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Abstract:

The retina, the visual organ localized in the posterior part of the ocular globe, contains diverse cell types, from the specialized
photoreceptors, to neurons and ganglion cells, all of whose metabolic needs are supplied via the retinal microvasculature. This
microvasculature niche, composed of endothelial cells and pericytes, is highly sensitive to circulating glucose concentrations. Patients
with Type 2 Diabetes, with a poor management of their hyperglycaemia, demonstrate microvasculature damage in several tissues,
including the retina. Uncontrolled hyperglycaemia negatively impacts retinal microvasculature, and in the long-term leads to
irreversible sight complications as the result of the retinopathy developed. An early diagnosis of the retinopathy would help to
diminish the ensuing damage and the associated comorbidities. This revision in aimed at providing basic information about the retina,
the pathologic conditions that are set into motion by Type 2 Diabetes, and the usefulness of tear proteins as a diagnostic tool of
retinopathy.
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Resumen:

La retina, el 6rgano visual localizado en la parte posterior del glébulo ocular, contiene diversas células, desde fotorreceptores
especializados, hasta células neuronales, células ganglionares, cuyas necesidades metabolicas son suplidas por la microvasculatura
retiniana. Dicha microvasculatura, compuesta por células endoteliales y pericitos, es altamente sensible a los niveles de glucosa en
la circulacion. Pacientes con Diabetes Mellitus tipo 2, con un pobre control glicémico, sufren dafios microvasculares en diversos
tejidos, incluyendo la retina. La condicién de hiperglicemia descontrolada afecta negativamente a la microvasculatura de la retina, y
a largo plazo conlleva a complicaciones irreversibles de vista como resultado de la retinopatia que se desarrolla. Un diagnéstico
temprano de la retinopatia ayudaria a disminuir el dafio ocasionado, y las comorbilidades que resultan. En esta revision se otorga
informacion basica sobre la retina, las condiciones patoldgicas que desencadena la Diabetes Tipo 2, y la utilidad del uso de protedmica
de lagrimas como herramienta diagnostica de la retinopatia.
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The Retina commonly classified as an extension of the CNS, an
extension that begins at the point of entry of the optic
nerve and that extends anteriorly, extending until almost
touching the lens of the eye, a structure that separates the
posterior from the anterior chamber of the eye. Its
complex anatomical and physiological organization
render it a highly-specialized tissue. The retina is the
innermost of the three ocular layers; the medial, or
vascular layer, is wherein the choroid is situated along

The retina, a thin tissue localized in the internal posterior
chamber of the eye, is composed of a variety of highly-
specialized cells who function together in order to provide
humans with one of their five senses: sight. * The retina
can be considered as an extension of the optic nerve,
which is one of the cranial nerves and part of the Central
Nervous System (CNS). Thus, the retina is itself
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with the ciliary body and the iris; and the external layer is
composed of the sclera and the cornea, anteriorly (Figure
1).2

The main function of the retina is to capture light, or
photons, and convert this light signal into a nervous
signal, then to transmit this nervous impulse to the optic
nerve. From here, the nervous signal is conveyed to the
cerebral cortex, where it will be processed and interpreted
accordingly. The microenvironment in which the retinal
cells develop and carry out their functions, requires fine
regulatory mechanisms, as it is one of the tissues with the
highest metabolic demands in the human body. The cell
population in the retina is comprised of cones and rods,
the photosensitive cells that allow for color vision (the
former) and low light vision (the latter). In total, we can
distinguish at least eight different cell layers in the retina,
from posterior to anterior these include: the pigmented
epithelium, the photoreceptor outer and inner segments,
the outer nuclear layer, the outer plexiform layer, the inner
nuclear layer, the inner plexiform layer and the ganglion
cell layer. 3

