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FROM THE EDITOR
Zak Megeed – ireis@sbi.org 

Approximately 20% of American 
adults - or 44 million people - 
suffer from a psychiatric disorder.1 
Given this high incidence, the 
societal impact of these conditions 
is enormous in magnitude. Major depression, bipolar 
disorder, schizophrenia, and obsessive-compulsive 
disorder account for four out of the top ten causes of 
disability in the U.S. and other developed nations.2 

It has been estimated that half of all mental illnesses 
become apparent by age 14, indicating that effective 
treatment of pediatric mental disorders might have 
a substantial impact on the long-term outcome of 
these diseases.3 Fortunately, progress has been made 
in understanding the genetic and physiological basis 
for some of these conditions. For example, children 
with a small deletion on chromosome 22 (i.e., 
22q11.2 Deletion Syndrome) have a 30% chance of 
developing schizophrenia versus a 1% chance for the 
general population. This increased risk is associated 
with the loss of a catecho-o-methyltransferase 
(COMT) gene, which encodes an enzyme that 
degrades dopamine. People with the 22q11.2 deletion 
have only one functioning copy of COMT, of which 
there are two common versions in the population 
– val and met. The met version of the enzyme has 
reduced catalytic activity, causing researchers at 
Stanford to investigate whether children with the 
22q11.2 deletion and the met version of COMT 
exhibit developmental disorders induced by 
overexposure of the prefrontal cortex to dopamine.4  
To evaluate this, they performed cognitive tests on 
children with the val and met versions of COMT 
in early childhood and adolescence. While children 
from both groups were at increased risk for the 
development of schizophrenia, children with the met 
version of COMT exhibited more severe symptoms 
and a greater loss of prefrontal cortex gray matter 
than children with val. 

While this study provides a powerful example of 
how genetic factors contribute to the development 
of neuropsychiatric disease, environmental – 
genetic interactions undoubtedly play an important 
role – one that is exceedingly difficult to decipher. 
In this issue of the Communiqué, CEM Investigator 

John Levine provides us with a glimpse of his work 
on the influence of stress and antidepressants on 
prefrontal cortex gene expression and behavior in the 
developing rat. His research has direct implications 
for the treatment of patients after burn injury and the 
potential to provide insight into the mechanisms by 
which faulty synaptogenesis can contribute to the 
development of other neuropsychiatric conditions.

If you would like to make a contribution to the CEM 
Communiqué, please contact me at ireis@sbi.org.
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New Member Profiles
Amol Janorkar joined the 
Molecular and Nanosystems 
Bioengineering  group at the 
CEM in August.  He received his 
Ph.D. in Chemical Engineering 
from Clemson University where 
he studied surface modification 
of  polymer films for biomedical 

applications. His research at the CEM is focused on 
the creation of multilayered cellular architectures 
using chemically-modified recombinant proteins. 
In his free time, Amol enjoys traveling, a variety 
of Indian classical and semi-classical music, and 
organizing social events.

Rongjun Zuo joined the 
Metabolism and Transplantation 
group at the CEM in September. 
Rongjun received her Ph.D. in 
Chemical Engineering from 
the University of Connecticut 
where she studied bacterial 
biofilm formation and its 

inhibition by natural plant extracts.  Her research 
at the CEM is focused on liver repopulation and 
repair using hepatic stem cells and reprogramming 
of hepatocytes through fusion with ES cells.  In 
her free time,  Rongjun enjoys music, cooking, and 
traveling.
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SYNAPTIC CONNECTIVITY, 
STRESS, AND 
NEURODEVELOPMENTAL 
DISORDERS
John Levine – jblevine@partners.org 

The development of the central nervous system (CNS) can be divided 
roughly into four phases: (1) cell proliferation and differentiation during 
outgrowth and development of the neural tube from the ectoderm 
during embryogenesis; (2) cell migration from the periventricular space 
to the rest of the brain and spinal cord; (3) extension of axons from 
neurons toward other cells in the CNS; and (4) development of synaptic 
connections (for chemical and electrical communication) between the 
pre-synaptic axonal growth cone and specific sites on other CNS cells. 

Abnormalities in any of these four processes may contribute to 
developmental illnesses of the central nervous system. Synapse 
formation is of particular interest because it is influenced by both genetic 
and environmental factors, as are many neuropsychiatric disorders. 
Furthermore, gross abnormalities of structure, presumably owing to 
primary problems of neuronal migration are generally not seen in such 
illnesses. For example, MRIs of patients with mental retardation, autism, 
and many forms of epilepsy are often completely normal.  

