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From the Editor:

Issue II of Brain Waves 
brings you a glimpse of the 
strides being made in the 
field of bioengineering.

Desp i te the e th ica l 
controversies it is capable of 
arousing, bioengineering is 
undoubtedly the science of 
the future. It has shown 
power fu l potent ia l fo r 
solving scientific dilemmas 
involved in multiple 
facets of everyday 
life. 

This said, it is 
important that we 
understand the 
capabi l i t ies and 
controversies that 
bioengineering brings to the 
tab le , so that we may 
develop informed opinions. 

—Jaime Eberle

by Dr. Robert G. Van Buskirk
 There are two ways to 
pursue a research career in the 
medical sciences. One can either 
follow a single question until it 
is fully answered, or pursue a 
variety of research topics that 
are the “hot buttons” of the day
—constituting a diversified 
portfolio approach to science. 
My PhD advisor at Harvard 
Univers i ty, John Dowl ing , 
elected the former route and is 
hence recognized as the leading 
neurobiologist in the world in 
neural retinal function. I, on the 
other hand , pre fe r the 
diversified portfolio approach to 
science. As such, my laboratory’s 
current eight NIH grants are 
equally divided into two worlds
—cell therapy/tissue engineering 
and cancer treatment. Recently, 
howe ver, these two ver y 
different themes have merged 
into yet a new research horizon.

 Fi f teen year s a go I 
terminated our NIH RO1 grant 
focused on protein kinases in 
the brain so I could follow an 
entirely different career path 
that, at the time, had just 
emerged. I formally left the field 
of neurobiology—an area in 
which I had been trained for 
seven years. 

—Continued on page 2

GENETIC ENGINEERING: A BRIEF OVERVIEW
by Adrienne Maturo

Genetic engineering is a 
laboratory technique used by 
scientists to alter the DNA of 
l iving organisms. The DNA 
stored in an organism manages 
e ver y b iochemica l p rocess 
occurring within that organism. 
Within the DNA are genes, 
which code for the specific 

f ea tures and funct ions o f 
organisms. Molecular biologists 
have discovered many enzymes 
capable of changing the structure 
of DNA. They use these enzymes 
to cut the genes of DNA and 
rebuild customized strands of 
genes. Using this knowledge, 
biologists discovered vectors, 
which are strands of DNA able 

to in fect ce l l s and inser t 
themselves into the contained 
DNA. They then began to build 
vectors, which incorporated 
selected genes, and used the 
vectors to insert the customized 
genes into the DNA of living 
organisms.

—Continued on page 3

BRAIN WAVES
From Neurons to Engineered Tissues 
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 Following this, I began 
working with several different 
biotechnology companies in 
the Boston area. It was here 
that we de ve loped a 
l aborator y -grown, t i s sue 
engineered human epidermis. 
This living artificial tissue is 
now being sold worldwide by 
MatTek Corporation. Shortly 
thereafter, the cell therapy 
arena emerged. By that time 
we had developed a number of 
shipping and preservation 
solutions marketed by another 
company (launched here at 
B inghamton Univers i ty ) . 
Several of these solutions are 
currently used for shipping 
and storing stem cells and also 
as the carrier solution to inject 
them directly into people’s 
hear t s—a process ca l l ed 
ce l lu lar cardiomyoplasty.  

Fol lowing the diversif ied 
approach to science, we were 
also actively working in other 
areas which have now resulted 
in an engineered device that 
will be useful for developing 
novel treatments for prostate 
cancer.
 Anthony Robilotto, a PhD 
student in our group, has 
recently developed a tissue 
engineered prostate gland. He 
ha s shown th i s t i s sue 
construct in the peer-reviewed 
l i te ra ture and i t i s ve r y 
important for developing new 
strategies to treat prostate 
cancer. Thus, after 15 years 
f rom the t ime that we 
developed engineered human 
skin, we have resurrected this 
l ine o f inves t iga t ion by 
developing cancer engineered 
models. This model will be 

instrumental in our current 
l ine o f inves t iga t ion to 
determine how to best protect 
adjacent neurons from the 
damaging effects of prostate 
cancer treatment such as 
erectile dysfunction –a very 
common negative side effect 
of treating prostate cancer.
 Which i s the r i ght 
approach to science research? 
Should one follow a single 
re search prob lem in 
perpetuity or develop multiple 
lines of research that focus on 
contemporary issues in the 
health care field?  Like many 
questions in life, there is no 
correct answer. I personally 
prefer the latter option—one 
that may bring me back to the 
world of neurobiology once 
again in the near term.

