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Some say it is a magic bullet. Others refer to it as a miracle. Imatinib is

a drug used to treat a type of blood cancer. Today, patients who take

imatinib survive an average of 30 years. This means that most of them

can live as long as any other person. This is amazing! In the 1980s,

a cancer patient could expect to live only 3–5 years. Imagine how

devastating this was for the patient and the patient’s family! But how

did we develop imatinib? Why is imatinib considered a miracle drug?

And why is the story behind this drug so special? To answer these

questions, we have to time travel to the past. This article describes

the astonishing discovery of imatinib, the magic bullet for treatment

of blood cancer, the e�orts of the scientists behind this discovery,

and what we have learned from the development of this drug.

INTRODUCTION

Since the discovery of DNA, the genetic code regulating the life and

DNA

A very long and tangled
material that resembles
a ball of wool. It is the
material that carries all
the information needed
for the life and death of
a cell.

death of every cell, progress in medicine has flourished. As scientists,
we understand diseases better and, therefore, we can develop better
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Figure 1

Figure 1

Blood drop in a healthy
person and in a
leukemic patient. In a
blood drop from a
healthy person, there
are millions of red
blood cells, hundreds
of thousands of
platelets, and
thousands of white
blood cells. In a
leukemic patient’s
blood, cancer cells,
called leukemic cells,
emerge and crowd out
the other blood cells.

treatments. Cancer is a very serious disease. For decades, doctors have
used nasty drugs to treat cancer. Some cancer-treating drugs are nasty
because they do not distinguish cancer cells from healthy cells, so
they kill both. This means that patients can become sick during the
treatment. Imatinib is the first drug available to patients that have a

IMATINIB

Is a drug inhibitor of
BCR-ABL protein. It
binds to BCR-ABL and
switches it o�.

rare form of cancer that a�ects blood cells. In this article, we will tell
you about the amazing success of imatinib.

LET US TALK ABOUT BLOOD CANCER. WHAT IS CHRONIC

MYELOID LEUKEMIA?

When you go to the doctor, you tell the doctor your symptoms and
expect the doctor to come up with a diagnosis and prescribe you
a treatment so that you get better. In 1845, two doctors, Drs. John
Bennett in Edinburgh and Drs. Rudolph Virchow in Berlin, had patients
whose blood was sick. They did not know what the disease was—it
was not in their books. They were the first to describe the symptoms
of this new disease. It was a blood cancer that is now known as chronic
myeloid leukemia (CML) [1, 2].

CHRONIC MYELOID

LEUKEMIA (CML)

A blood cancer. In CML
patients, the blood is
full of cancer cells that
occupy all the space
normally taken up by
functional blood cells.

In the blood, there are three type of cells: red blood cells (erythrocytes)
carry oxygen toward the tissues and waste products, such as carbon
dioxide, to the lungs; white blood cells (leucocytes) help defend us
from infections; platelets (thrombocytes) build a natural plaster to seal
up wounds. In CML patients, the blood is full of cancer cells that
occupy all the space normally taken up by the useful types of blood
cells (Figure 1). This is pretty much all that was known about this
disease until 1956.
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Figure 2

Figure 2

Chromosomes, genes,
and DNA. DNA is a very
long, tangled material
that resembles a ball of
wool. The DNA
contains all the
information needed for
the life and death of a
cell. Inside human cells,
the DNA is organized
into 46 chromosomes.
Each piece of
information is carried
on a di�erent section
of the chromosomes.
These sections are
called genes. Each
gene is a unit that
encodes for a protein
with a specific function.

WHATMAKES BLOOD CELLS GOWRONG? AWEIRD

CHROMOSOME

It was only in the late 1950s that scientists started to understand
what turned blood cells into CML cancer cells. In 1953, Drs. Rosalind
Franklin, James Watson, and Francis Crick discovered the DNA, the
genetic code in which all the information about a cell’s life resides [3].
The discovery of DNA led to the development of new research areas
andmethods, which eventually helped scientists understand howDNA
is packed into our cells and how it tells cells what to do. After all, if a
cell turns into a cancer cell, something must be happening inside the
cell that to make it that way!

In 1956, Drs. Joe Tjo and Albert Levan discovered that human DNA
is packed in 46 chromosomes (Figure 2). Scientists started to use

CHROMOSOMES

Structures made of
wound-up DNA. Inside
human cells, the DNA is
organized into 46
chromosomes. Each
chromosome contains
hundreds of genes.

new methods to view and analyse chromosomes and to compare the
chromosomes of cells from healthy people to those from patients
a�ected by various diseases. This way, scientists learned that there
are connections between abnormal chromosomes and various human
diseases. For example, they discovered that children a�ected by Down
syndrome have an extra copy of chromosome 21. Two scientists, Drs.
Peter Nowell and David Hungerford, identified a connection between
a chromosomal abnormality and CML. They noticed a strange looking,
small chromosome in cancer cells from two patients with this disease.
Was this just a coincidence? To answer this question, they analyzed
fivemore patients with the same disease and found the same unusually
small chromosome in these patients, too. This small chromosomewas
soon named the Philadelphia chromosome, after the city in which it

PHILADELPHIA

CHROMOSOME

Is an abnormal small
chromosome where a
piece of chromosome
22 fuses with a piece of
chromosome 9.

was discovered (Figure 3).
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Figure 3

Figure 3

The Philadelphia
chromosome. Healthy
people carry 23 pairs of
chromosomes (46
chromosomes total).
(A) chromosomes,
numbers 9 and 22 in
healthy people, and
two genes within these
chromosomes, ABL and
BCR. (B) In leukemic
patients, there is a
change in the structure
of chromosomes 9 and
22. During this change,
a piece of chromosome
22 fuses with a piece of
chromosome 9. This
gives rise to a small
chromosome called
the Philadelphia
chromosome, within
which the BCR and ABL
genes fuse to form a
new gene, known as
BCR-ABL.

