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A Systematic Comparison of Diabetes Mellitus Type 2 and Polycystic Ovarian Syndrome 

Introduction: 

Chronic inflammation and insulin resistance are key factors in type 2 diabetes 

mellitus (T2DM), syndrome x, and polycystic ovarian syndrome (PCOS). All three have 

similar symptoms and physiological pathways. 

Objective: 

As my goal, I am comparing and contrasting T2DM (specifically diabetic 

retinopathy) and polycystic ovarian syndrome, to arrive at a conclusion about possible 

origins and/or propose possible pathways that have not been explored. The two 

traditional ways to approach disease have been examining specific proteins in related 

physiological pathways caused by particular genes that are mutated and looking into a 

specific region of the genome that is inherited more commonly in family members with 

T2DM or PCOS. Part of my quest involves the former while looking for certain cell 

membrane components that are analogous in target tissues and looking at similarities 

between disorders to see a hypothesized difference in the cascade of events. Fat cells are 

able to secrete hormones and chemical factors Xo perpetuate these diseases. Thus, 

eliminating obesity from the formula not only reduces common symptoms, but eliminates 

distractions in arriving at conclusions. 



Type 2 Diabetes Mellitus; 

T2DM is "a collection of disorders characterized by chronic hyperglycemia and 

insulin resistance. (Shalet & Wass, 1671)" 70% of the women diagnosed are obese. It is 

predicted, that in the future, T2DM will be categorized into subgroups defined by 

molecular genetics. These categories are proposed to show the genetic susceptibility of 

certain genes based on your environment. It has been suggested that 2-5% of the 

population is affected by direct genetic mutations related to insulin resistance and 

dysfunction of the P-cell, which can be classified as MODY (Maturity Onset Diabetes of 

the Young- hepatocyte nuclear factor (HNF) la, 4a, ip, insulin promoter factor 1 (IPF-

1), hexokinase mutations) and MIDD (Maternally Inherited Diabetes and Deafness-

Mitochondrial gene lesions, 3243 mutation, abnormal insulin) genetically. Monogenic 

mutations have provided researchers with some understanding of this disease, but the vast 

majority is caused by a delicate balance of environmental influences and polygenic 

susceptibility. There is greater than a 92% chance of identical twins acquiring T2DM, 

which indicates a strong genetic factor. There are no "official groups of genes" linked 

directly to this onset, just genes that mark an increased susceptibility to it. Based on this 

methodology, some "candidate" genes have been proposed, such as the insulin gene and 

calpain 10. Defects in the fiinction of the P-cell on the pancreas and defects in the action 

of insulin in your body (insulin resistance, lipidystrophy, PPARy mutations) have been 

found (much of this is carried over under the title of syndrome x into PCOS). There are 

several dieases that have a common symptom of T2DM, including cystic fibrosis, 

haemochromatosis, hyperlipidaemias (apolipoprotein C-II deficiency, remnant particle 



disease, lipoprotein lipase deficiency, familial hypertriclyceridaemia), syndrome x, 

Prader-Willi syndrome, Alstrom syndrome. Wolfram syndrome, and polycystic ovarian 

syndrome (PCOS) to name a few. Recently, T2DM has been linked with a chronic 

inflammatory state. 

The microvascular complications of T2DM has made it the leading source of various 

neuropathies, end-stage renal disease, and blindness - revealing the complex inter-

systemic communication networks involved. Microvascular disease is characterized by 

"Thickening of the capillary basement membrane, endothelial hyperplasia, thrombosis, 

and pericyte degeneration.. .Decreased tissue perfusion and hypoxia eventually result 

(Huether, McCance, 495)" Many hypotheses have been posed as to the root cause of 

inflammation. One of the unifying themes revolves around reactive oxygen species 

(ROS). The ROS involved with hyperglycemia involve protein kinase C (PKC ) 

activation, an increase in AGE (advanced glycation end products), and an increase in the 

aldose reductase pathway flux, subsequently activating many more chemical mediators 

that perpetuate this disease. Although several theories exist, I will mainly focus on the 

associated advanced glycation end products (AGE), and their cascading effects by 

inducing vascular cell adhesion molecule 1 (VCAM-1). As a result, cytokines are 

expressed leading to the classic inflammatory symptomology, and increasing vascular 

permeability causes the classic "leaky vasculature" and basement membrane thickening 

of T2DM. Leukocytes are recruited as inflammatory cytokines are released, thus 

potentiating atherosclerosis. Vascular endothelial cells in the microvasculature generally 

bear the brunt of ROS damage. 



