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proposed mechanism is dysfunctional production of reactive 
oxygen species through mitochondrial metabolism. Nor-
mally, the mitochondrion carries antioxidant molecules that 
counteract the oxidative properties of reactive oxygen spe-
cies, but dysregulation can lead to build-up of these damaging 
oxidizers. Given this vulnerability, mitochondria are a prime 
area of study in Alzheimer’s research. In a paper published to 
Nature in September 2018, the researchers at the Cohen Lab 
identified the mitochondrial protein humanin as a potential 
factor in the neurobiology of Alzheimer’s.

During preliminary studies, the researchers were able to 
demonstrate that, in cell cultures, the analogue humanin-
S14G could prevent high levels of reactive oxygen species.9 
With in vitro results in hand, the next logical step was to see 
if effects of humanin on reducing reactive oxygen species 
could be correlated with noticeable behavioral changes in 
animal models. The researchers used female mice that were 
18 months old, meant to represent an age of approximately 56 
years old in humans.9,10 The mice were treated with humanin 
every two weeks, then subject to a series of behavioral tests for 
evaluating cognitive aging. After a couple of months of huma-
nin treatment, the mice that received humanin performed 
better when forced to balance on an unsteady platform and 
navigate mazes testing spatial memory.9 Post-mortem analy-
sis of the brains of humanin-treated mice also revealed some 
distinct characteristics. Though humanin treatment did not 
successfully stimulate growth of neurons in the hippocam-
pus or structural changes in brain cells that denote cellular 
aging, it was associated with decreases in brain inflammation, 
as observed by the lower levels of inflammatory markers like 
tumor necrosis factor or interleukins.9 Overall, it appears that 
humanin is protective against some of the prodromal symp-
toms of Alzheimer’s. 

Finally, the researchers were interested in investigat-
ing differences in humanin expression among humans. One 
specific single nucleotide polymorphism, located toward the 
end of the gene that codes for humanin, was found to reduce 
humanin levels in the bloodstream by 14%.9 A survey of over 
12,500 participants found that this specific polymorphism 
was associated with accelerated cognitive aging among Afri-
can-American seniors relative to Caucasian-Americans or 
Hispanic-Americans.9 Additionally, this polymorphism was 
found with greater prevalence among the African-Ameri-
can and Hispanic-American seniors surveyed, suggesting a 
potential factor in the health disparities that African-Ameri-
cans face with respect to Alzheimer’s disease.11

Pharmacological application of humanin is likely a ways 
off. The research that demonstrated humanin’s effects in 
mice was only just published in September 2018, and animal 
research is merely the first of a series of steps before a drug 
can be available on the market. Still, these findings are prom-
ising. It may represent a step toward reducing health dispari-
ties in risk factors for Alzheimer’s among African-American 
seniors, as well as a potential treatment for the disease. 

Neurons are supported by intracellular scaffolding called 
microtubules, which allow the cell to retain its shape and 
transport nutrients. Tau proteins normally stabilize this scaf-
folding, but in the Alzheimer’s disease state, Tau proteins are 
misfolded so that structure and nutrient transport within the 

cell collapse, causing cell death.6

Tau protein misfolding and 
amyloid-beta plaques accumu-
late throughout the course of 
Alzheimer’s and clearly contribute 
to the pathology, but it is unclear 
if these factors are directly respon-
sible for the onset of the disease, 
or if other factors that cause neu-
ronal damage are more closely 
involved. For example, oxidative 
stress scales with age and is impli-
cated as a cause of Alzheimer’s dis-
ease.7 In comparison to the rest of 
the body, the metabolic processes 
of the brain expend an exceptional 

amount of energy. Metabolic activity produces byproducts 
called reactive oxygen species, which are oxygen-containing 
molecules that can be reduced to hold single electrons, called 
free radicals.7 The unpaired electron is unstable, acting as a 

potent oxidizer capable of forcing 
chemical reactions that can dam-
age cellular components like pro-
teins, polysaccharides, the lipids 
that form the cell membrane, and 
even DNA.7 This toxicity has the 
potential to give rise to conditions 
that facilitate other pathological 
processes, such as the formation of 
amyloid-beta plaques or neurofi-
brillary tangles.7

The role of human genetics 
in Alzheimer’s has been studied 
extensively. In particular, research-
ers at the Cohen Lab at the USC 
Leonard Davis School of Geron-

tology have looked into the mitochondrial genome. The mito-
chondrion is a unique organelle, because it has its own sepa-
rate genetic information for its function of energy production 
and metabolism. Past research has implicated mitochondrial 
dysfunction in neurodegenerative disorders such as sclero-
sis and Huntington’s disease, so it is not entirely surprising 
that the mitochondria could be related to Alzheimer’s.8 One 
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THE PROCESS OF AGING IS COMPLICATED. IT 
comes about as a result of a number of genetic and 
environmental factors. For example, each time our 

cells divide, the mechanism of division cuts off a bit of each 
end of the chromosome. Placeholder code called telomeres 
protect us from the loss of func-
tioning genes, but over time, these 
regions are degraded as well. The 
resulting cellular senescence con-
tributes to the onset of character-
istics related to aging. 