LET US TAKE A CLOSER LOOK INTO THE PHILADELPHIA

CHROMOSOME

In the decades following the discovery of the Philadelphia
chromosome, scientists became able to study the organization and
structure of chromosomes through a microscope. This allowed
scientists to understand which pieces of DNA were stuck together
in the Philadelphia chromosome. For Dr. Janet Rowley, a biologist
at the University of Chicago, it was like doing a jigsaw puzzle.
Rowley analyzed cells from nine CML patients and discovered that the
Philadelphia chromosome was made from a piece of chromosome
9 glued to chromosome 22 (Figure 3) [4]. As each chromosome is
made up of hundreds of genes, it was likely that the fusion between

GENES

The basic unit of DNA.
Each gene codes for a
protein with a
specific function.

chromosomes 9 and 22 fused two genes together. But which genes?
It took another 10 years for scientists to answer this question. The
conclusion of all these studies was that CML patients had a gene
called BCR-ABL, which was created by the fusion of the BCR gene on
chromosome 22 and the ABL gene on chromosome 9 (Figure 3).

BAD GENES MAKE BAD PROTEINS

Why is BCR-ABL bad? In 1990, scientists from the University of
California learned the function of the BCR-ABL fusion gene. Genes
contain the information needed for a cell to produce proteins. In

PROTEINS

The building blocks to
make everything in
the body.

cells, proteins do many things and can take part in cell growth and
death. Growth and death are very important, so proteins that play a
role in controlling cell growth and death need to be closely regulated.
The normal growth of cells is regulated by proteins that work like
tra�c lights. When the light is green, the cells know that they can
grow. When the light is red, the cells understand that they must stop
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growing. The BCR-ABL gene produces a protein that keeps the green
light on and tells the cells to grow. In CML patients, the blood cells lose
control of their growth and grow too fast, which is bad for the patient
because the cancer cells crowd out the healthy and functional blood
cells (Figure 1).

So, by 1990, scientists knew that the genes BCR and ABL are fused
together in the Philadelphia chromosome and make an abnormal
protein responsible for the fast growth of blood cells, which causes
CML. The fact that CML is due to a singlemalfunctioning proteinmeant
that drug developers had just one target to look at to cure CML: they
had to shut down the BCR-ABL protein and turn the tra�c light from
green to red.

FROM BASIC SCIENCE TO DRUG DISCOVERY

Unfortunately, in the 1990s, shutting down a protein like BCR-ABL
was not easy. There are hundred proteins similar to BCR-ABL in our
cells. How could we possibly find a way to shut down BCR-ABL
without shutting down all the other proteins, which could kill
the patients?

As scientists learned more about the structure of BCR-ABL and similar
proteins, they realized that these proteins were slightly di�erent from
each other and from BCR-ABL These details were fundamental for
designing a drug against BCR-ABL.

An American doctor, Dr. Brian Druker, did some experiments in the
laboratory to test possible drugs to treat CML. He found one drug
that looked very promising. When he added the drug to the CML cells,
they stopped growing. More importantly, when he added the drug to
healthy cells, nothing happened. This meant that the drug was safe
and did not harm healthy cells. This was exactly what Dr. Druker was
looking for!With the help of a British doctor, Dr. JohnGoldman, Druker
encouraged drug companies to produce this drug, which could shut
down BCR-ABL.

IMATINIB REACHES CML PATIENTS

Two years later, in 2001, some CML patients took the drug in a clinical
trial. Scientists use clinical trials to test new drugs on a small number
of patients. The patients are monitored closely, blood tests are done,
and if there is any reason to believe that the drug is toxic or is not
working, the doctors can quickly stop the treatment. Dr. Druker and
colleagues found that the drug killed the cancerous blood cells in
nearly all the CML patients [5]. This response was astonishing. It was
the first time that doctors observed such a response by administering
only one anti-cancer drug to their patients, instead of many di�erent,
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Figure 4

Figure 4

Mechanism of imatinib.
(A) The BCR-ABL gene
encodes for the
BCR-ABL protein.
When BCR-ABL is
switched on, it keeps
leukemic cells growing.
(B) Imatinib switches
o� BCR-ABL and kills
the leukemic cells.

nasty ones! Dr. Druker’s team continued to follow the patients for
several years. Five years later, the patients still did not have any cancer
cells in their blood (Figure 4). These results were impressive!

CONCLUSIONS

Imatinib was a ground-breaking discovery, not only because of the
results it achieved and because it saved the lives of thousands of
patients, but also because of the way this drug was developed and
what scientists have learned from its development. Imatinib taught
scientists that, by understanding the biology of a disease—what makes
a cell “go wrong” somehow—it is possible to learn how to treat and
cure the disease. This approach has since been used to develop
drugs for other cancers, such as some forms of ovarian, skin, and
lung cancer. It took 41 years from the discovery of BCR-ABL to
the development of imatinib. Scientific progress is accelerating the
speed of drug development. As scientists, we hope that this progress
will more rapidly lead to successful stories, such as that of imatinib.
Stay tuned!
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