Diabetic retinopathy is a subcategory of this microvascular disease. There are 

three stages: nonproliferative (increased capillary permeability, vasodilation, etc), 

preproliferative (retinal hypoxia, ischemia), and proliferative (neovascularization and 

formation of fibrous tissue). Hyperglycemia causes pericytes to die and a thickening of 

the basement membrane is noticed (Pericytes are undifferentiated cells that line the walls 

of small blood vessels. They are implicated with angiogenic stability and capillary blood 

pressure regulation, as well as many, many different functions, hence, undifferentiated.). 

Thus, the vascular walls are weakened (become more permeable). Ocular insulin like 

growth factor 1 (IGF-1) was also found to be increased in proliferative diabetic 

retinopathy (PDR). The increased IGF-1 has been shown to induce vascular endothelial 

growth factor (VEGF) production in certain retinal cells. VEGF has been proposed to be 

the link between retinal ischaemia and the neovascularization associated with PDR 

(Folberg Et Al, 1996). 

Polycystic Ovarian Syndrome: 

Polycystic ovarian syndrome (PCOS) manifests itself in a variety of ways with a root 

in anovulation, insulin resistance and elevated testosterone levels, including amenorrhea, 

hirsutism, dysfunctional bleeding, and infertility. It has been estimated that about 38% of 

these women are obese. Typically this weight is stored around the middle part of the 

body. This specific type of weight gain has been attributed to the increase in testosterone 

levels and correlated insulin resistance. Once this central fat accumulates, the 

multiplicative effects of obesity arise. PCOS ".. .is the most frequent endocrine disorder 



in women of reproductive age....(Shalet & Wass, 1135)" It has been estimated that 6-

10% of the female population, particularly young females, are affected. 

Genetically, PCOS has been experimentally "linked" to possible causative or hyper-

susceptible genes associated with: cytochrome p450 variants [steroid 20-a, 22 -

hydroxylase cholesterol side chain scission gene,(CYPl 1 Al), 21-hydroxylase gene 

(CYP21b), aromatase enzyme gene (CYP19A), and 7oc-hydroxylase 17,20 lyase gene 

(CYP17A1)], androgen receptor (AR), sex hormone binding globulin (SHBG), 

leuteinizing hormone (LH) beta subunit, LH receptor, follistatin, insulin gene (INS), 

insulin receptor (INSr), insulin receptor substrate genes (IRSs), calpain 10 (CAPN 10), 

peroxisome proliferator-activated receptor gamma (PPAR-y), adiponectin, tumor necrosis 

factor alpha (TNF-a), tumor necrosis factor receptor 2 (TNFr2), interleukin 6 (IL-6), 

interleukin 6 receptor (IL-6r), plasminogin activator inhibitor 1 (PAIl), hydroxy-delta-5-

steroid dehydrogenase, 3 beta- and steroid delta-isomerase-2 (HSD3B2), 17-a-

hydroxysteroid dehydrogenase, dopamine receptor, insulin-like grov^h factor (IGF), 

aldosterone synthetase, paraoxonase, glycogen synthetase, resistin, apoprotein E, 

estrogen receptor alpha (ER-a), vascular endothelial growth factor (VEGF), vascular 

endothelial growth factor receptor 2 (VEGFR2), basic fibroblast growth factor (bFGF), 

platelet derived growth factor (PDGF), et cetera. PCOS has been attributed to 

cardiovascular disease, endometrial carcinoma, preeclampsia and glucose intolerance 

during pregnancy. In addition, PCOS may also be confused/associated with Gushing 

syndrome, thyroid disease, androgen-producing adrenal tumors, congenital adrenal 

hyperplasia, and syndromes with hyperprolactinemia, among other endocrine disorders. 



