote up a proposal including
the use of virtual robotic dissection (LCM using a histologic image

the one known collagen type. This made me think that the extracel-
lular matrix was a rich avenue for exploration. Using his method I
extracted basement membranes from hundreds of mouse lungs
and cultured tumor cells on this substratum. I observed the tumor
cells migrate within and through this matrix and this led to the
hypothesis about the three steps of invasion.

Your three step model for tumor invasion (degradation, adhe-
sion and migration of cancer cells) guided tens if not hun-
dreds of researchers who have worked on your theory. How
did you come up with this model? What are the major discov-
eries that were generated by your model?

In general this model led to a large body of scientists studying
the role of tumor cell interactions with the extracellular matrix,
characterizing the extracellular matrix molecules and discovering
the enzymes, enzyme inhibitors and adhesion molecules. The role
of the ECM [ed. extracellular matrix] and the tumor microenviron-
ment continues to be a fertile area.

What were the reactions of the scientific community toward
this new concept? How do this model stand circa 25 years
after you have proposed it?

No one in the cancer field was studying the extracellular matrix
at the time. At the Gordon conference, no one believed that there
was more than one type of collagenase, collagenase inhibitor and
no one accepted matrix receptors as triggers for cell attachment,
growth and motility. Now we have dozens of collagens, MMPs [ed.
matrix metalloproteases], TIMPs [ed. tissue inhibitor of matrix
metalloproteases], integrins, etc.

Among the several major discoveries of yours is the identifi-
cation and characterization of matrix metalloproteases as key
enzymes for the degradation of extracellular matrix, a process
which is determinant for tumor progression. Since your initial
publications, the field of matrix proteases has literally ex-
ploded. Huge clinical hope has been put on the concept of
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on a screen and a computer mouse; the computer then directs the
laser to microdissect the cells chosen on the screen).The robotic
version, built by Arcturus,is now in our lab! Dr. Emmert Buck, Dr.
Robert Bonner and I published this method in Science in 1998 and
in one year the commercial instrument was on sale licensed by
Arcturus.

What is the discovery that you are the more proud of?
I am most proud of the latest invention/ project I am working on.

Application of LCM tissue and blood to our new technologies for
proteomics has been unbelievable.

Lance Liotta is among the few great scientists involved in
cancer research. The word "pioneer" is what defines him best.
His brilliant and creative mind produces new paradigms
which feed research communities and open up original and
very promising alleys of research. We only can hope that he
will continue for many more years to put his energy and
enthusiasm to the service of cancer research. No doubt he
will.
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