Fragile X syndrome, the most commonly inherited form of mental retar-
dation, results from transcriptional silencing of the FMR-1 gene, which 
encodes a protein critical for pruning and development of neuronal den-
dritic spines. The result is abnormal synaptic connectivity that likely con-
tributes to the profound cognitive problems observed in such patients.

Figure 1. In the Fragile X (FRR-1 gene) knockout mouse, the 
inwardly-oriented dendrites proliferate normally, but the outwardly 
oriented dendrites exhibit impaired regression. P 0, postnatal day 0 
[Greenough, et al. PNAS, 2001, 98:7101]. 

Another neurodevelopmental disorder, Rett Syndrome, which involves 
severe cognitive and motor deficits and microcephaly following a period 
of normal development in the first year of life, is due to a mutation in 
the MECP2 gene, a transcription repressor. Here, failure of transcription 
repression results in abnormal production of receptors and neurotrophic 
factors that regulate synaptic function and morphology. Autism, seen in 
a high percentage of patients with fragile X syndrome, has been associ-
ated with neuroligins 3 and 4, two proteins that are critical for synaptic 
connectivity.

Figure 2. Neuroligins are part of the initial event in the complex 
process of synaptic formation in the CNS (top panel), which involves 
cadherin-like cell adhesion.  Subsequently (middle panel) signaling 
through the cytoplasmic tails of neuroligin (postsynapatically) and 
neurexin (presynaptically) triggers the insertion and clustering of 
various ion channels and presynaptic proteins, and the capture of 
synaptic vesicles.  As synapses mature (bottom panel), the density 
of presynaptic vesicles and postsynaptic receptors increases to 
render the synapses functional [Cantallops, et al. Curr. Biol., 2000, 
10:R620].

Finally, environmental stressors, especially early in life when synapto-
genesis is most active, may result in abnormal dendritic morphologies 
with resultant abnormal synaptic connectivity. The classic example of 
this (Hubel and Weiss, 1977) is when animals are deprived of vision 
to one eye during the “critical period” for the development of ocular 
dominance columns in the visual cortex. Axons from the contralateral 
geniculate nucleus of the thalamus (which relay deprived retinal axons to 
the visual cortex) fail to neatly synapse in the normal discrete columnar 
fashion in such cases, ultimately impairing binocular vision.  

Early environmental psychiatric stress can also have profound nega-
tive physical consequences, as demonstrated by Rene Spitz in the 1940s 
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nal distress.  This is highly relevant for burn patients as they experience 
both somatic and psychological distress following burn injuries, and not 
uncommonly a heightened premorbid burden of psychiatric stress. 

As our work proceeds, we hope to develop a better understanding of how 
synaptic connectivity goes awry in neurodevelopmental disorders, and 
how such changes might respond to different treatments. 

NEW TO THE CEM
Postdoctoral Fellows
Amol Janorkar      Clemson U Mol. & Nanosys. Bioeng.
Rohit Jindal     RPI  Mol. & Nanosys. Bioeng.
Yawen Li     MIT  Mol. & Nanosys. Bioeng.
Rongjun Zuo      U. Conn. Metab. & Transplant.
Ipsita Banerjee     Rutgers U Metab. & Transplant.
Aman Russom  KTH, Sweden Microfabrication
Ken Kotz  UC Berkley Microfabrication
Qing Song       MIT  Tissue Eng. & Stem Cells

Technicians
Kevin Nikitczuk   Rutgers U Mol. & Nanosys. Bioeng.
Ioannis Kramvis   Rutgers U Tissue Eng. & Stem Cells
Luke Selby       Bates College Mol. & Nanosys. Bioeng.
Rachel Haner       Rutgers U Publishing Assistant 
Arthi Amin       BU  Biopreservation

Investigators
Ramon Risco      U Seville Biopreservation

RECENT DEPARTURES  
Marlaina Norris  Resident   
Angela Pantelogianis Pharm.D. Student , U Nebraska
Anandi Schiphorst  Med. Student, U Groningen
Noor Ahmad  Med. Student, New York Med. School
Ryan Winters  Graduate Student, UMDNJ
Alp Aksan  Asst. Prof., Mech. Eng., U Minnesota
Lynda McGinnis Graduate Student, U Missouri
Michael Murphy LSU 
Bart Kane  Resident, Brigham & Women’s Hospital
Xiang-Hong Liu  Research Scientist, LifeCell Corporation
Shashi Murthy  Asst. Prof., Chem. Eng., Northeastern U

when he observed orphaned infants dying from “hospitalism” when pro-
vided with physical care but not emotional comforts. Harry Harlow not-
ed similar outcomes with monkeys reared in isolation. Such stressors are 
likely to exert their effect through an impact on synaptic connectivity. 
Recently, it has been shown that in young (2-3 month old) rats, chronic 
stress results changes in dendrite size and shape.