In normal development, follicles that will continue to mature and possibly be picked 

as the dominant follicle are arranged in classes. Class 1 -4 appear to be stimulated by 

intra-ovarian factors, and class 5 seem to develop the dominant follicle and are stimulated 

directly by the gonadotropins. In animal studies, the concentration of gonadotropin was 

highest in the follicle destined to ovulate (Eraser, 2006). Follicular development is also 

associated with increasingly dense capillaries surrounding the mature follicle. These 

capillaries may sanction increased delivery of peptides and gonadotropins to the mature 

follicle and thereby selectively augment its development. This process is required to vary 

vascular permeability and deliver certain chemicals, hormones, lipids and proteins in 

addition to other large molecular weight factors for adequate follicular development. 

Initially, follicles (primordial and primary) receive their oxygen and nutrients via stromal 

vasculature by simple diffusion. A vessel sheath is formed around the follicle during 

angiogenesis on the early secondary follicle (reaching maximum in the late pre-antral, 

early antral stage), and is contained in the thecal layer to the membrana propria, which 

coincidentally is between the thecal and granulosal cell layers. Certain angiogenic factors 

are secreted in the ovary that stimulate new blood vessel growth before ovulation. Some 

of these factors are: VEGF, PDGF, TGF-a, bFGF, and angiopoietins. Vasculature is 

generally regulated by the level of thrombspontin, a factor that inhibits blood vessel 

growth. Further investigation of this is necessary. 

"Angiogenesis is associated with follicular development and is regulated 

independently within each follicle potentially making the fiinctioning of its 

vasculature critically important to determining its fate. (Eraser, 2006)" Physically, 

angiogenesis was shown to be highly active "...in the apical part of the inner capillary 



layer of medium follicles and the middle or basal part of the capillary layer of healthy 

dominant follicles.(Fraser, 2006)" 

This could indicate the vulnerability of follicles at this stage, given that the capillary 

endothelium is the first to bear the brunt of the damage discussed below. Experiments 

with radioactive microspheres have revealed that "...the elevation in follicular blood 

supply [is] associated with the preovulatory LH surge followed by a fall in blood supply 

as the time of follicular rupture approaches. (Eraser, 2006)" This would make sense with 

a chronic increased LH level causing a chronic elevation of follicular blood supply. This 

would also explain the origin of the high level of androgens (CI 9 steroids) that are not 

converted into estrogens, but released into the highly vascularized follicle to ultimately 

reach systemic circulation. Although angiogenic receptors are found on the vascular 

endothelium of the ovary, and this is isolated in the theca layer, oddly enough, the 

granulosa cells supply many of the regulatory factors for this process. It has not been 

proven that VEGF permeability controls the access of gonadotropins to the dominant 

follicle. However, this proposed permeability could contribute to the false pre-LH surge 

sensed by the ovary, and its associated confusion as to which follicle will be dominant. 

"The follicle that eventually matures and ovulates is thought to be the one whose 

granulosa cells most rapidly acquire high levels of aromatase and LH receptor in 

response to the intercycle of follicle-stimulating hormone (FSH) rise, that is the one with 

the lowest FSH 'threshold'. (Hadley, Levine, 412)" After this, estradiol is then 

increasingly released from the follicle and provides negative-feedback for FSH. This 

impedes development of other follicles with higher FSH 'thresholds' 



"Follicular atresia is associated with inadequate development and/or regression of the 

thecal vasculature in most species studied, although this was not confirmed for the human 

ovary... (Eraser, 2006)" Endothelin-2, a vasoconstricting peptide is thought to be the 

main character involved in follicular rupture (Al-Alem et al., 2—5). 

In PCOS, the theca interna of the class 5 follicles seem to be thickened, while the 

granulosa cells tend to have enhanced estradiol secretion from the FSH induction causing 

early feedback on FSH. Experiments have shown that an increased DHT 

(dihydrotestosterone) caused this pathology of primary to tertiary follicles increasing in 

number while dominant follicles do not. 

Histologically, the PCOS ovary is heavily sympathetically innervated. In addition, 

the ovary is hypervascularized because of excessive angiogenesis. With the exception of 

the ovary, wound healing, and certain complex processes, this is very rare in the aduU 

human. Before ovulation, this angiogenesis is restricted to the theca because of the 

membrana propria. In normal subjects, large vessels are noticed in the outer thecal layer 

and become increasingly small as they approach the lamina basalis. In humans, a 

difference in vasculature has not been determined in dominant vs. non-dominant follicles. 