Post

Figure 1. Schematic representation of the human eye
and retinal cell layers. A sagittal view of the human eye
(a) wherein the retina (black arrows) lies in flat against the
internal posterior wall of the eye. Light stimuli (yellow
arrow) enters from the anterior (i) chamber, travels to the
posterior (ii) chamber of the eye towards the retina. A
magnified schematic representation of the retina, the
visual sensory portion of the eye, composed of a complex
array of well-organized cell layers (b) organized from
anterior (Ant) to posterior (Post) and through which the
light stimulus must travel (yellow arrow) in order to excite
the photosensitive rods (pink) and cones (green). Once
stimulated, the photosensitive cells are able to transmit an
electrochemical signal (orange arrow) to the neural
retinal, that will integrate and transfer the message to the
cerebral cortex via the optic nerve.

In addition, there are two specialized areas easily
identifiable in the retina: the fovea and the optic disc. The
retinal fovea is the thinnest portion of the retina, having a
central thickness of approximately 170-182 upm, as
measured with optical coherence tomography, compared
to the thickest portions reported measured at nearly 300
um. “5 however, within this area we find the greatest
concentration of photoreceptors, rendering this portion
the greatest visual acuity when compared to the rest of
the retina. Conversely, within the area of the optic disc,
which is where the ganglion axons bundle up to form the

optic nerve, there is no visual perception, rendering it the
“blind-spot” region of the retina (Figure 2).

Figure 2. Photograph of eye fundus. Note the vascular
network distribution in a normal human retina (a)
compared to a retina suffering from diabetic retinopathy
(b). In the former, both the optic nerve (ON) disc area is
labelled as well as the area corresponding to the fovea

(F). In the latter, a marked vascular regression appears
to have occurred, and one can easily localize
haemorrhages (stars), and cotton exudates (arrow
heads).

Cell Types in the Retina

As aforementioned, the retina is composed of different cell
types of nervous-origin whose rods and cones are highly
sensitive  to photo-stimuli and which can generate
electrochemical signals activated by photon absorption. ©
Over 150 years have passed since these cells were
recognized to be physiologically different, the rods having
a far superior sensitivity to light, yet both utilizing similar
rhodopsin pigment as the photo-absorbing molecules.
These cells are located in the posterior portion of the
retina (see Figure 1) and the light path must first cross the
retina  thickness before actually reaching the
photoreceptors.  Once absorbed, the photoreceptor
transduction of light occurs, a complex mechanism
requiring G-proteins, various enzymes (including
phosphodiesterase, rhodopsin kinase and guanylyl
cyclase and a very prominent active transport of cations
(NaY).’

Other cell types found in the retina include the horizontal
cells, the bipolar cells, the amacrine cells and the ganglion
cells. Horizontal cells appear to be important in signal
integration; bipolar cells, of which at least nine subtypes
have been classified, relay information from the cones to
the inner retina; amacrine cells, also interneurons of the
retina, are the most diverse anatomically and
physiologically, having roles in rod-system integration,
and even as dopaminergic neuromodulators; the ganglion
cells, considered by some as the true neurons of the
retina, as they convey the visual message to the CNS in
a region-specific manner. 8 ° Furthermore, a relatively
novel cell type, the microglia, has been identified in
mammalian retinae. Microglia are immune cells that
reside in the CNS. They have been implicated in
regulation of neuronal survival, and in the directing of both
neuronal and vascular network establishment in the
retina. 1°
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All of the functions carried out by the various cell types of
the retina, including: phototransduction,
neurotransmission, cation active transport, protein and
phospholipid synthesis, render the retina a tissue with
high metabolic demands which in fact have been
approximated to be 50% more than those of the brain. !
The accelerated metabolic demand, thus, renders the
retina dangerously prone to damage in the event of tissue
ischemia.

