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FOREWORD

SHOSHANA LEBOVIC - FACULTY ADVISOR

During our first Science Club meeting, | became immediately inspired by an
amazing group of students who chose to spend a weekly lunch researching and discussing
scientific literature. 1 could not have anticipated, however, the amount of curiousity,
dedication, and pure joy of learning | would witness as the year progressed.

The articles you are about to read are the result of the hard work and dedication of
eleven unique students, each of whom chose to independently research a topic of interest.
Several students submitted their papers to various science competitions: The Dupont
Challenge (Fried, Grossman, Laub, Liebling, Schuster, Seif), The DNA Day Essay Contest
(Hershkovitz), and The Design a Brain Experiment (Huberfeld, Sokolow). A group of
students also particpated in the Jerusalem Science Contest and we were very proud and
excited when Esther Rothman became the only female winner of this year's competition.

| am sure you will notice that there are a wide range of topics in this issue of
LAByrinth - from synthetic vocal chords to the forensic evidence from Kriyas Yam Suf. And
| think you will come to realize - as | did - that all of the essays have a key commonality:
Each author has probed, analyzed and then summarized current, cutting-edge scientific
literature that surrounds her topic of choice. All of the students wrote with the awareness
that in order for them to properly present a topic, they had to fundamentally understand
where the research is "at now".

I would also like to mention that nothing in this journal could have been written,
edited, or assembled without the constant guidance and presence of Mrs. From, whose
name should also be written on the top of this page. On behalf of the Science Club, I
would like to express my deep Hakaras Hatov to Mrs. From for all of the time and
devotion she gave to the supervision of this project.

And, of course, | have much grattitude toward the students, who gave me the
opportunity to learn and discover alongside them.

I know you will enjoy reading this publication as much as | did.

LAByrinth 2014: SCIENCE JOURNAL OF MANHATTAN HS FOR GIRLS
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By: Min Fried® '15

The hills are alive with the sound of music; well they
were alive anyway.
Poppins in 1964, Julie Andrews has been the epitome of
musical theater for stage and screen. However,
less well known that Andrews no longer has her famous
singing voice. During a routine 1997 surgery to remove
throat
accidentally botched wup her vocal
Andrews with no singing voice, and leaving her doctor
with a lawsuit of over twenty million dollars.
Andrews got lucky, because although she
can no longer sing, four following surgeries left her
with the ability to still speak. The latter is not the
case for countless other singers, public speakers, and
sports announcers who have permanently lost even their

Since her debut 1in Disney’s Mary

it 1is

non-cancerous nodules, Andrews’ doctor

cords, leaving
In a

way, however,

speaking voices through surgery, injury, infection,
cancer, or simple overuse. Recent breakthroughs 1in
technology, though, may turn these people’s lives

around — Synthetic Vocal Cords.

What are anatomical vocals cords? What do they 1look
like? Most people who have never seen it, picture the
voice box very different from its actual appearance. A
person’s voice box, or larynx is located in the throat,
below the base of the hyoid bone and the tongue. It is
anterior to the inferior portion of the pharynx, and
superior to the trachea. (See Figure 1)

The common misconception is that the larynx 1is more
cord-1like, when in actuality,
structurally akin to “folds”. The vocal folds are open
during breathing and closed by the pivoting of certain
cartilages for

these “cords” are more

speech or singing. The production of

sound 1is quite complex. Diaphragm action pushes air
from the lungs through the vocal folds, producing a
periodic train of air pulses. The process of converting
the air pressure from the lungs into audible vibrations

by passing through the vocal folds is called Phonation.

As a fluid speeds up,
drops. This
Effect is an important physical effect associated with

the pressure below the moving

mass phenomenon, known as Bernoulli’s

*Miri received an honorable mention for her submission of this paper to The Dupont Challenge.
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A NEWLY FOUND VOICE

the voice. When air flows faster through the folds of
the 1larynx, this 1induces a pressure drop which
ultimately pulls the folds together. As the top of the
folds 1is opening, the bottom 1is in the process of
closing, and as soon as the top is closed, the pressure
buildup begins to open the bottom. The vibration then
acts like a wave, which travels from the bottom of the
vocal folds to the top of them. Each vibration allows a
brief puff of air to escape, producing an audible sound
at the frequency of the called
Voicing. The folds can vibrate between one hundred to
depending on the pitch
of one’s voice. Damage to the vocal cords can cause the
air to pass through the folds

opening; this 1is
one thousand times per second,
in a haphazard way,

resulting in a scratchy voice, at best, or no voice at
all, when extreme, severe damage is present.