PCOS blood sampling has indicated that FSH levels are low and LH levels are high 

(which perpetuates the increase in androgens - dehydroepiandrosterone sulfate [DHEAS] 

originating from the adrenal glands, and testosterone, androstenedione, 

dehydroepiandrosterone [DHEA] originating from the ovary). The downward spiral is 

potentiated by the aromatization of androgens in peripheral tissues; this causes positive 

feedback to the pituitary for LH (P subunit genetic variant) and a negative feedback for 

FSH, and a further decrease of SHBG. In addition, because FSH is not completely shut 



off in the blood stream, new follicles continue to arise and grow, but never reach 

maturity, causing the manifestation of the cysts in polycystic ovarian sydrome. 

Additionally, in the absence of obesity, these women have high TNF-a, high C-rective 

protein, high interleukine-6 levels, indicating an inflammatory response even in the 

absence of the inherent inflammation associated with obesity. Generally, obese women 

also have increased prolactin and leptin. 

Cellularly, it has been proposed that there is decreased insulin-like growth factor 

(IGF-1) receptors on theca cells, and decreased estrogen receptors (ER-a) along the 

hypothalamic-pituitary axis and in the ovary. High IGF-1, along with elevated insulin 

levels caused by hyperglycemia would explain the decreased number of IGF-1 receptors 

on the thecal cell surface (in addition to the reduced insulin receptors levels, hence, 

"insulin resistance"). High IGF-1 is also attributed to the prevalence of acne with the 

multiplicative effects of increasing androgen and keratinocytes. When estrogen is 

produced from the granulosa cell, it has a paracrine effect on the theca cell to suppress 

the CYP17A1 enzyme (responsible for steroidal conversion of androgens in the thecal 

cell) and to inhibit the HSD17B3 (hydroxysteroid (17P) dehydrogenase type 3) enzyme. 

HSD17B3 is not inhibited, thus is ectopically expressed when the ER-a is knocked out or 

antagonized (typically this is found in the male testes). 

Comparison: 

PCOS and T2DM are generally related pathologically and physiologically. Thirty 

percent of PCOS patients will develop T2DM by the age of 30. The causal link has been 



attributed to insulin resistance, inflammation, and has recently been named as a variant to 

syndrome x (hypertension, dyslipidemia, and hyperinsulinemia). Syndrome x has been 

broadened into 4 categories- all contributing to base membrane thickening: renal volume 

and pressure, hyperglycemia, increased blood pressure (hypertension), and dyslipidemia. 

Basement membrane thickening is generally believed to be reversible with syndrome x, 

yet irreversible with DM as a direct consequence of the irreversible cross-linking reaction 

(NH-R) of AGE. Considering the relationship of PCOS with syndrome X, this could be 

one indication as to why only a some PCOS patients develop T2DM. Hyperglycemia, 

hypertension, atherosclerosis, and lipid peroxidation are all associated with oxidative 

stress and subsequent activation of PKC and TGF-p. The oxidative stress activating such 

pathways leads to base membrane thickening. "Each microvascular diabetic 

complication shares a common microvascular signaling pathway through activation of 

PKC.. .hyperglycemia has been thought to be a stimulus for activation of PKC and 

subsequent complications. (Hayden, Sowers, Tyag, 2005)" PDR seems to have 

similarities to the microvasculature of the PCOS ovary. 

The web of symptomology that interconnects these atypical phenomena is insulin 

resistance. But, insulin resistance is not the root of the cause. ".. .chronic hyperglycemia 

in itself is damaging to the insulin secretory process... (Shalet & Wass, 1683). T2DM 

and PCOS women have been shown to have a lower threshold for glucose intolerance. 

This eventually decreases the amount of glucose transporters in the cell, whereas 

hyperinsulinemia decreases the amount of insulin and IGF receptors, generally with a 

complete or partial loss of tyrosine kinase activity. Hyperinsulinemia has also been 

attributed to increased gonadotropin releasing hormone (GnRH) pulse frequency. Along 
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with its effect on SHBG, Hyperinsulinemia directly or indirectly increases ovarian 

androgen production causing disordered LH/FSH release (increasing free-circulating 

testosterone levels) and manifesting itself in anovulation. "Excessive androgens affect 

follicular growth, and insulin affects follicular decline by suppressing apoptosis and 

enabling follicles, which would normally degenerate, to survive. (Huether, McCance, 

894)" Vascular endothelial growth factor (VEGF) also inhibits apoptosis of the 

granulosa cell. 