Vascularization of the Retina

The retina receives nutrients and oxygen via two separate
vascular networks, one which irrigates the inner retina and
the other which supplies the outer retina. These vascular
networks are derived from the central retinal artery and
the choroid plexus, respectively. As already mentioned,
the retinal tissue has a high metabolic demand, and thus
it becomes imperative that the retina receive the required
irrigation, to avoid retinal cell loss 2 and tissue edema,
events that could significantly impair vision. ** Moreover,
as the incoming light source must necessarily transverse
the entire thickness of the retina to reach and stimulate
the photoreceptors localized in the posterior of the retina,
it is very important that the inner retinal vascular network
is adequately organized so that it does not interfere, or
diffract the incoming light.

Diabetic Retinopathy

According to the International Diabetic Foundation, in the
year 2015, 415 million people worldwide had diabetes and
this staggering number is expected to increase to 642
million by the year 2040. The World Health Organization
has classified diabetic retinopathy (DR), a chronic
pathophysiological condition brought on by prolonged
and/or uncontrolled Diabetes, as a priority eye disease. 14
In the Mexican population, approximately 31.5% of the
diabetic patients suffering from diabetes have also
developed DR. Incidence of DR incidence increases
accordingly with diabetes duration. At 5-10 years post-
diabetes onset, 27% of patients develop DR, whereas a
duration of 10-19 years results in 90% probability of
developing DR. Post-twenty years of diabetes duration,
95% of patients develop DR and, of these, 30-50% reach
the proliferative phase of DR. *°

Diabetic retinopathy is a progressive degenerative
disease, linked to unregulated hyperglycemic states, and
is recognized as the main cause of visual incapacity in
working-age adults. It has been duly noted that prior to
the vascular damage that characterizes DR, patients
demonstrate alterations to their neurosensory perception.
Once in an advanced stage, DR is characterized by the
formation of microaneurysms and intraretinal
hemorrhages, microvascular lesions that lead to a
significant decrease in retinal capillary perfusion, as well
as cotton exudates, venal alterations and intraretinal
microvascular anomalies. ®* When the flow to the retina
becomes diminished, and is no longer able to supply the
required nutrients and oxygenation to this demanding
tissue, the retina begins to suffer ischemia. Ischemic
events such as these lead to an increase in vascular
permeability and ultimately result in edema of the tissue,

a tissue response that leads to retinal damage. ** The
retinal vascular network can even deteriorate, starting
with the pericytes, the contractile cells that cover the
capillaries, and followed by the endothelium cells. These
pericytes, indeed appear to play different roles, including
that of controlling local blood flow, sensing vasoactive
peptides and cell-to-cell signalling mechanisms. 217 In
the proliferative phase of DR, there is profound
neovascularization that follows the stimuli of ischemia,
and these new, aberrant vessels project anteriorly into the
vitreous humor, causing retinal detachment. 18
Proliferative DR has been documented to affect around
65% of patients who have suffered diabetes for 30-34
years. *°

The prevalence and development of DR are brought on
by a poor control of glycemic levels. In fact, increased
circulating glucose levels are considered a major
significant risk factor, as it directly exerts an effect on the
luminal endothelium membrane of the vasculature, as well
as promoting protein glycosylation. 202!

Pericyte Stability and DR

One of the crucial events leading up to the development
of DR is the loss of vascular pericytes, particularly those
found in retinal capillaries. 2> Following pericyte cell
detachment and death, hemorrhages and
microaneurysms follow, cotton exudates set in, new
vessels form (neovascularization) and vitreous
hemorrhages ensue. 2% Pericytes are mural cells located
on the basal membrane of capillary endothelium cells.
They possess contractile proteins and, similar to smooth
muscle cells, are capable of contracting. In fact, this
contractile ability is precisely what allows them to fine-
tune the capillary tone and adjust blood flow to tissue
requirements. Moreover, pericytes serve a nurturing
function as well, providing a scaffolding for vessel growth,
and endothelial cell maintenance. In view of these
functions, one can decipher the events that follow pericyte
loss in the retinal vasculature: vascular dysfunction,
increased vascular permeability, and eventual vascular
regression. All of these events result in a lack of proper
blood flow to the retina tissue, ischemic events, edema,
novel aberrant vessel sprouting, retinal detachment, and
severe visual impairment. In fact, both pericytes and
endothelial vascular cells display a high sensitivity to
hyperglycemia. Pericytes are known to respond to this
harmful stimulus by detaching from the capillary and
dying, while endothelial cells appear to change to an
apoptotic phenotype themselves. 24 Prolonged
hyperglycemia also leads to protein glycosylation in the
basal capillary membrane and in pathological changes in
the collagen structure in the extravascular matrix,
producing a matrix with greater permeability to large