Figure 1: The larynx is located in the throat, below the base of
the hyoid bone and the tongue.

Page 5



LAByrinth Volume I

For this reason, singers are constantly being faced
with the challenge of not stretching their vocal cords
and damaging them. The art of increasing one’s vocal
range does not happen overnight, but rather, it may
take years for a singer to discover their full range.
When a singer is singing very low notes, the vocal
cords are further apart from each other and the
vibrations between them are very slow. Similarly, when
a singer is singing very high notes, the vocal cords
are much closer together and the vibrations between
them are faster. If a singer desires to increase his
or her high vocal range, essentially what they what to
do is to decrease to amount of space between their
vocal cords while still allowing air to pass through
so that the desired sound can be produced. The less
space there is between the cords, the higher the pitch
of the produced sound.
note which they have never been able to hit before,
that means that their vocal chords have the ability to
remain that close together while still allowing air to
pass through. It might take a while for one’s vocal
cords to get used to that position, and therefore,
constant warm ups and practice sessions are required.
Once the muscles in the vocal cords are comfortable
with that close position, the note produced at that
point can become stronger and until the
singer is ready to attempt the next highest note and

If a singer hits a very high

stronger

so on. Those who are too impatient to practice and to
gradually increase their range try to push the air
through, when their vocal cords are really not ready
to take that position. Just like stretching or pulling
any muscle with no gradual warming up or practice, the
vocal cords will too become a source of pain, and
after enough time of constantly being used in the
wrong way, the vocal cords will not function properly
due to serious damage.

PEG30 CAN HEAL DAMAGED VOCAL CHORDS

About six percent of the United States population has
some sort of vocal disorder. These include Spasmodic
Dysphonia, which 1is an control of
laryngeal function, Laryngeal Laryngitis,
Vocal fold cysts, or simple hoarseness. Therefore, a
cure for vocal cord damage is in high demand. In 1997,
Dr. Steven Zeitels, a professor of laryngeal surgery
at Harvard Medical School, had already started working
on a treatment. In 2002, he enlisted the help of Dr.
Robert Langer, a professor in the department of
chemical engineering at MIT. Dr. Langer and his 1lab
considered two approaches when they joined the team:
They could either develop a synthetic material that
mimics vocal cord properties, or they could attempt to
engineer cord tissue. Eventually,

alteration 1in
cancer,

artificial vocal
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synthetic approach because creating a completely
natural cord would take too time.
Additionally, instead of looking at the scarred vocal
tissue as a roadblock, the team decided to remedy lack
of vocal cord functioning, despite the presence of the
scar tissue.

vocal much

With their direction 1in place, the team chose
Polyethylene Glycol (PEG) as a starting material,
because PEG had previously been used in many FDA-
approved drugs and medical devices,
molecular structure could be easily altered, allowing
the researchers to control its elasticity and
viscosity. Viscoelasticity 1is «crucial for voice
production the material must be able to
vibrate like normal vocal cords. PEG can either be a

and because 1its

because

liquid, or a Tlow-melting solid, depending on its
molecular structure. After many trials, the
researchers identified PEG30, a polyether compound

with a viscoelasticity that is comparable to that of
vocal cords (see Figure 2).

Figure 2: PEG30 is a polyether compound that can be infused
into damaged vocal chords.

Rather than a surgically implanted prosthetic, the gel
would be used as an injectable device,
the dalready damaged vocal
instead of completely removing the impaired tissue,
and inserting the new, artificial cords, the PEG would
work together with the scarred tissue, “patching it
up” so to speak. In a study recently published in the
Annals of Otology, Rhinology & Laryngology, the
researchers conducted a series of tests on dogs with
healthy vocal cords, and determined after four months
that the dogs had no visible damage to their voices,
leading to the probability it would do no harm to
humans. The team also concluded that once approved for

infused 1into

cords. This means that



human use, a patient would have to receive an injection
of the gel at least once every six months to keep the
vocal cords functioning properly.

