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ajit varKi, Md, Phd, is a PrOfessOr Of 

Medicine and cellular and MOlecular 

Medicine at UC san Diego school of 
Medicine. He belongs to that increasingly rare 
breed of physician-scientists: a medical doctor 
who not only learned how to treat disease, 
but also seeks to understand why diseases 
exist — even when their origins date back 
millions of years.

Born into a distinguished Indian family, Varki 
knew from an early age that he wanted to 
be both a doctor and a scientist. He excelled 
at some of his country’s finest schools, but 
ultimately realized he could not fulfill his 
ambitions in India. “In those days, there 
were no research-based academic medical 
institutions. For that, I needed to go to the 
United states.”

And so he did, arriving in 1975 with a suitcase, 
six dollars in his pocket and grand aspirations. 

“But I couldn’t get any interviews. Back then, 
being an Indian doctor meant one was less 
qualified. so even though I was the top 
graduate from the top Indian school, nobody 
would talk to me.” eventually, he worked 
his way up to the University of nebraska 
and Washington University in st. Louis, 
becoming board-certified in internal medicine, 
hematology and oncology.

hOOKed On an eMerging new field

In st. Louis, Varki worked with stuart 
Kornfeld, a physician-scientist interested in 
the structure and biology of sugar chains 
or glycans. It was an emerging field whose 
name — glycobiology — would not be 
coined for another few years. Glycans were 
enormously difficult to study. Most molecular 
biologists sought easier subjects, but Varki 
became intrigued.

“these glycans are found in large amounts 
on the surfaces of all cells, but no one really 
knew what they did,” said Varki. “I was lucky 
to find the first clear-cut example of function.  
I was hooked.”

In 1982, he joined the faculty at UCsD  
school of Medicine, where he continues  
his own glycan research and regularly  
teaches medicine and glycobiology, both 
locally and abroad. 

In 1984, he observed a patient being treated 
with horse serum. the patient experienced 
an immune reaction, called “serum sickness.” 
some attributed the response to glycans 
called sialic acids. 

Varki was perplexed. Why would sialic acids, 
which are ubiquitous on every mammalian 
cell, provoke such a reaction? In 1998, he 
published the answer: humans are missing 
a form of sialic acid that horses and other 
mammals have; in fact, we are different from 
all other primates. the difference isn’t much — 
a single oxygen atom — but it’s enough to 
provoke a complex and sometimes adverse 
immune response. 

sugar Coded
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Ajit Varki is not afraid to ask big questions  
or do what’s required to answer them, even 
if that means experimenting on himself. 

Glycans are 
complex sugar 
chains found on 
the surface of all 
cells, but how 
are they linked  
to disease?

Ajit Varki (top) consults with fellow 
researcher Victor nizet, MD
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the evOlutiOn Of disease 

Humans produce a sialic acid known as 
n-acetylneuraminic acid, or neu5Ac for short. 
other mammals also make a form called 
neu5Gc. All humans have antibodies against 
neu5Gc, which Varki deduced must be the 
result of eating foods containing neu5Gc, 
particularly red meat. to prove it, he proposed 
ingesting large amounts of neu5Gc and to 
see where it went. Varki presented his plan to 
an institutional review board for approval, but 
was initially rebuffed. self-experimentation 
is frowned upon, the board declared. But 
when Varki asked them to volunteer, board 
members said to go ahead.

so Varki drank 150 milligrams of neu5Gc 
dissolved in water (which he later described  
in the journal Science as tasting “slightly 
sweet and sour” and no more dangerous 
than eating 14 pork steaks), then scrupulously 
analyzed his urine, saliva and hair samples 
over the next week. All showed increased 
levels of neu5Gc. 

the work was not strictly academic. Varki 
and others contend that inflammation due to 
neu5Gc accumulation may contribute to red 
meat-associated diseases, such as cancers 
and heart attacks. 

Glycans fascinate Varki because they are so 
poorly understood. “Most scientists probably 
can’t tell you much about them,” he says, “but 
most diseases have a glycan component.” 

As Varki discovered more about glycan 
evolution, he also uncovered other questions 
to fuel his curiosity. Chimpanzees, for 
example, are near-genetic duplicates of 
humans, but do not share the same diseases. 
they don’t get most human cancers. they 
don’t have the same kinds of heart attacks. 
they rarely suffer from conditions like 
bronchial asthma or rheumatoid arthritis. 

