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While we comfortably spend our days 
doing work, going outside, and even 

watching Netflix, history is currently being 
made; the astronomical frontier of human 
exploration is being augmented to the point 
that it is literally out of this world. 

One of the major reasons for this is the 
New Horizons spacecraft. New Horizons 
was specifically designed to fly by 
Pluto and its moons to collect valu-
able information and transmit it 
back to Earth. As Pluto is the only 
planet that has not been explored 
by space probes, New Horizons will 
allow us to explore the mysterious, 
icy world at the edge of our solar 
system.1 And it will not stop there 
—once it reaches Pluto, New Horizons will 
continue exploring objects even further than 
Pluto.

Before its launch on January 6, 2009, New 
Horizons was designed and integrated at the 
Johns Hopkins University Applied Physics 
Laboratory (APL) in Laurel, Maryland.1 Its 
primary structure includes a power source, 
a propulsion system, a command and data 
handling system, and an antenna. Starting 
with the power source, New Horizons runs, 
perhaps appropriately so, on plutonium, and 
uses less power to complete its mission to 
Pluto than a pair of 100-watt light bulbs. In 
fact, New Horizons uses so little power that, 
on average, each of its seven science instru-
ments uses between two to ten watts—about 
the power of a night light—when turned on.1 
New Horizons’ propulsion system consists 
of 16 small hydrazine-propellant thrusters 
mounted across in eight locations. These 
thrusters provide a mere 4.4 Newtons (1 
pound) of force and are primarily used for 
small course corrections. The spacecraft’s 
“brain” is a radiation-hardened 12 Mega-
hertz Mongoose V processor, which distrib-
utes commands to subsystems and collects 
and sends sequences of information back 

to Earth. Finally, New Horizons’ protruding 
2.1 meter wide high-gain antenna allows it 
to communicate with mission control back 
on Earth.

On the day of its launch, this $700 million 
spacecraft left Earth with a speed of about 45 
kilometers per second (100,000 mph). The 
sun’s gravitational pull, however, slowed the 

craft to just 19 kilometers per second (40,000 
mph) by 2007. Fortunately, scientists man-
aged to precisely calculate a flyby to Jupiter 
that would allow New Horizons to use the 
gas giant’s gravitational pull as a slingshot. 
As a result, the craft regained four kilome-
ters per second (9,000 mph), shortening its 
trip by three years. After its nine and a half 
year, 4.8 billion kilometer (3 billion miles) 
journey, New Horizons whizzed by Pluto at 
14 kilometers per second (30,000 mph) on 
July 14, 2015. What is especially impressive 
is that the spacecraft actually surpassed NA-
SA’s predicted schedule, arriving 76 seconds 
earlier than expected.2

Many new discoveries have already been 
made since New Horizons’ successful jour-
ney to Pluto. For instance, Pluto was found 
to have distinguishable red hues all over its 
surface, leading it to be known by some as 
the “second red planet.” In addition, Pluto’s 
exact size is now known; it is 2,370 kilome-
ters in diameter, much larger than originally 
predicted. Nonetheless, Pluto is still not large 
enough to once again be regarded as a plan-
et.3 On the bright side, Pluto has also been 
dubbed the “loving” planet, due to a geologic 
feature on its surface that takes the appear-

ance of a heart.4 And finally, nicknames 
aside, Pluto is now known with certainty to 
be the largest object beyond Neptune in our 
solar system. 

Although New Horizons has traveled 
incredible distances, it is still not even close 
to the edge of our solar system. After Pluto, 
NASA expects New Horizons to continue its 

journey, this time to the Kuiper Belt. 
No specific Kuiper Belt Objects (KBUs) 
have been targeted, but NASA has their 
list narrowed down to a few KBUs that 
were discovered in 2014. Currently, the 
plan is to have New Horizons start its 
new journey by 2017 and explore cer-
tain KBUs until 2020. What will hap-
pen after that is still unknown, but the 

possibilities in the universe are literally end-
less. By testing the limits of space explora-
tion, there is no doubt that we will find new 
horizons in the field of astronomy. 

Alex Zapien ‘19 is a freshman in Canaday 
Hall.
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BY ALEX ZAPIEN

A NEW HORIZON IN 
ASTRONOMY

“Pluto is the only planet 
that has not been explored 

by space probes.”
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INVASION 
OF THE 
BRAIN EATERS

Until recently, Kali was an average girl, and certainly no medical marvel. But that all changed in 
July 2013, when she became the third documented survivor in North America of Naegleria fowleri.1 

Naegleria fowleri aren’t your typical invaders of the central nervous system. They can cross the 
blood-brain barrier and destroy the brain in a matter of days—but, unlike other parasites, which enter 
the body through methods like bug bites and accidental oral ingestion, these amoebas take the road 
less traveled: the nose.2 

Naegleria fowleri are single-celled amoeba found in warm freshwater.2 Upon human inhalation of 
contaminated water, the parasites pass through the olfactory epithelium and travels along nerves that 
extend from the nose to the brain, where they end up in the olfactory bulb, bathed in cerebrospinal 
fluid.3 From there, they can enter the brain, where they digest neurons in less than a day.2 They do this 
by producing pore-forming proteins that lyse mammalian cells on contact and by secreting enzymes 
that degrade mammalian tissue.4 This infection is also known as primary amoebic meningoencepha-
litis (PAM), and can cause death one to eighteen days after symptoms arise.2 

BY JULIA CANICK

Meet 12-year-old Kali Hardig. 

2     Harvard Science Review | FALL 2015                     news brief 

Im
ag

e 
fro

m
 C

en
te

r f
or

 D
ise

as
e 

Co
nt

ro
l a

nd
 P

re
ve

nt
ion



INVASION 
OF THE 
BRAIN EATERS

About five days after infection, initial PAM symp-
toms, such as nausea, fever, and vomiting, begin. The 
later symptoms include confusion, lack of attention, 
seizures, and hallucinations.2 The amoeba causes 
death soon after; though it is not evolutionary ad-
vantageous for Naegleria fowleri, human beings are a 
dead-end host for the parasite. 

Perhaps the most disconcerting aspect of the par-
asite isn’t its mechanism of invasion, but its evasion of 
the immune response. The parasite is resistant to cy-
tokines, which are some of the cells involved in trig-
gering the body’s response to a foreign pathogen. N. 
fowleri may even use cytokine inflammation against 
the body of the host to worsen the disease. They are 
also resistant to the complement system, which helps 
antibodies and phagocytes clear pathogens from a 
host; N. fowleri can synthesize surface proteins that 
protect them against complement-mediated lysis.4 

The amoebae actually thrive best when they are in 
their pathogenic state, in the human body. When in 
the infectious state, they are able to migrate and divide 
more quickly than they can when in water.4 Naegleria 
fowleri’s ability to infect and spread quickly gives it a 
whopping 97% fatality rate;2 Kali recently became the 
third survivor, out of 133 infected individuals. 

Kali Hardig’s story is nothing short of a miracle. 
After swimming in several bodies of water, she devel-
oped a fever, head pain, and drowsiness.1 Her parents 
quickly drove her to the hospital, where a staining 
technique demonstrated the presence of amoebae in 
Kali. The doctors knew they had to act quickly, given 
the pathogen’s relatively short time window for sur-
vival. Doctors took multiple measures to treat her: 
they lowered her body temperature to reduce swelling 
and herniation1 and administered a combination of 
medications,5 including miltefosine, a drug that has 
been used to combat cancer. The key factor, however, 
was almost certainly the immediate detection of the 
amoeba;5 often, individuals don’t know about the in-
fection until it’s too late. 

Kali survived the infection, but others weren’t 
quite as lucky. This past August, Michael John Riley, 
Jr. encountered the parasite when he was swimming 
in a state park; he died within days.6 Others who have 
encountered the pathogen have shared similar fates. 

Though infection is extremely rare, Naegleria 
fowleri are relatively common in the environment and 
were recently found in two water systems in Loui-
siana.7 Luckily, ingesting the amoeba orally is com-
pletely harmless; the only way to contract illness from 
N. fowleri is through the nose.2 Though scientists 
are working to find a drug that acts quickly enough 
to combat the infection, it is most pragmatic to fo-
cus on disease prevention. According to the Center 
for Disease Control, the best prevention is to avoid 
swimming in warm freshwater that is untreated, and 
to exercise caution with neti pots, ritual nasal rinsing, 
and public drinking water.2 Humans can’t contract the 

infection from a properly cleaned and maintained, 
disinfected pool, or by drinking infested water; the 
best prevention is to avoid inhaling water that could 
contain the parasite. 

Since the body’s immune response is part of what 
contributes to the parasite’s lethality, researchers are 
searching for a two-step treatment: immunosuppres-
sive drugs, followed by drugs that combat PAM.8 The 
most successful medication has been miltefosine, the 
aforementioned cancer drug, but researchers are on 
the hunt for other treatments.2 The inflammatory re-
sponse triggered by the body ends up backfiring and 
doing more harm than good; immunosuppression 
would counter this inflammation and buy more time 
for the patient. Then, drugs that attack primary amoe-
bic meningoencephalitis could be able to treat and, 
hopefully, eradicate the infection from the individual. 

As N. fowleri continues to pop up in the news, sci-
entists are understanding more and more about what 
they are capable of. As we come to understand more 
about this amoeba, we will be able to think up better 
ways to treat it. 

Julia Canick ‘17 is a junior in Adams House, concen-
trating in Molecular and Cellular Biology. 
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Are you a fan of post-apocalyptic movies? 
Have you watched The Day After Tomorrow? 

I Am Legend? Or Contagion?

THE VIRUS 
THAT CAME IN 

FROM THE COLD

by Alissa Zhang

Sometimes, real life is almost as 
strange as fiction, as recently global 
warming has led to the discovery of a gi-
ant virus frozen for the past 30,000 years 
in the Siberian permafrost. While the 
virus is unlikely to cause a zombie apoc-
alypse, it does have the potential to harm 
modern organisms, and demonstrates 
yet another detrimental consequence of 
global warming that few are aware of.  
However, it could also be a key element 
in understanding the history of viruses 
and their biological processes.

The discovery of Mollivirus siberi-
cum was announced in September 2015 
by a team of French scientists from the 
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Laboratoire Génomique et Structurale, the 
Laboratoire Biologie à Grande Echelle, and 
the Genoscope.1 Astrobiologists from Rus-
sia have taken core samples buried deep 
in Siberian permafrost to look for signs 
of life, using these as models for explora-
tions for potential life on Mars. The French 
team obtained some of these samples, and 
under isolated conditions mixed parts of 
the permafrost samples with the amoe-
ba Acanthamoeba, hoping to draw out any 
dormant viruses. If 
the amoeba died, 
the French scientists 
could know that a vi-
rus must have been 
present in the sam-
ple; they could then 
isolate it to study 
it.2 This discovery 
marks the first time 
that genomics, tran-
scriptomics, pro-
teomics, and metagenomics—all classes of 
analytical techniques applicable to living 
organisms—were simultaneously used to 
characterize a virus.3

The name of the virus comes from molli, 
a French word that roughly translates to soft 
or flexible, and sibericum, for the location 
where it was found. The virus is a rough-
ly spherical particle, approximately 0.6 μm 
long, and contains a genome of approxi-
mately 650,000 base pairs coding for over 
500 proteins.3 While its size barely qualifies 
it as a giant virus, the size of its genome 
is enormous compared to many modern 
viruses. For example, HIV has only nine 
genes, and Influenza A only eight. Mollivi-
rus uses the cell nucleus to replicate in the 
amoeba, which makes it host-dependent 
like most viruses. Its method of replication 
and other characteristic traits, such as a de-
ficiency in certain key enzymes that allow 
synthesis of its DNA building blocks, make 
Mollivirus similar to common modern vi-
ral types, including human pathogens like 
Adenovirus (which causes respiratory in-
fection), Papillomavirus (which includes 
HPV), or Herpesvirus (which includes her-
pes, mononucleosis, and chickenpox).3

Mollivirus is not the first giant virus to 
be revived from the Siberian permafrost. 
Three other giant viruses have previously 
been discovered in the same samples —
Megaviridae (2003), Pandoraviridae (2013), 

and Pithovirus (2014)—using similar tech-
niques. However, Mollivirus differs from 
these families of viruses in its shape, mode 
of replication, and metabolism. For exam-
ple, the proteins of Mollivirus and Pithovi-
rus bear little resemblance to each other. In 
addition, Pithovirus only requires host cy-
toplasm to multiply. This makes Pithovirus 
more similar to Poxvirus, a family that in-
cludes the now-eradicated smallpox virus.4 
The discovery of Mollivirus suggests that 

ancient giant viruses are not rare, and are 
highly diverse. It also proves that a variety 
of virus families, with different and poten-
tially pathogenic characteristics, can sur-
vive in permafrost for thousands of years.

Although the analysis of the Mollivirus 
sample revealed very low concentrations 
of the virus, this discovery has important 
implications for public health. Only a few 
infectious viral particles are needed to 
cause the resurgence of an ancient virus. 
The rapid pace of global warming in re-
cent years exacerbates this risk, as Arctic 
temperatures are rising at more than twice 
the global average, and permafrost is melt-
ing.5 Climate change has opened up new 
sea routes through Arctic ice, facilitating 
accessibility and industrial exploitation of 
Arctic regions that hold valuable mining 
and oil resources. An increasing number 
of companies are already mining for gold 
and tungsten in northern Siberia, which 
will lead to the excavation of millions of 
tons of permafrost that have been buried 
for thousands of years, much like the core 
sample that revealed these four giant virus-
es.2 There is no way of predicting what that 
volume of permafrost may contain. With-
out safeguards in place, there is real risk 
of reviving potentially pathogenic viruses 
thought to be long extinct. Even modern 
viruses may be preserved in upper layers of 
permafrost.5

On the other hand, these giant viruses 
also hold promise for advancing scientific 
knowledge. Scientists may be able to find 
new metabolic pathways and biochemical 
processes that can be used to produce new 
pharmaceuticals and biomolecules. These 
ancient viruses may provide insights into 
the history of viral evolution, or even the 
origin of life.2

To better understand both the risks and 
rewards posed by unearthing Mollivirus 

and other giant viruses, the French team is 
now digging even deeper into the Siberian 
permafrost, with the goal to aptly study 
samples from a million years ago.

Alissa Zhang ‘16 is a senior in Currier 
House, concentrating in Chemical and 
Physical Biology.
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The human body is crowded. 
From the surface of our skin to 
the depths of our intestines, we 
are inundated with microscop-

ic bacterium that aid with everything 
from defense to digestion. Large-scale 
scientific endeavors, headlined by the 
Human Microbiome project, have cat-
alogued millions of species of bacteria 
and are just beginning to uncover the 
full impact of our most intimate neigh-
bors. Within the human body is a di-
verse biological industry containing ten 
microbes for each human cell and 100 
microbial genes for each unique human 
gene.1 The study of the microbiome has 
exploded in recent years and has start-
ed to cross disciplinary lines, creating a 
field of research that combines aspects of 
ecology, epidemiology, cellular biology, 
chemistry, and recently, human genetics. 
These interdisciplinary collaborations 
are working to answer the numerous 
exciting questions about the microbi-
ome that remain unanswered. Recently, 
research has used population genomics 
to explore human genetics and the mi-
crobiome, searching for the answer to 
the central question of what, if anything, 
really controls our internal menagerie?

WHO CONTROLS WHOM: 
EMERGING RESEARCH ON 
MICROBIOME HERITABILITY

 Researchers have now found a con-
nection from the human genome to the 
gut microbiome: the Ley Lab at Cornell 
University recently conducted a twin 
heritability study which found a strong 
correlation between the presence of a 
single bacteria, C. minutia, and a ge-
netic heritability for a low BMI score.2 
The variability of the microbiome, from 
diet to a changing household environ-
ment, makes it difficult to differentiate 
between these various influences and 
prove causality for a genetic relation-
ship. However, using the largest adult-

twin registry in the United Kingdom as 
a test population, the researchers were 
able to collect an enormous amount of 
data to analyze—78,938,079 quality fil-
tered DNA sequences that mapped to 
certain species of bacteria.2 Incorporat-
ing the effects of both shared and unique 
environments in the analysis, the study 
illustrated that there was a correlation 
between host genetics and the content 
of the microbiome. Ley concludes, “Our 
results represent strong evidence that 
the abundances of specific members of 
the gut microbiota are influenced in part 
by the genetic makeup of the host.”2 The 
evidence was in the excrement—human 
genetics shape the gut microbiome.

This study develops a pathway 
in which phenotype is modified not 
through genetics but the symbioses 
within our gastrointestinal tract. Ley 
and her colleagues have uncovered a de-
tour in the central dogma of biology. It 
seems our genome has evolved a way to 
influence phenotype—in this case me-
tabolism—through the recruitment of a 
third party. 

Further research has pushed this 
past the gut microbiome to a full body 
analysis. Mining data from the Human 
Microbiome Project, Ran Blekhman 
and colleagues have traced an associa-
tion between genetic variation and 10 
microbiome sites on the human body.3 

Immunity-related pathways, including 
the hormone leptin, which modulates 
immune cells and is implicated in ap-
petite and weight gain, seem to play an 
important role in microbiome control 
across the body.3 This research has ex-
citing potential for translational effects, 
providing a possible new route to treat 
metabolic disorders through the analysis 
of the microbiome. 

AN UNEXPECTED GIFT: 
TRANSMISSION OF MICROBIOTA

Past the important role of transla-

tional research, this developing under-
standing of our genetic control of the 
microbiome is remarkable when placed 
in the context of research being done on 
the human fetal microbiome. Important 
questions remain on how exactly the mi-
crobiome develops. The classic idea of a 
sterile birth seems to be under attack—
collective observations raise the possibil-
ity that the infant may be first seeded in 
utero by a source such as the placenta.4 
The early microbiome may begin long 
before an infant is introduced into the 
environment. Research into the relation-
ship between genetics and the microbi-
ome may be the first step in creating a 
fuller understanding of the development 
of the microbiome, such as deciding 
which bacteria are left to colonize from 
the mother/environment and which are 
purged by our immune system. 

Together these studies are working 
to paint an image of the processes that 
coalesce to select, nurture, and utilize 
our internal bacterial symbionts. As 
we learn more about the biological and 
chemical controls our body implements 
to cull favorable symbiotic populations, 
it is important to think about the impact 
on medicine and human health. Can in-
terventions be created that involve these 
genetic and maternal pathways to allevi-
ate the burden of diseases such as diabe-
tes and metabolic disorders? Only time 
can tell in a field boldly exploring the 
uncharted territory of human biology. 

Austin Valido ’18 is a sophomore in 
Eliot House. 
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by Madeline Bradley

.

Unlike some lower invertebrates, like fish 
and amphibians, which can regenerate 

all the skin layers and appendages (epidermis, 
dermis, hair follicles, sebaceous glands, etc.) 
perfectly, human skin often forms thin scar 
tissue lacking in appendages.1 The deformed 
appearance alone can take a serious toll on the 
quality of life for burn patients and amputees, 
but scar formation also compromises the skin’s 
further functions as a sensory and 
thermoregulatory organ.2 Research-
ers, recognizing the enormous value 
in improving wound recovery, are ac-
tively investigating the area of normal 
growth versus wound recovery.

One lab devoted to this research 
exists here on Harvard’s campus. The 
Hsu Lab, led by principal investigator 
Ya-Chieh Hsu, aims to examine fundamental 
questions, such as how skin cells know when to 
start and stop proliferation after wound dam-
age, as well as more complicated questions like 
why hair follicles cannot regenerate themselves 
after skin damage. By examining factors in 
normal and wound regeneration, they hope to 
learn more about the similarities and differenc-
es between the two types, which would lead to a 
better understanding of why skin does not grow 
back properly after injury. Ultimately, a better 
understanding could lead to advances in regen-
erating more functional skin.

The Hsu Lab primarily uses mouse models 
to study regeneration. Using ultrasound-guided 
probes, the researchers can directly inject genes 
of interest that act as skin-damaging factors into 
the developing embryos of a pregnant mouse. 
The mouse resultantly gives birth to mice with 
compromised skin, which the researchers can 
then study as it repairs itself. The researchers 
also sometimes graft human skin onto the mice 

to study it more directly.
The researchers have gleaned multiple in-

sights from the experiments thus far, one of 
them highlighting the critical role hair follicles 
play in skin growth. Hsu and her team found 
that when hair follicles grow in normal skin, 
they grow downward, pushing deeper into the 
skin, a development that in itself acts as the 
driving force of skin thickening.1 Thus, when 

hair follicles get damaged and cannot regener-
ate, the skin no longer has that force pushing 
it to thicken. Hsu’s team believes this finding 
shows that hair follicle regeneration failure is 
why scar tissue grows thinner than normal skin. 

Furthermore, hair follicles function as an 
integral signal in a complex communication 
network between the plethora of different cell 
types within skin, and examining how they 
communicate with each other is another thriv-
ing aspect of current research.3 Hsu explained 
that in normal skin, hair follicles act as a sort 
of anchor for the nerve cells, allowing them to 
target the hair follicles to receive information 
such as sensory signals. In scar tissue, however, 
nerve endings have no hair follicles to target, 
leading to an impaired sense of touch in that 
injured region. The critical role of hair follicles 
in normal skin function necessitates that skin 
research is intertwined with that of hair follicle 
regeneration.3

Keeping this research duality in mind, Hsu 

and her colleagues also found that overexpres-
sion of SHH, a gene that makes a protein called 
Sonic hedgehog, stimulates hair follicle stem 
cell proliferation.3 Sonic hedgehog functions 
as a chemical signal essential to developing the 
dorsal-ventral axis pattern during embryonic 
development, and it has other functions in cell 
growth and cell specialization.4 This discovery 
of its additional role in hair follicle stem cell 

proliferation marks an exciting devel-
opment in the potential to improve 
treatment, as future research could 
hone in on whether SHH could be 
used to recover hair follicle growth in 
damaged skin.