When exposed to air, PEG breakdown can take about ten
days. One might question therefore why the patients
only need ingestions once every six months, when there
is a constant flow of oxygen and carbon dioxide running
through the vocal cords. The reason why the injections
are not so frequent 1is because water slows the
disintegration of PEG, and since humans contain many
different body fluids, some of which interact with the
vocal cords, the PEG remains intact for a longer period
of time.

Zeitels conceived and now directs the Voice Restoration
Research Program, which is a collaborative effort of
investigators at Harvard and MGH, as well as Robert
Langer at MIT. The research group received the 2010
Broyles Maloney Award of the American
Bronchoesophagological Association for their efforts in
restoring human voice loss. In addition, Julie Andrews
herself 1is now an honorary chairwoman of the Voice
Health Institute (VHI), formerly known as the Institute
of laryngology and Voice Restoration (ILVR).

One defining feature of science 1is that 1if an
innovation is waiting to be discovered, and the need
exists, it will not have to await much Tlonger. Dr.
Zeitels saw the need for a solution to vocal cord
damage, and he did not wait passively for someone else
to discover a treatment. Rather, he proactively
enlisted the help of Dr. Langer, put together a team,
and through their collaboration, invented a creative
and elegant solution - Synthetic Vocal Cords. The
ingenuity of the human mind is awe inspiring. Perhaps
there are other uses for PEG30 waiting around the bend.
Who knows? Maybe the hills will soon be alive with the
sound of music once more.
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CONQUERING DIALYSIS

By: Chani Grossman "4

It had all started years ago, when they still lived in
Brooklyn and my Bobbi’s doctor told her some of the
results of her blood tests were worrisome. Bobbi was in
her early sixties at the time, and did her best to stay
positive. She celebrated her children’s weddings and
grandchildren’s births without showing too many signs
of her underlying anxiety. Seven years later, though,
things had come to a head. She was weak and obviously
ill, and while her kidneys seemed to be functioning
normally, further testing showed that they were lying
dormant, utterly ineffective. Her nephrologist put her
on what would turn 1into a ten year (and counting)

regimen of dialysis.

Bobb1i
California San Francisco (UCSF), the five-year survival

is lucky, really. According to University of

rate for dialysis patients is 34% and it decreases with
every passing year (4). Despite those gloomy odds,

dialysis 1is a remarkable innovation that has saved
millions of lives since it was invented in the 1940s.
alternative to kidney

It 1is a practical

transplantation, which is an expensive, risky and to

some, an ethically murky process.

However, dialysis can be limiting to a person as well.
The dialysis patient’s mobility can become constrained
by her need to be consistently present for three-day-a-
In addition,
since dialysis is not a perfect replica of usual kidney
function, the patient must adhere to strict dietary
restraints, such as limits on her sodium and potassium,
as well as the consumption of an enormous array of

week, three-hour-a-pop dialysis sessions.

medications. And really, dialysis is by no means a
perfect process. Three hours of what can be best
described as “medical vampirism”, involves manually

removing and filtering the blood externally, to mimic
the action of a working kidney. See figure 1. Whenever
I see my Bobbi do this,
there must be an alternative to dialysis.

it leaves me convinced that

SPRING 2014

And until now, medical science disagreed with me.

Historically, there were two methods for dealing with
end-stage renal disease (ESRD): dialysis and live or

deceased kidney donation. But now, scientists in

University of California San Francisco, University of

Michigan, Vanderbilt University, and other research
throughout the
revolutionary device that could change

Bobbi and her fellow

a year and increasing in number-deal

centers nation are collaborating to
produce a new,

the way that
patients--600,000

with their disease: the bioartificial kidney.

dialysis

Figure 2: The
differences between
a healthy kidney
and a failed kidney-
stonybrookmedicalc

enter.org

The kidney, fist-sized, reddish-brown and bean-shaped,

is essential to keeping our blood, and therefore our
bodies, healthy and free of impurities. Most people are
born with two, though we are «capable of 1living
perfectly healthy lives using only one (see Figure 2).
staffed with millions of

filtering units each made up of two components- a

Each kidney is nephrons,

glomerulus, which filters the blood to remove waste,

and a tubule, which once more filters the blood and

waste to retrieve chemicals and nutrients the body
needs. The waste, or ultrafiltrate, is then excreted as
urine. This filtration does far more than only removing
waste. It also helps to maintain many of the body’s

systems balances the body’s salt, potassium, acid and
body fluid levels (5).
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When a patient experiences renal (kidney) failure, the
first stop 1is usuadlly hemodialysis. In hemodialysis,
the patient’s blood is removed from the body and passed
through an artificial cleansing membrane. This membrane
removes waste and impurities from the blood, but it
doesn’t allow the body to reclaim the electrolytes,
salts, glucose and water that are otherwise discarded
with the waste (1).

