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ABSTRACT

Prostate cancer (PCa) and Diabetes are two major, growing health
problems that affect millions of men worldwide. PCa is the second most
frequently diagnosed malignancy worldwide, especially in developed
countries and fifth leading cause of death from cancer in men. The relation
between diabetes and prostate cancer risk is complex. T2DM is associated
with increased risk of several cancer like cancer of pancreas, colo-rectum,
liver, breast and endometrium but protective effect of diabetes mellitus on
prostate is yet to be confirmed.Data from previous studies done on
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association of diabetes with prostate cancer shows conflicting results.

Some studies reported a positive association where as some reported negative association between diabetes and prostate
cancer. The time risk between PCa and T2DM is uncertain as few studies reported increased risk in the early short term
followed by a reduced risk after 5-10 years of diagnosis of diabetes. Diabetes is associated with changes in insulin levels
and demand, which tend to be higher in pre- and early diabetic states. These lead to decreased insulin-like growth factor-I
(IGF-]) binding protein levels and, consequently, to higher IGF-I, all factors possibly associated with the risk of prostate
cancer. Reduced risk of prostate cancer in long-term diabetes may be due to the reduction in Insulin, Insulin-like growth
factor-1 (IGF-1) and testosterone levels over time after the diagnosis of diabetes.
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INTRODUCTION

Prostate cancer (PCa) and Diabetes are two major,
growing health problems that affect millions of men
worldwide (1). PCa is the second most frequently
diagnosed malignancy worldwide (2), especially in
developed countries (3) and fifth leading cause of
death from cancer in men (4). Diabetes, especially
Type-2 is also a growing epidemic worldwide and is
characterized by insulin resistance, hyperglycemia,
hyperinsulinemia and hyperlipidemia (5). Several
studies have shown that Type 2- diabetes mellitus
(T2DM) significantly associated with increased risk
of several cancers and the association between them
is of clear importance (6). T2DM is associated with
increased risk of several cancer like cancer of
pancreas, breast, liver, biliary tract, kidney, esophagus
(7-8), colo-rectum and endometrium but T2DM is
associated with protection from prostate is yet to be
confirmedas there is extensive but conflicting
literature on protective effect of T2DM on Pca (9-10).

EPIDEMIOLOGY

Incidence and mortality estimates for PCa are retrived
from the GLOBOCANdatabase in 2018reported that
there will be almost 1.3 million new casesof prostate
cancer and 359,000 associated deaths worldwide in
2018. It is the most frequently diagnosed malignancy
among menin over one-half (105 of 185) of the
countries of the world, remarkably in the Americas,
Northern and Western Europe, Australia/New
Zealand, and much of Sub-SaharanAfrica. It is the
leading cause of cancer death among menin 46
countries, mostly in Sub-Saharan Africa andthe
Caribbean (4). As compared to the western population,
the prevalence of PCa in India was previously thought
to be lessbut with the changing lifestyle and easy
access to medical facilities, more cases of prostate
cancer are diagnosed and it is being recognised that
India is not leading far behind the rate from western
countries (11). Estimated incidence, mortality and 5
year prevalence of Prostate Cancer per 100,000
population of India in 2012 is 19,095; 12,231 and
63,818 respectively (12). As per the Indian Council of
Medical Research (ICMR), PCa is the second most
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common cancer in Indian men with incidence rate of
9-10/100,000 population, which is quite higher than
other parts of Africa and Asia but lower than Europe
and USA (13).

ETIOLOGY

Relatively littleis known about the etiology of Prostate
cancer though being such a common disease (14).

Established risk factors for PCa are:-

Older Age-Prostate Cancer is mainly the disease of
the elderly men and most of the cases occurs in men
aged 65 years and above (12).

Ethnicity-African-American (13).

Family history/genetics- Genetic factors are estimated
to account for 42% of the risk of PCa. A Swedish study
reported that family history is particularly significant in
men whose one or more first-degree relatives were
diagnosed with PCa at a relatively young age. The risk
increases with decreasing age at PCa diagnosis of a
first-degree relative (14).

PROSTATE CANCERAND DIABETES

The relation between PCa and T2DM risk is complex
[15]. There is bidirectional association between
androgens and diabetes in men in which low
testosterone leads to diabetes and hyperglycemia leads
to hypogonadism [16].T2DM is characterized by both
hyperinsulinemia and hyperglycemia and has been
thought to promote carcinigenesis in many
epidemiological studies. Patients of diabetes
experience a greater risk of developing site-specific
cancers like colorectal, bladder, liver, endometrial,
pancreatic and postmenopausal breast cancer
compared with non-diabetic individuals. On the
contrary, a history of T2DM has been related to a
decreasedrisk of PCa (7, 17).