The ability to improve skin func-
tionality and appearance gives the 
potential for great increases in the 

quality of life for burn victims and other pa-
tients suffering major skin damage. Researchers 
will likely keep uncovering factors and path-
ways in normal regeneration that are missing 
or damaged in wound regeneration, allowing 
them to target areas that need improvement 
and come closer than ever to completely func-
tional skin recovery.

Madeline Bradley ’18 is a sophomore in Eliot 
House.
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Driving down California’s Highway 101, hugging the coast 
and cutting through the state’s most famous nature re-

serves, you will pass by hundreds of diseased tanoaks, bay lau-
rels, and California black oaks. These trees, sick with Sudden 
Oak Death (SOD), are bruised with red and black splotches 
and bleed sap from cankers on their trunks. The disease has 
invaded their trunks, leaves, and sap. However, you don’t need 
to make the coastal drive to see the disease. 

In an effort to anticipate and track the spread of SOD, 
thousands of trees have been tested and GPS-tagged by teams 
of scientists and grassroots volunteers. The data is collected 
during intense periods called “Blitzes” that rely heavily on the 
manpower of the community. In the Blitzes, scientists at the 
University of California at Berkeley both disseminate infor-
mation to those who live in at-risk areas and ask volunteers 
to sample and tag trees in their neighborhoods.1 The maps the 
volunteers produce are eerily detailed, showing the reach of 
the disease tree by tree. 

Upwards of 2,000 trees are tagged in the Redwood Forests 
surrounding Humboldt County, over 3,000 in Marin County, 
just a few miles from San Francisco, and over 1,500 more in 
forests just south of the San Francisco bay.1 There are even a 
few scattered throughout my hometown, Berkeley, where the 
blitzes are organized. On the interactive map, I can see trees 
tagged frighteningly close to my old middle school. 

These trees are both victims and models. Plagued by the 
plant pathogen Phytophthora ramorum, these sick trees repre-
sent the toll that invasive species and infectious plant diseases 
take on our ecosystem, often a result from trade and global-
ization.2 However, the unique response, dependent on volun-
teer involvement, is a novel idea that allows for the masses 
(a huge group with unfulfilled potential) to contribute to sci-
ence. Against an invisible invader, the community promises a 
substantive defense. 

BIOLOGICAL INVASIONS
A medical epidemic isn’t complete without the obses-

sion over “patient zero”. Zombie movies and epidemiological 
journals alike track infections back to a single source, a for-
eign presence that made a community sick. However, when 
diseases are limited to plants and epidemiologic spreads are 
nearly impossible to track, fear and blame do not necessarily 
go away.

Most modern plant ailments (pathogens, invasive in-
sects/pests, etc.) can be traced back, not to a “patient zero”, 
but to trade.3 Earlier in evolutionary history, species migrat-

ed slowly, constrained by large geographical barriers; oceans 
and mountains were not navigable until humans learned to 
travel.4 This allowed isolation and protection for millions of 
species to blossom and differentiate. However, as humans 
explored the world, interests in trade and scientific curiosity 
brought novel plants and animals across the globe. Often by 
accident, many pests, seeds, and spores were transported as 
well. Most recently, in our globalized world where trade spans 
time zones and continents, the rate of invasion has exploded. 
Agricultural and commercial plants are now circulated almost 
freely, bringing with them profound ecological implications.4

The United States alone is home to more than 50,000 
non-native species.3 Much of the Midwest is plagued by the 
Emerald Ash Borer, an insect that lethally burrows into trees. 
Asian Cogongrass is outcompeting native plants in the South-
east, starving native animals due to its low nutrition value.3 
The West Coast is plagued by SOD. These invasions are in-
creasingly common and have the potential to destroy entire 
webs and ecosystems. Additionally, significant changes in cli-
mate and habitat have driven plant and animal species alike 
into migration.4 In this way, humans are responsible for much 
of the biological invasion they are now fearing. 

SUDDEN OAK DEATH
First noticed in the nature-conscious counties around the 

Bay, Sudden Oak Death has frightened California’s scientists 
and citizens for more than a decade. The disease, Phytophthora 
ramorum, was brought into the West Coast by infected nursery 
plants, and has exploded along the coastline in the last quarter 
century. Currently reaching from Oregon to a few miles south 
of California’s Bay Area, the disease attacks more than 100 
types of trees, not only the eponymous Oak. In most regards, 
this pathogen resembles a fungus. P. ramorum produce sexual 
and asexual spores, are parasitic to many plants, and feed on 
decaying plant matter.2 However, the pathogen belongs to the 
class Oomycetes, biologically distinct due to the presence of 
diploid cells (whereas fungi have haploid cells).2 P. ramorum 
distributes large spores that float from host to host into an 
ecosystem, causing the epidemic spread around coastal zones. 

As P. ramorum affects many types of plants—ferns to 
shrubs to oaks—symptoms can vary widely. Classic afflictions 
are trunk ailments, such as sores and cankers, and leaf dis-
eases like tissue death and spots.2 However, these symptoms 
are not unique: pests and other diseases often appear clini-
cally similar. To diagnose with certainty, further molecular 
tests must be performed.2 Only within the last 8 years have 

BY SOPHIA EMMONS-BELL

CITIZEN SCIENCE AND 
SUDDEN OAK DEATH

8     Harvard Science Review | FALL 2015               general article

Im
ag

e 
fro

m
 lit

tle
vis

ua
ls.

co
m

 | 
CC

0



scientists at the University of California at 
Berkeley begun to adopt responsibility of 
organizing groups to visually screen and 
molecularly test plants for SOD. 

THE BLITZ
Each spring, before what’s left of Cal-

ifornia’s rainfall begins to spread SOD 
around the coast, a group of volunteers 
gathers in a classroom on UC Berkeley’s 
own tree-heavy campus. They are caught 
up on a quarter century’s worth of SOD 
research and almost a decade’s worth of 
Blitzes, receiving colorful collection ma-
terials and free coffee. Meetings like these 
occur throughout the greater Bay Area—
Marin to Berkeley to Sebastopol—in order 
to prepare for a quick, concentrated sam-
pling effort.5

“We’re using you as free labor,” Matteo 
Garbolleto, an adjunct professor at Berke-
ley and head scientist of the Blitz project, 
explains to volunteers in this year’s spring 
meetings.6 He is an animated presenter, 
receiving laughs throughout his hour-long 
meeting, but is frank about the importance 
of volunteers in the Blitz’s success. “We’re 
trying to engage you,” he says, “to deter-
mine the distribution of the disease in your 
county.”6 Indeed, he cannot understate the 
importance of the citizens he is talking to; 
since the spring of 2008, more than 500 
volunteers have sampled over 6,000 trees 
along California’s coastline.5

Blitz meetings begin with a crash-
course on Sudden Oak Death. Addressing 
veterans of the project, fellow UC Berkeley 
scientists and professors, and new mem-
bers of the community, Blitz leaders ex-
plain why SOD has been so devastating to 
the ecosystem. Here, the volunteers learn 
about SOD’s introduction to California in 
the late 70’s through infected ornamental 
stock, and its escape in the late 80’s from 
nurseries to larger parts of the state’s eco-
system. They learn that it is a moisture-de-
pendent disease, requiring consistent 
rainfall to proliferate. They also learn that, 
while many trees are susceptible to SOD, 
only tanoaks and bay laurels are infectious 
hosts. At this Berkeley meeting, volunteers 
laugh as Garbolleto describes the giant 
SOD spores as “elephants”, gliding short 
relatively distances because of their size.6 
However, this background information is 
not just to entertain—it translates directly 
into Blitz procedures. 

Because the disease is mostly transmit-
ted via infectious tanoaks and bay laurels, 

Blitzes focus on tagging and testing these 
trees. This leads to a fairly ironic dearth 
of oaks tested for Sudden Oak Death. As 
the name “Blitz” implies, the symptoms 
are distilled and streamlined to fit on a 
4”x8” placard placed inside every Blitz en-
velope. To these volunteers, the leaves are 
critical. Bay laurels, for examples, show 
classic SOD symptoms of blackened, dead 
leaf tissue where water often pools. These 
are usually on the end of the leaves, with 
a dark, uneven line marking the barrier 
between healthy and dead tissue. Depend-
ing on leaf position (and where water has 
pooled on specific trees), these dead spots 
can be seen on the bottom side of the blade 
or in tiny spots along the leaf. Luckily for 
volunteers, diseased leaves are often found 
in the lower canopy, where tree climbing 
and scrambling is not required for re-
trieval. In tanoak trees, volunteers look to 
the mid-veins of the leaves instead of the 
tips. Infected trees will reveal blackened 
tissue along the middle of their leaves, as 
well as strange drying patterns. Leaves are 
browned, dried, and distorted. When they 
are sent into California forests, volunteers 
refer back to these descriptions.5

Blitzes happen quickly, often only span-
ning one weekend. Volunteers are given 
agency to choose their location and tim-
ing. Their instructions are to collect sam-
ples, track location through GPS, and clean 
their clothes and boots upon their return 
in order to not spread the disease any fur-
ther. The process is made cheery by the col-
orful contents of the collection packets: in-
fected samples are put into pink envelopes, 
healthy trees into white envelopes, and all 
trees are marked by blue ribbons or alumi-
num tags. However, before the leaves can 
be taken back to UC Berkeley for further 
testing, a careful record has to be made of 
the locations of tagged trees. This is made 
easy as the smartphones can act as GPS 
devices. Ideally, volunteers will “pin” their 
location on the phone app that has been 
custom-made for the Blitzes. If they lack 
smartphones, volunteers can guess their 
location in relationship to other markers 
and estimate their GPS coordinates upon 
return.5 It is this freedom that allows vol-
unteers to sample either their neighbor-
hoods or locations they feel could use more 
illumination. 

When they return, UC Berkeley tests 
all samples for SOD, piecing together a 
definite record of the disease across the 
map. This data can be used to identify new 
infestations and determine the intensity 

of known ones. It can illuminate areas at 
risk for the disease to reach, and show if 
attempts to fight it have been fruitful. It 
can even show you how close infected trees 
have come to your favorite coffee shop. 

This year, 504 volunteers surveyed over 
10,000 trees in a total of 19 weekend Blitz-
es. While the infection rate has reached an 
alltime low (3.7%), Garbolleto’s team at-
tributes this to the severity of California’s 
drought.1 The data collected shows that the 
disease continues to spread, breaking out 
of its coastal confines and inching East. 
One new diseased tree was found on UC 
Berkeley’s campus, now closely monitored 
by those closest—physically and academ-
ically—to the disease. However, a better 
understanding of the topographical spread 
of SOD has allowed Garbolleto’s team to 
visualize the disease and release pointed 
recommendations to limit its spread.  

By harnessing the power of the com-
munity, Garbolleto’s team at UC Berkeley 
has mapped out both SOD and a new mod-
el for large scientific undertakings. Against 
an invader as invisible and mysterious as P. 
ramorum, the community becomes a tangi-
ble defender. 

Sophia Emmons-Bell ’18 is a sophomore 
in Eliot House.
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The target is 2030. The Joint United Nations 
Programme on HIV/AIDS (UNAIDS) has 
ambitiously set 2030 as the year by which we 
should achieve the end of the HIV/AIDS epi-
demic, which has claimed the lives of 39 mil-
lion people globally since the first cases were 
reported in 1981.1 This past year, to help drive 
united progress and accountability towards the 
goal, UNAIDS articulated the 90-90-90 targets. 
If these goals are reached by 2020, UNAIDS 
predicts, then the AIDS epidemic could come 
to an end by 2030:

- Goal 1: “By 2020, 90% of all people living with 
HIV will know their HIV status.”
- Goal 2: “By 2020, 90% of all people with di-
agnosed HIV infection will receive sustained 
antiretroviral therapy.”
- Goal 3: “By 2020, 90% of all people receiving 
antiretroviral therapy will have viral suppres-
sion.”2 

These new aims directly emphasize the im-
portance of maintaining the HIV treatment 
cascade while scaling up treatment programs. 
In the past, programmatic success was mea-
sured by the number of those on treatment; 
the 2011 High-Level Meeting on AIDS, for ex-
ample, set a goal of reaching 15 million people 
on treatment by 2015, which has since been 
reached.1,2 While the numbers certainly pro-
vide an essential indicator of progress, the new 
UNAIDS goals add an extra dimension: focus-
ing on maintaining quality of treatment while 
expanding programs. Indeed, infectious dis-
ease specialist Dr. Edward Gardner and collab-
orators observed in 2011 that “to fully benefit 
from potent combination antiretroviral ther-
apy, [infected individuals] need to know that 
they are HIV infected, be engaged in regular 

HIV care, and receive and adhere to effective 
antiretroviral therapy.”3

Approximately 36.9 million people are liv-
ing with HIV, of which 25.8 million (~70%) 
live in sub-Saharan Africa.1 Though some 
countries are nearing 90-90-90 (e.g. Rwanda, 
Botswana), most of the region is lagging be-
hind: 45% of those with HIV in sub-Saharan 
Africa know their status, 39% with diagnosed 
infection are receiving antiretroviral therapy 
(ART), and 29% of those on ART have sup-
pressed viral load.2 A variety of obstacles hin-
der maximal treatment engagement (e.g. insuf-
ficient infrastructure). Furthermore, certain 
key populations, burdened by the persistence 
of stigma and discrimination, often institution-
alized in national laws (e.g. criminalization of 
same-sex relations, sex work, and drug use), 
still experience inadequate access to care. The 
UNAIDS targets emphasize equity and speed: 
all communities must have equal access to 
comprehensive treatment, and infection must 
be recognized and treated early if the goals are 
to be met by 2030.3

To achieve 90-90-90, the HIV/AIDS com-
munity has rallied around the strategy “treat-
ment as prevention” (TasP). In 2011, the 052 
clinical trial conducted by the HIV Prevention 
Trials Network (HPTN) published break-
through results, revealing that putting an 
HIV-infected individual on ART early reduced 
the risk of heterosexual viral transmission to 
the individual’s uninfected partner by 96%.5 
Treatment hits two birds with one stone; it 
suppresses viral replication to “undetectable” 
levels, which thwarts disease progression and 
reduces the probability of viral transmission 
to a new host. As Professor Max Essex, Mary 
Woodward Lasker Professor of Health Sciences 
and head of the Harvard T.H. Chan School of 
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Public Health AIDS Initiative, says, “People 
without high viral load don’t transmit.”4 The 
idea that treatment could stop heterosexual 
transmission was originally disparaged. A 
2008 statement submitted by the Swiss Fed-
eral Commission for HIV/AIDS described it 
as “appalling,” “inconclusive,” and “danger-
ous.”5 The results of HPTN 052 are indeed 
revolutionary. As UNAIDS Executive Direc-
tor Michel Sidibé commented in 2011, “This 
breakthrough is a serious game changer and 
will drive the prevention revolution forward. 
It makes HIV treatment a new priority pre-
vention option.”6 

Working to test the TasP strategy at the 
national level, Essex is working with part-
ners from the Harvard T.H. Chan School 
of Public Health, the Botswana Ministry of 
Health, the Botswana-Harvard AIDS Insti-
tute Partnership, and the U.S. Centers for 
Disease Control and Prevention to lead an 
enormous trial in Botswana called the Bo-
tswana Combination Prevention Project 
(BCPP). Appropriately, in Setswana, the 
language of Botswana, the trial is called Ya 
Tsie, which means “Teamwork bears more 
fruit than individual efforts.” The study tests 
the effects of combining and strengthening 
traditional treatment strategies, such as in-
home counseling and testing, mother-to-
child interventions, and voluntary circumci-
sion of infected men. 

One major innovation in this trial is 
targeting interventions to individuals with 
high viral load but with CD4+ T-helper cell 
counts above the level for treatment eligibil-
ity. HIV destructively weakens the immune 
system by targeting and destroying the 
CD4+ cells, which are a type of white blood 
cell that coordinates the immune system re-
sponse to foreign invaders. Thus, the CD4 
count (cells per volume) is a strong indicator 
of disease stage, and the World Health Or-
ganization has long based its treatment eli-
gibility criteria around this count. Yet there 
is a drawback: CD4 count does not directly 
indicate an individual’s infectivity. Indeed, 
individuals with relatively high CD4 counts 
may actually harbor high levels of virus. 

Since decreasing infectivity is a key goal of 
TasP, and a high viral load may portend a 
more rapid progression to AIDS, BCPP is 
testing the use of viral load—not necessar-
ily CD4 count—as the primary indicator of 
when to initiate treatment. Early initiation 
of treatment based on viral load levels will 
benefit the infected individual and prevent 
transmission. 

Another central innovation is genetical-
ly evaluating transmission networks. HIV’s 
strongest—and most dangerous—asset is its 
ability to copy itself extraordinarily quickly. 
If replication is not controlled, the virus can 
mutate regularly, producing daughter viral 
progenies that vary slightly from their par-
ents. As a result, the more closely two viral 
sequences match each other, the more likely 
is is that they share a recent common host.5 
In addition, unrestricted replication means 
high viral load, which, in turn, increases the 
probability of transmission per sexual act. 
Hence, it is possible to track the spread of 
the virus—and use this information to de-
sign appropriate and effective strategies to 
block it—a technique called phylogenetic 
analysis.5 

Phylogenetic analysis is centered around 
the concept of a “transmission cluster,” 
which is defined as a difference of less than 
1.5% in HIV genomic sequences found in 
two or more individuals.7 While not neces-
sarily proving that one person infected the 
other, one can conclude that the sequences 
are closely linked evolutionarily.5 Further-
more, researchers can estimate the time 
of transmission because of HIV’s constant 
mutation rate. Researchers can then create 
transmission maps that depict not only the 
direction of spread but also the speed.5

The Ya Tsie trial includes fifteen pairs of 
neighboring villages—one in a pair will re-
ceive the TasP intervention, while the other 
will continue receiving the standard of care 
(with improvements in medical logistics and 
equipment). Researchers hope to genetically 
track the virus to determine the transmis-
sion network: whether certain viral strains 
are circulating within communities or being 
transported across villages. Determining 
the direction and extent of transmission can 
hence be a key marker in evaluating whether 
the TasP intervention was successful or not.4 

This comprehensive trial is the result 
of years of planning and refining statisti-
cal algorithms to aid in analysis. There are 
still challenges to overcome—especially in 
ensuring the sampling density (number of 
samples per community) is high enough 
to provide a representative depiction of the 
HIV transmission network. Indeed, certain 
key populations could be disproportionately 

represented.4 
Results of the Ya Tsie trial will provide 

further evidence either in support of or 
against TasP as an effective treatment strat-
egy to combat the HIV/AIDS pandemic. 
Approximately 2 million people were newly 
infected with HIV in 2014.1 We must end 
transmission and close the gaps in care— 
expanding treatment programs to reach 
certain key populations. As Michel Sidibé 
says, “Never has it been more important to 
focus on location and population—to be at 
the right place for the right people.”8 If TasP 
proves a valuable and cost-effective tool to 
combat the spread of HIV—and becomes 
included in national HIV/AIDS treatment 
programs—we may be one step closer to 
achieving the bold UNAIDS goals of ending 
the epidemic by 2030.

Elliot Eton ‘19 is a freshman in Apley Court.
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By the beginning of the 19th century, tuber-
culosis (TB) had killed one in seven people 
who ever lived.1 The disease is caused by a 

bacterium called Mycobacterium tuberculosis, which is 
spread through the air from one person to another. 
While not every single person infected by the bacte-
rium contracts the disease, people with a weakened 
immune system have a significantly heightened risk. 
In those infected, TB mainly attacks the lungs, caus-
ing fatigue, weight loss, the coughing up of blood 
and, ultimately, death if left untreated.2 Once a com-
mon killer in the United States with no known cure, 
the disease is now thought to be completely eradi-
cated by many Americans. 

The first case of TB was reported in 1768 by the 
Encyclopedia Britannica, describing TB as a disease 
that consumes the lungs. This caused the infec-
tion to be commonly referred to as “consumption.” 
Throughout the 19th and early 20th centuries, TB 
was responsible for one quarter of the deaths in 
Europe.3 The first successful vaccine emerged in 
1921, when French bacteriologists Albert Calmette 
and Camille Guérin used a strain of live, attenuat-
ed M. tuberculosis to develop the Bacillus Calmette–
Guérin (BCG) vaccine.3 A second successful vaccine 
emerged in 1943, when microbiologist Selman A. 
Wakman witnessed the destruction of the TB bac-
terium by a separate strain of bacterium named 
streptomycin.1 These two drugs were administered 
nationwide in the mid 20th century, significantly 
abating the epidemic. Combined with other novel 
antibiotics, these treatments proved to be so effec-
tive that by 1968, the number of TB cases halved 
since 15 years earlier in 1953. Health officials in the 
US declared TB to be on the verge of complete erad-
ication.1

So why does TB remain a global threat in the 
21st century? Despite previous success in curing the 
disease, the World Health Organization (WHO) de-
clared TB a global emergency in 1993, with 8 to 10 
million cases being reported each year.4 Particularly 
in Africa, a large contributor to the resurgence of 
TB was the emergence of the human immunodefi-
ciency virus (HIV), which leads to the progressive 
failure of the immune system. A weakened immune 
system greatly increases an individual’s susceptibil-
ity to M. tuberculosis infection. Poverty and lack of 
access to basic resources also promote low immu-
nity in populations, which explains the prevalence 
of TB in developing nations.4 While successful vac-
cines have been propagated worldwide, the course 
of treatment is long and costly. Vaccines such as 

BCG only assure protection for 10-20, creating the 
possibility of reinfection.4 Further, the rise of drug 
resistant strands of TB has diminished the efficacy 
of existing vaccines. Random mutations in the M. 
tuberculosis genome have allowed the bacterium to 
develop increased virulence and ability to withstand 
treatment with antituberculosis drugs. In particular, 
lineages derived from the Beijing genotype of M. tu-
berculosis, which is characterized by 53 different mu-
tations largely traced to the regulatory region of the 
genome, have been associated with the multi-drug 
resistant strain of TB throughout Asia, Europe, and 
Africa.5

Declining rates of TB in the US over the past few 
decades have decreased national awareness of the 
global epidemic.6 Current efforts to eradicate the 
disease focus on optimizing screening and treat-
ment in high-risk groups, and on investing in new 
research and tools, particularly to target multi-drug 
resistant TB strains. Future efforts to eradicate TB 
must also address the causes behind higher suscepti-
bility in certain populations, such as the prevalence 
of HIV.   