Advanced Glycation End Products and Their Receptor; 

RAGE (advanced glycation end products receptor) has been implicated in 

diseases that are associated with vascular damage, such as T2DM. Glucose, galactose, 

and fructose are examples of AGE-forming molecules brought on by a chronic 

hyperglycemic state. Dietary consumption of certain foods high in high-AGE forming 

products is directly proportional to the amount of AGE damage in the body. Experiments 

have shown that angiopoientin II (which is upregulated by hyperglycemia) enhances 

RAGE'S ability to overexpress in response to AGE, causing pericyte apoptosis. There 

are several ligands for the RAGE, AGE being most important in this study because of its 

positive feedback loop. The current hypothesis implies a subsequent activation of NF-KB 

(Nuclear Factor-kappa B) via the PKC pathway, which is associated with the activation 

of several inflammatory-associated genes. In combination with a PPARy defect, one of 

the NFKB brakes would be altered - resulting in hyper-expression of NFKB, adding to the 

manifold effects of chronic inflammation. Coincidentally, NF-KB, also up-regulates 
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RAGE. So, in the event of an excess of AGE, the positive feedback is accentuated further 

yet, potentiating the downward spiral towards a chronic disease state brought on by 

chronic inflammation. Once established, micro- (and eventually macro-) vasculature are 

affected. Diabetic patients were studied based on a diet rich in glycotoxins that form 

advanced glycation end products. The patients were unable to clear these efficiently via 

the kidneys. In a study where RAGE receptors for diabetic mice were blocked, certain 

cytokines, IL-6, matrix metalloproteinases -2,-3,-9, and TNF-a, VEGF, PDGF-B were 

proportionately suppressed (Bucciarelli, Loredana Et Al., 2001). In another study, 

glucose degradation products (believed by some to be a potent inducer of the formation 

of advanced glycation end-products), when exposed to human peritoneal mesothelial 

cells, ".. .differentially modulated AGE receptors (including RAGE, AGE-Rl, AGE-R2, 

and AGE-R3) expression in a dose-dependent manner. (Chan et al., 2004)" Depending 

on the level, type, and tissue location of the AGE, this would bring about somewhat 

different effects and manifestations in the body - which adds all the more complexity to 

this study. Specifically, 2-furaldehyde (FurA), methylglyoxal (M-Glx), and 3,4-dideoxy-

glucosoe-3-ene (3,4-DGE) were responsible for the increase of AGE in the Chan, et al. 

[2004] study. In addition to the up-regulation of the RAGE receptor, VEGF production 

was increased. 

Vascular Endothelial Growth Factor: 

VEGF is part of the platelet-derived growth factor family (PDGF) and is a known 

stimulant to endothelial cell proliferation. VEGF has many isoforms: VEGF-A, -B, -C, -

12 



D, PLGF, etc. Along with permeability, VEGF is suggested to help undeveloped vessels 

survive. Its action is generally limited to the microenvironment where it is secreted. 

Typically, VEGF is first detected in the secondary follicles of granulosa and thecal cells. 

In the late secondary and tertiary stages, granulosa cells up-regulate mRNA expression of 

VEGF. Just before ovulation, VEGF declines in granulosa cells and is sporadically 

expressed in the thecal cells. Oddly enough, when VEGF mRNA is initially transcribed, 

the cell is at the stage independent of gonadotropin stimulation, but when granulosa cells 

further up-regulate VEGF mRNA, they are stimulated by gonadotropins to do so {in 

vitro). This agrees with the real problem of PCOS being confined to the ovary, but with 

extraovarian manifestations. When VEGF is expressed locally in moderate to low levels, 

it causes angiogenesis of capillaries that were not "leaky" and were coated with pericytes. 