Some recently published studies investigated the
possible association between T2DM and PCa in Asian
countries but the finding from these studies were not
confirmatory (18, 19). The time risk between PCa and
T2DM is uncertain as few studies reported increased risk
in the early-onset diabetes, highest risk being observed in
1-3 years of diagnosis.A reduced risk is observed in long-
standing diabetesafter 5-10 years of diagnosis (15,
20).The possible explanation for the reduced risk in
long-term diabetes may be reduced levels of Insulin,
Insulin-like growth factor-1 (IGF-1) and testosterone
over time after the diagnosis of diabetes. Also, reduced
risk of PCa in diabetic men could also be due to
involvement of medications for diabetes (21).

Large number of solid tumor cells adhere to Warburg
effect but PCa has a significantly different phenotype.
Recently there has been increasing interest in the role

of metabolic factors such as, glucose metabolism, in
the aetiology and pathogenesis of PCa. This is because
life expectancy is increasing globally, but also because
of global increase in the prevalence of diabetes,
predicted to increase by 69% in developed countries
over the next 20 years. AsPCa cells do not have the
increased glucose uptake, therefore, the Warburg
effect does not hold consistent in the pathogenesis of
PCa. It is only in the late stage that PCa will have a
large glucose uptake and begin showing the Warburg
effect due to several mutation events. The association
of diabetes with increased PCa mortality was driven
by Obesity. In contrast, the protective effect of long-
lasting diabetes may be explained by associated beta-
cell exhaustion with insulin depletion (1, 22). A study
done on mice model reported an increased level of
insulin and IGF-1 and insulin receptor and also
increase in AKT activation and rate of cell
proliferation in neoplastic tissues in mice on a high
carbohydrate diet compared to low carbohydrate diet
(23). Another study reported higher risk of PCa,
including high-grade cancer (Gleason score >7) in
patients with poor glycemic control of Diabetes (24).

PROSTATE SPECIFICANTIGEN:

Prostate Specific Antigen (PSA), also called as
Kallikrein-related peptidase 3.is a serine protease that
is part of the kallikrein superfamily produced
predominantly by the prostate and primarily by
secretory luminal epithelial cells therein.S erum PSA
is-a most commonly used clinical biomarker for PCa
(25).T2DM has also been associated with decreased
level of PSA thus,lower rate of PCa diabetic patients
may be due to decreasedserum PSA levels which leads
to fewer biopsies and less detection of the disease in
these men (26).0Obesity also decreases serum PSA
level due to hemodilutionand its co-existence with
diabetes further impairsPCa detection (27). PSA is
regulated by androgens in the prostate and the cellular
effects of androgens are mediated by the Androgen
Receptor (AR) (25).

ANDROGENAND ANDROGEN RECEPTOR
SIGNALLING

Androgens are vital for development and functioning
of normal prostate as well as for prostate cancer
growth and progression (1). Androgens are considered
the primary growth factors for thedifferentiation and
development of prostate epithelial cells. AR dimerizes
upon binding with Androgens and enters into the
nucleus, where it specifically binds to the Androgen
Response Elements (AREs), thus initiating the
transcription of AR target genes. Androgen signaling
is one of the vital drivers for prostate cell growth and
development, thus making Androgen Deprivation
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Therapy (ADT) as current standard treatment for PCa
yielding 5 years survival rate. However, other than
androgens, growth factors like insulin, IGFs family
also play an important role in the Prostate cell growth
and carcinogenesis by activating receptor's Tyrosine
Kinase activity (17,28-29).

INSULIN AND IGF-1 SIGNALLING IN
PROSTATE CANCER

Diabetes might decrease the risk of PCa, as men with
T2DM have lower androgen levels , which, have been
directly associated with PCa risk. On the other hand,
T2DM is related with changes in insulin levels and
demand, which tend to be greater in pre- and early
diabetic states. These lead to lowered insulin-like
growth factor-I binding protein (IGF-1BP) levels
which further leads to higher IGF-I, all factors possibly
related with higher risk of malignancy in prostate gland
(15,30). However, the circulating level of insulin
declines as the diabetes progresses which also
explains the reduced risk in long-duration diabetes
(31). Elevated levels of serum insulin, homeostasis
model assessment-insulin resistance (HOMA-IR) or
C-peptide are indicators of insulin resistance in those
with diabetes and have been reported to be risk factors
for development of PCa. IGF-1 is also a vital growth
factor in PCa and shares a part of the downstream
signalling pathways of insulin. Approximately 42
meta-analysis reported increased IGF-1 level in blood
with increased risk of PCa (32). Baseline insulin levels
have also been shown to be the most significant
predictor of PCa at time of PCa diagnosis which
strongly suggests that insulin is a key factor in the PCa
progression associated with metabolic dysfunction and
also regulates the expression of novel gene transcrips
in tumor tissues. Expression of Insulin Receptor
(INSR), IGF-1R and hybrid INSR/IGF-1R is
upregulated which further promotes insulin-driven
cancer survival pathways in PCa (33)

Lutz SZ et. al, 201 7reported overexpression of androgen
receptor in tumor tissue with strengthened cell
proliferationand higher tumor stage of men with
diabetes. Possible underlying mechanisms for this AR
overexpression could include insulin or IGF-1
signalling as they are known to activate AR (28).