INTELLIGENCE: A GENETIC BASIS
by Britany Mott

Robert Plomin is a behavior geneticist at 
the Institute of Psychiatry in London. He has 
been studying the genetic correlation of 
intelligence for over ten years. “Most would 
define intelligence as the ability to adapt to 
one’s environment, engage in reasoning, and 
learn from prior actions.” The ability to 
understand what controls intelligence is one of 
the biggest mysteries, and thus one of the most 
studied topics of our time. If one could control 
intelligence, then the child IQ predication 
would become a possibility, allowing others to 
structure the child’s education to suite their 
needs.

The designs for his research are all based off 
twin studies, in an attempt to rid the study of 
environmental confounding variables. In 
addition, Plomin studies children and early 

teens by giving them computerized intelligence 
tests, which increases the speed of his research, 
as well as the sample size of the study.

P lomin ana l yzes the genes o f the 
participants with using microarray technology, 
which can examine 500,000 DNA pieces. This 
technique is more accurate than prior research 
approaches, as the latter only used variants of 
100 genes  associated with mental retardation 
when mutated.  Unfortunately, his research has 
shown many false positives, and he has yet to 
come to a direct conclusion on which specific 
genes control for intelligence.

Prior research on intelligence has found that 
the cortex of the brain is more laced with white 
matter in individuals with higher IQs. In 
addition, the cerebral cortex tends to be larger 
in people with higher IQs. 

—Continued on next page
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GENETIC ENGINEERING
- Continued %om page 1
The discover y and usage of genetic 

engineering can improve the lives of many. For 
example, in the case of a diabetic who lacks the 
hormone insulin, scientists would first remove 
the gene that creates insulin from a healthy 
donor. Then, through genetic engineering, they 
could replicate an insulin gene for the diabetic. 

Genetic engineering, like everything else, 
has been analyzed and holds its pros and cons. 
One positive effect of genetic engineering is the 
ability of molecular biologists to understand 
what determines the form and function of 
organisms and use this to design organisms, 
such as genetically engineered plants. This has 
helped agriculture by advancing selective 
breeding between plants. Genetic engineering 
is a very precise way of introducing desirable 
traits into economically useful organisms. 
Genetic engineering techniques are constantly 
improving and it is increasingly possible to 
insert genes at a precise locus in the host 
organism's genome (known as 'gene targeting'). 

Unfortunately, genetic engineering has negative 
aspects as well.  Genetic engineering essentially 
scrambles genomes, which some believe will 
lead to total chaos in evolution. Genetic 
engineering disrupts the integrity of the 
recipient genome with unpredictable side 
effects, including 'gene silencing' both of the 
inserted gene and other distantly related genes 
in the organism. Genetic engineering also 
exposes people to the dangers of horizontal 
gene transfer, a process whereby genes are 
passed, not 'vertically' down generations as they 
normally are, but 'horizontally' from organism 
to organism and from species to species.

Genetic engineering is advancing medicine 
and the way of life as we know it. It  has been 
gaining popularity and media attention over the 
past couple of years and will continue to 
advance and g row. Hopefu l l y genet ic 
engineering will continue to make great strides 
in the scientific world which could lead to cures 
for diseases and answers to many of the 
problems our society faces.

Although this may be an artifact of 
environmental factors, previous twin studies 
suggest there is a genetic underpinning to this 
relationship.  Also, the development of the 
thickness and thinness of the cortex of 
children takes a different course with higher 
IQ children, in comparison to lower IQ 
children.

Plomin’s study concludes that when 
cheaper ways to decode the human genome are 
available, then more in-depth genetic tests can 
be performed to detect a more accurate genetic 
correlation with intelligence. Also, the new 
research models must take into consideration 
socioeconomic status, as well as the strength of 
the parent’s involvement in their child’s 
intellectual development, as these factors 
among others certainly affect intelligence. 
Thus, most neuroscientists would agree, both 

nature and nurture play integral roles in 
intelligence, and these interact diversely to 
produce what we characterize as intelligence.