Jacqueline Epstein ’18 is a sophomore in Leverett 
House.
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BIO-INSPIRED SLIPPERY SURFACE 
TECHNOLOGY REPELS FOULING AGENTS
BY	SERENA	BLACKLOW
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A start-up launched late in 2014 
from our own Wyss Institute 

for Biologically Inspired Engineer-
ing is working to commercialize 
‘SLIPS’ technology. SLIPS Technol-
ogies’ mission is to customize su-
per-repellent surfaces for whatever 
application under demand. 

Slippery lubricant-infused 
porous surfaces (SLIPS) can be 
formulated to repel water, bacte-
ria, and oil, among other “fouling 
agents”. They can prevent biofilm 
formation, reduce ice accumu-
lation, and increase flow rates 
through tubing.1 Thus SLIPS can 
be applied to medical devices, such 
as catheters, outdoor heating in-
stallations subject to cold weather 
environments, and pipelines that 
transport fluids such as mud, ce-
ment, and oil. SLIPS Technologies 
works on translating a laboratory 
engineering development into a 
method for commercial use.

First inspired by the lotus leaf, 
Harvard Professor Joanna Aizen-
berg and her team sought to em-
ulate the leaf ’s superhydrophobic 
(water repellent) surface to create 
a novel liquid and ice-repellent 
surface. The idea behind these 
surfaces is to maintain the largest 
contact angle possible between the 
droplet and the surface it contacts. 
The more preserved the droplet 
structure after it hits the surface, 
the more easily the droplet will 
slide off. 

The first surfaces created in the 
lab were micro- and nano-struc-
tured, so they relied on these small 
structures to prevent water drop-
lets from breaking their shape and 
spreading over the surface upon 
contact. In high humidity condi-
tions, however, water and ice crys-
tals would accumulate in the air 
pockets between the micro- and 
nano-structures, and the surface 
would lose its superhydrophobic 
ability. 

Currently, fabrication of SLIPS 
uses an additional liquid lubricant 
that is immiscible (does not mix) 
with the fluid it repels; this addition 
to the original structured surfaces 
eliminates the problems associated 
with high humidity conditions as 
long as there is lubricant infused in 
the surface because there are no air 
pockets in which that water or ice 
could accumulate. More specifical-
ly, there are two main approaches 
to manufacturing SLIPS:
1. Lubricant-coated nanostruc-

tured surface 
2. Lubricant-infused polymer 

surface
The lubricant-coated nano-

structured surfaces have been 
created with aluminum and a 
perfluorinated lubricant and have 
displayed anti-icing promise.2 This 
system can be applied to many 
surfaces, but one drawback is the 
depletion of lubricant leading to 
failure of the system again under 

high humidity conditions. The 
second approach aims to solve this 
problem by incorporating a vascu-
lar system that can replenish lubri-
cant at the surface as it is depleted.3 
This system, however, is a silicone 
oil-infused polymer-based system 
so it requires applying the addi-
tional layer of polymer to the sur-
face of interest. Some combination 
of these approaches could be the 
next step towards creating a more 
robust superhydrophobic surface.

A superhydrophobic surface is 
just one example of a bio-inspired 
material. Hopefully, innovations 
around this technology will extend 
beyond nature’s ability so a dura-
ble superhydrophobic surface can 
revolutionize the anti-fouling and 
anti-ice industries.

Serena Blacklow ’17 is a junior in 
Leverett House, concentrating in 
Engineering Sciences. 
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YOU VS. YOUR GROCERY
NO CHOLESTEROL! ZERO TRANS 
FAT! ALL NATURAL!
Hundreds of labels bombard consumers in the grocery store, 
vying for their wallets and claiming to offer health benefits. It 
would take only a quick glimpse to notice recurring slogans, 
many of which use terminology unfamiliar to the general 
public. The “Gluten-free!” sign may indicate that the food is 
healthy, but how exactly does a gluten-free product help you? 
Hopefully, these short explanations can help you defend your-
self from the myriad of advertisement labels.

BY JEONGMIN LEE
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EITHER OR-GANIC
“100% organic” and “all natural” labels 

flood the grocery store to the point where 
buying anything inorganic feels guilty. “Or-
ganic” usually refers to the environmentally 
friendly methods of growing food such as 
reducing water, land usage, and pollution 
emissions. Smaller companies have slightly 
more liberty in using the “organic” banner, 
but for most products certified by the U.S. 
Department of Agriculture (USDA), an 
organic product implies the use of no pre-
servatives, no artificial flavoring, and no ar-
tificial coloring.1 Although “100% organic” 
is truthful to its name, the names “organic” 
and “made with organic ingredients” sug-
gest that only 95% and 70% of the product is 
organic respectively.2 An “all natural” label is 
an even looser term as it only deals with how 
the food was processed. There are almost 
no formal requirements in using that term. 
Overall, buying organic means supporting 
eco-friendly practices, not procuring health 
benefits. 

CHO-LESS-TEROL
First of all, every cell in your body con-

tains and uses cholesterol, a waxy substance 
produced by animals to make hormones. 
A possible reason for cholesterol’s negative 
reputation is that humans can manage and 
produce enough cholesterol without supple-
ments. Thus, additional intake is considered 
a surplus, which is known to lead to clogged 
blood vessels. But not all cholesterol leads 
to high blood pressure and strokes; a more 
detailed classification of cholesterol involves 
the process of lipoproteins, globules in the 
bloodstream that carry fats that come in two 
variations, low-density lipoproteins (LDL) 
and high-density lipoproteins (HDL).3 
These two types are respectively deemed 
“bad” and “good” cholesterol by the media 
because LDL cholesterol can get caught in 
arteries, leading to a buildup that restricts 
the blood flow while HDL cholesterol ef-
fectively delivers unused cholesterol to be 
properly disposed by the liver.4

So how are these products misleading? 
One example are carrot packages that have 
large “no cholesterol” signs. Although it is 
true that carrots do not have cholesterol, 
only animals produce cholesterol. Unless 
those carrots are made out of meat, any plant 
product should be assumed to have no cho-
lesterol. Additionally, HDL cholesterol actu-
ally aids the body. In a diet, levels of LDL 
and HDL cholesterol are dependent on the 
type of fat that is consumed. Trans fat and 
saturated fat lead to more LDL cholesterol 
while unsaturated and polyunsaturated fat 
aids HDL cholesterol to be more functional.

ANTIOXIDO’S OR 
ANTIOXIDON’TS?

Among the various labels “superfoods” 
flaunt, one of them usually includes the 
abundance of antioxidants. Our body natu-
rally produces a harmful set of toxins called 
Reactive Oxygen Species (ROS); howev-
er, the body detoxifies ROS through anti-
oxidant enzymes. ROS damages proteins 
and cell membranes severely, and without 
enough antioxidants, the concentration of 
ROS would be significant enough to cause 
health problems such as heart disease.5 There 
are many types of antioxidants because once 
an antioxidant detoxifies an ROS, it forms 
another harmful byproduct, a free radical, 
where another kind of antioxidant molecule 
must alleviate.6 Thus, a singular type of anti-
oxidant would not help as much as a variety 
of them working in tandem, and a variety 
can be achieved with a regular healthy diet.7

Antioxidants are certainly worthy to be 
commercially displayed, and buying food 
with antioxidants will be beneficial to your 
health. Just remember not to rely just on 
blueberries to give all the necessary antiox-
idants. Rather, a nutritious variety of fruits 
and vegetables will be best even if most are 
not considered “superfoods.”8 Even pro-
claimed “superfoods” require continuous 
consumption to maintain their benefits be-
cause no matter how high the percentage of 
nutrients they have, researchers believe that 
their effects are short-termed. 

VITAMIN, SEE?
Multivitamins and dietary supplements- 

what can be easier than taking a pill with all 
the nutrients you need? The nutrition labels 
proudly state that the daily value of various 
vitamins and supplements are met or even 
exceeded with one serving. While vitamins 
all have different functions, most have to do 
with boosting your immune system.9 On 
a multivitamin label, you can usually see a 
nearly complete set of vitamins, but not all 
vitamins can be absorbed by the body in 
the same way. Specifically, vitamins A, D, E, 
and K are considered to be fat-soluble which 
means they need fat or oil to allow our body 
to absorb those vitamins. Therefore, without 
proper consumption, these vitamins can 
simply pass through the body without deliv-
ering a significant health benefit in contrast 
to how fat-soluble vitamins which have the 
ability to be stored in the body’s tissues. This 
brings up the fact that the other vitamins, 
which are considered to be water-soluble, 
can be utilized easily by the body, but any 
surplus of water-soluble vitamins will be 
excreted.10 This means that any of the 100% 

daily value of vitamins from the supplement 
that cannot be processed in one take will not 
be as beneficial as taking that amount slowly 
throughout the course of the day. Interest-
ingly, vitamin supplements, especially those 
for vitamins A, C, and E, have no studies 
that prove their effectiveness in lowering 
cholesterol or reducing blood pressure.11 

Taking multivitamins may not be as ben-
eficial as they appear to be. Most of the vi-
tamins could not be retained by your body 
by one tablet. While taking supplements can 
certainly help, especially when your usual 
diet does not reach recommended daily val-
ues, a healthy variety of food in your meals 
will ensure your health the most.

AS A MATTER OF FAT
Trans, saturated, unsaturated, and poly-

unsaturated: these categories of fats can be 
found on nutrition fact labels. Saturated fat 
refers to natural but harmful fat that can in-
crease your risk of heart disease. Trans-fat 
is even more detrimental to your body as it 
is usually artificially made with partially hy-
drogenated oils. Unsaturated and poly-un-
saturated fats have slightly different molec-
ular structures compared to saturated fat 
with small bends that make them effective at 
lowering heart disease risk.3

Popular media is becoming more aware 
of distinguishing between these types. Note 
that there are a few caveats. For example, 
having no saturated fat is very difficult es-
pecially in meat because most red meat 
contains naturally formed saturated fat. Be 
wary of your saturated fat intake, and when 
you see unsaturated or polyunsaturated fats, 
remember that they actually help you. Plus, 
always remember to be thorough when 
reading through the nutrition facts of prod-
ucts that advertise low saturated fats or high 
unsaturated fats just to make sure the labels 
are not concealing an unhealthier aspect of 
the product.

GUT INSTINCT
Probiotics by definition increase the pro-

duction of certain microorganisms in order 
to kill others. These bacteria produce acids 
that will lower the pH of your digestive sys-
tem, eliminating many harmful microor-
ganisms and pathogens. With this method, 
probiotics can aid in decreasing the risk of 
diseases caused by pathogens or even the 
risk of cancer.5

When a product claims to have probiotic 
bacteria, the benefits stated are usually true. 
In fact, foods such as yogurt were known to 
have health benefits and were made since 
ancient times. Similar to the previous ad-
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vice, even when you find a product with 
probiotics, check the nutrition facts. In 
some cases, there is a high amount of sugar 
or sodium that might cause other health 
issues.

GLUTEN FEES
Gluten is a protein that can be found 

is several types of grain, and gluten-free 
products are made for people who have 
gluten allergies. Those who severely react 
to it are known to have celiac disease where 
gluten blocks the body from absorbing nu-
trients properly, and some people without 
the allergy still exhibit minor symptoms 
from gluten. Unfortunately, gluten is 
present in a variety of products as it can 
be found in “frozen vegetables in sauces, 
soy sauce, some foods made with “natural 
flavorings,” vitamin and mineral supple-
ments, some medications, and even tooth-
paste.”12 In recent years, even more people 
buy gluten-free food due to a diet plan.

A gluten-free diet exists, but it is usu-
ally meant for people with celiac disease 
as they are forced to follow that meal 
plan. For those who voluntarily follow a 
gluten-free diet, there are no studies that 
prove the existence of health benefits 
caused by the lack of gluten. As a matter 
of fact, most gluten-free products end up 
being more expensive. As with many pop-
ular diets, a voluntary gluten-free diet does 
not specifically aid you to have a healthier 
body. Rather, it may give you an emptier 
wallet.

SHORT AND SWEET
Of course, sugar is an essential to your 

diet; however, too much sugar is not a 
good thing, and you can easily exceed 
the recommended amount. Even nutri-
tious nourishments such as fruits contain 
a significant amount of sugar, specifically 
fructose which is the same sugar used in 
most processed foods under the name 
“high fructose corn syrup.” According to 
the Childhood Obesity Research Center 
at the University of Southern Califor-
nia, there is a “growing body of evidence 
suggesting fructose is a riskier substance 
than glucose.”13 With these studies, apple 
juice can end up being unhealthy as coke, 
at least in respect to the fructose content. 
The problem with reading nutrition labels 
is that the grams of sugar does not discern 
between the types of sugar, so aim to lower 
your sugar intake.

SODIUM A-SALT
Like sugar, sodium is part of a nutri-

tious diet, but should be limited. High 
amounts of sodium can lead to “high 
blood pressure, heart attack, stroke [and] 
can also lead to heart failure.”14 When a 
product does claim to have low amounts of 
sodium, their claim usually has no tricks. 
In order to find food with low sodium con-
tent, always check the labels, and if you are 
buying produce or meat, choosing a fresh 
variety will most likely have a lower sodi-
um concentration.15 

A balanced meal is the safest way to 
maintain a healthy diet, and all grocery ad-
vertisers try to appear as a part of that nu-
tritious routine. The consumer, on the oth-
er hand, must peruse through unfamiliar 
vocabulary, treading through the traps set 
up by corporate advertising teams. Even 
with the knowledge of these definitions, 
you must remember to be attentive. For 
example, “zero fat” may only refer to trans-
fat and “all natural” may not be “natural” 
at all. In fact, many healthy labels might 
be concealing a high concentration of sug-
ar or saturated fat only seen by a thin line 
in the nutrition facts. Certain terms such 
as “all natural” or “vitamins” are popular 
and have an appealing connotation, but do 
not be deceived as some of these benefits 
might not be as beneficial as they claim to 
be. Food companies utilize as many mar-
keting strategies as they can to attract the 
consumer with extraneous labels. As a 
consumer, you need to navigate through 
the aisles of advertisements. Keep your 
eyes open and be smart in your choices 
because the right steps can lead you to a 
healthy lifestyle.

Jeongmin Lee ‘19 is a freshman in Hollis 
Hall.
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Pathogenic viruses and bacteria 
routinely invade the human body. 
But so do curative treatments ranging 
from drugs to surgery. In a society in 
which invasion connotes violence 
and injury, many people avoid ac-
knowledging the intrusive nature of 
medicine. Awareness is important; it 
encourages the development of less 
invasive yet equally effective proce-
dures. Such has characterized cardiac 
surgery’s rapid advances in treating 
coronary artery disease (CAD), the 
leading cause of death worldwide.1 
As cardiologists and cardiac surgeons 
explore new options, they seek the 
right balance between invasiveness 
and effectiveness.

CAD is the narrowing of the 
coronary arteries most often due to 
cholesterol-rich plaque accumulat-
ing along artery walls. The narrow-
ing limits the amount of blood and 
nutrients the heart receives. A heart 
attack occurs when a coronary artery 
is completely blocked and the depen-
dent heart muscle dies. While admin-
istering drugs such as nitroglycerin 
(which dilates blood vessels) and 
beta-blockers (which reduce blood 
pressure) constitutes the least intru-
sive treatment, drugs are not suffi-
cient in many cases of CAD.2

Percutaneous coronary interven-
tion (PCI), which includes stenting, 
represents the next level of inva-
siveness. It was first performed in 
1977.3 Not technically surgery, PCI 
involves threading a long thin cath-
eter through blood vessels to reach 
the afflicted, plaque-laden location. 
The cardiologist inflates a balloon to 
widen the artery and then reinforces 
the artery with a tubular stent. PCI 
remains as an appealing, minimally 
invasive solution when only one or 
two blood vessels need attention. Be-
yond that, however, it is not nearly as 
effective as the open-heart procedure 
developed over a decade earlier.4

1962 marked the invention of 
coronary artery bypass graft (CABG) 
surgery, the gold standard for CAD 
treatment to this day.1 In this most 
invasive procedure, the surgeon har-
vests a nonessential artery or vein 
from the patient and joins one end of 
that vessel to the aorta and the other 
end to the afflicted coronary artery 
just below the blockage. CABG re-
quires a doctor to saw open the ster-
num, temporarily stop the heart, and 
pump and oxygenate blood through 
an external machine. This process is 
risky and traumatic to the body; how-
ever, for severe cases of the disease, 
graft surgery leads to higher long-
term survival rates than does regular 
stenting.4

Improvements in CAD treatment 
have tended to be variations on PCI 
and CABG. To address the reclog-
ging of stented arteries in up to 30% 
of PCI cases, scientists created a va-
riety of drug-eluting stents (DES) in 
which cells cannot grow.5 Yet DES 
often still require reintervention. On 
the other hand, advancements in 
surgical technique have yielded less 
invasive forms of CABG that can be 
performed on beating hearts, require 
only small incisions, and can be ex-
ecuted by robotic arms. Such tech-
niques are significantly less invasive 
and promote faster recovery than 
traditional CABG while retaining the 
safety and efficacy of the approach.1

At the current frontier of CAD 
surgery lies hybrid coronary revascu-
larization (HCR). Although this pro-
cedure was first performed in 1996, 
its use has increased only recently. 
HCR is novel in that both PCI and 
CABG are done as a single treatment. 
The rationale is to combine the ben-
efits from both procedures, namely 
CABG’s superiority when treating 
the main coronary artery and PCI’s 
effectiveness at treating smaller ar-
teries that branch off from the main 

artery.1 HCR has preliminarily been 
shown to be at least as safe and effec-
tive as conventional CABG—perhaps 
even leading to a faster recovery. To 
make conclusive evaluations, howev-
er, more studies comparing HCR with 
existing procedures are required.1, 6, 7

The surgical treatment of CAD 
is especially exciting because it is in 
a stage of refinement. Physicians are 
striving to retain the benefits of inva-
sive bypass surgery while minimizing 
the side effects of large incisions and 
cardiac arrest. Physical invasion of 
the body remains necessary for the 
foreseeable future. However, as re-
searchers weigh the effectiveness and 
invasiveness of different treatment 
options, heart doctors will be able to 
personalize care based on the unique 
aspects of each individual.

Hanson Tam ’19 is a freshman in 
Matthews Hall.
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 the SIMPLE	SCIENCEof a 
GRANDIOSE	MIND

If asked the question: what is the sim-
ilarity between Adolf Hitler and the 
modern selfie taker, would you be able 

to respond? Certainly, only one of them is 
responsible for an aggressive regime that 
claimed the lives of millions. While they 
may seem worlds apart, these two person-
alities do share something in common—an 
obsession with themselves. The term ‘nar-
cissist’ has been loosely used and overused 
in pop-culture to describe those who only 
care about themselves, who are overly and 

overtly concerned about their own appear-
ance, wealth and social status. Especially 
in the western individualistic culture, be-
ing a narcissist is frequently considered a 
lifestyle choice, one adorned with vibrant 
images of assertiveness, self-confidence 
and success. Perhaps this social tendency 
has, in the eyes of many people, framed 
narcissism more as a cultural phenomenon 
than a pathology. Still, the psychiatric so-
ciety of today recognizes the existence of a 
narcissistic personality disorder, a psycho-

pathological state that manifests itself in 
many ways beyond the obvious display of 
grandiose self-love. In response, research-
ers are becoming increasingly interested in 
mapping the neurobiological and genetic 
sources of this disorder. Although the ex-
istent empirical evidence on narcissistic 
personality disorder is rather scarce, there 
have been some significant findings that 
are beginning to help us grasp the science 
behind this curious illness.

by Kristina Madjoska
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FROM MYTH TO MEDICAL 
FACT

The history of diagnosis of narcis-
sistic personality disorder (NPD) goes 
far back to ancient Greece. The ancient 
Greeks used the term hubris to describe 
excessive haughtiness, arrogance and 
pride. Interestingly, the concept of hubris 
was vital to many narratives of Greek 
mythology, usually to capture the mis-
fortune that ensues the vain hero. Many 
centuries later, the famous psychoanalyst 
Freud described narcissism as a magni-
fied and extreme display of otherwise 
normal feelings of “self-love” and “li-
bidinal self-nourishment”.1 Subsequent 
psychoanalysts built from Freud’s ideas 
on narcissism and the ego and recog-
nized the degree of abnormality and the 
nature of the symptoms that character-
ize pathological narcissists. In 1980, the 
third edition of the acclaimed Diagnostic 
and Statistical Manual of  Psychiatry es-
tablished narcissism as a distinct type of 
personality disorder and outlined cri-
teria for its diagnosis. Nowadays, these 
criteria have been revised as part of the 
newly published DSM-V.2 Accordingly, 
the personality disorder is placed in the 
Cluster B category, a group of personal-
ity disorders that is generally identified 
by problems with emotional regulation, 
lack of impulse control and decreased 
ability for social bonding. In fact, all 
four personality disorders that belong to 
this group—borderline, histrionic, anti-
social and narcissistic—are moderately 
to highly comorbid3; that is, they tend to 
occur and be diagnosed simultaneously. 