Association between serum Testosterone levels and
grading of Prostate Cancer has come under researchsince
the last decade. Although high levels of Serum
Testosterone is associated with higher risk of PCa but
these levels showed negative association with grading of
tumor. Also very little is known about the affect of serum
IGF-1 levels on bioavailability of testosterone (34).
Other Previous findings also reported reduced serum
testosterone levels in men with diabetes (28).

IGF-1RECEPTOR SIGNALLING

IGF-1 and to lesser extent IGF-2 promotes cell
proliferation of normal as well as cancerous cells by
stimulating cell cycle progression thorough its mitotic
and antiapoptotic effects.Specific cell-membrane
receptor IGF-1 receptor (IGF-1R) mediatesthe actions
of IGF-1 on cell proliferation and apoptosis. Binding of
IGF 1 to IGFIR activates the receptor tyrokinase
activity, which initiates a cascade of reactions among a
number of molecules involved in the signal
transduction pathway. Two different main signal
transduction pathways have been identified. One
pathway activates Ras protein, Raf protein and
mitogen-activated protein kinase (MAPK) while the
other pathway activates phosphatidylinositol-3-kinase
(PIK3), AKT (or protein kinase B). mTOR
(mammalian target of rapamycin) and S6 kinase (S6K)
(Fig 1). IGF-1 also promotes non-ligand activation of
Androgen Receptor in a low androgen environment
(35), therefore playing a vital role in the androgen-
independent progression of prostate cancer (17) which
explains mechanism for AR overexpression by
activating AR signalling pathways in patients those are
given ADT (28). However, the mechanisms behind
AR-mediated transcription of PCa cells by IGF1 and
other growth factors remain unclear (37). Several IGF-
IR inhibitory reagents have been developed for
potential cancer therapy that target IGF-1R ligands,
inhibits of IGF-1 tyrokinase activity or down-regulates
IGF-1R expression. Multiple pre-clinical and several
clinical studies reported limited effect of monotherapy
with an IGF-IR antagonist as compared to combined
therapy of an IGF-IR antagonist with ADT (38).
Elevated levels of IGF-1R are associated with invasion,
aggressiveness cancer, and poorer prognosis (39).

‘ IGF-L, IGF-II, insulin

IGF-IR, IR hybrid receptor
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Ras-raf-MAPK pathway P13-PDK/AKT-TOR-S6K pathway
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Metabolic actions
Cell Survival
Anti-apoptosis

Cell proliferation
Anti-apoptosis

IGF-I and insulin receptor activation and downstream signaling.

Fig 1: Lima GAB et.al, 2009 (13)
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INSULIN RECEPTOR SIGNALLING

An association of high serum insulin levels and insulin
resistance with an increased incidenceof PCais
reported by some recent studies but not all.The
knowledge of mechanism behind insulin signalling
mediated regulation of AR function is lacking (35, 38)

Insulin has strong mitogenic and growth-stimulatory
effect on the prostate and other tissues and alteration in
its level can contribute to the development of tumor.
The high level of circulating insulin reduces
thehepatic production of IGF binding proteins-1
(IGFBP-1) and possibly IGFBP-2, which then
increases the level of circulating free, bioactive IGF-1
(39) and also increases the production of advance
glycation end products, which promotes
carcinogenesis (13)

Insulin signalling starts at the level of IRwhen ligand
binds to the receptor. IR belongs to a family of receptor
tyrosine kinases which also includesthe receptor for
IGF-1R. IR has two isoforms, IR-A and IR-B.Ligand
binding to the IR activate numerous downstream
pathways including phosphatidylinositol 3-kinase
(PI3K)/Akt and Ras/MAPK pathways with many
well-characterised downstream effects including
increased glucose metabolism, inhibition of apoptosis
and stimulation of cell proliferation (via mTOR
pathway). While the role of IGF-1 in development and
progression of cancer has been studied for over 20
years, the effect of the IR directly on prostate tumour
tissue has only recently been reported. Study results
show that increased INSR expression correlates with
increasing Gleason grade and CRPC providing further
evidence that insulin and insulin receptor signalling
may have a critical role in progression of advanced
prostate cancer (40).

CONCLUSION

Data from previous studies done on association of
diabetes with PCa shows conflicting results. Some
studies reported a positive association where as some
reported negative association between diabetes and
PCa. Further studies in both animal and human model
is needed to explain this complicated relationship
between diabetes and prostate cancer.
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