molecules including lipoproteins and plasma proteins. 2%
25,26

Complications Associated with DR

Diabetic retinopathy has a negative impact on those
affected, an impact measurable by both psychological
parameters and physical parameters. Several studies
have found that patients with DR have a lower quality of
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life and life satisfaction perception. 2 Reasonably,
diabetes itself has a negative impact, yet patients who had
developed DR complications associated with diabetes
demonstrated a statistically significant lower quality of life
than those who had no retinal complications. In fact, there
was a positive correlation between severity of DR and a
lower life quality in patients studied. 2 2 Physically
speaking, DR leads to significant ocular complications
that precede blindness, these include: vitreous
hemorrhaging, retinal detachment, and neovascular
glaucoma.

Vitreous hemorrhaging typically occurs as a collateral
effect of proliferative diabetic retinopathy, wherein the
nascent vasculature is unstable and easily tears and
bleeds into the vitreous chamber. The hemorrhagic
events typically occur at night, and may be perceived by
the patient upon waking up in the morning as a loss of
vision. 2° The hemorrhage will self-absorb within weeks
when it is small; however, when the hemorrhage is more
severe, treatment options for this complication primarily
involve laser photocoagulation, or vitrectomy coupled with
panretinal photocoagulation in the even that the
hemorrhage does not clear with the first treatment option.
%0 Traction retinal detachment, which involves the
detachment of the entire temporal portion of the retina,
can occur directly as a side-effect of DR, this complication
is considered an advanced pathology of DR as it presents
the technically complicated surgery of small-gauge
vitrectomy. This surgery procedure involves removal of
fibrous membranes and a vitreous tamponade, which can
be either a gas or silicone oil, that prevents fluid build-up
in the subretinal space and thus allows the retina to
reaccomodate naturally post-surgery. 3 Another
associated complication of DR is the development of
vascular networks in the iris and anterior chamber angle,
obstructing thus the drainage of the anterior chamber of
the eye, and resulting in aqueous humor build-up and
intraocular pressure increase, or glaucoma. This type of
glaucoma, termed neovascular glaucoma, is mainly
caused by proliferative DR. 2

An interesting fact is that not all diabetic patients develop
DR, a fact which has led to extensive research for the
determinants of this complication. There is a general
consensus regarding some of the personal risk factors
which increase the probability of developing DR.
Amongst these, the duration of the disease appears to be
the most potent determinant. However, other identified
risk factors include: insulin-dependence, total serum
cholesterol levels, proteinuria, low hemoglobin and
hematocrit levels. 33

Diagnostic Tools

During the past decade, diagnosis of DR has become one
of the greatest challenges in the ophthalmologic realm. A
particularly tricky situation is that most of the patients

suffering from DR do not themselves perceive signs or
symptoms of the pathology, a situation that leads to late
stage diagnosis when the disease has progressed to a
more severe format. For some countries, and this is
largely dependent on the magnitude of human and
economic resources, DR is typically diagnosed in its
moderate or severe stages and the diagnosis is most
commonly performed employing retinal photographic
images, visual acuity tests, tonometry parameters,
biomicroscopy, gonioscopy, and other direct or indirect
ophthalmologic techniques. 3 However, these types of
eye exams require specialized professionals, the tests are
costly and patients need to travel to a health clinic or
hospital to have them performed. Perhaps it is not, thus,
surprising that DR is the main cause of blindness in
people age 20-64 years. Globally, the number of patients
affected increases by 10% on a yearly basis, and this
staggering statistic has propelled researchers to find and
develop new tools for the diagnosis, monitoring, and
treatment of DR. 353