The human brain—is composed of several stratified 
layers,  including the forebrain, mid brain, and hind brain.  
The forebrain is the most recent advancement in brain-
evolution.  Being most highly developed in Homo, this 
subdivision is speculated to be the root of human cognition.
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by Lauren Jarchin 
Medicine experienced a 

re vo lut ionar y change 
following the advent of stem 
ce l l techno logy. Thi s 
technology has attributed to a 
myr iad o f t rea tments , 
including neural tissue and 
skin replacement, as well as 
bone marrow and blood cell 
restoration.  Another more 
specif ic use of stem cel l 
technology is the generation 
of insulin-secreting cel ls, 
which shows promise for 
treating certain forms of 
diabetes. More broadly, these 
therapies allow for treatment 
of neurodegenerative diseases, 
stroke, spinal cord injury, 
leukemia, and various other 
blood diseases. While stem 
cells have introduced novel 
and effective treatments, their 
use in research has become a 
serious ethical concern, due to 
a once limited embryonic 
source . However, human 
umbilical cord blood stem 
cells (UCBSC) can now be 
harvested, allowing for a safer 
method for collecting unused 
stem cells 

Umbi l i ca l cord b lood 
(UCB ) s tem ce l l s  a re 
hematopoietic, meaning they 
can generate new blood cells. 
They have the remarkable 
capability to differentiate into 
both multiple erythrocytic 
ce l l - ty pes—making them 
mul t ipotent—and rene w 
themse lves , which a re 
characteristics of stem cells. 

The process of harvesting 
UCB is rather innocuous, 
since the umbilical cord is 
usually recognized as medical 
waste after birth. The blood 
may be preser ved us ing 
cryosurgical methods and 
stored in a public or private 
bank for future use. Private 
b lood banks a re ra ther 
expens ive , but ensure 
availability, as well as a likely 
match for family members 
with blood disorders. 

Normally, an individual 
with a blood cancer, such as 
leukemia, is subjected to 
chemotherapy or radiation. 
After destruction of cancerous 
cells and bone marrow cells, 
donor b lood i s then 
t ransp lanted into the 
individual. UCB is screened 
thoroughly for compatibility 
to prevent graft-versus-host 
disease—an auto- immune 
attack that may develop from 
an incompatible match. The 
rejection of donor blood is less 
likely in a cord blood stem cell 
transfusion than in a bone 
marrow transplant, because of 
the low amount of mature T-
cells present in former.  These 
T-cells could be fatally be 
recognized as a host antigen, 
making potent ia l 
complications. The host’s 
immune system will likely 
accept the allogenic umbilical 
cord transfusion, allowing for 
differentiation and maturation 
of the hematopoietic cells. 

Numerous experiments 
have supported the efficacy of 
UCBSCs. Researchers have 
discovered their capability to 
restore and differentiate into 
neurons and glial cells in the 
presence of growth factors. 
Increasing cortical tissue 
s i gn i f i cant l y impro ved 
cognitive function in tested 
rats with incidence of stroke. 
Neurogenerat ion and 
angeogenesis followed after 
injection with umbilical cord 
stem cells. These stem cells 
are used in a variety of neural 
dys funct iona l and 
neurodegenerative disorders, 
including Alzheimer’s disease 
and Parkinson’s disease.

Umbilical cord blood stem 
ce l l s ha ve numerous 
advantages over other sources 
such a s bone marrow 
transplant, adult stem cells, 
and human embryonic stem 
cell sources. The accessibility 
and ease of umbilical cord 
blood harvesting makes this 
type of therapy feasible and 
essentially uncontroversial. 
UCBSC therapy provides a 
s afe r opt ion for b lood 
transplant with its low risk of 
organ rejection and its rapid 
rate of bodily recognition. 
With the numerous benefits 
of UCBSCs, future research is 
bound to l ead to the 
development of treatments for 
add i t iona l d i sea ses and 
disorders which are currently 
untreatable.