treated temporarily, on the way to a kidney transplant;

Some lucky patients are only
others are not so fortunate, stuck on a dead-end,
debilitating path, with life maintained but of reduced
quality. Only one function of the kidney 1is being
replaced; the others, also vital to survival, are not
replicated by diadlysers. This means a painfully high

mortality rate.
RAD CAN REPLACE TUBULE FUNCTIONING

Scientists, in their search to find a better way to
treat those with ESRD, realized that using real renal
tubule cells in an artificial kidney could allow the
device to perform both functions of a healthy kidney.
The laboratory of Dr David Humes of the University of
Michigan, working with labs at Cleveland Clinic, used
this idea to develop a brand-new bioartificial kidney
that can do both of the steps of normal kidney function
using a two-pronged approach: the blood goes through
both a regular dialysing hemofilter and a brand-new
renal tubule assist device (RAD), which replaces the
tubules and performs all of the vital functions an
This RAD is made
carpeted with over one

ordinary, functional kidney would do.
up of artificial membranes
billion renal proximal tubule cells which both return
the nutrients in the waste to the bloodstream and
maintain the functioning of many of the body’s systems

(see Figure 3) (3).

Figure 3: Bioartificial kidney with and without RAD.
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One incredible effect of this development has the

opportunity to save huge numbers of people on
dialysis: the adjustment of levels of cytokines, or
immune system cell signaling molecules. One of the key
causes of death in these patients is bacterial sepsis
and Systemic Inflammatory Response Syndrome (SIRS),
which in many cases can lead to Multiple System Organ
(MSOF). This 1infection and
linked to altered

kidneys. With the new

Failure syndrome
inflammatory failure has been
cytokine Tlevels in the
bioartificial kidney (see Figure 4), healthy cytokine
of SIRS,

causes a quarter of a million deaths a year, are

levels are maintained and chances which
reduced. This can mean the difference between life and
death for ARF patients, who now, in dialysis, suffer
far too often from infection and illness related to
lead to MSOF and,

subsequently, death. Now, there’s new hope (3).

inflammation- which can

Figure 4: Shuvo Roy, a scientist working on the bioartificial kidney,

holds a prototype- sfgate.com

This device, however, is extracorporeal, as it is much
too large to fit inside the body; up until now, it has
only been used in the manner of a regular dialysis
machine. A team of
Vanderbilt, though, are now working on a project to
miniaturize the device, putting all of the prodigious
power of Humes’s machine into a bioartificial kidney
the size of a coffee cup. They hope to accomplish this
by using not only biological research but also new
developments in microelectromechanical systems (MEMS)

researchers from UCSF and

and nanotechnology to create a hemofilter that can act
just like a regular kidney’s glomerulus, with regular
blood flow. Using this along with Humes’s RAD may mean
that what
nephrology, the implantable bioartificial kidney, may
become a reality. (6)

scientists call the “holy grail” of



The miniaturized, implantable bioartificial kidney is
still in the preclinical stages; it won’t be entering
the third stage of development, clinical trial, until
about 2017. In the comments on an article on the
Vanderbilt University website about Dr William Fissell,
one of the scientists working on the bioartificial
kidney, the overwhelming theme was of desperation and
gratitude, with comments along the lines of “God bless

”»

you,” and “if you need research subjects, my daughter/
sister/husband has been on dialysis for six years and
rejected a kidney transplant” and “it’s a shame it
won’t be ready until post 2017; my prognosis isn’t good
and I wish I’d have the chance to have one.” When this
is ready, it will change the way that millions of
people all around the world deal with their disease,

and it can’t come a moment too soon.

