
The Journal of Clinical Investigation   N e w s

4 1 4 8 jci.org   Volume 124   Number 10   October 2014

Pioneering geneticist Mary-Claire King receives the 
2014 Lasker~Koshland Special Achievement Award  
in Medical Science

The 2014 Lasker~Koshland Special 
Achievement Award in Medical Science 
has been awarded to Dr. Mary-Claire King, 
a pioneer in human genetics (Figure 1). Dr. 
King discovered the BRCA1 gene locus 
that underlies hereditary breast cancer; 
additionally, she has been instrumental in 
utilizing DNA sequencing to identify miss-
ing persons. In her address to the American 
Society for Human Genetics in 2012, Dr. 
King stated that “In genetics, there are hard 
problems and incredibly hard problems, 
but we do not acknowledge any unsolvable 
problems. The most daunting task for us is 
not tackling new discovery but rather inte-
grating discovery into a meaningful social 
context” (1). Dr. King has consistently tak-
en on incredibly hard problems in genetics, 
and her work has had a profound influ-
ence on our understanding of the genet-
ics of human disease, on the use of DNA 
to advance human rights and prosecute 
abuses of those rights, and on our view of 
the frontiers in genomic technologies.

Using mathematics to answer 
genetic questions
Dr. King received her bachelor’s degree 
in mathematics from Carleton College. 
She had initially pursued postgradu-
ate studies in statistics at the University 
of California at Berkeley, but after tak-
ing a course in genetics, she transferred 
departments and joined Allan Wilson’s 
lab. Dr. Wilson’s research was focused on 
the evolutionary relationships between 
humans and other primate species. By 
comparing genes and proteins in chim-
panzees with those in humans, Dr. King 
discovered that the two species differ in 
approximately 1% of their protein-coding 
DNA sequences, a much closer relation-
ship than the fossil record suggested (2).

After completing her doctoral work in 
1972, Dr. King moved to Santiago, Chile, for 
a teaching exchange program, but had to 

return to California after the military coup 
in 1973, which deposed Chilean president 
Salvador Allende. Nicholas Petrakis offered 
her a position in his laboratory at UCSF to 
determine why some families are severely 

affected by breast cancer. Beginning her 
research in 1974, Dr. King found that the 
phenomenon of familial breast cancer had 
been recognized for more than 100 years 
(3), but modern epidemiological methods 
were only just beginning to be applied to the 
disease (Figure 2 and refs. 4–6). The risk of 
breast cancer was clearly greater for women 
with sisters or mothers affected by the dis-
ease, particularly if it was diagnosed prior 
to menopause and occurred in both breasts. 

Because there was no evidence for shared 
lifestyle factors or environmental exposures 
that could account for the disease pattern, 
Dr. King hypothesized that a genetic muta-
tion was at least partially responsible for 
some forms of familial breast cancer.

The beginning of a  
decades-long search
Dr. King approached the problem of iden-
tifying a genetic linkage in breast cancer 
with the mathematical modeling tools used 
in population and evolutionary genetics. In 
the early 1980s, epidemiologists from the 
National Cancer Institute’s Surveillance, 
Epidemiology, and End Results Program 
interviewed 1,579 breast cancer patients 
under age 55 to determine whether other 
family members also had breast or ovarian 
cancer. Dr. King and her colleagues ana-
lyzed breast and ovarian cancer patterns 
in these families by multivariate, complex 
segregation analysis, a mathematical mod-
eling technique used to determine whether 
a gene underlies the distribution of a pheno-
typic trait. The analysis was complicated by 
the fact that breast cancer in most families 
was unlikely to have an inherited compo-
nent, and families with multiple affected 
members could have both inherited and 
noninherited cases. The analysis demon-
strated that familial clustering could be 
explained by the inheritance of an autoso-
mal dominant, highly penetrant suscepti-
bility allele. Dr. King estimated that inher-
ited susceptibility affected 4% of families in 
the study and that women carrying the sus-
ceptibility allele had a lifetime risk of devel-
oping breast cancer of 82%, compared with 
8% in the general population (7). Having 
demonstrated the possibility of a genetic 
link to breast cancer, the next step was to 
locate the responsible gene.