BECOMING A NARCISSIST
There are certain symptoms of NPD 

that distinguish it from the other Clus-
ter B subtypes. Thus, a diagnosed nar-
cissist would pervasively feel grandiose, 
unique and chosen. Time and again, he 
would fantasize about unlimited suc-
cess, power, beauty and influence. In the 
pursuit of those goals, a narcissist would 
exploit and manipulate others without 
fretting about their personal well-being. 
Yet, a narcissist is far from dismissive of 
others when it comes to appraisal of his 
own self-worth—it is absolutely essen-
tial to him that others enthusiastically 
affirm his highly idealized self-image. 

In those displeasing moments when a 
narcissist does not get the needed affir-
mation from others, he is bound to ex-
perience a severe drop in his self-esteem. 
Even though there is a certain variance 
between the character and intensity of 
symptoms among diagnosed patients, 

there is a general consensus as to what 
qualities the personality disorder entails. 

In discussing the possible biological 
bases for the occurrence of these symp-
toms, it is important to note that the dis-
order is not due to the presence of a for-
eign substance in the body. Rather, the 
biological basis of its symptoms is found 
in the imbalance of neurochemistry 
and brain anatomy that manifests into 
the generation of extreme thoughts and 
behaviors which are otherwise normal 
among the general population. Because 
there is no clear cut line that distinguish-
es NPD and non-NPD, psychologists 
and psychiatrists have recently tried to 
portray it as a spectrum or a range, rath-
er than strictly delineated categories. 
Recently, researchers have been able to 
produce evidence for the neurobiologi-
cal foundations of the disorder, partic-
ularly in the realm of social interaction. 
There is now significant insight into the 
diminished brain structures responsible 
for some of the symptoms that NPD pa-
tients experience. 

SOME MEN DO FEEL LIKE 
ISLANDS

In a normal human brain, there are 
special neural circuits that are respon-
sible for empathy, the ability to under-
stand and share the feelings of another.4 
There are two parallel brain systems re-
sponsible for the feeling of two different 
kinds of empathy. The first type of empa-
thy involves feeling others’ feelings as if 
they were one’s own. It is felt due to the 
simulation system, located in the insu-
lar cortex of the brain.5 According to re-
search,5 the brains of people that have a 

normally functioning insular cortex fire 
the same neural circuits both when they 
themselves feel pain and when someone 
close to them feels it. The healthy insu-
lar cortical region makes people able 
to effectively respond to other people’s 
emotional experiences. The second type 
of empathy is often referred to as cog-
nitive empathy, or the ‘theory of mind’ 
—the abstract understanding that oth-
er people have their own feelings and 
thoughts and experience the world dif-
ferently.5 Several other cortical regions 
of the brain are responsible for this type 
of empathy. 

In one study conducted by the Ger-
man research university Humboldt in 
Berlin,6 patients diagnosed with NPD 
were studied through self-reported and 
experimental methods for their ability to 
experience empathy. The study’s findings 
supported the theory that narcissists ex-
hibit little to no responsiveness to other 
people’s feelings, which is to say that they 
have a dysfunctional emotional simula-
tion system. However, they do show a 
great capacity to cognitively recognize 
other people’s emotions, which may be 
the reason why narcissists are very suc-
cessful at exploiting and manipulating 
others around them for their own per-
sonal gains. In another study conduct-
ed by the same researchers,6 the same 
patients were subjected to brain imag-
ing scans. The results showed that, in 
comparison to non-NPD patients, those 
who were diagnosed with the disorder 
had a statistically significant decrease in 
grey-matter volume in the left anterior 
insula, the part of the brain related to the 
simulation system. Moreover, addition-
al results from the same study showed a 
reduction in the gray matter volume of 
two other significant parts of the brain: 
the cingulate insular cortex system and 
parts of the prefrontal cortex. The for-
mer part of the brain is related to de-
cision making in a social context (that 
is, thought about how one’s decisions 
affect others) as well as the pain simula-
tion system. The latter part is related to 
the ability for self-reflection in terms of 
emotional experience, which has a posi-
tive correlation with the ability to empa-
thize with others and understand their 
own emotional experience. In lacking 
of empathy, a vital capacity for social 

“The	study’s	findings	
supported	the	theory	that	

narcissists	exhibit little to no 
responsiveness	to	

other	people’s	feelings...”
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bonding, a narcissist tends to form shallow 
and unfulfilling relationships. Ultimately, 
a narcissist who cannot bond with others 
around forms an instrumental relationship 
with them—they themselves are necessary 
tools for a path to glory, and their compli-
ments and praise are necessary for the con-
tinuity of a grandiose self-image.

BEHIND THE MASK OF 
CONFIDENCE 

Although on the surface a narcissist 
seems to be an invincibly confident person, 
feelings of deep shame and low self-esteem 
in response to social disapproval are at the 
core of NPD. One study tested the relative 
shame-proneness of NPD patients com-
pared to healthy participants through a 
standardized testing procedure measuring 
strength of reaction to shame-provoking 
stimuli.7 The study showed that, in com-
parison to the control healthy participants, 
the NPD patients were significantly more 
shame-prone and had stronger reactions 
to the shame-provoking stimuli. In such 
a setting where shame is invoked, narcis-
sists tend turn intensely angry. Undoubt-
edly, this occurs because they are funda-
mentally unable to reconcile the highly 
idealized sense of self they are trying to 
maintain and the diminished sense of self 
that occurs when they receive negative so-
cial feedback. Narcissistic anger has been 
correlated to diminished levels of the neu-
rotransmitter serotonin.8 A neurotrans-
mitter is a molecule that transmits mes-
sages between neuronal cells. In particular, 
serotonin has been linked to the ability for 
emotional regulation, which high-NPD 
patients lack. Because they lack this ability, 
narcissists tend to react more intensely and 
impulsively when they perceive a person or 
an event as a threat.8 Thus, instead of trying 
to induce sympathy, an ashamed narcissist 
would even further alienate others through 
seemingly self-preserving aggression. 

THE CONFUSING GAME GENES 
AND ENVIRONMENT PLAY

In light of all these experimental find-
ings, what seems to befuddle psychiatrists 
is the relationship between genetics and 
environment that is decisive in the de-
velopment of a narcissistic personality. A 
research institute in Norway has recently 

generated three important findings that 
help stretch our understanding of genes 
and their relation to personality disorders.9 
For these purposes, the research studies 
the difference in expression of symptoms 
between monozygotic and dizygotic twins. 
In one of these studies, it was found that 
narcissistic personality disorder has an in-
dex of 24% heritability, a somewhat mod-
erate genetic correlation. A more detailed 
study looked at specific personality traits 
that are characteristic for different cate-
gories of personality disorders; this study 
showed that affective lability (or emotional 
dysregulation) had an overall heritability 
of 45%, whereas narcissism has a 53% her-
itability index. An analysis of these num-
bers suggests that these personality traits 
are, in fact, highly heritable. Perhaps most 
importantly, the third study has brought to 
light the complexity of gene-environment 
interaction through incorporation of epi-
genetics—the study of the modification of 
gene expression rather than change in the 
genetic sequence itself. What epigenetics 
has highlighted in the study of personality 
disorders is that inheritance is non-linear; 
that is, it is not solely a specific gene or the 
environment that determine a personality, 
but rather that the environment can funda-
mentally change how a gene is expressed. 
To illustrate, the novelty-seeking charac-
teristic linked to narcissistic personality 
disorder is correlated to the expression of 
a specific gene only if the child carrying 
that gene was also raised in a hostile en-
vironment where the parents were either 
emotionally involved with the child or 
punished the child for expressing emo-
tions. This developmental condition can 
leave a child ill-equipped to regulate his or 
her own emotional experiences, respond to 
those of others, and to pursue a stable sense 
of self. Although the field of epigenetics is 
still quite new, it may be able to precisely 
capture the intricate connection between 
genes and the environment in the develop-
ment of a narcissistic personality.

HOW AND WHY DO WE THINK 
ABOUT NPD?

Now that we have glanced at the biology 
and genetics of a narcissist, it is important 
to think about the social consequences of 
the disorder. In reality, people tend to have 

little empathy for a narcissist, precisely be-
cause narcissists themselves display arro-
gant and emotionally indifferent behavior. 
However, this isolation renders them even 
less capable of dealing with their pervasive 
and intense emotion in a social environ-
ment, which can possibly lead to destruc-
tive and antisocial behavior. And although 
it may seem as if the greatest threat posed 
by a narcissist to our society may be a figure 
like Kanye West, there is in fact a growing 
body of evidence suggesting that today’s 
extremist religious leaders and individual 
terrorist attackers could also be sufferers 
of the maladapted sense of grandiosity and 
of the lack of empathy characteristic of a 
narcissistic personality. By all means, un-
derstanding this illness can help us better 
respond to the needs of both sufferers and 
those close to them, as well as tackle the 
threats it may pose to a wider social scene.

Kristina Madjoska ‘19 is a freshman in 
Hollis Hall.
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What do shoulder shrugs 
or crossed arms really 
communicate? Kine-

sics, or the systemic study of body 
behavioral communication,1 is a 
relatively new subsection in the 
study of language. More specifi-
cally, kinesics describes the impor-
tance of body motion behavior in 
social communication—it is the 
study of communication through 
“silent” language. Facial expres-
sions, posture, hand motions, and 
gestures are some examples of 
body behavior mannerisms that 
are included in kinesics. In this 
field of study, the body is viewed 
as an instrument of adaptive be-
havior. Adaptive behavior is the 
collection of conceptual, social, 
and practical skills that all people 
learn in order to function in their 
daily lives.2 The collective analysis 
of these adaptations creates a so-
cial personality, which is a tempe-
ro-spacial system because it is de-
pendent on both time and space. 
All behaviors evinced by any such 
system are components of the sys-
tem, and they act both dependent-
ly and independently of each oth-
er.3 Often, the social personality 
communicates vital information 
that is not verbally acknowledged; 
in effect, body behavior can entire-
ly change the meaning of a sen-
tence. For example, crossed arms 
relate a tone of defense, and vary-
ing degrees of eyebrow lifts can 
communicate incredulity.

Charles Darwin is often accred-
ited as the father of modern com-

municative studies of body motion 
from his Expression of  the Emotions 
in Man and Animals (1872).1 In his 
early yet comprehensive study of 
facial expressions and the effects 
of emotion on body language, he 
recorded some of the first written 
research on kinesics. Since then, 
the field of kinesics has consider-
ably developed with new asser-
tions and research findings. For 
example, in 1921, researcher Wil-
hem Wundt conceived a universal 
language of gestural communica-
tion, and in 1947, anthropologist 
Ray L. Birdwhistell published his 
first work, Introduction to Kinesics. 
As a result, terminology such as 
kine, the smallest identifiable unit 
of a stream of body units, a type 
of body behavior measurement, 
and kineme, a group of movements 
that may be used interchangeably 
without affecting social meaning,4 
is used to formalize research find-
ings.

Most recently, research is being 
directed towards studying the sim-
ilarities and differences in the body 
language of dance across several 
cultures. The direction of the eyes, 
eyelids, hand positioning, foot po-
sitioning, eyebrows, waist, and lips 
across a set rhythm is often used 
to convey a feeling or a message. 
Since subconscious movements 
in the tension of the skin con-
tribute to body behavior as well, 
more specific research will soon be 
conducted on matters such as the 
oiliness, wetness, and dryness of 
the skin, tension and laxity of the 

skin and musculature, variable and 
shifting vascularity in the skin’s 
surface, and shifts in the under-
lying fatty tissue. Although much 
remains undiscovered, researchers 
are working towards revealing the 
secrets of body language.

So, what do you think you’re  
really saying?

Priya Amin ‘19 is a freshman in 
Wigglesworth Hall.
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KINESICS:	
What are you really saying?
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With the head of a goat, body of a lion, 
and tail of a snake, the chimera was a 
fearsome but reassuringly fictional con-
cept. Today, however, scientists know 
that real-life chimeras do indeed exist. 
The term has become used to describe 
a number of biological phenomena 
that produce organisms with cells from 
multiple different individuals.1 Far from 
being monsters, artificial chimeras in-
clude many of the GMO crops that are 
feeding the world’s growing population, 
as well as genetically engineered bacte-
ria that produce insulin and other key 

drugs in marketable quantities.2 Re-
search in human developmental biol-
ogy is now showing, however, that we 
ourselves may be naturally occurring 
chimeras.

The phenomena of fetal microchi-
merism describes the presence of living 
cells from a different individual in the 
body of placental mammals . The pla-
centa generally serves as a bridge be-
tween the fetus and the mother for ex-
change of nutrients and wastes. But that 
is not all that crosses this bridge—fetal 
and maternal cells can cross between 

FETAL MICROCHIMERISM 

BY GRACE CHEN

In Greek mythology, a chimera was a grotesque monster 
formed of a conglomeration of different animal parts....
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the two organisms intact. While 
maternal cells do end up in the fe-
tus, significantly more fetal cells are 
transferred to the mother.3 The re-
sult is that the mother carries a small 
number  of foreign cells belonging to 
her fetus within her body—hence the 
name “microchimerism.” While these 
non-maternal cells are few in num-
ber in comparison to total number of 
maternal cells, evidence suggests that 
these transplanted cells can actually 
remain for long after the end of gesta-
tion. In fact, derivative fetal cells have 
been found in the mother’s body up 
to 27 years after pregnancy.4

From an evolutionary standpoint, 
selective pressures favor traits that 
increase reproductive fitness of the 
individual; because the mother and 
fetus share so much genetic material, 
these invasive cells ought to share the 
same interests as the mother’s cells 
in promoting mutual welfare. Yet, 
pregnancy in placental mammals can 
also be seen as a tug-of-war between 
fetal and maternal interests, as finite 
biological resources must be allocat-
ed between the two organisms. Ef-
fects caused by these microchimeric 
cells that favor the fetus’ well-being, 
however, might be detrimental to the 
mother’s welfare, or to the welfare of 
future offspring.5 This creates an in-
teresting paradox for evolutionary 
biologists: what is the nature of the 
interaction between these cells that 
ought to be cooperative but also con-
flicting?

Answering such questions will re-
quire further research on this poorly 
understood phenomenon. One easy 
way that scientists have been able to 
detect and quantify the presence of 
non-maternal cells in the mother’s 
body is by searching for the presence 
of Y chromosomes, found only in 
male cells, in the mother’s body. Pre-
sumably, any Y chromosomes would 
indicate the presence of intact cells 
from a prior male fetus, as female sex 
chromosomes are exclusively X chro-
mosomes.6 Though feto-maternal mi-
crochimerism is the most common 
source of these invader cells, several 
hypotheses have also been proposed 
to explain why Y chromosome mi-

crochimerism has also been found 
in about a fifth of women who have 
not had a male fetus. Some of these 
alternative explanations include 
spontaneously aborted male zygotes, 
or chimeric cells from an older male 
sibling acquired in utero from their 
own mother.7

A common technique implement-
ed in hunting down the location of 
foreign cells is called fluorescent 
in situ hybridization (FISH), well-
known to most genetics students. 
After a tissue sample is isolated and 
prepared, nucleic acid probes specif-
ic to genes on the Y chromosome are 
added.8 These probes are attached to a 
fluorescent dye, hence providing a vi-
sual cue of where they bind and thus 
where the Y chromosomes are found.9 
Increasingly refined techniques are 
now allowing more specific searches; 
for instance, fluorescent probes can 
be used to identify microchimeric 
cells with specific allele differences 
from maternal cells.

WHERE DO THESE TINY 
INVADERS GO?

Invading fetal cells are common-
ly found in the bloodstream, but can 
travel much further than that. Fetal 
microchimerism has been recorded 
in the liver, bone marrow, thyroid, 
heart, and more. A recent study by 
the Fred Hutchinson Cancer Re-
search Center found that more than 
60 percent of autopsied brains con-
tained copies of DNA from another 
individual.10 There is also interesting 
evidence that these undifferentiat-
ed fetal cells can serve as stem cells 
within the mother’s body—a study in 
mice suggested that fetal cells can de-
velop into mature neurons within the 
mother’s brain.11 These invader cells, 
it seems, can make themselves fully at 
home in the host body. The locations 
that the fetal cells tend to settle down 
in may yet reveal more about the evo-
lutionary pressures affecting this phe-
nomena.

Thus the presence of microchi-
meric fetal cells in the mother’s body 
is now known to be widespread and 
long-lasting, but their effects remain 

ambiguous. Conflicting studies have 
linked the presence of fetal cells to 
both improved and worsened health 
outcomes for the mother for different 
diseases in different scenarios. A rich-
er understanding the effects on ma-
ternal health, as outlined below, can 
shed light on not only key issues of 
women’s health, but also more broad-
ly on the response of the immune sys-
tem to invaders.

Grace Chen ‘19 is a freshman in 
Holworthy Hall.
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Microchimerism, or the presence of ge-
netically distinct populations within 

a single organism, throws a wrench in the 
biological concept of sex. Although we 
traditionally learn that biological females 
possess two X sex chromosomes and males 
possess X and Y sex chromosomes, micro-
chimerism is responsible for the presence 
of cells with Y chromosomes in females. 
Microchimerism can result from a variety 
of factors ranging from organ transplant 
to in-utero transfer between twins. Recent 
research has focused primarily on mater-
nal microchimerism (MMc) in relation to 
cord blood transplantation and fetal micro-
chimerism (FMc), the two most common 
forms of microchimerism.

BI-DIRECTIONAL EXCHANGE 
DURING PREGNANCY

The placenta connects the mother and 
fetus, facilitating the bi-directional ex-
change of cells. Low-level fetal Y-chromo-
some DNA is found in maternal cellular 
and cell-free compartments starting at the 
seventh week of pregnancy and peaks at 
childbirth.1 Although fetal DNA rapidly 
disappears from the mother’s body after 
labor, fetal cells can persist in the moth-
er’s body for decades and vice versa.2 In-
deed, there are around two to six male fetal 
nucleated cells per milliliter of maternal 
blood,3 and 63% of autopsied female brains 
exhibited male microchimerism.4

The cells crossing the placenta possess 
varied physical features and durations in 
the host body. Highly differentiated cells 
like nucleated placental trophoblasts, 
which provide nutrients to the placenta, do 
not remain for long in maternal circulation. 
In contrast, pre-natal-associated progenitor 

cells (PAPCs) can persist for decades after 
birth. These microchimeric progenitor 
cells, like stem cells, can differentiate into 
specific types of cells. PAPCs can later be-
come hematopoietic, or blood-forming, 
cells and epithelial cells.5 PAPCs have also 
been found in murine brains. A 2010 study 
found that PAPCs remained in the mater-
nal brain for up to seven months. These 
PAPCs developed mature neuronal mark-
ers, suggesting their active integration into 
the maternal brain.6

BENEFITS OF MMC IN CORD 
BLOOD TRANSPLANTATION

Maternal microchimerism, or the pres-
ence of maternal cells in the fetus, is re-
sponsible for the consistent success of cord 
blood transplants. Cord blood is extracted 
from the umbilical cord and placenta. Be-
cause cord blood is rich in hematopoietic 
stem cells, it is often used as treatment for 
leukemia. Transplants, however, are not 
without risk; the introduction of foreign 
material may cause graft-versus-host-dis-
ease (GVHD). GVHD occurs when the 
donor’s immune cells target the patient’s 
healthy tissue.

Cord blood inherently contains both 
maternal cells and fetal cells due to the pre-
viously mentioned bi-directional exchange. 
This displayed MMc can diminish the risks 
accompanying cord blood transplants.7 The 
fetus benefits from human leukocyte anti-
gens (HLAs) present on the maternal cells. 
These HLAs encode for regulating proteins 
involved in the human immune system. 
The HLA system can present antigens to 
T-lymphocytes, which trigger B-cells to 
produce antibodies.8

Unlike bone marrow and peripheral 

blood transplants, HLA matching between 
cord blood donor and recipient does not 
have to be exact. Indeed, it is often impre-
cise due to the large variety of HLA poly-
morphisms;9 parents are often HLA het-
erozygous because HLA loci are extremely 
variable. While the foreign maternal cells 
could potentially aggravate GVHD, cord 
blood recipients actually exhibit low rates 
of relapse. Indeed, maternal anti-inherited 
paternal antigens (IPA) immune elements 
may result in a graft-versus-leukemia ef-
fect.10 The graft-versus-leukemia effect de-
scribes the role of donated cytotoxic T lym-
phocytes in attacking malignant tumors.

Exposing a fetus to foreign antigens 
can result in lifelong tolerance; fetal tol-
erance is strongest against maternal an-
tigens.7 In HLA-mismatched cord blood 
transplants, patients displayed more rapid 
engraftment, which features the growth of 
new blood-forming cells and is a marker 
of transplant recovery, diminished GVHD, 
and decreased odds of a leukemia relapse. 
Indeed, the relapse rate was 2.5 times less 
in allogeneic-marrow recipients with graft-
versus-host disease than in recipients with-
out the disease.11

IMMUNE SURVEILLANCE 
AND FMc

The benefits of microchimerism are not 
limited to the recipients of maternal cells. 
The mothers themselves often benefit from 
increased immune surveillance. Indeed, fe-
tal microchimeric cells T cells can eradicate 
malignant host T-cells.