Bobbi is on the 1list for a kidney transplant, but she
knows about the limited odds of receiving one. Whenever
I’ve told one of her family members about this new
device, the new potential for dealing with her disease,
the response has been “halevai.” If only. A
bioartificial kidney has 1long seemed impossible, a
fruitless goal, but scientists are proving that it may,
indeed, be nearly here.
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INCONSISTENCY OFFERS A
CURE TO CHAOS

By: Hadassah Hershkovitz "1 6

You know that frustrating moment when you recover from
your daydream and realize that not only is your dirty
plate disposed of, but your handwritten essay, which is
due tomorrow, 1is buried beneath the garbage? Next,
chaos ensues as you start screaming and rummaging
through the garbage like a madman until the kitchen is
left in shambles.

individuals who have Familial Dysautonomia (FD). Not

This is kind of what happens to

to worry, 1in actuality there are no garbage or lost
essays to be found inside people with FD, but they do
have a mutation on their DNA which results in a similar
The mutation that FD
patients have causes a sort of mix-up during a process

outcome: “chaos” in their bodies.

known as protein splicing; important portions of

protein information get cut out along with the

unnecessary pieces. The outcome is incompetent protein
production, and therefore the autoimmune system faces

dire consequences.

Figure 1: If the parents are both carriers for FD then there is
a 25% chance that their child will have FD (aa). There is a
50% chance that the child will be a carrier and a 25% chance
that the child will not be a carrier (AA).

Familial Dysautonomia, also known as Riley Day
Syndrome, is a genetic disorder that primarily affects
Ashkenazi Jews (7).

for a child to be born with the disease, both parents

Since FD is recessive, 1in order
need to be carriers for the FD mutation (4). Even if
the mother and the father are carriers, there is still
only a 25% chance that their child will have FD. The
likelihood of the child becoming a carrier for FD 1is

50%, and the possibility that the child will be not
even become a carrier is 25% (See Figure 1).

The FD mutation 1is found on the IKBKAP gene which

provides the necessary information to produce IKB

The most
C switches the

Kinase Complex Associated Protein (IKAP).
called IVS + 6T
nucleotide Thiamin with Cytosine,

common mutation,
disrupting protein
splicing (7). Protein splicing is a crucial process
that occurs during protein synthesis. For reasons
researchers have yet to figure out, not all of our DNA
actually provide instructions to synthesize proteins.
These portions of DNA are known as introns; the pieces
of DNA that do code for proteins are called exons.
After the RNA undergoes transcription, which means that
it has copied over all of DNA’s information, special
proteins called splicesomes splice, or cut out, the
introns (1).
with FD have a mutation on their DNA, the same ‘wrong’

The problem 1is that since 1individuals

information is copied over to the RNA transcript. The
splicesomes gets a little confused and instead of just
getting rid of introns 19 and 20, exon 20 is also cut
out (see Figure 2). After exon 20 is removed, all of

Figure 2: Normally introns 19 and 20 are cut out and Exons 19,
20, and 21 are left behind; in individuals with FD, exon 20 is cut
out.
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the amino acids encoded for by exons 20-37 are not
in the final IKAP.
building blocks for creating proteins so when hundreds

included Amino acids are the

of amino acids are missing, the protein, is of course,
with FD

their autoimmune nervous

shortened. Since most patients lack a
significant amount of IKAP,
systems are compromised, which results in a plethora of
difficulty

swallowing or breathing; diminished sensitivity to pain

symptoms. Some of these symptoms include:

and heat; 1inability to produce tears; and frequent
autonomic crises which are characterized by high fever,
sweating, elevated blood and

nausead, pressure,

sometimes mood changes (7; 3).

TOCOTRIENOLS AND EPIGALLOCATECHIN GALLATE
INCREASE CORRECTLY SPLICED PROTEINS.

However, the FD mutation offers
Since the mutation only involves a switch in one
nucleotide, it can be inconsistent. Although 75-90% of
the time, IKAP 1is defective, 10-25% of the time the
splicesomes can “ignore” the 1incorrect nucleotide and
IKAP is produced in its entirety (2).
discovered this, in the year 2000, the hunt began for a
compound that could 1increase the percentage of
correctly spliced proteins. 1In 2003, researchers, Dr.
Berish Rubin and Dr. Sylvia Anderson, met success 1in
the identification of two compounds:
epigallocatechin gallate (EGCG).

form of Vitamin E and EGCG is an extract found in green

tea (7; 2).

some wiggle room.

When researchers

tocotrienols and
Tocotrienols 1is a

More research is necessary to completely understand how
this works, but Dr. Rubin and Dr.
when tocotrienols and EGCG were administered together,
the amount of full-length IKAP increased by as much as
65%. FD patients who were given these supplements,
observed increased tear production and a significant
decrease in autonomic crisis (2; 6).