UMBILICAL CORD: THE REVOLUTIONARY SOURCE OF STEM CELLS
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G E N E T I C 
M O D I F I C A T I O N : 
WHAT IS IN YOUR FOOD?

by Marisa Glashow
Most of the time we do 

not think twice about what we 
eat.  Whether it is an apple in 
the food court, or meatloaf in 
the dining hall, we trust others 
to determine if the food we 
are consuming is in fact safe. 
However, what if we are being 
deceived, and our bodies are 
being filled with hazardous 
chemicals? In today's society, 
genetically engineered food—
commonly referred to as 
genetically modified (GM) 
food—may be doing just that.

Genetically engineered 
food items are those that have 
had their DNA manipulated. 
This trend began in the 1990’s, 
and has since proliferated to 
become a common practice. 
An example of a genetically 
engineered food could be the 
g rapes you p icked up a t 
Wegmans. Although the grapes 
look healthy, farmers may have 

wanted to extend the i r 
growing season beyond the 
warm weather, and to 
accomplish this, transferred 
DNA from a frost-resistance 
cell into your grapes. However, 
the only person winning in 
this case is the farmer who 
wa s ab le to prof i t f rom 
har ves t ing an increa sed 
number of grapes in the 
season.

One significant problem of 
genetic engineering is that is 
has not been adequate l y 
tested. Scientists do not know 
the long term side effects of 
these manipu la t ions . 
Additionally, these food items 
do not require labels, and 
therefore any problems they 
may have caused cannot be 
traced back to them.  Some of 
these prob lems inc lude 
allergic reactions, antibiotic 
resistance, and partial.

So you may be wondering 
how we can prevent suffering 
f rom these adverse s ide 
effects. One way to do so 

would be to buy organic 
produce. These products are 
not genetically engineered and 
posses neither pesticides nor 
toxins that can compromise 
your body’s health.  In our 
technology-driven society, it is 
important to remember that 
the seemingly benign and cost-
effective practices are not 
always the safest ones.

Seedless Watermelon—is a 
s u b t l e e x a m p l e o f g e n e t i c 
modification,  in which case a 
triploid plant is artificia(y selected 
for.  In brief, by crossing gametes of a 
tetraploid with a diploid, a triploid 
progeny is formed that may not 
undergo proper meiosis to form seeds.

by Deborah Lynn
How would you like your 

child to be 6’4’’, blonde haired, 
and blue eyed? Well, it’s a 
potential reality. Soon you will 
be able to choose the human 
traits and capabilities of the 
next generation. But is this 
really what we want in the 
long run?

Is human nature 
something we should try to 
improve? Should scientists and 
researchers be altering it, or 
should we embrace the fate of 
mankind as developing into 
some form of mar ve lous 
fusion made of chemicals, 
flesh and blood? What does 
genetic engineering have to do 
with al l of this? Genetic 

engineering is the science of 
altering and cloning genes in 
order to produce a new trait in 
an organism or to create a 
biological substance, such as a 
protein or hormone. As a 
re su l t , there a re many 
inherent ethical issues related 
to genetic engineering and its 
purposes.

—Continued on next page

ON THE ETHICS OF GENETIC ENGINEERING
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Genetic engineering falls 
in to two categor ie s , 
therapeut ic and 
nontherapeutic. Therapeutic 
genetic engineering is more 
commonly known as “gene 
therapy, ” and invo lves 
interventions directed at the 
cure for disease. On the other 
hand, non-therapeutic genetic 
engineering, often cal led 
“enhancement engineering,” 
attempts to enhance human 
traits and capabilities, such as 
height and memory.

One biomedical ethical 
issue involved with genetic 
engineering is that it can be 
considered “playing God” 
because it is altering a human’s 

physical traits and capabilities, 
ultimately changing their 
ind iv idua l qua l i t i e s and 
characteristics. Also, some 
v ie w i t to be mora l l y 
precarious in the sense that it 
will coerce individuals to alter 
their fundamental makeup. 
Does this mean that genetic 
engineering requires that we 
take a reductionist view of life 
that takes only genes, not 
individuals, as important? 
Although arguments for the 
in i t i a l u ses o f genet ic 
engineering will be medical, 
the main market for the 
techno logy wi l l be 
“enhancement” and there is no 

way to ensure that it will only 
be used for medical purposes.