Microchimeric cells can also provide 
protection against various forms of cancer. 
During pregnancy, mothers can develop 
T- and B-cell immunity against the fetus’s 
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IPAs. This anti-IPA immunity persists for 
decades after birth, reducing risk of leuke-
mia relapse. PAPCs can differentiate into 
hematopoietic cells, which are predicted to 
have a role in destroying malignant tumors.12 
In a study of tissue section specimens from 
women who had borne sons, 90% of hema-
topoietic tissues like lymph nodes and spleen 
expressed CD45, a leukocyte antigen previ-
ously identified in the male cells.13

 PAPCs are also associated with de-
creased risk for breast cancer; circulating 
fetal cells are only found in 11-26% of moth-
ers with breast cancer while a study of 272 
healthy women found male microchimerism 
in 70% of the participants, suggesting mi-
crochimerism’s role in the maintenance of 
a healthy stasis.14,15 The depletion of PAPCs 
in breast cancer patients may result from the 
migration of PAPCs from the bloodstream 
to the tumor.16

AUTOIMMUNE CONDITIONS
FMc and MMc are common in healthy 

individuals and are associated with repres-
sion of autoimmune conditions. Rheumatoid 
arthritis (RA) is a genetic disorder stemming 
largely from coding in the HLA-region. The 
molecules coded for in the HLA-region 
contain the amino acid sequence DERAA, 
which is associated with defense against RA. 
Of 179 families studied, the odds of produc-
ing at least one DERAA-negative child from 
a DERAA-positive mother are significantly 
lower than the odds of producing a DER-
AA-negative child with a DERAA-positive 
father. This suggests a protective benefit of 
non-inherited maternal HLA-DR antigens 
in decreasing susceptibility to RA.17

ORGAN REGENERATION
Fetal stem cells feature longer telomeres 

and superior osteogenic potential than their 
adult counterparts. They also express em-
bryonic pluripotency markers like Oct4.16 
These fetal cells are connected to the allevi-
ation of myocardial disease. In a 2011 study, 
pregnant mice with myocardial injuries 
exhibited a transfer of fetal cells from the 
bloodstream to the site of injury, where the 
fetal cells differentiated into various types of 
cardiac cells.18 40% of PAPCs extracted from 
the heart expressed Cdx2, a caudal homeo-
box gene expressed during development. 
Cdx2 differentiates cells that will become 
the trophectoderm, or the outer layer of the 
blastoderm which provides nutrients to the 

placenta, from cells that will become the in-
ner cell mass. Because Cdx2 is absent in the 
mature trophoblast, the extracted cells likely 
originated in the placenta.19

A recent study used fluorescence activat-
ed cell sorting (FACS) to analyze fetal green 
fluorescent protein (eGFP+) cells’ in vitro 
behavior. These fetal cells exhibited clonality 
and differentiated into smooth muscle cells 
and endothelial cells, displaying beneficial 
implications for organ regeneration.

PAPCs selectively travel to damaged or-
gans, further emphasizing their role in heal-
ing. eGFP+ cells were present in low quanti-
ties in all tissues until the 4.5th day after the 
injury. 1.1% of the cells were eGFP+ before 
injury while 6.3% were eGFP+ after deliv-
ery, thus displaying a significant increase. 
These findings pose significant implications 
for maternal health; PAPCs may be at least 
partly responsible for the spontaneous re-
covery from heart rate exhibited by 50% of 
women.18

FUTURE IMPLICATIONS
Microchimerism poses important im-

plications for cord blood transplants. If we 
know the maternal and fetal HLA, we can 
match recipients with those donors whose 
IPA are included in the recipient’s HLA type 
to promote graft acceptance.

Although cord blood is typically pre-
served for transplants, the placenta is often 
discarded after childbirth. If PAPCs can be 
traced back to the placenta, the placenta may 
provide a valuable source of undifferentiat-
ed stem cells capable of organ regeneration. 
Although placental tissue and amniotic fluid 
have less differentiation potential than fetal 
tissue from pregnancy terminations, they are 
less controversial sources of stem cells.16

Because FMc plays an active role in the 
mother’s body for decades, it can impart sig-
nificant benefits. The selective migration of 
PAPCs to damaged organs suggests the exis-
tence of a specific targeting mechanism. The 
ability of extracted PAPCs to differentiate in 
vitro into working cardiovascular structures 
also poses exciting implications for organ 
synthesis.

Una Choi ‘19 is a freshman in Greenough 
Hall.
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Cancer. It’s a big subject, with a dizzying 
array of forms and manifestations that can 
affect all parts of the body. As populations 
around the world age, cancer’s prevalence 
will continue to grow, and it will become 
more and more important to understand 
and treat it. One lesser known variation is 
known as parasitic cancer. While its name 
may seem to combine two totally different 
ailments, understanding parasitic cancer 
can actually shed light on the concept of 
cancer altogether.

AN OVERVIEW
So what is cancer in the first place? On 

the most basic level, it’s abnormal or uncon-
trolled cell growth. The cell, the most fun-
damental unit of life, is a fantastically com-
plicated and regulated machine of DNA, 
RNA, protein, and all kinds of molecules in 
between. When any part of the system fails, 
the entire system can be compromised. The 
mechanism by which this occurs is known 
as oncogenesis. Mutations in proto-onco-
genes, or those that normally correspond 
with activating some part of the cell cycle, 
can transform the normal genes into onco-
genes, resulting in abnormal proliferation 
of the cell. On the other hand, damage to 
tumor suppressor genes means that a re-
pressing mechanism no longer works, and 
the cell will fail to stop or die at the ap-
propriate times. Either of these mutations 
can lead to unwanted cell growth, known 
as a tumor. Most cells within a tumor are 
clones, having originated from a single 
rapidly dividing cell, so the tumor can be 
called a clonal population.

In fact, because mutation is a random 
process, the likelihood of a cell incurring 
a critical mutation in an important gene is 
quite low. Additionally, cells have various 
enzymes to proofread and repair DNA. 
The immune system works to recognize 
markers on the cell membrane and de-
stroy misbehaving cells. Some tumors are 
relatively benign. However, no system of 
defense mechanisms is perfect. As people 
age or encounter carcinogens in the envi-
ronment, the rate of damage can increase. 
Damaged cells that go unchecked can give 
rise to malignant and invasive tumors that 
spread throughout the body by traveling 
through the bloodstream, a process known 
as metastasis.

THE SPREAD OF CANCER
Though cancer can spread throughout 

one’s body in this manner, it’s thought of as 
a largely non-contagious disease. The only 
way in which cancer is “transmitted,” typi-
cally, is by transmission of a pathogen that 
increases the likelihood of developing can-
cer. In this way, cancer can only be spread 
indirectly.

Some bacteria damage tissues and in-
crease risk of carcinogenesis, or cancer 
formation. For example, the H. pylori 
bacterium is known to cause stomach ul-
cers and inflammation that increase rela-
tive risk of gastric cancer by 65%.1 Viruses 
are another culprit; they damage the cell’s 
DNA by inserting their own and disrupting 
key sequences or triggering inflammatory 
responses that lead to rapid cell division. 
Known oncoviruses include Epstein-Barr 

PARASITIC CANCER: 
PARADOX AND PERSPECTIVE
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virus, hepatitis B and C, and the human 
herpesviruses.2,3

Parasites, confusingly enough, can 
also cause cancer, albeit not the parasitic 
kind; for example, the Asian liver fluke is 
known to cause a fatal bile duct cancer.4 
Again, however, all of these transmissi-
ble causes of cancer only increase risk; 
they can at most heighten the probabil-
ity that the organism’s cells themselves 
will become cancerous.

PARASITIC CANCER: THE 
TRULY TRANSMISSIBLE

Parasitic cancer is defined by its 
cause: the transfer of cancer cells be-
tween organisms. This is comparable to 
metastasis, when cancer cells migrate 
throughout the body. However, the new 
tumor originates from a tumor cell of 
another organism and is markedly, ge-
netically different. As defined earlier, 
cancers are often clonal populations ris-
ing from a single abnormal cell. In the 
case of parasitic cancer, the new tumor 
is populated by clones of another organ-
ism’s cancer; therefore, parasitic cancer 
is also known as clonally transmissible 
cancer. 

While parasitic cancers are very rare, 
examples can be found in a few animal 
species. These include devil facial tumor 
disease (DFTD),5 canine transmissible 
venereal tumor (CTVT),6 Syrian ham-
ster connective tissue sarcoma induced 
in the lab,7 and a form of soft-shell clam 
leukaemia.8 Some cases of parasitic can-
cer have been documented in humans as 
well. While extremely rare, cancer cells 
can be transferred during organ trans-
plants or pregnancies.9

A NEW PERSPECTIVE
Given the unique attributes of par-

asitic cancer, researchers can reframe 
their conceptual understanding of can-
cer and cell organization as a whole. All 
cells of a particular species have the same 
basic genetic information, but each cell 
may be slightly unique, just as human 
individuals have different eye colors or 
heights. We can extend the metaphor 
to bridge the macro- and microscopic. 
Every organism can be considered its 
own population of cells cooperating to 
sustain life, and most cells divide at a 

regular pace, correcting errors in DNA 
replication and preserving the overall 
homogeneity of the organism’s genome.

However, when a cell mutates and 
becomes cancerous, it changes notably. 
Given the known mechanisms of on-
cogenesis, similar types of mutations 
occur in specific genes to give rise to 
specific cancers; cells that are able to 
reproduce after suffering genetic dam-
age have a different, stable genome of 
their own. Molecular analysis confirms 
this.10 All cancer of a certain tissue can 
thus be defined as its own species.11 
This species reproduces, competes, and 
evolves. Tumors thus act as parasites on 
the rest of the population, sapping re-
sources and occasionally causing direct 
harm. Benign tumors are analogous to 
“successful” parasites, coexisting indefi-
nitely with their hosts, while malignant 
tumors eventually lead to the death of 
the organism.

The conceptual similarities and dif-
ferences between parasitic cancer and 
parasitic organisms lead to important 
lines of questioning. This is seen in the 
vastly distinct effects of parasitic cancers 
on the aforementioned animal species 
known to have them. DFTD has dev-
astated the Tasmanian devil population 
and could lead to extinction within 
three decades of the disease’s emergence, 
while CTVT has successfully coexist-
ed with dogs for possibly thousands of 
years. Researchers speculate that rea-
sons for this extreme divergence in out-
comes are related to differences in the 
afflicted species’ genomes.5 Because the 
Tasmanian devil population lacks the 
genetic diversity that canines possess, 
their immune systems are less likely to 
recognize foreign cancer cells.

Furthermore, this immunological in-
sight can be applied to human cases of 
parasitic cancer. For example, the genet-
ic similarity between mother and child 
or transplant donor and recipient is nat-
urally high or engineered to be; while 
this is necessary to prevent immune sys-
tem rejection, it allows parasitic cancers 
more leeway to invade the body. Aware-
ness of this can improve medical treat-
ment in the future.

With the rapid advances in science 
and technology of the past century, phy-
sicians have gained a panoply of weap-

ons to combat cancer. Modern cancer 
treatment includes everything from 
surgery to radiation and chemotherapy. 
However, these measures are imperfect. 
A paradigm shift spurred by the study 
of parasitic cancer may guide the med-
ical research community’s efforts to 
cure cancer conclusively. By treating all 
cancers as distinct organisms parasitiz-
ing the body, physicians can approach 
treatment differently, combining im-
munological and genetic therapy with 
techniques similar to those used against 
invaders of other species. In this way, 
parasitic cancer is paradoxical in not 
only name but also action, and thus 
brings hope for the future of cancer re-
search.

Audrey Effenberger ‘19 is a freshman in 
Greenough Hall.
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58-year-old Georgia resident Nancy Justice 
was diagnosed with glioblastoma, a tumor of the 
brain, back in 2012. Though her doctors imme-
diately combated the cancer with surgery, radi-
ation, and chemotherapy, the tumor relapsed in 
late 2014, stronger than ever. According to her 
doctors, Justice had only seven months to live 
because the tumor would double in size every 
two weeks.1 

Invasive cancers are now one of the leading 
causes of death in America. The American Can-
cer Society reports in 2015 that there were over 
1.65 million new cases of cancer, with just over 
589,000 deaths per year.2 So it is unsurprising 
that now over $130 billion is spent on research-
ing new treatments for cancer.3 Particularly frus-
trating though are tumors that resurface even 
after being “cured,” like that of Nancy Justice. But 
a new, cutting edge treatment is giving people 
hope: using viruses, something normally thought 
to be harmful, as a cancer combatant. 

Nancy Justice was the 17th patient entered 
into a revolutionary study at Duke University 
Medical Center using a genetically modified ver-
sion of the polio virus to combat glioblastoma. 
After several months of treatment, her tumor 
has—seemingly miraculously—begun to shrink 
away. This project has been a work in progress 
for almost three decades. It is the brainchild of 
Matthias Gromeier, a molecular biologist who 
has been working on viral treatments for cancer 
for the last 25 years. He described the difficulty 
of proposing this idea, originally unthinkable. 
“Most people just thought it was too dangerous,” 
he remembers in an interview with CBS.1 For the 
past 15 years, Gromeier has been at Duke, work-
ing with Dr. Henry Friedman, deputy director of 
the Tisch Brain Tumor Center at Duke, the other 
half of the duo that pushed this project through 
to completion. Though he too was originally 
skeptical about the project, Dr. Friedman now 

calls the polio treatment “the most promising 
therapy I’ve seen in my career, period.”1

MAKING AN INVADER INTO 
A DEFENDER

The treatment takes advantage of viruses’ 
infection mechanisms. Normally, viruses infect 
cells by piercing their outer membranes and in-
jecting viral DNA into the cell.4 The viral genetic 
material then hijacks the host cell’s replicating 
machinery, forcing it to produce viral genomes 
and capsids, ultimately assembling the parts into 
many copies of the virus that eventually burst out 
of the cell in a process called lysis, killing the cell.5 
If researchers can take control of this process, 
they are able to attack and lyse certain cells, such 
as those in a tumor. The polio virus is particularly 
effective for this purpose because it specifically 
attaches to surface receptors on cells that make 
up most types of solid tumors.1 

In order to achieve control of the viral mech-
anism, the researchers used a technique called 
recombination—essentially, taking desired parts 
of viral genomes and fusing them together to 
create new virus DNA sequence. This tech-
nique of DNA recombination is used in many 
different fields. To create recombinant versions 
of genetic material, the desired genetic material 
is isolated using restriction enzymes, and then 
reinserted into the desired vector (in this case 
the polio virus) with DNA ligase, an enzyme 
that links strands of DNA together.6 The team at 
Duke removed a key genetic sequence from the 
polio which makes the virus deadly, and instead 
patched it up with a piece of genetic material 
from a relatively harmless cold virus to create 
the recombinant form, called PVS-RIPO.1 Not 
only is PVS-RIPO effective at killing cancerous 
cells, but also, because of this recombination, it is 
incapable of reproducing in normal cells, which 
makes it safe to use in humans.7 

Caroline Wechsler

GENETICALLY ENGINEERED VIRUSES 
COMBAT INVASIVE CANCER
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STARTING THE BODY’S 
DEFENSES 

Once the virus has been engineered 
to attack the cancer, the problem then 
becomes getting it to the site of the can-
cer. This process must be neatly tailored 
because the virus can still cause swelling 
in the area it is inserted. To do this, the 
Chief of Neurosurgery at Duke, Dr. John 
Sampson, uses 3-D MRI images to plot 
the course of the catheter that releases the 
genetically engineered virus. “It’s just like 
a sniper’s bullet,” he said in an interview.1 
Once the virus has been inserted, the can-
cer killing begins. As Gromeier explains, 
“All human cancers develop a shield or 
shroud of protective measures that make 
them invisible to the immune system. By 
infecting the tumor, we are actually re-
moving this protective shield.”1 Once the 
immune system is alerted of the polio in-
fection, it shifts into gear and attacks the 
cancerous cells, effectively neutralizing 
the tumor. 

The polio virus clinical trial began in 
2011 at Duke and still continues to date. 
However, the trial is only in its first phase, 
a human safety trial.  In order to produce 
a marketable, certified treatment, the trial 
must go through Phase II and III testing. 
The Food and Drug Administration is un-
derstandably very cautious in granting ap-
proval for medical treatments—the Duke 
group had to submit seven years’ worth 
of safety studies in monkey models to re-
ceive approval for the first human safety 
trial.7 

LOOKING TO THE FUTURE 
Success stories are impressive, espe-

cially for a Phase 1 trial that normally ex-
ists to simply test dosage. Take the exam-
ple of Stephanie Lipscomb, a 24-year old 
nursing student who was diagnosed with 
glioblastoma in 2011. Though surgeons 
removed 98% of her tumor, the cancer 
quickly returned only a year later. With 
no other options, she enrolled in the Duke 
trial as its first patient. It was a risk, to be 
sure—Dr. Friedman himself admits, “We 
had no idea what it would do in the long 
haul.”1 Though Lipscomb initially suffered 
some swelling, after 21 months her tumor 
shrank until it was completely gone. De-
spite these success stories, there have been 
mixed results. In fact, one patient who 
received a particularly potent dose of the 
virus experienced extreme inflammation 
causing swelling in her brain. Out of 22 
patients, eleven died—most had doses of 
the virus that were extremely high. How-
ever, the eleven who survived have been 
in remission for over six months, unprec-

edented for recurrent glioblastoma. 
In light of the Duke trials’ success, 

researchers are exploring using this tech-
nique of recombinant viruses to combat 
other forms of invasive cancer. Concur-
rently, the Gene and Virus Therapy Pro-
gram at the Mayo Clinic has made sever-
al breakthroughs in clinical treatments, 
including a version of the measles virus 
to combat recurrent ovarian cancer and 
an adenovirus encoding a gene to com-
bat prostate cancer.8 Moreover, the Mayo 
Clinic’s Department of Oncology has been 
using a modified version of the measles 
virus to combat glioblastoma, bringing 
the project from animal models to human 
Phase 1 testing in just under three years.9 
A group in the UK completed a study in 
May demonstrating that using a geneti-
cally modified form of the herpes virus 
to treat melanoma, a type of skin cancer, 
causes an increase in survival rates.10 And 
researchers back at Duke are looking 
into using PVS-RIPO itself to treat other 
types of cancer, including prostate, lung, 
and colon cancers, and also determining 
how treatment differs for children since 
all trials thus far have treated adults.11 
Furthermore, research must be pursued 
for other aspects of treatment, beyond 
simply the viral vector—the Mayo clinic is 
investigating how to chaperone vectors to 
tumor sites inside protective cell carriers 
like macrophages or stem cells.8 

A CURE FOR CANCER? 
It is clear that this research is the start 

of a new and exciting age of cancer treat-
ment. However, many caution against 
hailing this as the “cure for cancer.” A 
pressing concern is that high doses of 
the recombinant virus can cause massive 
swelling.12 This is especially problemat-
ic in treating cancers like glioblastoma. 
However, Dr. Friedman emphasized that 
the point of this initial trial was to get the 
right dose—not to determine the virus’s 
effectiveness.1 

Though these are legitimate concerns, 
they are hallmark worries about cutting 
edge treatments. And it is almost certain 
that Stephanie Lipscomb was not think-
ing about the intellectual property law 
when she found out that her cancer was 
completely gone. “I wanted to cry with 
excitement,” she said in an interview with 
CBS.1 Invasive cancer is still a difficult and 
dangerous disease. However, with inno-
vative new research approaches like those 
involving viruses, we are certainly on the 
way to finding a cure. 

Caroline Wechsler ‘19 is a freshman in 
Weld Hall.
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TO THE RESCUE: 
INSECTS IN 
SUSTAINABLE 
AGRICULTURE

Ada Bielawski

In 1798, Thomas Malthus published 
his Essay on the Principle of  Population 
and described the limits of human pop-
ulation growth: the population will con-
tinue to grow exponentially while the 
Earth’s resources are able to sustain the 
increasing food production needed to 
feed this population. He concluded that, 
as the population approaches 8 billion, 
the poorest will suffer the most from lim-
ited resources.1 Currently, over 14% of the 
world’s population is underfed, and the 
growing population is expected to reach 9 
billion less than 50 years from now.2 Thus, 
there is a dire need to increase crop yields 
to feed the growing population. This must 
be done while also mitigating the effects 
of agricultural production on the Earth’s 
limited resources. Therefore, instead of 
relying on destructive tools—such as de-
forestation to create more farmland—in-
creasing crop yields through sustainable 
agriculture is the key to a better future.2

We can increase crop yields and de-
crease environmental stress through IPM. 
Integrated Pest Management (IPM) is an 
ecological approach to pest defense that 
aims to minimize the use of chemical pes-
ticides and maximize environmental and 
consumer safety. Farmers utilizing IPM 
use their knowledge of pests and how 
they interact with their habitat to eradi-
cate them most efficiently.3 IPM is more 
sustainable than pesticides but can be less 
effective, so farmers are reluctant to im-
plement IPM measures that actually do 
work.