The mechanism by which early environmental stress leads to changes in 
dendritic morphology has not been identified, but modifications in the 
extracellular matrix surrounding neuronal synapses have been implicated 
(see Pawlak et. al. Nature, Neuroscience 2003). In our own preliminary 
studies we have found that the combination of isolation and physical 
stressors altered prefrontal cortical expression of important extracellular 
and intracellular genes related to synaptic function. Collagen gene ex-
pression was largely downregulated in response to the stress of isolation 
and physical pressure. This stress was also associated with changes in 
the expression of actin and other neurofilaments that comprise the cyto-
skeleton of the neuronal synapse. 

Among the gene expression changes induced by stress shown above, 
we have identified a subset that are normalized by medications used to 
treat psychiatric stress disorders, such as antidepressants. Because the 
stress that altered gene expression in these studies consisted of both an 
environmental and somatic component (isolation rearing and a surgical 
procedure), we are currently determining which gene expression chang-
es are associated with environmental versus somatic stressors. To ex-
amine gene expression, we use a combination of RNA microarrays and 
quantitative PCR. To examine behavioral correlates of stress we conduct 
behavioral assays of aggression, hyperactivity, and fear conditioning. 
Comparisons of gene expression changes with behavioral responses to 
stress using a variety of bioinformatics algorithms enables us to associ-
ate changes in gene expression with particular behavioral responses.

Our initial data suggests that somatic and environmental stressors induce 
differential gene expression. To our surprise, we observed that psycho-
tropic medication primarily impacts genes influenced by the somatic 
component of the stress. This finding may point to an important somatic 
component of psychiatric distress, as many stress disorders co-occur 
with somatic symptoms such as headaches, back pain, and gastrointesti-
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Figure 3. Chronic immobilization stress increases spiny processes 
in both primary and secondary dendrites in basal amygdala neurons 
[Mitra et al. PNAS, 2005, 102:9371].
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CENTER FOR THE EXPLORATION OF MOUNTAINS
François Berthiaume – fberthiaume@hms.harvard.edu
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Ready to get on the road Air taxi We are on our way

View from Juniper islandHarsh beauty of the Bagley icefieldTime to wash-up! The bottom of Iceberg lake

 Last August, the Center for the Exploration of Mountains organized a 2-week trip to Alaska, including a week-long backpacking trip in 
Wrangell-St. Elias National Park.  This park is the largest in the US Parks system and is adjacent to Canada’s Yukon Territory.  Six people joined 
the trip, including François Berthiaume, Monica Casali, and her husband Carlo Zambonelli, former lab members Hari Baskaran and Alex Revzin, 
as well as Sharon Li, a local friend not affiliated to the lab. 

 After landing in Anchorage and getting our rental minivan, we drove over 400 miles, including 60 miles of rough gravel road, to the 
small village of McCarthy inside the park.  From there we took an air taxi, which dropped us off in a remote wilderness location.  Two trips were 
needed to transport the six of us and our gear.  Unlike most hiking in the “lower 48” states, there are no trails in this park and we had to determine 
the best route ourselves.  We started along a river and proceeded up a blueberry-covered mountain with breathtaking views of the jagged peaks 
and numerous glaciers surrounding us.  Eventually, we hiked down onto a large glacier and spent 4 days walking on some of the largest icefields 
in the world.  Our farthest point was Juniper island, a small mountain surrounded by a sea of ice.  We ended the hike at Iceberg Lake, where a 
glacier has dropped hundreds of truck-size icebergs.  At that point, we used a satellite phone to call our pilot who brought us back to McCarthy.
 Luckily, we had excellent weather throughout and finished the hike two days early.  While some chose to return home early, half of us 
took the extra two days for a quick visit of Denali National Park, where we saw the towering Mt. McKinley, the highest (20,320 ft) summit in 
North America, and several herds of caribou. Over Columbus Day Weekend, we went on a fall foliage trip in the Green Mountains.  A total of 
eight people joined the trip, including three current and former lab members.  Since Nature greeted us with four straight days of rain, we did not 
have the views we had expected; however, we had a fun group of people to hang out with!  Our next trip will be in February 2006, which is our 
annual downhill ski trip in Canada. An announcement will be sent via e-mail and posted on the bulletin board.