Thi s ne w sc ient i f i c 
advancement may lead to a 
future that will include two 
categories of children: those 
that have been genetically 
altered to perfection or those 
that seek accomplishment 
through the i r natura l 
capabilities.  Thus, there will 
be a critical time in which 
parents’ will be faced with a 
decision to enhance their 
child’s potential in any way 
possible—including artificial 
gene or trait selection. Which 
group will we choose for the 
next generation: the enhanced 
or the ordinary?

POLL—THE ETHICAL IMPLICATIONS OF GENETIC ENGINEERING:
Human cloning has broad applications with regard to human welfare; however be it 

intentional or accidental, it is also true that these technologies have the capacity to cause harm.  
Currently—and on broad scope—do you feel the societal benefits outweigh the potential costs?
 

____ YES, but only concerning directly therapeutic applications  ____ NO
____ YES, including therapeutic and non-therapeutic studies  ____ Unsure

INKJET ENGINEERING 
by Jaime Eberle
Ever imagine that your 

HP Deskjet F300 was capable 
o f anyth ing more than 
printing out a term paper or 
two? Could that stubborn 
little machine that sits on your 
desk spitting error messages at 
you when you need it the most 
have potential for scientific 
splendor? Thomas Boland of 
Clemson University seemed to 
think so. In 2001, he set off in 
a direction unprecedented in 
the field of tissue engineering 

—on a road that involved 
recycling old printers, stuffing 
their ink cartridges with cells, 
and pr int ing out organs . 
While this may sound fresh 
out of the latest sci-fi flick…
it ’s not . And the most 
impressive part is that it has 
serious potential.

For someone who has 
made a ca reer out o f 
engineering tissue, growing 
cells in a dish is easy. But cells 
in culture grow one layer deep, 
which i s not he lpfu l for 
anything more intricate than 

skin. Constructing something 
that is phenotypically and 
functionally complex, on the 
other hand, requires precision, 
speed, and some extreme 
inno vat ion . The most 
cha l l eng ing hurd le to 
overcome when attempting to 
create functional tissue is 
ensuring that the correct cell 
t y pes a re in the proper 
locations and that they are 
still viable when the tedious 
process is complete.

—Continued on next page.
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Thomas Boland has shown 
that inkjet printers provide 
the perfect solution. With 
some “minor alterations” 
these printers are capable of 
pr int ing ce l l s in prec i se 
patterns into a biodegradable 
gel. As more and more layers 
are printed, the pseudo paper-
tray s lowly lowers i tse l f, 
allowing for 3-D structures to 
literally come alive. Once the 
structure is printed, the gel 
can be easily removed.

In his laboratory, Boland 
has successfully printed tubes 
of cells that he plans to turn 
into blood vessels, along with 
half of a cat’s heart. He is also 
conducting research on the 
fea s ib i l i t y o f pr int ing 
funct iona l neura l t i s sue . 
Through his work with rat 
embryonic hippocampal and 

cortical neurons, Boland has 
shown that neural cells can 
survive the printing process 
and mature into healthy cells 
with dendrites and axons 
capab le o f f i r ing ac t ion 
potentials. This holds a lot of 
promise for the future of 
neurodegenerative diseases, 
such as Parkinson’s disease, as 
we l l a s sp ina l in ju r ie s . 
Neuronal cells in the central 
nervous system have limited 
abilities to regenerate on their 
own. Boland and his research 
team hope that they will be 
able to print cells that can be 
implanted in a patient to 
replace damaged or depleted 
neurons.

Boland’s chief goal is to be 
able to print custom organs on 
demand for surgeries and 
transplants. He’s starting a bit 

simpler and hopes to be able 
to print sheets of human skin 
for burn victims and cartilage 
for plastic surgery in the near 
future. But maybe one day 
printers around the world will 
be printing out organs left and 
right, solving organ donor 
shortages and saving the lives 
of millions.

Inkjet printers—are being used 
to produce novel lines of genetica(y 
modified ce(s, finding utility in 
therapeutic applications.

