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Introduction
�e concept of biological agents functioning as hormones may 

have had its early origins with Ernest Starling when he introduced the 
term to the Royal College of Surgeons in 1905. Starling was discussing 
the potential existence of agents in the blood that could stimulate 
organs in the body and chose the term “hormone” that was derived 
from the Greek term meaning to excite or arouse. During this period, 
Carnot and De�andre were investigating the agent “hemopoietine”. 
�ey removed plasma following a bleeding stimulus in rabbits and 
demonstrated that injecting this plasma into untreated animals would 
promote the development of immature red blood cells. Other work 
con�rmed the �ndings of Carnot and De�andre to show that plasma 
obtained by bleeding animals acted as a stimulus to produce new 
red blood cells in untreated animals [1]. As “hemopoietine” became 
known as erythropoietin (EPO), studies later demonstrated that loss of 
oxygen tension in one parabiotic rat would lead to reticulocytosis in the 
normoxic partner. With the subsequent puri�cation of human EPO, 
the EPO gene was cloned and approval was obtained for the clinical use 
of recombinant EPO.

Oxidative Stress, Cellular Survival and Programmed Cell 
Death 

Oxidative stress can signi�cantly negatively impact cellular survival 
and longevity and lead to programmed cell death. �e generations 
of reactive oxygen species (ROS) that result in oxidative stress 
include nitrogen based free radical species such as nitric oxide and 
peroxynitrite as well as superoxide free radicals, hydrogen peroxide, 
and singlet oxygen. ROS can result in DNA damage, mitochondrial 
and other organelle injury, protein misfolding, and neuronal synaptic 
dysfunction. Protective pathways serve to alleviate damage from ROS 
and involve vitamins B, C, D, and K, coenzyme Q10, glutathione 
peroxidase, and superoxide dismutase. Oxidative stress can lead to the 
induction of programmed cell death through apoptosis and autophagy 
[2]. Apoptosis has an early phase with the loss of plasma membrane 
lipid phosphatidylserine (PS) asymmetry and a later phase that leads to 

genomic DNA degradation. Blockade of the early phase with membrane 
PS externalization is vital for cellular survival since membrane PS 
externalization can direct in�ammatory cells to engulf and remove 
injured cells that may be functional and available for repair. �e later 
phase of cell death with apoptosis leads to the destruction of cellular 
DNA. Autophagy is another pathway of programmed cell death that 
permits cells to recycle cytoplasmic components while removing 
dysfunctional organelles for tissue remodeling. Of the three categories 
for autophagy, microautophagy employs the invagination of lysosomal 
membranes for the sequestration and digestion of cytoplasmic 
components. In chaperone-mediated autophagy, cytosolic chaperones 
transport cytoplasmic components across lysosomal membranes. 
�e most prevalent category of autophagy is macroautophagy that 
consists of the sequestration of cytoplasmic proteins and organelles 
into autophagosomes. �ese autophagosomes then combine with 
lysosomes for degradation and are subsequently recycled for future 
cellular processes [3].

Diabetes Mellitus and clinical implications

Early diagnosis and proper care of individuals with DM also 
may be crucial for extending human longevity by modulating 
epigenetic changes in age-related genes involved with DM and other 
degenerative disorder. �e presence of impaired glucose tolerance 
in the young raises additional concerns for the future development 
of DM in these individuals. Obesity is another risk factor for the 
development of DM. Obesity results in cellular oxidative stress and 
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models of Type 2 DM, AMPK activation can lead to apoptosis in 
pancreatic islet cells. SIRT1 importantly modulates stem cell survival, 
blocks apoptotic cell injury, controls autophagy for mitochondrial pool 
maintenance, and limits oxidative stress that a�ects cellular survival 
during DM. Although SIRT1 can increase cell survival and preserve 
insulin signaling by blocking apoptotic pathways, SIRT1 also can 
foster autophagy and limit mTOR activation to preserve mitochondria, 
promote stem cell proliferation, and prevent insulin resistance. WISP1 
incorporates the pathways of mTOR and SIRT1 to control stem 
cell migration as well as stem cell di�erentiation. WISP1 may o�er 
protection against cell loss in DM since it is one of several transcripts 
that are expressed during pancreatic regeneration. WISP1 can activate 
PI 3-K, Akt, and mTOR to protect against A𝛽 exposure, cardiomyocyte 
injury, DNA damage, and oxidative stress. WISP1 also increases SIRT1 
activity and maintains the integrity of SIRT1 during oxidative stress to 
prevent SIRT1 degradation. New insights that develop mTOR, SIRT1, 
and WISP1 as e�ective therapeutic strategies against DM o�er great 
hope for the millions of individuals that presently su�er from this 
disabling disorder. Fruits of such investigations will weigh heavily 
upon careful analysis of the intricate and complex pathways controlled 
by the proliferative properties of mTOR, SIRT1, and WISP1 to achieve 
high clinical e�cacy for patients with DM and limit adverse e�ects that 
can involve organ dysfunction, pancreatic cell loss, tumor growth, and 
in�ammation.
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