Uncharted territory
In the mid-1970s, when Dr. King began 
working on early-onset familial breast 
cancer, establishing a genetic link was an 
“incredibly hard problem”: PCR would not 

Figure 1. Mary-Claire King is the winner of 
the 2014 Lasker~Koshland Special Achieve-
ment Award in Medical Science for bold and 
imaginative contributions to medical science 
and society. Her achievements include the 
discovery of the relationship between BRCA1 
and a hereditary form of breast cancer and the 
use of genetics to reunite missing persons with 
their families.
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(a) continuing to performing linkage analy-
sis to narrow the region of chromosome 17 
that was likely to contain BRCA1; (b) using 
overlapping DNA clones to create a map of 
the locus (a technique known as chromo-
some walking); (c) creating a cDNA library 
of genes expressed in their tissue of inter-
est and comparing the cDNAs with genes 
expressed in breast cancer patients; and (d) 
hybridizing those genes to clones from the 
region of interest in chromosome 17 (11). 
Although they did not realize it at the time, 
the region that Dr. King and her collabora-
tors were trying to map was nearly 22 mil-
lion bp in length and was characterized by 
architectural features that made mapping 
even more difficult. The DNA clones they 
used to map this region were in the form of 
cosmids (40 kb) and yeast artificial chromo-
somes (100–200 kb). The work was pains-
takingly slow and difficult, but also highly 
competitive. In addition to Dr. King and her 
colleagues, multiple research groups around 
the world were working as quickly as they 
could to locate and sequence BRCA1.

In February 1994, a team of research-
ers led by Mark Skolnick at Myriad Genet-
ics, in conjunction with collaborators at the 

blotting, and for each family computed the 
likelihood of coinheritance of breast can-
cer with each marker. After stratifying the 
families by age of diagnosis, they found 
a region on chromosome 17q21 for which 
the likelihood of coinheritance with breast 
cancer in families with early-onset breast 
cancer was more than a million to one (9). 
Once Dr. King presented her results at 
the American Society of Human Genetics 
meeting in October 1990, the race was on 
to clone and sequence the actual gene (10).

Tracking down BRCA1
DNA sequencing and cloning were no 
easy feat in the early 1990s. The Human 
Genome Project officially began in 1990; 
essentially nothing was known about the 
human genome, which meant that other 
than chromosomal location, there was 
very little information available to guide 
researchers trying to find the gene linked 
to early-onset familial breast cancer, 
which Dr. King dubbed BRCA1 in 1991 (11).

Dr. King’s lab, in collaboration with 
research teams led by Anne Bowcock, 
Francis Collins, and Jeff Boyd, developed a 
multipronged strategy to locate BRCA1 by: 

be invented until 1983 (8), DNA sequencing 
was not yet possible, and genome was not yet 
a word (Figure 2). While Dr. King and her 
colleagues were analyzing genetic data, they 
also began trying to locate a chromosomal 
region that might be the home for the hypo-
thetical gene using linkage analysis. Link-
age analysis requires the creation of linkage 
maps, which are based on the frequencies 
of recombination between known genetic 
markers during the crossover of homolo-
gous chromosomes. A greater frequency of 
recombination between two markers indi-
cates a greater distance between them.

Dr. King — by then an assistant profes-
sor at UC Berkeley — and her colleagues 
recruited 23 extended families consisting 
of 329 relatives with 146 cases of invasive 
breast cancer. In order to ensure that they 
were analyzing a heritable form of breast 
cancer, they selected for families that had 
breast cancers characterized by younger 
age at diagnosis, frequent occurrence of 
bilateral disease, and increased frequency 
of disease in male family members. Using 
blood samples from each family member, 
Dr. King and colleagues genotyped 173 
different markers, mostly with Southern 