One of the diseases commonly 
associated with aging is demen-
tia, which affects approximately 
5.7 million people in the United 
States.1 Dementia is a category of 
diseases that relate to problems 
with reasoning and memory. 
Severity can range from simply 
being more forgetful than normal, 
to being unable to recognize family 
members, to losing the ability to perform basic life functions.2

Perhaps the most well-known form of dementia is 
Alzheimer’s disease. Alzheimer’s is a neurodegenerative dis-
order that contributes to 60-70% of cases of dementia.1 It is 
characterized by the degeneration 
of neurons in the brain, particu-
larly in the hippocampus, a region 
associated with converting short-
term memory into long-term 
memory.3 In neuroimaging, the 
death of neurons is apparent by the 
enlarged ventricles, the cavities in 
the brain that hold cerebrospinal 
fluid.3

The actual mechanism of neu-
rodegeneration is not fully under-
stood, but two particular factors, 
known as amyloid-beta plaques 
and neurofibrillary tangles, seem 
to be involved. Amyloid-beta 
plaques stem from amyloid-beta proteins, which are cleaved 
off of neurons as a part of normal cell function.4 However, 
the fragments that are cut can accumulate in the brain, form-
ing plaques that catch other cellular debris.4 The presence of 
these plaques can block neurons from communicating with 
each other and trigger the immune response that kills nearby 
neurons.4,5 Due to inflammatory immune response to amy-
loid-beta plaques, brain inflammation is often characteristic 
in the pathology of Alzheimer’s.5 Neurofibrillary tangles, on 
the other hand, stem from dysfunctions inside of the neuron. 
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“Normally, the mitochondria 
carries antioxidant molecules 
that counteract the oxidative 
properties of reactive oxygen 

species, but dysregulation 
can lead to build-up of these 

damaging oxidizers.”
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“[These findings] may 
represent a step toward 

reducing health disparities in 
risk factors for Alzheimer’s 
among African-American 

seniors, as well as a potential 
treatment for the disease.”
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Can you tell me about your research and thesis project?
In my research, I’ve focused on decision-making among 
older patients with advanced chronic kidney disease 
(CKD). For my thesis, I’m investigating advance care 
planning among this population — that is, whether and 
how clinicians guide these patients and their care-part-
ners through understanding their options and outlining 
their values and treatment goals in advance of the time 
when these decisions may become critical. Advance care 
planning is particularly important for this population, 
since elderly CKD patients often experience high comor-
bidity and cognitive impairment, and they sometimes 
experience unexpected complications that require a treat-
ment decision to be made quickly. By having their goals 
and preferences decided upon prior to an emergency or a 
loss of ability to consent to care, the treatment they receive 
can best align with their values, allowing them maximum 
autonomy in these challenging medical situations. This 
patient population faces several difficult treatment deci-
sions, such as whether or not to initiate dialysis, and due 
to factors such as comorbidity, cognitive impairment, and 
unforeseen complications. Issues of capacity and consent 
to decision-making often come into play. They are often 
put on dialysis, despite findings that for many of these pa-
tients, dialysis may not grant much extended life expec-
tancy, and most of these patients and their care-partners 
have indicated a preference for comfort care over life-sus-
taining treatment in these cases. For me, it has been very 
interesting to investigate the reasons why this discrepancy 
exists between care preferred and care received.

How do you think these research experiences will affect 
your long-term career goals?
One of my favorite aspects of my research is the patient-
interaction component, which aligns well with my long-
term goal of being a physician. I’ve had the chance to in-
terview many patients and care-partners, and since these 
conversations deal with very serious subjects due to the 
nature of end-of-life decision-making, I have had to learn 
how to approach such topics with empathy and in a way 
that preserves the patients’ dignity. In addition, since our 
research is in a way critical of the current medical system, 
I have had the chance to think seriously and learn about 
what it means to be a compassionate care provider, and I 
hope I will be able to take these lessons forward with me 
as I venture into a clinical provider role.