Up until a few years ago, the use of “biomarkers” focused
on the study of ophthalmic pathologies, had not even
been an area of study or consideration. The term,
biomarker, references biological molecules produced by
the organism in response to normal or pathological states,
or in response to an external stimulus. Therefore, in
theory, one could identify and quantify a biomarker, and
use this information to extrapolate the individual’s state of
health. However, before one can begin using biomarkers
as predictive of human disease, it is fundamental that the
biomarker's reliability in the interpretation first be
thoroughly assessed. 37 38

Figure 3. Novel diagnostic tool. Using Schirmer’s filter
strips, these can be easily and painlessly inserted in the
external lower eye lid for tear collection (a). The total
volume collected can be measured by visualizing the
markings on the Schirmer strip (b) and the protein
contents analyzed using a proteomic approach (c).

After intensive research, it has now become clear that
patients with DR suffer significant changes in the protein
makeup of their ocular tissue, as assessed by
examination of the biofluids: agueous humour, serum,
vitreal humour, and tears. 3% “° However, as the collection
of intraocular fluids require invasive techniques, highly
trained personnel, and specialized equipment, their use is
hardly an improvement over the classical direct or indirect
ophthalmologic techniques mentioned previously. Tears
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are a biofluid composed of lipids, proteins, metabolic
products, enzymes, salts and water. They are accessible
all of the time, and collection of tear fluid is quite non-
invasive, transportable, simple, and cheap to perform.
Several different collection methods have been tested; the
method of choice requires the use of filter paper strips
called Schirmer strips (Figure 3). The sterile, individually-
packaged strips are slightly folded and carefully placed in
the external lower eye lid. The tear donor is asked to
continue as normal, as the filter paper absorbs tear fluid
in a painless fashion for a determined time period
(typically 5-10 min). 4% 342 The absorbed tear fluid can
then be transported to a laboratory for processing, and
identification of its protein contents carried out using a
proteomic approach. Amongst the biomarkers identified
as indicative of DR are: serum amyloid A proteins,
Interleukin-6, apolipoprotein a-1, a-2, antithrombin,
glycation end-products, amongst others. The specificity
of these peptides is in process of determination, and trials
are underway to develop automatized methods for tear
content separation and identification, that can offer a more
precise molecular fingerprint of ocular tissue suffering
from DR. % 4  Undoubtedly, the incorporation of
proteomics in the timely diagnosis of DR will allow for
increased diagnostic efficiency and earlier treatment of
the pathology. Altogether the overall aim is to improve the
morbidity associated with this devastating disease.

Conclusion

As the aim of this revision was to provide basic information
regarding the anatomical structure and physiological
requirements of the retina, the visual organ located in the
posterior chamber of the eye. The retina is a thin (less
than 300 um) organ composed of specialized
photosensitive cells, neurons, glial cells. Due to its high
metabolic demands, it requires a constant blood supply
which it receives via the numerous capillaries and
arterioles that emanate from the central retinal artery.
This microvascular complex, composed of endothelium,
smooth muscle and pericytes, becomes damaged under
conditions of prolonged hyperglycemia, as experienced
by patients with Type 2 Diabetes. Vascular dysfunction
leads, inevitably, to tissue damage and loss of vision.
Novel detection methods are aimed at the early detection
of state-specific biomarkers in lacrimal fluid. However,
this diagnostic tool still requires the ongoing search for
specific biomarkers of the retinopathy, a search that
employing a proteomic approach to the analysis of tear
fluid collected from patients with diabetic retinopathy.
Early detection of diabetic retinopathy could allow for a
timely application of treatment options and, hopefully, the
safeguarding of one of humanity’s most prized senses:
sight.
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