Figure 2. A timeline of the search for the genetic underpinnings of early-onset familial breast cancer. The French physician Pierre Paul Broca was the 
first to describe inherited breast cancer in 1866 (3), but modern epidemiological techniques were first applied to the disease by Janet Lane-Claypon in 1926 
(4). In 1988, Dr. King demonstrated that some forms of early-onset familial breast cancer are heritable (7); in 1990, she showed that some heritable breast 
cancers are linked to a gene found on chromosome 17q21 (9). BRCA1 was cloned and sequenced by a group lead by Mark Skolnick of Myriad Genetics in 1994 
(15). The first commercial test for mutations in BRCA1 and BRCA2 was brought to market in 1996. In 2013, the Supreme Court ruled that, as products of 
nature, genes could not be patented (18). Today, multigene panels and improved sequencing technologies allow patients to be screened for all cancer-
predisposing mutations. Twenty years after it was cloned, the functions of BRCA1 in cell biology and cancer are still being elucidated.
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children were (30). The Abuelas de Plaza 
de Mayo asked the American Association 
for the Advancement of Science to pro-
vide a geneticist who could help identify 
their missing grandchildren. In 1984, Dr. 
King began working with the Abuelas de 
Plaza de Mayo to provide evidence of kin-
ship. Using human lymphocyte antigens 
(HLAs) and other genetic markers, Dr. 
King first calculated an “index of grandpa-
ternity” to determine the probability that 
a child was related to a grandparent (31). 
In December 1984, Paula Logares became 
the first child to be reunited with her bio-
logical family based on Dr. King’s genetic 
evidence (32).

Because HLA markers do not vary 
enough between people to guarantee an 
exact match, samples from multiple rela-
tives are required to accurately confirm 
kinship. Unfortunately, in many cases, 
there were few surviving relatives. In 
order to address these problems, Dr. King 
pioneered the use of mitochondrial DNA 
(mtDNA) sequencing for identification 
(33–35). Sequencing of mtDNA had sever-
al advantages: (a) the control region near 
the origin of replication is highly diverse 
among individuals; (b) mtDNA is passed 
down only through the matrilineal line; 
(c) mtDNA is relatively abundant; and (d) 
if matching must be to remains, rather 
than to living persons, mtDNA can be 
extracted from a variety of tissues, includ-
ing teeth, in which DNA is well preserved. 
Using this technology, Dr. King and her 
lab later worked with the United Nations 
War Crimes Tribunal to identify victims 
of human rights abuses from Cambodia, 
Guatemala, El Salvador, Rwanda, Ethio-
pia, and Bosnia and with the US military 
and the UN to identify the remains of sol-
diers missing in action.

Shaping the future of genomics
Dr. King is currently a Professor of 
Genome Sciences and Medicine at the 
University of Washington. She continues 
to investigate the genetic underpinnings 
of human diseases, including cancer, deaf-
ness, and schizophrenia, as well as the 
environmental factors that influence these 
genes (36–42). Dr. King is also involved in 
the Human Genome Diversity Project, a 
worldwide collaboration among scientists 
who use genetics to understand human 
migration patterns and evolution (43, 44).

roles of BRCA1 and BRCA2 in cell biology 
and cancer are still being elucidated.

Thousands of different mutations have 
now been identified in BRCA1 and BRCA2 
(24). Hereditary breast and ovarian can-
cer is caused by germline loss-of-function 
mutations in either BRCA1 or BRCA2; more 
than 60% of women carrying a BRCA1 
mutation and around 45% of women with 
a BRCA2 mutation will develop breast 
cancer before age 70, while the risk of 
ovarian cancer in these women is close to 
40% and 25%, respectively (25). Because 
of the significant increase in lifetime risk 
of breast and ovarian cancer associated 
with these mutations, more than a million 
individuals with a familial history of breast 
cancer have undergone genetic screening 
(24). Moreover, screening for mutations in 
BRCA1 and BRCA2 has served as a model 
for integrating genetics and medicine. It 
is now possible to screen simultaneously 
for all cancer-predisposing mutations, 
enabling clinicians to identify patients who 
could benefit from additional screening, 
surveillance, and prophylactic treatments. 
Dr. King has been instrumental in devising 
strategies for patient screening, including 
the use of massively parallel, next-gener-
ation sequencing technologies that allow 
for the screening of multiple genes in a 
cost-effective manner. The test, known as 
BROCA, provides comprehensive testing 
for all known inherited breast cancer gene 
mutations (26–29).