Varki has evidence that uniquely human 
changes in sialic acids and sialic-recognizing 
proteins called siglecs (which he discovered 
and named) contain at least part of the 
answer. siglecs are among the most rapidly 
evolving part of the human genome. the 
larger mystery is what prompted the 
changes? With colleague Pascal Gagneux, 
PhD, an associate professor of cellular and 
molecular medicine, Varki has found answers 
involving factors as diverse as malaria and 
anti-sperm antibodies. “these aren’t just 
subjects for evolutionary biologists,” he says. 

“they’re important to medical doctors too.” 

“Doctors care for a single species, but learn 
nothing about the origin of that species,” 
Varki said. “But evolutionary knowledge has 
practical implications. It affects how you treat 
specific diseases. some say they don’t need 
to know where a machine came from to fix 
it, they just need the blueprint. I think it’s 
important to know how the machine came to 
be built the way it is.” 

Where do we 
come from? How 
did we get here?

Wanting to fully explore 
how humans became 
human, in 1998, Varki 
created the Project for 
explaining the origin of 
Humans, which involved 
private gatherings of 
invited academics 
from around the world, 
supported by the Mathers 
Foundation of new York. 
A decade later, the effort 
was expanded into the 
Center for Academic 
Research and training in 
Anthropogeny (CARtA), 
with co-directors Fred 
Gage, PhD, a salk 
Institute neuroscientist, 
Margaret schoeninger, 
PhD, a professor of 
anthropology at UC san 
Diego, and associate 
director Gagneux. Among 
other activities, CARtA 
conducts wide-ranging 
public symposia featuring 
internationally renowned 
speakers, discussing 
everything from the 
molecular basis of speech 
to how humans run 
upright, and is training 
a new generation 
of transdisciplinary 

“anthropogenists.”

for information  
and a list of carta 
events, go to  
carta.anthropogeny.org.

treating Cancer  
from the Inside out

inside OPerating rOOM 7 at thOrntOn 

hOsPital, a circulating nurse observes 
Andrew Lowy, MD, chief of surgical oncology, 
gently rocking the belly of a patient who is 
asleep under anesthesia.

“shake and bake?” she inquires. A resident 
nods, “Yes.”

Lowy is treating an aggressive form of 
cancer that has spread from the patient’s 
colon to the lining of his abdomen. the 
procedure began with a meticulous process 
to rid the belly and its organs of tumors. over 
six hours, Lowy examined and stripped every 
centimeter of the liver, pancreas, intestines 
and abdominal wall of suspicious growths. 

“the first step in the surgery is to remove all 
visible signs of tumors,” said Lowy. “then 
we go after what we can’t see and operate 
on — cancer cells. We attack these cells 
by bathing the inside of the abdomen with 
heated chemotherapy solution.”

Lowy is one of just a few surgeons in the 
United states to perform the chemobath, 
a way to attack invisible tumor cells with 
heat and cancer-killing drugs by pouring 
the medicine into the abdomen. the direct 
exposure to the drug can be 75-fold greater 
than what can be administered intravenously.

During the chemobath, nicknamed “shake 
and bake,” heated drugs are circulated 
throughout the abdomen via catheters.  
For 90 minutes, the solution is washed  
over the internal organs while the body  
is rocked to ensure the drug covers all the 
internal surfaces. 

traditionally, patients are administered 
chemotherapy by IV, but this approach is 
ineffective in obliterating tumors that are 
unattached to the bloodstream because the 
drug cannot reach the tumor cells. Lowy 
and his team are part of an nIH-funded 
clinical trial to compare the effectiveness 
of standard chemotherapy to a tri-modality 
approach to halt advanced colon cancers. 

“I have definitely seen the lives of certain 
types of cancer patients extended with this 
procedure,” said Lowy. “our hope is that 
this novel treatment strategy, a combination 
of surgery and two forms of chemotherapy, 
will improve the outcomes for many patients 
with advanced colon cancer. our best hope 
is to offer a cure.”

It has been 
known for more 
than a century 
that heat is toxic 
to cancer cells. 
Heat makes cancer cells 
more sensitive to the 
chemotherapy itself, and 
some cancer cells are 
sensitive to the heat alone.
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