When it is expressed in large levels locally, VEGF causes angiogenesis of capillaries that 

were very "leaky" and "malinformed" (characteristic of a diabetic/pre-diabetic). FSH is 

needed for granulosa cell apoptosis and excess VEGF antagonizes this by inhibiting 

apoptosis. VEGF is up-regulated in cells that are hypoxic, and generally cells that are 

hypoxic are ischemic. This could be an explanation for the increased level of matrix 

metalloproteinase-2 (MMP-2) in the blood. MMP-2 is responsible for the degradation of 

type IV collagen in the basal lamina of the vessel. A higher level of MMP-2 would 

indicate that the basal lamina itself, is generally being degraded, which would indicate 

that the vessels are retracting and causing the particular tissue to become ischemic 

(Bahar-Shaney Et.Al., 2007). It also has important functions in inflammation and 

regulation of vascularization. VEGF has been attributed to tissue remodeling and 

induction of inflammation in the process of angiogenesis. 
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VEGF was found in high concentration in the granulosa, sometimes theca, and 

almost never the stroma. Given these findings of expression in different cells at different 

times, it has been suggested that the varying concentrations work complementary to one 

another. Disruption of the follicular vasculature is an obvious manifestation of PCOS. 

".. .inhibition of Vascular Endothelial Growth Factor (VEGF), VEGF receptor-2, 

vascular endothelial cell cadherin, or interference with the angiopoietin system can 

inhibit follicular development or prevent ovulation. (Eraser, 2006)" 

Extravascularly, VEGF stimulates NO production and dendritic hyperplasia to name a 

few of its roles. This could be an explanation for hyper vascularization and innervation. 

Insulin does increase blood flow by a 'nitric-oxide-dependent, endothelium-derived 

mechanism'. 

Endothelial nitric oxide synthase mRNA (eNOS) expression in the ovary is 

consistently higher in follicles that are destined to ovulate in response to gonadotropin 

stimulation. As would be expected, enzyme expression declined in the luteal phase. As a 

result of increasing VEGF, this increase in eNOS will be yet another factor that would 

cause the ovary to be hyperstimulated. It would be interesting to see levels of eNOS 

expressed in PDR. 

VEGF is the ligand for VEGFR-1 and VEGFR-2. These receptors act via a tyrosine 

kinase pathway. However, VEGFR-2 is the main receptor, but in the presence of VEGF-

1, NO is formed and causes VEGFR-2 to cause capillary differentiation. Without the 

presence of VEGFR-1, VEGFR-2 stimulates endothelial cell proliferation. VEGFR-1 

(Flt-1) and sVEGFR-1 (sFlt-1) are the result of mRNA alternative splicing. It is currently 

unknown as to what controls this splicing. It has been hypothesized that hypoxia 
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stimulates VEGFR-1, but it is unclear as to what up-regulates sFlt-1. This would seem 

reasonable given that hypoxia (leading to ischemia) causes VEGF up-regulation (in the 

retina and ovary). In a study by Berghaus, et al. [2005] they concluded: "We provide 

strong support that follicular fluid and granulosa cells control VEGF availability by down 

regulation of the soluble antagonist sFlt-1 leading to a free, bioactive VEGF for maximal 

induction of vessel growth in the ovary." This delicate balance is involved in the process 

of angiogenesis. In the luteal phase granulosa cells are hypothesized to increase the 

availability of VEGF by down regulation of as yet unknown follicular sFlt-1 antagonists. 

Studies have revealed that sFlt-1 is not controlled by gonadotropins. What could be 

another factor that would cause alternative splicing of this Flt-1 pre-mRNA? The RAGE 

pathway could be a reasonable guess based on the scheme mentioned above. Although 

one might also suggest that a miRNA could be the regulator responsible for the 

alternative splicing signal, more research needs to be done before this suggestion is 

viable. Another conclusion one might draw is that some chemical factor that is in 

over/underabundance in this hyperglycemic/hyperinsulinemic state could possibly be a 

competitor for sFlt-1 or else cause an alternative pathway to be altered, thus stimulating 

alternative splicing in the direction of Flt-1. 

PDR rats that were given angiopoietin I showed a dramatic decrease in VEGF, 

ICAM-1, eNOS, NO, etc. It was also shown to decrease leukocyte adhesion and 

endothelial damage. Angiopoietin I has been shown to aid in the survival of the 

endothelial cell, though not in its proliferation. Angiopoietin I has also been shown to 

decrease the permeability of the endothelium (thus introducing stability). "Angiopoietin 

is a 70-kd protein that binds to the tyrosine kinase with immunoglobulin and endothelial 
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growth factor homology domains (tie-2) receptor, which is selectively expressed on 

endothelial cells. (Adamis, et al)" PDGF, EGF, TGF-P, and hypoxia are known to 

decrease its mRNA levels. As discussed earlier, hyperinsulinemia upregulates 

Angiopoietin II. Another study concerning proliferative diabetic retinopathy indicated 

that an increased level of sFlt-1 caused a reduction in the blood-retinal barrier breakage 

and a decrease of ocular neovascularization due to VEGF-induction (Campochiaro et al., 