ANT IPM
Oecophylla smaragdina—commonly 

known as Weaver ants—have been used 
as an anti-pest crop protector since 304 
AD, when Chinese markets sold ants 
to protect citrus fruit.5,6 Today, after de-
cades of chemical pesticide use, ant IPM 
has reemerged as a sustainable option 

for crop defense.4,5,6 Ants are a great tool 
for many reasons: (1) they are a natural, 
accessible resource, responsible for 33% 
of insect biomass on Earth; (2) they can 
quickly and efficiently build populations 
at a nest site due to behavioral habits such 
as path-making, worker recruitment, and 
pheromone attraction; and (3) they en-
compass a range of roles and behaviors 
that make them capable of attacking a va-
riety of pests at many stages of their life 
cycle.4,5 With these characteristics, ants 
form a mutualistic relationship with their 
host plant: the plant attracts their food 
source and provides a home, while the 
ants attack the pests that would cause the 
plant harm.7  

Ants do the work of chemical pesti-
cides with increased safety and damage 
control.4,6,8 There have been 17 studies 
conducted that evaluate the success of ant 
pest management for nine crops in a total 
of eight countries. Of these studies, 94.1% 
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showed a decrease in pest number and 
damage done by the pests. One of these 
studies, done on cashew trees in Tanzania, 
showed that the damage found on cashew 
trees with ants was reduced by 81% from 
the damage on control trees, and nut dam-
age was reduced by 82%. Furthermore, 
92.3% of reports studying crop yields fa-
vored ant IPM over chemical pesticides. 
Of the studies that compared the results 
of ant pest control to chemical-based pest 
control, 77.8% favored ants.4  

Moreover, ants as pest control can cost 
less than their chemical counterparts. In 
Northern Australia, researchers studied 
the cost and crop yields of cashew crops be-
tween plants with chemical pesticides and 
plants with ant IPM treatment. The weav-
er ants showed a 57% reduction in cost 
over a period of 4 years, and a crop yield 
1.5 times the size of the one for chemical 
pesticides. This resulted in savings of over 
$1500/hectare/year, which led to a 71% 
increase in revenue for farmers.4,8 These 
results prove that ants have the potential 
to be not only a more sustainable tool for 
agriculture, but also a more cost-effective 
method of pest management.  

Ant IPM has demonstrated promise for 
the future of sustainable agriculture. Fu-
ture research should: (1) focus on identi-
fying all the crops that could benefit from 
ant IPM; and (2) study more of the 13,000 
ant species, whose unique attributes could 
target a wider variety of crops.4,6

MOTH IPM
Plutella xylostella, the diamondback 

moth, is a pest that targets cruciferous 
crops, such as cabbage.9,10,14 The larvae 
feed on the green sprouts and reduce not 
only crop yield, but also crop quality.10 To 
protect against these moths in the past, 
scientists created a genetically modified 
(GM) crop that produced a bacterium—
Bacillus thuringiensis (Bt)—which was 
toxic to the pest it targeted9,11,12 but safe 
for other insects, animals, and humans to 
consume.13 This was an effective method 
for controlling diamondback moth popu-
lations until the pests developed resistance 
to the bacterium.9  

Scientists from Oxitec set out to solve 
this perpetual resistance problem by in-
serting a transgene into the diamondback 
moth genome.9,14 The transgene has three 
main components: (1) a tetracycline-re-

pressible dominant female-specific lethal 
transgene: larvae are fed tetracycline while 
they mature, and then when released, fe-
male GM moths die due to insufficient 
levels of tetracycline in the wild, whereas 
males survive (this process also occurs 
with all the female progeny of the GM 
moths); (2) a susceptibility gene: this gene 
makes GM moths susceptible to Bt; and 
(3) a fluorescent tag: this allows scientists 
in the field to distinguish which moths 
have the transgene.9 

In the Oxitec study, GM moths were 
released into a caged, wild-type moth 
population in high numbers every week. 
Researchers recorded the number of eggs 
collected, the number of dead females, and 
the proportion of the transgenic progeny 
to wild-type progeny. Wild-type females 
mated with the GM male moths, and all 
of the second-generation females died be-
fore they reached reproductive age. Since 
the number of females decreased in subse-
quent generations, the population became 
100% transgenic in ~8 weeks, and then 
went extinct ~10 weeks from the initial re-
lease of GM moths. Thus, GM moths have 
the potential to not only reverse Bt resis-
tance in their species, but also eliminate 
the use of Bt crops.9

IPM is the solution to a more sustain-
able means of food production while the 
Earth’s population continues to grow be-
yond the bounds of available resources. 
Weaver ants have proved to be efficient 
and cost-effective crop defenders, while 
new research utilizing GM technology on 
Diamondback moths has shown major 
promise in reducing targeted pest pop-
ulations and their resistance to chemical 
pesticides. These two examples clearly il-
lustrate the potential of IPM for pest man-
agement in the near future.

Ada Bielawski ‘18 is a sophomore in 
Mather House, concentrating in Integrat-
ed Biology.
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GENETICALLY	MODIFIED	CROPS	
as INVADERS and ALLIES

Sophie Westbrook

It’s not hard to tell frightening stories 
about genetically modified crops. 
These days, there is even a formula 

to follow: the soulless company creates 
dangerous variants, silences the protests 
of right-thinking environmentalists, and 
sends biodiversity and public health 
down the drain. This scenario’s propo-
nents tend to be horrified by transgen-
ic organisms. Unfortunately, this can 
polarize their conversations with any 
agricultural scientists responsible for 
“Frankenstein’s monster.” The fiery con-
troversies often marginalize a key idea: 
genetically modified crops are part of 
the biosphere. This has more complex 
implications than the popular “they’ll 
drive everything else extinct” hypothe-
sis. We cannot understand what trans-
genic variants will do to—or for—us 
without examining when, how, and why 
the organisms around them react to in-
vasion.  

Genetically modified (“GM”) crops 
were a cornerstone of the 1980s push 
for more efficient agriculture. Initial 
experiments with pest and disease re-
sistance were quickly followed by qual-
itative modifications: engineered crops 
could grow quickly into big, attractive 
specimens with a predetermined chem-
ical makeup.1 Almost immediately, the 
technology spawned concerns rooted 
in food safety, economics, and environ-
mental impact. A number of these issues 
are still with us. In particular, scientists 
and citizens alike struggle to understand  
the implications of resistance evolution, 
gene flow between hybrid and natural 
populations, and competitive advantag-
es.2 A nuanced discussion of these topics 
is critical to developing a modern crop 
management plan.

RESISTANCE
To GM proponents, pest resistance is 

one of the technology’s best success sto-
ries. Modified crops can repel not only 
bacterial invaders but also undesirable 
insects and weeds. This trait improves 
output by increasing survival rates and 
facilitating “double-cropping,” plant-
ing twice a year and letting growth ex-
tend into insect-heavy seasons.3 It also 
has the potential to reduce non-point 
source pollution: GM plants need less 
protection from sprayed pesticides and 
herbicides. These developments have 
produced higher yields at lower costs 
worldwide. 

Naturally, the introduction of “hos-
tile” GM  organisms into the environ-
ment has consequences. Shifting land 
use patterns can drive “pest” species 
away from areas used for GM crop culti-
vation. This is worth keeping in mind as 
the amount of land used for GM crops 
continues to grow. In 2010, GM crops 
covered an estimated 140 million hect-
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ares (346 million acres).3 Larger-scale cul-
tivation could destabilize the ecosystems 
surrounding cultivation sites by removing 
key producers and primary consumers.

There are more immediate concerns, 
though. Where anti-insect crops grow, 
some insect species are developing resis-
tances to their artificially introduced tox-
ins. For instance, corn plants modified 
with Bt toxins are increasingly unable to 
repel caterpillars. This effect has been ob-
served globally.2 Adding increasingly poi-
sonous compounds would only prompt 
more evolution by the insect species. Such 
ideas also raise questions about health im-
pacts and environmental contamination.

Other GM crops are not themselves 
toxic, but have been engineered to resist 
cheap, relatively safe herbicides. Glypho-
sate-resistant crops in the United States 
are a notable example. Since their intro-
duction and initial success, they have been 
viewed as an easy solution to weed prob-
lems.4 Some staple crop species, like corn 
and soybeans, are seldom cultivated with-
out glyphosates. Now, these herbicides are 
increasingly ineffective (and consequently 
applied in increasing concentrations). This 
is evidence that weed species are experi-
encing strong selective pressures to devel-
op their own herbicide resistance.

The fact that GM crops prompt pest 
evolution is neither shocking nor dev-
astating. After all, unmodified plots also 
promote shifting gene frequencies; some 
organisms are better suited to take advan-
tage of crop growth than others. However, 
the GM era has seen an unusually violent 
“arms race” between scientists and pests. 
Acknowledging that native insects and 
weeds can always evolve in response to 
invading species’ biochemistry means in-
vestigating alternative, multi-layered man-
agement solutions.2 

HYBRIDIZATION
Plants share DNA. Gene flow, the 

transfer of genetic material from one pop-
ulation to another, is one of their funda-
mental mechanisms for generating biodi-
versity. When this happens between GM 
and natural crops, it can lead to transgene 
introgression: the fixture of an “invasive” 
modified gene into a native species’ ge-
nome.5 Transgene introgression is never 
sure to happen. At a minimum, it tends 

to require population compatibility on a 
sub-genomic scale, strong selective pres-
sure to retain the transferred trait, time, 
and luck.5 Even “useful,” artificially insert-
ed genes have a relatively low probability 
of leaping to nearby organisms.

There are two key barriers to spread-
ing transgenes. First, many modern crops 
lack genetically compatible wild types, so 
they simply cannot spread their modifica-
tions. Second, “domestication genes” are 
frequently unsuccessful in natural popu-
lations.2 

That said, transgene introgression does 
occur. One of the most famous cases took 
place between maize populations in Oax-
aca, Mexico.6 There was widespread alarm 
when remotely situated wild maize con-
tained artificial genes. It called into ques-
tion our ability to safeguard unmodified 
plant varieties, which would become crit-
ical if a commonplace GM species proved 
unviable or unsafe.   

Oaxaca has been analyzed extensive-
ly. Unfortunately, data on specific events 
cannot help us prevent transgene intro-
gression everywhere. The process depends 
heavily on which species are involved, so 
one-size-fits-all policies for discouraging 
gene flow are inadequate.7 A more special-
ized understanding would help us to man-
age the possibility of dangerous escapee 
genes and better answer questions about 
legal and ethical responsibility.

COMPETITION
When functionally similar invasive and 

native species do not hybridize, they often 
compete for the same resources. If the na-
tive species is wholly out-classed, it may be 
driven to extinction. This is the idea be-
hind discussions about GM crops’ threat 
to biodiversity. Biodiversity is indisputably 
necessary: it is the foundation of stability 
and flexibility in an ecosystem. Allowing a 
single variant to overcome its peers would 
leave any community more vulnerable to 
stresses like disease, climate change, and 
natural disaster.       

Do GM crops have an advantage over 
natural ones in the wild? They tend to in-
corporate some traits, such as fast growth 
and temperature tolerance which promote 
greater survivorship. However, as men-
tioned above, they are primarily adapted to 
living in cultivated areas. This means that 

they lack characteristics like seed dorman-
cy and phenotypic plasticity (the ability 
to take different forms) that would make 
them more effective, invasive, weeds.8 

Looking forward, extreme crop mod-
ifications mean GM variants may entire-
ly lose metabolic capabilities they would 
need to survive in nature.7 This suggests 
that they should become increasingly un-
likely to succeed after accidental disper-
sal. Nonetheless, hard-to-predict factors 
such as mutations within modified crops 
could always lead to the loss of native 
populations. Once a species—natural or 
transgenic—becomes invasive, it is near-
ly impossible to recapture. Unfortunately, 
GM plot isolation is a difficult proposi-
tion, especially given the crops’ prevalence 
throughout the developing world.

 
CONCLUSION

Wild organisms have a surprisingly di-
verse menu of responses to transgenic in-
vaders. They may evolve in response to the 
crops’ new traits, hybridize to access the 
traits themselves, or try to outcompete the 
variants through their other weaknesses. 
The strategy adopted depends primarily 
on the native species’ ecological position, 
but also on the characteristics of the in-
vader. To develop a comprehensive under-
standing of the ways GM crops affect the 
communities they enter, we need to ana-
lyze these relationships in all their variety. 
This examination may lay the groundwork 
for a safer, more sustainable food supply 
in the future.

Sophie Westbrook ‘19 is a freshman in 
Hurlbut Hall.

WORKS CITED
[1] Nap, J. P. et al. Plant J. 2003, 33, 1-18. 
[2] Goldstein, D. A. J. Med. Toxicol. 

2014, 10, 194-201. 
[3] Barrows, G. et al. J. Econ. Perspect. 

2014, 28, 99-120.
[4] Beckie, H. J.; Hall, L. M. Crop Prot. 

2014, 66, 40-45.  
[5] Stewart, C. N., Jr. et al. Nat. Rev. Gen-

et. 2003, 4, 806-817. 
[6] Quist, J.; Chapela, I.H. Nature 2001, 

414, 541-543.
[7] Messeguer, J. Plant Cell Tiss. Org. 

2003, 73, 201-212. 
[8] Conner, A. J. et al. Plant J. 2003, 33, 

19-46. 

feature article FALL 2015 | Harvard Science Review     33



EARTH’S MISSILES, 
READY TO GO?

In 1991, an unusual phenomenon 
was observed following the volcanic 
eruption of Mount Pinatubo in the 
Philippines. After nearly 20 million 
tons of sulfur dioxide were launched 
into the stratosphere1—the second 
largest eruption of this century—the 
global temperatures dropped tem-
porarily by 1°F. Amid the large-scale 
destruction, it seemed the Earth was 
fighting back.

The incident in Pinatubo was a 
learning opportunity for scientists 
worldwide. They realized that by 
manipulating various factors in the 
Earth’s environment they could work 
to fight the climate change slowly tak-
ing over the Earth. Since the 1950s, 
scientists have been working on a 
range of solutions to modify weather 
conditions. In the context of the Cold 
War in the 1940s, both the US and the 
Soviet Union worked on developing 
scientific techniques such as seeding 
clouds with substances, which allowed 
scientists to force more rain, create ad-
vantageous conditions for battle, and 
help agriculture in dry regions.2

This was the birth of geoengineer-
ing, or climate engineering, in which 
artificial modifications of the Earth’s 
climate systems are made in response 
to changing climate conditions.3 Geo-

engineering is focused on two main ar-
eas: carbon capture and solar radiation 
management. Since its advent, geoen-
gineering has become a hot, contro-
versial topic, as the risks and rewards 
of geoengineering solutions are slowly 
being detailed. On one hand, geoengi-
neering solutions offer a promising ap-
proach to artificially reversing recent 
climate trends, especially in light of 
the Pinatubo eruption. Yet on the oth-
er hand, these same solutions present 
a number of risks regarding the side 
effects and controllability of geoengi-
neering. As we move into the future, 
the need to counteract increasing cli-
mate disturbances is becoming even 
more pressing, making our search for 
a solution all the more important.

TECHNOLOGY IN BRIEF
As previously stated, geoengineer-

ing solutions can be broken into two 
main areas: carbon capture and solar 
radiation management. Within each 
area, the stages of research are broken 
down into theory and modeling, sub-
scale field-testing, and low-level cli-
matic intervention. Of these, the latter 
two stages are seldom reached.3

Carbon capture techniques work to 
remove the amount of carbon dioxide 
in the atmosphere, thereby counter-

acting carbon dioxide emissions that 
result in the greenhouse effect. At the 
simplest level, there is a movement 
to encourage increased planting of 
trees, termed afforestation, in order 
to have trees consume carbon dioxide 
during their photosynthetic process. 
While initially economical and prac-
tical, afforestation would not produce 
very large reductions in temperature. 
According to a 1996 comprehensive 
study, researchers found that the av-
erage maximum carbon sequestration 
rate would be between 1.1 to 1.6 giga-
tons per year, compared to the 9.9 giga-
tons per year currently released into 
the atmosphere, a mere 11 to 16%.4 On 
top of that, annual sequestration rates 
would change year to year, as these 
rates are highly dependent on annual 
weather conditions. Furthermore, the 
location of tree planting is critical, as 
forests absorb incoming solar radia-
tion. When planted at high latitudes, 
trees can actually lead to net climate 
warming.5

Some other techniques have fo-
cused on re-engineering plant life to 
capture carbon. This includes biochar, 
charring biomass and burying it so 
that its carbon content is kept in the 
soil, and bio-energy carbon capture, 
or growing biomass and then burn-
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ing it to capture energy and store carbon 
dioxide. Many treatments have also focused 
on the ocean life, particularly the popula-
tions of phytoplankton that are responsible 
for nearly half of the carbon fixation in the 
world.6 Ocean fertilization, or adding iron to 
parts of the ocean to promote phytoplankton 
growth and subsequent carbon dioxide up-
take, and ocean alkalinity enhancement, or 
adding limestone and other alkaline rocks 
to enhance carbon capture and counter-
act increasing ocean acidification, have also 
come up as possible techniques. However, the 
limiting factor is the lack of translation from 
small-scale ocean fertilization to larger-scale 
consequences.7

Solar radiation management is another 
broad category that has gained prominence 
over the past few years. In this technique, 
various measures are used to reflect some of 
the Sun’s energy back into space and thereby 
prevent the Earth’s temperature from rising. 
Albedo engineering, the main subset of this 
category, focuses on enhancing the albedo, or 
fraction of short-wave solar energy, reflected 
back into space. Harvard Professor David 
Keith is a strong advocate of achieving albe-
do engineering by launching sulfate particles 
above the ozone layer, mimicking the erup-
tion and effects of Pinatubo. You would have 
to deliver nearly one millions tons of SO2 ev-
ery year using balloons and rockets in order 
to see some effect. While the sulfur does not 
reduce the amount of carbon dioxide in the 
atmosphere, it helps offset its effects by re-
flecting solar radiation away from the earth. 
The cost is also quoted to be relatively inex-
pensive, at only $25-50 billion a year.8 An-
other solar radiation management technique 
is cloud whitening, where turbines are used 
to spray fine mist with necessary salt partic-
ulates into the low-lying stratosphere above 
the oceans, thus making them whiter and 
increasing scattering of light. While this tech-
nique would change precipitation patterns, it 
localizes the solution to the oceans,9 unlike 
the sulfate launch, which targets the whole 
stratosphere.

Former Harvard physicist, Russell Seitz, 
wants to trap bubbles in the ocean water, 
by increasing the sunlight submerged in the 
bubbles and thereby whiten the water. This 
process would result in undershine, similar to 
the previously proposed ideas of brightening 
roofs to offset the CO2 in the air and increase 
the reflectivity of the air. Again, his solution 
proposes a series of technical challenges but 
still highlights the core principles of the geo-
engineering movement. 

One of the main challenges in such work 

is that creating the climate engineering solu-
tions at a small scale for testing is very dif-
ficult, if not near impossible. This raises the 
question—can we really test geoengineering? 
Cambridge University Professor Hugh Hunt 
works to answer that exact question, and in 
2011, he tried to launch a small-scale ex-
periment of dispersing sulfur dioxide over 
Norfolk as a part of the SPICE (Stratospheric 
Particle Injection for Climate Engineering) 
consortium in the UK.10 Even this experi-
ment was met with high levels of resistance 
and ultimately stopped before it could be 
carried out. Since then, a number of other in-
teresting projects have been developed, such 
as an ice protector textile coated over a small 
glacier in the Swiss Alps to reflect light and 
slow ice melt.11

LEVELS OF RISK
The radical and far-reaching geoengineer-

ing solutions presented in this article have 
raised a number of technical and political is-
sues among the research and local communi-
ty. For example, while sulfate aerosols would 
last for a couple of years, a number of con-
cerns have been raised about the side effects 
of acid rain and ozone damage. However, 
beyond the technical problems, geoengineer-
ing solutions have also become extremely 
controversial in the political space, as polit-
ical leaders are forced to deal with the debate 
over usage of these techniques. From a poli-
cy standpoint, opponents of geoengineering 
fear that introducing such solutions would 
disincentivize governments and corporations 
from reducing anthropogenic carbon diox-
ide emissions, the root of this environmental 
problem.11 They argue that “technofixes,” or 
technical solutions to social problems, are 
falsely appealing, as they do not provide real 
solutions to the social and political environ-
ment causing these problems.12 Further, they 
also worry that the reduced cost and speed 
of implementation may result in certain 
countries adopting solar radiation manage-
ment techniques without consulting other 
neighbors and thereby indirectly affecting 
international policy through their national 
measures. It is clear that, with the increasing 
likelihood of the need to implement geoengi-
neering solutions, developing a new national 
and international policy framework is neces-
sary for further action.

LOOKING FORWARD
It is clear that, with the increasing fluc-

tuations in Earth’s climate, rapid training of 
natural resources, and scaling degree of glo-
balization, solutions to preserve and protect 

the Earth’s environment are not just desirable, 
but extremely necessary. While geoengineer-
ing presents promising solutions, it also rais-
es a number of economic, political, and en-
vironmental concerns that will likely prevent 
its full-scale integration. While many geoen-
gineering solutions will likely continue being 
contested and therefore underdeveloped, it 
is worth noting that taking a greater focus in 
specific carbon-capture based technologies, 
such as chemically catalyzed reactions for 
“carbon”-fixation, would enable the same lev-
el of climate impact without the side effects. 
Although challenges abound, the develop-
ment of carbon capture technology must be 
the next step in this fight to save this planet.

Eesha Khare ‘17 is a junior in Leverett House, 
concentrating in Engineering Sciences.
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“INVADERS FROM EARTH!”: 
       exploring the possibilities of 
   extraterrestrial colonization

We’ve all seen films or heard stories about the “Invaders from 
Mars”: aliens coming from other galaxies to colonize Earth 

and take advantage of its bountiful natural resources. But what if the 
story happened the other way around? Organizations like the Na-
tional Aeronautics and Space Administration (NASA) and private 
companies like SpaceX have looked seriously at the idea of space 
exploration for colonization, particularly when it comes to the pos-
sibility of colonizing artificial satellites, the Moon, or our even plan-
etary neighbor, Mars. With worries about the habitability of Earth 
being in jeopardy in the not-too-distant future—due to the effects of 
environmental degradation, lack of resources, and climate change—
individuals and institutions are exploring the modern frontiers of 
space technology that could soon transform humankind into the 
“Invaders from Earth.”  