Our next Issue—December!

Obesity

Monday Tuesday Wednesday Thursday Friday

10:00 - 11:00 10:00 - 11:00

10:45 - 11:45 11:00 - 12:00 Work-Study

12:00 - 1:00 12:00 - 1:00

1:30 - 2:30

3:00 - 4:00

Peer-Advising: Office Hours
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http://fundraw.com
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TAY SACHS DISEASE: THE ROLE OF GENE THERAPY
by Jasmine Deng
Tay-Sachs disease (TSD) is a lysosomal storage disorder inherited as an autosomal recessive trait. A 

mutation of the HEXA gene located chromosome 15 causes the enzyme called β-hexosaminidase A (HEX-A) 
to be dysfunctional. HEX-A breaks down lipid derivatives called GM2 gangliosides, which are a part of the 
neuronal membrane. Without HEX-A, these gangliosides build up within the central nervous system 
(CNS),resulting in neurodegeneration. Therefore, the main goal of current treatments is to reduce GM2 
ganglioside storage.

There are three forms of TSD: infantile, juvenile, and adult. Symptoms vary by form, but common ones 
include difficulty swallowing, muscular and macular degeneration, and loss of coordination. Infantile 
patients have no functional HEX-A, while the late onset forms have trace amounts, but not enough to stop 
the neurodegeneration. Infantile and juvenile forms are fatal; infants die by the age of 5 and juveniles by the 
age of 15. Adult forms are non-fatal but these patients are more susceptible to mental illnesses such as 
schizophrenia and psychosis.

There has been a lot of research for the cure for TSD. Approaches include enzyme replacement therapy, 
substrate reduction therapy, and gene therapy. Gene therapy research, in particular, has shown great 
potential for curing TSD. The goal of gene therapy for TSD is to directly transfer HEXA genes into the 
brain to replace the mutant genes. One of the most successful forms of gene therapy for TSD involves the 
use of viruses as vectors to transcribe genetic material into cells. This technique has been researched with 
great success using in vitro cell cultures. However, in vivo applications of viral gene therapy do have 
limitations since viruses can evoke an immune response, reducing the effectiveness of the treatment. 
Alternatively, viral transduction may be a beneficial approach since gene expression will not have to be 
monitored. Substantial over-expression of lysosomal enzymes exhibits no harmful effects.

A retroviral vector mechanism was successfully used in a recent study 
(Martino et al., 2005). An in vivo gene transfer mechanism was proposed to 
translocate the HEXA gene into the central nervous system using a TSD mouse 
model. The therapeutic vector encoding for the HEX-A (α-subunit) cDNA was 
transferred into a non- replicating Herpes simplex virus (HSV-1).  This particular 
vector was chosen because it transports information to neurons retroactively, 
allows for long-term transgene expression, and can infect neuronal cells that are in 
the non-replicating phase. The therapeutic vector is then injected unilaterally into 
the internal capsule of the brain, which is located between the caudate nucleus 
and lenticular nucleus. Large quantities of fiber bundles run through this 
structure, allowing  for optimal dispersion throughout the CNS. In fact, the 
vector was found bilaterally and throughout the spinal cord. This had never 
occurred before. GM2 storage was absent and HEX-A activity returned to normal. 
However, long-term results of this treatment are unknown since the mice were 
sacrificed to confirm GM2 depletion.

Although invasive, retroviral gene therapy appears to be the most promising treatment for TSD. The 
ability of retroviral vectors to infect neurons and diffuse throughout the CNS deems it a promising 
treatment. It is also important to note that gene therapy is a long-term treatment approach, as opposed to 
the daily oral treatments used in other therapies. While there are still some problems and limitations 
involved with gene therapy, hopefully with further research, more answers can be found.

Appendices: In-depth reviews, etc.

In part, this article was adopted %om a paper written by the author, to fulfi( a requirement for a course taken during the Fa( 2008.
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We want feedback: Address concerns to Brain Waves’ Editor-in-Chief , Jaime Eberle, at 
jeberle1@binghamton.edu
Previous issues may be accessible through the Club’s website, located at: 

sa.binghamton.edu/Psybio
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