Anderson noted that

The determined researchers that they are, Dr. Rubin and
Dr. Anderson spent the next ten years researching and
testing many other supplements. They were rewarded
with numerous other compounds that in conjunction with
diet restrictions, continued to raise the amount of
IKAP being produced. However,
with the discovery of Genistein.
compound found 1in soy and when it 1is combined with

the real bonanza was

Genistein 1is a

EGCG, full length IKAP is produced correctly 100% of
the time (9). These findings are, of course, life
changing for individuals with FD; normal protein

production translates into an enormous reduction 1in

Page 14

symptoms and the potential for a prolonged life span
(6). Prior to the mass of FD research that Dr. Rubin
and Dr. Anderson accumulated for the medical world,
treatment consisted of artificial tears,
for reflux and hypertensive crisis, feeding tubes and
g-tubes; medical procedures complicated and
rarely resolved all of the patient’s symptoms (7).
Now with the of Tocotrienols, EGCG,
Genistein, and other supplements, patients can pop a
few pills in the morning and lead normal lives devoid
of constant nausea and worry over when their next
crisis will occur (8).

medications

were

introduction

The
drastically due to Dr.

with FD
Berish and Dr.

lives of individuals have changed
Anderson’s
findings but FD 1is only one of thousands of genetic
disorders, and the research and treatment associated
with FD may be beneficial to researchers in similar
lines of work. For example, a rare genetic mutation
found in some 1individuals with Cystic Fibrosis also
results in aberrant protein splicing (5). Therefore,

the possibility of implementing treatment used for FD,

remains plausible for Cystic Fibrosis and other
diseases that are the result of aberrant protein
splicing.

Unfortunately, many genetic diseases are not

researched adequately. For example, CHARGE syndrome,
CHARGE syndrome 1is
extremely rare because the mutation is not hereditary.
At this
completely certain as to the mutation that causes
CHARGE therefore
therapeutic regimens that specifically target
effectively treat CHARGE syndrome.

researchers

with which my sister was born.

point 1in time, researchers are not even

syndrome and there are few
and
Perhaps with more
that  CHARGE

result of aberrant splicing.

research, may discover

syndrome is also the
Even if this 1is not the case, the idea that genetic
diet

FD research has

diseases can be essentially cured through

modification may be applicable here.
offered hope, not only to FD patients, but to me as
well, that maybe one day a cure will be found for my

sister.
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ON GRAPHEME-COLOR
SYNESTHESIA

By: Atara Huberfeld '| 5

Synesthesia is “an anomalous blending of the senses 1in
which the stimulation of one modality simultaneously

produces sensation in a different modality (1).
Synesthesia includes two or more of the body’s senses,
and links their reactions. When a person experiences a
certain

stimulus, they experience it with the

appropriate sense, but also with an additional,
unrelated one. There are numerous forms of synesthesia,
ranging from chromesthesia, 1in which the person in
question experiences specific colors when they listen
to different types of music, to lexical-gustatory
synesthesia, in which the person experiences a specific
taste in their mouth when they hear a certain word or

sound.

The earliest mention of synesthesia in medical texts
back to
discover if music had a quantifiable color, not unlike

dates Greek philosophers, who sought to

chromesthesia (2). During the early 215t century,

there was an 1increasing amount of interest 1in
synesthesia, how it works, and why it occurs in the
first place. At first, many neurologists scoffed at the
mere concept of synesthesia, on account of how it makes
very little medical sense, and 1is wholly 1illogical.
Eventually, testimonies made by numerous synesthetes
convinced the

and experiments performed upon them

majority of the medical field of its existence.

One of the most common forms of synesthesia is
grapheme-color synesthesia. Grapheme-color synesthesia
occurs when a person experiences letters and/or numbers
—graphemes-as specific colors. Another form of this
type of synesthesia is when a person views as specific
words, often names, as individual colors. This specific
called Although

synesthesia 1is synesthete

form is lexical synesthesia.
idiosyncratic and each
experiences a specific color for each letter, word, or
number, certain number-color combinations are unusually

common. For example, an unusually large percentage of

grapheme-color synesthetes see the letter “A” as red.
(3). Scientists have also found recently that letters
with similar shapes often evoke similar colors (4).