2003). Studies have also shown that sFlt-1 excess is an indirect reason for the poor 

response to gonadotropins because of the decreased availability of VEGF. So the 

opposite would might be true: decreased sFlt-1 would mean a cooresponding increase in 

VEGF would cause a hyperresponse to gonadotropins (Berghaus, Et Al., 2005). 

Hyperglycemia and hyperinsulinemia would contribute to the increased levels of 

AGE and cooresponding response of the endothelium by upregulating VCAM-1 (causing 

atherosclerosis and inflammation causing an immune response), upregulating RAGE 

(causing positive feedback to AGE). The ROS/AGE would cause hypoxia and ischemia 

causing down-regulation of sFlp-1 (VEGFR-1), increased formation of angiopoietin II 

and increase of eNOS and subsequent increase of VEGF. This would lead to 

neovascularization. In the ovary, this would affect the permeability of hormones and 

feedback mechanisms causing the histological and physiological manifestations of PCOS. 

In the eye, this would cause the manifestations of diabetic retinopathy. 
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Conclusion: 

T2DM (specifically PDR) and PCOS share many common physiological 

pathways. The VEGF/ sFlt-1 interactions, which are not fully characterized, look to be 

important threads that weave through both conditions. The expression tissue determines 

the reaction and corresponding feedback by the body. When a stimulus occurs, 

thousands of corresponding reactions occur simultaneously in response. 

Areas for future study: 

• SDF-1 (vitreal stromal cell- derived factor - 1) production has been shown 

to increase the longer PDR exists. SDF-1 induces retinal endothelial cells 

to express VCAM-1 (receptor for very late antigen-4). 

• Endocrine Gland Derived Vascular Endothelial Growth Factor (EG-

VEGF) shows preference to steroidogenic glands. EG-VEGF and VEGF 

are generally balancing in expression in the ovary. This indicates a level 

of control that, when altered in concentration or chemical nature could be 

a link to a problem. 

• In insulin resistant states, the insulin receptor looses some tyrosine kinase 

activity, and many of the chemical factors spoken of in this paper act 

through tyrosine kinase receptors. Perhaps there is a protein domain or 

second messenger somewhere along the pathway common to them all that 
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has a defect. 

A defect in the expression of PPAR-y (peroxisome proliferator-activated 

receptorhas been established. Thiazolidinediones are drugs that are 

deemed insulin-sensitizing drugs, because they improve the response to 

insulin and act on these PPARs. Eicosanoids and free fatty acids are 

typically the ligands for these receptors. It could be argued that the excess 

free fatty acids cause a PPAR-y deficient state. PPAR-y also has been 

known to silence the transcription factor for NFKB activation. Another 

interesting thought is PPAR-y heterodimerizes with the retinoic acid 

receptor (RXR). PPAR-y activation pathologically decreases insulin 

resistance, decreases IL-6 among others, increases adiponectin levels, 

inhibits VEGF (vascular endothelial growth factor) angiogenesis, among 

many other things. PPAR-y are also expressed in the ovary and control 

many functions, such as protease activity associated with tissue 

remodeling with ovarian neo-vasculature. In a chronic hyperglycemic 

state, eicosanoids (the products of arachidonic acid degradation and 

modification) released from endothelial cells have been shown to be 

altered (recall certain eicosanoids are ligands to the PPAR-y receptor). It 

would also be interesting to look into this, given that PPARS's ligand is 

prostacyclin (of which's precursor is arachidonic acid by way of DAG), 

and with certain factors, PPAR5 can repress PPAR-y. 

Oxygen induced transcription factors are another interesting area of study, 
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and Oxygen induced transcription factors lead me to infer sFlp-1 could be 

affected just as Flp-1 is spliced in response to Hypoxia. Oxygen 

delivering nano-particles, in a site-specific, dose-dependent manner could 

be a proposed experiment to reverse the signs of PCOS and T2DM (PDR). 
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