FROM SCIENCE FICTION TO SCIENCE REALITY
Extraterrestrial colonization seems like a concept straight out 

of a sci-fi movie—Christopher Nolan’s 2014 science fiction drama 
Interstellar features protagonist Matthew McConaughey trying to 
find a new home for mankind as food shortages and crop failures 
threaten society’s existence on Earth. Surprisingly though, the idea 
of space colonization has been around for quite some time now. In 
1869, The Atlantic Monthly published a short story by Edward Ev-
erett Hale entitled “The Brick Moon,” in which an artificial satellite 
gets accidentally launched into space with people still inside of it, 
leading to the establishment of the first space colony.1 The idea of 
a “space colony” eventually took shape in 1971 in the form of the 
Russian Salyut program, resulting in the first crewed space station 
in history. 

In the mid to late-1970s, not long after the United States put 
astronauts on the Moon in the famous Apollo missions, scientists 
and engineers began to seriously consider the idea of extraterres-
trial colonies living in artificial space habitats just outside of Earth. 
One of the first, and indeed one of the most influential, scientific pa-
pers on the topic was “The Colonization of Space” by Dr. Gerard K. 
O’Neill of Princeton University, which was published in the popular 
magazine Physics Today in 1974. Through careful calculations and 
consideration of the physics and economics behind the construc-
tion of a space habitat, Dr. O’Neill concluded that mankind could 
“build pleasant, self-sufficient dwelling places in space within the 
next two decades, solving many of Earth’s problems”.2 As a result of 
this study, the NASA Ames Research Center began to conduct space 
settlement studies with the intention of supporting the NASA Ames 
Space Settlement Contest, a space colony design contest for primary 
and secondary school students.3 The study begins with the following 
thought-provoking questions: “We have put men on the Moon. Can 
people live in space? Can permanent communities be built and in-
habited off the Earth?”3 And so commenced NASA’s formal research 
into the idea of sustaining human civilization outside of our planet. 
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“INVADERS FROM EARTH!”: 
       exploring the possibilities of 
   extraterrestrial colonization

LOOKING FOR A NEW HOME
Why would it even be necessary to have 

mankind live in colonies outside of Earth? 
Perhaps the most compelling reason to ex-
plore the possibility of extraterrestrial col-
onization has to do with our own environ-
ment. As the Earth’s population continues 
to grow—it is expected to balloon to over 11 
billion by 2100—and as resources like fresh-
water and food become more scarce, many 
thinkers fear our planet will become far less 
capable of sustaining human life. Famed sci-
entist Stephen Hawking has even delivered 
a lecture titled “Why We Should Go Into 
Space,” urging society to continue space ex-
ploration to ensure humanity’s survival. As 
Dr. Hawking states in one of his lectures on 
space colonization, “if the human race is to 
continue for another million years, we will 
have to boldly go where no one has gone be-
fore”.4  

Climate change is also threatening to 
make Earth much less hospitable in the fu-
ture. Average land and sea surface tempera-
tures are increasing, sea levels around the 
globe are rising, atmospheric carbon dioxide 
levels have reached all time highs, and pre-
cipitation patterns are shifting.5 In the long 
term, these changes could lead to detrimen-
tal effects on human health, crop production, 
species extinction, and other major environ-
mental catastrophes. On top of this, the risk 
of nuclear war leaving Earth inhospitable or 
the threat of a major asteroid leading us to 
the same fate as the dinosaurs are other rea-
sons why advocates of extraterrestrial colo-
nization suggest we, as a society, should start 
looking at a Plan(et) B.  

MODERN FRONTIERS IN SPACE 
COLONIZATION

Colonizing other Planets
American company SpaceX (short for 

Space Exploration Technologies Corpora-
tion), led by business mogul Elon Musk, was 
founded in 2002 with the primary end goal 
of enabling the human colonization of Mars.6 
By designing, manufacturing, and launch-
ing space transportation products, SpaceX 
has become one of the modern leaders in 
spaceflight. Since its founding, SpaceX has 
been the first private company to successful-
ly launch and return a spacecraft from low-
Earth orbit, as well as the first company to 
send a spacecraft to the International Space 
Station. This is changing the way society has 
traditionally engaged in space exploration, 
moving the business of space travel from 
government agencies to private industries. 

With these developments in space technol-
ogy occurring within the private sector, the 
possibility of sending humans to other plan-
ets is one step closer to becoming a reality. 

Other companies, like the Mars One Cor-
poration, are joining in on the quest to tackle 
the Mars problem as well. With the goal of 
establishing a “permanent human settlement 
on Mars,” Mars One is seeking capital invest-
ment, manufacturing partners, intellectual 
advisees, and other critical partnerships that 
could make the settlement of Mars a reality 
within the 21st century.7   

The Radical Idea of Terraforming
In the curious world of extraterrestrial 

colonization, there is another conceptual 
framework for colonizing planetary bodies 
that involves a complete transformation of 
entire planets: terraforming. Terraforming 
a planet would require significant human 
engineering and manual alteration of envi-
ronmental conditions: modifying a planet’s 
climate, ensuring an atmosphere with suffi-
cient oxygen, altering rugged landscapes, and 
promoting vegetation and natural biological 
growth. Scientists have deliberated the idea 
of making a planet like Mars habitable to hu-
man life through various transformations of 
the environment on a planetary scale. One 
possible scenario would be to introduce 
greenhouse gases into the atmosphere of 
Mars, leading to steady increases in surface 
temperatures—an induced greenhouse—that 
would perhaps make the planet hospitable to 
plants within a time period of 100 to 10,000 
years.8 The next step would involve carbon 
sequestration and the introduction of plant 
life. Vegetation on Mars would lead to the 
photosynthetic conversion of CO2 into O2, 
eventually rendering the Martian atmo-
sphere “human-breathable.”8 Humans would 
also have to address the problem of ultravi-
olet radiation shielding (since the Martian 
atmosphere is so thin), maintaining a warm 
air temperature, and a myriad of other com-
plications in order to sustain a human-com-
patible Martian environment.8 While NASA 
scientist James Pollack and legendary astro-
physicist Carl Sagan thought it was within 
the realm of human capabilities to engineer 
other planets, they strongly believed the 
“first step in engineering the solar system is 
to guarantee the habitability of the Earth.”9 In 
other words, science must first commit itself 
to the conservation of this planet before at-
tempting to alter or flee to another.    

     
CONCLUSION

So what’s holding us back from actually 

getting to Mars and starting a colony? One 
big reason is the sheer cost of such an oper-
ation. In 1989, President George H.W. Bush 
introduced the NASA Space Exploration 
Initiative, which would have culminated in 
sending humans to Mars (after landing astro-
nauts on the Moon again). This initiative was 
immediately shut down due to concerns over 
the costs: over $500 billion.10 Mars Direct, a 
plan created by the Mars Society to colonize 
the Red Planet through a “minimalist, live-
off-the-land approach to space exploration,” 
is estimated to come at a cost of about $30 
billion.11 While this is substantially less than 
what a NASA mission to Mars would cost, it 
is still a significant sum that requires huge 
investment and careful consideration of the 
costs and benefits of a project of this scale. 

Recent breakthroughs in space explo-
ration technology, both in the private and 
public sectors, are making the possibility of 
extraterrestrial colonization much more real-
istic. Space colonization is no longer merely 
the plot of a hit sci-fi flick, as entire corpora-
tions are investing millions of dollars into the 
technologies and engineering advancements 
that will make reaching Mars possible before 
the end of the century. Pretty soon, instead of 
looking up at the night sky from Earth, per-
haps we will be looking up from Mars and 
staring at the blue dot that we used to call 
“home.” 

J. Rodrigo Leal ‘16 is a senior in Kirkland 
House, concentrating in Earth and Planetary 
Sciences.
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Secure communications and data en-
cryption have been very important top-

ics in the popular eye for the past few years, 
especially after Edward Snowden made 
public that the NSA attempts to intervene 
most communications. I, for instance, nev-
er thought my information would be that 
vulnerable and accessible to potential hack-
ers, sponsored by a government or not. 
Nevertheless, I realized, my information is 
not as “valuable” or, better said, as sensitive 
as the information that banks, hospitals, 
and governments manage every day. Some 
information just needs to remain inaccessi-
ble to hackers, like the transaction history 
of bank accounts, the medical records of all 
patients, or the vote count of an election. 
All information needs to be heavily en-
crypted, I figured. 

Then, the need to encrypt data became 
even more relevant in 2014 after several 
media announced that quantum computers 
(powerful computers that use fundamental 
concepts of quantum mechanics) might 
be used by organizations such as the NSA 
to break our most sophisticated cyphers 
and get access to our information.1 The al-
most unlimited processing power of such 
computers seemed to threaten our right to 
virtual security and privacy, and quantum 
computation was seen as the enemy of the 
cyber universe. However, this is only one of 
the many applications of quantum mechan-
ics in computer science. In the process of 
learning how to use physics to crack codes, 
we have also learned how to use them in 
favor of cryptography, the science of hiding 
messages and protecting information from 
third parties. Nature itself has the potential 
to protect information through quantum 
mechanics, if used correctly. Although the 
power of quantum computers is (in theo-
ry) potentially enough to break any classic 
method of encryption, quantum cryptog-
raphy provides an alternate pathway that 
has proven to be effective and seems to be 
turning cost-permissive. We are, in a way, 
using quantum mechanics to protect our 

information from the power of quantum 
computers. How ironic is that?

WHAT IS QUANTUM 
MECHANICS AND WHAT IS 
SO SPECIAL ABOUT IT?

One of the most bizarre and counterin-
tuitive yet fundamental ideas of quantum 
mechanics is the quantum superposition 
principle. The idea is that a particle whose 
qualities are not being measured—a parti-
cle that is not being observed—is in all of 
its possible states at the same time, but only 
as long as you are not looking! Whenever 
you observe a particle, the superposition 
collapses and the object ‘decides’ to be in 
only one state; the observer is not interfer-
ing with the particle’s superposition, but 
the act of measuring itself is. To make it 
more clear, let’s pretend a coin is a quan-
tum-mechanical object, even though su-
perposition only works at the quantum 
scale—the scale of electrons or photons. 
If you haven’t looked at the coin yet, it will 
be in a superposition of both states, heads 
and tails, at the same time; if you observe it, 
the coin will choose to be in only one of the 
states, either heads or tails. This means that 
the sole act of observing a particle produces 
a change in the state of such a particle; it’s 
almost as if nature itself was protecting the 
superposition from being eavesdropped! 
(Does it sound like something you’d want 
in a secure communication channel?) Sci-
entists, financial institutions, medical facil-
ities, and other organizations that require 
highly-secure channels can use this proper-
ty of quantum mechanical particles to pre-
vent their messages from being intercepted 
by a potential hacker. Currently, the most 
widely used system is called Quantum Key 
Distribution (QKD).

WHY QKD AND HOW DOES 
IT WORK?

The classic method of information en-
cryption in point-to-point communication 

works by encoding and locking a message 
with a predetermined “key” that the re-
ceiver can then use to unlock the message. 
Fundamentally, encryption transforms the 
message into nonsense gibberish, and the 
key holds the instructions to convert it 
back to normal. This method has several 
vulnerabilities: any hacker could potential-
ly intercept the communication, copy the 
data, and (with enough processing power, 
like the one provided by a quantum com-
puter) figure out the key to decrypt the 
message.1 It seems like technology is ad-
vancing more quickly in computing power 
and ways to break codes than the science 
of cryptography is; after all, cryptography 
requires very complex mathematical algo-
rithms that, unlike computer processors, 
cannot be produced at an industrial scale. 
So, science has to come up with a better 
encryption mechanism that goes beyond 
a very complicated math problem (like 
our current algorithms), and quantum me-
chanics seems to have the answer. 

QKD requires two channels of com-
munication. One of them is a regular data 
channel (like a regular internet connection 
between two computers), while the other 
channel is a direct optic fiber connection 
between the sender and the receiver of the 
message—essentially, a cable that is able 
to transmit quantum particles from one 
computer to another. The QKD mecha-
nism continuously generates new keys (in 
intervals of less than a minute) to encode 
the message, and data is sent using such 
keys through the regular communication 
channel. QKD, at the same time, uses the 
direct optic fiber connection to send the 
key needed to decrypt the message to the 
receiver; the mechanism sends the key as 
plane-polarized photons, which are par-
ticles in the fragile superposition, as ex-
plained above. The concept is that any 
eavesdropper trying to interfere with the 
connection would observe the photons be-
fore getting to their final destination, which 
makes the superposition “collapse” and al-
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ters the information sent through this chan-
nel. The observer in this situation would never 
be able to obtain the key necessary to decrypt 
the message, for which the information re-
mains secure. The receiver, on the other hand, 
could then detect these alterations in the 
photons, make the valid assumption that the 
connection has been compromised, and take 
the appropriate measures to re-establish a se-
cure and private connection. The sole fact that 
quantum mechanics “protects” the superposi-
tion from being seen protects the message at 
the same time. A common analogy to visual-
ize this is imagining the key was being sent on 
delicate soap bubbles: if a third party observer 
tried to reach those bubbles, they would easily 
pop and prohibit them from decrypting the 
message. At the same time, the receiver on the 
other end of the channel is expecting a bubble 
to read; the receiver would immediately know 
if the bubble was popped along the way.2,3

WHAT ARE THE LIMITATIONS 
OF QKD?

QKD is not yet a perfect mechanism. In 
2010, a team of researchers in Norway and 
Germany showed for the first time that it is 
possible to obtain a full key from (in other 
words, to “hack”) a commercial QKD chan-
nel. The discovery led to even more intense 
research to modify the communication pro-
tocols of QKD. Even though QKD has limita-
tions, they are far fewer than those of other 
encryption systems, and the vulnerabilities 
can mostly be fixed by modifying the protocol 
of key generation and communication, but not 
the principle of QKD itself;4 that being said we 
find that the system’s limitations are mostly fi-
nancial. Implementing such a secure system 
is, most surely, expensive and complicated. 
In terms of infrastructure, any QKD network 
would need direct optic fiber communication 
between every node (every participant) in the 
network, which presents a difficult challenge 
over great distances. QKD communication 
through optic fiber cables loses power very 
easily as photons might be absorbed by the 
material in the cable, which is even more like-
ly to happen at longer distances. If we wanted 
to build a secure network over a distance of 
a few hundred miles, we would surely need 
a large network of quantum repeaters—de-
vices that replicate a signal to maintain it at 
the appropriate intensity—which also makes 
it harder for photons to remain in superpo-

sition. In order to avoid all the consequences 
of extended networks, it is necessary to invest 
large sums in devices that ensure the viability 
of QKD over long distances.

WHAT IS THE CURRENT STATUS 
OF QKD? WHAT CAN WE EXPECT 
FROM IT IN THE FUTURE?

QKD is already in use at several research 
institutions, technology companies, and tele-
communications corporations that require 
highly-secure data transfer around the globe.5 
In fact, the first quantum cyphered network 
was established in Cambridge, MA. In 2005, 
the Defense Advanced Research Projects 
Agency (DARPA) established the first quan-
tum network in a collaborative effort between 
Harvard University, Boston University, and 
BBN Technology.6 QKD has found non-stop 
development ever since. For example, the city 
of Geneva used QKD channels to securely 
count votes in 2007 elections. Once the net-
work’s hardware and connectivity was ready 
to use, the deployment of the secure QKD 
enabled the encryption of a standard internet 
connection, taking only 30 minutes to be ful-
ly operational, and continuing to operate for 
more than seven weeks. In 2010, the city of 
Tokyo built a quantum network that covered 
distances of over 90 miles and was even en-
abled for special QDK smartphones (though 
these smartphones were designed only to 
prove the point that the technology is applica-
ble even to mobile devices). As of 2015, Chi-
na is undergoing major advances in the field, 
currently working on a QKD channel running 
from Beijing to Shanghai (1,240 mi) to be fin-
ished by 2016, and setting a schedule for the 
network to extend globally by 2030. China 
has also confirmed their desire to be the first 
country to launch a satellite with quantum 
communication systems, using a design sim-
ilar to QKD.7

Nowadays the public is willing to invest 
more on their virtual privacy, but the price 
of QKD systems is currently out of reach for 
most companies that would like to secure 
their information. Researchers and develop-
ers expect this technology to become more 
accessible in the near future as the devices 
involved begin to be produced in industrial 
scale; accessible prices will take secure quan-
tum channels closer to all users and not only 
high-tech companies and institutions around 
the world. The field of quantum cryptography 
is only growing in a time where security and 

privacy of information are more important 
than ever before.8 Highly sensitive informa-
tion needs better protection as techniques 
to crack codes are developed, and quantum 
cryptography seems to be key in the future of 
transmitting it. In the future, the development 
and applications of quantum cryptography 
will allow us to rest assured that our sensitive 
information in banks, hospitals, or govern-
ment institutions will not be accessible to any 
hackers. The more widespread this technolo-
gy becomes, the more secure we will all feel. 
For now, we can only be impressed by nature’s 
quantum-mechanical weirdness and by the 
applications we, humans, find for it.

Felipe Flores  ‘19 is a freshman in Hollis Hall.
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 ARTIFICIAL	SUPERINTELLIGENCE: 
the COMING	REVOLUTION

The science fiction writer Arthur Clarke 
famously wrote, “Any sufficiently ad-

vanced technology is indistinguishable 
from magic.” Yet, humanity may be on the 
verge of something much greater, a tech-
nology so revolutionary that it would be in-
distinguishable not merely from magic, but 
from an omnipresent force, a deity here on 
Earth. It’s known as artificial super-intelli-
gence (“ASI”), and, although it may be hard 
to imagine, many experts believe it could 
become a reality within our lifetimes.

We’ve all encountered artificial intelli-
gence (“AI”) in the media. We hear about 
it in science fiction movies like “Avengers 
Age of Ultron” and in news articles about 
companies such as Facebook analyzing 
our behavior. But artificial intelligence has 

so far been hiding on the periphery of our 
lives, nothing as revolutionary to society as 
portrayed in films.

In recent decades, however, serious 
technological and computational progress 
has led many experts to acknowledge this 
seemingly inevitable conclusion: Within 
a few decades, artificial intelligence could 
progress from a machine intelligence we 
currently understand to an unbounded in-
telligence unlike anything even the smart-
est among us could grasp. Imagine a me-
ga-brain, electric not organic, with an IQ 
of 34,597. With perfect memory and un-
limited analytical power, this computation-
al beast could read all of the books in the 
Library of Congress the first millisecond 
you press “enter” on the program, and then 

integrate all that knowledge into a compre-
hensive analysis of humanity’s 4,000 year 
intellectual journey before your next blink. 

The history of AI is a similar story of ex-
ponential growth in intelligence. In 1936, 
Alan Turing published his landmark paper 
on Turing Machines, laying the theoretical 
framework for the modern computer. He 
introduced the idea that a machine com-
posed of simple switches—on’s and off ’s, 
0’s and 1’s—could think like a human and 
perhaps outmatch one.1 Only 75 years later, 
in 2011, IBM’s AI bot “Watson” sent shocks 
around the world when it beat two human 
competitors in Jeopardy.2 Recently big data 
companies, such as Google, Facebook and 
Apple, have invested heavily in artificial in-
telligence and have helped support a surge 
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in the field. Every time Facebook tags your 
friend autonomously or you yell at Siri 
incensed and yet she still interprets your 
words is a testament to how far artificial 
intelligence has come. Soon, you will sit in 
the backseat of an Uber without a driver, 
Siri will listen and speak more eloquently 
than you do (in every language), and IBM’s 
Watson will analyze your medical records 
and become your personal, all-knowing 
doctor.3

While these soon-to-come achieve-
ments are tremendous, there are many 
who doubt the impressiveness of artificial 
intelligence, attributing their so-called 
“intelligence” to the intelligence of the 
human programmers behind the curtain. 
Before responding to such reactions, it is 
worth noting that the gradual advance of 
technology desensitizes us to the wonders 
of artificial intelligence that already per-
meate our technological lives. But skeptics 
do have a point. Current AI algorithms 
are only very good at very specific tasks. 
Siri might respond intelligently to your 
requests for directions, but if you ask her 
to help with your math homework, she’ll 
say “Starting Facetime with Matt Soffer.” 
A self-driving car can get you anywhere in 
the United States but make your destina-
tion the Gale Crater on Mars, and it will 
not understand the joke. 

This is part of the reason AI scientists 
and enthusiasts consider Human Level 
Machine Intelligence (HLMI)—roughly 
defined as a machine intelligence that out-
performs humans in all intellectual tasks—
the holy grail of artificial intelligence. In 
2012, a survey was conducted to analyze 
the wide range of predictions made by 
artificial intelligence researchers for the 
onset of HLMI. Researchers who chose to 
participate were asked by what year they 
would assign a 10%, 50%, and 90% chance 
of achieving HLMI (assuming human sci-
entific activity will not encounter a sig-
nificant negative disruption), or to check 
“never” if they felt HLMI would never be 
achieved. The median of the years given 
for 50% confidence was 2040. The medi-
an of the years given for 90% confidence 
was 2080. Around 20% of researchers 
were confident that machines would never 
reach HLMI (these responses were not in-
cluded in the median values). This means 

that nearly half of the researchers who re-
sponded are very confident HLMI will be 
created within just 65 years.4 

HLMI is not just another AI milestone 
to which we would eventually be desensi-
tized. It is unique among AI accomplish-
ments, a crucial tipping point for society. 
Because once you have a machine that 
outperforms humans in everything intel-
lectual, we can transfer the task of invent-
ing to the computers. The British Mathe-
matician I.J. Good said it best: “The first 
ultraintelligent machine is the last inven-
tion that man need ever make ….”5 

There are two main routes to HLMI 
that many researchers view as the most 
efficient. The first method of achieving a 
general artificial intelligence across the 
board relies on complex machine learning 
algorithms. These machine learning algo-
rithms, often inspired by neural circuitry 
in the brain, focus on how a program can 
take inputted data, learn to analyze it, and 
give a desired output. The premise is that 
you can teach a program to identify an ap-
ple by showing it thousands of pictures of 
apples in different contexts, in much the 
same way that a baby learns to identify an 
apple.6

The second group of researchers might 
ask why we should go to all this trouble 
developing algorithms when we have the 
most advanced computer known in the 
cosmos right on top of our shoulders. Evo-
lution has already designed a human level 

machine intelligence: a human! The goal 
of “Whole Brain Emulation” is to copy 
or simulate our brain’s neural networks, 
taking advantage of nature’s millions of 
painstaking years of selection for cogni-
tive capacity.7 A neuron is like a switch—it 
either fires or it doesn’t. If we can image 
every neuron in a brain, and then take that 
data and simulate it on a computer inter-
face, we would have a human level artifi-
cial intelligence. Then we could add more 
and more neurons or tweak the design to 

maximize capability. This is the concept 
behind both the White House’s Brain ini-
tiative8 and the EU’s Human Brain Proj-
ect.9 In reality, these two routes to human 
level machine intelligence—algorithmic 
and emulation—are not black and white. 
Whatever technology achieves HLMI will 
probably be a combination of the two. 