One lesser known fact about synsesthesia is that it is
often bi-directional. Generally, a grapheme will cause
the brain to see a specific color. Conversely, when the
brain sees that color, it will automatically reference
back to that grapheme (5). This fact is crucial in the
debate on how synesthesia occurs, because it shows that
the 1links brain that
experience the grapheme and the color are not single

between the parts of the

directional bonds.

Figure 1: An image of the Cross Activation Theory. The area
highlighted in green is the posterior temporal grapheme sector.
The area highlighted in red, immediately to the right, is V4.

The color-grapheme reaction is involuntary. Due to this
fact, many synesthetes grow up thinking one of two
things: They believe that everyone experiences the
world this way, or they think that they are alone in
their oftentimes strange reactions to the world around
them. Many who grow up this way are embarrassed by it,
and feel that synesthesia is something they need to
hide,
synesthesia 1is much more widespread, due to research

since it 1is abnormal. Today, knowledge of
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ooks by Richard Cytowic and the popular young adult
A Mango Shaped Space by Wendy Mass (6, 7).
Recently, a synesthesia battery test has been developed

novel,

to determine if a subject has synesthesia or not (8).
Although it is not 100% reliable, the test is the best
method through which someone could determine if he or
The test
because it is available online and is free,

she has synesthesia. is particular helpful
making it
Such a test
might have been useful long ago, since many adults are
that the

condition they have is neither universal nor exclusive.

easily accessible to the Internet public.

only discovering now, for the first time,

For many years,
the
breakthrough occurred when one of the most significant

scientists were confounded as they

researched causes of synesthesia. A major
studies in the field of synesthesia was performed by
Sperling et al. (2006). That study established that a
called V4 of the

synesthesia (9). The questions that remains are how is

region brain is 1involved 1in

it involved, and why.

The study was conducted on four Tlexical-color
synesthetes. They were all subjected to an fMRI scan, a
test that «can track activity 1in the brain.
Unfortunately, since this study was conducted in 2006,

the technology used was nowhere near as powerful as the
tools that scientists have access to today, leaving the
scientific field with results that are far from as

clear and definitive as they would be today.

The researchers tracked regional cerebral blood flows
to discover which parts of the brain were the most
active when stimulated by spoken words and single tone
notes that the subjects heard while undergoing the
fMRI.
area and the V4 sector were the two sectors most active

They found that the posterior temporal grapheme

when a stimulus was present (see Figure 1). Thus, this
study established the firm connection between grapheme
and lexical-color synesthesia and the V4 sector.

CROSS-ACTIVATION THEORY AND DISINHIBITED FEEDBACK
THEORY EXPLAIN MECHANISM BEHIND SYNESTHESIA

Although this study established the location of the
pathology, it did not definitively answer the question
the study lead to a model

“The Cross-Activation Theory”

of how synesthesia occurs;
called
which states that synesthesia occurs between adjacent

(see Figure 1),
sectors of the brain. The posterior temporal grapheme

sectors and V4 are located close to one another,

spurring scientists to theorize that their proximity is
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Figure 2: A diagram of the Disinhibited Feedback Theory. The
process shows a grapheme stimulus and how it hypothetically
causes a synesthete to experience a color reaction.

the involved in the onset of synesthesia (10).

A second central theory that emerged in the wake of
this study is called the Disinhibited Feedback Theory
(see Figure 2). According to this theory,
information enters the brain, it is first sent to a
central location before finding the proper
necessary for a person to experience the stimulus.
However in the brain of a synesthete, feedback is also
parts of the brain that would not
normally be stimulated by a particular stimulus (12).

when

neurons

sent to other

Scientists are equally baffled as to why synesthesia
occurs in the first place. One prevalent theory is

that the trait is genetically inherited. Synesthetes
are predominantly female, which lead to the theory
that the gene is found on the X chromosome. However,
since synesthesia has also occurred as a result of
brain injury-often referred to as acquired synesthesia
—there is evidence for a non-genetic component as

well (13).

Additionally, there are scientists of the opinion that
all babies are born with synesthesia across their five
their slowly
separate into the standard senses that most people
experience. Synesthesia occurs when the senses don’t
separate properly (14). While this theory makes sense
in principle, to date, there is only one person in all
of recorded history to have had synesthesia across all
five of 