Using genomic technologies 
to investigate human rights 
abuses
Dr. King has also used genomic tools to 
aid in the investigation of human rights 
abuses. In Argentina between 1975 and 
1983, a period known as the Dirty War, 
an estimated 15,000–30,000 suspected 
political dissidents were “disappeared” 
by the ruling military junta. Many of their 
children disappeared as well; other chil-
dren were born to their imprisoned preg-
nant mothers. Instead of being returned to 
their families, the children were taken into 
the households of members of the military 
and other junta sympathizers. The Abuelas 
de Plaza de Mayo was formed by the rela-
tives of the disappeared to demand the 
return of the more than 400 children kid-
napped by the military junta. To do so, the 
grandmothers needed to identify who the 

NIH, sequenced BRCA1 (12). A follow-up 
study in October revealed multiple dif-
ferent mutations, one in each family, that 
predisposed carriers to breast and ovarian 
cancer, including a 1-bp insertion, a pre-
mature stop codon, and 11-bp deletion, a 
missense mutation, and a putative regu-
latory mutation (13). In September 1994, 
Michael Stratton and Richard Wooster 
mapped BRCA2 by linkage analysis on 
chromosome 13 (14), setting off a race 
to clone this sister gene as well, a race in 
which Dr. King was not involved. Myriad 
Genetics was awarded patents on both 
BRCA1 and BRCA2 in 1998 (15, 16). Based 
on their patent, the company began offer-
ing commercial testing for hereditary 
breast and ovarian cancer susceptibility in 
1996 (17). These patents were invalidated 
in June 2013, when the US Supreme Court 
ruled that naturally occurring genes may 
not be patented (18).

Even though Dr. King and her col-
leagues did not win the race to clone 
BRCA1, her work completely shifted the 
view of the role of genes in cancer. In an 
interview with the University of Wash-
ington alumni magazine, Columns, her 
colleague Maynard Olson explained that 
prior to Dr. King’s discovery, “. . . there was 
a widespread view that diseases like breast 
cancer were caused by multiple genes that 
interact with environmental factors. This 
didn’t provide geneticists with a clear road 
ahead . . . . [Dr. King’s findings] told a dif-
ferent story: that in carefully selected fam-
ilies she could find a fairly simple genetic 
link for breast cancer. It provided us with a 
powerful path forward. We now know that 
many important diseases can be attacked 
in the same way” (19).

Viewing cancer through the 
lens of genetics
Twenty years after the cloning of BRCA1 
and BRCA2, we know that both genes are 
tumor suppressors that have nonover-
lapping functions in a variety of cellular 
activities, including DNA repair, homolo-
gous recombination, transcriptional regu-
lation, and protein degradation (20, 21). 
Both BRCA1 and BRCA2 have functional 
relationships with at least ten other genes 
that can harbor breast cancer–associated 
mutations, including TP53, ATM, CHEK2, 
and PALB2 (22, 23). Despite the intensive 
research focus on these two genes, the 
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In her 2012 presidential address to the 
American Society for Human Genetics, 
Dr. King outlined three thoughts that have 
guided her approach to science: “the most 
important questions come from people on 
the frontlines, the most righteous projects 
demand the most rigorous science, and no 
question is too big to ask” (1). As a scien-
tist who has chosen to work on problems 
that have a profound impact on her fellow 
human beings, Dr. King has revolutionized 
our understanding of the role of genes in 
human disease, as well as the treatment of 
cancer, through the discovery of BRCA1. 
Her use of genomic technology to identify 
missing people has reunited families and 
provided evidence of human rights abuses. 
Both of these achievements are character-
ized by an ability to take on seemingly insur-
mountable problems and to solve them 
with a combination of creativity and hard 
work. The work of Dr. King has expanded 
the bounds of genomics to enhance both 
human health and human rights.
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