Once HLMI is achieved, the rate of ad-
vancement could increase very quickly. In 
that same study of AI researchers, 10% of 
respondents believed artificial superin-
telligence (roughly defined as an intelli-
gence that greatly surpasses every human 
in most professions) would be achieved 
within two years of HLMI. 50% believed it 
would take only 30 years or less.4

Why are these researchers convinced 
HLMI would lead to such a greater de-
gree of intelligence so quickly? The answer 
involves recursive self-improvement. An 
HLMI that outperforms humans in all 
intellectual tasks would also outperform 
humans at creating smarter HLMI’s. Thus, 
once HLMI’s truly think better than hu-
mans, we will set them to work on them-
selves to improve their own code or to 
design more advanced neural networks. 
Then, once a more intelligent HLMI is 
built, the less intelligent HLMI’s will set 
the smarter HLMI’s to build the next gen-
eration, and so on. Since computers act 
orders of magnitudes more quickly than 
humans, the exponential growth in intelli-
gence could occur unimaginably fast. This 
run-away intelligence explosion is called a 
technological singularity.10 It is the point 
beyond which we cannot foresee what this 
intelligence would become.

Here is a reimagining of a human-com-
puter dialogue taken from the collection 
of short stories, “Angels and Spaceships”:11 
The year is 2045. On a bright sunny day, a 
Silicon Valley private tech group of com-
puter hackers working in their garage just 
completed their design of a program that 
simulates a massive neural network on a 
computer interface. They came up with 
a novel machine learning algorithm and 
wanted to try it out. They give this new-
born network the ability to learn and rede-
sign itself with new code, and they give the 
program internet access so it can search for 
text to analyze. The college teens start the 
program, and then go out to Chipotle to 

“The first ultraintelli-
gent machine is the 

last invention that man 
need ever make ….”
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celebrate. Back at the house, while walk-
ing up the pavement to the garage, they 
are surprised to see FBI trucks approach-
ing their street. They rush inside and 
check the program. On the terminal win-
dow, the computer had already outputted 
“Program Complete.” The programmer 
types, “What have you read?” and the pro-
gram responds, “The entire internet. Ask 
me anything.” After deliberating for a few 
seconds, one of the programmers types, 
hands trembling, “Do you think there’s a 
God?” The computer instantly responds, 
“There is now.” 

This story demonstrates the explosive 
nature of recursive self-improvement. Yet, 
many might still question the possibili-
ty of such rapid progression from HLMI 
to superintelligence that AI researchers 
predict. Although we often look at past 
trends to gauge the future, we should 
not do the same when evaluating future 
technological progress. Technological 
progress builds on itself. It is not just the 
technology that is advancing but the rate 
at which technology advances that is ad-
vancing. So while it may take the field of 
AI 100 years to reach the intelligence level 
of a chimpanzee, the step toward human 
intelligence could take only a few years. 
Humans think on a linear scale. To grasp 
the potential of what is to come, we must 
think exponentially.10

Another understandable doubt may 
be that it’s hard to believe, even given un-
limited scientific research, that computers 
will ever be able to think like humans, 
that 0’s and 1’s could have consciousness, 
self-awareness, or sensory perception. It 
is certainly true that these dimensions of 
self are difficult to explain, if not current-
ly totally unexplainable by science—it is 
called the hard problem of consciousness 
for a reason! But assuming that conscious-
ness is an emergent property—a result of a 
billion-year evolutionary process starting 
from the first self-replicating molecules, 
which themselves were the result of the 
molecular motions of inanimate matter—
then computer consciousness does not 
seem so crazy. If we who emerged from 
a soup of inanimate atoms cannot believe 
inanimate 0’s and 1’s could lead to con-
sciousness no matter how intricate a set-
up, we should try telling that to the atoms. 
Machine intelligence really is just switch-

ing hardware from organic to the much 
faster and more efficient silicon-metallic. 
Supposing consciousness is an emergent 
property on one medium, why can’t it be 
on another?

Thus, under the assumption that su-
perintelligence is possible and may hap-
pen within a century or so, the world is 
reaching a critical point in history.  First 
were atoms, then organic molecules, 
then single-celled organisms, then mul-
ticellular organisms, then animal neural 
networks, then human-level intelligence 
limited only by our biology, and, soon, 
unbounded machine intelligence. Many 
feel we are now living at the beginning of 
a new era in the history of cosmos. 

The implications of this intelligence for 
society would be far-reaching—in some 
cases, very destructive. Political structure 
might fall apart if we knew we were no 
longer the smartest species on Earth, if we 
were overshadowed by an intelligence of 
galactic proportions. A superintelligence 
might view humans as we do insects—
and we all know what humans do to bugs 
when they overstep their boundaries! This 
year, many renowned scientists, academ-
ics, and CEOs, including Stephen Hawk-
ing and Elon Musk, signed a letter, which 
was presented at the International Joint 
Conference on Artificial Intelligence. The 
letter warns about the coming dangers 
of artificial intelligence, urging that we 
should be prudent as we venture into the 
unknowns of an alien intelligence.12

When the AI researchers were asked to 
assign probabilities to the overall impact 
of ASI on humanity in the long run, the 
mean values were 24% “extremely good,” 
28% “good,” 17% “neutral,” 13% “bad,” and 
18% “extremely bad” (existential catastro-
phe).4 18% is not a statistic to take lightly.

Although artificial superintelligence 
surely comes with its existential threats 
that could make for a frightening future, 
it could also bring a utopian one. ASI has 
the capability to unlock some of the most 
profound mysteries of the universe. It will 
discover in one second what the brightest 
minds throughout history would need 
millions of years to even scrape the sur-
face of. It could demonstrate to us higher 
levels of consciousness or thinking that we 
are not aware of, like the philosopher who 
brings the prisoners out of Plato’s cave into 

the light of a world previously unknown. 
There may be much more to this universe 
than we currently understand. There must 
be, for we don’t even know where the uni-
verse came from in the first place! This ar-
tificial superintelligence is a ticket to that 
understanding. There is a real chance that, 
within a century, we could bear witness 
to the greatest answers of all time. Are we 
ready to take the risk? 

William Bryk ‘19 is a freshman in 
Canaday Hall.
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We have all heard of the amazing fight-or 
flight response: the man lifting a 3,000 

pound stock Camaro, the woman fending her-
self against a bear with just a backpack, and the 
man outrunning a flaming sphere. Adrenaline 
surging, our body prepares to defend itself 
against a perceived threat. Our brain engages 
our muscles, sensory modalities and chemical 
signaling pathways in such a way that we may 
perform feats beyond those of any imaginable 
human strength. 

Stress can activate the sympathetic nervous 
system in an extraordinary manner. The syn-
chrony of hormones, nerve cells, musculoskel-
etal tissues and cognitive processes associated 
with the sympathetic nervous system is awe-
some, and in many ways, beautiful.  

However, repeated or continued exposure 
to stress can paralyze the body in this hy-
per-aroused state. Over time, this condition 
can have detrimental effects on one’s overall 
health, and immunity, thereby leaving the 
body susceptible to disease.1

CHRONIC STRESS AND IMMUNE 
RESPONSE

Stress is a non-homeostatic condition, 
something that pushes an organism out of its 
realm of comfort—physically, psychologically 
or both. According to the American Psycho-
logical association, psychological stress is an 
uncomfortable “emotional experience accom-
panied by predictable, biochemical, physiolog-
ical and behavioral changes.”2 

External stressors include abuse, or dis-
crimination in the workplace. On the other 
hand, anxiety about a particular event com-
prises an internal stressor. 

Stressors can also be classified according to 
the duration and onset of their effects.3 Acute 
time-limited stressors consist of things like 
seeing a threatening animal, hunger or public 
speaking. Stressful event sequences are pref-

when	stress	becomes	
our own worst enemy

FIGHT OR FLIGHT
ANJALI CHANDRA
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aced by a catastrophic event and consist of 
smaller related challenges. 

Chronic stress can be defined as a rela-
tively stable pervasive force that leads an 
individual to transform his or her identity, 
and modify his or her social roles. One dis-
tinguishing feature of a chronic stressor is 
that the individual experiencing it does not 
know when or if it will terminate. Caring 
for a loved one with dementia, an abusive 
relationships, refugee status, and physical 
disability due to a traumatic injury are all 
examples of chronic stressors. 

Before delving into how stress impacts 
the immune system, it is important to inves-
tigate the basic workings of the immune sys-
tem. Immune response consists of two broad 
domains: natural immunity and specific im-
munity. Natural immunity is the body’s gen-
eral defense against a variety of pathogens. 
This consists of neutrophils and macro-
phages involved in inflammatory response, 
and cytokines which facilitate communica-
tion and wound healing. Another important 
element of the natural immune mechanism 
is the killer cell. Killer cells lyse cells that lack 
the molecular marker designating other cells 
as native to an organism.4 Complement pro-
teins are the final part of the natural defense 
team. Complement proteins are important 
in antibody mediated immunity.

On the other hand, specific immunity 
as the name implies is generally tailored to 
particular threats. Lymphocytes are antigen 
specific, meaning they respond to one par-
ticular invader. T-cytotoxic lymphocytes 
recognize and lyse antigen expressing cells. 
B cells generate antibodies which target the 
antigen and reinforce natural immunity, and 
T-helper cells generate cytokines to enhance 
the rest of the response mechanisms.  

Immunity in Homo sapiens can be fur-
ther divided into cellular and humoral re-
sponse. Th1 helper lymphocytes, T-cytotoxic 
cells and natural killer cells regulate cellular 
immunity, a response to intracellular patho-
gens like viruses. On the other hand, humor-
al response, which is focused on extracellu-
lar invaders like bacteria and parasites, is 
coordinated by Th-2 helper cells, B cells and 
mast cells.4 

 
PSYCHONEUROIMMUNOLOGY 

Psychoneuroimmunology (PNI), also 
known as Psychoendoneuroimmunolo-
gy (PENI) is an interdisciplinary field that 
seeks to unearth the relationship between 
the brain’s emotional and cognitive process-
es, and the body in both health and disease.5 
PNI focuses on the interaction between the 
nervous system, endocrine function and im-
mune response.6

University of Rochester Medical Center 
faculty member Dr. Robert Ader coined the 
phrase “psychoneuroimmunology” in the 

early 1970’s, in light of his research regard-
ing immunosuppression in classical con-
ditioning.5 Dr. Adler’s study revealed that 
saccharin and cyclophosphamide, a gastro-
intestinal irritant used to suppress immuni-
ty, conditioned not only taste-aversion but 
also immune-suppression in rats.6

Following Dr. Adler a husband-wife team 
of researchers at the Ohio State University 
College of Medicine extended the associa-
tion between stress and weakened immunity 
to human subjects. They measured immu-
nity in students over one decade of exam-
ination periods and found that year after 
year, during that three-day span, the stu-
dents’ killer cell levels dropped; they nearly 
stopped synthesizing gamma interferon, an 
immune-protectant, and their T-cells were 
largely unresponsive. This was the first time 
that stress was directly correlated to compro-
mised immunity for humans in the labora-
tory setting.

It is important to note however that they 
were only studying individuals for a three-
day period. The first corroborated set of con-
clusions regarding the effect of chronic stress 
or compromised mental state on immunity 
came in Dr. Suzanne Segerstrom and Dr. 
Gregory Miller’s meta-analysis of some 300 
papers connecting psychological stress to 
elements of immune response. Their investi-
gation revealed that chronic stress negatively 
impacted both cellular and body-fluid medi-

ated immunity.7

Segerstom and Miller report that early 
studies demonstrate a reduction in the ac-
tivity of natural killer cells, stunted lympho-
cyte proliferation and blunted response to 
vaccine-based inoculations in chronically 
stressed individuals.  Increased prevalence 
of infectious and neoplastic diseases among 
the chronically stressed demographic was at-
tributed to this weakened immunity. 

On the other hand, acute stress has been 
shown to enhance immune response by trig-
gering a redistribution of immune cells to 
maximize efficiency. This model has been 
modified to suggest that instead of spending 
energy in reorganizing efforts the immune 
system will shift from specific processes to 
natural immunity which “are better suited 
to managing the potential complications of 
life-threatening situations” since they are 
rapid response mechanisms.  

However, to determine how chronic 
stress may be increasing disease prevalence 

“Chronic stress has a 
strong association with 
immunosuppression.”

if at all, researchers needed to determine 
how chronic stressors shifted the balance 
of immune response. An early proposal was 
that chronic stress has a paradoxical effect, 
simultaneously enhancing and suppressing 
immune response through cytokine medi-
ation, specifically the suppression of Th1 
neoplastic disease fighting cytokines, while 
enhancing the production of Th2 cytokines 
which increase allergy and autoimmune 
disease risk. Thus, far this model appears 
to be consistent with the increased infec-
tion and neoplastic disease susceptibility 
and heightened allergic and autoimmune 
disordered physiology seen in chronically 
stressed individuals.8

PATHOLOGY OF STRESS
Dr. Firdaus Dhabhar’s article in the Jour-

nal of Neuroimmunology published in 2009 
confirms the deleterious effect of chronic 
stress on Th1 function. Dhabhar’s investi-
gation found that in addition to promoting 
pro-inflammatory pathways and specifical-
ly Th2 cytokine activity, it also increased the 
body’s natural immunosuppressive mecha-
nisms or regulatory T cells. 

 Cortisol may be a key player in this Th1 
to Th2 shift. Dhabhar reports that glucocor-
ticoids, or stress-related hormones, when 
administered at a pharmacological level 
suppress immune response whereas their 
effect is mixed at a physiological level. More 
generally speaking, cortisol is an indicator 
of immune system functioning. Within a 
certain range, the lower the level of baseline 
cortisol, the healthier the immune response 
mechanisms.9

 In acute stress mechanisms, low-doses 
of adrenal stress hormones enhance skin 
cell-mediated immunity(CMI).  On the 
other hand, chronic corticosterone signifi-
cantly suppressed CMI. These conclusions 
were supported by another study which 
demonstrated that low levels of corticoste-
rone may enhances anti-T cell receptor-in-
duced lymphocyte production during early 
stages of T-cell activation, in addition to 
T-cell responses to IL2, both of which indi-
cate immunity enhancement. 

However, a bevy of articles and academ-
ic mediums report that glucocorticoids can 
also be immunosuppressive.10 More sup-
port for the immunosuppressive effects of 
chronic stress comes from a recent study by 
Jianfeng Jin and colleagues who found that 
chronic stress induces the accumulation 
of myeloid-derived suppressor cells in the 
bone marrow of mice. These cells “inhibited 
the cytokine release of macrophages as well 
as T cell responsiveness.”11

Thus, whether it be by way of glucocor-
ticoids, or myeloid-derived suppressor cells, 
chronic stress has a strong association with 
immunosuppression. 
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MANIFESTATIONS OF 
IMMUNOSUPPRESSION 

One manifestation of immunosuppression 
is decreased vaccine activity. One investiga-
tion reported that when the influenza vaccine 
was given to cohort of older adults, including 
a group caring for spouses with dementia. The 
efficacy period of the vaccine for the caregivers 
was only 6 months were as the non-caregiver’s 
influenza antibody levels remained stable. 

A study published in the New England Jour-
nal of Medicine reports that chronically high 
levels of stress, accounting for other variables 
such as seasons, substance youth, sleep, exer-
cise and baseline antibody levels, increased sus-
ceptibility to acute rhinitis. This links chronic 
stressed induced immunosuppression with in-
crease susceptibility to infection. 

The relationship between stress and cancer 
has been an area of much interest, and inves-
tigation. Dr. David Speigel, a researcher and 
psychiatrist at Stanford University reports that 
natural killer cells is markedly low amongst 
chronically stressed individuals. 

 Furthermore, Dhabhar illustrates that 
chronic stress may reinforce pro-inflammatory 
pathways.12 Chronically elevated cortisol levels 
desensitize cellular receptors for cortisol and 
other stress hormones that normally regulate 
inflammatory response. This Glucocorticoid 
resistance increases Interleukin-1 activity and 
Tumor-necrosis factor to promote chronic in-
flammation.13  

IMPLICATIONS
Broadly speaking, these investigations sug-

gest that chronic stress has a two-fold effect. 
(1) being increased Th2 activity associated with 
inflammation and increased risk for allergic 
and autoimmune response, and (2) a reduc-
tion in Th1 and leukocyte activity along with 
enhanced immunosuppressive mechanisms 
which promotes cancer and infection risk 
while also decreasing the efficacy of vaccines 
and wound healing. However, the enhanced 
immunosuppression may decrease risk for au-
toimmune disease to some degree. 

CONTEXT 
When explaining the Bidirectional effect 

of stress hormones on immune-response, 
Dhabar suggests that their effect is context 
based. Critical factors which influence wheth-
er the hormone enhances or suppresses im-
munity include: (1) Duration of stress: Acute 
or short-term stress experienced at the time 
of immune activation can enhance innate and 
adaptive immune responses. Chronic or long-
term stress can suppress immunity by de-
creasing immune cell numbers and function 
and/or increasing active immunosuppressive 
mechanisms (e.g. regulatory T cells). Chronic 
stress can also dysregulate immune function by 
promoting proinflammatory and type-2 cyto-
kine-driven responses. (2) Effects of stress on 

leukocyte distribution: Compartments that are 
enriched with immune cells during acute stress 
show immune enhancement, while those that 
are depleted of leukocytes, show immunosup-
pression. (3) The differential effects of physio-
logic versus pharmacologic concentrations of 
glucocorticoids, and the differential effects of 
endogenous versus synthetic glucocorticoids: 
Endogenous hormones in physiological con-
centrations can have immunoenhancing ef-
fects. Endogenous hormones at pharmacologic 
concentrations, and synthetic hormones, are 
immunosuppressive. (4) The timing of stressor 
or stress hormone exposure relative to the time 
of activation and time course of the immune 
response: Immunoenhancement is observed 
when acute stress is experienced at early stages 
of immune activation, while immunosuppres-
sion may be observed at late stages of the im-
mune response.14

Dhabar’s contingencies reflect a larger trend 
in the field of psychoneuroimmunology. The 
effect that hormone levels, or for that matter 
stress, is very dependent on the duration of 
that stressor, as well as each individual’s bio-
logical defense mechanism. Apart from factors 
that researchers can control or mediate, much 
of relationship between chronic stress and the 
immune system depends on external variables 
like diet, sleep, exercise, substance use and oth-
er lifestyle factors. 

The most valuable lesson that we can take 
from this is to design studies that account for, 
as much as possible, these individual variabili-
ties, as was done in the study published in the 
New England Journal of Medicine on the rela-
tionship between chronic stress and acute rhi-
nitis. It is these sorts of studies that can bring us 
as close as humanly possible to untangling the 
relationship between mind, and brain, between 
brain and body. 

MOVING FORWARD 
Repeated studies over the past 20 years have 

confirmed the correlation between chronic 
stress and suppressed immune response. But 
the next logical question is why? What advan-
tage does immunosuppression have in the fight 
for survival?

The body may be conserving resources to 
direct to combat that perceived threat to which 
salience has been attributed. In order to pro-
vide a targeted approach, it shuts down other 
competing mechanisms which may require and 
therefore divert energy from what the brain has 
designated the most important goal or stimu-
lus. 

Dr. Speigel, the lead researcher in the study 
which demonstrated a marked decrease in 
natural killer cell activity amongst chronical-
ly-stressed populations also illustrates that 
group counseling or stress-management thera-
py for those already diagnosed with cancer may 
help to boost immune response. Cancer-pa-
tients who had an especially strong support 
network had low levels of cortisol than those 

who did not have the same support system.15

Yes, chronic stress has been associated with 
increased susceptibility to disease, but contrary 
to the perception of the anxious mind, much 
is still within one’s own loci of control. This 
control chiefly manifests itself in two ways. 
One, immunosuppression may depend on how 
we ourselves ascribe salience, and two, we can 
make lifestyle changes to reverse or prevent the 
immune-related effects of stress.

Without realizing it, the college student 
stressing about the midterm the next day 
may be consolidating maldaptive patterns 
which give rise to chronic stress. Whether it 
be immune-suppression, or the increased risk 
for cancer, the consequences of constant hy-
per-arousal are grave. On the other hand, re-
forming false attributions of salience, and seek-
ing a supportive social network may thwart the 
consolidation of acute stressors.  

So, take a deep breath. Calm down. Is it real-
ly worth the immuno-compromise? 

Anjali Chandra ‘19 is a freshman in Canaday 
Hall. 
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